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Foreword

This Technical Specification (TS) has been produced by the 3" Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal
TSG approval. Should the TSG mod ify the contents of this present document, it will be re-released by the TSG with an
identifying change of release date and an increase in version number as follows:

Version Xx.y.z
where:
X the first digit:
1 presented to TSG for information;
2 presented to TSG for approval;
3 orgreater indicates TSGapproved document under change control.

y the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections,
updates, etc.

z the third digit is incremented when editorial only changes have been incorporated in the document.
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1 Scope

The present document specifies and establishes the characteristics of the physicals layer procedures in the FDD and
TDD modes of E-UTRA.

2 References

The following documents contain provisions which, through reference in this text, constitute provisions of the present
document.

o References are either specific (identified by date of publication, edition number, version number, etc.) or
non-specific.

o Foraspecific reference, subsequent revisions do not apply.
e Foranon-specific reference, the latest version applies. In the case of a reference to a 3GPP document

(including a GSM document), a non-specific reference implicitly refers to the latest version of that document in
the same Release as the present document.

[1] 3GPP TR 21.905: "Vocabulary for 3GPP Specifications™.

[2] 3GPP TS 36.201: "Evolved Universal Terrestrial Radio Access (E-UTRA); Physical Layer —
General Description™.

[3] 3GPP TS 36.211: "Evolved Universal Terrestrial Radio Access (E-UTRA); Physical channels and
modulation”.

[4] 3GPP TS 36.212: "Evolved Universal Terrestrial Radio Access (E-UTRA); Multiplexing and
channel coding™.

[5] 3GPP TS 36.214: "Evolved Universal Terrestrial Radio Access (E-UTRA); Physical layer —
Measurements".

[6] 3GPP TS 36.101: "Evolved Universal Terrestrial Radio Access (E-UTRA); User Equipment (UE)

radio transmission and reception”.

[7] 3GPP TS 36.104: "Evolved Universal Terrestrial Radio Access (E-UTRA); Base Station (BS)
radio transmission and reception”.

[8] 3GPP TS 36.321, "Evolved Universal Terrestrial Radio Access (E-UTRA); Medium Access
Control (MAC) protocol specification™.

[9] 3GPP TS 36.423, "Evolved Universal Terrestrial Radio Access (E-UTRA); X2 Application
Protocol (X2AP)".

[10] 3GPP TS 36.133, "Evolved Universal Terrestrial Radio Access (E-UTRA); Requirements for
support of radio resource management".

[11] 3GPP TS 36.331, "Evolved Universal Terrestrial Radio Access (E-UTRA); Radio Resource
Control (RRC) protocol specification".

[12] 3GPP TS 36.306: "Evolved Universal Terrestrial Radio Access (E-UTRA); User Equipment (UE)
radio access capabilities".
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3 Symbols and abbreviations

3.1 Symbols

For the purposes of the present document, the following symbols apply:

ng System frame number as defined in [3]

N, Slot number within a radio frame as defined in [3]

N Qs Number of configured cells

N% Downlink bandwidth configuration, expressed in units of NSFEB as defined in [3]

Ny Uplink bandwidth configuration, expressed in units of NZPas defined in [3]

Nsl;,hm Number of SC-FDMA symbols in an uplink slot as defined in [3]

NsFéB Resource block size in the frequency domain, expressed as a number of subcarriers as defined in
[3]

T Basic time unit as defined in [3]

3.2 Abbreviations

For the purposes of the present document, the abbreviations given in TR 21.905 [1] and the following apply.
An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any,
in TR 21.905 [1].

ACK Acknowledgement

BCH Broadcast Channel

CCE Control Channel Element

CDD Cyclic Delay Diversity

CIF Carrier Indicator Field

CQl Channel Quality Indicator

CRC Cyclic Redundancy Check

CSI Channel State Information

CSI-IM CSl-interference measurement

DAI Downlink Assignment Index

DCI Downlink Control Information

DL Downlink

DL-SCH Downlink Shared Channel

DTX Discontinuous Transmission
EPDCCH Enhanced Physical Downlink Control Channel
EPRE Energy Per Resource Element

MCS Modulation and Coding Scheme
NACK Negative Acknowledge ment

PBCH Physical Broadcast Channel
PCFICH Physical Control Format Indicator Channel
PDCCH Physical Downlink Control Channel
PDSCH Physical Downlink Shared Channel
PHICH Physical Hybrid ARQ Indicator Channel
PMCH Physical Multicast Channel

PMI Precoding Matrix Indicator

PRACH Physical Random Access Channel
PRS Positioning Reference Signal

PRB Physical Resource Block

PUCCH Physical Uplink Control Channel
PUSCH Physical Uplink Shared Channel
PTI Precoding Type Indicator

RBG Resource Block Group

3GPP
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RE

RI

RS

SINR
SPS C-RNTI
SR

SRS
TAG
TBS

UcCl

UE

UL
UL-SCH
VRB

Resource Element

Rank Indication

Reference Signal

Signal to Interference plus Noise Ratio
Semi-Persistent Scheduling C-RNT
Scheduling Request

Sounding Reference Sy mbol
Timing Advance Group

Transport Block Size

Uplink Control Information

User Equipment

Uplink

Uplink Shared Channel

Virtual Resource Block

3GPP
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4 Synchronization procedures

4.1 Cell search

Cell search is the procedure by which a UE acquires time and frequency synchronization with a cell and detects the
physical layer Cell ID of that cell. E-UTRA cell search supports a scalable overall transmission bandwidth
corresponding to 6 resource blocks and upwards.

The following signals are transmitted in the downlink to facilitate cell search: the primary and secondary
synchronization signals.

A UE may assume the antenna ports 0 — 3 and the antenna port for the primary/secondary synchronization signals of a
serving cell are quasi co-located (as defined in [3]) with respect to Doppler shift and average delay.

4.2 Timing synchronization

4.2.1 Radio link monitoring

The downlink radio link quality of the primary cell shall be monitored by the UE for the purpose of indicating out-of-
sync/in-sync status to higher layers.

In non-DRX mode operation, the physical layer in the UE shall every radio frame assess the radio link quality,
evaluated over the previous time period defined in [10], against thresholds (Qo.: and Qjn) defined by relevant tests in
[10].

In DRX mode operation, the physical layer in the UE shall at least once every DRX period assess the radio link quality,
evaluated over the previous time period defined in [10], against thresholds (Qq.: and Qjn) defined by relevant tests in
[10].

If higher-layer signalling indicates certain subframes for restricted radio link monitoring, the radio link quality shall not
be monitored in any subframe other than those indicated.

The physical layer in the UE shall in radio frames where the radio link quality is assessed indicate out-of-sync to higher
layers when the radio link quality is worse than the threshold Q.. When the radio link quality is better than the
threshold Qjy, the physical layer in the UE shall in radio frames where the radio link quality is assessed indicate in-sync
to higher layers.

4.2.2  Inter-cell synchronization

No functionality is specified in this clause in this release.

4.2.3  Transmission timing adjustments

Upon reception of a timing advance command for a TA G containing the primary cell, the UE shall adjust uplink
transmission timing for PUCCH/PUSCH/SRS of the primary cell based on the received timing advance command.
The UL transmission timing for PUSCH/SRS of a secondary cell is the same as the primary cell if the secondary cell
and the primary cell belong to the same TAG.

Upon reception of a timing advance command for a TAG not containing the primary cell, the UE shall adjust uplink
transmission timing for PUSCH/SRS of all the secondary cells in the TAG based on the received timing advance
command where the UL transmission timing for PUSCH /SRS is the same for all the secondary cells in the TAG.

The timing advance command for a TAG indicates the change of the uplink timing relative to the current uplink timing
forthe TAGas multiples of 16 T, . The start timing of the random access preamble is specified in [3].

3GPP
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In case of randomaccess response, an 11-bit timing advance command [8], Ta, for a TAG indicates Nt values by index

values of To=0,1,2,..., 1282, where an amount of the time alignment for the TAG is given by Nta = Ta x16. N4 is
defined in [3].

In other cases, a 6-bit timing advance command [8], Ta, fora TAG indicates adjustment of the current N4 value, Nta o,

to the new Nta value, Nyanew, by indexvalues of Ta =0, 1, 2,..., 63, where Nya new = N7ao1g + (Ta —31)x16. Here,
adjustment of N1a value by a positive or a negative amount indicates advancing or delaying the uplink transmission
timing for the TAG by a given amount respectively.

Fora timing advance command received on subframe n, the corresponding adjustment of the uplink transmission timing
shall apply from the beginning of subframe n+6. For serving cells in the same TAG, when the UE's uplink
PUCCH/PUSCH/SRS transmissions in subframe n and subframe n+1 are overlapped due to the timing adjustment, the
UE shall complete transmission of subframe n and not transmit the overlapped part of subframe n+1.

If the received downlink timing changes and is not compensated or is only partly compensated by the uplink timing
adjustment without timing advance command as specified in [10], the UE changes Nt accordingly.

4.3 Timing for Secondary Cell Activation / Deactivation

When a UE receives an activation command [8] for a secondary cell in subframe n, the corresponding actions in [8]
shall be applied no later than the minimum requirement defined in [10] and no earlier than subframe n+8, except for the
following:

- the actions related to CSI reporting
- the actions related to the sCellDeactivationTimer associated with the secondary cell [8]
which shall be applied in subframe n+8.

When a UE receives a deactivation command [8] for a secondary cell or the sCellDeactivationTimer associated with the
secondary cell expires in subframe n, the corresponding actions in [8] shall apply no later than the minimum
requirement defined in [10], except for the actions related to CSI reporting which shall be applied in subframe n+8.

3GPP
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5 Power control

Downlink power control determines the Energy Per Resource Element (EPRE). The term Resource Element Energy
denotes the energy prior to CP insertion. The term resource element energy also denotes the average energy taken over
all constellation points for the modulation scheme applied. Uplink power control determines the average power over a
SC-FDMA symbol in which the physical channel is transmitted.

5.1 Uplink power control
Uplink power control controls the transmit power of the different uplink physical channels.

For PUSCH, the transmit power IsPUSCH,c(i) defined in clause 5.1.1, is first scaled by the ratio of the number of

antennas ports with a non-zero PUSCH transmission to the number of configured antenna ports for the transmission
scheme. The resulting scaled power is then split equally across the antenna ports on which the non-zero PUSCH is
transmitted.

For PUCCH or SRS, the transmit power Poyyccy (i), defined in clause 5.1.1.1, or ﬁSRS,c(i) is split equally across

the configured antenna ports for PUCCH or SRS. FA’SRS‘C(i) is the linear value of Psgg (i) defined in clause 5.1.3.

A cell wide overload indicator (Ol) and a High Interference Indicator (HII) to control UL interference are defined in [9].

51.1 Physical uplink shared channel

5111 UE behaviour

The setting of the UE Transmit power for a Physical Uplink Shared Channel (PUSCH) transmission is defined as
follows.

If the UE transmits PUSCH without a simu ltaneous PUCCH for the serving cell ¢, then the UE transmit power
Prusch,c (i) for PUSCH transmission in subframe i for the serving cell cis given by

o (i) = min Pemaxc (), [dBm]
PUSCHc 10log10(Mpuscr ¢ (1)) + Po_puscr,c (1) + ac(§) - Ple + At (i) + fc (i)

If the UE transmits PUSCH simultaneous with PUCCH for the serving cell c, then the UE transmit power
Ppusch c(i) for the PUSCH transmission in subframe i for the serving cell ¢ is given by

. _|10log, (P, (i)-P M),
PpuscH,c (i) =min 10( CMAX, e}/ "PUCCH ) ) . ) ¢ [dBm]
1010g19(Mpusch,c(i)) + Po_puscH,c (1) +ac(J) - Ple + At c (1) + fc (i)

If the UE is not transmitting PUSCH for the serving cell ¢, for the accumulation of TPC command received with DCI
format 3/3A for PUSCH, the UE shall assume that the UE transmit power PpgcH ¢ (i) for the PUSCH transmission in

subframe i for the serving cell ¢ is computed by

Pouschc(l) = min{PCMAX,c(i)1 Po_puscH,c@ + . (1) - PL + . (i) } [dBm]

where,

e Pomaxc(i) is the configured UE transmit power defined in [6] in subframe i for serving cell ¢ and

Is(;MAX,C(i) is the linear value of Poyax ¢ (i) . If the UE trans mits PUCCH without PUSCH in subframe

i for the serving cell ¢, for the accumulation of TPC command received with DCI format 3/3A for PUSCH, the
UEshall assume Pgyax (i) as given by clause 5.1.2.1. If the UE does not transmit PUCCH and PUSCH in

subframe i forthe serving cell ¢, for the accumulation of TPC command received with DCI format 3/3A for

3GPP
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PUSCH, the UEshallcompute Pyax (i) assuming MPR=0dB, A-MPR=0dB, P-MPR=0dB and AT¢ =0dB,
where MPR, A-MPR, P-MPR and AT are defined in [6].

If’pUCCH (i) is the linear value of Py ccp (i) defined in clause 5.1.2.1

Mpysch,c (i) is the bandwidth of the PUSCH resource assignment expressed in number of resource blocks
valid for subframe i and serving cell c.

Po_puscH,c (J) is a parameter composed of the sumofa component Py nominAL puscH,c (J) provided from

higher layers for j=0 and 1 and a component Po yg puscHc(J) provided by higher layers for j=0 and 1 for
serving cell c.For PUSCH (re)trans missions corresponding to a semi-persistent grant then j=0 , for PUSCH
(re)trans missions corresponding to a dynamic scheduled grant then j=1 and for PUSCH (re)transmissions
corresponding to the randomaccess response grant then j=2. P yg puscHc(2) =0 and

Po_NoMINAL puscH,c (2) = Po pre + APREAMBLE Msg3 Where the parameter
preamblelnitialReceivedTargetPower [8] ( Py pre) and ApseavisLe msgz are signalled fromhigher layers for

serving cell c.

Forj=0ori1, o <{0,04,050.60.7 08 091} isa3-bit parameter provided by higher layers for serving
cell c.Forj=2, a.(j)=1

PL, is the downlink pathloss estimate calculated in the UE for serving cell ¢ indBand PL. =
referenceSignalPower — higher layer filtered RSRP, where referenceSignalPower is provided by higher layers
and RSRP is defined in [5] for the reference serving cell and the higher layer filter configuration is defined in
[11] for the reference serving cell. If serving cell ¢ belongs to a TAG containing the primary cell then, for the
uplink of the primary cell, the primary cell is used as the reference serving cell for determining
referenceSignalPower and higher layer filtered RSRP. For the uplink of the secondary cell, the serving cell
configured by the higher layer parameter pathlossReferenceLinking defined in [11] is used as the reference
serving cell for determining referenceSignalPower and higher layer filtered RSRP. Ifserving cell ¢ belongs

to a TAG not containing the primary cell then serving cell ¢ is used as the reference serving cell for
determining referenceSignalPower and higher layer filtered RSRP.

A1 (i) :10Ioglo((2E;PRE'Ks —1)- (f’ﬁ‘gestCH) for Kg =1.25and 0for Ky =0where Kg is given by the

parameter deltaMCS-Enabled provided by higher layers for each serving cell ¢c. BPRE and ﬁfﬁgestCH , for

each serving cell ¢, are computed as below. Kgq =0 fortransmission mode 2.
c-1
o BPRE =0Ocq) / Nge for control data sent via PUSCH without UL-SCH data and Z K, /Ngg for
r=0
other cases.

= where C isthe number of code blocks, K, is the size for code block r, Ocq is the

r

number of CQI/PMI bits including CRC bits and Np¢ is the number of resource elements
determined as Ngg = MEUSCH-inital  \PUSCH-nital | yhere ¢, K, M 275! ang

N PUSCH-initial

symb are defined in [4].

o P = B for control data sent via PUSCH without UL-SCH dataand 1 for other cases.

offset — Foffset

OpuscH, Is a correction value, also referred to as a TPC command and is included in PDCCH/EPDCCH with

DCI format 0/4 for serving cell cor jointly coded with other TPC commands in PDCCH with DCI format
3/3A whose CRC parity bits are scrambled with TPC-PUSCH-RNT . The current PUSCH power control
adjustment state for serving cell cis given by (i) which is defined by:

o fe(i)=fe(i—-1)+pyschc(i—Kpuscr) if accumulation is enabled based on the parameter

Accumulation-enabled provided by higher layers or if the TPC command SpyscH ¢ is included in a
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PDCCH/EPDCCH with DCI format 0 for serving cell ¢ where the CRC is scrambled by the
Temporary C-RNTI

where  Spysch ¢ (i — Kpuscr ) Was signalled on PDCCH/EPDCCH with DCI format 0/4 or

PDCCH with DCI format 3/3A on subframe i— Kpygcy, and where f(0) is the first value
after reset of accu mulation.

The value of Kpgey IS

For FDD, Kpyscy =4

e ForTDD, ifthe UE is configured with more than one serving cell and the TDD
UL/DL configuration of at least two configured serving cells is not the same, the
"TDD UL/DL configuration™ refers to the UL-reference UL/DL configuration
(defined in clause 8.0) for serving cell c.

e For TDD UL/DL configurations 1-6, Kpscy is given in Table 5.1.1.1-1

e For TDD UL/DL configuration O

o Ifthe PUSCH transmission in subframe 2 or 7 is scheduled with a
PDCCH/EPDCCH of DCI format 0/4 in which the LSB of the UL index is
setto 1, Kpygey =7

o Forall other PUSCH transmissions, Kousen is given in Table 5.1.1.1-1.

Forserving cell ¢ the UEattempts to decode a PDCCH/EPDCCH of DCI format 0/4 with
the UE's C-RNT | or DCI format 0 for SPS C-RNT I and a PDCCH of DCI format 3/3A with
this UE's TPC-PUSCH-RNTI in every subframe except when in DRX or where serving cell
c is deactivated.

If DCI format 0/4 for serving cell cand DCI format 3/3A are both detected in the same
subframe, then the UE shall use the &pysch ¢ Provided in DCI format 0/4.

OpyuscH,c = 0dB for a subframe where no TPC command is decoded for serving cell ¢ or
where DRX occurs or i is not an uplink subframe in TDD.

The Spysch,c dBaccumulated values signalled on PDCCH/EPDCCH with DCI format 0/4

are given in Table 5.1.1.1-2. If the PDCCH/EPDCCH with DCI format 0 is validated as a
SPS activation or release PDCCH/EPDCCH, then 6pyscH ¢ is 0dB.

The dpyscy 0B accumulated values signalled on PDCCH with DCI format 3/3A are one of

SET1 given in Table 5.1.1.1-2 or SET2 given in Table 5.1.1.1-3 as determined by the
parameter TPC-Index provided by higher layers.

If UE has reached Peyax (i) for serving cell c, positive TPC commands for serving cell
¢ shall not be accumulated

If UE has reached minimumpower, negative TPC commands shall not be accumulated
UE shall reset accumulation

e Forserving cell ¢,when Po yg puschc Value is changed by higher layers

e Forserving cell c,when the UE receives randomaccess response message for
serving cell ¢

fe (i) = Spusch,c (i — Kpusch ) if accumu lation is not enabled for serving cell ¢ based on the
parameter Accumulation-enabled provided by higher layers

where SpyscH ¢ (i — Kpyscn ) was signalled on PDCCH/EPDCCH with DCI format 0/4 for
serving cell ¢ on subframe i—Kpyscn

The value of Kpygey 1S
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¢ ForFDD, Kpyscyy =4

e ForTDD, ifthe UE is configured with more than one serving cell and the TDD
UL/DL configuration of at least two configured serving cells is not the same, the
"TDD UL/DL configuration™ refers to the UL-reference UL/DL configuration
(defined in clause 8.0) for serving cell c.

e ForTDD UL/DL configurations 1-6, Kpscy is given in Table 5.1.1.1-1.

e For TDD UL/DL configuration 0

O

(o]

If the PUSCH transmission in subframe 2 or 7 is scheduled with a
PDCCH/EPDCCH of DCI format 0/4 in which the LSB of the UL index is

setto 1, Kpygey =7

For all other PUSCH transmissions, Kpscy is given in Table 5.1.1.1-1.

* The JSpyscH,c dBabsolute values signalled on PDCCH/EPDCCH with DCI format 0/4 are

given in Table 5.1.1.1-2. If the PDCCH/EPDCCH with DCI format 0 is validated as a SPS
activation or release PDCCH/EPDCCH, then dpyscp ¢ is 0dB.

= f.(i) = fo(i—21) fora subframe where no PDCCH/EPDCCH with DCI format 0/4 is decoded
for serving cell ¢ or where DRX occurs or i is not an uplink subframe in TDD.

o Forboth types of f.(*) (accumulation or current absolute) the first value is set as follows:

* If Po UE puscH,c Value is changed by higher layers and serving cell ¢ is the primary cell

or,if Po ue puscHc Value is received by higher layers and serving cell c is a Secondary

cell

e f.(0)=0

= Else

e Ifthe UE receives the randomaccess response message for a serving cell ¢

@)

f(0)=AP,  +5

ampupc msg2,c ! where

é‘msgz,c
response corresponding to the randomaccess preamble
transmitted in the serving cell ¢, see clause 6.2, and

is the TPC command indicated in the random access

1010g,6(M pyscii . (0))
AP =min| smax| 0, Poyaxc —| + PO_PUSCH,(:(Z) + Opnsg2

rampupc
+a,(2)-PL+ ATF’C(O)

AP

rampupreqested,c

and AF’rampupreqﬂsted,c is provided by higher layers and

corresponds to the total power ramp -up requested by higher layers
fromthe first to the last preamb le in the serving cell c,

M PUSCH’C(O) is the bandwidth of the PUSCH resource assignment

expressed in number of resource blocks valid for the subframe of
first PUSCH transmission in the serving cell ¢, and Arg(0) is the
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power adjustment of first PUSCH transmission in the serving cell

C.

K

Table 5.1.1.1-1: " "PUSCH for TDD configuration 0-6

TDD UL/DL subframe number i
Configuration [0 [ 1|2 [3 |4 71819
0 -|16([7]4 6|74
1 -1-16147- 6|4] -
2 -l -14]-1- 41 -1 -
3 -|-141414 N I
4 -1 -1414 HEE
5 -1-141-1- - - -
6 - -[7]17]5 7] -

Table 5.1.1.1-2: Mapping of TPC Command Field in DCI format 0/3/4 to absolute and accumulated

OpuscH,c Values

TPCD%??;TSQEO%?P "N | Accumulated OpuscH,c [dB] | Absolute Spyschc [dB] only DCIformat 0/4
0 -1 -4
1 0 -1
2 1 1
3 3 4

Table 5.1.1.1-3: Mapping of TPC Command Field in DCI format 3A to accumulated JpygcH Vvalues

TPC Command Field in
DCI format 3A

Accumulated SpyscH ¢ [dB]

0

1

If the total transmit power of the UE would exceed lf’(:,\,,AX (1) , the UE scales I5PUSCH'C(i) for the serving cell ¢ in
subframe i such that the condition

Zw(i) ' FsPUSCH,c(i) = (ISCMAx(i) - ISPUCCH(i))

is satisfied where Poyccy (i) is the linear value of Poyocn (i), ﬁpuSCH’C(i) is the linear value of Ppysch ¢ (i),

P.yax (i) is the linear value of the UE total configured maximum output power Pay,. defined in [6] in subframe i

andw(i) is a scaling factor of ﬁpUSCH,C(i) forserving cell ¢ where 0<w(i)<1. In case thereis no PUCCH

transmission in subframe i Ppyycopn (i) =0.

If the UE has PUSCH transmission with UCI on serving cell jand PUSCH without UCI in any of the remaining serving

cells, and the total transmit power of the UE would exceed Peya (1), the UEscales Poysch ¢ (i) for the serving cells
without UCI in subframe i such that the condition

ZW(i) : ﬁPUSCH,C ()< (FA)CMAX (i)~ FA)PUSCH'J' (I))

c#]
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is satisfied where ﬁPUSCH’J- (i) is the PUSCH transmit power for the cell with UCI and w(i) is a scaling factor of

IspUSCH’C(i)forserving cell ¢ without UCI. In this case, no power scaling is applied to F"’pUSCHyj(i)

unless ZW(i) -PouscHc(i) =0 and the total transmit power of the UE still would exceed Peya (1) -
C#j

Note that w(i) values are the same across serving cells when w(i) > 0 but for certain serving cells w(i) may be zero.

If the UE has simultaneous PUCCH and PUSCH transmission with UCI on serving cell j and PUSCH transmission
without UCI in any of the remaining serving cells, and the total transmit power of the UE would exceed Py, (1) , the

UE obtains Ppygcp ¢ (i) according to

PPUSCHJ(I) mln(PPUSCHJ(I) ( Pemax () — PPUCCH(i)))

and

S W) - Pruserre (1) < (Poswac () = Pruccns () = Pousers; )

C#j

If the UE is configured with multiple TAGs, and if the PUCCH/PUSCH transmission of the UE on subframe | fora
given serving cell in a TAG overlaps some portion of the first symbol of the PUSCH transmission on subframe i +1
for a different serving cell in another TAGthe UE shall adjust its total transmission power to not exceed PCMAX on any
overlapped portion.

If the UE is configured with multiple TAGs, and if the PUSCH transmission of the UE on subframe i foragiven
serving cell in a TAG overlaps some portion of the first symbol of the PUCCH trans mission on subframe 1+1 fora
different serving cell in another TAGthe UE shall adjust its total transmission power to not exceed Py, ON any
overlapped portion.

If the UE is configured with multiple TAGs, and if the SRS trans mission of the UE in a symbol on subframe | for a

given serving cell in a TAG overlaps with the PUCCH/PUSCH transmission on subframe 1 or subframe i+1 fora
different serving cell in the same or another TAGthe UE shall drop SRS if its total transmission power exceeds

P-max 0N any overlapped portion of the symbol.

Ifthe UE is conflgured with multiple TAGs and more than 2 serving cells, and if the SRS trans mission of the UE in a
symbol on subframe | fora given serving cell overlaps with the SRS trans mission on subframe i foradifferent
serving cell(s) and with PUSCH/PUCCH transmission on subframe | orsubframe i+1 for another serving cell(s) the

UE shall drop the SRS transmissions if the total transmission power exceeds Py, 0n any overlapped portion of the
symbol.

If the UE is configured with multiple TAGs, the UE shall, when requested by higher layers, to transmit PRACH in a
secondary serving cell in parallel with SRS transmission in a symbol on a subframe of a different serving cell belonging
to a different TAG, drop SRS if the total transmission power exceeds P 0n any overlapped portion in the symbol.

If the UE is configured with multiple TAGs, the UE shall, when requested by higher layers, to transmit PRACH in a
secondary serving cell in parallel with PUSCH/PUCCH in a different serving cell belonging to a different TAG, adjust

the transmission power of PUSCH/PUCCH so that its total transmission power does not exceed Py, On the
overlapped portion.

5112 Power headroom

There are two types of UE power headroom reports defined. A UE power headroom PH s valid for subframe i for
serving cell c.

Type 1:
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If the UE transmits PUSCH without PUCCH in subframe i forserving cell ¢, power headroom for a Type 1 report is
computed using

PH ype1¢ (1) = Pomax.o ()= {1010g30 (M pyscrc () + Po_puscrc(i) + (i) - Ple +Atr.c(i) + fe(i) | [dB]

where, PCMAX‘C(i). Mpusch,c() Po puscH,c(§), ac(i), PLe, Ay (i) and f.(i) aredefined in clause 5.1.1.1.

If the UE transmits PUSCH with PUCCH in subframe i forserving cell ¢, power headroom fora Type 1 report is
computed using

PHype1c (i) = Pemax.c (1)- {10|0910(M puscH,c (1)) +Po pusch,c (1) +ac () Ple + At (i) + fe (i) } [dB]

where, Mpysch (), Po pusch,c(J), ac(j), PLe, Ay (i) and f(i) aredefined in clause 5.1.1.1.
I5CMAX ¢ (1) is computed based on the requirements in [6] assuming a PUSCH only transmission in subframe i . For

this case, the physical layer delivers ISCMAX (i) instead of PCMAx,c(i) to higher layers.

If the UE does not transmit PUSCH in subframe i forserving cell c, power headroom for a Type 1 report is
computed using

PHyperc (i) = Pomax.o ()~ { Po_puscre® +ae(@)- PLg + (i) | [0B]

where, |SCMAx,c(i) is computed assuming MPR=0dB, A-MPR=0d B, P-MPR=0dB and AT =0dB, where MPR , A-
MPR, P-MPRand AT are defined in [6]. Po puscH,c(), ac(1), PL,and f.(i) are defined in clause 5.1.1.1.

Type 2:

If the UE transmits PUSCH simultaneous with PUCCH in subframe i forthe primary cell, power headroom for a Type
2 report is computed using

(1010036 (M pusc ¢ ()+Po_puscr, e (1)+ @ (i)-PLe + A (i) + o (i))/10

PH y pea(i) = Pomax,c (i) —1010gsg [dB]

" 10(P07PUCCH +PL¢ +h(”CQ| NHARQ MR )“LAF}UCCH (F)+Anp (F')+Q(i))/10

where, Poymaxc: Mpusch.c (). Po pusch,c (1), ac(j), A (i) and f.(i) are the primary cell parameters as
defined in clause 5.1.1.1and Py pyccr, Ple, N(Ncgi NHARQ:NsR) Ak puccr (F), Ap (F') and g(i) are
defined in clause 5.1.2.1

If the UE transmits PUSCH without PUCCH in subframe i for the primary cell, power headroom for a Type 2 report is
computed using

(010930 (M puscrt, ¢ (1)) Po,_puscry o (1)+ e (1) PLg + Aree (i) + T (i) )10

PH1ype2(i) = Pemax, ¢ (1) —1010gyg . lo(PO_PUCCH +PL, +g(i)10 [dB]

where, Pomax (), Mpusch,c(1), Po pusch,c(1), ac(i), A (i) and f.(i) are the primary cell parameters as
defined in clause 5.1.1.1and Py pyccH, PLc and g(i) are defined in clause 5.1.2.1.
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If the UE transmits PUCCH without PUSCH in subframe i for the primary cell, power headroom for a Type 2 report is
computed using

oPo_puscr, o @)+arg (- PLe + £ ()10

PH y pea(i) = Pomax, c (i) —1010gyg [dB]

4 10(P07PUCCH +PL¢ +h(nCQI NHARQ MR )+AF7PUCCH (F+Anp (F')+Q(i))/10

where, Po puscH,c(), ac(l)and f.(i) arethe primary cell parameters as defined in clause 5.1.1.1,

Pemax.c () + Po puccrs Ple, h(nCQ|,nHARQ,n5R), Af puccH (F), Ap(F') and g(i) arealso defined in clause
5.1.2.1.

If the UE does not transmit PUCCH or PUSCH in subframe i for the primary cell, power headroom fora Type 2
report is computed using

oPo_puscr, ¢ @) +are (- PLe + £ ()20
[dB]

PH y pe2(i) = P i)~10l0
type2(1) = Pemax ¢ (1) 910 . 10(P07PUCCH +PLo+g())10

where, '5CMAx,c(i) is computed assuming MPR=0dB, A-MPR=0dB, P-MPR=0d B and AT¢ =0d B, where MPR,

A-MPR, P-MPRand ATc are defined in [6], Po pusch,c(d), ac(1) and f.(i) arethe primary cell parameters as

defined in clause 5.1.1.1and P, pyccn, PLc and g(i) are defined in clause 5.1.2.1.

The power headroomshall be rounded to the closest value in the range [40; -23] dB with steps of 1 dB and is delivered
by the physical layer to higher layers.

5.1.2  Physical uplink control channel

5121 UE behaviour

If serving cell cis the primary cell, the setting of the UE Transmit power Py for the physical uplink control channel
(PUCCH) transmission in subframe i is defined by

Pemax,c (i),

P i)=min , ~¢ [dBm]
PUCCH( ) {PO_PUCCH + PLC + h(nCQ| ynHARQ, nSR)+AF_PUCCH (F)+ ATXD(F )+ g(l)}

If the UE is not transmitting PUCCH for the primary cell, for the accumulation of TPC command for PUCCH, the UE
shall assume that the UE trans mit power Ppyccy for PUCCH in subframe i is computed by

PPUCCH(i): min{PCMAX,c(i)! Po_puccht PLc + g(i)} [dBm]
where

e Powmaxc (i) is the configured UE transmit power defined in [6] in subframe i for serving cell c. If the UE

transmits PUSCH without PUCCH in subframe i for the serving cell c, for the accumu lation of TPC
command for PUCCH, the UE shall assume Pgpax (i) as given by clause 5.1.1.1. If the UE does not

transmit PUCCH and PUSCH in subframe i for the serving cell ¢, for the accumulation of TPC command for
PUCCH, the UE shall compute Peyax (i) assuming MPR=0dB, A-MPR=0dB, P-MPR=0dB and AT =0dB,

where MPR, A-MPR, P-MPR and AT are defined in [6].

e The parameter Ag pyccy(F) is provided by higher layers. Each A pyccn (F) value corresponds to a

PUCCH format (F) relative to PUCCH format 1a, where each PUCCH format (F ) is defined in Table 5.4-1 of
3]
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If the UE is configured by higher layers to transmit PUCCH on two antenna ports, the value of A (F')is
provided by higher layers where each PUCCH format F'is defined in Table 5.4-1 of [3] ; otherwise,
ATXD(F‘) =0.

h(ncor »NHARQ, NsR) is @ PUCCH format dependent value, where Nngq, corresponds to the number of
information bits for the channel quality information defined in clause 5.2.3.3 in [4]. ngy = lifsubframei is
configured for SR for the UE not having any associated transport block for UL-SCH, otherwise ngg =0. If

the UE is configured with more than one serving cell, or the UE is configured with one serving cell and
transmitting using PUCCH format 3, the value of nparq is defined in clause 10.1; otherwise, nNyarg is the

number of HARQ-ACK bits sent in subframe i.
o ForPUCCH format 1,1a and 1b h(nCQ| ,nHARQ,nSR): 0
o ForPUCCH format 1b with channel selection, if the UE is configured with more than one serving

(MHAro —1)

cell, h(ncqr,NHARQ: NsR) = , otherwise, h(nCQ|,nHARQ,nSR)=O

o ForPUCCH format 2, 2a, 2b and normal cyclic prefix

n
): lOIOglO[%j if nCQ| >4

0 otherwise

h(nCQI 'NHARQ, NsR

o ForPUCCH format 2 and extended cyclic prefix
Ncol + NHARQ

10'0910( 7 J if nCQ| +nHARQ >4

0 otherwise

h(nCQI 'NHARQ, NsR )=

o ForPUCCH format 3 and when UE transmits HARQ-ACK/SR without periodic CSl,

= [Ifthe UE is configured by higher layers to transmit PUCCH format 3 on two antenna ports,
or if the UE transmits more than 11 bits of HARQ-ACK/SR
NHARQ *+ Nsr —1
h(Ncqi: NHARQ: NsR) - 3
= Otherwise
NHARQ *+ Nsr —1
2
o ForPUCCH format 3and when UE transmits HARQ-ACK/SR and periodic CSl,

= Ifthe UE is configured by higher layers to transmit PUCCH format 3 on two antenna ports,
or if the UE transmits more than 11 bits of HARQ-ACK/SR and CSI

Niaro T Nsg +N -1
3

h(Ncgr s NHARQ: NsR) =

cal

h(nCQI » Mparg » nSR) =

= Otherwise
Nparg + Nsg + Negy -1
2

Po_pucch is a parameter composed of the sumof a parameter Py nominaL_pucch Provided by higher layers

h(nCQI 1 Myarg » nSR) =

and a parameter PO_UE_PUCCH provided by higher layers.

Opucch 1S a UE specific correction value, also referred to as a TPC command, included in a PDCCH with DCI
format 1A/1B/1D/1/2A/2/2B/2C/2D for the primary cell, or included in an EPDCCH with DCI format
1A/1B/1D/12A/2/2B/2C/2D for the primary cell, or sent jointly coded with other UE specific PUCCH
correction values on a PDCCH with DCI format 3/3A whose CRC parity bits are scrambled with TPC-
PUCCH-RNTI.
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o Ifa UE s not configured for EPDCCH monitoring, the UE attempts to decode a PDCCH of DCI
format 3/3A with the UE's TPC-PUCCH-RNTI and one or several PDCCHs of DCI format
1A/1B/1D/12A/2/2B/2C/2D with the UE's C-RNTI or SPS C-RNT I on every subframe except when
in DRX.

o Ifa UE s configured for EPDCCH monitoring, the UE attempts to decode

= aPDCCH of DCI format 3/3A with the UE's TPC-PUCCH-RNT]I and one or several
PDCCHs of DCI format 1A/1B/1D/1/2A/2/2B/2C/2D with the UE's C-RNT 1 or SPS C-RNTI

as described in clause 9.1.1, and

= oneorseveral EPDCCHs of DCI format 1A/1B/1D/1/2A/2/2B/2C/2D with the UE's C-RNTI
or SPS C-RNTI, as described in clause 9.1.4.

o Ifthe UE decodes
= aPDCCH with DCI format 1A/1B/1D/1/2A/2/2B/2C/2D or
= an EPDCCH with DCI format 1A/1B/1D/1/2A/2/2B/2C/2D

for the primary cell and the corresponding detected RNTI equals the C-RNTI or SPS C-RNTI of
the UE and the TPC field in the DCI format is not used to determine the PUCCH resource as in
clause 10.1, the UEshall use the Sp ooy Provided in that PDCCH/EPDCCH.

else

= jfthe UEdecodes a PDCCH with DCI format 3/3A, the UE shall use the &pccy Provided
in that PDCCH

else the UE shall set Sp ey =0 dB.

M-1
o g(i)=g@(-D+ Z Spucen (i—kq,) where g(i) is the current PUCCH power control ad justment
m=0
state and where g(0)is the first value after reset.

= ForFDD, M =1and k, =4.
» ForTDD,values of M and K, aregiven in Table 10.1.3.1-1.

» The Opyccy dBvalues signalled on PDCCH with DCI format 1A/1B/1D/1/2A/2/2B/2C/2D

or EPDCCH with DCI format 1A/1B/1D/ 1/2A/2/2B/2C/2D are given in Table 5.1.2.1-1. If
the PDCCH with DCI format 1/1A/2/2A/2B/2C/2D or EPDCCH with DCI format
1/1A/2A/2/2B/2C/2D is validated as an SPS activation PDCCH/EPDCCH, or the
PDCCH/EPDCCH with DCI format 1A is validated as an SPS release PDCCH/EPDCCH,
then Spyccy is 0dB.

* The Opyccy 0B values signalled on PDCCH with DCI format 3/3A are given in Table
5.1.2.1-1or in Table 5.1.2.1-2 as semi-statically configured by higher layers.

= If Py ue pucch Value is changed by higher layers,

° g (0) =0
= Else
e 9(0)= AI:)rampup +5msgz » Where

o 5msg2 is the TPC command indicated in the random access response

corresponding to the randomaccess preamble transmitted in the primary
cell, see clause 6.2 and

o If UE s transmitting PUCCH in subframe i,
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PO_PUCCH
AI:)rampup: minj 4 max 0’ I:)CMAX,(: -t PLc + h(nCQI,nHARQ,nSR)
+Ar pucen (F) +Ano(FY)
AF)rampupreqested
Otherwise,
AF)rampup =min [{max<0' I:)CMAX,c - (PO_PUCCH + I:)Lc ))}’ AI:)rampupreqlasted
and AP, ouoreqestea 1S Provided by higher layers and corresponds to the

total power ramp -up requested by higher layers fromthe first to the last
preamble in the primary cell

= If UEhas reached Pgyax (i) for the primary cell, positive TPC commands for the primary

cell shall not be accumu lated

= If UE has reached minimum power, negative TPC commands shall not be accumulated

=  UEshall reset accumulation

e when Py ye pucch Vvalue is changed by higher layers

e when the UE receives a randomaccess response message for the primary cell

g(i)=g(@i—1) if i is notan uplink subframe in TDD.

Table 5.1.2.1-1: Mapping of TPC Command Field in DCI format 1A/1B/1D/1/2A/2B/2C/2D/2/3t0 Opycch

values
TPC Command Field in S [dB]
DCl format 1A/1B/1D/1/2A/2B/2C/2D/2/3 PUCCH
0 -1
1 0
2 1
3 3

Table 5.1.2.1-2: Mapping of TPC Command Field in DCI format 3Ato  Opccy Values

TPC Command Field in
DCIl format 3A

Opucc [dB]

0

-1

1

1

5.1.3  Sounding Reference Symbol (SRS)

5131 UE behaviour

The setting of the UE Transmit power Pggsfor the SRS transmitted on subframe i for serving cell ¢ is defined by

Pers, cli) = min{ Pomax.c (i), Psrs ofrseT (M) +1010930(Mgrs ) + Po_puscH.e(J) + ¢ (§) - PLe + (i) } [dBm]
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where

*  Pomaxc(i) is the configured UE transmit power defined in [6] in subframe i for serving cell c.

Psrs oFFsET c(m) is semi-statically configured by higher layers for m=0 and m=1 for serving cell c.For
SRS transmission given trigger type 0then m=0 and for SRS transmission given trigger type 1 then m=1.

®  Mggs ¢ is the bandwidth of the SRS transmission in subframe i for serving cell ¢ expressed in number of
resource blocks.

fc(i) is the current PUSCH power control ad justment state for serving cell ¢, see clause 5.1.1.1.

Po puschHc(i) and ac(j) are parameters as defined in clause 5.1.1.1, where j =1.

If the total transmit power of the UE for the Sounding Reference Symbol in an SC-FDMA symbol would e xceed
ISCMAX (i), the UEscales |55Rsyc(i)forthe serving cell ¢ and the SC-FDMA symbol in subframe i such that the
condition

D wi) - Pogs o (i) < Peyax (i)

is satisfied where |55R5,c(i) is the linear value of Pggs (i), f’CMAX (i) is the linear value of Pyax defined in [6] in

subframe i and w(i) is a scaling factor of ISSRS'C(i) forserving cell ¢ where O<w(i) <1.Note that w(i) values are
the same across serving cells.

If the UE is configured with multiple TAGs and the SRS transmission of the UE in an SC-FDMA symbol for a serving
cell in subframe 1ina TAGoverlaps with the SRS transmission in another SC-FDMA symbol in subframe | fora
serving cell in another TAG, and if the total transmit power of the UE for the Sounding Reference Sy mbol in the

overlapped portion would e xceed I5CMAX (i), the UE scales I55Rsyc(i)forthe serving cell ¢ and each of the overlapped
SRS SC-FDMA symbols in subframe 1 such that the condition

D wi) - Pogs o (i) < Peyax (i)

is satisfied where I55R5'c(i) is the linear value of Psgs (i), Poyax (i) is the linear value of Py,uy defined in [6] in

subframe i and w(i) is a scaling factor of I55R5'c(i) forserving cell ¢ where O<w(i) <1.Note that w(i) values are
the same across serving cells.

5.2 Downlink power allocation

The eNodeB determines the downlink trans mit energy per resource element.

A UE may assume downlink cell-specific RS EPRE is constant across the downlink system bandwidth and constant
across all subframes until different cell-specific RS power information is received. The downlink cell-specific
reference-signal EPRE can be derived from the downlink reference-signal transmit power given by the parameter
referenceSignalPower provided by higher layers. The downlink reference-signal transmit power is defined as the linear
average over the power contributions (in [W]) of all resource elements that carry cell-specific reference signals within
the operating system bandwidth.

The ratio of PDSCH EPRE to cell-specific RS EPREamong PDSCH REs (not applicable to PDSCH REs with zero
EPRE) for each OFDM symbol is denoted by either p, or pgaccording to the OFDM symbol indexas given by

Table 5.2-2 and Table 5.2-3. In addition, p, and pg are UE-specific.
Fora UE in transmission mode 8 - 10 when UE-specific RSs are not present in the PRBs upon which the corresponding

PDSCH is mapped or in trans mission modes 1 — 7, the UE may assume that for 16 QAM, 64 QAM, spatial multiplexing
with more than one layer or for PDSCH transmissions associated with the multi-user MIMO transmission scheme,
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= p, isequaltod, + P, +10log,,(2) [dB] when the UE receives a PDSCH data transmission using

power-offset
precoding for transmit diversity with 4 cell-specific antenna ports according to clause 6.3.4.3 of [3];

= p, isequaltod,

power-offset

+ P, [dB] otherwise

where 5p ower-offset

is 0dB for all PDSCH transmission schemes except multi-user MIMO and where PA is a UE specific
parameter provided by higher layers.

For transmission mode 7, if UE-specific RSs are present in the PRBs upon which the corresponding PDSCH is mapped,
the ratio of PDSCH EPRE to UE-specific RS EPRE within each OFDM symbol containing UE-specific RSs shall be a
constant, and that constant shall be maintained over all the OFDM symbols containing the UE-specific RSs in the
corresponding PRBs. In addition, the UE may assume that for 1L6QAM or 64QAM, this ratio is 0 dB.

For transmission mode 8, if UE-specific RSs are present in the PRBs upon which the corresponding PDSCH is mapped,
the UE may assume the ratio of PDSCH EPRE to UE-specific RS EPRE within each OFDM symbol containing UE-
specific RSs is 0 dB.

For transmission mode 9 or 10, if UE-specific RSs are present in the PRBs upon which the corresponding PDSCH is
mapped, the UE may assume the ratio of PDSCH EPRE to UE-specific RS EPRE within each OFDM symbol
containing UE-specific RS is 0 dB for number of transmission layers less than or equal to two and -3 d B otherwise.

A UE may assume that downlink positioning reference signal EPRE is constant across the positioning reference signal
bandwidth and across all OFDM sy mbols that contain positioning reference signals in a given positioning reference
signal occasion [10].

If CSI-RS is configured in a serving cell then a UE shall assume downlink CSI-RS EPRE is constant across the
downlink system bandwidth and constant across all subframes for each CSI-RS resource.

The cell-specific ratio pg / p, is given by Table 5.2-1according to cell-specific parameter Py signalled by higher
layers and the number of configured e NodeB cell specific antenna ports.

Table 5.2-1: The cell-specific ratio pg/p, for 1, 2, or 4 cell specific antenna ports

Ps P! Pa
One Antenna Port | Two and Four Antenna Ports
0 1 5/4
1 4/5 1
2 3/5 3/4
3 2/5 1/2

For PMCH with 16QAM or 64QAM, the UE may assume that the ratio of PMCH EPREto MBSFN RS EPRE is equal
to 0 dB.

Table 5.2-2: OFDM symbol indices within a slot of a non-MBSFN subframe where the ratio of the
corresponding PDSCH EPRE to the cell-specific RS EPRE is denoted by p, or pg

OFDM symbol indices within a slot where the OFDM symbol indices within a slot where the
Number of | ratio of the corresponding PDSCH EPREto the | ratio of the corresponding PDSCH EPRE to the
antoerrtlga cell-specific RS EPREis denoted by pj cell-specific RS EPREis denoted by pg
2 Normal cyclic prefix Extended cyclic prefix Normal cyclic prefix Extended cyclic prefix
One or two 1,2,3,5,6 1,2,4,5 0,4 0,3
Four 2,3,5,6 2,45 0,1,4 0,1,3
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Table 5.2-3: OFDM symbol indices within a slot of an MBSFN subframe where the ratio of the

corresponding PDSCH EPRE to the cell-specific RS EPRE is denoted by p, or p,

OFDM symbol indices within a slot where the OFDM symbol indices within a slot where the
Number ratio of the corresponding PDSCH EPREto the ratio of the corresponding PDSCH EPREto the
of cell-specific RS EPREis denoted by p, cell-specific RS EPREis denoted by pg
antenna Normal cyclic prefix Extended cyclic prefix Normal cyclic prefix Extended cyclic prefix
e ngmod2 | nimod2 | n;mod2 | nymod2 | nymod2 | nmod2 | n;mod2 | ngmod 2
=0 =1 =0 = =0 =1 =0 =1
One or 1,2,3,4, 0,1,2,3, 1,2,3,4, 0,1,2,3, 0 ) 0 .
two 5,6 4,5,6 5 4,5
2,3,4,5, 0,1,2,3, 0,1,2,3, ; i}
Four 6 456 2,4,3,5 45 0,1 0,1
5.2.1 eNodeB Relative Narrowband TX Power (RNTP) restrictions

The determination of reported Relative Narrowband TX Power indication RNTP(nPRB ) is defined as follows:

. E (Npes)
0 if ﬂSRNTPthreshold

)
RNTP(Npes ) = e E (0 )
1 if nopromiseabout theupperlimit of % is made

where E,(Npgg) is the maximum intended EPRE of UE-specific PDSCH REs in OFDM symbols not containing RS
in this physical resource block on antenna port p in the considered future time interval; N5 is the physical resource
blocknumber Npeg =0,..., N2 —1; RNTP, .01 takes on one of the following

values RNTP, o0 € {— oo,—11,—10,—9,—8,—7,—6,—5,—4,—3,—2,—1,0,+ZL+2,+3} [dB]and

p(p) i
TCAf

where Pn(]fx) is the base station maximum output power described in [7],and Af , NRDBL and NSRg are defined in [3].
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6 Random access procedure

Prior to initiation of the non-synchronized physical randomaccess procedure, Layer 1 shall receive the following
information from the higher layers:

1. Random access channel parameters (PRA CH configuration and frequency position)

2. Parameters for determining the root sequences and their cyclic shifts in the preamble sequence set for the
primary cell (index to logical root sequence table, cyclic shift ( N.4), and set type (unrestricted or restricted
set))

6.1 Physical non-synchronized random access procedure

Fromthe physical layer perspective, the L1 randomaccess procedure encompasses the transmission of random access
preamb le and random access response. The remaining messages are scheduled for transmission by the higher layer on
the shared data channel and are not considered part of the L1 randomaccess procedure. A randomaccess channel
occupies 6 resource blocks in a subframe or set of consecutive subframes reserved for random access preamble
transmissions. The eNodeB is not prohibited fromscheduling data in the resource blocks reserved for random access
channel preamb le transmission.

The following steps are required for the L1 randomaccess procedure:
1. Layer 1procedure is triggered upon request of a preamble transmission by higher layers.

2. A preamble index, atarget preamble received power (PREAMBLE RECEIVED _TARGET_POWER), a
corresponding RA-RNT I and a PRA CH resource are indicated by higher layers as part of the request.

3. A preamble transmission power Ppracy IS determined as
Peracr = Min{ Popax ¢ (i), PREAMBLE_RECEIVED_TARGET_POWER + PL; }_[dBm], where
Pcmax c (1) is the configured UE transmit power defined in [6] for subframe i of serving cell ¢ and PL. is
the downlink pathloss estimate calculated in the UE for serving cell c.

4. A preamble sequence is selected fromthe preamble sequence set using the preamble index.

5. Asingle preamble is transmitted using the selected preamble sequence with transmission power PpracH On the
indicated PRACH resource.

6. Detection of a PDCCH with the indicated RA-RNT is attempted during a window controlled by higher layers
(see [8], clause 5.1.4). If detected, the corresponding DL-SCH transport block is passed to higher layers. The
higher layers parse the transport block and indicate the 20-bit uplink grant to the physical layer, which is
processed according to clause 6.2.

6.1.1  Timing

Forthe L1 random access procedure, UE's uplink trans mission timing after a random access preamble transmission is as
follows.

a. Ifa PDCCH with associated RA-RNTI is detected in subframe n, and the corresponding DL-SCH
transport block contains a response to the transmitted preamble sequence, the UE shall, according to
the information in the response, transmit an UL-SCH transport block in the first subframe n+k,,

k, > 6, if the UL delay field in clause 6.2 is set to zero where n+Kk; is the first available UL subframe
for PUSCH transmission. The UE shall postpone the PUSCH transmission to the next available UL
subframe after n+k; if the field is set to 1.

b. Ifarandom access response is received in subframe n, and the corresponding DL-SCH transport

block does not contain a response to the transmitted preamble sequence, the UE shall, if requested by
higher layers, be ready to transmit a new preamble sequence no later than in subframe n+5.
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c. Ifnorandomaccess response is received in subframe n, where subframe n is the last subframe of the
randomaccess response window, the UE shall, if requested by higher layers, be ready to transmit a
new preamble sequence no later than in subframe n+4.

In case a randomaccess procedure is initiated by a "PDCCH order" in subframe n, the UE shall, if requested by higher
layers, transmit random access preamble in the first subframe n+k,, k, >6,where a PRACH resource is available.

Ifa UE is configured with multiple TAGs, and if the UE is configured with the carrier indicator field for a given serving
cell, the UE shall use the carrier indicator field value fromthe detected "PDCCH order" to determine the serving cell for
the corresponding randomaccess preamble transmission.

6.2 Random Access Response Grant

The higher layers indicate the 20-bit UL Grant to the physical layer, as defined in 3GPP TS 36.321 [8].
This is referred to the Random Access Response Grant in the physical layer.
The content of these 20 bits starting with the MSB and ending with the LSB are as follows:

- Hopping flag — 1 bit

- Fixed size resource block assignment — 10 bits

- Truncated modulation and coding scheme — 4 bits
- TPC command for scheduled PUSCH — 3 bits
-UL delay — 1 bit

- CSlrequest — 1 hit

The UE shall use the single-antenna port uplink transmission scheme for the PUSCH transmission corresponding to the
Random Access Response Grant and the PUSCH retransmission for the same transport block.

The UE shall perform PUSCH frequency hopping if the single bit frequency hopping (FH) field in a corresponding
Random Access Response Grant is set as 1 and the uplink resource block assignment is type 0, otherwise no PUSCH
frequency hopping is performed. When the hopping flag is set, the UE shall perform PUSCH hopping as indicated via
the fixed size resource block assignment detailed below.

The fixed size resource block assignment field is interpreted as follows:
if Ny <44

Truncate the fixed size resource block assignment to its b least significant bits, where

b= (Iogz(N RE ~<N RE +1)/ Zﬂ ,and interpret the truncated resource block assignment according to the rules for a
regular DCI format 0

else

Insert b most significant bits with value set to '0' after the Ny, o, hopping bits in the fixed size resource block
assignment, where the number of hopping bits Ny, nop is zero when the hopping flag bit is not set to 1, and is defined

in Table 8.4-1 when the hopping flag bit is setto 1, and b :(I_Iogz(N 5 ~(N 5 +1)/ 2)-‘ —10) ,and interpret the
expanded resource block assignment according to the rules for a regular DCI format 0
end if

The truncated modulation and coding scheme field is interpreted such that the modulation and coding scheme
corresponding to the Random Access Response grant is determined from MCS indices 0 through 15 in Table 8.6.1-1.

The TPCcommand Jy,e9, shall be used for setting the power of the PUSCH, and is interpreted according to Table 6.2-
1.
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Table 6.2-1: TPC Command &y, for Scheduled PUSCH

TPC Command | Value (in dB)
0 -6
1 -4
2 -2
3 0
4 2
5 4
6 6
7 8

In non-contention based randomaccess procedure, the CSI request field is interpreted to determine whether an aperiodic
CQI, PMI, and RI report is included in the corresponding PUSCH trans mission according to clause 7.2.1. In contention
based randomaccess procedure, the CSI request field is reserved.

The UL delay applies for both TDD and FDD and this field can be set to 0 or 1to indicate whether the delay of PUSCH
is introduced as shown in clause 6.1.1.
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7 Physical downlink shared channel related procedures

For FDD, there shall be a maximum of 8 downlink HARQ processes per serving cell.

For TDD, ifa UE is configured with one serving cell, or if the UE is configured with more than one serving cell and the
TDD UL/DL configuration of all the configured serving cells is the same, the maximum number of downlink HARQ
processes per serving cell shall be determined by the UL/DL configuration (Table 4.2-2 of [3]), as indicated in Table 7-
1.

For TDD, if a UE is configured with more than one serving cell and if the TDD UL/DL configuration of at least two
configured serving cells is not the same, the maximum number of downlink HARQ processes for a serving cell shall be
determined as indicated in Table 7-1, wherein the "TDD UL/DL configuration™ in Table 7-1 refers to the DL-reference
UL/DL configuration for the serving cell (as defined in clause 10.2).

The dedicated broadcast HARQ process defined in [8] is not counted as part of the maximum number of HARQ
processes for both FDD and TDD.

Table 7-1: Maximum number of DL HARQ processes for TDD

TDD UL/DL configuration | Maximum number of HARQ processes
4
7
10
9
12
15
6

O || W[N] O

7.1 UE procedure for receiving the physical downlink shared
channel

Except the subframes indicated by the higher layer parameter mbsfn-SubframeConfigList of serving cell ¢, a UE shall

e upon detection of a PDCCH of the serving cell with DCI format 1, 1A, 1B, 1C, 1D, 2, 2A, 2B, 2C, or 2D
intended for the UE in a subframe, or

e upon detection of an EPDCCH of the serving cell with DCI format 1, 1A, 1B, 1D, 2, 2A, 2B, 2C,or 2D
intended for the UE in a subframe

decode the corresponding PDSCH in the same subframe with the restriction of the number of transport blocks defined
in the higher layers.

A UE may assume that positioning reference signals are not present in resource blocks in which it shall decode PDSCH
according to a detected PDCCH with CRC scrambled by the SI-RNTI or P-RNTI with DCI format 1A or 1C intended
for the UE.

A UE configured with the carrier indicator field for a given serving cell shall assume that the carrier indicator field is
not present in any PDCCH of the serving cell in the common search space that is described in clause 9.1. Otherwise, the
configured UE shall assume that for the given serving cell the carrier indicator field is present in PDCCH/EPDCCH
located in the UE specific search space described in clause 9.1 when the PDCCH/EPDCCH CRC is scrambled by C-
RNTI or SPS C-RNTI.

Ifa UE is configured by higher layers to decode PDCCH with CRC scrambled by the SI-RNT I, the UE shall decode the
PDCCH and the corresponding PDSCH according to any of the combinations defined in Table 7.1-1. The scrambling
initialization of PDSCH corresponding to these PDCCHSs is by SI-RNTI.
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Table 7.1-1: PDCCH and PDSCH configured by SI-RNTI

DCI format Search Transmission scheme of PDSCH corresponding to PDCCH

Space

DClformat 1C Common | Ifthe number of PBCH antenna ports is one, Single-antenna port, port 0 is used (see

clause 7.1.1), otherwise Transmit diversity (see clause 7.1.2).

DCl format 1A Common | Ifthe number of PBCH antenna ports is one, Single-antenna port, port 0 is used (see

clause 7.1.1), otherwise Transmit diversity (see clause 7.1.2).

If a UE is configured by higher layers to decode PDCCH with CRC scrambled by the P-RNTI, the UE shall decode the
PDCCH and the corresponding PDSCH according to any of the combinations defined in Table 7.1-2.
The scrambling initialization of PDSCH corresponding to these PDCCHs is by P-RNTI.

Table 7.1-2: PDCCH and PDSCH configured by P-RNTI

DCI format Search Transmission scheme of PDSCH corresponding to PDCCH

Space

DClformat 1C Common | Ifthe number of PBCH antenna ports is one, Single-antenna port, port 0 is used (see

clause 7.1.1), otherwise Transmit diversity (see clause 7.1.2)

DCl format 1A Common | Ifthe number of PBCH antenna ports is one, Single-antenna port, port 0 is used (see

clause 7.1.1), otherwise Transmit diversity (see clause 7.1.2)

If a UE is configured by higher layers to decode PDCCH with CRC scrambled by the RA-RNT I, the UE shall decode
the PDCCH and the corresponding PDSCH according to any of the combinations defined in Table 7.1-3. The
scrambling initialization of PDSCH corresponding to these PDCCHs is by RA-RNTI.

When RA-RNTI and either C-RNTI or SPS C-RNTI are assigned in the same subframe, the UE is not required to
decode a PDSCH on the primary cell indicated by a PDCCH/EPDCCH with a CRC scrambled by C-RNTI or SPS C-

RNTI.

Table 7.1-3: PDCCH and PDSCH configured by RA-RNTI

DCI format Search Transmission scheme of PDSCH corresponding to PDCCH

Space

DClformat 1C Common | Ifthe number of PBCH antenna ports is one, Single-antenna port, port 0 is used (see

clause 7.1.1), otherwise Transmit diversity (see clause 7.1.2)

DClformat 1A Common | Ifthe number of PBCH antenna ports is one, Single-antenna port, port 0 is used (see

clause 7.1.1), otherwise Transmit diversity (see clause 7.1.2)

The UE is semi-statically configured via higher layer signalling to receive PDSCH data transmissions signalled via
PDCCH/EPDCCH according to one of the transmission modes, denoted mode 1 to mode 10.

For frame structure type 1,

the UE is not expected to receive PDSCH resource blocks transmitted on antenna port 5 in any subframe in
which the number of OFDM symbols for PDCCH with normal CP is equal to four;

the UE is not expected to receive PDSCH resource blocks transmitted on antenna port 5, 7, 8, 9, 10, 11, 12,
13 or 14 in the two PRBs to which a pair of VRBs is mapped if either one of the two PRBs overlaps in
frequency with a transmission of either PBCH or primary or secondary synchronization signals in the same
subframe;

the UE is not expected to receive PDSCH resource blocks transmitted on antenna port 7 for which
distributed VRB resource allocation is assigned.

The UE may skip decoding the transport block(s) if it does not receive all assigned PDSCH resource blocks.
If the UE skips decoding, the physical layer indicates to higher layer that the transport block(s) are not
successfully decoded.

For frame structure type 2,

the UE is not expected to receive PDSCH resource blocks transmitted on antenna port 5 in any subframe in
which the number of OFDM symbols for PDCCH with normal CP is equal to four;
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- the UE is not expected to receive PDSCH resource blocks transmitted on antenna port 5 in the two PRBs to
which a pair of VRBs is mapped if either one of the two PRBs overlaps in frequency with a transmission of
PBCH in the same subframe;

- the UE is not expected to receive PDSCH resource blocks transmitted on antenna port 7,8, 9, 10, 11, 12, 13
or 14 in the two PRBs to which a pair of VRBs is mapped if either one of the two PR Bs overlaps in
frequency with a transmission of primary or secondary synchronization signals in the same subframe;

- with normal CP configuration, the UE is not expected to receive PDSCH on antenna port 5 for which
distributed VRB resource allocation is assigned in the special subframe with configuration #1 or #6;

- the UE is not expected to receive PDSCH on antenna port 7 for which distributed VRB resource allocation
is assigned;

- with normal cyclic prefix, the UE is not expected to receive PDSCH resource blocks transmitted on antenna
port 5 in DWPTS when the UE is configured with special subframe configuration 9.

- The UE may skip decoding the transport block(s) if it does not receive all assigned PDSCH resource blocks.
If the UE skips decoding, the physical layer indicates to higher layer that the transport block(s) are not
successfully decoded.

Ifa UE is configured by higher layers to decode PDCCH with CRC scrambled by the C-RNT I, the UE shall decode the
PDCCH and any corresponding PDSCH according to the respective combinations defined in Table 7.1-5. The
scrambling initialization of PDSCH corresponding to these PDCCHSs is by C-RNTI.

Ifa UE is configured by higher layers to decode EPDCCH with CRC scrambled by the C-RNTI, the UE shall decode
the EPDCCH and any corresponding PDSCH according to the respective combinations defined in Table 7.1-5A. The
scrambling initialization of PDSCH corresponding to these EPDCCHs is by C-RNTI.

If the UE is configured with the carrier indicator field for a given serving cell and, if the UE is configured by higher
layers to decode PDCCH/EPDCCH with CRC scrambled by the C-RNTI, then the UE shall decode PDSCH of the
serving cell indicated by the carrier indicator field value in the decoded PDCCH/EPDCCH.

When a UE configured in transmission mode 3, 4, 8, 9 or 10 receives a DCI Format 1A assignment, it shall assume that
the PDSCH transmission is associated with transport block 1 and that transport block 2 is disabled .

When a UE is configured in transmission mode 7, scrambling initialization of UE-specific reference signals
corresponding to these PDCCHs/EPDCCHs is by C-RNTI.

The UE does not support transmission mode 8 if extended cyclic prefix is used in the downlink.

When a UE is configured in transmission mode 9 or 10, in the subframes indicated by the higher layer parameter mbsfn-
SubframeConfigList of serving cell ¢ except in subframes for the serving cell

- indicated by higher layers to decode PMCH or,

- configured by higher layers to be part of a positioning reference signal occasion and the positioning
reference signal occasion is only configured within MBSFN subframes and the cyclic prefix length used in
subframe #0 is normal cyclic prefix,

the UE shall upon detection of a PDCCH with CRC scrambled by the C-RNTI with DCI format 1A/2C/2D intended for
the UE or, upon detection of an EPDCCH with CRC scrambled by the C-RNTI with DCI format 1A/2C/2D intended for
the UE, decode the corresponding PDSCH in the same subframe.

A UE configured in transmission mode 10 can be configured with scramb ling identities, n2"">' i=01 by higher

layers for UE-specific reference signal generation as defined in clause 6.10.3.1 of [3] to decode PDSCH according to a
detected PDCCH/EPDCCH with CRC scrambled by the C-RNT | with DCI format 2D intended for the UE.
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Table 7.1-5: PDCCH and PDSCH configured by C-RNTI

Transmission

Transmission scheme of PDSCH

mode DeiREmEE SRENEN EEEE corresponding to PDCCH
Common and -
Mode 1 DClformat 1A UE specific by C-RNTI Single-antenna port, port O (see clause 7.1.1)
DClformat 1 UE specific by C-RNTI Single-antenna port, port 0 (see clause 7.1.1)
DClformat 1A Common and Transmit diversity (see clause 7.1.2)
Mode 2 UE specific by C-RNTI -
DClformat 1 UE specific by C-RNTI Transmit diversity (see clause 7.1.2)
Common and e .
Mode 3 DClformat 1A UE specific by C-RNTI Transmit diversity (see clause 7.1.2)
- . Large delay CDD (see clause 7.1.3) or Transmit
DCl format 2A UE specific by C-RNTI diversity (see clause 7.1.2)
Common and . -
Mode 4 DClformat 1A UE specific by C-RNTI Transmit diversity (see clause 7.1.2)
e . Closed-loop spatial multiplexing (see clause 7.1.4)or
DCIformat 2 UE specific by C-RNTI Transmit diversity (see clause 7.1.2)
Common and e .
Mode 5 DClformat 1A UE specific by C-RNTI Transmit diversity (see clause 7.1.2)
DClformat 1D UE specific by C-RNTI Multi-user MIMO (see clause 7.1.5)
Common and e .
Mode 6 DCIformat 1A UE specific by C-RNTI Transmit diversity (see clause 7.1.2)
- . Closed-loop spatial multiplexing (see clause 7.1.4) using
DCIformat 1B UE specific by C-RNTI a single transmission layer
ot amat | G T ey e e
Mode 7 UE specific by C-RNTI Transmit divérsity (see clause 7.1.2) ’
DClformat 1 UE specific by C-RNTI Single-antenna port, port 5 (see clause 7.1.1)
Common and If the number of PBCH antenna ports is one, Single-
DClformat 1A UE specific by C-RNTI antenna port, port O is used (see clause 7.1.1), otherwise
Mode 8 P y Transmit diversity (see clause 7.1.2)
o ] Dual layer transmission, port 7 and 8 (see clause 7.1.5A)
DClIformat 28 UE specific by C-RNTI or single-antenna port, port 7 or 8 (see clause 7.1.1)
. Non-MBSFN subframe: If the number of PBCH
antenna ports is one, Single-antenna port, port 0 is
Common and UE specific by used (seeclause 7.1.1), otherwise Transmit diversity
Mode 9 DClIformat 1A C-RNTI (seeclause 7.1.2)
oae e  MBSFN subframe: Single-antenna port, port 7 (see
clause 7.1.1)
o . Up to 8 layer transmission, ports 7-14 (see clause 7.1.5B)
DClIformat 2C UE specific by C-RNTI or single-antenna port, port 7 or 8 (see clause 7.1.1)
. Non-MBSFN subframe: If the number of PBCH
antenna ports is one, Single-antenna port, port 0 is
DCI format 1A Common andUE specific by used (see clause 7.1.1), otherwise Transmit
Mode 10 ormal C-RNTI diversity (see clause 7.1.2)
e  MBSFN subframe: Single-antenna port, port 7 (see
clause 7.1.1)
DCl format 2D UE specific by C-RNTI Up to 8 layer transmission, ports 7-14 (see clause 7.1.5B)

or single-antenna port, port 7 or 8 (see clause 7.1.1)
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Table 7.1-5A: EPDCCH and PDSCH configured by C-RNTI

LN ST DCI format eEren Transmission scheme of PDSCH corresponding to EPDCCH
mode Space
DClformat 1A t)J)I/EépRelil:'lltlc Single-antenna port, port O (see clause 7.1.1)
Mode 1 —
UE specific )
DClformat 1 by C-RNTI Single-antenna port, port O (see clause 7.1.1)
DClformat 1A gféf)s,i.lltr Transmit diversity (see clause 7.1.2)
Mode 2
UE specific o .
DClI format 1 by C-RNT| Transmit diversity (see clause 7.1.2)
DClformat 1A gEép§§$F Transmit diversity (see clause 7.1.2)
Mode 3 y
DCl format 2A gfépslg.';r Large delay CDD (see clause 7.1.3) or Transmit diversity (see clause 7.1.2)
DClformat 1A E}FSPS&FF Transmit diversity (see clause 7.1.2)
Mode 4 DCl format 2 UE specific Closed-loop spatial multiplexing (see clause 7.1.4)or Transmit diversity (see
by C-RNTI clause 7.1.2)
DClformat 1A UE specifc Transmit diversity (see clause 7.1.2)
Mode 5 BEC'RNTfI
specific }
DClformat 1D by C-RNTI Multi-user MIMO (see clause 7.1.5)
DClformat 1A gfépsli.'ltr Transmit diversity (see clause 7.1.2)
Mode 6 UE specific Closed-loop spatial multiplexing (see clause 7.1.4) using a single transmission
DCl format 1B
by C-RNTI layer
DClformat 1A UE specific If the number of PBCH antenna ports is one, Single-antenna port, port 0 is
Mode 7 by C-RNTI used (seeclause 7.1.1), otherwise Transmit diversity (see clause 7.1.2)
UE specific —
DClformat 1 by C-RNT| Single-antenna port, port 5 (see clause 7.1.1)
DClformat 1A UE specific If the number of PBCH antenna ports is one, Single-antenna port, port O is
Mode 8 by C-RNTI used (see clause 7.1.1), otherwise Transmit diversity (see clause 7.1.2)
DCl format 2B UE specific Dual layer transmission, port 7 and 8 (see clause 7.1.5A) or single-antenna
by C-RNTI port, port 7 or 8(see clause 7.1.1)
e  Non-MBSFN subframe: If the number of PBCH antenna ports is one,
UE specific Single-antenna port, port 0 is used (see clause 7.1.1), otherwise Transmit
Mode 9 DCIformat 1A by C-RNTI diversity (see clause 7.1.2)
ode e  MBSFN subframe: Single-antenna port, port 7 (see clause 7.1.1)
DCl format 2C UE specific Up to 8 layer transmission, ports 7-14 (see clause 7.1.5B) or single-antenna
by C-RNTI port, port 7 or 8 (seeclause 7.1.1)
. Non-MBSFN subframe: i the number of PBCH antenna ports is one,
UE specific Single-antenna port, port O is used (see clause 7.1.1), otherwise Transmit
Mode 10 DClIformat 1A by C-RNTI diversity (seeclause 7.1.2)
e  MBSFN subframe: Single-antenna port, port 7 (see clause 7.1.1)
DCl format 2D UE specific Up to 8 layer transmission, ports 7-14 (see clause 7.1.5B) or single-antenna
by C-RNTI port, port 7 or 8 (see clause 7.1.1)

Ifa UE is configured by higher layers to decode PDCCH with CRC scrambled by the SPS C-RNTI, the UE shall
decode the PDCCH on the primary cell and any corresponding PDSCH on the primary cell according to the respective
combinations defined in Table 7.1-6. The same PDSCH related configuration applies in the case that a PDSCH is
transmitted without a corresponding PDCCH. The scrambling initialization of PDSCH corresponding to these PDCCHs
and PDSCH without a corresponding PDCCH is by SPS C-RNTI.

If a UE is configured by higher layers to decode EPDCCH with CRC scrambled by the SPS C-RNT I, the UE shall
decode the EPDCCH on the primary cell and any corresponding PDSCH on the primary cell according to the respective
combinations defined in Table 7.1-6A. The same PDSCH related configuration applies in the case that a PDSCH is
transmitted without a corresponding EPDCCH. The scrambling initialization of PDSCH corresponding to these
EPDCCHs and PDSCH without a corresponding EPDCCH is by SPS C-RNTI.

When a UE is configured in transmission mode 7, scrambling initialization of UE-specific reference signals for PDSCH
corresponding to these PDCCHs/EPDCCHSs and for PDSCH without a corresponding PDCCH/EPDCCH is by SPS C-

RNTI.

When a UE is configured in transmission mode 9 or 10, in the subframes indicated by the higher layer parameter mbsfn-
SubframeConfigList of serving cell cexcept in subframes for the serving cell

- indicated by higher layers to decode PMCH or,
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- configured by higher layers to be part of a positioning reference signal occasion and the positioning
reference signal occasion is only configured within MBSFN subframes and the cyclic prefix length used in
subframe #0 is normal cyclic prefix,

the UE shall upon detection of a PDCCH with CRC scrambled by the SPS C-RNT I with DCI format 1A/2C/2D, or
upon detection of a EPDCCH with CRC scrambled by the SPS C-RNT I with DCI format 1A/2C/2D, or for a configured
PDSCH without PDCCH intended for the UE, decode the corresponding PDSCH in the same subframe.

A UE configured in transmission mode 10 can be configured with scrambling identities, n2VRS' j=01 by higher

layers for UE-specific reference signal generation as defined in clause 6.10.3.1 of [3] to decode PDSCH according to a
detected PDCCH/EPDCCH with CRC scrambled by the SPS C-RNT I with DCI format 2D intended for the UE.

For PDSCH without a corresponding PDCCH/EPDCCH, the UE shall use the value of N, and the scrambling

identity of nI(SSC'D) (as defined in clause 6.10.3.1 of [3]) derived from the DCI format 2D corresponding to the
associated SPS activation for UE-specific reference signal generation.
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Table 7.1-6: PDCCH and PDSCH configured by SPS C-RNTI

Transmission

Transmission scheme of PDSCH corresponding to

mode DCI format Search Space PDCCH
Common and .
Mode 1 DCl format 1A UE specific by C-RNTI Single-antenna port, port O (see clause 7.1.1)
DClformat 1 UE specific by C-RNTI | Single-antenna port, port O (see clause 7.1.1)
DClformat 1A Common and Transmit diversity (see clause 7.1.2)
Mode 2 UE specific by C-RNTI o
DCl format 1 UE specific by C-RNTI | Transmit diversity (see clause 7.1.2)
Common and e .
Mode 3 DClformat 1A UE specific by C-RNTI Transmit diversity (see clause 7.1.2)
DCl format 2A UE specific by C-RNTI | Transmit diversity (see clause 7.1.2)
Common and e .
Mode 4 DClI format 1A UE specific by C-RNTI Transmit diversity (see clause 7.1.2)
DCl format 2 UE specific by C-RNTI Transmit diversity (see clause 7.1.2)
Common and e .
Mode 5 DClformat 1A UE specific by C-RNTI Transmit diversity (see clause 7.1.2)
Common and e .
Mode 6 DClformat 1A UE specific by C-RNTI Transmit diversity (see clause 7.1.2)
Common and .
Mode 7 DClformat 1A UE specific by C-RNTI Single-antenna port, port 5 (see clause 7.1.1)
DCl format 1 UE specific by C-RNTI | Single-antenna port, port 5 (see clause 7.1.1)
DCl format 1A CGommon and Single-antenna port, port 7(see clause 7.1.1)
Mode 8 UE specific by C-RNTI ' -
DCl format 2B UE specific by C-RNTI | Single-antenna port, port 7 or 8 (see clause 7.1.1)
Common and .
Mode 9 DCl format 1A UE specific by C-RNTI Single-antenna port, port 7 (see clause 7.1.1)
DCIformat 2C UE specific by C-RNTT | Single-antenna port, port 7 or 8, (see clause 7.1.1)
Common and :
Mode 10 DCl format 1A UE specific by C-RNTI Single-antenna port, port 7 (see clause 7.1.1)
DCIformat 2D UE specific by C-RNTI [ Single-antenna port, port 7 or 8, (see clause 7.1.1)
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Table 7.1-6A: EPDCCH and PDSCH configured by SPS C-RNTI
Tranns;rg(;sesion DClformat | Search Space Transmission schemEF?lnggaCH corresponding to
DClformat 1A g_ERS,\?ﬁCifb by Single-antenna port, port O (see clause 7.1.1)
Mode 1 DClformat 1 g_ERS,\‘l)ﬁCifb by Single-antenna port, port O (see clause 7.1.1)
DCIformat 1A g_ERS,\?.ﬁCifb by Transmit diversity (see clause 7.1.2)
Mode 2 DCl format 1 g_ERS'\?_ﬁC'fC by Transmit diversity (see clause 7.1.2)
Mode 3 DClformat 1A g_ERS,\?TeIC?f% oy Transmit diversity (see clause 7.1.2)
DCl format 2A g_ERS,\?ﬁC'fC by Transmit diversity (see clause 7.1.2)
DClformat 1A (L;_ERS,\E)ﬁCifb by Transmit diversity (see clause 7.1.2)
Mode 4 DClformat 2 g_ERS,\?.ﬁCifb by Transmit diversity (see clause 7.1.2)
Mode 5 DCl format 1A (L;_ERS’\?{CIC”C oy Transmit diversity (see clause 7.1.2)
Mode 6 DCIformat 1A g_ERS,\?ﬁCIfC oy Transmit diversity (see clause 7.1.2)
DClformat 1A g_ERS,\‘l)ﬁCifb by Single-antenna port, port 5 (see clause 7.1.1)
Mode 7 DClformat 1 (L;_ERS,\E).ﬁCifb by Single-antenna port, port 5 (see clause 7.1.1)
DCl format 1A g_ERS,\'lJﬁCifb by Single-antenna port, port 7(see clause 7.1.1)
Mode 8 DClformat 2B lCJ:_ERs’,\E)Telufc oy Single-antenna port, port 7 or 8 (see clause 7.1.1)
Mode 9 DClformat 1A g_ERS,\?ﬁc?f.c by Single-antenna port, port 7 (see clause 7.1.1)
DCl format 2C (L;_ERS,\?.IS"‘IC"CC by Single-antenna port, port 7 or 8, (see clause 7.1.1)
DCIformat 1A g_ERS,\?ﬁCifb by Single-antenna port, port 7 (see clause 7.1.1)
Mode 10 DCIformat 2D g_ERS,\?.I.eICifb by Single-antenna port, port 7 or 8, (see clause 7.1.1)

If a UE is configured by higher layers to decode PDCCH with CRC scrambled by the Temporary C-RNTI and is not
configured to decode PDCCH with CRC scrambled by the C-RNT I, the UE shall decode the PDCCH and the
corresponding PDSCH according to the combination defined in Table 7.1-7. The scrambling initialization of PDSCH
corresponding to these PDCCHs is by Temporary C-RNTI.

Table 7.1-7: PDCCH and PDSCH configured by Temporary C-RNTI

DCI format Search Space Transmission scheme of PDSCH corresponding to PDCCH
Common_ gnd If the number of PBCH antenna port is one, Single-antenna port, port 0 is used (see clause

DCIformat 1A | UE specific 7.1.1), othew ise Transmit diversity (see clause 7.1.2)
by Temporary C-RNTI e T

DCl format 1 UE specific If the number of PBCH antenna port is one, Single-antenna port, port 0 is used (see clause
by Temporary C-RNTI | 7.1.1), othew ise Transmit diversity (see clause 7.1.2)

The transmission schemes of the PDSCH are described in the following sub-clauses.

7.1.1

Single-antenna port scheme

For the single-antenna port transmission schemes (port 0, port 5, port 7 or port 8) of the PDSCH, the UE may assume
that an eNB transmission on the PDSCH would be performed according to clause 6.3.4.1 of [3].

In case an antenna port p {7,8} is used, the UE cannot assume that the other antenna port in the set {7,8} is not
associated with transmission of PDSCH to another UE.
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7.1.2  Transmit diversity scheme

For the transmit diversity transmission scheme of the PDSCH, the UE may assume that an eNB transmission on the
PDSCH would be performed according to clause 6.3.4.3 of [3]

7.1.3 Large delay CDD scheme

For the large delay CDD transmission scheme of the PDSCH, the UE may assume that an eNB transmission on the
PDSCH would be performed according to large delay CDD as defined in clause 6.3.4.2.2 of [3].

7.1.4  Closed-loop spatial multiplexing scheme

For the closed-loop spatial multiplexing transmission scheme of the PDSCH, the UE may assume that an eNB
transmission on the PDSCH would be performed according to the applicable number of transmission layers as defined
in clause 6.3.4.2.10f [3].

7.1.5 Multi-user MIMO scheme

For the multi-user MIMO transmission scheme of the PDSCH, the UE may assume that an eNB transmission on the
PDSCH would be performed on one layer and according to clause 6.3.4.2.1 0of [3]. The O dB value signalled

power-offset

on PDCCH/EPDCCH with DCI format 1D using the downlink power offset field is given in Table 7.1.5-1.

ower-offset value.

Table 7.1.5-1: Mapping of downlink power offset field in DCI format 1D to the 5p

Downlink power offset field | &, er.offser [AB]

0 -10log10(2)
1 0

7.1.5A Dual layer scheme

For the dual layer transmission scheme of the PDSCH, the UE may assume that an eNB transmission on the PDSCH
would be performed with two transmission layers on antenna ports 7 and 8 as defined in clause 6.3.4.4 of [3].

7.1.5B Up to 8 layer transmission scheme

For the up to 8 layer transmission scheme of the PDSCH, the UE may assume that an eNB transmission on the PDSCH
would be performed with up to 8 transmission layers on antenna ports 7 - 14 as defined in clause 6.3.4.4 of [3].

7.1.6 Resource allocation

The UE shall interpret the resource allocation field depending on the PDCCH/EPDCCH DCI format detected.
A resource allocation field in each PDCCH/EPDCCH includes two parts, a resource allocation header field and
information consisting of the actual resource block assignment.

PDCCH DCI formats 1, 2, 2A, 2B, 2Cand 2D with type 0and PDCCH DCI formats 1, 2, 2A, 2B, 2C and 2D with type
1 resource allocation have the same format and are distinguished from each other via the single bit resource allocation
header field which exists depending on the downlink system bandwidth (clause 5.3.3.1 of [4]), where type 0 is indicated
by Ovalue and type 1 is indicated otherwise. PDCCH with DCI format 1A, 1B, 1C and 1D have a type 2 resource
allocation while PDCCH with DCI format 1, 2, 2A, 2B, 2C and 2D have type 0 or type 1 resource allocation. PDCCH
DCI formats with a type 2 resource allocation do not have a resource allocation header field.

EPDCCH DCI formats 1, 2, 2A, 2B, 2C and 2D with type 0 and EPDCCH DCI formats 1, 2, 2A, 2B, 2Cand 2D with
type 1 resource allocation have the same format and are distinguished from each other via the single bit resource
allocation header field which exists depending on the downlink system bandwidth (clause 5.3.3.1 of [4]), where type 0
is indicated by 0 value and type 1 is indicated otherwise. EPDCCH with DCI format 1A, 1B, and 1D have a type 2
resource allocation while EPDCCH with DCI format 1, 2, 2A, 2B, 2Cand 2D have type 0 or type 1 resource allocation.
EPDCCH DCI formats with a type 2 resource allocation do not have a resource allocation header field.
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7.16.1 Resource allocation type O

In resource allocations of type O, resource block assignment information includes a bitmap indicating the Resource
Block Groups (RBGs) that are allocated to the scheduled UE where a RBG is a set of consecutive virtual resource
blocks (VRBs) of localized type as defined in clause 6.2.3.1 of [3]. Resource block group size (P) is a function of the

system bandwidth as shown in Table 7.1.6.1-1. The total number of RBGs ( N ) for down link system bandwidth

RBG

of NRg is given by Nggg :(N%/P-‘ where LN%/PJ of the RBGs are of size Pand if Nt modP >0 then one

of the RBGs is of size NSg — P~\_NE'B' / PJ. The bitmap is of size  Nggg bits with one bitmap bit per RBG such that

each RBG is addressable. The RBGs shall be indexed in the order of increasing frequency and non-increasing RBG
sizes starting at the lowest frequency. The order of RBG to bitmap bit mapping is in such way that RBG 0 to

RBG Ny —1 are mapped to MSB to LSB of the bitmap. The RBG is allocated to the UE if the corresponding bit
value in the bitmap is 1, the RBG is not allocated to the UE otherwise.

Table 7.1.6.1-1: Type O resource allocation RBG size vs. Downlink System Bandwidth

System Bandwidth | RBG Size

DL P

NDL (P)

<10 1

11-26 2
27-63 3
64— 110 Z

7.16.2 Resource allocation type 1

In resource allocations of type 1, a resource block assignment information ofsize Ny indicates to a scheduled UE

the VRBs from the set of VRBs fromone of P RBG subsets. The virtual resource blocks used are of localized type as
defined in clause 6.2.3.1 of [3]. Also P is the RBG size associated with the systembandwidth as shown in Table 7.1.6.1-
1. A RBGsubset p,where 0 < p < P,consists ofevery P th RBG starting from RBG p . The resource block

assignment information consists of three fields [4].
The first field with ﬂogz(Pﬂ bits is used to indicate the selected RBG subset among P RBG subsets.

The second field with one bit is used to indicate a shift of the resource allocation span within a subset. A bit value of 1
indicates shift is triggered. Shift is not triggered otherwise.

The third field includes a bitmap, where each bit of the bitmap addresses a single VRB in the selected RBG subset in
such a way that MSB to LSB of the bitmap are mapped to the VRBs in the increasing frequency order. The VRB is

allocated to the UE if the corresponding bit value in the bit field is 1, the VRB is not allocated to the UE otherwise.

The portion of the bitmap used to address VRBs in a selected RBG subset has size Ny — and is defined as

NRYPE =[NES 7P| ~Tlog, (P)] -1

The addressable VRB numbers of a selected RBG subset start from an offset, Ag,;x(P) to the smallest VRB number

within the selected RBG subset, which is mapped to the MSB of the bitmap. The offset is in terms of the number of
VRBs and is done within the selected RBG subset. If the value of the bit in the second field for shift of the resource

allocation span is set to 0, the offset for RBG subset p is given by Ay, (P) =0. Otherwise, the offset for RBG
subset P is given by Ao (P) = NSEC*(p) — NIYPE' where the LSB of the bitmap is justified with the

highest VRB number within the selected RBG subset. N°*"** (p) is the number of VRBs in RBG subset p and
can be calculated by the following equation,
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DL _ DL
NR82 Lp,p ,p<MmodP
p P
DL _ DL
N RBG subset (5 _ NREZ 1 P+(NRs -)modP+1 ,p= % mod P
DL _ DL
Nre —11 p p> Nre ~L 11 0dp
p2 P

Consequently, when RBG subset p is indicated, bit i for i=0,1,---, N3 = —1 in the bitmap field indicates VRB
number,

RBG subset ( p) — L i+ Ashiﬂ ( p)

S 5 JP2+p-P+(i+Ashm(p))modP.

7.16.3 Resource allocation type 2

In resource allocations of type 2, the resource block assignment information indicates to a scheduled UE a set of
contiguously allocated localized virtual resource blocks or distributed virtual resource blocks. In case of resource
allocation signalled with PDCCH DCI format 1A, 1B or 1D, or for resource allocation signalled with EPDCCH DCI
format 1A, 1B, or 1D, one bit flag indicates whether localized virtual resource blocks or distributed virtual resource
blocks are assigned (value O indicates Localized and value 1 indicates Distributed VRB assignment) while distributed
virtual resource blocks are always assigned in case of resource allocation signalled with PDCCH DCI format 1C.
Localized VRB allocations fora UE vary froma single VRB up to a maximum number of VRBs spanning the system
bandwidth. For DCI format 1A the distributed VRB allocations fora UE vary fromasingle VRBupto NPt VRBs,

VRB

where Nt is defined in [3], if the DCI CRC is scrambled by P-RNTI, RA-RNTI, or SI-RNTI. With PDCCH DCI

RB
format 1B, 1D with a CRC scrambled by C-RNTI, or with DCI format 1A with a CRC scrambled with C-RNTI, SPS C-
RNTI or Temporary C-RNTI distributed VRB allocations fora UEvary froma single VRBupto NP, VRBs if

N2s is 6-49and vary froma single VRBup to 16 if NP is 50-110. With EPDCCH DCI format 1B, 1D with a CRC

scrambled by C-RNTI, or with DCI format 1A with a CRC scrambled with C-RNTI, SPS C-RNTI distributed VRB
allocations fora UE vary fromasingle VRBupto NO-, VRBs if NEt is 6-49 and vary from a single VRB up to 16

if NPt is 50-110. With PDCCH DCl format 1C, distributed VRB allocations fora UEvary from N3 VRB(s) up to
|_N\?IR:B / N;t;pj. N2 VRBs with an increment step of N2, where N3 value is determined depending on the
downlink system bandwidth as shown in Table 7.1.6.3-1.

Table 7.1.6.3-1: N3 valuesvs. Downlink System Bandwidth

System BW (N o%) Ngg
DCl format 1C
6-49 2
50-110 4

For PDCCH DCI format 1A, 1B or 1D, or for EEDCCH DCI format 1A, 1B, or 1D, a type 2 resource allocation field
consists of a resource indication value (RIV) corresponding to astarting resource block ( RBg,,;) and a length in terms

of virtually contiguously allocated resource blocks Lgg, - The resource indication value is defined by
. DL
it (Logse —1) <|[N2- /2] then

RIV = N2 (Legs —1) + RB

start

else
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RIV = N}%_(NRDBL - LCRBS +1)+(NRDBL -1- RBstart)

where Lqg, > 1and shall not exceed NVDRIIB —RB.\:-

For PDCCH DClI format 1C, a type 2 resource block assignment field consists of a resource indication value (RIV)

corresponding to a starting resource block ( RBy, =0, NP, 2N22,..., (NO%, /NP |-1)N:»)and a length in terms

of virtually contiguously allocated resource blocks ( Lepgs =N, 2N¥2,..., |_N\E/’F§B / N;ﬁ;ﬂj. N
The resource indication value is defined by:

i (Lipes —1) <[N/2E /2] then

RIV = N/2 (Lo —1) + RB!

start

else
RIV = N\,/RDé_(N\’/IEI;_ - L(':RBS +1) + (N\’/RI?I;_ -1- RBs'tart)

where Llpg, = Lepa / N2S”, RB! INSY and Nigt = LN\/DRIB / N;ﬂ:”J. Here,

start

=RB

start

’ rDL ’
Liges = 1 and shallnotexceed Ny —RB, -

7.164 PDSCH starting position
The starting OFDM symbol for the PDSCH of each activated serving cell is given by index | patastart in the first slotin a
subframe.

Fora UE configured in transmission mode 1-9, for a given activated serving cell

— ifthe PDSCH is assigned by EPDCCH received in the same serving cell, or if the UE is configured to monitor
EPDCCH in the subframe and the PDSCH is not assigned by a PDCCH/EPDCCH, and if the UE is configured
with the higher layer parameter epdcch-StartSymbol-r11

o 'Dasart j given by the higher-layer parameter epdcch-StartSymbol-r11.

- else if PDSCH and the corresponding PDCCH/EPDCCH are received on different serving cells

o Ipawsart j given by the higher-layer parameter pdsch-Start-r10 for the serving cell on which PDSCH

is received,

— Otherwise

o Ipawsart jg given by the CF1 value in the subframe of the given serving cell when NF'?',g >10, and

| awstart i given by the CF1value + 1 in the subframe of the given serving cell when N5 <10.
Fora UE configured in transmission mode 10, for a given activated serving cell

— ifthe PDSCH is assigned by a PDCCH with DCI format 1C or by a PDCCH with DCI format 1A and with CRC
scrambled with P-RNTI/RA-RNTI/SI-RNTI/Temporary C-RNTI

o 'pawmsart jg given by the span of the DCI given by the CFl value in the subframe of the given serving

cell according to clause 5.3.4 of [4].

— if the PDSCH is assigned by a PDCCH/EPDCCH with DCI format 1A and with CRC scrambled with C-RNTI
and if the PDSCH transmission is on antenna ports 0 - 3

o ifthe PDSCH is assigned by EPDCCH received in the same serving cell
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«  Ibassart s given by | pcchsee fOr the EPDCCH-PRB-set where EPDCCH with the DCI
format 1A was received (| pccpsie @S defined in clause 9.1.4.1),
o else if PDSCH and the corresponding PDCCH/EPDCCH are received on different serving cells
»  bamsart js given by the higher-layer parameter pdsch-Start-r10 for the serving cell on which
PDSCH is received.
o otherwise

»  oamsart js given by the CFl value in the subframe of the given serving cell when NRDEL3 >10,

and 'patasart i given by the CFI value+1 in the subframe of the given serving cell when
NRs <10.

if the PDSCH is assigned by or semi-statically scheduled by a PDCCH/EPDCCH with DCI format 1A and if the
PDSCH trans mission is on antenna port 7

if the value of the higher layer parameter pdsch-Start-r11 determined from parameter set 1 in table

O
7.1.9-1 for the serving cell on which PDSCH is received belongs to {1,2,3,4},
« lousen is given by the higher layer parameter pdsch-Start-r11 determined from parameter set
1in table 7.1.9-1 for the serving cell on which PDSCH is received.
o else,

= if PDSCH and the corresponding PDCCH/EPDCCH are received on different serving cells,
o louesun is given by the higher-layer parameter pdsch-Start-r10 for the serving cell
on which PDSCH is received

= otherwise

o Iouasn is given by the CFI value in the subframe of the given serving cell when
N2 >10,and 'basart is given by the CFI value + 1 in the subframe of the given

serving cell when NZR% <10.

o ifthe subframe on which PDSCH is received is indicated by the higher layer parameter mbsfn-
SubframeConfigList-rll determined from parameter set 1 in table 7.1.9-1 for the serving cell on
which PDSCH is received, or if the PDSCH is received on subframe 1 or 6 for the frame structure

type 2,

. IDataStart = m|n(2, IDataStan ),

o otherwise

[ ] DataStart

DataStart

if the PDSCH is assigned by or semi-persistently scheduled by a PDCCH/EPDCCH with DCI format 2D,

- ifthe value of the higher layer parameter pdsch-Start-r11 determined fromthe DCI (according to clause
7.1.9) for the serving cell on which PDSCH is received belongs to {1,2,3,4},

O lpuser 1S 9iven by parameter pdsch-Start-ril determined fromthe DCI (according to clause
7.1.9) for the serving cell on which PDSCH is received
- else,
o if PDSCH and the corresponding PDCCH/EPDCCH are received on different serving cells,
loaesar 1S 9iVEN by the higher-layer parameter pdsch-Start-r10 for the serving cell

on which PDSCH is received

o Otherwise
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= is given by the CF1 value in the subframe of the given serving cell when

DataStart
Ngs >10,and paesart s given by the CFlvalue+1 in the subframe of the given

serving cell when NPt <10.

- ifthe subframe on which PDSCH is received is indicated by the higher layer parameter mbsfn-
SubframeConfigList-r11 determined fromthe DCI (according to clause 7.1.9) for the serving cell on
which PDSCH is received, or if the PDSCH is received on subframe 1 or 6 for frame structure type 2,

o | patesn: = MIN(2, | papasian )’
- otherwise

o IDataStart = IDataStan .

7.16.5 Physical Resource Block (PRB) bundling

A UE configured for transmission mode 9 for a given serving cell c may assume that precoding granularity is multiple
resource blocks in the frequency domain when PMI/RI reporting is configured.

Fora given serving cell c, ifa UE is configured for transmission mode 10

- if PMI/RI reporting is configured for all configured CSI processes for the serving cell ¢, the UE may assume
that precoding granularity is multip le resource blocks in the frequency domain,

- otherwise, the UE shall assume the precoding granularity is one resource block in the frequency domain.

Fixed system bandwidth dependent Precoding Resource block Groups (PRGs) of size P’ partition the system
bandwidth and each PRG consists of consecutive PRBs. If NF?,'; modP’>0 then one of the PRGs is of size

NEE'; - P’\_N RDI'g / P'j. The PRG size is non-increasing starting at the lowest frequency. The UE may assume that the
same precoder applies on all scheduled PRBs within a PRG.

The PRG size a UE may assume for a given system bandwidth is given by:

Table 7.1.6.5-1
System Bandwidth PRG Size (P')
(NRs) (PRBS)
<10 1
11-26 2
27 -63 3
64 — 110 2
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7.1.7  Modulation order and transport block size determination

To determine the modulation order and transport block size(s) in the physical downlink shared channel, the UE shall
first

— read the 5-bit "modulation and coding scheme" field ( I, ) in the DCI

and second if the DCI CRC is scrambled by P-RNTI, RA-RNTI, or SI-RNT | then
— for DCI format 1A:

o setthe Table 7.1.7.2.1-1 column indicator N, to Nipg from clause 5.3.3.1.3 in [4]

- for DCI format 1C:
o useTable7.1.7.2.3-1for determining its transport block size.
else
- set N;RB to the total number of allocated PRBs based on the procedure defined in clause 7.1.6.
if the transport block is transmitted in DwPTS of the special subframe in frame structure type 2, then

o forspecial subframe configuration 9 with normal cyclic prefix or special subframe configuration 7
with extended cyclic prefix:

N :max{ N’ x0.375], 1}
B set the Table 7.1.7.2.1-1 column indicator PRB L PRB J

o for other special subframe configurations:

W set the Table 7.1.7.2.1-1 column indicator Nz = mMax {LN;RB ><0.75J, 1} ,

else, set the Table 7.1.7.2.1-1 column indicator Npgg = Npgg -

The UE may skip decoding a transport block in an initial transmission if the effective channel code rate is higher than
0.930, where the effective channel code rate is defined as the number of downlink information bits (including CRC bits)
divided by the number of physical channel bits on PDSCH. If the UE skips decoding, the physical layer indicates to
higher layer that the transport block is not successfully decoded. For the special subframe configurations 0 and 5 with
normal downlink CP or configurations 0 and 4 with extended downlink CP, shown in Table 4.2-1 of [3], there shall be
no PDSCH transmission in DWPT S of the special subframe.

7171 Modulation order determination

The UEshall use Q,,=2 ifthe DCI CRC is scrambled by P-RNTI, RA-RNTI, or SI-RNT I, otherwise, the UE shall

use I s and Table 7.1.7.1-1 to determine the modulation order ( Q,, ) used in the physical downlink shared channel.
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Table 7.1.7.1-1: Modulation and TBS index table for PDSCH

MCS Index |[ Modulation Order | TBS Index
IMCS Qm ITBS
0 2 0
1 2 1
2 2 2
3 2 3
4 2 4
5 2 5
6 2 6
7 2 7
8 2 8
9 2 9
10 4 9
11 4 10
12 4 11
13 4 12
14 4 13
15 4 14
16 4 15
17 6 15
18 6 16
19 6 17
20 6 18
21 6 19
22 6 20
23 6 21
24 6 22
25 6 23
26 6 24
27 6 25
28 6 26

29 2
30 4 reserved
31 6

7.1.7.2 Transport block size determination

Ifthe DCI CRC is scrambled by P-RNTI, RA-RNTI, or SI-RNT I then

— for DCI format 1A:

o the UE shallset the TBS index( lg5)equalto 1,5 and determine its TBS by the procedure in
clause 7.1.7.2.1.

- for DCI format 1C:
o the UE shallset the TBS index( Ig5)equalto 1,5 and determine its TBS from Table 7.1.7.2.3-1.
else

— for0< I <28, the UEshall first determine the TBS index ( I ;5¢) using I, and Table 7.1.7.1-1 except if

the transport block is disabled in DCI formats 2, 2A, 2B, 2C and 2D as specified below. For a transport block
that is not mapped to more than single-layer spatial multiplexing, the TBS is determined by the procedure in
clause 7.1.7.2.1. For a transport block that is mapped to two-layer spatial multip lexing, the TBS is determined
by the procedure in clause 7.1.7.2.2. For a transport block that is mapped to three-layer spatial multiplexing, the
TBS is determined by the procedure in clause 7.1.7.2.4. For a transport block that is mapped to four-layer
spatial multiplexing, the TBS is determined by the procedure in clause 7.1.7.2.5.
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- for29<1,,,s <31,the TBS is assumed to be as determined from DClI transported in the latest
PDCCH/EPDCCH for the same transport block using 0< 1, <28. Ifthere is no PDCCH/EPDCCH for the

same transport block using0 < |, <28, and if the initial PDSCH for the same transport block is semi-

persistently scheduled, the TBS shall be determined fromthe most recent semi-persistent scheduling assignment
PDCCH/EPDCCH.

- InDCI formats 2, 2A, 2B, 2C and 2D a transport block is disabled if 1, =0 and if rvig, = 1 otherwise the
transport block is enabled.

The NDI and HARQ process ID, as signalled on PDCCH/EPDCCH, and the TBS, as determined above, shall be
delivered to higher layers.

7.1.7.21 Transport blocks not mapped to two or more layer spatial multiplexing

For1< Nz <110, the TBS is given by the ( |55, Nzg ) entry of Table 7.1.7.2.1-1.

Table 7.1.7.2.1-1: Transport block size table (dimension 27x110)

| Neeg
1 2 3 4 5 6 7 8 9 10
16 32 56 88 120 152 176 208 224 256
24 56 88 144 176 208 224 256 328 344
32 72 144 176 208 256 296 328 376 424

40 104 176 208 256 328 392 440 504 568
56 120 208 256 328 408 488 552 632 696
72 144 224 328 424 504 600 680 776 872
328 176 256 392 504 600 712 808 936 1032
104 224 328 472 584 712 840 968 1096 1224
120 256 392 536 680 808 968 1096 1256 1384
136 296 456 616 776 936 1096 1256 1416 1544
10 144 328 504 680 872 1032 1224 1384 1544 | 1736
11 176 376 584 776 1000 1192 1384 1608 1800 2024
12 208 440 680 904 1128 1352 1608 1800 | 2024 | 2280
13 224 488 744 1000 1256 1544 | 1800 | 2024 | 2280 2536
14 256 552 840 1128 1416 1736 1992 [ 2280 | 2600 2856
15 280 600 904 1224 1544 1800 2152 | 2472 2728 | 3112
16 328 632 968 1288 1608 1928 2280 | 2600 [ 2984 | 3240
17 336 696 1064 1416 1800 | 2152 2536 | 2856 3240 | 3624
18 376 776 1160 1544 1992 2344 | 2792 | 3112 3624 | 4008
19 408 840 1288 1736 2152 2600 2984 | 3496 3880 | 4264
20 440 904 1384 1864 2344 | 2792 | 3240 | 3752 | 4136 | 4584
21 488 1000 1480 1992 2472 2984 | 3496 | 4008 | 4584 | 4968
22 520 1064 1608 | 2152 2664 [ 3240 | 3752 | 4264 | 4776 5352
23 552 1128 1736 | 2280 2856 3496 | 4008 | 4584 | 5160 | 5736
24 584 1192 1800 | 2408 2984 | 3624 | 4264 | 4968 5544 | 5992
25 616 1256 1864 | 2536 3112 3752 | 4392 | 5160 | 5736 6200
26 712 1480 2216 | 2984 3752 | 4392 | 5160 | 5992 6712 7480

O] 00|~ o U] B W N[O U_J'
7]

I Tes Nees

11 12 13 14 15 16 17 18 19 20
0 288 328 344 376 392 424 456 488 504 536
1 376 424 456 488 520 568 600 632 680 712
2 472 520 568 616 648 696 744 776 840 872
3 616 680 744 808 872 904 968 1032 1096 | 1160
4 776 840 904 1000 1064 [ 1128 | 1192 | 1288 1352 | 1416
5 968 1032 1128 | 1224 1320 | 1384 | 1480 | 1544 | 1672 | 1736
6
7
8
9

1128 1224 1352 1480 1544 1672 1736 1864 1992 2088
1320 1480 1608 1672 1800 1928 2088 [ 2216 2344 | 2472
1544 1672 1800 1928 2088 2216 2344 | 2536 2664 | 2792
1736 1864 | 2024 | 2216 2344 | 2536 2664 | 2856 2984 | 3112
10 1928 | 2088 2280 [ 2472 2664 | 2792 2984 [ 3112 3368 | 3496
11 2216 | 2408 2600 | 2792 2984 | 3240 | 3496 | 3624 | 3880 | 4008
12 2472 2728 2984 | 3240 3368 3624 | 3880 | 4136 | 4392 | 4584
13 2856 | 3112 | 3368 | 3624 3880 | 4136 | 4392 | 4584 | 4968 | 5160
14 3112 3496 | 3752 | 4008 4264 | 4584 | 4968 | 5160 | 5544 | 5736
15 3368 [ 3624 | 4008 | 4264 4584 | 4968 5160 | 5544 [ 5736 6200
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16 || 3624 | 3880 | 4264 | 4584 | 4968 | 5160 | 5544 | 5992 | 6200 | 6456
17 4008 4392 4776 5160 5352 5736 6200 6456 6712 7224
18 4392 4776 5160 5544 5992 6200 6712 7224 7480 7992
19 || 4776 | 5160 | 5544 | 5992 | 6456 | 6968 | 7224 | 7736 | 8248 | 8504
20 5160 5544 5992 6456 6968 7480 7992 8248 8760 9144
21 5544 5992 6456 6968 7480 7992 8504 9144 9528 9912
22 || 5992 | 6456 | 6968 | 7480 | 7992 | 8504 | 9144 | 9528 | 10296 | 10680
23 6200 6968 7480 7992 8504 9144 9912 10296 | 11064 | 11448
24 6712 7224 7992 8504 9144 9912 10296 | 11064 | 11448 | 12216
25 6968 7480 8248 8760 9528 10296 | 10680 | 11448 | 12216 | 12576
26 8248 8760 9528 10296 | 11064 | 11832 | 12576 | 13536 | 14112 | 14688

—— ————————————————————————————————————
| N PRB
TBS 1M 21 22 23 24 25 26 27 28 29 30
0 568 | 600 | 616 | 648 680 | 712 | 744 | 776 | 776 | 808
1 744 776 808 872 904 936 968 1000 1032 1064
2 936 968 1000 1064 1096 1160 1192 1256 1288 1320
3 1224 1256 1320 1384 1416 1480 1544 1608 1672 1736
4 1480 1544 1608 1736 1800 1864 1928 1992 2088 2152
5 1864 1928 2024 2088 2216 2280 2344 2472 2536 2664
6 2216 2280 2408 2472 2600 2728 2792 2984 2984 3112
7 2536 2664 2792 2984 3112 3240 3368 3368 3496 3624
8 2984 3112 3240 3368 3496 3624 3752 3880 4008 4264
9 3368 | 3496 | 3624 | 3752 | 4008 | 4136 | 4264 | 4392 | 4584 | 4776
10 3752 3880 4008 4264 4392 4584 4776 4968 5160 5352
11 4264 4392 4584 4776 4968 5352 5544 5736 5992 5992
12 || 4776 | 4968 | 5352 | 5544 | 5736 | 5992 | 6200 | 6456 | 6712 | 6712
13 5352 5736 5992 6200 6456 6712 6968 7224 7480 7736
14 5992 6200 6456 6968 7224 7480 7736 7992 8248 8504
15 || 6456 | 6712 | 6968 | 7224 | 7736 | 7992 | 8248 | 8504 | 8/60 | 9144
16 6712 7224 7480 7736 7992 8504 8760 9144 9528 9912
17 7480 7992 8248 8760 9144 9528 9912 10296 | 10296 | 10680
18 || 8248 | 8760 | 9144 | 9528 | 9912 | 10296 | 10680 | 11064 | 11448 | 11832
19 9144 9528 9912 10296 | 10680 | 11064 | 11448 | 12216 | 12576 | 12960
20 9912 10296 | 10680 | 11064 | 11448 | 12216 | 12576 | 12960 | 13536 | 14112
21 10680 | 11064 | 11448 | 12216 | 12576 | 12960 | 13536 | 14112 | 14688 | 15264
22 11448 | 11832 | 12576 | 12960 | 13536 | 14112 | 14688 | 15264 | 15840 | 16416
23 12216 | 12576 | 12960 | 13536 | 14112 | 14688 | 15264 | 15840 | 16416 | 16992
24 12960 | 13536 | 14112 | 14688 | 15264 | 15840 | 16416 | 16992 | 17568 | 18336
25 13536 | 14112 | 14688 | 15264 | 15840 | 16416 | 16992 | 17568 | 18336 | 19080
26 || 15264 | 16416 | 16992 | 17568 | 18336 | 10080 | 10848 | 20616 | 21384 | 22152

N PRB

I TBS

31 32 33 34 35 36 37 38 39 40
0 840 872 904 936 968 1000 1032 1032 1064 1096
1 1128 1160 1192 1224 1256 1288 1352 1384 1416 1416
2 1384 1416 1480 1544 1544 1608 1672 1672 1736 1800
3 1800 1864 1928 1992 2024 2088 2152 2216 2280 2344
4 2216 2280 2344 2408 2472 2600 2664 2728 2792 2856
5 2728 | 2792 | 2856 | 2984 | 3112 | 3112 | 3240 | 3368 | 3496 | 3496
6 3240 3368 3496 3496 3624 3752 3880 4008 4136 4136
7 3752 3880 4008 4136 4264 4392 4584 4584 4776 4968
8 4392 | 4584 | 4584 | 4776 | 4968 | 4968 | 5160 | 5352 | 5544 | 5544
9 4968 5160 5160 5352 5544 5736 5736 5992 6200 6200

10 5544 | 5736 5736 [ 5992 6200 | 6200 6456 [ 6712 6712 6968
11 6200 | 6456 6712 | 6968 6968 7224 | 7480 | 7736 7736 7992
12 6968 [ 7224 | 7480 | 7736 7992 8248 | 8504 | 8760 | 8760 9144
13 7992 8248 | 8504 | 8760 9144 | 9144 | 9528 [ 9912 9912 | 10296
14 8760 | 9144 | 9528 | 9912 9912 | 10296 | 10680 | 11064 | 11064 | 11448
15 9528 [ 9912 | 10296 | 10296 | 10680 | 11064 | 11448 | 11832 | 11832 | 12216
16 9912 | 10296 | 10680 | 11064 | 11448 | 11832 | 12216 | 12216 | 12576 | 12960
17 11064 | 11448 | 11832 | 12216 | 125/6 | 12960 | 13536 | 13536 | 14112 | 14688
18 12216 | 125/6 | 12960 | 13536 | 14112 | 14112 | 14688 [ 15264 | 15264 | 15840
19 13536 | 13536 | 14112 | 14688 | 15264 | 15264 | 15840 | 16416 | 16992 | 16992
20 14688 | 14688 | 15264 | 15840 | 16416 | 16992 | 16992 | 17568 | 18336 | 18336
21 15840 | 15840 | 16416 [ 16992 | 17568 | 18336 | 18336 | 19080 | 19848 | 19848
22 16992 | 16992 | 17568 | 18336 [ 19080 | 19080 | 19848 [ 20616 | 21384 | 21384
23 17568 | 18336 | 19080 [ 19848 | 19848 | 20616 | 21384 | 22152 | 22152 | 22920
24 19080 | 19848 | 19848 [ 20616 | 21384 | 22152 | 22920 | 22920 | 23688 | 24496
25 19848 | 20616 | 20616 | 21384 | 22152 | 22920 | 23688 | 24496 | 24496 | 25456
26 22920 | 23688 | 24496 | 25456 | 25456 | 26416 [ 27376 | 28336 | 29296 | 29296
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N PRB
I TBS
41 42 43 44 45 46 47 48 49 50

0 1128 | 1160 | 1102 | 1224 | 1256 | 1256 | 1288 | 1320 | 1352 | 1384
T 1480 | 1544 | 1544 | 1608 | 1608 | 1672 | 1736 | 1736 | 1800 | 1800
2 1800 | 1864 | 1928 | 1092 | 2024 | 2088 | 2088 | 2152 | 2216 | 2216
3 2408 | 2472 | 2536 | 2536 | 2600 | 2664 | 2728 | 2792 | 2856 | 2856
7 2084 | 2984 | 3112 | 3112 | 3240 | 3240 | 3368 | 3496 | 3496 | 3624
5 3624 | 3752 | 3752 | 3880 | 4008 | 4008 | 4136 | 4264 | 4392 | 4302
6 4264 | 4392 | 4584 | 4584 | 4776 | 4776 | 4968 | 4968 | 5160 | 5160
7 4968 | 5160 | 5352 | 5352 | 5544 | 5736 | 5736 | 5992 | 5992 | 6200
8 5736 | 5992 | 5992 | 6200 | 6200 | 6456 | 6456 | 6712 | 6968 | 6968
9 6456 | 6712 | 6712 | 6968 | 6968 | 7224 | 7480 | 7480 | 7736 | 7992
10 || 7224 | 7480 | 7480 | 7736 | 7992 | 7992 | 8248 | 8504 | 8504 | 8760
11 || 8248 | 8504 | 8760 | 8760 | 9144 | 0144 | 9528 | 9528 | 9912 | 9912
12 || 9528 | 9528 | 9912 | 9912 | 10296 | 10680 | 10680 | 11064 | 11064 | 11448
13 || 10680 | 10680 | 11064 | 11448 | 11448 | 11832 | 12216 | 12216 | 12576 | 12960
T4 || 11832 | 12216 | 12216 | 12576 | 12960 | 12960 | 13536 | 13536 | 14112 | 14112
15 || 12576 | 12960 | 12960 | 13536 | 13536 | 14112 | 14688 | 14688 | 15264 | 15264
16 || 13536 | 13536 | 14112 | 14112 | 14688 | 14688 | 15264 | 15840 | 15840 | 16416
17 || 14688 | 15264 | 15264 | 15840 | 16416 | 16416 | 16092 | 17568 | 17568 | 18336
18 || 16416 | 16416 | 16092 | 17568 | 17568 | 18336 | 18336 | 19080 | 10080 | 10848
10 || 17568 | 18336 | 18336 | 19080 | 10080 | 10848 | 20616 | 20616 | 21384 | 21384
20 |[ 19080 | 19848 | 10848 | 20616 | 20616 | 21384 | 22152 | 22152 | 22920 | 22920
21 || 20616 | 21384 | 21384 | 22152 | 22920 | 22920 | 23688 | 24496 | 24496 | 25456
22 || 22152 | 22920 | 22920 | 23688 | 24496 | 24496 | 25456 | 25456 | 26416 | 27376
23 || 23688 | 24496 | 24496 | 25456 | 25456 | 26416 | 27376 | 27376 | 28336 | 28336
24 || 25456 | 25456 | 26416 | 26416 | 27376 | 28336 | 28336 | 29296 | 29296 | 30576
25 || 26416 | 26416 | 27376 | 28336 | 28336 | 29296 | 29296 | 30576 | 31704 | 31704
26 || 30576 | 30576 | 31704 | 32856 | 32856 | 34008 | 35160 | 35160 | 36696 | 36696
| N PRB

TBS

51 52 53 54 55 56 57 58 59 60

0 T416 | 1416 | 1480 | 1480 | 1544 | 1544 | 1608 | 1608 | 1608 | 1672
T 1864 | 1864 | 1928 | 1992 | 1992 | 2024 | 2088 | 2088 | 2152 | 2152
2 2280 | 2344 | 2344 | 2408 | 2472 | 2536 | 2536 | 2600 | 2664 | 2664
3 2084 | 2984 | 3112 | 3112 | 3240 | 3240 | 3368 | 3368 | 3496 | 3496
4 3624 | 3752 | 3752 | 3880 | 4008 | 4008 | 4136 | 4136 | 4264 | 4264
5 4584 | 4584 | 4776 | 4776 | 4776 | 4968 | 4968 | 5160 | 5160 | 5352
6 5352 | 5352 | 5544 | 5736 | 5736 | 5992 | 5992 | 5992 | 6200 | 6200
7 6200 | 6456 | 6456 | 6712 | 6712 | 6712 | 6968 | 6968 | 7224 | 7224
8 7204 | 7224 | 7480 | 7480 | 7736 | 7736 | 7992 | 7992 | 8248 | 8504
9 7002 | 8248 | 8248 | 8504 | 8760 | 8760 | 9144 | 9144 | 9144 | 9528
10 || 9144 | 9144 | 9144 | 9528 | 9528 | 9912 | 9912 | 10296 | 10296 | 10680
I1 || 10296 | 10680 | 10680 | 11064 | 11064 | 11448 | 11448 | 11832 | 11832 | 12216
12 (11832 | 11832 | 12216 | 12216 | 12576 | 12576 | 12960 | 12960 | 13536 | 13536
T3 |[ 12960 | 13536 | 13536 | 14112 | 14112 | 14688 | 14688 | 14688 | 15264 | 15264
T4 || 14688 | 14688 | 15264 | 15264 | 15840 | 15840 | 16416 | 16416 | 16992 | 16992
15 || 15840 | 15840 | 16416 | 16416 | 16992 | 16992 | 17568 | 17568 | 18336 | 18336
16 || 16416 | 16992 | 16992 | 17568 | 17568 | 18336 | 18336 | 19080 | 10080 | 19848
17 || 18336 | 19080 | 19080 | 19848 | 19848 | 20616 | 20616 | 20616 | 21384 | 21384
18 || 19848 | 20616 | 21384 | 21384 | 22152 | 22152 | 22920 | 22920 | 23688 | 23688
19 || 22152 | 22152 | 22920 | 22920 | 23688 | 24496 | 24496 | 25456 | 25456 | 25456
20 || 23688 | 24496 | 24496 | 25456 | 25456 | 26416 | 26416 | 27376 | 27376 | 28336
21 || 25456 | 26416 | 26416 | 27376 | 27376 | 28336 | 28336 | 29296 | 29296 | 30576
22 || 27376 | 28336 | 28336 | 29296 | 29296 | 30576 | 30576 | 31704 | 31704 | 32856
23 || 29296 | 29296 | 30576 | 30576 | 31704 | 31704 | 32856 | 32856 | 34008 | 34008
24 || 31704 | 31704 | 32856 | 32856 | 34008 | 34008 | 35160 | 35160 | 36696 | 36696
25 || 32856 | 32856 | 34008 | 34008 | 35160 | 35160 | 36696 | 36696 | 37888 | 37838
26 || 37888 | 37888 | 39232 | 40576 | 40576 | 40576 | 42368 | 42368 | 43816 | 43816

Neeg
61 62 63 64 65 66 67 68 69 70
1672 1736 1736 1800 1800 1800 1864 1864 1928 1928
2216 | 2280 2280 | 2344 2344 | 2408 2472 | 2472 2536 2536
2728 | 2792 2856 | 2856 2856 2984 [ 2984 | 3112 3112 | 3112
3624 | 3624 | 3624 | 3752 3752 3880 [ 3880 | 4008 | 4008 | 4136
4392 | 4392 | 4584 [ 4584 4584 | 4776 | 4776 | 4968 | 4968 | 4968
5352 5544 | 5544 | 5736 5736 5736 | 5992 | 5992 5992 6200
6456 | 6456 6456 | 6712 6712 6968 6968 | 6968 7224 | 7224
7480 | 7480 7736 | 7736 7992 7992 | 8248 | 8248 8504 | 8504

~| O O B W[N] O
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8 8504 [ 8760 | 8760 | 9144 9144 | 9144 | 9528 | 9528 9528 9912
9 9528 | 9912 9912 | 10296 [ 10296 | 10296 | 10680 [ 10680 | 11064 | 11064
10 10680 | 11064 | 11064 | 11448 | 11448 | 11448 | 11832 | 11832 | 12216 | 12216
11 12216 | 12576 | 12576 | 12960 | 12960 | 13536 | 13536 | 13536 | 14112 | 14112
12 14112 | 14112 | 14112 | 14688 | 14688 | 15264 | 15264 | 15264 | 15840 | 15840
13 15840 | 15840 | 16416 | 16416 | 16992 | 16992 | 16992 | 17568 | 17568 | 18336
14 17568 | 17568 | 18336 | 18336 | 18336 | 19080 [ 19080 | 19848 | 19848 | 19848
15 18336 | 19080 | 19080 | 19848 [ 19848 | 20616 | 20616 [ 20616 | 21384 | 21384
16 19848 | 19848 | 20616 | 20616 | 21384 | 21384 | 22152 | 22152 | 22152 | 22920
17 22152 | 22152 | 22920 | 22920 | 23688 | 23688 | 24496 | 24496 | 24496 | 25456
18 24496 | 24496 | 24496 | 25456 | 25456 | 26416 | 26416 | 2/3/6 | 2/3/6 | 27376
19 26416 | 26416 | 27376 | 27376 | 28336 | 28336 | 29296 | 29296 | 29296 | 30576
20 28336 | 29296 | 29296 | 29296 | 30576 | 30576 [ 31704 | 31704 | 31704 | 32856
21 305/6 | 31704 | 31/04 [ 31704 | 32856 | 32856 [ 34008 | 34008 | 35160 | 35160
22 32856 | 34008 [ 34008 | 34008 | 35160 [ 35160 | 36696 | 36696 [ 36696 | 37888
23 35160 | 35160 | 36696 | 36696 | 37888 | 37888 [ 37888 | 39232 | 39232 | 40576
24 36696 | 37888 | 37888 | 39232 | 39232 | 40576 [ 40576 | 42368 | 42368 | 42368
25 39232 | 39232 | 40576 | 40576 | 40576 | 42368 | 42368 | 43816 | 43816 | 43816
26 45352 | 45352 | 46888 | 46888 | 48936 | 48936 | 48936 | 51024 | 51024 | 52752

Npeg
71 72 73 74 75 76 77 78 79 80
1992 1992 2024 | 2088 2088 2088 2152 | 2152 2216 2216
2600 | 2600 2664 | 2728 2728 2792 2792 | 2856 2856 2856
3240 [ 3240 | 3240 | 3368 3368 3368 [ 3496 | 3496 3496 | 3624
4136 | 4264 | 4264 | 4392 4392 | 4392 | 4584 | 4584 | 4584 | 4776
5160 [ 5160 | 5160 | 5352 5352 5544 | 5544 | 5544 | 5736 | 5736
6200 | 6200 6456 | 6456 6712 6712 6712 | 6968 6968 6968
7480 | 7480 7736 | 7736 7736 7992 7992 | 8248 8248 | 8248
8760 [ 8760 | 8760 | 9144 9144 | 9144 | 9528 | 9528 9528 9912
9912 9912 | 10296 | 10296 | 10680 | 10680 [ 10680 | 11064 | 11064 | 11064
11064 | 11448 | 11448 | 11832 | 11832 | 11832 | 12216 | 12216 | 12576 | 12576
10 12576 | 12576 | 12960 | 12960 | 12960 | 13536 | 13536 | 13536 | 14112 | 14112
11 14112 | 14688 | 14688 | 14688 | 15264 | 15264 | 15840 | 15840 | 15840 | 16416
12 16416 | 16416 | 16416 | 16992 | 16992 | 17568 | 17568 | 1/568 | 18336 | 18336
13 18336 | 18336 | 19080 | 19080 | 19080 | 19848 | 19848 | 19848 | 20616 | 20616
14 20616 | 20616 | 20616 | 21384 | 21384 | 22152 | 22152 | 22152 | 22920 | 22920
15 22152 | 22152 | 22152 | 22920 | 22920 | 23688 | 23688 | 23688 | 24496 | 24496
16 22920 | 23688 | 23688 | 24496 | 24496 | 24496 | 25456 | 25456 | 25456 | 26416
17 25456 | 26416 | 26416 | 26416 | 27376 | 27376 [ 27376 | 28336 | 28336 | 29296
18 28336 | 28336 | 29296 | 29296 | 29296 | 30576 [ 30576 | 30576 | 31704 | 31704
19 30576 | 30576 | 31704 | 31704 | 32856 | 32856 [ 32856 | 34008 | 34008 | 34008
20 32856 | 34008 | 34008 | 34008 | 35160 | 35160 [ 35160 | 36696 | 36696 | 36696
21 35160 | 36696 | 36696 | 36696 | 37888 | 37888 | 39232 | 39232 | 39232 | 40576
22 37888 | 39232 | 39232 | 40576 | 40576 | 40576 | 42368 | 42368 | 42368 | 43816
23 40576 | 40576 | 42368 | 42368 | 43816 [ 43816 | 43816 | 45352 | 45352 | 45352
24 43816 | 43816 | 45352 | 45352 | 45352 | 46888 | 46888 | 46888 | 48936 | 48936
25 45352 | 45352 | 46888 | 46888 | 46888 | 48936 | 48936 | 48936 [ 51024 | 51024
26 52752 | 52752 | 55056 | 55056 | 55056 | 55056 [ 57336 | 57336 | 57336 | 59256

OO N[O U] W[N] O C_U‘
»

I 1gs Neeg
81 82 83 84 85 86 87 88 89 90

0 2280 | 2280 2280 | 2344 2344 | 2408 2408 | 2472 2472 2536

1 2984 | 2984 | 2984 | 3112 3112 3112 | 3240 | 3240 | 3240 | 3240

2 3624 | 3624 | 3752 [ 3752 3880 | 3880 | 3880 [ 4008 | 4008 | 4008

3 4776 | 4776 | 4776 [ 4968 4968 | 4968 | 5160 | 5160 | 5160 | 5352

4 5736 | 5992 5992 | 5992 5992 6200 6200 | 6200 | 6456 6456

5

6

I

8

9

7224 | 7224 | 7224 | 7480 7480 | 7480 7736 [ 7736 7736 7992
8504 | 8504 | 8/60 | 8760 8760 | 9144 | 9144 | 9144 | 9144 | 9528
9912 9912 | 10296 | 10296 | 10296 | 10680 [ 10680 | 10680 | 11064 | 11064
11448 | 11448 | 11448 | 11832 | 11832 | 12216 | 12216 | 12216 | 12576 | 12576
12960 | 12960 | 12960 | 13536 | 13536 | 13536 | 13536 | 14112 | 14112 | 14112
10 14112 | 14688 | 14688 | 14688 | 14688 | 15264 | 15264 [ 15264 | 15840 | 15840
11 16416 | 16416 | 16992 | 16992 | 16992 | 17568 | 17568 | 17568 | 18336 | 18336
12 18336 | 19080 | 19080 [ 19080 | 19080 | 19848 | 19848 | 19848 | 20616 | 20616
13 20616 | 21384 | 21384 | 21384 | 22152 | 22152 | 22152 | 22920 | 22920 | 22920
14 22920 | 23688 | 23688 | 24496 | 24496 | 24496 | 25456 | 25456 | 25456 | 25456
15 24496 | 25456 | 25456 | 25456 | 26416 | 26416 | 26416 | 27376 | 27376 | 27376
16 26416 | 26416 | 27376 | 27376 | 27376 | 28336 [ 28336 | 28336 | 29296 | 29296
17 29296 | 29296 | 30576 | 30576 | 30576 | 30576 [ 31704 | 31704 | 31704 | 32856
18 31704 | 32856 | 32856 | 32856 | 34008 | 34008 [ 34008 | 35160 | 35160 | 35160
19 35160 | 35160 | 35160 | 36696 | 36696 | 36696 | 37888 | 37888 | 37888 | 39232
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20 37888 | 37888 | 39232 | 39232 | 39232 | 40576 | 40576 | 40576 | 42368 | 42368
21 40576 | 40576 | 42368 | 42368 | 42368 | 43816 | 43816 | 43816 | 45352 | 45352
22 43816 | 43816 | 45352 | 45352 | 45352 [ 46888 | 46888 | 46888 | 48936 | 48936
23 46888 | 46888 | 46888 | 48936 | 48936 | 48936 | 51024 | 51024 | 51024 | 51024
24 48936 | 51024 | 51024 | 51024 | 52752 | 52752 | 52752 | 52752 | 55056 | 55056
25 51024 | 52752 | 52752 | 52752 | 55056 | 55056 [ 55056 | 55056 | 57336 | 57336
26 59256 | 59256 | 61664 | 61664 | 61664 | 63776 [ 63776 | 63776 | 66592 | 66592

Neeg
91 92 93 94 95 96 97 98 99 100

2536 | 2536 2600 | 2600 2664 [ 2664 | 2728 | 2/28 2728 2792
3368 | 3368 3368 [ 3496 3496 3496 | 3496 | 3624 | 3624 | 3624
4136 | 4136 | 4136 | 4264 4264 | 4264 | 4392 | 4392 | 4392 | 4584
5352 5352 5352 | 5544 5544 | 5544 | 5736 | 5736 5736 5736
6456 | 6456 6712 [ 6712 6712 6968 6968 [ 6968 6968 7224
7992 7992 | 8248 | 8248 8248 8504 | 8504 | 8760 | 8760 | 8760
9528 | 9528 9528 | 9912 9912 9912 [ 10296 | 10296 | 10296 | 10296
11064 | 11448 | 11448 | 11448 | 11448 | 11832 | 11832 | 11832 | 12216 | 12216
12576 | 12960 | 12960 [ 12960 | 13536 | 13536 | 13536 | 13536 | 14112 | 14112
14112 | 14688 | 14688 | 14688 | 15264 | 15264 | 15264 | 15264 | 15840 | 15840
10 15840 | 16416 | 16416 | 16416 | 16992 | 16992 | 16992 | 16992 | 17568 | 17568
11 18336 | 18336 | 19080 [ 19080 | 19080 | 19080 | 19848 | 19848 | 19848 | 19848
12 20616 | 21384 | 21384 | 21384 | 21384 | 22152 | 22152 | 22152 | 22920 | 22920
13 23688 | 23688 | 23688 | 24496 | 24496 | 24496 | 25456 | 25456 | 25456 | 25456
14 26416 | 26416 | 26416 | 27376 | 27376 | 27376 | 28336 | 28336 | 28336 | 28336
15 28336 | 28336 | 28336 | 29296 | 29296 | 29296 [ 29296 | 30576 | 30576 | 30576
16 29296 | 30576 | 30576 | 30576 | 30576 | 31704 [ 31704 | 31704 | 31704 | 32856
17 32856 | 32856 | 34008 | 34008 | 34008 | 35160 [ 35160 | 35160 | 35160 | 36696
18 36696 | 36696 | 36696 | 37888 | 37888 | 37888 [ 37888 | 39232 | 39232 | 39232
19 39232 | 39232 | 40576 | 40576 | 40576 | 40576 [ 42368 | 42368 | 42368 | 43816
20 42368 | 42368 | 43816 | 43816 | 43816 [ 45352 | 45352 | 45352 | 46888 | 46888
21 45352 | 46888 | 46888 | 46888 | 46888 [ 48936 | 48936 | 48936 [ 48936 | 51024
22 48936 | 48936 | 51024 | 51024 | 51024 [ 51024 | 52752 | 52752 | 52752 | 55056
23 52752 | 52752 | 52752 | 55056 | 55056 | 55056 [ 55056 | 57336 | 57336 | 57336
24 55056 | 57336 | 57336 | 57336 | 57336 | 59256 | 59256 | 59256 | 61664 | 61664
25 57336 | 59256 | 59256 | 59256 | 61664 | 61664 | 61664 | 61664 | 637/6 | 63/76
26 66592 | 68808 | 68808 | 68808 | 71112 | 71112 | 71112 | 73712 | /3712 | 75376

O[O N|O| | | W N | O U_J'
7]

N erg
101 102 103 104 105 106 107 108 109 110
2792 2856 2856 | 2856 2984 | 2984 | 2984 | 2984 | 2984 | 3112
3752 3752 | 3752 | 3752 3880 [ 3880 | 3880 | 4008 | 4008 | 4008
4584 | 4584 | 4584 [ 4584 4776 | 4776 | 4776 | 4776 | 4968 | 4968
5992 5992 | 5992 | 5992 6200 | 6200 6200 | 6200 | 6456 6456
1224 | 7224 | 7480 | 7480 7480 | 7480 7736 | 7736 7736 7992
8760 | 9144 | 9144 | 9144 9144 | 9528 | 9528 | 9528 9528 9528
10680 | 10680 | 10680 | 10680 | 11064 | 11064 | 11064 | 11448 | 11448 | 11448
12216 | 12576 | 12576 | 12576 | 12960 | 12960 | 12960 [ 12960 | 13536 | 13536
14112 | 14112 | 14688 | 14688 | 14688 | 14688 | 15264 [ 15264 | 15264 | 15264
15840 | 16416 | 16416 | 16416 | 16416 | 16992 | 16992 | 16992 | 16992 | 17568
10 17568 | 18336 | 18336 | 18336 | 18336 | 18336 [ 19080 | 19080 | 19080 | 19080
11 20616 | 20616 | 20616 | 21384 | 21384 | 21384 [ 21384 | 22152 | 22152 | 22152
12 22920 | 23688 | 23688 | 23688 | 23688 | 24496 | 24496 | 24496 | 24496 | 25456
13 26416 | 26416 | 26416 | 26416 | 27376 | 27376 [ 27376 | 27376 | 28336 | 28336
14 29296 | 29296 [ 29296 | 29296 | 30576 [ 30576 | 30576 | 30576 | 31704 | 31704
15 30576 | 31704 | 31704 | 31704 | 31704 | 32856 | 32856 | 32856 | 34008 | 34008
16 32856 | 32856 | 34008 | 34008 | 34008 | 34008 [ 35160 | 35160 | 35160 | 35160
17 36696 | 36696 | 36696 | 37888 | 37888 [ 37888 | 39232 | 39232 [ 39232 | 39232
18 40576 | 40576 | 405/6 | 40576 | 42368 | 42368 | 42368 | 42368 | 43816 | 43816
19 43816 | 43816 | 43816 | 45352 | 45352 | 45352 | 46888 | 46888 | 46888 | 46888
20 46888 | 46888 | 48936 | 48936 | 48936 | 48936 | 48936 | 51024 | 51024 | 51024
21 51024 | 51024 | 51024 | 52752 | 52752 | 52752 | 52752 | 55056 | 55056 | 55056
22 55056 | 55056 | 55056 [ 57336 | 57336 | 57336 [ 57336 | 59256 | 59256 | 59256
23 57336 | 59256 | 59256 | 59256 | 59256 | 61664 | 61664 | 61664 | 61664 | 63776
24 61664 | 61664 | 63776 | 63776 | 63776 | 63776 [ 66592 | 66592 | 66592 | 66592
25 63776 | 63776 | 66592 | 66592 | 66592 | 66592 [ 68808 | 68808 | 68808 | 71112
26 75376 | 75376 | 75376 | 75376 | 75376 | 75376 | 75376 | 75376 | 75376 | 75376
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7.1.7.2.2 Transport blocks mapped to two-layer spatial multiplexing

For1< N <55, the TBS is given by the (55,2 N ) entry of Table 7.1.7.2.1-1.

For 56 < Nz <110, a baseline TBS_L1 is taken fromthe ( 155, Npgg ) entry of Table 7.1.7.2.1-1, which is then

translated into TBS_ L2 using the mapping rule shown in Table 7.1.7.2.2-1. The TBS is given by TBS_L2.

Table 7.1.7.2.2-1: One-layer to two-layer TBS translation table

TBS_L1 TBS_L2 TBS_L1 TBS_L2 TBS_L1 TBS_L2 TBS_L1 TBS_L2
1544 3112 3752 7480 10296 20616 28336 57336
1608 3240 3880 7736 10680 21384 2929 59256
1672 3368 4008 7992 11064 22152 30576 61664
1736 3496 4136 8248 11448 22920 31704 63776
1800 3624 4264 8504 11832 23688 32856 66592
1864 3752 4392 8760 12216 24496 34008 68808
1928 3880 4584 9144 12576 25456 35160 71112
1992 4008 4776 9528 12960 25456 36696 73712
2024 4008 4968 9912 13536 27376 37883 76208
2088 4136 5160 10296 14112 28336 39232 78704
2152 4264 5352 10680 14688 29296 40576 81176
2216 4392 5544 11064 15264 30576 42368 84760
2280 4584 5736 11448 15840 31704 43816 87936
2344 4776 5992 11832 16416 32856 45352 90816
2408 4776 6200 12576 16992 34008 46883 93800
2472 4968 6456 12960 17568 35160 48936 9789
2536 5160 6712 13536 18336 3669 51024 101840
2600 5160 6968 14112 19080 37888 52752 105528
2664 5352 7224 14688 19848 39232 55056 110136
2728 5544 7480 14688 20616 40576 57336 115040
2792 5544 7736 15264 21384 42368 59256 119816
2856 5736 7992 15840 22152 43816 61664 124464
2984 5992 8248 16416 22920 45352 63776 128496
3112 6200 8504 16992 23688 46888 66592 133208
3240 6456 8760 17568 24496 48936 68808 137792
3368 6712 9144 18336 25456 51024 71112 142248
3496 6968 9528 19080 26416 52752 73712 146856
3624 7224 9912 19848 27376 55056 75376 149776

7.1.7.2.3 Transport blocks mapped for DCI Format 1C

The TBS is given by the | ;¢ entry of Table 7.1.7.2.3-1.

Table 7.1.7.2.3-1: Transport Block Size (TBS) table for DCI format 1C

les | O |2 | 2|3 |4 |5 |6 | 7 8 9 10 | 12 | 12 | 13 | 14 | 15

TBS | 40 | 56 | 72 [120 136|144 |176 | 208 | 224 | 256 | 280 | 296 | 328 | 336 | 392 | 488

ligs | 16 | 17 | 18 | 19 | 20 | 21 | 22 23 24 25 26 27 28 29 30 31

TBS | 552 |600 | 632|696 | 776 | 840 (904 [ 1000 | 1064 | 1128 | 1224 | 1288 | 1384 | 1480 | 1608 | 1736
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7.1.7.24 Transport blocks mapped to three-layer spatial multiplexing

For 1< Npgg <36,the TBS is given by the (| 3-Npgg) entry of Table 7.1.7.2.1-1.

TBS'

For 37 < Npgg <110, a baseline TBS_L1 is taken from the (|55, N g ) entry of Table 7.1.7.2.1-1, which is then
translated into TBS_L3 using the mapping rule shown in Table 7.1.7.2.4-1. The TBS is given by TBS_L3.

Table 7.1.7.2.4-1: One-layer to three-layer TBS translation table

TBS_L1 TBS_L3 TBS_L1 TBS_L3 TBS_L1 TBS_L3 TBS_L1 TBS_L3
1032 3112 2664 7992 8248 24496 26416 78704
1064 3240 2728 8248 8504 25456 27376 81176
1096 3240 2792 8248 8760 26416 28336 84760
1128 3368 2856 8504 9144 27376 29296 87936
1160 3496 2984 8760 9528 28336 30576 90816
1192 3624 3112 9144 9912 29296 31704 93800
1224 3624 3240 9528 10296 30576 32856 97896
1256 3752 3368 9912 10680 31704 34008 101840
1288 3880 3496 10296 11064 32856 35160 105528
1320 4008 3624 10680 11448 34008 36696 110136
1352 4008 3752 11064 11832 35160 37888 115040
1384 4136 3880 11448 12216 36696 39232 119816
1416 4264 4008 11832 12576 37888 40576 119816
1480 4392 4136 12576 12960 39232 42368 128496
1544 4584 4264 12960 13536 40576 43816 133208
1608 4776 4392 12960 14112 42368 45352 137792
1672 4968 4584 13536 14688 43816 46888 142248
1736 5160 4776 14112 15264 45352 48936 146856
1800 5352 4968 14688 15840 46888 51024 152976
1864 5544 5160 15264 16416 48936 52752 157432
1928 5736 5352 15840 16992 51024 55056 165216
1992 5992 5544 16416 17568 52752 57336 171888
2024 5992 5736 16992 18336 55056 59256 177816
2088 6200 5992 18336 19080 57336 61664 185728
2152 6456 6200 18336 19848 59256 63776 191720
2216 6712 6456 19080 20616 61664 66592 199824
2280 6712 6712 19848 21384 63776 68808 205880
2344 6968 6968 20616 22152 66592 71112 214176
2408 7224 7224 21384 22920 68808 73712 221680
2472 7480 7480 22152 23688 71112 75376 226416
2536 7480 7736 22920 24496 73712
2600 7736 7992 23688 25456 76208
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7.1.7.25 Transport blocks mapped to four-layer spatial multiplexing

For 1< Npgg <27,the TBS is given by the (| 4-Npgg) entry of Table 7.1.7.2.1-1.

TBS'

For 28 <Npgg <110, abaseline TBS_L1 is taken from the (|55, Nog ) €ntry of Table 7.1.7.2.1-1, which is then
translated into TBS_L4 using the mapping rule shown in Table 7.1.7.2.5-1. The TBS is given by TBS_L4.

Table 7.1.7.2.5-1: One-layer to four-layer TBS translation table

TBS_L1 TBS L4 TBS_ L1 TBS_L4 TBS_ L1 TBS_ L4 TBS L1 TBS L4
776 3112 2280 9144 7224 29296 2449 9789
808 3240 2344 9528 7480 29296 25456 101840
840 3368 2408 9528 7736 30576 26416 105528
872 3496 2472 9912 7992 31704 27376 110136
904 3624 2536 10296 8248 32856 28336 115040
936 3752 2600 10296 8504 34008 29296 115040
968 3880 2664 10680 8760 35160 30576 124464
1000 4008 2728 11064 9144 36696 31704 128496
1032 4136 2792 11064 9528 37888 32856 133208
1064 4264 2856 11448 9912 39232 34008 137792
1096 4392 2984 11832 10296 40576 35160 142248
1128 4584 3112 12576 10680 42368 36696 146856
1160 4584 3240 12960 11064 43816 37888 151376
1192 4776 3368 13536 11448 45352 39232 157432
1224 4968 3496 14112 11832 46888 40576 161760
1256 4968 3624 14688 12216 48936 42368 169544
1288 5160 3752 15264 12576 51024 43816 175600
1320 5352 3880 15264 12960 51024 45352 181656
1352 5352 4008 15840 13536 55056 46888 187712
1384 5544 4136 16416 14112 57336 48936 195816
1416 5736 4264 16992 14688 59256 51024 203704
1480 5992 4392 17568 15264 61664 52752 211936
1544 6200 4584 18336 15840 63776 55056 220296
1608 6456 4776 19080 16416 66592 57336 230104
1672 6712 4968 19848 16992 68808 59256 236160
1736 6968 5160 20616 17568 71112 61664 245648
1800 7224 5352 21384 18336 73712 63776 254328
1864 7480 5544 22152 19080 76208 66592 266440
1928 7736 5736 22920 19848 78704 68808 275376
1992 7992 5992 23688 20616 81176 71112 284608
2024 7992 6200 24496 21384 84760 73712 293736
2088 8248 6456 25456 22152 87936 75376 299856
2152 8504 6712 26416 22920 90816
2216 8760 6968 28336 23688 93800

7.1.7.3 Redundancy Version determination for Format 1C

If the DCI Format 1C CRC is scrambled by P-RNTI or RA-RNTI, then
- the UE shall set the Redundancy Version to 0
Else if the DCI Format 1C CRC is scrambled by SI-RNTI, then

- the UE shall set the Redundancy Version as defined in [8].
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7.1.8  Storing soft channel bits

Both for FDD and TDD, if the UE is configured with more than one serving cell, then for each serving cell, for at least
Ko - min(M oL rargr M “mit) transport blocks, upon decoding failure of a code block of a transport block, the UE shall

store received soft channel bits corresponding to a range of at least Wy, W ;... Wiggcin -1, ) - WHeTe:
. N s'oft

Ngg =min| N, o - '

[ C- Ncells ! KMIMO ’mm(M DL_HARQ? M Iimit)

and M, aredefined in clause 5.1.4.1.2 of [4].

Wk‘c’ Ncb’ K

MIMO !
MpL HaRg is the maximum number of DL HARQ processes.

NEL is the number of configured serving cells.

cells

If the UE signals ue-Category-v1020, N! . is the total number of soft channel bits [12] according to the UE category
indicated by ue-Category-v1020 [11]. Otherwise, N! . is the total number of soft channel bits [12] according to the UE
category indicated by ue-Category[11].

In determining k, the UE should give priority to storing soft channel bits corresponding to lower values of k. W, shall

correspond to a received soft channel bit. The range W, W ..., Wiyqging,-1n, ) MRY include subsets not containing
received soft channel bits.

7.1.9 PDSCH resource mapping parameters

A UE configured in transmission mode 10 for a given serving cell can be configured with up to 4 parameter sets by
higher layer signaling to decode PDSCH according to a detected PDCCH/EPDCCH with DCI format 2D intended for
the UE and the given serving cell. The UE shall use the parameter set according to the value of the 'PDSCH RE
Mapping and Quasi-Co-Location indicator' field (mapping defined in Table 7.1.9-1) in the detected PDCCH/EPDCCH
with DCI format 2D for determining the PDSCH RE mapping (defined in clause 6.4 of [3]), and for determining
PDSCH antenna port quasi co-location (defined in clause 7.1.10) if the UE is configured with Type B quasi co-location
type (defined in clause 7.1.10). For PDSCH without a corresponding PDCCH/EPDCCH, the UE shall use the parameter
set indicated in the PDCCH/EPDCCH with DCI format 2D corresponding to the associated SPS activation for
determining the PDSCH RE mapping (defined in clause 6.4 of [3]) and PDSCH antenna port quasi co-location (defined
in clause 7.1.10).

Table 7.1.9-1: PDSCH RE Mapping and Quasi-Co-Location Indicator field in DCI format 2D

\Value of 'PDSCH RE Mapping and Quasi-Co-Location Indicator' field Description
‘00 Parameter set 1 configured by higher layers
‘01’ Parameter set 2 configured by higher layers
'10' Parameter set 3 configured by higher layers
'11' Parameter set 4 configured by higher layers

The following parameters for determining PDSCH RE mapping and PDSCH antenna port quasi co -location are
configured via higher layer signaling for each parameter set:
- crs-PortsCount-r11.
crs-FreqShift-ril.
mbsfn-SubframeConfigList-r11.
csi-RS-ConfigZPld-r11.
pdsch-Start-r11.
gcl-CSI-RS-ConfigNZPId-r11.

To decode PDSCH according to a detected PDCCH/EPDCCH with DCI format 1A with CRC scrambled with C-RNTI
intended for the UE and the given serving cell and for PDSCH transmission on antenna port 7, a UE configured in
transmission mode 10 for a given serving cell shall use the parameter set 1 in table 7.1.9-1 for determining the PDSCH
RE mapping (defined in clause 6.4 of [3]), and for determining PDSCH antenna port quasi co-location (defined in
clause 7.1.10) if the UE is configured with Type B quasi co-location type (defined in clause 7.1.10).
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To decode PDSCH corresponding to detected PDCCH/EPDCCH with DCI format 1A with CRC scrambled with SPS
C-RNTI and PDSCH without a corresponding PDCCH/EPDCCH associated with SPS activation indicated in
PDCCH/EPDCCH with DCI format 1A, a UE configured in transmission mode 10 for a given serving cell shall use the
parameter set 1 in table 7.1.9-1 for determining the PDSCH RE mapping (defined in clause 6.4 of [3]), and for
determining PDSCH antenna port quasi co-location (defined in clause 7.1.10) if the UE is configured with Type B quasi
co-location type (defined in clause 7.1.10).

To decode PDSCH according to a detected PDCCH/EPDCCH with DCI format 1A intended for the UEon a given
serving cell and for PDSCH transmission on antenna port 0— 3, a UE configured in transmission mode 10 for the given
serving cell shall determine the PDSCH RE mapping (as described in clause 6.4 of [3]) using the lowest indexed zero-
power CSI-RS resource.

7.1.10 Antenna ports quasi co-location for PDSCH

A UE configured in transmission mode 8-10 for a serving cell may assume the antenna ports 7 — 14 of the serving cell
are quasi co-located (as defined in [3]) for a given subframe with respect to delay spread, Doppler spread, Doppler shift,
average gain, and average delay.

A UE configured in transmission mode 1-9 for a serving cell may assume the antenna ports 0— 3, 5, 7— 22 of the
serving cell are quasi co-located (as defined in [3]) with respect to Doppler shift, Doppler spread, average delay, and
delay spread.

A UE configured in transmission mode 10 for a serving cell is configured with one of two quasi co-location types for
the serving cell by higher layer parameter gcl-Operation to decode PDSCH according to transmission scheme
associated with antenna ports 7-14:

= Type A: The UE may assume the antenna ports 0 — 3, 7— 22 of a serving cell are quasi co-located (as defined
in [3]) with respect to delay spread, Doppler spread, Doppler shift, and average delay.

= Type B: The UE may assume the antenna ports 15 — 22 corresponding to the CSI-RS resource configuration
identified by the higher layer parameter qcl-CSI-RS-ConfigNZPId-r11 (defined in clause 7.1.9) and the antenna
ports 7 — 14 associated with the PDSCH are quasi co-located (as defined in [3]) with respect to Doppler shift,
Doppler spread, average delay, and delay spread.
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7.2 UE procedure for reporting Channel State Information (CSI)

The time and frequency resources that can be used by the UE to report CSI which consists of Channel Quality Indicator
(CQl), precoding matrix indicator (PM1), precoding type indicator (PT 1), and/or rank indication (RI) are controlled by
the eNB. For spatial multiplexing, as given in [3], the UE shall determine a RI corresponding to the number of useful
transmission layers. For transmit diversity as given in [3], RI is equal to one.

A UE in transmission mode 8 or 9 is configured with or without PMI/RI reporting by the higher layer parameter pmi-
RI-Report.

A UE in transmission mode 10 can be configured with one or more CSI processes per serving cell by higher layers.
Each CSl process is associated with a CSI-RS resource (defined in clause 7.2.5) and a CSl-interference measurement
(CSI-IM) resource (defined in clause 7.2.6). A CSI reported by the UE corresponds to a CSI process configured by
higher layers. Each CSI process can be configured with or without PMI/RI reporting by higher layer signalling.

A UE is configured with resource-restricted CSI measurements if the subframe sets Ccg o and Ccg ; are configured
by higher layers.

CSlI reporting is periodic or aperiodic.
If the UE is configured with more than one serving cell, it transmits CSI for activated serving cell(s) only.

If a UE is not configured for simultaneous PUSCH and PUCCH transmission, it shall transmit periodic CSI reporting on
PUCCH as defined hereafter in subframes with no PUSCH allocation.

If a UE is not configured for simultaneous PUSCH and PUCCH transmission, it shall transmit periodic CSI reporting on
PUSCH of the serving cell with smallest ServCelllndex as defined hereafter in subframes with a PUSCH allocation,
where the UE shall use the same PUCCH-based periodic CSI reporting format on PUSCH.

A UE sshall transmit aperiodic CSI reporting on PUSCH if the conditions specified hereafter are met. For aperiodic
CQI/PMI reporting, RI reporting is transmitted only if the configured CSI feedback type supports RI reporting.

The CSI transmissions on PUCCH and PUSCH for various scheduling modes are summarized in the following table:

Table 7.2-1: Physical Channels for Aperiodic or Periodic CSI reporting

Scheduling Mode Periodic CSlreporting channels | Aperiodic CSlreporting channel
Frequency non-selective PUCCH
Frequency selective PUCCH PUSCH

In case both periodic and aperiodic CSI reporting would occur in the same subframe, the UE shall only transmit the
aperiodic CSI report in that subframe.

When reporting Rl the UE reports a single instance of the number of useful trans mission layers. For each RI reporting
interval when the UE is configured in transmission modes 4 or when the UE is configured in transmission mode 8, 9 or
10 with PMI/RI reporting, a UE shall determine a RI fromthe supported set of Rl values as defined in clause 5.2.2.6 of
[4] and report the number in each RI report. For each RI reporting interval when the UE is configured in transmission
mode 3, a UE shall determine RI as defined in clause 5.2.2.6 of [4] in each reporting interval and report the detected
number in each RI report to support selection between transmit diversity and large delay CDD.

When reporting PMI the UE reports either a single or a multiple PMI report. The number of RBs represented by a
single UE PMI report can be NRDE orasmallersubset of RBs. The number of RBs represented by a single PMI report

is semi-statically configured by higher layer signalling. A UE is restricted to report PMI, Rl and PT| within a precoder
codebook subset specified by a bitmap parameter codebookSubsetRestriction configured by higher layer signalling. For
a UE configured in transmission mode 10, the bitmap parameter codebookSubsetRestriction is configured for each CSI

process and each subframe sets (if subframe sets Ccg g and Ccg) 1 are configured by higher layers) by higher layer
signaling. For a specific precoder codebook and associated transmission mode, the bitmap can specify all possible
precoder codebook subsets from which the UE can assume the eNB may be using when the UE is configured in the

relevant transmission mode. Codebook subset restriction is supported for transmission modes 3, 4, 5, 6 and for
transmission modes 8, 9 and 10 with PMI/RI reporting. The resulting number of bits for each transmission mode is
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given in Table 7.2-1b. The bitmap forms the bit sequence aAv_l,..., a,,a,,a,,a,where @, isthe LSB and ap 1 is

the MSB and where a bit value of zero indicates that the PMI and RI reporting is not allowed to correspond to
precoder(s) associated with the bit. The association of bits to precoders for the relevant transmission modes are given as
follows:

1. Transmission mode 3

a. 2antennaports:bit @, _,, v = 2 is associated with the precoder in Table 6.3.4.2.3-1 of [3]

v-11
corresponding to o layers and codebook index O while bit &, is associated with the precoder for 2
antenna ports in clause 6.3.4.3 of [3].

b. 4antennaports: bit a

V-1

v = 2,3,4is associated with the precoders in Table 6.3.4.2.3-2 of [3]

corresponding to o layers and codebook indices 12, 13, 14, and 15 while bit &, is associated with
the precoder for 4 antenna ports in clause 6.3.4.3 of [3].

2. Transmission mode 4
a. 2antennaports: see Table 7.2-1c

b. 4antennaports:bit &g, 1), isassociated with the precoder for v layers and with codebook index

I in Table 6.3.4.2.3-2 of [3].
3. Transmission modes 5and 6

a. 2antennaports: bit a; is associated with the precoder for v =1 layer with codebook index iC in
Table 6.3.4.2.3-1 of [3].

b. 4antenna ports: bit a; is associated with the precoder for v =1 layer with codebook index iC in
Table 6.3.4.2.3-2 of [3].

4. Transmission mode 8
a. 2antennaports: see Table 7.2-1c

b. 4antennaports: bit &, 1. Iis associated with the precoder for v layers and with codebook index

I, in Table 6.3.4.2.3-2 of [3], v=12.

5.  Transmission modes 9 and 10

a. 2antennaports: see Table 7.2-1c

b. 4antennaports:bit aj(,-1)+j, Is associated with the precoder for v layers and with codebook
index i in Table 6.3.4.2.3-2 of [3].

c. 8antennaports:bit afj,-1y+i,, is associated with the precoder for v layers (v €{,2,34,5,6,7,8}) and
codebook index i.; where f1(-) = {0,16,32,36,40,44,48,52} and bit 8534 g1(v-1) +igy is associated
with the precoder for v layers (v €{12,34}) and codebook index i., where gi(-)= {0,16,32,48 }

Codebook indices iy and i, are givenin Table 7.2.4-1, 7.2.4-2,7.2.4-3, 7.2.4-4, 7.2.4-5, 7.2.4-6,
7.2.4-7,0r 7.2.4-8, for v=1,2,3,4,5,6,7, or 8 respectively.
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Table 7.2-1b: Number of bitsin codebook subset restriction bitmap for applicable transmission
modes

Number of bits A,

2 antenna ports | 4 antenna ports | 8 antenna ports
Transmission mode 3 2 4
Transmission mode 4 6 64
Transmission mode 5 4 16
Transmission mode 6 4 16
Transmission mode 8 6 32
Transmission modes 9 and 10 6 64 109

Table 7.2-1c: Association of bitsin codebookSubSetRestriction bitmap to precodersin the 2 antenna
port codebook of Table 6.3.4.2.3-1 in [3]

Codebook index ic Number of layers o
1 2
0 ao -
1 a1 as
2 az as
3 as -

The set of subbands (S) a UE shall evaluate for CQI reporting spans the entire downlink systembandwidth. A subband
is a set of k contiguous PRBs where Kk is a function of system bandwidth. Note the last subband in set S may have

fewer than k contiguous PRBs depending on NRD'B' . The number of subbands for system bandwidth given by NFE"B' is

defined by N = (NRDE /k-‘ . The subbands shall be indexed in the order of increasing frequency and non-increasing
sizes starting at the lowest frequency.

=  Fortransmission modes 1, 2, 3and 5, as well as transmission modes 8, 9 and 10 without PMI/RI reporting,
transmission mode 4 with RI=1, and transmission modes 8, 9 and 10 with PMI/RI reporting and RI=1, a single
4-bit wideband CQI is reported according to Table 7.2.3-1.

= Fortransmission modes 3and 4, as well as transmission modes 8, 9 and 10 with PMI/RI reporting, CQI is
calculated assuming transmission of one codeword for RI=1 and two codewords for Rl > 1.

= For RI > 1 with transmission mode 4, as well as transmission modes 8, 9 and 10 with PMI/RI reporting,
PUSCH based triggered reporting includes reporting a wideband CQI which comprises:

o A 4-bit wideband CQI for codeword 0 according to Table 7.2.3-1
o A 4-bit wideband CQI for codeword 1 according to Table 7.2.3-1

=  For Rl > 1 with transmission mode 4, as well as transmission modes 8, 9 and 10 with PMI/RI reporting,
PUCCH based reporting includes reporting a 4-bit wideband CQI for codeword 0 according to Table 7.2.3-1
and a wideband spatial differential CQI. The wideband spatial differential CQI value comprises:

o A 3-bit wideband spatial differential CQI value for codeword 1 offset level

= Codeword 1 offset level = wideband CQI index for codeword 0 — wideband CQI index for
codeword 1.

o The mapping fromthe 3-bit wideband spatial differential CQI value to the offset level is shown in
Table 7.2-2.
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Table 7.2-2 Mapping spatial differential CQI value to offset level

Spatial differential CQI value | Offset level

N O G AW | O
A
N

7.2.1  Aperiodic CSI Reporting using PUSCH

A UE shall perform aperiodic CSI reporting using the PUSCH in subframe n+k on serving cell ¢, upon decoding in
subframe n either:

= anuplink DCI format [4], or
= aRandom Access Response Grant,
for serving cell ¢ ifthe respective CSI request field is set to trigger a report and is not reserved.

If the CSlIrequest field is 1 bit and the UE is configured in transmission mode 1-9, a report is triggered for serving cell
c, ifthe CSl request field is set to '1'. If the CSI request field is 1 bit and the UE is configured in transmission mode 10,
areport is triggered for a set of CSI process(es) for serving cell ¢ corresponding to the higher layer configured set of
CSI process(es) associated with the value of CSI request field of '01' in Table 7.2.1-1B, if the CSI request field is set to
1.

If the CSl request field size is 2 bits and the UE is configured in transmission mode 1-9 for all serving cells, a report is
triggered according to the value in Table 7.2.1-1A corresponding to aperiodic CSI reporting. If the CSI request field
size is 2 bits and the UE is configured in transmission mode 10 for at least one serving cell, a report is triggered
according to the value in Table 7.2.1-1B corresponding to aperiodic CSI reporting. For a given serving cell, if the UE is
configured in transmission modes 1-9, the "CSl process" in Table 7.2.1-1B refers to the aperiodic CSI configured for
the UE on the given serving cell. A UE is not expected to be configured by higher layers with more than 5 CSI
processes in each of the 18! and 2" set of CSI process(es) in Table 7.2.1-1B.

A UE is not expected to receive more than one aperiodic CSI report request for a given subframe.

Ifa UE is configured with more than one CSI process for a serving cell, the UE on reception of an aperiodic CSI report
request triggering a CSI report according to Table 7.2.1-1B is not expected to update CSI corresponding to the CSI

reference resource (defined in clause 7.2.3) for all CSI processes except max( N, —N,. 0) lowest-indexed CSI
processes for the serving cell associated with the request when the UE has other Nu unreported CSI processes

associated with other aperiodic CSI requests for the serving cell, where NCS,_F, is the maximum number of CSI
processes supported by the UE for the serving cell and:

e for FDD NX = NCSl—P;
e for TDD

- ifthe UE is configured with four CSI processes for the serving cell, N, = Ng,_p

- ifthe UE is configured with two or three CSI processes for the serving cell, N, =3.

If more than one value of N, p is included in the UE-EUTRA-Capability, the UE assumes a value of Ng_p that

is consistent with its CS1 process configuration. If more than one consistent value of N, p exsts, the UE may
assume any one of the consistent values.
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Table 7.2.1-1A: CSI Request field for PDCCH/EPDCCH with uplink DCI format in UE specific search

space
Value of CSlrequest field Description
‘00’ No aperiodic CSl reportis triggered
‘01" Aperiodic CSl report is triggered for serving cell ¢
10’ Aperiodic CSlreportis triggered for a 1> set of serving cells configured by higher layers
11 Aperiodic CSlreportis triggered for a 2™ set of serving cells configured by higher layers

Table 7.2.1-1B: CSI Request field for PDCCH/EPDCCH with uplink DCI format in UE specific search

space
Value of _CSI request Description

field

‘00’ No aperiodic CSl report is triggered

01" Aperiodic CSl reportis triggered for a set of CSI process(es) configured by higher layers for

serving cell ¢

'10' Aperiodic CSlreportis triggered for a 1°" set of CSI process(es) configured by higher Tayers
11" Aperiodic CSlreportis triggered for a 2™ set of CSl process(es) configured by higher layers

NOTE: PDCCH/EPDCCH with DCI formats used to grant PUSCH transmissions as given by DCI format 0 and
DCI format 4 are herein referred to as uplink DCI format when common behaviour is addressed.

When the CSI request field from an uplink DCI format is set to trigger a report, for FDD k=4, and for TDD UL/DL
configuration 1-6, k is given in Table 8-2. For TDD UL/DL configuration O, if the MSB of the UL index is set to 1 and
LSB of the UL index s setto O, k is given in Table 8-2; or if MSB of the UL index is set to 0 and LSB of the UL index
is setto 1, k is equal to 7; or if both MSB and LSB of the UL index s setto 1, k is given in Table 8-2. . For TDD, ifa
UE is configured with more than one serving cell and if the UL/DL configurations of at least two serving cells are
different, the "TDD UL/DL Configuration" given in Table 8-2 refers to the UL-reference UL/DL configuration (defined
in clause 8.0).

When the CSI request field from a Random Access Response Grant is set to trigger a report and is not reserved, k is
equal to k1 if the UL delay field in clause 6.2 is set to zero, where kl is given in clause 6.1.1. The UE shall postpone
aperiodic CSI reporting to the next available UL subframe if the UL delay field is set to 1.

The minimum reporting interval for aperiodic reporting of CQl and PM1and RI is 1 subframe. The subband size for
CQI shall be the same for transmitter-receiver configurations with and without precoding.

If a UE is not configured for simultaneous PUSCH and PUCCH transmission, when aperiodic CSI report with no
transport block associated as defined in clause 8.6.2 and positive SR is transmitted in the same subframe, the UE shall
transmit SR, and, if applicable, HARQ-ACK, on PUCCH resources as described in clause 10.1

A UE is semi-statically configured by higher layers to feed back CQI and PMI and corresponding RI on the same
PUSCH using one of the following CSI reporting modes given in Table 7.2.1-1 and described below.

Table 7.2.1-1: CQI and PMI Feedback Types for PUSCH CSI reporting Modes

PMI Feedback Type
No PMI | Single PMI | Multiple PMI

Mode 1-2

Wideband
(wideband CQl)
PUSCH CQIl UE Selected
Feedback Type (subband CQI)
Higher Layer-configured
(subband CQI)

Mode 2-0 Mode 2-2

Mode 3-0 | Mode 3-1

For each of the transmission modes defined in clause 7.1, the following reporting modes are supported on PUSCH:

Transmission mode 1 : Modes 2-0, 3-0
Transmission mode 2 : Modes 2-0, 3-0
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Transmission mode 3 : Modes 2-0, 3-0

Transmission mode 4 :Modes 1-2, 2-2, 3-1

Transmission mode 5 :Mode 3-1

Transmission mode 6 : Modes 1-2, 2-2, 3-1

Transmission mode 7 : Modes 2-0, 3-0

Transmission mode 8 :Modes 1-2, 2-2, 3-1 if the UE is configured with PMI/RI reporting; modes 2-0, 3-0 if the
UE is configured without PMI/RI reporting

Transmission mode 9 : Modes 1-2, 2-2, 3-1 if the UE is configured with PMI/RI reporting and number of CSI-RS
ports > 1; modes 2-0, 3-0 if the UE is configured without PMI/RI reporting or number of
CSI-RS ports=1

Transmission mode 10 : Modes 1-2, 2-2, 3-1 if the UE is configured with PMI/RI reporting and number of CSI-RS
ports > 1; modes 2-0, 3-0 if the UE is configured without PMI/RI reporting or number of
CSI-RS ports=1.

The aperiodic CSI reporting mode is given by the parameter cgi-ReportModeAperiodic which is configured by higher-
layer signalling.

For a serving cell with NRDE < 7,PUSCH reporting modes are not supported for that serving cell.
Rl is only reported for transmission modes 3 and 4, as well as transmission modes 8, 9 and 10 with PMI/RI reporting.

Forserving cell ¢, a UEconfigured in transmission mode 10 with PMI/RI reporting for a CSI process can be
configured with a 'RI-reference CSI process' for the CSI process. If the UE is configured with a 'RI-reference CSI
process' for the CSI process, the reported RI for the CSI process shall be the same as the reported RI for the configured
‘Rl-reference CSI process'. The RI for the 'Rl-reference CSI process'is not based on any other configured CSI1 process
other than the 'RI-reference CSI process'. The UE is not expected to receive an aperiodic CSI report request for a given
subframe triggering a CSI report including CSI associated with the CSI process and not including CSl associated with
the configured 'Rl-reference CSl process'. If the UE is configured with a 'Rl-reference CSI process' fora CSI process
and if subframe sets Ccgj g and Ccg) 1 are configured by higher layers for only one of the CSI processes then the UE

is not expected to receive configuration for the CSI process configured with the subframe subsets that have a different
set of restricted RIs with precoder codebook subset restriction between the two subframe sets. The UE is not expected
to receive configurations for the CSI process and the 'RI-reference CSI process' that have a different:

Aperiodic CSI reporting mode, and/or
number of CSI-RS antenna ports, and/or
set of restricted RIs with precoder codebook subset restriction if subframe sets Ccg g and Ccg 1 are not

configured by higher layers for both CSI processes, and/or
set of restricted Rls with precoder codebook subset restriction for each subframe set if subframe sets Ccg) o

and Ccg 1 are configured by higher layers for both CSI processes, and/or

set of restricted RIs with precoder codebook subset restriction if subframe sets Ccg o and Ccg 1 are

configured by higher layers for only one of the CSI processes, and the set of restricted Rls for the two
subframe sets are the same.

A RI report for a serving cell on an aperiodic reporting mode is valid only for CQI/PMI report for that serving cell on
that aperiodic reporting mode

e  Wideband feedback
o Mode 1-2 description:

=  Foreach subband a preferred precoding matrix is selected from the codebook subset
assuming transmission only in the subband

= A UE shall report one wideband CQI value per codeword which is calculated assuming
the use of the corresponding selected precoding matrix in each subband and
transmission on set S subbands.

= The UEshall report the selected precoding matrix indicator for each set S subband
except with 8 CSI-RS ports configured for transmission modes 9and 10 in which case a

first precoding matrix indicator i, is reported for the set S subbands and a second
precoding matrix indicator i, is reported for each set S subband.
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Subband size is given by Table 7.2.1-3.

For transmission modes 4, 8, 9and 10, the reported PMI and CQI values are calculated
conditioned on the reported RI. For other transmission modes they are reported
conditioned on rank 1.

e Higher Layer-configured subband feedback

O

o

Mode 3-0 description:

A UEsshall report a wideband CQI value which is calculated assuming transmission on
set Ssubbands

The UE shall also report one subband CQI value for each set S subband. The subband
CQIl value is calculated assuming transmission only in the subband

Both the wideband and subband CQI represent channel quality for the first codeword,
even when RI>1.

For transmission mode 3 the reported CQI values are calculated conditioned on the
reported RI. For other transmission modes they are reported conditioned on rank 1.

Mode 3-1 description:

A single precoding matrix is selected from the codebook subset assuming transmission
on set S subbands

A UEshall report one subband CQI value per codeword for each set S subband which
are calculated assuming the use of the single precoding matrix in all subbands and
assuming transmission in the corresponding subband.

A UEshall report a wideband CQI value per codeword which is calculated assuming
the use of the single precoding matrix in all subbands and transmission onset S
subbands

The UE shall report the selected single precoding matrix indicator except with 8 CSI-
RS ports configured for transmission modes 9 and 10 in which case a first and second
precoding matrix indicator are reported corresponding to the selected single precoding
matrix.

For transmission modes 4, 8, 9and 10, the reported PMI and CQI values are calculated
conditioned on the reported RI. For other transmission modes they are reported
conditioned on rank 1.

Subband CQI value for each codeword are encoded differentially with respect to their respective
wideband CQI using 2-bits as defined by

Subband differential CQI offset level = subband CQI index — wideband CQI index. The
mapping fromthe 2-bit subband differential CQI value to the offset level is shown in
Table 7.2.1-2.

Table 7.2.1-2: Mapping subband differential CQI value to offset level

Subband differential CQI value | Offset level
0 0
1 1
2 >2
3 <-1

Supported subband size (k) is given in Table 7.2.1-3.

3GPP



Release 11

62 3GPP TS 36.213 V11.4.0 (2013-09)

Table 7.2.1-3: Subband Size (k) vs. System Bandwidth

System Bandwidth | Subband Size
N D% (k)
6-7 NA
8-10 4
11-26 4
27 -63 6
64 -110 8

e UE-selected subband feedback

o Mode 2-0 description:

The UE shall select a set of M preferred subbands of size k (where k and M are given in
Table 7.2.1-5 for each system bandwidth range) within the set of subbands S.

The UE shall also report one CQI value reflecting transmission only over the M selected
subbands determined in the previous step. The CQI represents channel quality for the
first codeword, even when RI>1.

Additionally, the UE shall also report one wideband CQI value which is calcu lated
assuming transmission on set S subbands. The wideband CQI represents channel quality
for the first codeword, even when RI>1.

For transmission mode 3 the reported CQI values are calculated conditioned on the
reported RI. For other transmission modes they are reported conditioned on rank 1.

o Mode 2-2 description:

The UE shall perform joint selection of the set of M preferred subbands of size k within
the set of subbands S and a preferred single precoding matrix selected from the
codebook subset that is preferred to be used for transmission over the M selected
subbands.

The UE shall report one CQI value per codeword reflecting transmission only over the
selected M preferred subbands and using the same selected single precoding matrix in
each of the M subbands.

Except with 8 CSI-RS ports configured for trans mission modes 9 and 10, the UE shall
also report the selected single precoding matrix indicator preferred for the M selected
subbands. A UE shall also report the selected single precoding matrix indicator for all
set Ssubbands.

For transmission modes 9 and 10, and with 8 CSI-RS ports configured, a UE shall
report a first precoding matrix indicator for all set S subbands. A UEshall also report a
second precoding matrix indicator for all set S subbands and another second precoding
matrix indicator for the M selected subbands.

A single precoding matrix is selected from the codebook subset assuming transmission
on set S subbands

A UEshall report a wideband CQI value per codeword which is calculated assuming
the use of the single precoding matrix in all subbands and transmission onset S
subbands

For transmission modes 4, 8, 9and 10, the reported PMI and CQI values are calculated
conditioned on the reported RI. For other transmission modes they are reported
conditioned on rank 1.

o Forall UE-selected subband feedback modes the UE shall report the positions of the M selected
subbands using a combinatorial index r defined as
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S

where the set {s}" ', (1<s <N, s <s.,) contains the M sorted subband indices

i+1

X
and <X> = (y] xzy is the extended binomial coefficient, resulting in unique label
y 0 x<y

o The CQI value for the M selected subbands for each codeword is encoded differentially using 2-bits
relative to its respective wideband CQI as defined by

Differential CQI offset level = M selected subbands CQI index — wideband CQI index

The mapping from the 2-bit differential CQI value to the offset level is shown in Table
7.2.1-4.

Table 7.2.1-4: Mapping differential CQI value to offset level

Differential CQI value | Offset level
0 <1
1 2
2 3
3 >4

o Supported subband size k and M values include those shown in Table 7.2.1-5. In Table 7.2.1-5the k
and M values are a function of system bandwidth.

N
o The number of bits to denote the position of the M selected subbands is L = (Iogz(M ﬂ :

Table 7.2.1-5: Subband Size (k) and Number of Subbands (M) in S vs. Downlink System Bandwidth

DL
NRB

System Bandwidth

Subband Size k (RBs) M

6-7

8-10

11-26

27-63

64 -110

zZ
-l>(1\.)l\)l\):l>
[e2] K& ] Kev] B
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7.2.2  Periodic CSI Reporting using PUCCH

A UE is semi-statically configured by higher layers to periodically feed back different CSI components (CQI, PMI, PTI,
and/or RI) on the PUCCH using the reporting modes given in Table 7.2.2-1 and described below. A UE in transmission
mode 10 can be configured by higher layers for multiple periodic CSI reports corresponding to one or more CSI
processes per serving cellon PUCCH.

Table 7.2.2-1: CQI and PMI Feedback Types for PUCCH CSI reporting Modes

PMI Feedback Type
No PMI | Single PMI

Mode 1-0 Mode 1-1

Wideband
PUCCH CQl (wideband CQI)

Feedback Type UE Selected

(subband CQI)

Mode 2-0 | Mode 2-1

For each of the transmission modes defined in clause 7.1, the following periodic CSI reporting modes are supported on
PUCCH:

Transmission mode 1 : Modes 1-0, 2-0

Transmission mode 2 : Modes 1-0, 2-0

Transmission mode 3 : Modes 1-0, 2-0

Transmission mode 4 :Modes 1-1, 2-1

Transmission mode 5 :Modes 1-1, 2-1

Transmission mode 6 :Modes 1-1, 2-1

Transmission mode 7 : Modes 1-0, 2-0

Transmission mode 8 :Modes 1-1, 2-1 if the UE is configured with PMI/RI reporting; modes 1-0, 2-0 if the UE is
configured without PMI/RI reporting

Transmission mode 9 :Modes 1-1, 2-1 if the UE is configured with PMI/RI reporting and number of CSI-RS
ports>1; modes 1-0, 2-0 if the UE is configured without PMI/RI reporting or number of
CSI-RS ports=1.

Transmission mode 10 : Modes 1-1, 2-1 if the UE is configured with PMI/RI reporting and number of CSI-RS
ports>1; modes 1-0, 2-0 if the UE is configured without PMI/RI reporting or number of
CSI-RS ports=1.

Fora UE configured in transmission mode 1-9, one periodic CSI reporting mode for each serving cell is configured by
higher-layer signalling.

For a UE configured in transmission mode 10, one or more periodic CSI reporting modes for each serving cell are
configured by higher-layer signalling.

Fora UE configured with transmission mode 9 or 10, and with 8 CSI-RS ports, mode 1-1 is configured to be either
submode 1 or submode 2 via higher-layer signaling using the parameter PUCCH_format1-1_CSI_reporting_mode.

For the UE-selected subband CQI, a CQI report in a certain subframe of a certain serving cell describes the channel
quality in a particular part or in particular parts of the bandwidth of that serving cell described subsequently as
bandwidth part (BP) or parts. The bandwidth parts shall be indexed in the order of increasing frequency and non -
increasing sizes starting at the lowest frequency.

For each serving cell

e There are a total of N subbands for a serving cell system bandwidth given by N% where \_N E'E; /kJ subbands

are of size k. If (N% /k-‘ —LNF?'E; /kJ> 0 then one of the subbands is of size NJg — k - \_NRDE/kJ.
e A bandwidth part jis frequency-consecutive and consists of NJ- subbands where J bandwidth parts span S or
Ngg as given in Table 7.2.2-2. 1f J =1 then N is (N% /k/ﬂ Af3>1then N s either (NFE}; /k/ﬂ

or (NF?B': /k/J-I ~1, depending on N5, k and J.
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e Each bandwidth part j, where 0< j <J-1, is scanned in sequential order according to increasing frequency.
e For UE selected subband feedback a single subband out of NJ- subbands of a bandwidth part is selected
along with a corresponding L-bit label indexed in the order of increasing frequency,

where L:{Iogz(N% /k/Jﬂ :

The CQIl and PM | payload sizes of each PUCCH CSI reporting mode are given in Table 7.2.2-3.

The following CQI/PM I and RI reporting types with distinct periods and offsets are supported for the PUCCH CSI
reporting modes given in Table 7.2.2-3:
e Type lreport supports CQI feedback for the UE selected sub-bands
e Type lareport supports subband CQI and second PMI feedback
e Type 2, Type 2b, and Type 2c report supports wideband CQI and PM | feedback
Type 2a report supports wideband PMI feedback
Type 3 report supports RI feedback
Type 4 report supports wideband CQI
Type 5 report supports Rl and wideband PMI feedback
Type 6 report supports Rl and PT1 feedback

Fora UE configured in transmission mode 1-9 and for each serving cell, or for a UE configured in trans mission mode
10 and for each CSI process in each serving cell, the periodicity Npq (in subframes) and offset Nogeser coi (in

subframes) for CQI/PMI reporting are determined based on the parameter cqi-pmi-Configindex ( lcg;/pm ) given in
Table 7.2.2-1A for FDD and Table 7.2.2-1C for TDD. The periodicity Myg, and relative offset Noppser gy for RI

reporting are determined based on the parameter ri-Configindex ( I, ) given in Table 7.2.2-1B. Both cqi-pmi-
Configindex and ri-Configindex are configured by higher layer signalling. The relative reporting offset for RI
Norrser ri takes values from the set {0,—1....+(Npg —1)}. Ifa UE is configured to report for more than one CSI

subframe set then parameter cqi-pmi-Configindex and ri-ConfigIndex respectively correspond to the CQI/PMI and RI
periodicity and relative reporting offset for subframe set 1 and cqi-pmi-Configindex2 and ri-ConfigIndex2 respectively
correspond to the CQI/PMI and RI periodicity and relative reporting offset for subframe set 2. Fora UE configured with
transmission mode 10, the parameters cqi-pmi-Configindex , ri-Configindex, cqi-pmi-Configindex2 and ri-ConfigIndex2
can be configured for each CSI process.

In the case where wideband CQI/PMI reporting is configured:
e The reporting instances for wideband CQI/PMI are subframes satisfying

(Loxn¢ +[ng /2]~ Noprser cor Jmod(N pg )=0.

e Incase RI reporting is configured, the reporting interval of the Rl reporting is an integer multiple Mg, of
period Npg (in subframes).

o The reporting instances for Rl are subframes satisfying
(oxn¢ +[ng /2]~ NorrseT,col — NOFFSET,RI Jmod(N pd * MR )=0.

In the case where both wideband CQI/PMI and subband CQI reporting are configured:
o The reporting instances for wideband CQI/PMI and subband CQI are subframes satisfying

(10 X nf +|_ns /ZJ— NOFFSET,CQ| )mOd N pd =0 .

=  When PTlis not transmitted (due to not being configured) or the most recently transmitted PTI is
equal to 1 for a UE configured in transmission mode 9 or for a UE configured in trans mission mode
10 without a 'Rl-reference CSI process' fora CSI process, or the transmitted PTI is equal to 1 reported
in the most recent RI reporting instance for a CSI process when a UE is configured in transmission
mode 10 with a 'Rl-reference CSI process' for the CSI process, or the transmitted PT1 is equal to 1 for
a 'Rl-reference CSI process' reported in the most recent RI reporting instance for a CSI process when
a UE is configured in transmission mode 10 with the 'Rl-reference CSI process' for the CSI process,
and the most recent type 6 report for the CSI process is dropped:

=  The wideband CQI/ wideband PMI (or wideband CQIl/wideband second PMI for
transmission modes 9 and 10) report has period H -Npq, and is reported on the
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subframes satisfying (10 xn¢ +|ng /2 |- NoFFsET,cQl )mod(H “Npg ): 0.The

integer H is definedas H =J-K+1,where J isthe number of bandwidth
parts.

= Between every two consecutive wideband CQI/ wideband PMI (or wideband
CQIl/wideband second PMI for trans mission modes 9 and 10) reports, the remaining
J-K reporting instances are used in sequence for subband CQI reports on K full
cycles of bandwidth parts except when the gap between two consecutive wideband
CQI/PMI reports contains less than J-K reporting instances due to a system
frame number transition to O, in which case the UE shall not transmit the remainder
of the subband CQI reports which have not been transmitted before the second of
the two wideband CQI/ wideband PMI (or wideband CQIl/wideband second PMI for
transmission modes 9 and 10) reports. Each full cycle of bandwidth parts shall be in
increasing order starting frombandwidth part 0 to bandwidth part J—1.The
parameter K is configured by higher-layer signalling.

=  When the most recently transmitted PT1 is O fora UE configured in transmission mode 9 or for a UE
configured in transmission mode 10 without a 'RI-reference CSI process' fora CSI process, or the
transmitted PT1 is O reported in the most recent RI reporting instance for a CSl process when a UE is
configured in transmission mode 10 with a 'Rl-reference CSI process' for the CSI process, or the
transmitted PT1 is O for a 'RI-reference CSI process' reported in the most recent RI reporting instance
fora CSl process when a UE is configured in trans mission mode 10 with the 'Rl-reference CSI
process' for the CSI process, and the most recent type 6 report for the CSI process is dropped:

*  The wideband first precoding matrix indicator report has period H'-N pd »andis

reported on the subframes satisfying
(Loxn¢ +[ng /2]~ Noprser cor Jmod(H'- Ny )=0, where H' is signalled by

higher layers.

= Between every two consecutive wideband first precoding matrix indicator reports,
the remaining reporting instances are used for a wideband second precoding
matrix indicator with wideband CQI as described below

e Incase RI reporting is configured, the reporting interval of Rl is My, times the wideband CQI/PMI period
H-N pd » and Rl is reported on the same PUCCH cyclic shift resource as both the wideband CQI/PMI and
subband CQI reports.

= The reporting instances for Rl are subframes satisfying
(oxng +[ng/2]- NorrseT,col — NOFFSET,RI Jmod(H - N pd * Mgy )=0

In case of collision of a CSI report with PUCCH reporting type 3, 5, or 6 of one serving cell with a CSI report with
PUCCH reporting type 1, 1a, 2, 2a, 2b, 2c, or 4 of the same serving cell the latter CSI report with PUCCH reporting
type (1, 1a, 2, 2a, 2b, 2c, or 4) has lower priority and is dropped.

Foraserving cell and UE configured in transmission mode 10, in case of collision between CSI reports of same serving
cell with PUCCH reporting type of the same priority, and the CSI reports corresponding to different CSI processes, the
CSlI reports corresponding to all CSI processes except the CSI process with the lowest CSIProcessindex are dropped.

If the UE is configured with more than one serving cell, the UE transmits a CSI report of only one serving cell in any
given subframe. For a given subframe, in case of collision of a CSI report with PUCCH reporting type 3, 5, 6, or 2a of
one serving cell with a CSI report with PUCCH reporting type 1, 1a, 2, 2b, 2c, or 4 of another serving cell, the latter
CSI with PUCCH reporting type (1, 1a, 2, 2b, 2c, or 4) has lower priority and is dropped. For a given subframe, in case
of collision of CSI report with PUCCH reporting type 2, 2b, 2c, or 4 of one serving cell with CSI report with PUCCH
reporting type 1 or 1la of another serving cell, the latter CSI report with PUCCH reporting type 1, or 1a has lower
priority and is dropped.

For a given subframe and serving cells with UE configured in transmission mode 1-9, in case of collision between CSI
reports of these different serving cells with PUCCH reporting type of the same priority, the CSI reports for all these
serving cells except the serving cell with lowest ServCellindex are dropped.
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For a given subframe and serving cells with UE configured in transmission mode 10, in case of collision between CSI
reports of different serving cells with PUCCH reporting type of the same priority and the CSI reports corresponding to
CSI processes with same csi-Processld-r11, the CSI reports of all serving cells except the serving cell with lowest
ServCellindex are dropped.

Fora given subframe and serving cells with UE configured in transmission mode 10, in case of collision between CSI
reports of different serving cells with PUCCH reporting type of the same priority and the CSI reports corresponding to
CSI processes with different csi-Processld-r11, the CSI reports of all serving cells except the serving cell with CSI
reports corresponding to CSI process with the lowest csi-Processld-r11 are dropped.

Fora given subframe, in case of collision between CSI report of a given serving cell with UE configured in
transmission mode 1-9, and CSI report(s) corresponding to CSI process(es) of a different serving cell with the UE
configured in transmission mode 10, and the CSI reports of the serving cells with PUCCH reporting type of the same
priority, the CSI report(s) corresponding to CSI process(es) with csi-Processld-r11 > 1 of the different serving cell are
dropped.

Fora given subframe, in case of collision between CSI report of a given serving cell with UE configured in
transmission mode 1-9, and CSI report corresponding to CSI process with csi-Processld-rll = 1 of a different serving
cell with the UE configured in trans mission mode 10, and the CSI reports of the serving cells with PUCCH reporting
type of the same priority, the CSI report of the serving cell with highest ServCellindex is dropped.

See clause 10.1 for UE behaviour regarding collision between CSI and HARQ-ACK and the corresponding PUCCH
format assignment.

The CSI report of a given PUCCH reporting type shall be transmitted on the PUCCH resource néﬁg)CH as defined in

[3], where néﬁ,géH is UE specific and configured by higher layers for each serving cell.

If the UE is not configured for simultaneous PUSCH and PUCCH transmission or, if the UE is configured for
simultaneous PUSCH and PUCCH transmission and not transmitting PUSCH, in case of collision between CSI and
positive SR in a same subframe, CSI is dropped.

Table 7.2.2-1A: Mapping of lcgpwi t0 Npg and Nogpser oo for FDD

ICQI/PMI Value of N pd [Value of NOFFSET’CQI
0< leqipm <1 2 lcqi/pm
2< lequpm <6 5 lcqipm —2
7< lequpm <16 10 lcqiem =7
17< legipm < 36 20 lequpm =17
37< leoypw <76 40 lequpm —37
77< leoupw <156 80 lequem =77
157 < legipm <316 160 lcqi/pm =157
lcqiem =317 Reserved
318 < lequpm <349 32 lcqi/pmi —318
350 < lequpm <413 64 lcqi/pmi — 350
414 < legypw <541 128 lcqupmi — 414
542 < lcoipm <1023 Reserved
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Table 7.2.2-1B: Mapping of Iy to Mg and Nogeser g -

Iri Value of Mg, Value of Nggeger gy

0< lg <160 1 =g

161< lg <321 2 - (lg -—161)
322< I <482 4 -(lg -322)
483< |y <643 8 -(lg —483)
644 < | <804 16 -(lg -—644)
805< Il <965 32 -(lg —805)
D66 < |, <1023 Reserved

Table 7.2.2-1C: Mapping of lcgpw t0 Npg and Nogeser oo for TDD

ICQ,,PM, Value of N pd [Value of NOFFSET’CQ|
lcqipm =0 1 lcai/pmi
1< legpw <5 5 lcquem —1
6< leoipm <15 10 lcqipmi —6
16 < leqipm <35 20 lcqi/pm —16
36 < leqipw <75 40 lcqi/pm —36
76 < leqpw <155 80 lcqipm —76
156 < legipmi <315 160 lcqi/pm — 156
316 < legi/pm <1023 Reserved

UL/DL configuration of the primary cell [3]:

o

For a serving cell with NRD'E; <7, Mode 2-0 and Mode 2-1 are not supported for that serving cell.

The sub-sampled codebook for PUCCH mode 1-1 submode 2 is defined in Table 7.2.2-1D for first and second
precoding matrix indicator i, and i,. Jointencoding of rank and first precoding matrix indicator i, for PUCCH

mode 1-1submode 1 is defined in Table 7.2.2-1E. The sub-sampled codebook for PUCCH mode 2-1 is defined in Table

7.2.2-1F for PUCCH Reporting Type 1a.

the primary cell belongs to {0, 1, 2, 63}.
The reporting periods of N pq ={10,20,40,80,160} are applicable for the serving cell ¢ forany TDD

UL/DL configuration of the primary cell.

3GPP
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Table 7.2.2-1D: PUCCH mode 1-1 submode 2 codebook subsampling

Relationship between the Relationship between the

RI first PMI value and codebook index i; second PMI value and codebook index iy telal

Value of the first PMI 1, , Codebook index I, | Value of thesecond PMI Iy, | Codebook index iy | #bits
1 0-7 A 0-1 2oz 4
2 0-7 2l s 0-1 Lowis 4
3 0-1 2l 0-7 4 Loz /4| oz | 4
4 0-1 2l oy 0-7 Lown» 4
5 0-3 L owie 0 0 2
6 0-3 Lowit 0 0 2
7 0-3 lLowis 0 0 2
8 0 0 0 0 0

Table 7.2.2-1E: Joint encoding of Rl and i; for PUCCH mode 1-1 submode 1

Value of joint encoding of Rl and the first PMI . .
RI Codebook index |,
IRI/PMIZL
0-7 1 2|RIIPMI1
8-15 2 2( IRI/PMI1_8)
16-17 3 2( 15y /o1 ~16)
18-19 4 2( IRI/PMI1_18)
20-21 5 2( IRI/PMIl-ZO)
22-23 6 2( gy omn22)
24-25 7 2( |R|/PM|1'24)
26 8 0
27-31 reserved NA

Table 7.2.2-1F: PUCCH mode 2-1 codebook subsampling.

Relationship between the second PMI value and codebook index i,
RI : -
Value of the second PMI P2 Codebook index I
1 0-15 Lowi
2 0-3 .4 P
3 0-3 8| Ionz /2 ]+ (1o, mod 2) +2
4 0-3 2oz
5 0 0
6 0 0
7 0 0
8 0 0

An Rl or PTIor any precoding matrix indicator reported for a serving cell in a periodic reporting mode is valid only for
CSlI reports for that serving cell on that periodic CSI reporting mode.

For serving cell ¢, a UE configured in transmission mode 10 with PMI/RI reporting for a CSI process can be
configured with a 'Rl-reference CSI process'. The RI for the 'Rl-reference CSI process' is not based on any other
configured CSI process other than the 'RI-reference CSI process'. If the UE is configured with a 'RI-reference CSI
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process' for a CSI process and if subframe sets Ceg o and Ccg) 1 are configured by higher layers for only one of the

CSI processes then the UE is not expected to receive configuration for the CSI process configured with the subframe
subsets that have a different set of restricted RIs with precoder codebook subset restriction between the two subframe
sets.The UE is not expected to receive configurations for the CSI process and the 'Rl-reference CSI process' that have a
different:

o periodic CSI reporting mode (including sub-mode if configured), and/or

o number of CSI-RS antenna ports, and/or

e set of restricted RIs with precoder codebook subset restriction if subframe sets Ccg g and Cgg 1 are not

configured by higher layers for both CSI processes, and/or

e setofrestricted RIs with precoder codebook subset restriction for each subframe set if subframe sets Ccg g
and Ccg 1 are configured by higher layers for both CSI processes, and/or

e set of restricted Rls with precoder codebook subset restriction if subframe sets Cgg g and Cgg 1 are

configured by higher layers for only one of the CSI processes, and the set of restricted RIs for the two
subframe sets are the same.

For the calculation of CQI/PMI conditioned on the last reported RI, in the absence of a last reported RI the UE shall
conduct the CQI/PM 1 calcu lation conditioned on the lowest possible Rl as given by the bitmap parameter
codebookSubsetRestriction . If reporting for more than one CSI subframe set is configured, CQI/PM is conditioned on
the last reported RI linked to the same subframe set as the CSl report.

e Wideband feedback
o Mode 1-0 description:

= Inthe subframe where RI is reported (only for transmission mode 3):
e A UEshall determine a Rl assuming transmission on set S subbands.
e The UEshall report a type 3 report consisting of one RI.

= Inthe subframe where CQI is reported:

e A UEshall report a type 4 report consisting of one wideband CQI value which
is calculated assuming transmission on set S subbands. The wideband CQI
represents channel quality for the first codeword, even when RI>1.

e Fortransmission mode 3 the CQI is calculated conditioned on the last reported
periodic RI. For other transmission modes it is calculated conditioned on
transmission rank 1.

o Mode 1-1 description:
= Inthe subframe where RI is reported (only for transmission modes 4, 8, 9 and 10):

e Ifa UE is configured in transmission mode 10 with a 'RI-reference CSI
process' fora CSI process, the RI for the CSI process shall be the same as the
RI in the most recent CSI report comprising RI for the configured 'Ri-reference
CSl process' irrespective of subframe sets if configured; otherwise, the UE
shall determine a Rl assuming transmission on set S subbands.

e The UEshall report a type 3 report consisting of one RI.

= Inthe subframe where RI and a first PMI are reported (only for transmission modes 9
and 10, and configured with submode 1 and 8 CSI-RS ports)

e Ifa UE s configured in transmission mode 10 with a 'Rl-reference CSI
process' fora CSI process, the RI for the CSI process shall be the same as the
RI in the most recent CSI report comprising RI for the configured 'RI-reference
CSl process' irrespective of subframe sets if configured; otherwise, the UE
shall determine a Rl assuming transmission on set S subbands.
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e The UEshall report a type 5 report consisting of jointly coded RI and a first
PMI corresponding to a set of precoding matrices selected fromthe codebook
subset assuming transmission on set S subbands.

e Ifthe UE is configured in transmission mode 10 with a 'Rl-reference CSI
process' fora CSl process and in case of collision of type 5 report for the CSI
process with type 5 report for the 'Rl-reference CSI process', the wideband first
PMI for the CSI process shall be the same as the wideband first PMI in the
most recent type 5 report for the configured 'Rl-reference CSI process’;
otherwise, the wideband first PMI value is calculated conditioned on the
reported periodic RI.

= Inthe subframe where CQI/PMI is reported for all trans mission modes except with 8
CSI-RS ports configured for transmission modes 9 and 10:

e Assingle precoding matrix is selected from the codebook subset assuming
transmission on set S subbands.

e A UEshall report a type 2 report consisting of

o Asingle wideband CQI value which is calculated assuming the use of
a single precoding matrix in all subbands and transmission on set S
subbands.

o The selected single PMI (wideband PMI).

o When RI>1, an additional 3-bit wideband spatial differential CQI,
which is shown in Table 7.2-2.

e Fortransmission modes 4, 8, 9and 10,

o Ifa UEis configured in transmission mode 10 with a “'RI-reference
CSl process™ fora CSI process, and the most recent type 3 report for
the CSI process is dropped, and a type 3 report for the ‘'RI-reference
CSlIprocess™ is reported in the most recent RI reporting instance for
the CSI process, the PMI and CQI for the CSI process are calculated
conditioned on the reported periodic RI for the configured ‘'RI-
reference CSI process’ in the most recent RI reporting instance for
the CSI process; otherwise the PMI and CQI are calculated
conditioned on the last reported periodic RI.

e  For other transmission modes the PMI and CQIl are calcu lated conditioned on
transmission rank 1.
= Inthe subframe where wideband CQIl/second PMI is reported for transmission modes 9
and 10, and with 8 CSI-RS ports configured to submode 1 only:

e Assingle precoding matrix is selected from the codebook subset assuming
transmission on set S subbands.

e A UEshall report a type 2b report consisting of

o Asingle wideband CQI value which is calculated assuming the use of
the single precoding matrix in all subbands and transmission onset S
subbands.

o The wideband second PMI corresponding to the selected single
precoding matrix.

o When RI>1, an additional 3-bit wideband spatial differential CQI,
which is shown in Table 7.2-2.

e Ifa UE s configured in transmission mode 10 with a 'Rl-reference CSI
process' fora CSI process, and the most recent type 5 report for the CSI
process is dropped, and a type 5 report for the 'Ril-reference CSI process' is
reported in the most recent Rl reporting instance for the CSI process,

o The wideband second PMI value for the CSI process is calculated
conditioned on the reported periodic R1 and the wideband first PMI
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for the configured 'Rl-reference CSI process' in the most recent RI
reporting instance for the CSI process.

o The wideband CQI value is calculated conditioned on the selected
precoding matrix for the CSl process and the reported periodic RI for
the configured 'RI-reference CSI process' in the most recent Rl
reporting instance for the CSI process.

e  Otherwise,
o The wideband second PMI value is calculated conditioned on the last
reported periodic Rl and the wideband first PMI.
o The wideband CQI value is calculated conditioned on the selected
precoding matrix and the last reported periodic RI.
= Inthe subframe where wideband CQI/first PMI/second PMI is reported for transmission
modes 9and 10, and with 8 CSI-RS ports configured to submode 2 only:

e Asingle precoding matrix is selected from the codebook subset assuming
transmission on set S subbands.

e A UEshall report a type 2c report consisting of

o Asingle wideband CQI value which is calculated assuming the use of
a single precoding matrix in all subbands and transmission on set S
subbands.

o The wideband first PMI and the wideband second PMI corresponding
to the selected single precoding matrix as defined in clause 7.2.4.

o When RI>1, an additional 3-bit wideband spatial differential CQI,
which is shown in Table 7.2-2.

e Ifa UE s configured in transmission mode 10 with a 'Rl-reference CSI
process' fora CSI process, and the most recent type 3 report for the CSI
process is dropped, and a type 3 report for the 'RiI-reference CSI process' is
reported in the most recent RI reporting instance for the CSI process, the
wideband first PMI, the wideband second PMI and the wideband CQI for the
CSlI process are calculated conditioned on the reported periodic RI for the
configured 'Rl-reference CSI process' in the most recent RI reporting instance
for the CSI process; otherwise the wideband first PMI, the wideband second
PMI and the wideband CQI are calculated conditioned on the last reported
periodic RI.

e UE Selected subband feedback
o Mode 2-0 description:
= Inthe subframe where RI is reported (only for transmission mode 3):
e A UEshall determine a Rl assuming transmission on set S subbands.
e The UEshall report a type 3 report consisting of one RI.

= Inthe subframe where wideband CQI is reported:

e The UEshall report a type 4 report on each respective successive reporting
opportunity consisting of one wideband CQI value which is calculated
assuming transmission on set S subbands. The wideband CQI represents
channel quality for the first codeword, even when RI>1.

e Fortransmission mode 3 the CQI is calculated conditioned on the last reported
periodic RI. For other transmission modes it is calculated conditioned on
transmission rank 1.

= Inthe subframe where CQI for the selected subbands is reported:
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The UE shall select the preferred subband within the set of Nj subbands in
each of the J bandwidth parts where J is given in Table 7.2.2-2.

The UEshall report a type 1 report consisting of one CQI value reflecting
transmission only over the selected subband of a bandwidth part determined in
the previous step along with the corresponding preferred subband L-bit label.
A type 1report for each bandwidth part will in turn be reported in respective
successive reporting opportunities. The CQI represents channel quality for the
first codeword, even when RI>1.

For transmission mode 3 the preferred subband selection and CQI values are
calculated conditioned on the last reported periodic RI. For other transmission
modes they are calculated conditioned on transmission rank 1.

In the subframe where Rl is reported (only for transmission modes 4 and 8 and with 2
or 4 CSI-RS ports configured for trans mission modes 9 and 10):

Ifa UE is configured in trans mission mode 10 with a 'Rl-reference CSI process'
fora CSl process, the RI for the CSI process shall be the same as the Rl in the
most recent CSI report comprising RI for the configured 'Rl-reference CSI
process' irrespective of subframe sets if configured; otherwise, the UE shall
determine a Rl assuming transmission on set S subbands.

The UE shall report a type 3 report consisting of one RI.

In the subframe where Rl is reported for transmission modes 9 and 10, and with 8 CSI-
RS ports configured then:

Ifa UE is configured in transmission mode 10 with a 'Rl-reference CSI
process' fora CSI process, the RI for the CSI process shall be the same as the
RI in the most recent CSI report comprising RI for the configured 'RI-reference
CSl process' irrespective of subframe sets if configured; otherwise, the UE
shall determine a Rl assuming transmission on set S subbands.

Ifa UE is configured in transmission mode 10 with a 'Rl-reference CSI
process' fora CSI process, the PTI for the CSI process shall be the same as the

PTI in the most recent type 6 report for the configured 'RI-reference CSI
process'; otherwise, the UE shall determine a precoder type indication (PT]).

The UEshall report a type 6 report consisting of one Rl and the PTI.

In the subframe where wideband CQI/PM | is reported for all transmission modes except
with 8 CSI-RS ports configured for transmission modes 9 and 10:

A single precoding matrix is selected from the codebook subset assuming
transmission on set S subbands.

A UEsshall report a type 2 report on each respective successive reporting
opportunity consisting of:

o A wideband CQI value which is calcu lated assuming the use of a
single precoding matrix in all subbands and transmission on set S
subbands.

o The selected single PMI (wideband PMI).

o When RI>1, an additional 3-bit wideband spatial differential CQI,
which is shown in Table 7.2-2.

For transmission modes 4, 8, 9and 10,

o Ifa UEis configured in transmission mode 10 with a 'Rl-reference
CSl process' fora CSl process, and the most recent type 3 report for
the CSI process is dropped, and a type 3 report for the 'Rl-reference
CSl process'is reported in the most recent RI reporting instance for
the CSI process, the PMI and CQI values for the CSI process are
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calculated conditioned on the reported periodic RI for the configured
'Rl-reference CSI process' in the most recent RI reporting instance for
the CSI process; otherwise the PMI and CQI values are calculated
conditioned on the last reported periodic RI.

For other transmission modes the PMI and CQI values are calculated
conditioned on transmission rank 1.

= Inthe subframe where the wideband first PMI is reported for transmission modes 9 and
10, and with 8 CSI-RS ports configured:

A set of precoding matrices corresponding to the wideband first PMI is
selected from the codebook subset assuming transmission onset S subbands.

A UEshall report a type 2a report on each respective successive reporting
opportunity consisting of the wideband first PMI corresponding to the selected
set of precoding matrices.

Ifa UE is configured in transmission mode 10 with a 'Rl-reference CSI
process' fora CSI process, and the most recent type 6 report for the CSI
process is dropped, and a type 6 report for the ‘Rl-reference CSI process' with
PTI=0 is reported in the most recent RI reporting instance for the CSI process,
the wideband first PMI value for the CSI process is calculated conditioned on
the reported periodic RI for the configured 'Rl-reference CSI process' in the
most recent RI reporting instance for the CSI process; otherwise with the last
reported PTI=0, the wideband first PMI value is calcu lated conditioned on the
last reported periodic RI.

= Inthe subframe where wideband CQIl/second PMI is reported for transmission modes 9
and 10, and with 8 CSI-RS ports configured:

A single precoding matrix is selected from the codebook subset assuming
transmission on set S subbands.

A UEshall report a type 2b report on each respective successive reporting
opportunity consisting of:

o A wideband CQI value which is calculated assuming the use of the
selected single precoding matrix in all subbands and transmission on
set Ssubbands.

o The wideband second PMI corresponding to the selected single
precoding matrix.

o When RI>1, an additional 3-bit wideband spatial differential CQI,
which is shown in Table 7.2-2.

If a UE is configured in transmission mode 10 with a 'Rl-reference CSI
process' fora CSI process, and the most recent type 6 report for the CSI
process is dropped, and a type 6 report for the ‘Rl-reference CSI process' with
PTI=1 is reported in the most recent RI reporting instance for the CSI process,

o The wideband second PMI value for the CSI process is calculated
conditioned on the reported periodic R1 for the configured 'RI-
reference CSI process' in the most recent Rl reporting instance for the
CSl process and the last reported wideband first PMI for the CSI
process,

o The wideband CQI value is calculated conditioned on the selected
precoding matrix for the CSI process and the reported periodic RI for
the configured 'Rl-reference CSI process' in the most recent Rl
reporting instance for the CSI process.

Otherwise, with the last reported PTI=1,
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o The wideband second PMI value is calculated conditioned on the last
reported periodic Rl and the wideband first PMI.

o The wideband CQI value is calculated conditioned on the selected
precoding matrix and the last reported periodic RI.

o Ifthe last reported first PMI was computed under an Rl assumption that differs
fromthe last reported periodic RI, or in the absence of a last reported first PMI,
the conditioning of the second PMI value is not specified.

= Inthe subframe where CQI for the selected subband is reported for all transmission
modes except with 8 CSI-RS ports configured for trans mission modes 9 and 10:

e The UEshall select the preferred subband within the set of N; subbands in each
of the J bandwidth parts where J is given in Table 7.2.2-2.

e The UEshall report a type 1 report per bandwidth part on each respective
successive reporting opportunity consisting of:

o CQI value for codeword 0 reflecting transmission only over the
selected subband of a bandwidth part determined in the previous step
along with the corresponding preferred subband L-bit label.

o When RI>1, an additional 3-bit subband spatial differential CQI value
for codeword 1 offset level

= Codeword 1 offset level = subband CQI index for codeword 0
—subband CQI index for codeword 1.

= Assuming the use of the most recently reported single
precoding matrix in all subbands and transmission on the
selected subband within the applicable bandwidth part.

o The mapping fromthe 3-bit subband spatial differential CQI value to
the offset level is shown in Table 7.2-2.

e Fortransmission modes 4, 8, 9and 10,

o Ifa UE s configured in transmission mode 10 with a 'Rl-reference
CSl process' fora CSl process, and the most recent type 3 report for
the CSI process is dropped, and a type 3 report for the 'Rl-reference
CSl process' is reported in the most recent RI reporting instance for
the CSI process, the subband selection and CQI values for the CSI
process are calculated conditioned on the last reported periodic
wideband PMI for the CSI process and the reported periodic RI for
the configured 'Rl-reference CSI process' in the most recent R1
reporting instance for the CSI process; otherwise the subband
selection and CQI values are calculated conditioned on the last
reported periodic wideband PMI and RI.

e  For other transmission modes the subband selection and CQI values are
calculated conditioned on the last reported PMI and transmission rank 1.

= Inthe subframe where wideband CQIl/second PMI is reported for transmission modes 9
and 10, and with 8 CSI-RS ports configured:

o Asingle precoding matrix is selected from the codebook subset assuming
transmission on set S subbands.

e The UEshall report a type 2b report on each respective successive reporting
opportunity consisting of:

o A wideband CQI value which is calculated assuming the use of the
selected single precoding matrix in all subbands and transmission on
set Ssubbands.

3GPP



Release 11 76 3GPP TS 36.213 V11.4.0 (2013-09)

o The wideband second PMI corresponding to the selected single
precoding matrix.

o When RI>1, an additional 3-bit wideband spatial differential CQI,
which is shown in Table 7.2-2.

o Ifa UE s configured in transmission mode 10 with a 'Rl-reference CSI
process' fora CSI process, and the most recent type 6 report for the CSI
process is dropped, and a type 6 report for the 'Rl-reference CSI process' with
PTI=0 is reported in the most recent RI reporting instance for the CSI process,

o The wideband second PMI value for the CSI process is calculated
conditioned on the reported periodic R1 for the configured 'RI-
reference CSI process' in the most recent Rl reporting instance for the
CSl process and the last reported wideband first PMI for the CSI
process.

o The wideband CQI value is calculated conditioned on the selected
precoding matrix for the CSI process and the reported periodic RI for
the configured 'Rl-reference CSI process' in the most recent RI
reporting instance for the CSI process.

e  Otherwise, with the last reported PTI=0,

o The wideband second PMI value is calculated conditioned on the last
reported periodic Rl and the wideband first PMI. The wideband CQI
value is calculated conditioned on the selected precoding matrix and
the last reported periodic RI.

e Ifthe last reported first PMI was computed under an Rl assumption that differs
fromthe last reported periodic RI, or in the absence of a last reported first PMI,
the conditioning of the second PMI value is not specified.

= Inthe subframe where subband CQIl/second PMI for the selected subband is reported
for transmission modes 9 and 10, and with 8 CSI-RS ports configured:

e The UEshall select the preferred subband within the set of N; subbands in each
of the J bandwidth parts where J is given in Table 7.2.2-2.

e The UEshall report a type 1a report per bandwidth part on each respective
successive reporting opportunity consisting of:

o CQI value for codeword 0 reflecting transmission only over the
selected subband of a bandwidth part determined in the previous step
along with the corresponding preferred subband L-bit label.

o When RI>1, an additional 3-bit subband spatial differential CQI value
for codeword 1 offset level

= Codeword 1 offset level = subband CQI index for codeword 0
—subband CQI index for codeword 1.

= Assuming the use of the precoding matrix corresponding to the
selected second PMI and the most recently reported first PMI
and transmission on the selected subband within the applicable
bandwidth part.

o The mapping fromthe 3-bit subband spatial differential CQI value to
the offset level is shown in Table 7.2-2.

o A second PMI of the preferred precoding matrix selected fromthe
codebook subset assuming transmission only over the selected
subband within the applicable bandwidth part determined in the
previous step.
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e Ifa UE s configured in transmission mode 10 with a 'Rl-reference CSI
process' fora CSI process, and the most recent type 6 report for the CSI
process is dropped, and a type 6 report for the 'Rl-reference CSI process' with
PTI=1 is reported in the most recent RI reporting instance for the CSI process,

o

The subband second PMI values for the CSI process are calculated
conditioned on the reported periodic R1 for the configured 'RI-
reference CSI process'in the most recent Rl reporting instance for the
CSI process and the last reported wideband first PMI for the CSI
process.

The subband selection and CQI values are calculated conditioned on
the selected precoding matrix for the CSI process and the reported
periodic RI for the configured 'Rl-reference CSI process'in the most
recent RI reporting instance for the CSI process.

e  Otherwise, with the last reported PTI=1

O

The subband second PMI values are calculated conditioned on the last
reported periodic Rl and the wideband first PMI.

The subband selection and CQI values are calculated conditioned on
the selected precoding matrix and the last reported periodic RI.

o Ifthe last reported first PMI was computed under an Rl assumption that differs
fromthe last reported periodic RI, or in the absence of a last reported first PMI,
the conditioning of the second PMI value is not specified.

Table 7.2.2-2: Subband Size (k) and Bandwidth Parts (J) vs. Downlink System Bandwidth

System Bandwidth NRD'B‘ Subband Size k (RBs) | Bandwidth Parts (J)
6-7 NA NA
8-10 4 1
11-26 4 2
27-63 6 3
64-110 8 4

If parameter ttiBundling provided by higher layers is set to TRUE and if an UL-SCH in subframe bundling operation
collides with a periodic CSI reporting instance, then the UE shall drop the periodic CSI report of a given PUCCH
reporting type in that subframe and shall not multip lex the periodic CSI report payload in the PUSCH transmission in
that subframe. A UE is not expected to be configured with simultaneous PUCCH and PUSCH transmission when U L-

SCH subframe bundling is configured.
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Table 7.2.2-3: PUCCH Reporting Type Payload size per PUCCH Reporting Mode and Mode State

PUCCH PUCCH Reporting Modes
Reporting Reported Mode State Mode 1-1 | Mode 2-1 | Mode 1-0 | Mode 2-0
Type (bits/BP) [ (bits/BP) | (bits/BP) | (bits/BP)
1 Sub-band RI=1 NA 4+L NA 4+L
CQl RI>1 NA 7+L NA 4+L
8 antenna ports RI=1 NA 8+L NA NA
la S;Jsbe'tégzg g'\(/l?: 8 antenna ports 1 <RI<5 NA 9+L NA NA
8 antenna ports RI > 4 NA 7+L NA NA
2 antenna ports RI=1 6 6 NA NA
> Wideband 4 antenna ports RI=1 8 8 NA NA
CQIl/PMI 2 antenna ports RI> 1 8 8 NA NA
4 antenna ports RI> 1 11 11 NA NA
) 8 antenna ports RI <3 NA 4 NA NA
2a V\;Ii?;etblgll\}l? 8 antenna ports 2 <RI< 8 NA 2 NA NA
8 antenna ports RI=8 NA 0 NA NA
8 antenna ports RI=1 8 8 NA NA
2b Wideband CQI 8 antenna ports 1 <RI< 4 11 11 NA NA
/ second PMI 8 antenna ports Rl =4 10 10 NA NA
8 antenna ports RI > 4 7 7 NA NA
] 8 antenna ports RI=1 8 NA NA NA
Wideband CQI 8 antenna ports 1 < RI< 4 11 NA NA NA
2c / first PMI
/ second PMI 8 antenna ports 4 <RI< 7 9 NA NA NA
8 antenna ports RI=8 7 NA NA NA
2/4 antenna ports, 2-layer spatial multiplexing 1 1 1 1
8 antenna ports, 2-layer spatial multiplexing 1 NA NA NA
3 RI 4 antenna ports, 4-layer spatial multiplexing 2 2 2 2
8 antenna ports, 4-layer spatial multiplexing 2 NA NA NA
8-layer spatial multiplexing 3 NA NA NA
4 Wideband CQI RI=1or R>1 NA NA 4 4
8 antenna ports, 2-layer spatial multiplexing 4
5 RI/ first PMI 8 antenna ports, 4 and &-layer spatial 5 NA NA NA
multiplexing
8 antenna ports, 2-layer spatial multiplexing NA 2 NA NA
6 RI/PTI 8 antenna ports, 4-layer spatial multiplexing NA 3 NA NA
8 antenna ports, 8-layer spatial multiplexing NA 4 NA NA
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7.2.3  Channel Quality Indicator (CQI) definition

The CQI indices and their interpretations are given in Table 7.2.3-1.

Based on an unrestricted observation interval in time and frequency, the UE shall derive for each CQI value reported in
uplink subframe n the highest CQI indexbetween 1and 15 in Table 7.2.3-1 which satisfies the following condition, or
CQI index 0 if CQI index 1 does notsatisfy the condition:

- A single PDSCH transport block with a combination of modulation scheme and transport block size
corresponding to the CQI index, and occupying a group of downlink physical resource blocks termed the CSI
reference resource, could be received with a transport block error probability not exceeding 0.1.

If CSlsubframe sets Ccg o and Ccg 1 are configured by higher layers, each CSI reference resource belongs to either

Ccsio Or Ccg 1 butnotto both. When CSl subframe sets Ccg o and Ccg) 1 are configured by higher layers a UE

is not expected to receive a trigger for which the CSI reference resource is in subframe that does not belong to either
subframe set. Fora UE in transmission mode 10 and periodic CSI reporting, the CSI subframe set for the CSI reference
resource is configured by higher layers for each CSI process.

Fora UE in transmission mode 9 when parameter pmi-RI-Report is configured by higher layers, the UE shall derive the
channel measurements for computing the CQI value reported in uplink subframe n based on only the Channel-State
Information (CSI) reference signals (CSI-RS) defined in [3] for which the UE is configured to assume non-zero power
for the CSI-RS. For a UE in transmission mode 9 when the parameter pmi-RI-Report is not configured by higher layers
or in transmission modes 1-8 the UE shall derive the channel measurements for computing CQI based on CRS.

Fora UE in transmission mode 10, the UE shall derive the channel measurements for computing the CQI value reported
in uplink subframe n and corresponding to a CSl process, based on only the non-zero power CSI-RS (defined in [3])
within a configured CSI-RS resource associated with the CSI process.

Fora UE in transmission mode 10 , the UE shall derive the interference measurements for computing the CQI value
reported in uplink subframe n and corresponding to a CSI process, based on only the zero power CSI-RS (defined in
[3]) within the configured CSI-IM resource associated with the CSI process. If the UE in transmission mode 10 is
configured by higher layers for CSI subframe sets Ccg o and Cgg 1 forthe CSI process, the configured CSI-1M

resource within the subframe subset belonging to the CSI reference resource is used to derive the interference
measure ment.

A combination of modu lation scheme and transport block size corresponds to a CQI index if:

- the combination could be signalled for transmission on the PDSCH in the CSI reference resource according to
the relevant Transport Block Size table, and

- the modulation scheme is indicated by the CQI index, and

- the combination of transport block size and modulation scheme when applied to the reference resource results
in the effective channel code rate which is the closest possible to the code rate indicated by the CQI index. If
more than one combination of transport block size and modulation scheme results in an effective channel code
rate equally close to the code rate indicated by the CQI index, only the combination with the smallest of such
transport block sizes is relevant.

The CSI reference resource for a serving cell is defined as follows:

- Inthe frequency domain, the CSI reference resource is defined by the group of downlink physical resource
blocks corresponding to the band to which the derived CQI value relates.

- Inthe time domain,

o fora UEconfigured in transmission mode 1-9 or transmission mode 10 with a single configured CSI
process for the serving cell, the CSI reference resource is defined by a single downlink subframe n-
NcQl refs

= where for periodic CSI reporting ncoi ref is the smallest value greater than or equal to 4,
such that it corresponds to a valid downlink subframe;
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where for aperiodic CSI reporting ncq rer IS such that the reference resource is in the same
valid downlink subframe as the corresponding CSI request in an uplink DCI format.

where for aperiodic CSIreporting nco rer is equal to 4 and downlink subframe n-ncg rer
corresponds to a valid downlink subframe, where downlink subframe n-ncq e is received
after the subframe with the corresponding CSI request in a Random Access Response Grant.

o fora UEconfigured in transmission mode 10 with multiple configured CSI processes for the serving
cell, the CSI reference resource for a given CSI process is defined by a single downlink subframe n-

NcQl_ref,

where for FDD and periodic or aperiodic CSI reporting ncoi e is the smallest value greater
than or equal to 5, such that it corresponds to a valid downlink subframe, and for aperiodic
CSI reporting the corresponding CSI request is in an uplink DCI format;

where for FDD and aperiodic CSI reporting ncoi re¢ is equal to 5and downlink subframe n-
Ncql ref COMMesponds to a valid downlink subframe, where downlink subframe n-ncqy_re is
received after the subframe with the corresponding CSI request in a Random Access
Response Grant.

where for TDD, and 2 or 3 configured CSI processes, and periodic or aperiodic CSI
reporting, ncoi r¢ is the smallest value greater than or equal to 4, such that it corresponds to
a valid downlink subframe, and for aperiodic CSI reporting the corresponding CSI request is
in an uplink DCI format;

where for TDD, and 2 or 3 configured CSI processes, and aperiodic CSI reporting, Ncoi ref
is equal to 4 and downlink subframe n-ncq r¢ corresponds to a valid downlink subframe,
where downlink subframe n-ncq (¢ is received after the subframe with the corresponding
CSI request in a Random Access Response Grant;

where for TDD, and 4 configured CSI processes, and periodic or aperiodic CSI reporting,
Ncoirer IS the smallest value greater than or equal to 5, such that it corresponds to a valid
downlink subframe, and for aperiodic CSI reporting the corresponding CSI request is in an
uplink DCI format;

where for TDD, and 4 configured CSI processes, and aperiodic CSI reporting, Ncgi re IS
equal to 5 and downlink subframe n-ncq ¢ corresponds to a valid downlink subframe,
where downlink subframe n-ncq r¢ IS received after the subframe with the corresponding
CSI request in a Random Access Response Grant.

A downlink subframe in a serving cell shall be considered to be valid if:

it is configured as a downlink subframe for that UE, and

in case mu ltip le cells with different uplink-downlink configurations are aggregated and the
UE is not capable of simultaneous reception and transmission in the aggregated cells, the
subframe in the primary cell is a downlink subframe or a special subframe with the length of
DwPTS more than 7680-T;, and

except for transmission mode 9 or 10, it is not an MBSFN subframe, and

it does not contain a DWPTS field in case the length of DWPTS is 7680-T, and less, and

it does not fall within a configured measurement gap for that UE, and

for periodic CSI reporting, it is an element of the CSI subframe set linked to the periodic CSI
report when that UE is configured with CSI subframe sets, and

fora UE configured in transmission mode 10 with multiple configured CSI processes, and
aperiodic CSl reporting fora CSI process, it is an element of the CSI subframe set linked to
the downlink subframe with the corresponding CSI request in an uplink DCI format, when
that UE is configured with CSI subframe sets for the CSI process.

If there is no valid downlink subframe for the CSI reference resource in a serving cell, CSI reporting is
omitted for the serving cell in uplink subframe n.
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- Inthe layer domain, the CSI reference resource is defined by any Rl and PM | on which the CQI is conditioned.

In the CSI reference resource, the UE shall assume the following for the purpose of deriving the CQI index, and ifalso
configured, PMI and RI:

e The first 3 OFDM symbols are occupied by control signalling

e No resource elements used by primary or secondary synchronization signals or PBCH or EPDCCH

e  CP length of the non-MBSFN subframes

e Redundancy Version 0

o If CSI-RS is used for channel measurements, the ratio of PDSCH EPRE to CSI-RS EPRE is as given in clause

7.2.5

e Fortransmission mode 9 CSI reporting:

@]
@]

CRS REs are as in non-MBSFN subframes;

If the UE is configured for PMI/RI reporting, the UE-specific reference signal overhead is consistent
with the most recent reported rank if more than one CSI-RS port is configured, and is consistent with
rank 1 transmission if only one CSI-RS port is configured; and PDSCH signals on antenna ports

{7...6+0v}for vlayers would result in signals equivalent to corresponding symbols transmitted on

0 <)
antenna ports {15...14 + P}, as given by : =W(@i)| , where

y(14+P) (l) X(u—l) (|)

x(i) = [x(o) @@ .. x(”*l)(i)]T is a vector of symbols fromthe layer mapping in clause 6.3.3.2 of [3],
P e{1,2,4,8}is the number of CSI-RS ports configured, and if only one CSI-RS port is configured,
W (i) is 1, otherwise W (i) is the precoding matrix corresponding to the reported PM1 applicable to

X(i) . The corresponding PDSCH signals transmitted on antenna ports {15...14 + P} would have a
ratio of EPREto CSI-RS EPRE equal to the ratio given in clause 7.2.5.

e Fortransmission mode 10 CSI reporting, if a CSI process is configured without PMI/RI reporting:

O

o

If the number of antenna ports of the associated CSI-RS resource is one, a PDSCH transmission is on
single-antenna port, port 7. The channel on antenna port {7} is inferred from the channel on antenna
port {15} of the associated CSI-RS resource.
= CRS REs are as in non-MBSFN subframes. The CRS overhead is assumed to be the same as
the CRS overhead corresponding to the number of CRS antenna ports of the serving cell;
= The UE-specific reference signal overhead is 12 REs per PRB pair.
Otherwise,
= Ifthe number of antenna ports of the associated CSI-RS resource is 2, the PDSCH
transmission scheme assumes the transmit diversity scheme defined in clause 7.1.2 on
antenna ports {0,1} except that the channel on antenna ports {0,1} are inferred from the
channels on antenna port {15, 16} of the associated CSI resource respectively.
= Ifthe number of antenna ports of the associated CSI-RS resource is 4, the PDSCH
transmission scheme assumes the transmit diversity scheme defined in clause 7.1.2 on
antenna ports {0,1,2,3} except that the channek on antenna ports {0,1,2,3} are inferred from
the channels on antenna ports {15, 16, 17, 18} of the associated CSI-RS resource
respectively.
= The UE is not expected to be configured with more than 4 antenna ports for the CSI-RS
resource associated with the CSI process configured without PMI/RI reporting.
=  The overhead of CRS REs is assuming the same number of antenna ports as that of the
associated CSI-RS resource.
= UE-specific reference signal overhead is zero.

e Fortransmission mode 10 CSI reporting, ifa CSI process is configured with PMI/RI reporting:

o

CRS REs are as in non-MBSFN subframes. The CRS overhead is assumed to be the same as the CRS
overhead corresponding to the number of CRS antenna ports of the serving cell;

The UE-specific reference signal overhead is consistent with the most recent reported rank for the CSI
process if more than one CSI-RS port is configured, and is consistent with rank 1 transmission if only

one CSI-RS port is configured; and PDSCH signals on antenna ports {7...6+ v}for v layers
would result in signals equivalent to corresponding symbols transmitted on antenna ports
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y®9 (i) x© (i)
{15...14 + P}, as given by : =W(@) , where
y(l4+P) (|) X(u—l) (|)
x(i) = [x(o’ @i .. x@?D (i)]T is a vector of symbols fromthe layer mapping in clause 6.3.3.2 of [3],

P €{1,2,4,8}is the number of antenna ports of the associated CSI-RS resource, and if
P=1,W (i) is 1, otherwise W (i) is the precoding matrix corresponding to the reported PMI
applicable to X(i) . The corresponding PDSCH signals transmitted on antenna ports {15...14 + P}
would have aratio of EPRE to CSI-RS EPRE equal to the ratio given in clause 7.2.5

Assume no REs allocated for CSI-RS and zero-power CSI-RS

Assume no REs allocated for PRS

The PDSCH transmission scheme given by Table 7.2.3-0 depending on the transmission mode currently

configured for the UE (which may be the default mode).
If CRS is used for channel measurements, the ratio of PDSCH EPRE to cell-specific RS EPRE is as given in

clause 5.2 with the exception of p 5 which shall be assumed to be

o  pPp=Py+A e +10109,,(2) [dB] for any modulation scheme, if the UE is configured with

transmission mode 2 with 4 cell-specific antenna ports, or transmission mode 3 with 4 cell-specific
antenna ports and the associated RI is equal to one;
o Pa = Pa + Agtsset[dB] for any modulation scheme and any number of layers, otherwise.

The shift A yffsetis given by the parameter nomPDSC H-RS-E PRE-Offset which is configured by higher-layer

signalling.

Table 7.2.3-0: PDSCH transmission scheme assumed for CSI| reference resource

Transmission
mode

Transmission scheme of PDSCH

1

Single-antenna port, port 0

Transmit diversity

Transmit diversity if the associated rank indicator is 1, otherwise large delay CDD

Closed-loop spatial multiplexing

Multi-user MIMO

Closed-loop spatial multiplexing with a single transmission layer

~N| OO BlWIN

If the number of PBCH antenna ports is one, Single-antenna port, port 0; otherwise Transmit diversity

If the UE is configured without PMI/RI reporting: if the number of PBCH antenna ports is one, single-
antenna port, port 0; otherwise transmit diversity

If the UE is configured with PMI/RI reporting: closed-loop spatial multiplexing

If the UE is configured without PMI/RI reporting: if the number of PBCH antenna ports is one, single -
antenna port, port O; otherwise transmit diversity

If the UE is configured with PMI/RI reporting: if the number of CSI-RS ports is one, single-antenna port,
port 7; otherwise up to 8 layer transmission, ports 7-14 (see clause 7.1.5B)

10

If a CSl process of the UE is configured without PMI/RI reporting: if the number of CSI-RS ports is one,
single-antenna port, port7; otherwise transmit diversity

If a CSl process of the UE is configured with PMI/RI reporting: if the number of CSI-RS ports is one,
single-antenna port, port 7; otherwise up to 8 layer transmission, ports 7-14 (see clause 7.1.5B)
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CQlindex | modulation | code rate x 1024 | efficiency

0 out of range

1 QPSK 78 0.1523
2 QPSK 120 0.2344
3 QPSK 193 0.3770
4 QPSK 308 0.6016
5 QPSK 449 0.8770
6 QPSK 602 1.1758
7 16QAM 378 1.4766
8 16QAM 490 19141
9 16QAM 616 2.4063
10 64QAM 466 2.7305
11 64QAM 567 3.3223
12 64QAM 666 3.9023
13 64QAM 772 45234
14 64QAM 873 5.1152
15 64QAM 948 5.5547
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Precoding Matrix Indicator (PMI) definition

For transmission modes 4, 5 and 6, precoding feedback is used for channel dependent codebook based precoding and
relies on UEs reporting precoding matrix indicator (PMI). For transmission mode 8, the UE shall report PMI if
configured with PMI/RI reporting. For transmission modes 9 and 10, the UE shall report PMI if configured with
PMI/RI reporting and the number of CSI-RS ports is larger than 1. A UE shall report PM | based on the feedback modes
described in 7.2.1and 7.2.2. For other transmission modes, PMI reporting is not supported.

For 2and 4 antenna ports, each PMI value corresponds to a codebook index given in Table 6.3.4.2.3-1 or Table
6.3.4.2.3-2 of [3] as follows:

For 2antenna ports {0,1} or {15,16} and an associated Rl value of 1, a PMI value of ne{0,1,2,3} corresponds
to the codebook index N given in Table 6.3.4.2.3-10f [3] with v =1.

For 2 antenna ports {0,1} or{15,16} and an associated Rl value of 2, a PMI value of ne{0,1} corresponds to
the codebook index N-+1given in Table 6.3.4.2.3-1 of [3] with v = 2.

For 4 antenna ports {0,1,2,3} or{15,16,17,18}, aPMIl value of ne {0,1,« . ',15} corresponds to the codebook
index N given in Table 6.3.4.2.3-2 of [3] with U equal to the associated RI value.

For 8 antenna ports, each PMI value corresponds to a pair of codebook indices given in Table 7.2.4-1, 7.2.4-2, 7.2.4-3,
7.2.4-4,7.2.4-5, 7.2.4-6, 7.2.4-7, or 7.2.4-8, where the quantities ¢, and v, are given by

Pn = ejzzn/2

Vm=[1 izm32 o j4mm/32 eszzm/32]T

as follows:For 8 antenna ports {15,16,17,18,19,20,21,22 }, a first PMI value of ny €{0,---, f(v)~1} and a

second PMI value of n, e {0,1,---, g(u)—l}corresponds to the codebook indices n; and n, given in Table
7.2.4-j with v equal to the associated Rl value and where j = v, f(v)={1616,4,4,4,4,41} and

g(v) ={1616,16,81111}.

In some cases codebook subsampling is supported. The sub-sampled codebook for PUCCH mode 1-1

submode 2 is defined in Table 7.2.2-1D for first and second precoding matrix indicator i; and i,. Joint
encoding of rank and first precoding matrix indicator i; for PUCCH mode 1-1submode 1 is defined in Table

7.2.2-1E. The sub-sampled codebook for PUCCH mode 2-1 is defined in Table 7.2.2-1F for PUCCH
Reporting Type 1.

Table 7.2.4-1: Codebook for 1-layer CSI reporting using antenna ports 15 to 22

. i
[
! 0 1 2 3 Z 5 6 7
@ @ @) @ @ 1) @) (3]
0-15 Wi Wi Wi Wi Waih10 Wiiias Wi Waiis
i ’
! 8 9 10 11 12 13 14 15
@) 1) @) (] (] @) (] @)
0-15 2i,+2,0 2i+2,1 2i,+2,2 2i,+2,3 2i,43,0 2i,+31 W5iis Wy has
1] v
where W == " }
NS
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Table 7.2.4-2: Codebook for 2-layer CSI reporting using antenna ports 15 to 22

i
1 0 1 2 3
(2) (2) (2) )
0-15 W2i1,2i1,0 W2i1,2i1,1 W2i1+1,2i1+l,0 W2i1+1,2i1+l,1
i I
! Z 5 6 7
) ) ) @)
0-15 W2i1+2,2i1+2,0 W2il+2,2i1+2,1 W2i1+3,2il+3,0 W2i1+3,2il+3,1
i !
! 8 9 10 11
(2) (2) (2) 2)
0-15 2iy,2i,+1,0 W2i1,2i1+1,1 W2i1+1,2i1+2,0 W2i1+1,2i1+2,1
i 2
12 13 14 15
(2) ) @ )
0-15 W2i1,2i1+3,0 W2i1,2il+3,1 W2i1+1,2i1+3,0 W2i1+112i1+3'1

1| v V.

2 m m

where Wn(]‘%].yn :ZLD V. —pv }
n¥m n¥m'

Table 7.2.4-3: Codebook for 3-layer CSI reporting using antenna ports 15 to 22

I

i
! 0 i 2 3
©) ® iC) v (3
0-3 W8i1,8i1,8i1+8 W8i1+8,8i1,8i1+8 W8i1,8i1+8,8i1+8 W8il+8,8i1,8i1
i "
! 4 5 6 7
® ©) v 3 YiC)
0-3 W8i1+2,8i1+2,8i1+10 W8il+10,8i1+2,8i1+10 W8i1+2,8i1+10,8i1+10 W8i1+10,8i1+2,8i1+2
i !
' 8 9 10 11
® &) v 3 iC)
0-3 W8i1+4,8i1+4,8i1+12 W8il+12,8i1+4,8i1+12 W8i1+4,8i1+12,8i1+12 W8i1+12,8i1+4,8i1+4
. i
h
12 13 14 15
®) ® v 3 v (3
0-3 W8i1+6,8i1+6,8i1+14 W8i1+14,8il+6,8il+14 W8i1+6,8i1+14,8i1+14 W8i1+14,8i1+6,8i1+6
1 |V Vi Vi ~ 1 |V Vi Ve
where Wn(fr)nm =—— " m ™, Wn(]‘?r)nm =——| ™ m m
V24 [Vm V' —Vpr V24 | Vm V' —Vmr

Table 7.2.4-4: Codebook for 4-layer CSI reporting using antenna ports 15 to 22

i '2
0 1 2 3
(4) (4) (4) (4)
0-3| Wgi'si.s0 Wi give1 | Waii2gi+100 | Wei+28i 4101
i "2
4 5 6 7
(4) (4) (4) (4)
0-3 8i,+4,8i,+12,0 W8i1+4,8i1+12,l W8i1+6,8i1+14,0 W8i1+6,8i1+14,1
1 Vv Vi V, Vi
where Wn(]‘?n. e " " "
Y N32 [PV PV — PV — PV
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Table 7.2.4-5: Codebook for 5-layer CSl reporting using antenna ports 15 to 22.

. i,
Iy )

Vi Voi Voi Vi Voi
_ (5) _ 1 2iy 2iy 2i+8 2i+8 2i;+16
0-3 | w"=

V40 | Vo, —Vai, Vaiws —Vaiss  Vai e

Table 7.2.4-6: Codebook for 6-layer CSI reporting using antenna ports 15 to 22.

. iy
|
! 0

0.3 | w®__L [V Vai Vaies Vaiss Vaae Vaise
© - _—
! V48| Vo, —Vai, Vaiss —Vai+s

Voi+16  —Voi 416

Table 7.2.4-7: Codebook for 7-layer CSI reporting using antenna ports 15 to 22.

i '5

0.3 | wm-_1 Vai,  Vai,  Vaies Vaies Vaijate
- =

Voi+16 Vaij+24
V56 [ V2, —Vai,  Vai+s

—Voirs Voipve Va6 Vai+24

Table 7.2.4-8: Codebook for 8-layer CSI reporting using antenna ports 15 to 22.

. i
iy S

0 W_(a):l Vai,  Vaii  Vaiig  Vai+s  Vai+i6

Vo116 Voi+2a  Vai+24
I
v 8|V, Vg

Voi+8  ~Voi+s  Voii+16  ~Vai+16

Voi+24  —Vai 424

3GPP



Release 11 87 3GPP TS 36.213 V11.4.0 (2013-09)

7.2.5 Channel-State Information — Reference Signal (CSI-RS) definition

Fora serving cell and UE configured in transmission mode 9, the UE can be configured with one CSI-RS resource
configuration. For a serving cell and UE configured in transmission mode 10, the UE can be configured with one or
more CSI-RS resource configuration(s). The following parameters for which the UE shall assume non-zero trans mission
power for CSI-RS are configured via higher layer signaling for each CSI-RS resource configuration:
- CSI-RSresource configuration identity, if the UE is configured in trans mission mode 10,

Number of CSI-RS ports. The allowable values and port mapping are given in clause 6.10.5 of [3].

CSI RS Configuration (see Table 6.10.5.2-1and Table 6.10.5.2-2 in [3])

CSI RS subframe configuration |-, gs. The allowable values are given in clause 6.10.5.3 of [3].

UE assumption on reference PDSCH transmitted power for CSI feedback P., if the UE is configured in
transmission mode 9.

UE assumption on reference PDSCH transmitted power for CSI feedback P, foreach CSI process, if the UE is
configured in transmission mode 10. If CSlsubframe sets Ccg o and Ccg ;1 are configured by higher layers
fora CSl process, P, is configured for each CSIsubframe set of the CSI process.

Pseudo-randomsequence generator parameter, n,y. The allowable values are given in [11].

Higher layer parameter qcl-CRS-Info-r11 for Quasi co-location type B UE assumption of CRS antenna ports
and CSI-RS antenna ports with the following parameters, if the UE is configured in transmission mode 10:
- qcl-Scramblingldentity-r11.
- crs-PortsCount-r11.
- mbsf-SubframeConfigList-r11.
P, is the assumed ratio of PDSCH EPRE to CSI-RS EPRE when UE derives CSI feedback and takes values in the
range of [-8, 15] dB with 1 dB step size, where the PDSCH EPRE corresponds to the symbols for which the ratio of the

PDSCH EPRE o the cell-specific RS EPRE is denoted by p,, as specified in Table 5.2-2 and Table 5.2-3.

A UEsshould not expect the configuration of CSI-RS and PMCH in the same subframe of a serving cell.

For frame structure type 2 and 4 CRS ports, the UE is not expected to receive a CSI RS Configuration index (see Table
6.10.5.2-1 and Table 6.10.5.2-2 in [3]) belonging to the set [20-31] for the normal CP case or the set [16-27] for the

extended CP case.

A UE may assume the CSI-RS antenna ports of a CSI-RS resource configuration are quasi co-located (as defined in [3])
with respect to delay spread, Doppler spread, Doppler shift, average gain, and average delay.

A UE configured in transmission mode 10 and with quasi co-location type B, may assume the antenna ports 0 — 3
associated with qcl-CRS-Info-r11 corresponding to a CSI-RS resource configuration and antenna ports 15— 22
corresponding to the CSI-RS resource configuration are quasi co-located (as defined in [3]) with respect to Doppler
shift, and Doppler spread.
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7.2.6  Channel-State Information — Interference Measurement (CSI-1M)
Resource definition

Foraserving cell and UE configured in transmission mode 10, the UE can be configured with one or more CSI-1M
resource configuration(s). The following parameters are configured via higher layer signaling for each CSI-IM resource
configuration:

Zero-power CSI RS Configuration (see Table 6.10.5.2-1 and Table 6.10.5.2-2 in [3])

Zero-power CSI RS subframe configuration 1.g_gs. The allowable values are given in clause 6.10.5.3 of [3].

A UE is not expected to receive CSI-IM resource configuration(s) that are not all completely overlapping with one zero-
power CSI-RS resource configuration which can be configured for the UE. A UE is not expected to receive a CSI-IM
resource configuration that is not completely overlapping with one of the zero-power CSI-RS resource configurations
defined in clause 7.2.7.

A UEshould not expect the configuration of CSI-IM resource and PMCH in the same subframe of a serving cell.

7.2.°7 Zero Power CSI-RS Resource definition

Foraserving cell and UE configured in transmission mode 1-9, the UE can be configured with one zero-power CSI-RS
resource configuration. For a serving celland UE configured in transmission mode 10, the UE can be configured with
one or more zero-power CSI-RS resource configuration(s).
The following parameters are configured via higher layer signaling for each zero-power CSI-RS resource configuration:
Zero-power CSI RS Configuration list (16-bit bitmap ZeroPowerCSI-RS in [3])
Zero-power CSI RS subframe configuration |.g_gs. The allowable values are given in clause 6.10.5.3 of [3].

A UEsshould not expect the configuration of zero-power CSI-RS and PM CH in the same subframe of a serving cell.

For frame structure type 1, the UE is not expected to receive the 16-bit bitmap ZeroPowerCSI-RS with any one of the 6
LSB bits set to 1 for the normal CP case, or with any one of the 8 LSB bits set to 1 for the extended CP case.

For frame structure type 2 and 4 CRS ports, the UE is not expected to receive the 16-bit bitmap ZeroPowerCSI-RS with
any one of the 6 LSB bits set to 1 for the normal CP case, or with any one of the 8 LSB bits set to 1 for the extended CP
case.
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7.3 UE procedure for reporting HARQ-ACK

The UE procedure for HARQ-ACK reporting for frame structure type 1is given in clause 7.3.1.

The UE procedure for HARQ-ACK reporting for frame structure type 2 is given in clause 7.3.2.

7.3.1  FDD HARQ-ACK reporting procedure

For FDD with PUCCH format 1a/1b transmission, when both HARQ-A CK and SR are transmitted in the same sub-
frame, a UE shall transmit the HARQ-ACK on its assigned HARQ-ACK PUCCH format 1a/1b resource for a negative
SR transmission and transmit the HARQ-ACK on its assigned SR PUCCH resource for a positive SR transmission.

For FDD with PUCCH format 1b with channel selection, when both HARQ-ACK and SR are transmitted in the same
sub-frame a UE shall trans mit the HARQ-ACK on its assigned HARQ-ACK PUCCH resource with channel selection as
defined in clause 10.1.2.2.1 for a negative SR transmission and transmit one HARQ-A CK bit per serving cell on its
assigned SR PUCCH resource for a positive SR transmission according to the following:

— ifonly one transport block ora PDCCH/EPDCCH indicating downlink SPS release is detected on a serving
cell, the HARQ-ACK bit for the serving cell is the HARQ-ACK bit corresponding to the transport block or the
PDCCH/EPDCCH indicating downlink SPS release;

— iftwo transport blocks are received on a serving cell, the HARQ-ACK bit for the serving cell is generated by
spatially bundling the HARQ-A CK bits corresponding to the transport blocks;

— ifneither PDSCH transmission for which HARQ-A CK response shall be provided nor PDCCH/EPDCCH
indicating downlink SPS release is detected for a serving cell, the HARQ-ACK bit for the serving cell is set to
NACK;

and the HARQ-A CK bits for the primary cell and the secondary cell are mapped to p(0) and (1), respectively, where
b(0) and p(1) are specified in clause 5.4.1 in [3].

For FDD, when a PUCCH format 3 transmission of HARQ-ACK coincides with a sub-frame configured to the UE by
higher layers for transmission of a scheduling request, the UE shall multiplex HARQ-ACK and SR bits on HARQ-ACK
PUCCH resource as defined in clause 5.2.3.1 in [4], unless the HARQ-ACK corresponds to a PDSCH transmission on
the primary cell only ora PDCCH/EPDCCH indicating downlink SPS release on the primary cell only, in which case
the SR shall be transmitted as for FDD with PUCCH format 1a/1b.

For FDD and fora PUSCH transmission, a UE shall not transmit HARQ-ACK on PUSCH in subframe n if the UE does
not receive PDSCH or PDCCH indicating downlink SPS release in subframe n-4.

When only a positive SR is transmitted, a UE shall use PUCCH Format 1 for the SR resource as defined in clause 5.4.1
in [3].

7.3.2 TDD HARQ-ACK reporting procedure

For TDD, ifa UE is configured with one serving cell, or if the UE is configured with more than one serving cell and the
TDD UL/DL configuration of all the configured serving cells is the same, UE procedure for reporting HARQ -ACK is
given in clause 7.3.2.1.

For TDD, ifa UE is configured with more than one serving cell and the TDD UL/DL configuration of at least two
configured serving cells is not the same, UE procedure for reporting HARQ-ACK is given in clause 7.3.2.2.

When only a positive SR is transmitted, a UE shall use PUCCH Format 1 for the SR resource as defined in clause 5.4.1
in [3].
7321 TDD HARQ-ACK reporting procedure for same UL/DL configuration

For TDD, the UE shall upon detection of a PDSCH transmission ora PDCCH/EPDCCH indicating downlink SPS
release (defined in clause 9.2) within subframe(s) n—k, where ke K and K is defined in Table 10.1.3.1-1 intended

for the UE and for which HARQ-A CK response shall be provided, transmit the HARQ-ACK response in UL subframe
n.
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For TDD, when PUCCH format 3 is configured for transmission of HARQ-ACK, for special subframe configurations 0
and 5 with normal downlink CP or configurations 0 and 4 with extended downlink CP in a serving cell, shown in table
4.2-1 [3], the special subframe of the serving cell is excluded from the HARQ-A CK codebook size determination. In
this case, if the serving cell is the primary cell, there is no PDCCH/EPDCCH indicating downlink SPS release in the
special subframe.

For TDD UL/DL configurations 1-6 and one configured serving cell, if the UE is not configured with PUCCH format 3,

the value of the Downlink Assignment Index (DAI) in DCI format 0/4, V,;J:, , detected by the UE according to Table

7.3-X in subframe N —K', where K' is defined in Table 7.3-Y, represents the total number of subframes with PDSCH

transmissions and with PDCCH/EPDCCH indicating downlink SPS release to the corresponding UE within all the
subframe(s) n—k , where k € K . The value V,;’ALI includes all PDSCH transmission with and without corresponding

PDCCH/EPDCCH within all the subframe(s) n—k . In case neither PDSCH transmission, nor PDCCH/EPDCCH
indicating the downlink SPS resource release is intended to the UE, the UE can expect that the value of the DAI in DCI

format 0/4, V5, , if transmitted, is set to 4.

For TDD UL/DL configuration 1-6 and a UE configured with more than one serving cell, or for TDD UL/DL
configuration 1-6 and a UE configured with one serving celland PUCCH format 3, a value Wét is determined by the
Downlink Assignment Index (DAI) in DCI format 0/4 according to Table 7.3-Z in subframe N —K', where K' is

defined in Table 7.3-Y. In case neither PDSCH transmission, nor PDCCH/EPDCCH indicating the downlink SPS
resource release is intended to the UE, the UE can expect that the value of Wg,';l is set to 4 by the DAI in DCI format
0/4 if transmitted.

For TDD UL/DL configurations 1-6, the value of the DAI in DCI format 1/1A/1B/1D/2/2A/2B/2C/2D denotes the

accumulative number of PDCCH/EPDCCH (s) with assigned PDSCH trans mission(s) and PDCCH/EPDCCH indicating
downlink SPS release up to the present subframe within subframe(s) n—k of each configured serving cell, where

k € K, and shall be updated from subframe to subframe. Denote Vgp'a'c as the value of the DAl in PDCCH/EPDCCH
with DCI format 1/1A/1B/1D/2/2A/2B/2C/ 2D detected by the UE according to Table 7.3-X in subframe N — km in
serving cell c,where km is the smallest value in the set K (defined in Table 10.1.3.1-1) such that the UE detects a

DCI format 1/1A/1B/1D/2/2A/2B/2C/2D. When configured with one serving cell, the subscript of ¢ in Vgp'ayc can be
omitted.

Forall TDD UL/DL configurations, denote Uppa ¢ as the total number of PDCCH/EPDCCH (s) with assigned

PDSCH trans mission(s) and PDCCH/EPDCCH indicating downlink SPS release detected by the UE within the
subframe(s) n—k inserving cell c,where k e K.When configured with one serving cell, the subscript of ¢ in

Uparc can be omitted. Denote N, which can be zero or one, as the number of PDSCH transmissions without a
corresponding PDCCH/EPDCCH within the subframe(s) n—k, where keK.

For TDD HARQ-ACK bundling or HARQ-ACK multiplexing and a subframe n with M =1, the UE shall generate
one or two HARQ-ACK bits by performing a logical AND operation per codeword across M DL subframes

associated with a single UL subframe, of all the corresponding U, + Ngpg individual PDSCH transmission HARQ-

ACKs and individual ACK in response to received PDCCH/EPDCCH indicating downlink SPS release, where M is
the number of elements in the set K defined in Table 10.1.3.1-1. The UE shall detect if at least one downlink
assignment has been missed, and for the case that the UE is transmitting on PUSCH the UE shall also determine the

parameter Ny e

- For TDD UL/DL configuration 0, N, ,.q4.eq Shall be 1 if the UE detects the PDSCH transmission with or

without corresponding PDCCH/EPDCCH, or detects PDCCH indicating downlink SPS release within the
subframe n—k,where k e K.The UEshallnot transmit HARQ-ACK on PUSCH if the UE does not receive

PDSCH or PDCCH indicating downlink SPS release within the subframe(s) N—K ,where kK € K .

- Forthe case that the UE is not transmitting on PUSCH in subframe n and TDD UL/DL configurations 1-6, if
Upy >0 and V0 # (U DA —1)mod 4 +1, the UE detects that at least one downlink assignment has been
missed.
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- Forthe case that the UE is transmitting on PUSCH and the PUSCH transmission is adjusted based on a detected
PDCCH/EPDCCH with DCI format 0/4 intended for the UE and TDD UL/DL configurations 1-6, if

Vi # (Upy + Ngpg —1)mod 4 +1 the UE detects that at least one downlink assignment has been missed
and the UE shall generate NACK for all codewords where N .4 is determined by the UE as
Ny ungies = Vou + 2. Ifthe UE does not detect any downlink assignment missing, N, 44 iS determined by

the UEas N, 40 = Vo - UE shall not transmit HARQ-ACK if U, + Ngps =0and VY = 4.

- Forthe case that the UE is transmitting on PUSCH, and the PUSCH transmission is not based on a detected
PDCCH/EPDCCH with DCI format 0/4 intended for the UE and TDD UL/DL configurations 1-6, if

Uy, >0 and VDDALI # (U DAl —1)mod 4 +1, the UE detects that at least one downlink assignment has been
missed and the UE shall generate NA CK for all codewords. The UE determines N 4.0 = (Upa + Ngps)
as the number of assigned subframes. The UE shall not transmit HARQ-ACK if U, + Ngps =0.

For TDD, when PUCCH format 3 is configured for transmission of HARQ-ACK, the HARQ-ACK feedback bits

0 SK oK | oACK for the c-th serving cell configured by RRC are constructed as follows, where ¢>0,
c,0 cl c.OACK _1
e

OcACK = BcDL if transmission mode configured in the c-th serving cell supports one transport block or spatial HARQ-

ACK bundling is applied and O, = 2B otherwise, where B™" is the number of downlink subframes for which
the UE needs to feedback HARQ-ACK bits for the c-th serving cell.

- Forthe case that the UE is transmitting on PUCCH, BCDL =M where M is the number of elements in the set

K defined in Table 10.1.3.1-1 associated with subframe n and the set K does not include a special subframe
of configurations 0 and 5 with normal downlink CP or of configurations 0 and 4 with extended downlink CP;

otherwise B>" =M —1.

- ForTDD UL/DL configuration 0 or for a PUSCH transmission not adjusted based on a detected
PDCCH/EPDCCH with DCI format 0/4, the UE shallassume B> =M where M is the number of elements

in the set K defined in Table 10.1.3.1-1 associated with subframe n and the set K does not include a special
subframe of configurations 0 and 5 with normal downlink CP or of configurations 0 and 4 with extended

downlink CP; otherwise B"" = M —1. The UE shall not transmit HARQ-A CK on PUSCH if the UE does not
receive PDSCH or PDCCH/EPDCCH indicating downlink SPS release in subframe(s) n—k , where ke K.

- ForTDD UL/DL configurations {1, 2, 3, 4, 6} and a PUSCH transmission adjusted based on a detected
PDCCH/EPDCCH with DCI format 0/4, the UE shall assume B>" =W, . The UE shall not transmit HARQ-

ACK on PUSCH if the UE does not receive PDSCH or PDCCH/EPDCCH indicating downlink SPS release in
subframe(s) n—k where ke K and WSy = 4.

- ForTDD UL/DL configurations 5and a PUSCH transmission adjusted based on a detected PDCCH/EPDCCH
with DCI format 0/4, the UE shallassume B> =W, +4[(U ~Wy )/4—|,where U denotes the

maximumvalue of UC among all the configured serving cells, UC is the total number of received PDSCHSs and

PDCCH/EPDCCH indicating downlink SPS release in subframe(s) n—k on the c-th serving cell, k e K . The
UE shall not transmit HARQ-ACK on PUSCH if the UE does not receive PDSCH or PDCCH/EPDCCH
indicating downlink SPS release in subframe(s) n—k where k e K and Wg,';, =4,

For TDD, when PUCCH format 3 is configured for transmission of HARQ-ACK,

- for TDD UL/DL configurations 1-6, the HARQ-ACK fora PDSCH transmission with a corresponding
PDCCH/EPDCCH or fora PDCCH/EPDCCH indicating downlink SPS release in subframe n—Kk is

associated with oé}%‘,&.(k),l if transmission mode configured in the c-th serving cell supports one transport

block or spatial HARQ-ACK bundling is applied, or associated with Oézchl(k)—z and oé%pd(k)_l
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otherwise, where DAI(K) is the value of DAI in DCI format 1A/1B/1D/1/2/2A/2B/2C/2D detected in subframe
n-k, OQ%N (k)-2 and oé%mk)_l are the HARQ-A CK feedback for codeword 0 and codeword 1,
respectively. For the case with Ngpg >0, the HARQ-ACK associated with a PDSCH transmission without a

corresponding PDCCH/EPDCCH is mapped to o/ACK , The HARQ-ACK feedback bits without any

6,08 -

detected PDSCH transmission or without detected PDCCH/EPDCCH indicating downlink SPS release are set to
NACK;

for TDD UL/DL configuration 0, the HARQ-ACK fora PDSCH transmission or fora PDCCH/EPDCCH

indicating downlink SPS release in subframe n—k is associated with OégK if transmission mode configured

ACK

in the c-th serving cell supports one transport block or associated with O, ;~ and OcAvlCK otherwise, where

OQOCK and OéfK are the HARQ-ACK feedback for codeword 0 and codeword 1, respectively. The HARQ-

ACK feedback bits without any detected PDSCH transmission or without detected PDCCH/EPDCCH indicating
downlink SPS release are set to NACK.

For TDD when format 1b with channel selection is configured for trans mission of HARQ-ACK and for 2 configured

serving cells, the HARQ-ACK feedback bits O,

ACK L ACK ACK

0, sy 0OACK ,on PUSCH are constructed as follows.

For TDD UL/DL configuration 0, OJACK =HARQ-ACK(j), 0< j< A-1 as defined in clause 10.1.3.2.1. The

UE shall not transmit HARQ-ACK on PUSCH if the UE does not receive PDSCH or PDCCH/EPDCCH
indicating downlink SPS release in subframe(s) n—k where ke K.

For TDD UL/DL configurations {1, 2, 3, 4, 6} and a PUSCH transmission adjusted based on a detected
PDCCH/EPDCCH with DCI format 0/4 with Wé’,i‘, =lor 2, 0]ACK is determined as if PUCCH format 3 is
configured for transmission of HARQ-A CK, except that spatial HARQ-A CK bundling across multip le

codewords within a DL subframe is performed for all serving cells configured with a down link transmission
mode that supports up to two transport blocks in case WgAL, =2.

For TDD UL/DL configurations {1, 2, 3, 4, 6} and a PUSCH transmission adjusted based on a detected
PDCCH/EPDCCH with DCI format 0/4 with Wy =3or 4, 07 =0(]), 0< j<3as defined in Table
10.1.3.2-5 or in Table 10.1.3.2-6 respectively, where the value of M is replaced by ng’,kI . The UEshall not
transmit HARQ-ACK on PUSCH if the UE does not receive PDSCH or PDCCH/EPDCCH indicating downlink

SPS release in subframe(s)n—k where k e K and WSy = 4.

For TDD UL/DL configurations {1, 2, 3, 4, 6} and a PUSCH transmission not adjusted based on a detected
PDCCH/EPDCCH with DCI format 0/4 and a subframe n with M =Lor 2, 07" = HARQ-ACK(j),
0< j<A-1 as defined in clause 10.1.3.2.1. The UE shall not transmit HARQ-ACK on PUSCH if the UE does

not receive PDSCH or PDCCH/EPDCCH indicating downlink SPS release in subframe(s) n—k where ke K.

For TDD UL/DL configurations {1, 2, 3, 4, 6} and a PUSCH transmission not adjusted based on a detected
PDCCH/EPDCCH with DCI format 0/4 and a subframe n with M =3 or 4, ofCK =0(]J), 0<j<3as

defined in Table 10.1.3.2-5 or in Table 10.1.3.2-6 respectively. The UE shall not transmit HARQ-ACK on
PUSCH if the UE does not receive PDSCH or PDCCH/EPDCCH indicating downlink SPS release in

subframe(s) n—k where ke K.

For TDD HARQ-ACK bundling, when the UE is configured by transmission mode 3, 4, 8, 9 or 10 defined in clause 7.1
and HARQ-ACK bits are transmitted on PUSCH, the UE shall always generate 2 HARQ-ACK bits assuming both
codeword O and 1 are enabled. For the case that the UE detects only the PDSCH transmission associated with codeword
0 within the bundled subframes, the UE shall generate NACK for codeword 1.
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Table 7.3-X: Value of Downlink Assignment Index

DAI UL pL | Number of subframes with PDSCH transmission and
MSB, LSB Vom 0 Vpu with PDCCH/EPDCCH indicating DL SPS release

0,0 1 lor50r9

0,1 2 20r6

1,0 3 3or7

1,1 4 Oordor8

Table 7.3-Y: Uplink association index k' for TDD

TDD UL/DL subframe number n
Configuration [0 [ 1[2 3[4 ]|5]6|7]8]9
1 6|4 6|4
2 4 4

3 4 (414

4 4 (4

5 4

6 71715 717

Table 7.3-Z: Value of W'- determined by the DAI field in DCI format 0/4

DAI
DAl
msB, LsB | Wo
00 1
01 7
10 3
11 7

For TDD HARQ-ACK multiplexing and a subframe n with M >1, spatial HARQ-ACK bundling across multiple
codewords within a DL subframe is performed by a logical AND operation of all the corresponding individual HARQ-
ACKSs. In case the UE is transmitting on PUSCH, the UE shall determine the number of HARQ-ACK feedback bits

O”°¥ and the HARQ-ACK feedback bits 0°° | n=0,...,0" —1 to be transmitted in subframe n.

n

- Ifthe PUSCH transmission is adjusted based on a detected PDCCH/EPDCCH with DCI format 0/4 intended for
the UE, then O =V35 unless Vou =4 and Uy, + Ngps =0 inwhich case the UE shall not

transmit HARQ-ACK. The spatially bundled HARQ-ACK for a PDSCH trans mission with a corresponding
PDCCH/EPDCCH or fora PDCCH/EPDCCH indicating downlink SPS release in subframe n—Kk is associated

with Opg/-1 Where DAI(K) is the value of DAI in DCI format 1A/1B/1D/1/2/2A/2B/2C/2D detected in

subframe n—k . For the case with Ngpg > 0, the HARQ-ACK associated with a PDSCH trans mission

without a corresponding PDCCH/EPDCCH is mapped to OQACC'E _,- The HARQ-ACK feedback bits without any

detected PDSCH transmission or without detected PDCCH/EPDCCH indicating downlink SPS release are set to
NACK.

- Ifthe PUSCH transmission is not adjusted based on a detected PDCCH/EPDCCH with DCI format 0/4 intended
forthe UE, O*°" =M, and OiACK is associated with the spatially bundled HARQ-ACK for DL subframe

n— ki , Where ki € K. The HARQ-ACK feedback bits without any detected PDSCH transmission or without

detected PDCCH/EPDCCH indicating downlink SPS release are set to NACK. The UE shall not transmit

For TDD when a PUCCH format 3 transmission of HARQ-A CK coincides with a sub-frame configured to the UE by

higher layers for transmission of a scheduling request, the UE shall multiplex HARQ-ACK and SR bits on HARQ-ACK
PUCCH resource as defined in clause 5.2.3.1 in [4], unless the HARQ-ACK corresponds to one of the following cases
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- asingle PDSCH transmission only on the primary cell indicated by the detection of a corresponding
PDCCH/EPDCCH in subframe n—k_,where k eK,andfor TDD UL/DL configurations 1-6 the DAI value

in the PDCCH/EPDCCH is equal to '1' (defined in Table 7.3-X), ora PDCCH/EPDCCH indicating downlink
SPS release (defined in clause 9.2) in subframe n—k_, where k e K, and for TDD UL/DL configurations 1-6

the DAl value in the PDCCH/EPDCCH is equal to '1', or

- asingle PDSCH transmission only on the primary cell where there is not a corresponding PDCCH/EPDCCH
detected within subframe(s) n—k, where k e K and no PDCCH/EPDCCH indicating downlink SPS release
(defined in clause 9.2) within subframe(s) n—k,where ke K ,or

- aPDSCH transmission only on the primary cell where there is not a corresponding PDCCH/EPDCCH detected
within subframe(s) n—k, where k e K and an additional PDSCH transmission only on the primary cell
indicated by the detection of a corresponding PDCCH/EPDCCH in subframe n—k_,where k <K withthe

DAl value in the PDCCH/EPDCCH equal to '1' (defined in Table 7.3-X) or a PDCCH/EPDCCH indicating
downlink SPS release (defined in clause 9.2) in the subframe n—k_,where k_ e K with the DAl value in the

PDCCH/EPDCCH equal to '1',

in which case the UE shall trans mit the HARQ-A CK and scheduling request according to the procedure for PUCCH
format 1b with channel selection in TDD.

For TDD when the UE is configured with HARQ-A CK bundling, HARQ-ACK multiplexing or PUCCH format 1b with
channel selection, and when both HARQ-ACK and SR are transmitted in the same sub-frame, a UE shall transmit the
bundled HARQ-ACK or the multiple HARQ-ACK responses (according to clause 10.1) on its assigned HARQ-ACK
PUCCH resources for a negative SR transmission. For a positive SR, the UE shall transmit b(0),b(1) on its assigned

SR PUCCH resource using PUCCH format 1b according to clause 5.4.1 in [3]. The value of p(0),b(1) are generated
N caiis—1
according to Table 7.3-1 fromthe Ngpg + ZU pal,c HARQ-ACK responses including ACK in response to
c=0
PDCCH/EPDCCH indicating downlink SPS release by spatial HARQ-ACK bundling across multiple codewords within
N goiis—L
each PDSCH transmission for all serving cells N 2fj . For TDD UL/DL configurations 1-6, if ZU palc >0 and
c=0
Viu c* (U DAI ¢ —l)mod4+l for a serving cell ¢, the UE detects that at least one downlink assignment has been
missed.

Table 7.3-1: Mapping between multiple HARQ-ACK responses and b(0),b(1)

N iis—1
Number of ACK among multiple ( Ngpg + ZU DAl.c ) HARQ-ACK responses | b(0),b()
c=0
0 or None (UE detect at least one DL assignment is missed) 0,0
1 1,1
2 1,0
3 0,1
4 1,1
5 1,0
6 0,1
7 1,1
8 1,0
9 0,1

For TDD if the parameter simultaneousAckNack AndCQI provided by higher layers is set TRUE, and if the UE is
configured with HARQ-A CK bundling, HARQ-A CK multiplexing or PUCCH format 1b with channel selection, and if
the UE receives PDSCH and/or PDCCH/EPDCCH indicating downlink SPS release only on the primary cell within
subframe(s) n—k,where k e K, aUE shall transmit the CSland b(0),b(1) using PUCCH format 2b for normal CP
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or PUCCH format 2 for extended CP, according to clause 5.2.3.4 in [4] with ag,a; replaced by b(0),b(1) - The value
NcDe%Is_l
of b(0),b(1) are generated according to Table 7.3-1 fromthe Ngpg + ZU pal,c HARQ-ACK responses including

c=0
ACK in response to PDCCH/EPDCCH indicating downlink SPS release by spatial HARQ-ACK bundling across

mu ltip le codewords within each PDSCH transmission for all serving cells chghs .For TDD UL/DL configurations 1-6,
N caits —1
if ZU pal ¢ >0 and V,?AL,’C # (UDA,YC —1)mod4+1 for a serving cell c, the UE detects that at least one downlink

c=0
assignment has been missed.

For TDD if the parameter simultaneousAckNack AndCQI provided by higher layers is set TRUE, and if the UE is
configured with PUCCH format 1b with channel selection and receives at least one PDSCH on the secondary cell
within subframe(s) n—k, where k € K, the UE shall drop the CSI and transmit HARQ-A CK according to clause
10.1.3.

For TDD and a UE is configured with PUCCH format 3,
if the parameter simultaneousAckNack AndCQI is set TRUE and if the UE receives,

- asingle PDSCH transmission only on the primary cell indicated by the detection of a corresponding
PDCCH/EPDCCH in subframe n—k_,where k <K ,and for TDD UL/DL configurations 1-6 the DAI value

in the PDCCH/EPDCCH is equal to '1' (defined in Table 7.3-X), ora PDCCH/EPDCCH indicating downlink
SPS release (defined in clause 9.2) in subframe n—k_, where k e K, and for TDD UL/DL configurations 1-6

the DAl value in the PDCCH/EPDCCH is equal to '1', or

- asingle PDSCH transmission only on the primary cell where there is not a corresponding PDCCH/EPDCCH
detected within subframe(s) n—k, where k e K and no PDCCH/EPDCCH indicating downlink SPS release
(defined in clause 9.2) within subframe(s) n—k,where ke K,

then the UE shall transmit the CSl and HARQ-A CK using PUCCH format 2/2a/2b according to clause 5.2.3.4 in [4];
else if

- the parameter simultaneousAckNack AndCQI-Format3-r1l is set TRUE and if PUCCH format 3 resource is
determined according to clause 10.1.3.1 or clause 10.1.3.2.2 and

o ifthe total number of bits in the subframe corresponding to HARQ-A CKs, SR (if any), and the CSl is
not larger than 22, or

o ifthe total number of bits in the subframe corresponding to spatially bundled HARQ-ACKs, SR (if
any), and the CSI is not larger than 22

then the UE shall transmit the HARQ-ACKSs, SR (if any) and the CSI using the determined PUCCH format 3 resource
according to [4];

else,

the UE shall drop the CSI and transmit the HARQ-A CK according to clause 10.1.3.

7.3.2.2 TDD HARQ-ACK reporting procedure for different UL/DL configurations

For a configured serving cell, the DL-reference UL/DL configuration as defined in clause 10.2 is referred to as the "DL-
reference UL/DL configuration" in the rest of this clause.

For a configured serving cell, if the DL-reference UL/DL configuration is 0, then the DAI in DCI format
11A/1B/1D/2/2A/2BI2C/2D is not used.

The UE shall upon detection of a PDSCH transmission ora PDCCH/EPDCCH indicating downlink SPS release
(defined in clause 9.2) within subframe(s) n—k forserving cell ¢, where K € K. intended for the UE and for which
HARQ-ACK response shall be provided, transmit the HARQ-A CK response in UL subframe n, wherein set
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K . contains values of k e K such that subframe n-k corresponds to a DL subframe or a special subframe for serving
cellc, K defined in Table 10.1.3.1-1 (where "UL/DL configuration™ in Table 10.1.3.1-1 refers to the DL-reference
UL/DL configuration) is associated with subframe n. M_ is the number of elements in set K . associated with
subframe n for serving cell c,

For the remainder of this clause K =K.

When PUCCH format 3 is configured for transmission of HARQ-ACK, for special subframe configurations 0 and 5
with normal downlink CP or configurations 0 and 4 with extended downlink CP in a serving cell, shown in table 4.2-1
[3], the special subframe of the serving cell is excluded fromthe HARQ-A CK codebook size determination. In this
case, if the serving cell is the primary cell, there is no PDCCH/EPDCCH indicating downlink SPS release in the special
subframe.

If the UL-reference UL/DL configuration (defined in Sec 8.0) belongs to {1,2,3,4,5,6} for a serving cell, a value
WSALI is determined by the Downlink Assignment Index (DAI) in DCI format 0/4 corresponding to a PUSCH on the

serving cell according to Table 7.3-Z in subframe N —K"' where K' is defined in Table 7.3-Y and the "TDD UL/DL
Configuration” in Table 7.3-Y refers to the UL-reference UL/DL configuration (defined in clause 8.0) for the serving
cell. In case neither PDSCH transmission, nor PDCCH/EPDCCH indicating the downlink SPS resource release is

intended to the UE, the UE can expect that the value of Wg);, is set to 4 by the DAI in DCI format 0/4 if transmitted.

If the DL-reference UL/DL configuration belongs to {1,2,3,4,5,6}, the value of the DAI in DCI format
1/1A/1B/1D/2/2A/2B/2C/2D denotes the accumulative number of PDCCH/EPDCCH (s) with assigned PDSCH
transmission(s) and PDCCH/EPDCCH indicating downlink SPS release up to the present subframe within subframe(s)

n—k of each configured serving cell, where k € K, and shall be updated from subframe to subframe. Denote V|'33AL|£
as the value of the DAl in PDCCH/EPDCCH with DCI format 1/1A/1B/1D/2/2A/2B/2C/2D detected by the UE
according to Table 7.3-X in subframe N —K_, in serving cell ¢, where K, is the smallest value in the set K such
that the UE detects a DCI format 1/1A/1B/1D/2/2A/2B/2C/2D.

Forall TDD UL/DL configurations, denote Upp, ¢ as the total number of PDCCH/EPDCCH (s) with assigned
PDSCH trans mission(s) and PDCCH/EPDCCH indicating downlink SPS release detected by the UE within the

subframe(s) n—k inserving cell c,where k e K. Denote Ngpg,which can be zero or one, as the number of
PDSCH trans missions without a corresponding PDCCH/EPDCCH within the subframe(s) n—k,where ke K.

If PUCCH format 3 is configured for transmission of HARQ-ACK, the HARQ-A CK feedback bits

ong offK ,...,oAC§CK for the c-th serving cell configured by RRC are constructed as follows, where ¢>0,
' ’ c,O, " -1

OCACK = BCDL if transmission mode configured in the c-th serving cell supports one transport block or spatial HARQ-

ACK bundling is applied and OCACK = ZBCDL otherwise, where BCDL is the number of downlink subframes for which
the UE needs to feedback HARQ-ACK bits for the c-th serving cell.
- Forthe case that the UE is transmitting in subframe n on PUCCH or a PUSCH transmission not adjusted based
on a detected DCI format 0/4 or a PUSCH trans mission adjusted based on an associated detected DCI format 0/4
with UL-reference UL/DL configuration 0 (defined in Sec 8.0), then BCDL =M . The UE shall not transmit

HARQ-ACK on PUSCH if the UE does not receive PDSCH or PDCCH/EPDCCH indicating downlink SPS
release in subframe(s) n—k , where keK.

- If DL-reference UL/DL configuration of each of the configured serving cells belongs to {0, 1, 2, 3, 4, 6} and for
a PUSCH transmission in a subframe n ad justed based on a detected PDCCH/EPDCCH with DCI format 0/4
using UL-reference UL/DL configuration belonging to {1,2,3,4,5,6} (defined in Sec 8.0), the UE shall assume

B>" =min (W,;JAL, ‘M, ) The UE shall not transmit HARQ-ACK on PUSCH if the UE does not receive
PDSCH or PDCCH/EPDCCH indicating downlink SPS release in subframe(s) n—k where ke K and
W =4.

- If DL-reference UL/DL configuration of at least one configured serving cell belongs to {5} and fora PUSCH
transmission adjusted based on an associated detected PDCCH/EPDCCH with DCI format 0/4 using UL-
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reference UL/DL configuration belonging to {1,2,3,4,5,6} (defined in Sec 8.0), the UE shall assume
B> = min(\Né’,: +4| (U A AYY )/4 LMC), where U denotes the maximum value of U, among all the
configured serving cells, U . is the total number of received PDSCHs and PDCCH/EPDCCH indicating

downlink SPS release in subframe(s) n—k for the c-th serving cell, k e K . The UE shall not transmit HARQ-
ACK on PUSCH if the UE does not receive PDSCH or PDCCH/EPDCCH indicating downlink SPS release in
subframe(s) n—k where ke K and WSy =4.

When PUCCH format 3 is configured for transmission of HARQ-ACK,

if DL-reference UL/DL configuration belongs to {1,2,3,4,5,6}, the HARQ-ACK fora PDSCH transmission
with a corresponding PDCCH/EPDCCH or fora PDCCH/EPDCCH indicating downlink SPS release in

subframe n—k is associated with oégﬁ\,(k)_l if transmission mode configured in the c-th serving cell
supports one transport block or spatial HARQ-ACK bundling is applied, or associated with oé%N(k)_z and
0b5BAI(k)-1 Otherwise, where DAI(K) is the value of DAl in DCI format 1A/1B/1D/1/2/2A/2B/2C/2D detected

in subframe n-k, oé%N (k)-2 and oé%N(k)_l are the HARQ-ACK feedback for codeword 0 and
codeword 1, respectively. For the case with Ngpg >0, the HARQ-ACK associated with a PDSCH

transmission without a corresponding PDCCH/EPDCCH is mapped to oACK L The HARQ-ACK feedback

00K

bits without any detected PDSCH transmission or without detected PDCCH/EPDCCH indicating downlink SPS

release are set to NACK;

if DL-reference UL/DL configuration is 0, the HARQ-ACK fora PDSCH transmission or for a
PDCCH/EPDCCH indicating downlink SPS release in subframe n—k is associated with OégK if transmission
mode configured in the c-th serving cell supports one transport block or spatial HARQ-A CK bundling is applied,
or associated with OégK and OéfK otherwise, where OéOCK and OCAJCK are the HARQ-ACK feedback for
codeword 0 and codeword 1, respectively. The HARQ-ACK feedback bits without any detected PDSCH
transmission or without detected PDCCH/EPDCCH indicating downlink SPS release are set to NACK.

If DL-reference UL/DL configuration of each of the serving cells belongs to {0,1,2,3,4,6} and if PUCCH format 1b
with channel selection is configured for transmission of HARQ-A CK and for two configured serving cells, the HARQ-

ACK feedback bits O,

ACK L ACK ACK

0; " .., 0ack_, 0n PUSCH are constructed as follows

if UL-reference UL/DL configuration (defined in Sec 8.0) belongs to {1, 2, 3, 4, 6}, fora PUSCH transmission

adjusted based on a detected PDCCH/EPDCCH with DCI format 0/4 with W, =1 or 2, OJACK is determined

as if PUCCH format 3 is configured for transmission of HARQ-A CK, except that spatial HARQ-A CK bundling
across multiple codewords within a DL subframe is performed for all serving cells configured with a downlink

transmission mode that supports up to two transport blocks in case WSALI =2, where the UL-reference UL/DL

configuration is the UL-reference UL/DL configuration of the serving cell corresponding to the PUSCH
transmission.

if UL-reference UL/DL configuration (defined in Sec 8.0) belongs to {1, 2, 3, 4, 6}, fora PUSCH transmission
adjusted based on a detected PDCCH/EPDCCH with DCI format 0/4 with W, =3 or 4, OJ-ACK =0()),
0< j<3as defined in Table 10.1.3.2-5or in Table 10.1.3.2-6 respectively, where the value of M is replaced by

W5k Where the UL-reference UL/DL configuration is the UL-reference UL/DL configuration of the serving

cell corresponding to the PUSCH transmission. The UE shall not transmit HARQ-ACK on PUSCH if the UE
does not receive PDSCH or PDCCH/EPDCCH indicating downlink SPS release in subframe(s) n—k where
ke K and WS’,; =4.

if UL-reference UL/DL configuration (defined in Sec 8.0) is 0, or if UL-reference UL/DL configuration (defined
in Sec 8.0) belongs to {1, 2, 3, 4, 6}, for a PUSCH trans mission not adjusted based on a detected
PDCCH/EPDCCH with DCI format 0/4, for a subframe n with M =1or 2 (M defined in Sec 10.1.3.2.1),
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ACK _

0; HARQ-ACK(j), 0< j< A-1 asdefined in clause 10.1.3.2.1, where the UL-reference UL/DL

configuration is the UL-reference UL/DL configuration of the serving cell corresponding to the PUSCH
transmission. The UE shall not transmit HARQ-ACK on PUSCH if the UE does not receive PDSCH or
PDCCH/EPDCCH indicating downlink SPS release in subframe(s) n—k where ke K.

- if UL-reference UL/DL configuration (defined in Sec 8.0) is O, or if UL-reference UL/DL configuration (defined
in Sec 8.0) belongs to {1, 2, 3, 4, 6} and, fora PUSCH transmission not adjusted based on a detected
PDCCH/EPDCCH with DCI format 0/4, forasubframe n with M =3or 4 (M defined in Sec 10.1.3.2.1),

A€'=0(j), 0< j<3as defined in Table 10.1.3.2-5 or in Table 10.1.3.2-6 respectively, where the UL-

(o}
j
reference UL/DL configuration is the UL-reference UL/DL configuration of the serving cell corresponding to the
PUSCH trans mission. The UE shall not transmit HARQ-ACK on PUSCH if the UE does not receive PDSCH or
PDCCH/EPDCCH indicating downlink SPS release in subframe(s) n—k where ke K.

When a PUCCH format 3 transmission of HARQ-ACK coincides with a sub-frame configured to the UE by higher
layers for transmission of a scheduling request, the UE shall multiplex HARQ-ACK and SR hits on HARQ-ACK
PUCCH resource as defined in clause 5.2.3.1 in [4], unless the HARQ-ACK corresponds to one of the following cases

- asingle PDSCH transmission only on the primary cell indicated by the detection of a corresponding
PDCCH/EPDCCH in subframe n—k_,where k <K ,and for UL/DL configuration of the primary cell

belonging to {1,2,3,4,5,6}, the DAI value in the PDCCH/EPDCCH is equal to '1' (defined in Table 7.3-X), ora
PDCCH/EPDCCH indicating downlink SPS release (defined in clause 9.2) in subframe n—k_,where k K,

and for UL/ DL configuration of the primary cell belonging to {1,2,3,4,5,6} the DAI value in the
PDCCH/EPDCCH is equalto '1', or

- asingle PDSCH transmission only on the primary cell where there is not a corresponding PDCCH/EPDCCH
detected within subframe(s) n—k, where k € K and no PDCCH/EPDCCH indicating downlink SPS release

(defined in clause 9.2) within subframe(s) n—k,where ke K ,or

- aPDSCH transmission only on the primary cell where there is not a corresponding PDCCH/EPDCCH detected
within subframe(s) n—k, where k € K and an additional PDSCH transmission only on the primary cell
indicated by the detection of a corresponding PDCCH/EPDCCH in subframe n—k,where k e K withthe

DAl value in the PDCCH/EPDCCH equal to '1' (defined in Table 7.3-X) or a PDCCH/EPDCCH indicating
downlink SPS release (defined in clause 9.2) in the subframe n—k_,where k e K withthe DAl value in the

PDCCH/EPDCCH equal to '1',

in which case the UE shall trans mit the HARQ-A CK and scheduling request according to the procedure for PUCCH
format 1b with channel selection in TDD.

If the parameter simultaneousAckNack AndCQI provided by higher layers is set TRUE, and if the UE is configured with
PUCCH format 1b with channel selection, and if the UE receives PDSCH and/or PDCCH/EPDCCH indicating

downlink SPS release only on the primary cell within subframe(s) n—k,where k € K, a UEshall transmit the CSI
and b(0),b(1) using PUCCH format 2b for normal CP or PUCCH format 2 for extended CP, according to clause

5.2.3.4in [4] with ag,a; replaced by b(0),b(1). The value of b(0),b(1) are generated according to Table 7.3-1 from
NcDe%Is_l
the Ngpg + ZU pAl,c HARQ-ACK responses including ACK in response to PDCCH/EPDCCH indicating
c=0
downlink SPS release by spatial HARQ-ACK bundling across multiple codewords within each PDSCH transmission for
N goiis—1
all serving cells Né%hs. If DL-reference UL/DL configuration belongs to {1,2,3,4,5,6} and, if ZU DAlc > 0 and
c=0
V,EAL, c* (U DAl —l)mod4+1 fora serving cell ¢, the UE detects that at least one downlink assignment has been
missed.

If the parameter simultaneousAckNack AndCQI provided by higher layers is set TRUE, and if the UE is configured with
PUCCH format 1b with channel selection and receives at least one PDSCH on the secondary cell within subframe(s)

n—k,where k eK,the UEshall drop the CSI and transmit HARQ-ACK according to clause 10.1.3.

3GPP



Release 11 99 3GPP TS 36.213V11.4.0 (2013-09)
When both HARQ-A CK and CSI are configured to be transmitted in the same sub-frame and if a UE is configured with
PUCCH format 3,

if the parameter simultaneousAckNackAndCQI is set TRUE and if the UE receives

- asingle PDSCH transmission only on the primary cell indicated by the detection of a corresponding
PDCCH/EPDCCH in subframe n—k_,where k_ <K ,and for UL/DL configuration of the primary cell

belonging to {1,2,3,4,5,6} the DAI value in the PDCCH/EPDCCH is equal to '1' (defined in Table 7.3-X), or a
PDCCH/EPDCCH indicating downlink SPS release (defined in clause 9.2) in subframe n—k_,where k K,

and for UL/DL configuration of the primary cell belonging to {1,2,3,4,5,6} the DAI value in the
PDCCH/EPDCCH is equalto '1', or

- asingle PDSCH transmission only on the primary cell where there is not a corresponding PDCCH detected
within subframe(s) n—k, where k e K and no PDCCH/EPDCCH indicating downlink SPS release (defined
in clause 9.2) within subframe(s) n—k, where ke K,

then the UE shall transmit the CSl and HARQ-ACK using PUCCH format 2/2a/2b according to clause 5.2.3.4 in [4];
else if

- the parameter simultaneousAck Nack AndCQI-Format3-rl11 is set TRUE and if PUCCH format 3 resource is
determined according to clause 10.1.3.1 or clause 10.1.3.2.2 and

o ifthe total number of bits in the subframe corresponding to HARQ-A CKs, SR (if any), and the CSl is
not larger than 22, or

o ifthe total number of bits in the subframe corresponding to spatially bundled HARQ-ACKs, SR (if
any), and the CSI is not larger than 22

then the UE shall transmit the HARQ-ACKS, SR (if any) and the CSI using the determined PUCCH format 3 resource
according to [4];

else,

the UE shall drop the CSI and transmit the HARQ-A CK according to clause 10.1.3.

3GPP



Release 11 100 3GPP TS 36.213 V11.4.0 (2013-09)

8 Physical uplink shared channel related procedures

For FDD and transmission mode 1, there shall be 8 uplink HARQ processes per serving cell for non-subframe bundling
operation, i.e. normal HARQ operation, and 4 uplink HARQ processes for subframe bundling operation. For FDD and
transmission mode 2, there shall be 16 uplink HARQ processes per serving cell for non-subframe bundling operation
and there are two HARQ processes associated with a given subframe as described in [8]. The subframe bundling
operation is configured by the parameter ttiBundling provided by higher layers.

In case higher layers configure the use of subframe bundling for FDD and TDD, the subframe bundling operation is
only applied to UL-SCH, such that four consecutive uplink subframes are used.

8.0 UE procedure for transmitting the physical uplink shared
channel

For FDD and normal HA RQ operation, the UE shall upon detection on a given serving cell ofa PDCCH/EPDCCH with
DCI format 0/4 and/or a PHICH transmission in subframe n intended for the UE, adjust the corresponding PUSCH
transmission in subframe n+4 according to the PDCCH/EPDCCH and PHICH information.

For normal HARQ operation, if the UE detects a PHICH transmission and if the most recent PUSCH transmission for
the same transport block was using spatial multiplexing according to clause 8.0.2 and the UE does not detect a
PDCCH/EPDCCH with DCI format 4 in subframe n intended for the UE, the UE shall adjust the corresponding PUSCH
retransmission in the associated subframe according to the PHICH information, and using the number of transmission
layers and precoding matrix according to the most recent PDCCH/EPDCCH, if the number of negatively acknowledged
transport blocks is equal to the number of transport blocks indicated in the most recent PDCCH/EPDCCH associated
with the corresponding PUSCH.

For normal HARQ operation, if the UE detects a PHICH transmission and if the most recent PUSCH transmission for
the same transport block was using spatial multiplexing according to clause 8.0.2 and the UE does not detect a
PDCCH/EPDCCH with DCI format 4 in subframe n intended for the UE, and if the number of negatively
acknowledged transport blocks is not equal to the number of transport blocks indicated in the most recent
PDCCH/EPDCCH associated with the corresponding PUSCH then the UE shall adjust the corresponding PUSCH
retransmission in the associated subframe according to the PHICH information, using the precoding matrix with
codebook index 0 and the number of transmission layers equal to number of layers corresponding to the negatively
acknowledged transport block fromthe most recent PDCCH/EPDCCH. In this case, the UL DMRS resources are
calculated according to the cyclic shift field for DMRS [3] in the most recent PDCCH/EPDCCH with DCI format 4
associated with the corresponding PUSCH transmission and number of layers corresponding to the negatively
acknowledged transport block.

If a UE is configured with the carrier indicator field for a given serving cell, the UE shall use the carrier indicator field
value fromthe detected PDCCH/EPDCCH with uplink DCI format to determine the serving cell for the corresponding
PUSCH trans mission.

For FDD and normal HA RQ operation, ifa PDCCH/EPDCCH with CSI request field set to trigger an aperiodic CSI
report, as described in clause 7.2.1, is detected by a UE on subframe n, then on subframe n+4 UCI is mapped on the
corresponding PUSCH transmission, when simultaneous PUSCH and PUCCH transmission is not configured for the
UE.

For TDD, ifa UE is configured with more than one serving cell and if the UL/DL configurations of at least two serving
cells are different, if the serving cell is a primary cell or if the UE is not configured to monitor PDCCH/EPDCCH in
another serving cell for scheduling the serving cell, the serving cell UL/DL configuration is the UL-reference UL/DL
configuration.

For TDD, ifa UE is configured with more than one serving cell and if the UL/DL configurations of at least two serving
cells are different and if the serving cell is a secondary cell and if the UE is configured to monitor PDCCH/EPDCCH in
another serving cell for scheduling the serving cell, then for the serving cell, the UL reference UL/DL configuration is
given in Table 8-0A corresponding to the pair formed by (other serving cell UL/DL configuration, serving cell UL/DL
configuration).
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Table 8-0A: UL-reference UL/DL Configuration for serving cell based on the pair formed by (other
serving cell UL/DL configuration, serving cell UL/DL configuration)

(other serving cell UL/DL configuration,
serving cell UL/DL configuration)
(1,1),(1,2),(1,4),(1,5)

(2,2),(2,5)

Setl (3,3).(3.4).,(3,5)
(4,4),(4,5)

(5.5)
(1,0),(2,0),(3,0),(4,0),(5,0)
(2,1),(4,1),(5,1)

(5.2)

(4,3),(5,3)

(5.4)
(1,6),(2,6),(3,6),(4,6),(5,6)
.1
(3,2),(4,2)

(1,3),(2,3)

2.4
(0,0),(6,0)
(0,1),(0,2),(0,4),(0,5),(6,1),(6,2),(6,5)
Set4 (0.3),(6.3)
(6.4)
(0,6),(6,6)

Set # UL-reference UL/DL configuration

Set 2

Set 3

OB W RO WIN| O W N OO W] N

For TDD and normal HARQ operation, ifa PDCCH/EPDCCH with CSI request field set to trigger an aperiodic CSI
report, as described in clause 7.2.1, is detected by a UE on subframe n, then on subframe n+k UCI is mapped on the
corresponding PUSCH transmission where k is given by Table 8-2, when simultaneous PUSCH and PUCCH
transmission is not configured for the UE.

For FDD and subframe bundling operation, the UE shall upon detection of a PDCCH/EPDCCH with DCI format 0 in
subframe n intended for the UE, and/or a PHICH trans mission in subframe n-5 intended for the UE, adjust the
corresponding first PUSCH transmission in the bundle in subframe n+4 according to the PDCCH/EPDCCH and PHICH
information.

For FDD and TDD, the NDI as signalled on PDCCH/EPDCCH, the RV as determined in clause 8.6.1, and the TBS as
determined in clause 8.6.2, shall be delivered to higher layers.

For TDD and transmission mode 1, the number of HARQ processes per serving cell shall be determined by the DL/UL
configuration (Table 4.2-2 0f[3]), as indicated in Table 8-1. For TDD and transmission mode 2, the number of HARQ
processes per serving cell for non-subframe bundling operation shall be twice the number determined by the DL/UL
configuration (Table 4.2-2 0f[3]) as indicated in Table 8-1and there are two HARQ processes associated with a given
subframe as described in [8].

Table 8-1: Number of synchronous UL HARQ processes for TDD

- . Number of HARQ processes Number of HARQ processes
Bl L HBL EamigurE i for normal HARQ operation | for subframe bundling operation
0 7 3
1 4 2
2 2 N/A
3 3 N/A
4 2 N/A
5 1 N/A
6 6 3

For TDD, ifa UE is configured with one serving cell, or if the UE is configured with more than one serving cell and the
TDD UL/DL configuration of all the configured serving cells is the same,

- For TDD UL/DL configurations 1-6 and normal HARQ operation, the UE shall upon detection of a
PDCCH/EPDCCH with uplink DCI format and/or a PHICH transmission in subframe n intended for the UE,
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adjust the corresponding PUSCH transmission in subframe n+k, with k given in Table 8-2, according to the
PDCCH/EPDCCH and PHICH information.

— For TDD UL/DL configuration 0 and normal HARQ operation the UE shall upon detection of a
PDCCH/EPDCCH with uplink DCI format and/or a PHICH transmission in subframe n intended for the UE,
adjust the corresponding PUSCH transmission in subframe n+k if the MSB of the UL index in the
PDCCH/EPDCCH with uplink DCI format is set to 1 or PHICH is received in subframe n=0or 5 in the
resource corresponding to lp,cy =0, as defined in clause 9.1.2, with k given in Table 8-2. If, for TDD
UL/DL configuration 0 and normal HARQ operation, the LSB of the UL index in the DCI format 0/4 is setto 1
in subframe n ora PHICH is received in subframe n=0or 5 in the resource corresponding to 1pcy =1, as
defined in clause 9.1.2, or PHICH is received in subframe n=1or 6, the UE shall adjust the corresponding
PUSCH trans mission in subframe n+7. If, for TDD UL/DL configuration 0, both the MSB and LSB of the UL
index in the PDCCH/EPDCCH with uplink DCI format are set in subframe n, the UE shall adjust the
corresponding PUSCH transmission in both subframes n+ k and n+7, with k given in Table 8-2.

For TDD, if a UE is configured with more than one serving cell and the TDD UL/DL configuration of at least two
configured serving cells is not the same,

— Foraserving cell with an UL-reference UL/DL configurations belonging to {1,2,3,4,5,6} and normal HARQ
operation, the UE shall upon detection of a PDCCH/EPDCCH with uplink DCI format and/or a PHICH
transmission in subframe n intended for the UE, adjust the corresponding PUSCH transmission in subframe
n+k for the serving cell, with k given in Table 8-2, according to the PDCCH/EPDCCH and PHICH
information, where the "TDD UL/DL Configuration" given in Table 8-2 refers to the UL-reference UL/DL
configuration.

— Foraserving cell with UL-reference UL/DL configuration 0 and normal HARQ operation the UE shall upon
detection of a PDCCH/EPDCCH with uplink DCI format and/or a PHICH transmission in subframe n intended
for the UE, adjust the corresponding PUSCH transmission in subframe n+k for the serving cell if the MSB of
the UL index in the PDCCH/EPDCCH with uplink DCI format is set to 1 or PHICH is received in subframe
n=0or 5 in the resource corresponding to lpcy =0, as defined in clause 9.1.2, with k given in Table 8-2. If,
for a serving cell with UL-reference UL/DL configuration 0 and normal HARQ operation, the LSB of the UL
index in the DCI format 0/4 is set to 1 in subframe n ora PHICH is received in subframe n=0o0r 5 in the
resource corresponding to |py oy =1, as defined in clause 9.1.2, or PHICH is received in subframe n=1or 6,
the UE shall ad just the corresponding PUSCH transmission in subframe n+7 for the serving cell. If, for a
serving cell with UL-reference UL/DL configuration 0, both the MSB and LSB of the UL index in the
PDCCH/EPDCCH with uplink DCI format are set in subframe n, the UE shall adjust the corresponding
PUSCH trans mission in both subframes n+ k and n+7 for the serving cell, with k given in Table 8-2, where the
TDD UL/DL Configuration™ given in Table 8-2 refers to the UL-reference UL/DL configuration.

For TDD UL/DL configurations 1 and 6 and subframe bundling operation, the UE shall upon detection of a
PDCCH/EPDCCH with DCI format 0 in subframe n intended for the UE, and/or a PHICH transmission intended for the
UE in subframe n-1 with | given in Table 8-2a, adjust the corresponding first PUSCH transmission in the bundle in
subframe n+k, with k given in Table 8-2, according to the PDCCH/EPDCCH and PHICH information.

For TDD UL/DL configuration 0 and subframe bundling operation, the UE shall upon detection ofa PDCCH/EPDCCH
with DCI format 0 in subframe n intended for the UE, and/or a PHICH trans mission intended for the UE in subframe n-|
with | given in Table 8-2a, adjust the corresponding first PUSCH transmission in the bundle in subframe n+k, if the

MSB of the UL index in the DCI format 0 is setto 1 or if 1pycy =0, as defined in clause 9.1.2, with k given in Table

8-2, according to the PDCCH/EPDCCH and PHICH information. If, for TDD UL/DL configuration 0 and subframe
bundling operation, the LSB of the UL index in the PDCCH/EPDCCH with DCI format O is set to 1 in subframe n or if
lomicn =1, as defined in clause 9.1.2, the UE shall ad just the corresponding first PUSCH transmission in the bundle in

subframe n+7, according to the PDCCH/EPDCCH and PHICH information.
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Table 8-2 k for TDD configurations 0-6

TDD UL/DL subframe number n

Configuration |0 |12 [3[4|5[6[7]8]9
0 416 416
1 6 4 6 4
2 4 4
3 4 414
4 414
5 4
6 717 717 5

Table 8-2a | for TDD configurations 0, 1 and 6

TDD UL/DL subframe number n
Configuration [0 [ 1|23 |4 [5]|6[7]|8]9
0 96 96
1 2 3 2 3
6 5[5 6|6 8

A UE is semi-statically configured via higher layer signalling to transmit PUSCH transmissions signalled via
PDCCH/EPDCCH according to one of two uplink transmission modes, denoted mode 1 - 2.

Ifa UE is configured by higher layers to decode PDCCHs with the CRC scrambled by the C-RNTI, the UE shall decode
the PDCCH according to the combination defined in Table 8-3 and transmit the corresponding PUSCH. The scrambling
initialization of this PUSCH corresponding to these PDCCHs and the PUSCH retrans mission for the same transport
block is by C-RNTI.

If a UE is configured by higher layers to decode EPDCCHSs with the CRC scrambled by the C-RNT I, the UE shall
decode the EPDCCH according to the combination defined in Table 8-3A and transmit the corresponding PUSCH. The
scrambling initialization of this PUSCH corresponding to these EPDCCHSs and the PUSCH retransmission for the same
transport block is by C-RNTI.

Transmission mode 1 is the default uplink transmission mode for a UE until the UE is assigned an uplink trans mission
mode by higher layer signalling.

When a UE configured in transmission mode 2 receives a DCI Format 0 uplink scheduling grant, it shall assume that the
PUSCH trans mission is associated with transport block 1 and that transport block 2 is disabled.

Table 8-3: PDCCH and PUSCH configured by C-RNTI

Transmission DCl format Search Space Transmission scheme of PUSCH
mode P corresponding to PDCCH

Common and .
Mode 1 DCl format 0 UE specific by C-RNTI Single-antenna port, port 10 (see clause 8.0.1)

Common and .
Mode 2 DClformat 0 UE specific by C-RNTI Single-antenna port, port 10 (see clause 8.0.1)

DClformat4 | UE specific by C-RNTI | Closed-loop spatial multiplexng  (see clause 8.0.2)

Table 8-3A: EPDCCH and PUSCH configured by C-RNTI

Transmission DCI format Search Space Transmission scheme of PUSCH
mode corresponding to EPDCCH
Mode 1 DClformat O | UEspecific by C-RNTI [ Single-antenna port, port 10 (see clause 8.0.1)
Mode 2 DClformat 0 | UE spec?ﬁc by C-RNTI | Single-antenna p_ort, por_t 10 _(see clause 8.0.1)
DClformat 4 | UE specific by C-RNTI | Closed-loop spatial multiplexing (see clause 8.0.2)
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Ifa UE is configured by higher layers to decode PDCCHSs with the CRC scrambled by the C-RNT I and is also
configured to receive random access procedures initiated by "PDCCH orders", the UE shall decode the PDCCH
according to the combination defined in Table 8-4.

Ifa UE is configured by higher layers to decode EPDCCHs with the CRC scrambled by the C-RNT Il and is also
configured to receive random access procedures initiated by "PDCCH orders™, the UE shall decode the EPDCCH
according to the combination defined in Table 8-4A.

Table 8-4: PDCCH configured as "PDCCH order" to initiate random access procedure

DCI format Search Space

DClformat 1A | Common and
UE specific by C-RNTI

Table 8-4A: EPDCCH configured as "PDCCH order" to initiate random access procedure

DCI format Search Space
DClformat 1A UE specific by C-RNTI

Ifa UE is configured by higher layers to decode PDCCHs with the CRC scrambled by the SPS C-RNTI, the UE shall
decode the PDCCH according to the combination defined in Table 8-5 and transmit the corresponding PUSCH.

The scrambling initialization of this PUSCH corresponding to these PDCCHs and PUSCH retrans mission for the same
transport block is by SPS C-RNTI. The scrambling initialization of initial transmission of this PUSCH without a
corresponding PDCCH and the PUSCH retransmission for the same transport block is by SPS C-RNTI.

Ifa UE is configured by higher layers to decode EPDCCHs with the CRC scrambled by the SPS C-RNTI, the UE shall
decode the EPDCCH according to the combination defined in Table 8-5A and transmit the corresponding PUSCH.

The scrambling initialization of this PUSCH corresponding to these EPDCCHSs and PUSCH retransmission for the same
transport block is by SPS C-RNTI. The scrambling initialization of initial transmission of this PUSCH without a
corresponding EPDCCH and the PUSCH retransmission for the same transport block is by SPS C-RNTI.

Table 8-5: PDCCH and PUSCH configured by SPS C-RNTI

Transmission DCI format Search Space Transmission scheme of PUSCH
mode P corresponding to PDCCH
Common and .
Mode 1 DCIformat 0 UE specific by C-RNTI Single-antenna port, port 10 (see clause 8.0.1)
Common and .
Mode 2 DClformat 0 UE specific by C-RNTI Single-antenna port, port 10 (see clause 8.0.1)

Table 8-5A: EPDCCH and PUSCH configured by SPS C-RNTI

Transmission Transmission scheme of PUSCH
mode DC. EimEL SRENET S IEEE corresponding to PDCCH
Mode 1 DCIformat 0 | UE specific by C-RNTI | Single-antenna port, port 10 (see clause 8.0.1)
Mode 2 DCIformat 0 | UEspecific by C-RNTI | Single-antenna port, port 10 (see clause 8.0.1)

Ifa UE is configured by higher layers to decode PDCCHSs with the CRC scrambled by the Temporary C-RNTI
regardless of whether UE is configured or not configured to decode PDCCHs with the CRC scrambled by the C-RNTI,
the UE shall decode the PDCCH according to the combination defined in Table 8-6 and transmit the corresponding
PUSCH. The scrambling initialization of PUSCH corresponding to these PDCCH is by Temporary C-RNTI.

Ifa Temporary C-RNTI is set by higher layers, the scrambling of PUSCH corresponding to the Random Access
Response Grant in clause 6.2 and the PUSCH retransmission for the same transport block is by Temporary C-RNTI.
Else, the scrambling of PUSCH corresponding to the Random Access Response Grant in clause 6.2 and the PUSCH
retransmission for the same transport block is by C-RNTI.
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Table 8-6: PDCCH configured by Temporary C-RNTI

DCl format | Search Space
DClformat 0 | Common

Ifa UE is configured by higher layers to decode PDCCHSs with the CRC scrambled by the TPC-PUCCH-RNTI, the UE
shall decode the PDCCH according to the combination defined in table 8-7. The notation 3/3A implies that the UE shall
receive either DCI format 3 or DCI format 3A depending on the configuration.

Table 8-7: PDCCH configured by TPC-PUCCH-RNTI

DCI format Search Space
DClI format 3/3A Common

Ifa UE is configured by higher layers to decode PDCCHSs with the CRC scrambled by the TPC-PUSCH-RNT I, the UE
shall decode the PDCCH according to the combination defined in table 8.8. The notation 3/3A implies that the UE shall
receive either DCI format 3 or DCI format 3A depending on the configuration.

Table 8-8: PDCCH configured by TPC-PUSCH-RNTI

DCI format Search Space
DClformat 3/3A | Common

8.0.1  Single-antenna port scheme

For the single-antenna port transmission schemes (port 10) of the PUSCH, the UE transmission on the PUSCH is
performed according to clause 5.3.2A.1 of [3].

8.0.2  Closed-loop spatial multiplexing scheme

For the closed-loop spatial multip lexing transmission scheme of the PUSCH, the UE transmission on the PUSCH is
performed according to the applicable number of transmission layers as defined in clause 5.3.2A.2 of [3].
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8.1 Resource allocation for PDCCH/EPDCCH with uplink DCI
format

Two resource allocation schemes Type 0and Type 1 are supported for PDCCH/EPDCCH with uplink DCI format.
If the resource allocation type bit is not present in the uplink DCI format, only resource allocation type O is supported.

If the resource allocation type bit is present in the uplink DCI format, the selected resource allocation type for a decoded
PDCCH/EPDCCH is indicated by a resource allocation type bit where type 0 is indicated by 0 value and type 1 is
indicated otherwise. The UE shall interpret the resource allocation field depending on the resource allocation type bit in
the PDCCH/EPDCCH with uplink DCI format detected.

8.1.1 Uplink resource allocation type O

The resource allocation information for uplink resource allocation type 0 indicates to a scheduled UE a set of
contiguously allocated virtual resource block indices denoted by nyg. A resource allocation field in the scheduling

grant consists of a resource indication value (RIV) corresponding to a starting resource block ( RBgragrt ) and a length in
terms of contiguously allocated resource blocks ( Loggs>1). The resource indication value is defined by

if (Legps—1) gLNF‘jg/zJ then
RIV = Ngg (Lcras =) + RBstagr

else

RIV = Ngg (Ngg — Legps +1) + (Ngg —1— RBgragt)

8.1.2 Uplink resource allocation type 1

The resource allocation information for uplink resource allocation type 1 indicates to a scheduled UE two sets of
resource blocks with each set including one or more consecutive resource block groups of size P as given in table

: uL : o : (NgBL/PH :
7.1.6.1-1assuming Ngg as thesystembandwidth. A combinatorial indexr consists of | log, 4 bits.

The bits fromthe resource allocation field in the scheduling grant represent r unless the number of bits in the resource
allocation field in the scheduling grant is

- smaller than required to fully represent r, in which case the bits in the resource allocation field in the scheduling
grant occupy the LSBs of r and the value of the remaining bits of r shall be assumed to be 0; or

- larger than required to fully represent r, in which case r occupies the LSBs of the resource allocation field in the
scheduling grant.

The combinatorial index r corresponds to a starting and ending RBG indexof resource blockset 1, spand s; -1, and

M -1 —S
resource blockset 2, syand s3—1 respectively, where r is given by equation r = Z< M _'> defined in clause 7.2.1
i=0 -

with M=4 and N :’_N %/PW +1. clause 7.2.1also defines ordering properties and range of values that s; (RBG

indices) map to. Only a single RBG is allocated for a set at the starting RBG index if the corresponding ending RBG
indexequals the starting RBG index
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8.2 UE sounding procedure

A UEsshall transmit Sounding Reference Symbol (SRS) on per serving cell SRS resources based on two trigger types:
- trigger type 0: higher layer signalling
- trigger type 1: DCI formats 0/4/1A for FDD and TDD and DCI formats 2B/2C/2D for TDD.

In case both trigger type 0 and trigger type 1 SRS transmissions would occur in the same subframe in the same serving
cell, the UE shall only trans mit the trigger type 1 SRS trans mission.

A UE may be configured with SRS parameters for trigger type 0 and trigger type 1 on each serving cell. The following
SRS parameters are serving cell specific and semi-statically configurable by higher layers for trigger type 0 and for
trigger type 1.

e Transmission comb IZTC , as defined in clause 5.5.3.2 of [3] for trigger type 0 and each configuration of trigger
type 1l

e Starting physical resource block assignment N, , as defined in clause 5.5.3.2 of [3] for trigger type 0 and
each configuration of trigger type 1

e duration: single or indefinite (until disabled), as defined in [11] for trigger type O

o srs-Configindex Isgs for SRS periodicity and SRS subframe offset T, as defined in Table 8.2-1 and

TSRS offset 1

Table 8.2-2 for trigger type 0 and SRS periodicity Tg.s, and SRS subframe offset T, , as defined in Table
8.2-4and Table 8.2-5 trigger type 1

e SRSbandwidth Bgg, as defined in clause 5.5.3.2 of [3] for trigger type 0 and each configuration of trigger
type 1

e Frequency hopping bandwidth, b, . as defined in clause 5.5.3.2 of [3] for trigger type 0

hop?
e Cyclic shift n;SRS , as defined in clause 5.5.3.1 of [3] for trigger type 0 and each configuration of trigger type 1
e Number ofantennaports N, for trigger type 0 and each configuration of trigger type 1

For trigger type 1and DCI format 4 three sets of SRS parameters, srs-ConfigApDCI-Format4, are configured by higher
layer signalling. The 2-bit SRS request field [4] in DCI format 4 indicates the SRS parameter set given in Table 8.1-1.
Fortrigger type 1 and DCI format 0, a single set of SRS parameters, srs-ConfigApDCI-Format0, is configured by
higher layer signalling. For trigger type 1 and DCI formats 1A/2B/2C/2D, a single common set of SRS parameters, srs-
ConfigApDCI-Formatla2b2c, is configured by higher layer signalling. The SRS request field is 1 bit [4] for DCI
formats 0/1A/2B/2C/2D, with a type 1 SRS triggered if the value of the SRS request field is set to 1",

A 1-bit SRS request field shall be included in DCI formats 0/1A for frame structure type 1 and 0/1A/2B/2C/2D for
frame structure type 2 if the UE is configured with SRS parameters for DCI formats 0/ LA/2B/2C/2D by higher-layer
signalling.

Table 8.1-1: SRS request value for trigger type 1 in DCI format 4

\Value of SRS request field Description
‘00 No type 1 SRS trigger
'01' The 1 SRS parameter set configured by higher layers
'10' The 2™ SRS parameter set configured by higher layers
11' The 3™ SRS parameter set configured by higher layers

The serving cell specific SRS transmission bandwidths CSRS are configured by higher layers. The allowable values are
given in clause 5.5.3.2 of [3].
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The serving cell specific SRS transmission sub-frames are configured by higher layers. The allowable values are given
in clause 5.5.3.30f [3].

When antenna selection is enabled for a given serving cell for a UE that supports transmit antenna selection, the index
a(nggs ), of the UE antenna that transmits the SRS at time nggs is given by

a(nggs )= Ngrs Mod2, for both partial and full sounding bandwidth, and when frequency hopping is disabled (i.e.,
bhop 2 BSRS)'

A(ne) = (Nsgs +| Nsgs /2 |+ B+ Nsrs /K [)mod2 when K iseven . 1 whereK mod4 =0
ST ] ngag mod2 whenK isodd 710 otherwise
when frequency hopping is enabled (i.e., bhop < Bggs),
BSRS
where values Bggs, brgp, N, @and nsgs are given in clause 5.5.3.2 of [3], and K= H Nb. (where Nb =1
hop
b'=bygp

regardless ofthe N, value), except when asingle SRS trans mission is configured for the UE. If a UE is configured
with more than one serving cell, the UE is not expected to transmit SRS on different antenna ports simultaneously.

A UE may be configured to transmit SRSon N, antenna ports of a serving cell where N, may be configured by
higher layer signalling. For PUSCH transmission mode 1 N, €{0,1,2,4} and for PUSCH transmission mode 2
Np €{0,12} with two antenna ports configured for PUSCHand N, €{0,1,4} with 4 antenna ports configured for

PUSCH. A UE configured for SRS transmission on multip le antenna ports of a serving cell shall trans mit SRS for all
the configured transmit antenna ports within one SC-FDMA sy mbol of the same subframe of the serving cell.

The SRS transmission bandwidth and starting physical resource block assignment are the same for all the configured
antenna ports of a given serving cell.

A UE not configured with multiple TAGs shall not transmit SRS whenever SRS and PUSCH transmissions happen to
overlap in the same symbol.

For TDD, when one SC-FDMA symbol exists in UpPTS of a given serving cell, it can be used for SRS trans mission.
When two SC-FDMA symbols exist in UpPTS of a given serving cell, both can be used for SRS transmission and both
can be assigned to the same UE.

A UEnot configured with multiple TAGs shall not transmit type 0 triggered SRS whenever type 0 triggered SRS and
PUCCH format 2/2a/2b transmissions happen to coincide in the same subframe. A UE not configured with multiple
TAGs shall not transmit type 1 triggered SRS whenever type 1 triggered SRS and PUCCH format 2a/2b or format 2
with HARQ-ACK transmissions happen to coincide in the same subframe. A UE not configured with multiple TAGs
shall not transmit PUCCH format 2 without HARQ-A CK whenever type 1triggered SRS and PUCCH format 2 without
HARQ-ACK transmissions happen to coincide in the same subframe.

A UE not configured with multiple TAGs shall not transmit SRS whenever SRS transmission and PUCCH transmission
carrying HARQ-ACK and/or positive SR happen to coincide in the same subframe if the parameter ackNackSRS-
SimultaneousTransmission is FALSE. A UE not configured with multiple TAGs shall transmit SRS whenever SRS
transmission and PUCCH transmission carrying HARQ-A CK and/or positive SR using shortened format as defined in
clauses 5.4.1and 5.4.2A of [3] happen to coincide in the same subframe if the parameter ackNackSRS-
SimultaneousTransmission is TRUE.

A UEnot configured with multiple TAGs shall not transmit SRS whenever SRS transmission on any serving cells and
PUCCH transmission carrying HARQ-ACK and/or positive SR using normal PUCCH format as defined in clauses 5.4.1
and 5.4.2A of [3] happen to coincide in the same subframe.

In UpPTS, whenever SRS transmission instance overlaps with the PRA CH region for preamb le format 4 or exceeds the
range of uplink system bandwidth configured in the serving cell, the UE shall not transmit SRS.

The parameter ackNackSRS-SimultaneousTransmission provided by higher layers determines if a UE is configured to
support the transmission of HARQ-ACK on PUCCH and SRS in one subframe. If it is configured to support the
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transmission of HARQ-ACK on PUCCH and SRS in one subframe, then in the cell specific SRS subframes of the
primary cell UE shall transmit HARQ-ACK and SR using the shortened PUCCH format as defined in clauses 5.4.1and
5.4.2A of [3], where the HARQ-ACK or the SR symbol corresponding to the SRS location is punctured.

This shortened PUCCH format shall be used in a cell specific SRS subframe of the primary cell even if the UE does not
transmit SRS in that subframe. The cell specific SRS subframes are defined in clause 5.5.3.3 of [3]. Otherwise, the UE
shall use the normal PUCCH format 1/1a/1b as defined in clause 5.4.1 of [3] or normal PUCCH format 3 as defined in
clause 5.4.2A of [3] for the transmission of HARQ-ACK and SR.

and SRS subframe offset, T is

' T offset »

Trigger type 0 SRS configuration of a UE in a serving cell for SRS periodicity, T,
defined in Table 8.2-1and Table 8.2-2, for FDD and TDD, respectively. The periodicity T, of the SRS transmission

is serving cell specific and is selected from the set {2, 5, 10, 20, 40, 80, 160, 320} ms or subframes.
For the SRS periodicity Ty, 0f2 msin TDD, two SRS resources are configured in a half frame containing UL

subframe(s) of a given serving cell.
Type Otriggered SRS trans mission instances in a given serving cell for TDD with Ty, >2 and for FDD are the
subframes satisfying  (10-n + Kgng — Toptee) MOUTegg =0, Where for FDD Kgog = {0,1,...,9} is the subframe index

within the frame, for TDD Kggg is defined in Table 8.2-3. The SRS transmission instances for TDD with T, =2 are
the subframes satisfying (Kegs — Tyfeer) M0A5=0.

Trigger type 1 SRS configuration of a UE in a serving cell for SRS periodicity, Tgqs,, and SRS subframe offset, Ty freern s

is defined in Table 8.2-4 and Table 8.2-5, for FDD and TDD, respectively. The periodicity T.s, ofthe SRS

transmission is serving cell specific and is selected fromthe set {2, 5, 10} ms or subframes.
For the SRS periodicity Tgps, 0f2 msin TDD, two SRS resources are configured in a half frame containing UL

subframe(s) of a given serving cell.

A UE configured for type 1triggered SRS transmission in serving cell ¢ and not configured with a carrier indicator field
shall transmit SRS on serving cell ¢ upon detection of a positive SRS request in PDCCH/EPDCCH scheduling
PUSCH/PDSCH on serving cell c.

A UE configured for type 1triggered SRS transmission in serving cell ¢ and configured with a carrier indicator field
shall transmit SRS on serving cell ¢ upon detection of a positive SRS request in PDCCH/EPDCCH scheduling
PUSCH/PDSCH with the value of carrier indicator field corresponding to serving cell c.

A UE configured for type 1triggered SRS transmission on serving cell ¢ upon detection of a positive SRS request in
subframe n of serving cell ¢ shall commence SRS transmission in the first subframe satisfying n+k,k >4 and

(10 ng + kSRS — oﬁset,l) mOdTSRS‘l =0 for TDD with TSRS,l > 2 and for FDD,
(kSRS - of‘fset,l) mod5 =0 for TDD with TSRS,l =2

where for FDD  Kqps = {0,1,...,9} is the subframe index within the frame n; , for TDD Kggg is defined in Table 8.2-3.

A UE configured for type 1triggered SRS transmission is not expected to receive type 1 SRS triggering events
associated with different values of trigger type 1 SRS transmission parameters, as configured by higher layer signalling,
for the same subframe and the same serving cell.

A UEshall not transmit SRS whenever SRS and a PUSCH transmission corresponding to a Random Access Response
Grant or a retransmission of the same transport block as part of the contention based randomaccess procedure coincide
in the same subframe.
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and Subframe Offset Configuration T g

SRS Configuration Index Isrs | SRS Periodicity Tg,s (ms) | SRS Subframe Offset Ty
0-1 2 Isks
2-6 5 Isrs — 2
7-16 10 Isrs—7
17 -36 20 Isrs— 17
37-76 40 Isrs — 37
77 -156 80 Isrs — 77
157 - 316 160 Isrs — 157
317 -636 320 Isrs — 317
637 — 1023 reserved reserved
Table 8.2-2: UE Specific SRS Periodicity T, and Subframe Offset Configuration T g,

for trigger type 0, TDD

SRS Configuration Index | SRS Periodicity | SRS Subframe Offset
Isrs Tsrs (ms) Toffset
0 2 0,1
1 2 0,2
2 2 1,2
3 2 0,3
4 2 1,3
5 2 0,4
6 2 1,4
7 2 2,3
8 2 2,4
9 2 3,4
10-14 5 Isrs — 10
15-24 10 Isrs — 15
2544 20 Isrs — 25
45 -84 40 Isrs — 45
85-164 80 Isrs — 85
165 -324 160 Isrs — 165
325-644 320 Isrs — 325
645 — 1023 reserved reserved
Table 8.2-3: Kyzs for TDD
subframe index n
0 1 2|13(4]5 6
1st symbol 2nd symbol 1st symbol 2nd symbol
of UpPTS of UpPTS of UpPTS of UpPTS
Krs in case UpPTS 0 1 2134 5 5
length of 2 symbols
Krs in case UpPTS 1 o134 6 7 1s
length of 1 symbol
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and Subframe Offset Configuration Toffsetl

SRS Configuration Index | SRS Periodicity | SRS Subframe Offset
Isrs TSRS,l (ms) Toffset,l
0-1 2 Isks
2-6 5 Isrs — 2
7—-16 10 Isrs— 7
17-31 reserved reserved
Table 8.2-5: UE Specific SRS Periodicity Tgq, and Subframe Offset Configuration T,

for trigger type 1, TDD

SRS Configuration Index | SRS Periodicity | SRS Subframe Offset

Isrs Tors1 (MS) Tof‘fset,l

0 2 0,1

1 2 0,2

2 2 1,2

3 2 0,3

4 2 1,3

5 2 0,4

6 2 1,4

7 2 2,3

8 2 2,4

9 2 3,4
10-14 5 Isrs— 10
15-24 10 Isrs— 15
25-31 reserved reserved
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8.3 UE HARQ-ACK procedure

For Frame Structure type 1, an HARQ-ACK received on the PHICH assigned to a UE in subframe i is associated with
the PUSCH transmission in subframe i-4.

For TDD, ifa UE is configured with one serving cell, or if the UE is configured with more than one serving cell and the
TDD UL/DL configuration of all the configured serving cells is the same,

- For Frame Structure type 2 UL/DL configuration 1-6, an HARQ-ACK received on the PHICH assigned to a
UE in subframe i is associated with the PUSCH trans mission in the subframe i-k as indicated by the following
table 8.3-1.

- For Frame Structure type 2 UL/DL configuration 0, an HARQ-A CK received on the PHICH in the resource
corresponding to Ipycy =0, as defined in clause 9.1.2, assigned to a UE in subframe i is associated with the
PUSCH trans mission in the subframe i-k as indicated by the following table 8.3-1. For Frame Structure type 2
UL/DL configuration 0, an HARQ-ACK received on the PHICH in the resource corresponding to 1,y =1,

as defined in clause 9.1.2, assigned to a UE in subframe i is associated with the PUSCH transmission in the
subframe i-6.

For TDD, ifa UE is configured with more than one serving cell and the TDD UL/DL configuration of at least two
configured serving cells is not the same,

— Forserving cell with an UL-reference UL/DL configuration (defined in clause 8.0) belonging to {1,2,3,4,5,6}, an
HARQ-ACK received on the PHICH assigned to a UE in subframe i is associated with the PUSCH
transmission in the subframe i-k for the serving cell as indicated by the following table 8.3-1, where "TDD
UL/DL Configuration™ in table 8.3-1 refers to the UL-reference UL/DL Configuration.

— Foraserving cell with UL-reference UL/DL configuration 0 (defined in clause 8.0), an HARQ-ACK received on
the PHICH in the resource corresponding to Ip oy =0, as defined in clause 9.1.2, assigned to a UE in

subframe i is associated with the PUSCH transmission in the subframe i-k for the serving cell as indicated by
the following table 8.3-1, where "TDD UL/DL Configuration™ in table 8.3-1 refers to the UL-reference UL/DL
configuration. For a serving cell with UL-reference UL/DL configuration 0, an HARQ-ACK received on the

PHICH in the resource corresponding to |pycy =1, as defined in clause 9.1.2, assigned to a UE in subframe i
is associated with the PUSCH transmission in the subframe i-6 for the serving cell.

Table 8.3-1 k for TDD configurations 0-6

TDD UL/DL subframe number i

Configuration [0 [ 12|34 |56 |[7[8]9
0 714 714
1 4 6 4 6
2 6 6
3 6 6|6
4 6|6
5 6
6 6|4 714 6

The physical layer in the UE shall deliver indications to the higher layers as follows:

For FDD, and for TDD with a UE configured with one serving cell, and for TDD with a UE configured with more than
one serving cell and with TDD UL/DL configuration of all configured serving cells the same, for downlink subframe i,
if a transport block was transmitted in the associated PUSCH subframe then:

- if ACK is decoded on the PHICH corresponding to that transport block in subframe i, or if that
transport block is disabled by PDCCH/EPDCCH received in downlink subframe i, ACK for that
transport block shall be delivered to the higher layers; else NACK for that transport block shall be
delivered to the higher layers.

For TDD, if the UE is configured with more than one serving cell, and if at least two serving cells have different UL/DL
configurations, for downlink subframe i, if a transport block was transmitted in the associated PUSCH subframe then:
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if ACK is decoded on the PHICH corresponding to that transport block in subframe i, or if that
transport block is disabled by PDCCH/EPDCCH received in downlink subframe i, ACK for that
transport block shall be delivered to the higher layers; or

if a PHICH resource corresponding to that transport block is not present in subframe i or if UE is not
expected to receive PHICH corresponding to that transport block in subframe i, ACK for that transport
block shall be delivered to the higher layers.

else NACK for that transport block shall be delivered to the higher layers.
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8.4 UE PUSCH hopping procedure

The UE shall perform PUSCH frequency hopping if the single bit Frequency Hopping (FH) field in a corresponding
PDCCH/EPDCCH with DCI format 0 is set to 1 and the uplink resource block assignment is type 0 otherwise no

PUSCH frequency hopping is performed.

A UE performing PUSCH frequency hopping shall determine its PUSCH Resource Allocation (RA) for the first slot of
a subframe (S1) including the lowest index PRB ( nS&QB (n) ) in subframe n fromthe resource allocation field in the latest

PDCCH/EPDCCH with DCI format 0 for the same transport block. If there is no PDCCH/EPDCCH for the same
transport block, the UE shall determine its hopping type based on

- the hopping information in the most recent semi-persistent scheduling assignment PDCCH/EPDCCH, when
the initial PUSCH for the same transport block is semi-persistently scheduled or

- therandomaccess response grant for the same transport block, when the PUSCH is initiated by the random
access response grant.

The resource allocation field in DCI format 0 excludes either 1 or 2 bits used for hopping information as indicated by
Table 8.4-1 below where the number of PUSCH resource blocks is defined as

N - NHO —(Ngg mod 2) TypelPUSCH hopping
Ni " = Nig Type2 N,, =1 PUSCH hopping
NY — NHO Type2 N, >1PUSCH hopping

For type 1 and type 2PUSCH hopping, N5 =NEQ +1 if NKS is an odd number where NSO defined in [3].

NHO

RB = NRHS in other cases. The size of the resource allocation field in DCI format 0 after excluding either 1 or 2 bits

shallbe Yy = |7|0g2 (NS (NS +1)/2)—| — NyL_ hop» Where Ny_nop =1 or 2 bits. The number of contiguous RBs
that can be assigned to a type-1 hopping user is limited to | 2"/ N;{J,;J. The number of contiguous RBs that can be

assigned to a type-2 hopping user is limited to min( LZV / N:éJ,LN;gSCH / NsbJ ), where the number of sub-bands

Ny, is given by higher layers.

A UE performing PUSCH frequency hopping shall use one of two possible PUSCH frequency hopping types based on
the hopping information. PUSCH hopping type 1 is described in clause 8.4.1 and type 2 is described in clause 8.4.2.

Table 8.4-1: Number of Hopping Bits Ny nop VS. System Bandwidth

System BW | #Hopping bits for 2nd slot RA
NLRJ|I3‘ (NuL_hop)
6-49 1
50-110 2

The parameter Hopping-mode provided by higher layers determines if PUSCH frequency hopping is "inter-subframe"
or "intra and inter-subframe".

3GPP



Release 11 115 3GPP TS 36.213 V11.4.0 (2013-09)

8.4.1  Type 1 PUSCH hopping

For PUSCH hopping type 1 the hopping bit or bits indicated in Table 8.4-1 determine npgg (i) as defined in Table 8.4-2.
The lowest index PRB ( n3tg (i) ) of the 1% slot RA in subframe i is defined as n3g (i) = fissg () + NfS /2, where
Nprg (i) = RBsrary » @nd  RBgpagt IS Obtained fromthe uplink scheduling grant as in clause 8.4 and clause 8.1.

The lowest index PRB ( npgg (i) ) of the 2" slot RA in subframe i is defined as Npgg (i) = fipgg (i) + NGO /2.

The set of physical resource blocks to be used for PUSCH transmission are Lgg,coOntiguously allocated resource

blocks from PRB index nSts (i) for the 1°slot, and from PRB index npgg (i) for the 2" slot, respectively, where
Lcrgs i Obtained from the uplink scheduling grant as in clause 8.4 and clause 8.1.

If the Hopping-mode is "inter-subframe”, the 1% slot RA is applied to even CURRENT_TX_NB, and the 2" slot RA is
applied to odd CURRENT_TX_NB, where CURRENT_TX_NB is defined in [8].

8.4.2 Type 2 PUSCH hopping

In PUSCH hopping type 2 the set of physical resource blocks to be used for transmission in slot n is given by the

scheduling grant together with a predefined pattern according to [3] clause 5.3.4.
If the system frame number is not acquired by the UE yet, the UE shall not transmit PUSCH with type -2 hopping and
Ng, >1 for TDD, where N, is defined in [3].

Table 8.4-2: PDCCH/EPDCCH DCI format 0 hopping bit definition

System BW | number of | Information in A0
NEBL Hopping bits | hopping bits PRB
PUSCH PUSCH
6—49 1 0 @ /2J + nPRB (|)j mod Ny ,
1 Type 2 PUSCH Hopping
00 O_NRUSCH /4J + Nipra (')) mod N &g
01 LN PUSCH /4J +hps 0) modNPUSCH
50-110 2 RB PRB
10| (INgeerrz] gk ) modngger
11 Type 2 PUSCH Hopping

8.5 UE Reference Symbol (RS) procedure

If UL sequence-group hopping or sequence hopping is configured in a serving cell, it applies to all Reference Sy mbols
(SRS, PUSCH and PUCCH RS). If disabling of the sequence-group hopping and sequence hopping is configured for the
UE in the serving cell through the higher-layer parameter Disable-sequence-group-hopping, the sequence-group
hopping and sequence hopping for PUSCH RS are disabled.
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8.6 Modulation order, redundancy version and transport block
Size determination

To determine the modulation order, redundancy version and transport block size for the physical uplink shared channel,
the UE shall first

read the "modulation and coding scheme and redundancy version” field ( I, ), and

check the "CSI request" bit field, and

compute the total number of allocated PRBs ( N5 ) based on the procedure defined in clause 8.1, and

compute the number of coded symbols for control information.

8.6.1  Modulation order and redundancy version determination
For 0 < I,,cs <28, the modulation order ( Q,,) is determined as follows:

- Ifthe UE is capable of supporting 64QAM in PUSCH and has not been configured by higher layers to transmit
only QPSK and 16QAM, the modulation order is given by Q;n in Table 8.6.1-1.

- Ifthe UE is not capable of supporting 64QAM in PUSCH or has been configured by higher layers to transmit
only QPSK and 16QAM, Q,, is first read from Table 8.6.1-1. The modulation orderis setto Q,, = min(4,Q,,) .

- Ifthe parameter ttiBundling provided by higher layers is set to TRUE, then the resource allocation size is
restricted to Nz <3 and the modulation order is setto Q, =2.

For 29 < I,cs <31 the modulation order (Q,, ) is determined as follows:

- if DCI format 0 is used and 1, =29 or, if DCI format 4 is used and only 1 TB is enabled and 1,,., =29 for the
enabled TB and the signalled number of transmission layers is 1, and if

o the "CSlI request" bit field is 1 bit and the bit is set to trigger an aperiodic report and, Nppg <4 or,

o the "CSI request" bit field is 2 bits and is triggering an aperiodic CSI report for one serving cell
according to Table 7.2.1-1A, and, Npgg <4 or,

o the "CSlI request" bit field is 2 bits and is triggering an aperiodic CSI report for more than one serving
cell according to Table 7.2.1-1A and, Npgrg <20, o0r,

o the "CSI request" bit field is 2 bits and is triggering an aperiodic CSI report for more than one CSI
according to Table 7.2.1-1Band Npggs <20,

then the modulation order is setto Q,, =2.

- Otherwise, the modulation order shall be determined from the DCI transported in the latest PDCCH/EPDCCH
with DCI format 0/4 for the same transport block using 0< | < 28. If there is no PDCCH/EPDCCH with

MCS —

<28, the modulation order shall be determined from

DCI format 0/4 for the same transport block using 0< 1, <

o the most recent semi-persistent scheduling assignment PDCCH/EPDCCH, when the initial PUSCH
for the same transport block is semi-persistently scheduled, or,

o therandomaccess response grant for the same transport block, when the PUSCH is initiated by the
random access response grant.
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and Table 8.6.1-1to determine the redundancy version (rvig) to use in the physical uplink shared

Table 8.6.1-1: Modulation, TBS index and redundancy version table for PUSCH

MCS Index || Modulation Order | TBS Index Redundancy Version
I'vics Qn Ires M'Vidx
0 2 0 0
1 2 1 0
2 2 2 0
3 2 3 0
4 2 4 0
5 2 5 0
6 2 6 0
7 2 7 0
8 2 8 0
9 2 9 0
10 2 10 0
11 4 10 0
12 4 11 0
13 4 12 0
14 4 13 0
15 4 14 0
16 4 15 0
17 4 16 0
18 4 17 0
19 4 18 0
20 4 19 0
21 6 19 0
22 6 20 0
23 6 21 0
24 6 22 0
25 6 23 0
26 6 24 0
27 6 25 0
28 6 26 0
29 1
30 reserved 2
31 3

8.6.2  Transport block size determination

For 0 < I,cs <28, the UEshall first determine the TBS index ( Iz ) using I,,.s and Table 8.6.1-1 except if the

transport block is disabled in DCI format 4 as specified below. For a transport block that is not mapped to two -layer
spatial multiplexing, the TBS is determined by the procedure in clause 7.1.7.2.1. For a transport block that is mapped to
two-layer spatial multiplexing, the TBS is determined by the procedure in clause 7.17.2.2.

For29 <1, <31,

— if DCl format 0 is used and 1,5 =29 or, if DCI format 4 is used and only 1 TB is enabled and 1,,~5 =29
for the enabled TB and the number of transmission layers is 1, and if

o the "CSl request” bit field is 1 bit and is set to trigger an aperiodic CSl report and Npgg <4, o0r

o the "CSI request" bit field is 2 bits and is triggering an aperiodic CSI report for one serving cell
according to Table 7.2.1-1A,and, Nprg <4 or,
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o the "CSI request" bit field is 2 bits and is triggering aperiodic CSI report for more than one serving
cell according to Table 7.2.1-1A and, Npgg <20,

o the "CSI request" bit field is 2 bits and is triggering an aperiodic CSI report for more than one CSI
according to Table 7.2.1-1Band, Npgg <20

then there is no transport block for the UL-SCH and only the control information feedback for the current PUSCH
reporting mode is transmitted by the UE.

Otherwise, the transport block size shall be determined fromthe initial PDCCH/EPDCCH for the same transport
block using 0<1,,., <28. Ifthere is no initial PDCCH/EPDCCH with an uplink DCI format for the same

transport block using 0<I,,.; <28, the transport block size shall be determined from

o the most recent semi-persistent scheduling assignment PDCCH/EPDCCH, when the initial PUSCH
for the same transport block is semi-persistently scheduled, or,

o therandomaccess response grant for the same transport block, when the PUSCH is initiated by the
random access response grant.

In DCI format 4 a transport block is disabled if either the combination of 1, =0 and Npgg >1 orthe combination

of lycs =28 and Npgg =1 is signalled, otherwise the transport block is enabled.
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8.6.3 Control information MCS offset determination

Offset values are defined for single codeword PUSCH transmission and mu ltiple codeword PUSCH transmission.

Single codeword PUSCH transmission offsets ﬂO?QE?_ACK , ﬂ;ﬂset and ,Bocﬁ(s?ét shall be configured to values

according to Table 8.6.3-1,2,3 with the higher layer signalled indexes |2 1% and 152

Multiple codeword PUSCH transmission offsets Sie "o, B

respectively.

CcQl .
ottset @Nd Oﬁfet shall be configured to values

according to Table 8.6.3-1,2,3 with the higher layer signalled indexes | e+ lefiseme and | oemc »

respectively.

Table 8.6.3-1: Mapping of HARQ-ACK offset values and the index signalled by higher layers

| HARQ-ACK | HARQ-ACK ﬁHARQ—ACK
offset offset, MC offset

0 2.000

2.500

A

3.125

4.000

5.000

6.250

8.000

10.000

12.625

Ol | N]J]O|lO|PA]W| DN

15.875

20.000

[
o

31.000

[
[E

50.000

IRy
N

80.000

=
w

126.000

[EnY
N

1.0

=
6]
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Table 8.6.3-2: Mapping of Rl offset values and the index signalled by higher layers

RI

I offset OF

RI
offset,MC

RI
ﬂ offset

1.250

1.625

2.000

2.500

3.125

4.000

5.000

6.250

8.000

Ol 0| N[l Al W|IDN] ]| O

10.000

A
o

12.625

BN
[ERN

15.875

[EnY
N

20.000

[EnY
w

reserved

=
N

reserved

[EY
&)

reserved
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Table 8.6.3-3: Mapping of CQI offset values and the index signalled by higher layers

Iocfoslet or Ionsttlet,MC ﬂfﬁQsét
0 reserved
1 reserved
2 1.125
3 1.250
4 1.375
5 1.625
6 1.750
7 2.000
8 2.250
9 2.500
10 2.875
11 3.125
12 3.500
13 4.000
14 5.000
15 6.250
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8.7 UE transmit antenna selection

UE transmit antenna selection is configured by higher layers via parameter ue-TransmitAntennaSelection.
A UE configured with transmit antenna selection for a serving cell is not expected to

e Dbe configured with more than one antenna port for any uplink physical channel or signal for any configured
serving cell, or

e be configured with trigger type 1 SRS transmission on any configured serving cell, or
o be configured with simultaneous PUCCH and PUSCH transmission, or

e be configured with demodulation reference signal for PUSCH with OCC for any configured serving cell (see
[3], clause 5.5.2.1.1), or

e receive DCI Format 0 indicating uplink resource allocation type 1 for any serving cell.
If UE trans mit antenna selection is disabled or not supported by the UE, the UE shall transmit from UE port 0.

If closed-loop UE transmit antenna selection is enabled by higher layers the UE shall perform transmit antenna selection
in response to the most recent command received via DCI Format 0 in clause 5.3.3.2 of [4].

If a UE is configured with more than one serving cell, the UE may assume the same trans mit antenna port value is
indicated in each PDCCH/EPDCCH with DCI format 0 in a given subframe.

If open-loop UE transmit antenna selection is enabled by higher layers, the transmit antenna to be selected by the UE is
not specified.
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9 Physical downlink control channel procedures

9.1 UE procedure for determining physical downlink control
channel assignment

9.1.1 PDCCH assignment procedure

The control region of each serving cell consists of a set of CCEs, numbered from0to Nccg —1 according to clause
6.8.1in [3], where Nccg is the total number of CCEs in the control region of subframe k.

The UE shall monitor a set of PDCCH candidates on one or more activated serving cells as configured by higher layer
signalling for control information, where monitoring imp lies attempting to decode each of the PDCCHs in the set
according to all the monitored DCI formats.

The set of PDCCH candidates to monitor are defined in terms of search spaces, where a search space SiEL) at
aggregation level L e {1,2,4,8} is defined by a set of PDCCH candidates. For each serving cell on which PDCCH is

monitored, the CCEs corresponding to PDCCH candidate m of the search space SifL) are given by

L { (Y +m)ymod| Nege o /L | J+i

where Y, is defined below, i=0,---,L—1. Forthe common search space m'=m.Forthe PDCCH UE specific search
space, for the serving cell on which PDCCH is monitored, if the monitoring UE is configured with carrier indicator field
then m'=m+M ") ‘Ngy where ng, is the carrier indicator field value, else if the monitoring UE is not configured

with carrier indicator field then m’=m,where m=0,---,M® —1. M is the number of PDCCH candidates to
monitor in the given search space.

Note that the carrier indicator field value is the same as ServCellindex given in [11].

The UE shall monitor one common search space in every non-DRX subframe at each of the aggregation levels 4 and 8
on the primary cell.

If a UE is not configured for EFDCCH monitoring, and if the UE is not configured with a carrier indicator field, then
the UE shall monitor one PDCCH UE-specific search space at each of the aggregation levels 1, 2, 4, 8 on each activated
serving cell in every non-DRX subframe.

If a UE is not configured for EFDCCH monitoring, and if the UE is configured with a carrier indicator field, then the
UE shall monitor one or more UE-specific search spaces at each of the aggregation levels 1, 2, 4, 8 on one or more
activated serving cells as configured by higher layer signalling in every non-DRX subframe.

Ifa UE is configured for EPDCCH monitoring on a serving cell, and if that serving cell is activated, and if the UE is not
configured with a carrier indicator field, then the UE shall monitor one PDCCH UE-specific search space at each of the
aggregation levels 1, 2, 4, 8 on that serving cell in all non-DRX subframes where EPDCCH is not monitored on that
serving cell.

Ifa UE is configured for EPDCCH monitoring on a serving cell, and if that serving cell is activated, and if the UE is
configured with a carrier indicator field, then the UE shall monitor one or more PDCCH UE-specific search spaces at
each of the aggregation levels 1, 2, 4, 8 on that serving cell as configured by higher layer signalling in all non-DRX
subframes where EPDCCH is not monitored on that serving cell.

The common and PDCCH UE-specific search spaces on the primary cell may overlap.

A UE configured with the carrier indicator field associated with monitoring PDCCH on serving cell ¢ shall monitor
PDCCH configured with carrier indicator field and with CRC scrambled by C-RNT1 in the PDCCH UE specific search
space of serving cell c.
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A UE configured with the carrier indicator field associated with monitoring PDCCH on the primary cell shall monitor
PDCCH configured with carrier indicator field and with CRC scrambled by SPS C-RNTI in the PDCCH UE specific
search space of the primary cell.

The UE shall monitor the common search space for PDCCH without carrier indicator field.

For the serving cell on which PDCCH is monitored, if the UE is not configured with a carrier indicator field, it shall
monitor the PDCCH UE specific search space for PDCCH without carrier indicator field, if the UE is configured with a
carrier indicator field it shall monitor the PDCCH UE specific search space for PDCCH with carrier indicator field.

A UE is not expected to monitor the PDCCH of a secondary cell if it is configured to monitor PDCCH with carrier
indicator field corresponding to that secondary cell in another serving cell. For the serving cell on which PDCCH is
monitored, the UE shall monitor PDCCH candidates at least for the same serving cell.

A UE configured to monitor PDCCH candidates with CRC scrambled by C-RNTI or SPS C-RNTI with a common
payload size and with the same first CCE index n..g (as described in clause 10.1) but with different sets of DCI

information fields as defined in [4] in the
- common search space

- PDCCH UE specific search space
on the primary cell shall assume that for the PDCCH candidates with CRC scrambled by C-RNTI or SPS C-RNTI,

- ifthe UE is configured with the carrier indicator field associated with monitoring the PDCCH on the
primary cell, only the PDCCH in the common search space is transmitted by the primary cell;

- otherwise, only the PDCCH in the UE specific search space is transmitted by the primary cell.

A UE configured to monitor PDCCH candidates in a given serving cell with a given DCI format size with CIF, and
CRCscrambled by C- RNTI, where the PDCCH candidates may have one or more possible values of CIF for the given
DCI format size, shall assume that a PDCCH candidate with the given DCI format size may be transmitted in the given
serving cell in any PDCCH UE specific search space corresponding to any of the possible values of CIF for the given
DCI format size.

The aggregation levels defining the search spaces are listed in Table 9.1.1-1. The DCI formats that the UE shall monitor
depend on the configured transmission mode per each serving cell as defined in clause 7.1.

Table 9.1.1-1: PDCCH candidates monitored by a UE

Search space S{") Number of PDCCH

Type Aggregation level L | Size [in CCEs] | candidates M
6
12
8
16
16
16

UE-specific

N| B NN oo

Common

O B O B N[

For the common search spaces, Y, is set to 0 for the two aggregation levels L=4 and L=8.
For the UE-specific search space S|EL) at aggregation level L, the variable Y, is defined by

where Y =ngynm 20, A=39827, D=65537 and kans/ZJ, N, is the slot number within a radio frame.

The RNTI value used for Ny, is defined in clause 7.1 in downlink and clause 8 in uplink.
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9.1.2  PHICH assignment procedure

If a UE is not configured with multiple TAGs, or ifa UE is configured with multiple TAGs and PUSCH transmissions
scheduled fromserving cell cin subframe n are not scheduled by a Random Access Response Grant corresponding to a

randomaccess preamble transmission for a secondary cell

- For PUSCH transmissions scheduled fromserving cell ¢ in subframe n, the UE shall determine the
corresponding PHICH resource of serving cell ¢ insubframe n+Kkpy ey » Where Koy oy i always 4 for
FDD.

- ForTDD, ifthe UE is configured with one serving cell, or if the UE is configured with more than one serving
cell and the TDD UL/DL configuration of all the configured serving cells is the same, for PUSCH transmissions
scheduled fromserving cell cin subframe n, the UE shall determine the corresponding PHICH resource of

serving cell ¢ insubframe n+Kkpy ey, Where Koy ey is given in table 9.1.2-1.

- ForTDD, ifthe UE is configured with more than one serving cell and the TDD UL/DL configuration of at least
two configured serving cells is not the same, for PUSCH transmissions scheduled fromserving cell cin

subframe n, the UE shall determine the corresponding PHICH resource of serving cell ¢ in subframe
N+ Kppicy » Where  Kppycn 1S given in table 9.1.2-1, where the "TDD UL/DL Configuration™ in the rest of this

clause refers to the UL-reference UL/DL configuration (defined in clause 8.0) of the serving cell corresponding
to the PUSCH transmission.

Ifa UE is configured with multiple TAGs, for PUSCH trans missions on subframe n for a secondary cell ¢ scheduled
by a Random Access Response grant corresponding to a randomaccess preamble transmission for the secondary cell ¢,

- ForTDD, ifthe UE is configured with more than one serving cell and the TDD UL/DL configuration of at least
two configured serving cells is not the same, the "TDD UL/DL Configuration™ in the rest of this clause refers to
the UL-reference UL/DL configuration (defined in clause 8.0) of secondary cell c.

- Ifthe UE is not configured to monitor PDCCH/EPDCCH with carrier indicator field corresponding to
secondary cell ¢ in anotherserving cell, the UE shall determine the corresponding PHICH resource on the

secondary cell C insubframe n+Kpy oy Where Kpy e is always 4 for FDD and where Kppy oy IS given in
table 9.1.2-1 for TDD.

- Ifthe UE is configured to monitor PDCCH/EPDCCH with carrier indicator field corresponding to secondary
cell ¢ inanotherserving cell cl,the UE configured with multiple TAGs shall determine the corresponding
PHICH resource on the serving cell c1 insubframe n+Kppy ey » Where Kppy ey is always 4 for FDD and where

Kppicy 1S given in table 9.1.2-1 for TDD.
For subframe bundling operation, the corresponding PHICH resource is associated with the last subframe in the bundle.

Table 9.1.2-1: kpycy for TDD

TDD UL/DL subframe index n
Configuration (0| 1|2 (3[4 |5[6]7]8[9
0 41716 41716
1 416 416
2 6 6
3 6[6][6
4 6|6
5 6
6 416 |6 417

The PHICH resource is identified by the indexpair (N3 en Npricn ) Where n3iich is the PHICH group number and

n;ﬁ,CH is the orthogonal sequence index within the group as defined by:

group _ group group
NpHICH = (Ipre R+ NDMRS)MOANBL cH + o cH NBHICH

seq _ \_ group J PHICH
NeHicH = (Ipre_ra/ NpHICH I+ NDMRs) MOd 2Nsp
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where

*  Npurs IS mapped fromthe cyclic shift for DM RS field (according to Table 9.1.2-2) in the most recent

PDCCH with uplink DCI format [4] for the transport block(s) associated with the corresponding
PUSCH transmission. npygs Shall be set to zero, if there is no PDCCH with uplink DCI format for

the same transport block, and
« ifthe initial PUSCH for the same transport block is semi-persistently scheduled, or

« ifthe initial PUSCH for the same transport block is scheduled by the random access response
grant .

N§E'CH is the spreading factor size used for PHICH modulation as described in clause 6.9.1 in [3].
for the first TBof a PUSCH with associated PDCCHor for the case of
no associated PDCCHwhen the number of negatively acknowledged

I 'F?Q’{"Be“ ﬁ/&”dex TBsisnot equal to the number of TBsindicated in the most recent

'pre_Rra = B PDCCHassociated with the corresponding PUSCH

Ig’g’e"g“ﬁj{‘dex +1 for asecond TBof a PUSCH with associated PDCCH

where Ill;?&"'gs_tﬁx‘dex is the lowest PRB index in the first slot of the corresponding PUSCH

transmission

N3nch is the number of PHICH groups configured by higher layers as described in clause 6.9 of

31,

| _J1 for TDD UL/DL configurat ion 0 with PUSCH transmission in subframe n =4 or 9
PRICH 710 otherwise

Table 9.1.2-2: Mapping between ngyrs and the cyclic shift for DMRS field
in PDCCH with uplink DCI format in [4]

Cyclic Shift for DMRS Feld in PDCCH a
with uplink DCI format in [4] DMRS
000 0
001
010
011
100
101
110
111

NIO|O|~ ]| W[N]

9.1.3 Control Format Indicator (CFl) assignment procedure

PHICH duration is signalled by higher layers according to Table 6.9.3-1 in [3]. The duration signalled puts a lower
limit on the size of the control region determined fromthe control format indicator (CFI). When N%‘ >10, if
extended PHICH duration is indicated by higher layers then the UE shall assume that CFI is equal to PHICH duration.
9.1.4 EPDCCH assignment procedure

For each serving cell, higher layer signalling can configure a UE with one or two EPDCCH-PRB-sets for EEDCCH
monitoring. The PRB-pairs corresponding to an EEDCCH-PRB-set are indicated by higher layers as described in clause
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9.1.4.4. Each EPDCCH-PRB-set consists of set of ECCEs numbered from 0to Ngceg , —1where Neeep o is the

number of ECCEs in EPDCCH-PRB-set p ofsubframe k.Each EPDCCH-PRB-set can be configured for either
localized EPDCCH transmission or distributed EPDCCH transmission.

The UE shall monitor a set of EPDCCH candidates on one or more activated serving cells as configured by higher layer
signalling for control information, where monitoring imp lies attempting to decode each of the EPDCCHs in the set
according to the monitored DCI formats.

The set of EPDCCH candidates to monitor are defined in terms of EPDCCH UE-specific search spaces.

For each serving cell, the subframes in which the UE monitors EPDCCH UE-specific search spaces are configured by
higher layers.

The UE shall not monitor EEDCCH

e For TDD and normal downlink CP, in special subframes for the special subframe configurations 0 and 5 shown
in Table 4.2-1 of [3].

e For TDD and extended downlink CP, in special subframes for the special subframe configurations 0, 4and 7
shown in Table 4.2-1 of [3].

¢ In subframes indicated by higher layers to decode PMCH.

e For TDD and if the UE is configured with different UL/DL configurations for the primary and a secondary cell,
in a downlink subframe on the secondary cell when the same subframe on the primary cell is a special
subframe and the UE is not capable of simultaneous reception and transmission on the primary and secondary
cells.

An EPDCCH UE-specific search space ES (" at aggregation level L e { 1,2,4,816,32 } is defined by a set of
EPDCCH candidates.

Foran EPDCCH-PRB-set p,the ECCEs corresponding to EPDCCH candidate m of the search space ES,EL) are
given by

m-N
Ly (Y, + ﬁ +b)mod [ Negge o /L] F+i
p

where

Y, is defined below,

b =n., if the UE is configured with a carrier indicator field for the serving cell on which EPDCCH is monitored,

otherwise b=0

Ny s the carrier indicator field value,
m=01.. M -1,

If the UE is not configured with a carrier indicator field for the serving cell on which EPDCCH is monitored, M ;L) is

the number of EPDCCH candidates to monitor at aggregation level L in EEDCCH-PRB-set P for the serving cell on
which EPDCCH is monitored, as given in Tables 9.1.4-1a, 9.1.4-1b, 9.1.4-2a, 9.1.4-2b, 9.1.4-3a, 9.1.4-3b, 9.1.4-43,
9.4.4-4b, 9.1.4-5a, 9.1.4-5b below; otherwise, M EL) is the number of EPDCCH candidates to monitor at aggregation

level L in EPDCCH-PRB-set p forthe serving cell indicated by ngy .

Note that the carrier indicator field value is the same as ServCelllndex given in [11].
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A UE is not expected to monitor an EPDCCH candidate, if an ECCE corresponding to that EEDCCH candidate is
mapped to a PRB pair that overlaps in frequency with a transmission of either PBCH or primary or secondary
synchronization signals in the same subframe.

If a UE is configured with two EPDCCH-PRB-sets with the same /g7 " value (where nP°“" is defined in clause

6.10.3A.1in [3]), if the UE receives an EPDCCH candidate with a given DCI payload size corresponding to one of the
EPDCCH-PRB-sets and mapped only to a given set of REs (as described in clause 6.8A.5 in [3]), and if the UE is also
configured to monitor an EPDCCH candidate with the same DCI payload size and corresponding to the other
EPDCCH-PRB-set and which is mapped only to the same set of REs, and if the number of the first ECCE of the
received EPDCCH candidate is used for determining PUCCH resource for HARQ-ACK transmission (as described in
clause 10.1.2 and clause 10.1.3), the number of the first ECCE shall be determined based on EPDCCH-PRB-set

p=0.
The variable Yo is defined by

Yo = (A, Y, )JmodD

where Y, =Ngp #0, A =39827, A =39829, D=65537 and K =|n,/2 |, n, is the slot number within a

radio frame. The RNT I value used for Ngq, is defined in clause 7.1 in downlink and clause 8 in uplink. The DCI

formats that the UE shall monitor depend on the configured transmission mode per each serving cell as defined in
clause 7.1.

The aggregation levels defining the search spaces and the number of monitored EPDCCH candidates is given as follows

- Fora UE configured with only one EPDCCH-PRB-set for distributed transmission, the aggregation levels
defining the search spaces and the number of monitored EPDCCH candidates are listed in Table 9.1.4-1a,
Table 9.1.4-1b.

Fora UE configured with only one EPDCCH-PRB-set for localized trans mission, the aggregation levels defining
the search spaces and the number of monitored EPDCCH candidates are listed in Table 9.1.4-2a, Table 9.1.4-
2b.

- Fora UE configured with two EPDCCH-PRB-sets for distributed transmission, the aggregation levels defining
the search spaces and the number of monitored EPD CCH candidates are listed in Table 9.1.4-3a, 9.1.4-3b.

Fora UE configured with two EPDCCH-PRB-sets for localized transmission, the aggregation levels defining the
search spaces and the number of monitored EPDCCH candidates are listed in Table 9.1.4-4a, 9.4.4-4b.

Fora UE configured with one EPDCCH-PRB-set for distributed transmission, and one EPDCCH-PRB-set for
localized transmission, the aggregation levels defining the search spaces and the number of monitored
EPDCCH candidates are listed in Table 9.1.4-5a, 9.1.4-5b.

If the UE is not configured with a carrier indicator field for the serving cell on which EPDCCH is monitored,
I\AIF?E'; = NSBL of the serving cell on which EPDCCH is monitored. If the UE is configured with a carrier indicator field

for the serving cell on which EPDCCH is monitored, Np?nla_ = N,-E,’E'; of the serving cell indicated by ngy .
For Tables 9.1.4-1a, 9.1.4-1b, 9.1.4-2a, 9.1.4-2b, 9.1.4-33, 9.1.4-3b, 9.1.4-4a, 9.4.4-4b, 9.1.4-5a, 9.1.4-5b
- Case lapplies
o fornormal subframes and normal downlink CP when DCI formats 2/2A/2B/2C/2D are monitored and

Not > 25, or

o forspecial subframes with special subframe configuration 3,4,8 and normal downlink CP when DCI
formats 2/2A/2B/2C/2D are monitored and NF?BL >25 ,or

o fornormal subframes and normal downlink CP when DCI formats 1A/1B/1D/1/2/2A/2B/2C/2D/0/4
are monitored, and when Ngppeey <104 (Ngppecy defined in clause 6.8A.1 in [3]), or
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o forspecial subframes with special subframe configuration 3, 4, 8 and normal downlink CP when DCI

formats 1A/1B/1D/1/2A/2/2B/2C/2D/0/4 are monitored, and when ngppeey <104 (Ngppecy defined
in clause 6.8A.1 in [3]);

- Case 2 applies
for normal subframes and extended downlink CP when DCI formats 1A/1B/1D/1/2A/2/2B/2C/2D/0/4
are monitored or,

O
for special subframes with special subframe configuration 1,2,6,7,9 and normal downlink CP when
DCI formats 1A/1B/1D/1/2A/2/2B/2C/ 2D/ 0/4 are monitored , or

for special subframes with special subframe configuration 1,2,3,5,6 and extended downlink CP when
DCI formats 1A/1B/1D/1/2A/2/2B/2C/2D/0/4 are monitored;

- otherwise

o Case 3is applied.

N,:é’ is the number of PRB-pairs constituting EEDCCH-PRB-set p .

Table 9.1.4-1a: EPDCCH candidates monitored by a UE
(One Distributed EPDCCH-PRB-set - Casel, Case 2)

Number of EPDCCH candidates | Number of EPDCCH candidates

N X M &) for Case 1 M\ for Case 2
RB p p

L=2 | L=4 | L=8 | L=16 [ L=32 | L=1 | L=2 | L=4 | L=8 | L

2 1 0 0 2 1 0

4 2 1 0 4 2 1

4 3 2 1 4 3 2

16

O 0of & 11
= O] O

D
O 0of H| 11

Table 9.1.4-1b: EPDCCH candidates monitored by a UE
(One Distributed EPDCCH-PRB-set — Case 3)

Number of EPDCCH candidates
X L

Nog M (" for Case 3

L=1 | L=2 | L=4 | L=8 | L=16

4 2 1 0

5 4 2 1

4 4 2 2

2
4
8

ENENEee N

Table 9.1.4-2a: EPDCCH candidates monitored by a UE
(One Localized EPDCCH-PRB-set - Casel, Case 2)

Number of EPDCCH candidates | Number of EPDCCH candidates
X (L) (L)
A M~ for Casel M~ for Case 2

L=2 L=4 L=8 L= L= L=2 L=4 L=
1 2 1
4
6

[EY
oo

2 2
2 2

[EN
N Of &
O 0o B
N[ O

O B[N

7
4 8
8 6
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Table 9.1.4-2b: EPDCCH candidates monitored by a UE

(One Localized EPDCCH-PR

B-set — Case 3)

Number of EPDCCH candidates
X (L)
N RE”: M o for Case 3
L=1 L=2 L=4 L=8
2 8 4 2 1
4 6 6 2 2
8 6 6 2 2

Table 9.1.4-3a: EPDCCH candidates monitored by a UE

(Two Distributed EPDCCH-PRB-sets - Casel, Case 2)

Number of EPDCCH candidates | Number of EPDCCH candidates
NZE | NP [M &M ;é’] for Case 1 [M .M E)Lz)] for Case 2
L=2 | L=4 | L=8 | L=16 | L=32 | L=1 | L=2 | L=4 | L=8 | L=16
2 2 44 1 22 | 1,1 0,0 0,0 44 [ 2.2 1,1 0,0 0,0
4 4 33 (33 |11 11 0,0 3,3 3,3 1,1 1,1 0,0
8 8 33122 |11 11 1,1 3,3 2,2 1,1 1,1 1,1
4 2 53 (32 |11 1,0 0,0 53 3,2 1,1 1,0 0,0
8 2 42 | 42 [ 11 1,0 1,0 42 | 4.2 1,1 1,0 1,0
8 4 33122 |21 1,1 1,0 33122 |21 1,1 1,0
Table 9.1.4-3b: EPDCCH candidates monitored by a UE
(Two Distributed EPDCCH-PRB-sets — Case 3)
Number of EPDCCH candidates
N | N3 | [ m] rorcases
L=1 | L=2 | L=4 | L=8 | L=16
2 2 2,2 33| 2.2 11 0,0
4 4 2,2 2,2 2,2 11 11
8 8 2,2 2,2 2,2 1,1 1,1
4 2 3,1 3.2 31 11 1,0
8 2 3,1 4,1 3,1 1,1 1,0
8 4 2,2 2,2 2,2 1,1 1,1
Table 9.1.4-4a: EPDCCH candidates monitored by a UE
(Two Localized EPDCCH-PRB-sets - Casel, Case 2)
Number of EPDCCH candidates [ Number of EPDCCH candidates
NZE | N [M @M Jfor case 1 [m .M ng)] for Case 2
L=2 L=4 L=8 L=16 L=1 L=2 L=4 L=8
2 2 4.4 2,2 11 0,0 4.4 2,2 11 0,0
4 4 3,3 3,3 1,1 11 3.3 3,3 11 1,1
8 8 3,3 3,3 1,1 1,1 3,3 3,3 1,1 1,1
4 2 4.3 4.2 11 1,0 4.3 4.2 11 1,0
8 2 5,2 4,2 11 1,0 5,2 4,2 11 1,0
8 4 3,3 3,3 11 11 33 3,3 11 11
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Table 9.1.4-4b: EPDCCH candidates monitored by a UE
(Two Localized EPDCCH-PRB-sets — Case 3)

Number of EPDCCH candidates
N ;(gl N é(gz [M &), M éLz)] for Case 3
L=1 L=2 L=4 L=8
3,3 3,3 1,1 1,1
3,3 3,3 11 1,1
3,3 3,3 1,1 1,1
4.2 4.2 1,1 1,1
4.2 4.2 1,1 1,1
3,3 3,3 1,1 1,1

oof oo] & [ oo| N[N
ININIEN] I FNINY

Table 9.1.4-5a: EPDCCH candidates monitored by a UE (NOTE)

Number of EPDCCH candidates Number of EPDCCH candidates
N égl N ngz [M &), M ;Lz)] for Case 1 [M &), M ’(]é)] for Case 2
L=2 L=4 L=8 L=16 L=32 L=1 L=2 L=4 L=8 L=16
4.4 2,2 1,1 0,0 0,0 4.4 2,2 11 0,0 0,0
4.2 4.3 0,2 0,1 0,0 4.2 43 0,2 0,1 0,0
41 4.2 0,2 0,2 0,1 41 4.2 0,2 0,2 0,1
43 | 24 | 02 | 01 0,0 43 [ 24 | 02 [ 01 0,0
4.1 2,2 0,4 0,2 0,1 4.1 2,2 0,4 0,2 0,1
52 4,2 1,1 1,0 0,0 5,2 4,2 1,1 1,0 0,0
4.1 4,2 0,2 0,2 0,1 4,1 4,2 0,2 0,2 0,1
51 4,2 2,1 1,0 0,0 51 4,2 2,1 1,0 0,0
6,1 4.2 0,2 0,1 0,0 6,1 42 0,2 0,1 0,0

o[ Oof [ B[ N Nf oof I[N
B[N oo Nof oof [ oof I[N

NOTE: One localized EPDCCH-PRB-set and one distributed EPDCCH-PRB-set, - Casel, Case 2;
P, is the identity of the localized EPDCCH-PRB-set,

P, is the identity of the distributed EPDCCH-PRB-set

Table 9.1.4-5b: EPDCCH candidates monitored by a UE (NOTE)

(
Number of EPDCCH candidates
X X (L) (L)
N N 222 [M©,M©] for case 3
L=1 L=2 L=4 L=8 L=16
2 2 4,1 4.2 2,2 0,1 0,0
4 4 41 4,1 2,2 0,1 0,1
8 8 41 4,1 2,2 0,1 0,1
2 4 4,1 4,1 2,2 0,1 0,1
2 8 4,1 4,1 2,2 0,1 0,1
4 2 4,1 4,1 2,2 1,1 0,0
4 8 41 4,1 2,2 0,1 0,1
8 2 4,1 4,1 4,1 0,1 0,0
8 4 41 4.1 2,2 0,1 0,1
NOTE: One localized EPDCCH-PRB-set and one distributed EPDCCH-PRB-set - Case 3);
P, is the identity of the localized EPDCCH-PRB-set,
P, is the identity of the distributed EPDCCH-PRB-set)

If the UE is not configured with a carrier indicator field, then the UE shall monitor one EPDCCH UE -specific search
space at each of the aggregation levels given by Tables 9.1.4-1a to 9.1.4-5b on each activated serving cell for which it is
configured to monitor EPDCCH.
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Ifa UE is configured for EPDCCH monitoring, and if the UE is configured with a carrier indicator field, then the UE
shall monitor one or more EPDCCH UE-specific search spaces at each of the aggregation levels given by Tables 9.1.4-
lato 9.1.4-5b on one or more activated serving cells as configured by higher layer signalling.

A UE configured with the carrier indicator field associated with monitoring EPDCCH on serving cell ¢ shall monitor
EPDCCH configured with carrier indicator field and with CRC scrambled by C-RNTI in the EPDCCH UE specific
search space of serving cell c.

A UE configured with the carrier indicator field associated with monitoring EPDCCH on the primary cell shall monitor
EPDCCH configured with carrier indicator field and with CRC scrambled by SPS C-RNTI in the EPDCCH UE specific
search space of the primary cell.

For the serving cell on which EPDCCH is monitored, if the UE is not configured with a carrier indicator field, it shall
monitor the EPDCCH UE specific search space for EEDCCH without carrier indicator field, if the UE is configured
with a carrier indicator field it shall monitor the EEDCCH UE specific search space for EEDCCH with carrier indicator
field.

A UE is not expected to monitor the EPDCCH of a secondary cell if it is configured to monitor EPDCCH with carrier
indicator field corresponding to that secondary cell in another serving cell. For the serving cell on which EPDCCH is
monitored, the UE shall monitor EPDCCH candidates at least for the same serving cell.

A UE configured to monitor EPDCCH candidates in a given serving cell with a given DCI format size with CIF, and
CRCscrambled by C- RNTI, where the EPDCCH candidates may have one or more possible values of CIF for the
given DCI format size, shall assume that an EPDCCH candidate with the given DCI format size may be transmitted in
the given serving cell in any EPDCCH UE specific search space corresponding to any of the possible values of CIF for
the given DCI format size.

For the serving cell on which EPDCCH is monitored, a UE is not required to monitor the EFDCCH in a subframe
which is configured by higher layers to be part of a positioning reference signal occasion if the positioning reference
signal occasion is only configured within MBSFN subframes and the cyclic prefix length used in subframe #0 is normal
cyclic prefix.

A UE may assume the same C;,;, value (described in clause 6.10.3A.1 of [3]) is used for antenna ports 107,108 while
monitoring an EPDCCH candidate associated with either antenna port 107 or antenna port 108.
A UE may assume the same C;,;, value (described in clause 6.10.3A.1 of [3]) is used for antenna ports 109,110 while
monitoring an EPDCCH candidate associated with either antenna port 109 or antenna port 110.

9.14.1 EPDCCH starting position

For a given serving cell, if the UE is configured via higher layer signalling to receive PDSCH data transmissions
according to transmission modes 1-9,

- ifthe UE is configured with a higher layer parameter epdcch-StartSymbol-ri1,

o the starting OFDM symbol for EPDCCH given by index | gppecpsir i the first slot in a subframe is
determined from the higher layer parameter,

— otherwise

o the starting OFDM symbol for EPDCCH given by index |gppcecnsae N the first slot in a subframe is
given by the CFl value in the subframe of the given serving cell when N3§ >10,and |gppecnsiar

is given by the CFI value+1 in the subframe of the given serving cell when N5 <10

Fora given serving cell, if the UE is configured via higher layer signalling to receive PDSCH data transmissions
according to transmission mode 10, for each EPDCCH-PRB-set, the starting OFDM symbol for monitoring EPDCCH

in subframe Kk is determined from the higher layer parameter pdsch-Start-ri1 (defined in clause 9.1.4.3) as follows
- ifthe value of the parameter pdsch-Start-r11 belongs to {1,2,3,4},

o I"epcchsar 1S given by the higher layer parameter pdsch-Start-ril

— otherwise
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o |

erocchsar 1S diven by the CFlvalue in subframe k of the given serving cell when NRs >10,and

is i i i i DL
erocchsar 1S diven by the CF1value+1 in subframe k of the given serving cell when Ngg <10

- ifsubframe k is indicated by the higher layer parameter mbsfn-SubframeConfigList-r11 (defined in clause
9.1.4.3), or if subframe Kk is subframe 1 or 6 for frame structure type 2,

© IEPDCCHStart = min(2, IIEPDCCHStart )’
— otherwise
o IEPDCCHStarl = IIIEPDCCHSIarl :
9.14.2 Antenna ports quasi co-location for EPDCCH

Fora given serving cell, if the UE is configured via higher layer signalling to receive PDSCH data transmissions
according to transmission modes 1-9, and if the UE is configured to monitor EPDCCH,

- the UE may assume the antenna ports 0 — 3, 107 — 110 of the serving cell are quasi co-located (as defined in [3])
with respect to Doppler shift, Doppler spread, average delay, and delay spread.

For a given serving cell, if the UE is configured via higher layer signalling to receive PDSCH data transmissions
according to transmission mode 10, and if the UE is configured to monitor EPDCCH, for each EPDCCH-PRB-set,

- ifthe UE is configured by higher layers to decode PDSCH according to quasi co-location Type-A as described in
clause 7.1.10

o the UE may assume the antenna ports 0 — 3, 107 — 110 of the serving cell are quasi co-located (as
defined in [3]) with respect to Doppler shift, Doppler spread, average delay, and delay spread..

- ifthe UE is configured by higher layers to decode PDSCH according to quasi co-location Type-B as described in
clause 7.1.10

o the UE may assume antenna ports 15— 22 corresponding to the higher layer parameter qcl-CSI-RS-
ConfigNZPId-r11 (defined in clause 9.1.4.3) and antenna ports 107-110 are quasi co-located (as
defined in [3]) with respect to Doppler shift, Doppler spread, average delay, and delay spread.

9.1.4.3 Resource mapping parameters for EPDCCH

For a given serving cell, if the UE is configured via higher layer signalling to receive PDSCH data transmissions
according to transmission mode 10, and if the UE is configured to monitor EEDCCH, for each EPDCCH -PRB-set, the
UE shall use the parameter set indicated by the higher layer parameter re-MappingQCL-Configld-r11 for determining
the EPDCCH RE mapping (defined in clause 6.8A.5 of [3]) and EPDCCH antenna port quasi co-location. The
following parameters for determining EPDCCH RE mapping (as described in clause 6.8A.50f[3]) and EPDCCH
antenna port quasi co-location are included in the parameter set:
- crs-PortsCount-rl1.

crs-FreqShift-ril.

mbsfn-SubframeConfigList-r11.

csi-RS-ConfigZPld-r11.

pdsch-Start-r11.

gcl-CSI-RS-ConfigNzZPId-r11.

9.14.4 PRB-pair indication for EPDCCH

For a given serving cell, for each EFDCCH-PRB-pairset p, the UE is configured with a higher layer parameter

X
Npg -1

resourceBlockAssignment-r1l indicating a combinatorial index r corresponding to the PRB index {ki }i:O ,

i=0

Xp _. DL
(1<k <Nz, k <k, )and given by equation  — Nil<NRB _ki> ,where N5 is the number of PRB pairs

X .
P
Neg —1i

associated with the downlink bandwidth, NF):B" is the number of PRB-pairs constituting EEDCCH-PRB-set P, and is
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X
J X2y is the extended binomial

configured by the higher layer parameter numberPRBPairs-r11, and <X> = (y
y
0 x<y

DL
coefficient, resulting in unique label r e O,...,{ F;(B -1
N e
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9.2 PDCCH/EPDCCH validation for semi-persistent scheduling

A UEshall validate a Semi-Persistent Scheduling assignment PDCCH only if all the following conditions are met:

- the CRC parity bits obtained for the PDCCH payload are scrambled with the Semi-Persistent Scheduling C-
RNTI

- the new data indicator field is set to '0". In case of DCI formats 2, 2A, 2B, 2C and 2D, the new data indicator
field refers to the one for the enabled transport block.

A UE shall validate a Semi-Persistent Scheduling assignment EPDCCH only if all the following conditions are met:

- the CRC parity bits obtained for the EPDCCH payload are scrambled with the Semi-Persistent Scheduling C-
RNTI

- the new data indicator field is set to '0'. In case of DCI formats 2, 2A, 2B, 2C and 2D, the new data indicator
field refers to the one for the enabled transport block.

Validation is achieved if all the fields for the respective used DCI format are set according to Table 9.2-1 or Table 9.2-
1A.

If validation is achieved, the UE shall consider the received DCI information accordingly as a valid semi-persistent
activation or release.

If validation is not achieved, the received DCI format shall be considered by the UE as having been received with a
non-matching CRC.

Table 9.2-1: Special fields for Semi-Persistent Scheduling Activation PDCCH/EPDCCH Validation

and redundancy version

DCI format
DCl format O DCl format 1/1A 22 A2 B/2C/2D
TPC command for scheduled PUSCH setto ‘00’ N/A N/A
Cyclic shift DM RS setto '000' N/A N/A
Modulation and coding scheme MSB is setto ‘0’ N/A N/A

FDD: setto '000

FDD: setto '000

HARQ process number N/A TDD: set to '0000" TDD: set to '0000"

Modulation and coding scheme N/A MSB is setto '0' Forthe enabl_ed transloo'rt block:
MSB is setto '0

Redundancy version N/A setto 00" For the enabled transport block:

setto '00'

Table 9.2-1A: Special fields for Semi-Persistent Scheduling Release PDCCH/EPDCCH Validation

DCI format O DCl format 1A
TPC command for scheduled PUSCH setto 00 N/A
Cyclic shift DM RS setto 000 N/A
Modulation and codln.g scheme setto '11111" N/A
and redundancy version
Resoyrce block a55|gnm¢nt and Setto all '1's N/A
hopping resource allocation

FDD: set to '000

HARQ process number N/A TDD: set to '0000"
Modulation and coding scheme N/A setto'11111"
Redundancy version N/A setto '00’
Resource block assignment N/A Setto all '1's
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For the case that the DCI format indicates a semi-persistent downlink scheduling activation, the TPC command for
PUCCH field shall be used as an indexto one of the four PUCCH resource values configured by higher layers, with the

mapping defined in Table 9.2-2

Table 9.2-2: PUCCH resource value for downlink semi-persistent scheduling

136

Value of "'TPC command

k n&p)
for PUCCH PUCCH
'00' The first PUCCH resource value configured by the higher layers
'01' The second PUCCH resource value configured by the higher layers
'10' The third PUCCH resource value configured by the higher layers
'11' The fourth PUCCH resource value configured by the higher layers

9.3 PDCCH/EPDCCH control information procedure

A UE sshall discard the PDCCH/EPDCCH if consistent control information is not detected.
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10 Physical uplink control channel procedures

10.1  UE procedure for determining physical uplink control
channel assignment

If the UE is configured for a single serving cell and is not configured for simultaneous PUSCH and PUCCH
transmissions, then in subframe n uplink control information (UCI) shall be transmitted

- on PUCCH using format 1/1a/1b/3 or 2/2a/2b if the UE is not transmitting on PUSCH

- on PUSCH ifthe UE is transmitting on PUSCH in subframe n unless the PUSCH transmission corresponds to

a Random Access Response Grant or a retransmission of the same transport block as part of the contention
based randomaccess procedure, in which case UCI is not transmitted

If the UE is configured for a single serving cell and simultaneous PUSCH and PUCCH transmission, then in
subframe n UCI shall be transmitted

on PUCCH using format 1/1a/1b/3 if the UCI consists only of HARQ-ACK and/or SR
- on PUCCH using format 2 if the UCI consists only of periodic CSI

- on PUCCH using format 2/2a/2b/3 if the UCI consists of periodic CSl and HARQ-ACK and if the UE is not
transmitting PUSCH

- onPUCCH and PUSCH if the UCI consists of HARQ-A CK/HARQ-A CK+SR/positive SR and
periodic/aperiodic CSI in which case the HARQ-A CK/HARQ-A CK+SR/positive SR is transmitted on PUCCH
using format 1/1a/1b/3 and the periodic/aperiodic CSI transmitted on PUSCH unless the PUSCH transmission
corresponds to a Random Access Response Grant or a retransmission of the same transport block as part of the
contention based randomaccess procedure, in which case periodic/aperiodic CSI is not transmitted

If the UE is configured with more than one serving cell and is not configured for simultaneous PUSCH and PUCCH
transmission, then in subframe n UCI shall be trans mitted

- on PUCCH using format 1/1a/1b/3 or 2/2a/2b if the UE is not transmitting PUSCH

- on PUSCH of the serving cell given in clause 7.2.1 if the UCI consists of aperiodic CSI or aperiodic CSI and
HARQ-ACK

- on primary cell PUSCH if the UCI consists of periodic CSI and/or HARQ-ACK and if the UE is transmitting on
the primary cell PUSCH in subframe n unless the primary cell PUSCH transmission corresponds to a Random
Access Response Grant or a retransmission of the same transport block as part of the contention based random
access procedure, in which case UCI is not transmitted

- on PUSCH of the secondary cell with smallest SCellindex if the UCI consists of periodic CSI and/or HARQ-
ACK and if the UE is not transmitting PUSCH on primary cell but is transmitting PUSCH on at least one
secondary cell

If the UE is configured with more than one serving cell and simultaneous PUSCH and PUCCH trans mission, then in
subframe n UCI shall be transmitted

on PUCCH using format 1/1a/1b/3 if the UCI consists only of HARQ-ACK and/or SR

on PUCCH using format 2 if the UCI consists only of periodic CSI

- as described in clause 10.1.1, if the UCI consists of periodic CSI and HARQ-ACK and if the UE is not
transmitting on PUSCH

- onPUCCH and primary cell PUSCH if the UCI consists of HARQ-ACK and periodic CSI and the UE is
transmitting PUSCH on the primary cell, in which case the HARQ-ACK is transmitted on PUCCH using format
1a/1b/3 and the periodic CSI is transmitted on PUSCH unless the primary cell PUSCH transmission
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corresponds to a Random Access Response Grant or a retransmission of the same transport block as part of the
contention based randomaccess procedure, in which case periodic CS1 is not transmitted

- onPUCCH and PUSCH of the secondary cell with the smallest SCelllndex if the UCI consists of HARQ-ACK
and periodic CSI and if the UE is not transmitting PUSCH on primary cell but is transmitting PUSCH on at
least one secondary cell, in which case, the HARQ-ACK is transmitted on PUCCH using format 1a/1b/3 and the
periodic CSI is transmitted on PUSCH

- on PUCCH and PUSCH if the UCI consists of HARQ-A CK/HARQ-A CK+SR/positive SR and aperiodic CSI in
which case the HARQ-A CK/HARQ-A CK+SR/positive SR is transmitted on PUCCH using format 1/1a/1b/3
and the aperiodic CSI is transmitted on PUSCH of the serving cell given in clause 7.2.1

If the UE is configured with more than one serving cell, then reporting prioritization and collision handling of periodic
CSlI reports of a certain PUCCH reporting type is given in clause 7.2.2.

A UE transmits PUCCH only on the primary cell.

A UE is configured by higher layers to transmit PUCCH on one antenna port (p = pg) or two antenna ports
(pelpo. P1])-

For FDD with two configured serving cells and PUCCH format 1b with channel selection or for FDD with two or more
N(Eell_ls_:L
configured serving cells and PUCCH format 3, nyarq = ZNC”ECe'VEd where NZj, is the number of configured cells
c=0
and N™*® is the number of transport blocks or the SPS release PDCCH/EPDCCH, if any, received in subframe

Nn—4 inservingcell C.

For TDD, ifa UE is configured with one serving cell, or the UE is configured with more than one serving cell and the
UL/DL configurations of all serving cells are the same, then

- For TDD with two configured serving cells and PUCCH format 1b with channel selection and a subframe n
NcDell_Is_l

with M =1, or for TDD UL/DL configuration 0and PUCCH format 3, nyarg = Z ZN{?EEi"ed,Where
c=0 keK

N=*is the number of transport blocks or the SPS release PDCCH/EPDCCH, if any, received in subframe

Nn—K insewingcell C,where k € K,and M is the number of elements in K.

- For TDD UL/DL configurations 1-6 and PUCCH format 3, or for TDD with two configured serving cells and
PUCCH format 1b with channel selection and M = 2,
Ncl?ell_ls_l
NHARQ = Z ((\/SALL ¢ ~Upar c)m0d4)' nACK ZN&?geived where Vpn, ¢ isthe Vo inserving cell C,
c=0 keK
Upa, ¢ isthe Upy, inservingcell C,and n2“ is the number of HARQ-ACK bits corresponding to the

C
configured DL trans mission mode on serving cell C. In case spatial HARQ-ACK bundling is applied,

N2 =1 and NSV s the number of PDCCH/EPDCCH or PDSCH without a corresponding
PDCCH/EPDCCH received in subframe n—K andsewing cellC,where k € K and M is the number of

received

elements in K. In case spatial HARQ-ACK bundling is not applied, N,""" is the number of transport blocks
received or the SPS release PDCCH/EPDCCH received in subframe N—K insewvingcell C, where k e K
and M is the number of elements in K. VDDAL,V ¢ =0 if no transport block or SPS release PDCCH/EPDCCH is

detected in subframe(s) N—K inserving cell C,where keK.

- For TDD with two configured serving cells and PUCCH format 1b with channel selection and M = 3 or 4,
Nyaro =2 if UE receives PDSCH or PDCCH/EPDCCH indicating downlink SPS release only on one serving

cell within subframes N—Kk where k e K ;otherwise Nuaro =4-
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For TDD if the UE is configured with more than one serving cell and if at least two serving cells have different UL/DL
configurations, then

For PUCCH format 3, or for TDD with two configured serving cells and PUCCH format 1b with channel
selectionand M <2 (defined in clause 10.1.3.2.1),

NcDeII_Is_l
DL ACK received DL DL i
NHARQ = Z ((\/DAI,C_UDAI,c)mOd4)'nc +ZNk,c where Vp,,  isthe Vg, inserving cell C,
c=0 keK

Upa, ¢ isthe Uy, inserving cell C,and n?CK is the number of HARQ-ACK bits corresponding to the
configured DL trans mission mode on serving cell C. In case spatial HARQ-ACK bundling is applied,
nA =1 and Nf‘fi"ed is the number of PDCCH/EPDCCH or PDSCH without a corresponding

e
PDCCH/EPDCCH received in subframe n—Kk andserving cellC,where ke K and K = K, (defined in
clause 7.3.2.2). In case spatial HARQ-ACK bundling is not applied, Nfcce“’e" is the number of transport blocks
received or the SPS release PDCCH/EPDCCH received in subframe n—K inservingcell C, where k e K
and K =K, (defined in clause 7.3.2.2). VDDAL,] . =0 if no transport block or SPS release PDCCH/EPDCCH is
detected in subframe(s) N—K inserving cell C,where ke K and K = K, (defined in clause 7.3.2.2). Fora

serving cell C,set VDDALI,c =Up,, ¢ if the DL-reference UL/DL configuration (defined in clause 10.2) for
serving cell C is TDD UL/DL configuration 0,

For TDD with two configured serving cells and PUCCH format 1b with channel selection and M =3 or 4
(defined in clause 10.1.3.2.1) , Nyupq =2 if UE receives PDSCH or PDCCH/EPDCCH indicating downlink
SPS release only on one serving cell within subframes N—Kk ,where ke K and K = K, (defined in clause

7.3.2.2);0therwise Ny =4.

Throughout the following clauses, subframes are numbered in monotonically increasing order; if the last subframe of a
radio frame is denoted as k , the first subframe of the next radio frame is denoted as k +1.

Throughout the following clauses, if the UE is configured with higher layer parameter n1PUCCH-AN-r11 then
NSccn s given by n1IPUCCH-AN-r11, else N{§).cy is given by higher layer parameter n1PUCCH-AN .

10.1.1 PUCCH format information

Using the PUCCH formats defined in clause 5.4.1and 5.4.2 in [3], the following co mbinations of UCI on PUCCH are
supported:

Format 1a for 1-bit HARQ-ACK or in case of FDD for 1-bit HARQ-ACK with positive SR
Format 1b for 2-bit HARQ-ACK or for 2-bit HARQ-ACK with positive SR

Format 1b for up to 4-bit HARQ-ACK with channel selection when the UE is configured with more than one
serving cell or, in the case of TDD, when the UE is configured with a single serving cell

Format 1 for positive SR

Format 2 for a CSI report when not multiplexed with HARQ-ACK

Format 2a for a CSl report multiplexed with 1-bit HARQ-ACK for normal cyclic prefix
Format 2b fora CSI report multiplexed with 2-bit HARQ-ACK for normal cyclic prefix
Format 2 for a CSI report multiplexed with HARQ-ACK for extended cyclic prefix
Format 3 for up to 10-bit HARQ-ACK for FDD and for up to 20-bit HARQ-ACK for TDD

Format 3 for up to 11-bit corresponding to 10-bit HARQ-ACK and 1-bit positive/negative SR for FDD and for
up to 21-bit corresponding to 20-bit HARQ-A CK and 1-bit positive/negative SR for TDD.
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- Format 3for HARQ-ACK, 1-bit positive/negative SR (if any) and a CSlI report for one serving cell.

For a UE configured with PUCCH format 3 and HARQ-ACK transmission on PUSCH or using PUCCH format 3, or
fora UE configured with two serving cells and PUCCH format 1b with channel selection and HARQ -ACK
transmission on PUSCH, or for UE configured with one serving cell and PUCCH format 1b with channel selection
according to Tables 10.1.3-5, 10.1.3-6, 10.1.3-7 and HARQ-A CK transmission on PUSCH:

- ifthe configured downlink transmission mode for a serving cell supports up to 2 transport blocks and only one
transport block is received in a subframe, the UE shall generate a NA CK for the other transport block if spatial
HARQ-ACK bundling is not applied.

- ifneither PDSCH nor PDCCH/EPDCCH indicating downlink SPS release is detected in a subframe for a
serving cell, the UE shall generate two NA CKs when the configured downlink transmission mode supports up
to 2 transport blocks and the UE shall generate a single NA CK when the configured downlink trans mission
mode supports a single transport block.

The scrambling initialization of PUCCH format 2, 2a, 2b and 3 is by C-RNTI.

Fora UEthat is configured with a single serving cell and is not configured with PUCCH format 3, in case of collision
between a periodic CSI report and an HARQ-ACK in a same subframe without PUSCH, the periodic CSI report is
multiplexed with HARQ-A CK on PUCCH if the parameter simultaneousAckNack AndCQI provided by higher layers is
set TRUE, otherwise the CSI is dropped.

For TDD and for a UE that is configured with a single serving cell and with PUCCH format 3, in case of collision
between a periodic CSI report and an HARQ-ACK in a same subframe without PUSCH, if the parameter
simultaneousAckNack AndCQI provided by higher layers is set TRUE or if the parameter simultaneousAck Nack AndCQI-
Format3-r11 provided by higher layers is set TRUE, the periodic CSI report is multiplexed with HARQ-ACK or
dropped as described in clause 7.3, otherwise the CSI is dropped.

For FDD and fora UE that is configured with more than one serving cell, in case of collision between a periodic CSI
report and an HARQ-ACK in a same subframe without PUSCH,

- ifthe parameter simultaneous AckNackAndCQI provided by higher layers is set TRUE and if the HARQ-ACK
corresponds to a PDSCH transmission or PDCCH/EPDCCH indicating downlink SPS release only on the
primary cell,

then the periodic CSI report is multiplexed with HARQ-ACK on PUCCH using PUCCH format 2/2a/2b

- elseif the UE is configured with PUCCH format 3 and if the parameter simultaneousAckNackAndCQI-
Format3-r11 provided by higher layers is set TRUE, and if PUCCH resource is determined according to clause
10.1.2.2.2,and

o ifthe total number of bits in the subframe corresponding to HARQ-ACKs, SR (if any), and the CSl is
not larger than 22 or

o Iifthe total number of bits in the subframe corresponding to spatially bundled HARQ-ACKs, SR (if
any), and the CSl is not larger than 22

then the periodic CSI report is multiplexed with HARQ-ACK on PUCCH using the determined
PUCCH format 3 resource according to [4]

- otherwise,
CSl is dropped.

For TDD and for a UE that is configured with more than one serving cell, in case of collision between a periodic CSI
report and an HARQ-ACK in a same subframe without PUSCH, if the parameter simultaneousAck Nack AndCQI
provided by higher layers is set TRUE or if the parameter simultaneousAckNack AndCQI-Format3-r11 provided by
higher layers is set TRUE, the periodic CSI report is multiplexed with HARQ-ACK or dropped as described in clause
7.3, otherwise the CSl is dropped.

In case of collision between a periodic CSI report and an HARQ-ACK in a same subframe with PUSCH, the periodic
CSl is multip lexed with the HARQ-ACK in the PUSCH transmission in that subframe if the UE is not configured by
higher layers for simultaneous PUCCH and PUSCH transmissions. Otherwise, if the UE is configured by higher layers
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for simultaneous PUCCH and PUSCH transmissions, the HARQ-ACK is transmitted in the PUCCH and the periodic
CSl is transmitted in the PUSCH.

10.1.2 FDD HARQ-ACK feedback procedures

For FDD and for a UE transmitting HARQ-ACK using PUCCH format 1b with channel selection or PUCCH format 3,
the UE shall determine the number of HARQ-ACK bits, o, based on the number of configured serving cells and the
downlink transmission modes configured for each serving cell. The UE shall use two HARQ-A CK bits for a serving
cell configured with a downlink transmission mode that support up to two transport blocks; and one HARQ-ACK bit
otherwise.

A UE that supports aggregating at most 2 serving cells with frame structure type 1 shall use PUCCH format 1b with
channel selection for transmission of HARQ-ACK when configured with more than one serving cell with frame
structure type 1.

A UE that supports aggregating more than 2 serving cells with frame structure type 1 is configured by higher layers to
use either PUCCH format 1b with channel selection or PUCCH format 3 for transmission of HARQ-A CK when
configured with more than one serving cell with frame structure type 1.

The FDD HARQ-A CK feedback procedure for one configured serving cell is given in clause 10.1.2.1 and procedures
for more than one configured serving cell are given in clause 10.1.2.2,

10.1.2.1 FDD HARQ-ACK procedure for one configured serving cell

HARQ-ACK transmission on two antenna ports (p €[pg, p1]) is supported for PUCCH format 1a/1b.

For FDD and one configured serving cell, the UE shall use PUCCH resource n,‘,{@CH for transmission of HARQ-ACK

in subframe n for P mapped to antenna port p for PUCCH format 1a/1b [3], where
- fora PDSCH transmission indicated by the detection of a corresponding PDCCH in subframe n—4 ,or fora
PDCCH indicating downlink SPS release (defined in clause 9.2) in subframe n—4 |, the UEshall use
né{f’c‘%H =Neee + N&}CCH for antenna port p,,where ncce is the number of the first CCE (i.e. lowest CCE
indexused to construct the PDCCH) used for transmission of the corresponding DCI assignment and NF(,lleCH
is configured by higher layers. For two antenna port transmission the PUCCH resource for antenna port p; is

. 15 1
given by nl(:u’élz:H =Neee +1+ NéJCCH-

- fora PDSCH transmission on the primary cell where there is not a corresponding PDCCH/EPDCCH detected in
subframe n—4, the value of nélﬁJﬁc)CH is determined according to higher layer configuration and Table 9.2-2.
Fora UE configured for two antenna port transmission, a PUCCH resource value in Table 9.2-2 maps to two
PUCCH resources with the first PUCCH resource né{,@éH for antenna port pg and the second PUCCH

resource nébﬁc%H for antenna port pq, otherwise, the PUCCH resource value maps to a single PUCCH

(L.Po)
resource Np,dey forantennaport pg.

- fora PDSCH transmission indicated by the detection of a corresponding EPDCCH in subframe n—4 , or for
an EPDCCH indicating downlink SPS release (defined in clause 9.2) in subframe n—4 |, the UEshalluse

o if EPDCCH-PRB-set qis configured for distributed transmission
(LBo) _ (e1)
nPU(‘?CH - nECCE,q + AARO + NPUCCH,q

o if EPDCCH-PRB-set qis configured for localized transmission

= n

@) _ | "'Ecceg ECCEq ' (1)

Npicen = L N ECCEd J Neg +NH+A o + NPUCCH,q
RB

3GPP



Release 11 142 3GPP TS 36.213 V11.4.0 (2013-09)

forantennaport p,,where Ngcoe, is the numberof the first ECCE (i.e. lowest ECCE indexused to construct

the EPDCCH) used for transmission of the corresponding DCI assignment in EPDCCH-PRB-set ¢, Az, IS
determined from the HARQ-A CK resource offset field in the DCI format of the corresponding EPDCCH as
given in Table 10.1.2.1-1, N}, , for EPDCCH-PRB-set qis configured by the higher layer parameter

pucch-ResourceStartOffset-r1l , NRE§CE’q for EPDCCH-PRB-set q is given in clause 6.8A.11in [3], N'is
determined from the antenna port used for localized EPDCCH transmission which is described in clause 6.8A.5
in [3]. Fortwo antenna port transmission the PUCCH resource for antenna port p, is given by

o if EPDCCH-PRB-set qis configured for distributed transmission

Lp)  _ (e1)
Npdcen = Necceq +1+ Ao + NPUCCH,q

o if EPDCCH-PRB-set qis configured for localized transmission

= n

@p) ECCEq ECCE.q ' (1)

npuclcwl = LWJ N RB +1+n'+A o T N PUCCHg
RB

Table 10.1.2.1-1: Mapping of ACK/NACK Resource offset Field

in DCI format 1A/1B/1D/1/2A/2/2B/2C/2D to A o, values

ACK/NACK Resource offset field A
in DCI format 1A/1B/1D/1/2A/2/2B/2C/2D ARO
0 0
1 -1
2 -2
3 2

10.1.2.2 FDD HARQ-ACK procedures for more than one configured serving cell

The FDD HARQ-ACK feedback procedures for more than one configured serving cell are either based on a PUCCH
format 1b with channel selection HARQ-A CK procedure as described in clause 10.1.2.2.1 ora PUCCH format 3
HARQ-ACK procedure as described in clause 10.1.2.2.2.

HARQ-ACK transmission on two antenna ports (p €[pg, p]) is supported for PUCCH format 3.

HARQ-ACK transmission on two antenna ports (p €[pg, p]) is supported for PUCCH format 1b with channel
selection and FDD with two configured serving cells.

10.1.2.2.1 PUCCH format 1b with channel selection HARQ-ACK procedure

For FDD with two configured serving cells and PUCCH format 1b with channel selection, the UE shall transmit

b(0)byy on PUCCH resource né{@CH for p mapped to antenna port p using PUCCH format 1b where

nSL’,?;gH :nélL),CCH for antenna port p, where n(P13JCCH is selected from A PUCCH resources,

néﬂCCH'j where 0< j<A-1 and Ae{2,3,4}, according to Table 10.1.2.2.1-3, Table 10.1.2.2.1-4, Table

10.1.2.2.1-5 in subframe n. HARQ-ACK(j) denotes the ACK/NACK/DTX response for a transport block or
SPS release PDCCH/EPDCCH associated with serving cell ¢, where the transport block and serving cell for
HARQ-ACK(j)and A PUCCH resources are given by Table 10.1.2.2.1-1.

i (N:H) @p) @p) .
Npuccn forantennaport p,, where Ngjcey is selected from A PUCCH resources, Np(jccy j configured by

higher layers where 0< j< A-1 and Ae{2,3,4}, according to Table 10.1.2.2.1-3, Table 10.1.2.2.1-4, Table
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10.1.2.2.1-5 by replacing ngl)JCCH with nélL‘JﬁC%H and replacing né,lL),CCHj with nétb(}éH’i in subframe n, when
the UE is configured with two antenna port transmission for PUCCH format 1b with channel selection.
A UE configured with a transmission mode that supports up to two transport blocks on serving cell, c, shall use the

same HARQ-ACK response for both the transport blocks in response to a PDSCH transmission with a single transport
block ora PDCCH/EPDCCH indicating downlink SPS release associated with the serving cell c.

Table 10.1.2.2.1-1: Mapping of Transport Block and Serving Cell to HARQ-ACK(j)
for PUCCH format 1b HARQ-ACK channel selection

A HARQ-ACK(j)
HARQ-ACK(0) HARQ-ACK(1) HARQ-ACK(2) HARQ-ACK(3)
TB1 Primarycell | TB1 Secondary cell NA NA
TB1 Serving celll | TB2 Serving celll TB1 Serving cell2 NA

TB1 Primary cell

TB2 Primary cell

TB1 Secondary cell

TB2 Secondary cell

The UE shall determine the A PUCCH resources, n,(glL),CCH’j associated with HARQ-ACK(j) where 0< j<A-1 in

Table 10.1.2.2.1-1, according to

- fora PDSCH transmission indicated by the detection of a corresponding PDCCH in subframe n—4 on the

primary cell, or for a PDCCH indicating downlink SPS release (defined in clause 9.2) in subframe n—4 on the

primary cell, the PUCCH resource is ng&ccm =Neee + NF(,lu)CCH , and for transmission mode that supports up

to two transport blocks, the PUCCH resource nélL),CCH’M is given by nF(,lL),Ccm+1 =Neee +1+ NF(,lu)CCH where

Nece is the number of the first CCE used for transmission of the corresponding PDCCHand N cqy i
configured by higher layers.

- fora PDSCH transmission on the primary cell where there is not a corresponding PDCCH/EPDCCH detected in
subframe n-—4,the value of néﬂCCH’j is determined according to higher layer configuration and Table 9.2-2.

For transmission mode that supports up to two transport blocks, the PUCCH resource nélL),CCH]jH is given by
1) —_n®
nPUCCH,j+1 - nPUCCH,j +1

- fora PDSCH transmission indicated by the detection of a corresponding PDCCH/EPDCCH in subframe n—4
on the secondary cell, the value of néﬂcc,ﬂ ,and the value of nélL),CCHVM for the transmission mode that

supports up to two transport blocks is determined according to higher layer configuration and Table
10.1.2.2.1-2. The TPCfield in the DCI format of the corresponding PDCCH/EPDCCH shall be used to
determine the PUCCH resource values fromone of the four resource values configured by higher layers, with
the mapping defined in Table 10.1.2.2.1-2. For a UE configured for a transmission mode that supports up to two
transport blocks a PUCCH resource value in Table 10.1.2.2.1-2 maps to two PUCCH resources

(né,lL),CCH’J— ) nS&CCHVM) , otherwise, the PUCCH resource value maps to a single PUCCH resource néﬂCCH,j .

- fora PDSCH transmission indicated by the detection of a corres ponding EPDCCH in subframe n—4 on the
primary cell, or for an EPDCCH indicating downlink SPS release (defined in clause 9.2) in subframe n—4 on
the primary cell, the PUCCH resource is given by

o If EPDCCH-PRB-set qis configured for distributed transmission

@) — (e1)
Npucenj = Necceg T Appo + NPUCCH,q
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o if EPDCCH-PRB-set qis configured for localized transmission

n

@) _ ECCE(q ECCE, ! (e1)

nPUCCH,j - |‘ N ECCEq J N RB ‘+n +AARO +N PeUCCH,q
RB

where Ngece is the number of the first ECCE (i.e. lowest ECCE indexused to construct the EPDCCH) used

for transmission of the corresponding DCI assignment in EEDCCH-PRB-set ¢, A ,;, is determined from the

HARQ-ACK resource offset field in the DCI format of the corresponding EPDCCH as given in Table 10.1.2.1-

1, Néej)CCHVq for EEDCCH-PRB-set q s configured by the higher layer parameter pucch-ResourceStartOffset-

ri1, N ggcaq for EPDCCH-PRB-set q s given in clause 6.8A.1 in [3], N'is determined fromthe antenna
port used for localized EPDCCH transmission which is described in clause 6.8A.5 in [3].

For transmission mode that supports up to two transport blocks, the PUCCH resource nS&CCH’H is given by

o if EPDCCH-PRB-set qis configured for distributed transmission
) — (1)
nPUCCH,j+1 - nECCE,q +1+ A/-\Ro + NPUCCH,q

o if EPDCCH-PRB-set qis configured for localized transmission

n
o) _ ECCE,q ECCE,q 1 (e1)
nPUCCH,j+l = L N ECCEq J N RB +1+n +AARO +N PUCCHg
RB

Table 10.1.2.2.1-2: PUCCH Resource Value for HARQ-ACK Resource for PUCCH

| %:E&;Cgmmand nF(’lL)JCCH,j or (nlgBCCH,j 1 nF(’lL)JCCH,j+1)
'00' The 1st PUCCH resource value configured by the higher layers
'01' The 2™ PUCCH resource value configured by the higher layers
'10' The 3" PUCCH resource value configured by the higher layers
11 The 4™ PUCCH resource value configured by the higher layers
NOTE: (né{ﬂCCH’j ) né,lL),CCH,H) are determined from the first and second PUCCH
resource lists configured by n1PUCCH-AN-CS-List-r10 in [11], respectively.

Table 10.1.2.2.1-3: Transmission of Format 1b HARQ-ACK channel selection for A=2

HARQ-ACK(0) | HARQ-ACK(1) | n@ .., | b©b@)
ACK ACK NUocry | 12
ACK NACKIDTX | nfdeqo | 14

NACK/DTX ACK NSUccry | 00
NACK NACKIDTX | nfeqo | 0.0
DTX NACK/DTX No Transmission
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Table 10.1.2.2.1-4: Transmission of Format 1b HARQ-ACK channel selection for A=3

HARQ-ACK(0) | HARQ-ACK(1) | HARQ-ACK(2) | N . | BObQ
ACK ACK ACK ng&CCH,l 11
ACK NACK/DTX ACK nl(Dll)JCCH,l 1,0

NACK/DTX ACK ACK nl(?ll)JCCH,l 0,1
NACK/DTX NACK/DTX ACK ngll)J ocH.2 1,1
ACK ACK NACKDTX | n{), oCH. 1,1
ACK NACK/DTX NACK/DTX ngll)J ocH.O 1,0
NACK/DTX ACK NACKDTX | n{) CH.O 0,1
NACK/DTX NACK/DTX NACK n&), cchz | 00
NACK NACK/DTX DTX n&) CH.O 0,0
NACK/DTX NACK DTX ni(Dll)JCCH,O 0,0
DTX DTX DTX No Transmission
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HARQ-ACK(0) | HARQ-ACK(1) | HARQ-ACK(2) | HARQ-ACK®3) | n@® .. | bOb®
ACK ACK ACK ACK NOoory | 12
ACK NACK/DTX ACK ACK ooz | 01

NACK/DTX ACK ACK ACK NUoory | 01
NACK/DTX NACK/DTX ACK ACK NRecs | 12
ACK ACK ACK NACKDTX | oy | 10
ACK NACK/DTX ACK NACKDTX | nccn, | 00
NACK/DTX ACK ACK NACKDTX | oy | 00
NACK/DTX NACK/DTX ACK NACKDTX | ncons | 10
ACK ACK NACK/DTX ACK Nocnz | 11
ACK NACK/DTX NACK/DTX ACK nRecz | 10
NACK/DTX ACK NACK/DTX ACK Nocrs | 01
NACK/DTX NACK/DTX NACK/DTX ACK nRocs | 00
ACK ACK NACK/DTX NACKIDTX | n§oono | 11
ACK NACK/DTX NACK/DTX NACKIDTX | ncono | 10
NACK/DTX ACK NACK/DTX NACKIDTX | n§oono | 01
NACK/DTX NACK NACK/DTX NACKIDTX | ncono | 00
NACK NACK/DTX | NACKIDTX | NACKDTX | nfdoqo | 00
DTX DTX NACK/DTX NACK/DTX No Transmission
10.1.2.2.2 PUCCH format 3 HARQ-ACK procedure
For FDD with PUCCH format 3, the UE shall use PUCCH resource néﬂE)CH or nélL’,E)CH for transmission of HARQ-

ACK insubframe n for p mapped to antenna port p where

- fora PDSCH transmission only on the primary cell indicated by the detection of a corresponding PDCCH in
subframe n—4, or fora PDCCH indicating downlink SPS release (defined in clause 9.2) in subframe n—4 on

the primary cell, the UE shall use PUCCH format 1a/1b and PUCCH resource n-P with

PUCCH
L) _ 1)
Neticen = Nece + Neueen

forantenna port p,,where ngce is the number of the first CCE (i.e. lowest CCE
indexused to construct the PDCCH) used for transmission of the corresponding PDCCH and NF(,BCCH i
configured by higher layers. When two antenna port transmission is configured for PUCCH format 1a/1b, the

PUCCH resource for antenna port p, is given by nF(,ll’Jﬁcl)CH =Neee +1+ Noon -

- fora PDSCH transmission only on the primary cell where there is not a corresponding PDCCH/EPDCCH
detected in subframe n-—4,the UE shall use PUCCH format 1a/1b and PUCCH resource n,&{;’é’CH where the

value of nF(,ll'J?:)CH is determined according to higher layer configuration and Table 9.2-2. For a UE configured

for two antenna port transmission for PUCCH format 1a/1b, a PUCCH resource value in Table 9.2-2 maps to
two PUCCH resources with the first PUCCH resource né,lu‘é%H forantenna port py and thesecond PUCCH
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resource né,llf})CH for antenna port p,, otherwise, the PUCCH resource value maps to a single PUCCH

(1,Po)
resource nPUCCH forantenna port Po-

- fora PDSCH transmission on the secondary cell indicated by the detection of a corresponding
PDCCH/EPDCCH in subframe n—4,the UEshall use PUCCH format 3 and PUCCH resource néﬁg’CH

where the value of néﬁ,@CH is determined according to higher layer configuration and Table 10.1.2.2.2-1.

The TPCfield in the DCI format of the corresponding PDCCH/EPDCCH shall be used to determine the
PUCCH resource values fromone of the four resource values configured by higher layers, with the mapping
defined in Table 10.1.2.2.2-1. For a UE configured for two antenna port transmission for PUCCH format 3, a
PUCCH resource value in Table 10.1.2.2.2-1 maps to two PUCCH resources with the first PUCCH resource

néﬁg‘gH forantenna port py and the second PUCCH resource néfjg%H forantenna port p,, otherwise, the

PUCCH resource value maps to a single PUCCH resource néﬁg‘gH for antenna port pg. A UEshall assume

that the same HARQ-ACK PUCCH resource value is transmitted in each DCI format of the corresponding
secondary cell PDCCH assignments in a given subframe.

- fora PDSCH transmission only on the primary cell indicated by the detection of a corresponding EPDCCH in
subframe n—4, or fora EPDCCH indicating downlink SPS release (defined in clause 9.2) in subframe n—4

on the primary cell, the UE shall use PUCCH format 1a/1b and PUCCH resource nélL’,@CH given by

o if EPDCCH-PRB-set qis configured for distributed transmission

(L) _ (1)
Npdcen = Necceq T Appo + NPUCCH,q

o if EPDCCH-PRB-set qis configured for localized transmission

= n
L,po) _ ECCEq ECCE, ' (1)
nPUCOCH - ECCE,q ' N RB ! +N +AARO + N PeUCCH,q
NRB

forantennaport p,,where Negceeq is the number of the first ECCE (i.e. lowest ECCE indexused to construct
the EPDCCH) used for transmission of the corresponding DCI assignment in EEDCCH-PRB-set ¢, Az, is
determined from the HARQ-A CK resource offset field in the DCI format of the corresponding EPDCCH as
given in Table 10.1.2.1-1, NF(,ej():CH’q for EPDCCH-PRB-set qis configured by the higher layer parameter
pucch-ResourceStartOffset-ril , NngCE‘q for EEDCCH-PRB-set g is given in clause 6.8A.1in [3], N'is

determined from the antenna port used for localized EPDCCH transmission which is described in clause 6.8A.5
in [3]. When two antenna port transmission is configured for PUCCH format 1a/1b, the PUCCH resource for

antenna port p, is given by.

o If EPDCCH-PRB-set qis configured for distributed transmission

@m _ (e1)
Nedcen = nECCE,q +1+ AARo + NPUCCH,q
o if EPDCCH-PRB-set qis configured for localized transmission

= n

Lp) ECCEq ECCE,q ! (1)

nPUClCH - \‘WJ N RB +1+n'+A o T N PUCCHg
RB
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Table 10.1.2.2.2-1: PUCCH Resource Value for HARQ-ACK Resource for PUCCH

\Value of 'TPC command for PUCCH' (3,5)
or '"HARQ-ACK resource offset' NeuccH
'00' The 1st PUCCH resource value configured by the higher layers
‘01’ The 2™ PUCCH resource value configured by the higher layers
'10' The 3™ PUCCH resource value configured by the higher layers
11 The 4™ PUCCH resource value configured by the higher layers

10.1.3 TDD HARQ-ACK feedback procedures

For TDD and a UE that does not support aggregating more than one serving cell with frame structure type 2, two
HARQ-ACK feedback modes are supported by higher layer configuration.

- HARQ-ACK bundling and
- HARQ-ACK multiplexing

For TDD UL/DL configuration 5 and a UE that does not support aggregating more than one serving cell with frame
structure type 2, only HARQ-ACK bundling is supported.

A UE that supports aggregating more than one serving cell with frame structure type 2 is configured by higher layers to
use either PUCCH format 1b with channel selection or PUCCH format 3 for transmission of HARQ-A CK when
configured with more than one serving cell with frame structure type 2.

A UE that supports aggregating more than one serving cell with frame structure type 2 is configured by higher layers to
use HARQ-ACK bundling, PUCCH format 1b with channel selection according to the set of Tables 10.1.3-2/3/4 or
according to the set of Tables 10.1.3-5/6/7, or PUCCH format 3 for transmission of HARQ-A CK when configured with
one serving cell with frame structure type 2.

PUCCH format 1b with channel selection according to the set of Tables 10.1.3-2/3/4 or according to the set of Tables
10.1.3-5/6/7 is not supported for TDD UL/DL configuration 5.

TDD HARQ-ACK bundling is performed per codeword across M multiple DL subframes associated with a single UL
subframe n, where M is the number of elements in the set K defined in Table 10.1.3.1-1, by a logical AND
operation of all the individual PDSCH trans mission (with and without corresponding PDCCH/EPDCCH) HARQ-ACKs
and ACK in response to PDCCH/EPDCCH indicating downlink SPS release. For one configured serving cell the
bundled 1 or 2 HARQ-ACK bits are transmitted using PUCCH format 1a or PUCCH format 1b, respectively.

For TDD HARQ-ACK multiplexing and a subframe n with M >1,where M is the number of elements in the set K
defined in Table 10.1.3.1-1, spatial HARQ-ACK bundling across multip le codewords within a DL subframe is
performed by a logical AND operation of all the corresponding individual HARQ-A CKs. PUCCH format 1b with
channel selection is used in case of one configured serving cell. For TDD HARQ-ACK multiplexing and a subframe n
with M =1, spatial HARQ-A CK bundling across multip le codewords within a DL subframe is not performed, 1 or 2
HARQ-ACK bits are transmitted using PUCCH format 1a or PUCCH format 1b, respectively for one configured
serving cell.

In the case of TDD and more than one configured serving cell with PUCCH format 1b with channel selection and more
than 4 HARQ-ACK bits for M multiple DL subframes associated with a single UL subframe n, where M is defined
in clause 10.1.3.2.1, and for the configured serving cells, spatial HARQ-ACK bundling across multiple codewords
within a DL subframe for all configured cells is performed and the bundled HARQ-ACK bits for each configured
serving cell is transmitted using PUCCH format 1b with channel selection. For TDD and more than one configured
serving cell with PUCCH format 1b with channel selection and up to 4 HARQ-ACK bits for M multiple DL subframes
associated with a single UL subframe n, where M is defined in clause 10.1.3.2.1, and for the configured serving cells,
spatial HARQ-A CK bundling is not performed and the HARQ-ACK bits are transmitted using PUCCH format 1b with
channel selection.

In the case of TDD and more than one configured serving cell with PUCCH format 3and more than 20 HARQ-ACK
bits for M multiple DL subframes associated with a single UL subframe n, where M is the number of elements in
the set K defined in clause 10.1.3.2.2 and for the configured serving cells, spatial HARQ-A CK bundling across

mu Itip le codewords within a DL subframe is performed for each serving cell by a logical AND operation of all of the
corresponding individual HARQ-A CKs and PUCCH format 3 is used. For TDD and more than one configured serving
cell with PUCCH format 3and up to 20 HARQ-ACK bits for M multiple DL subframes associated with a single UL
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subframe n, where M is the number of elements in the set K defined in clause 10.1.3.2.2 and for the configured
serving cells, spatial HARQ-A CK bundling is not performed and the HARQ-A CK bhits are transmitted using PUCCH
format 3.

For TDD with PUCCH format 3, a UE shall determine the number of HARQ-ACK bits, o, associated with an UL
subframe n

N(:Dell_ls

according to O = ZO?CK where NOL is the number of configured cells, and O;*“" is the number of HARQ-bits
c=1

for the c-th serving cell defined in clause 7.3.

TDD HARQ-ACK feedback procedures for one configured serving cell are given in clause 10.1.3.1 and procedures for
more than one configured serving cell are given in clause 10.1.3.2.

10.1.3.1 TDD HARQ-ACK procedure for one configured serving cell

HARQ-ACK transmission on two antenna ports (p e[pg, p1]) is supported for PUCCH format 1a/1b with TDD
HARQ-ACK bundling feedback mode and for PUCCH format 3.

A UE that supports aggregating more than one serving cell with frame structure type 2 can be configured by higher
layers for HARQ-ACK transmission on two antenna ports (p €[pg, p;]) for PUCCH format 1b with channel

selection.

The TDD HARQ-ACK procedure fora UE configured with PUCCH format 3 is as described in clause 10.1.3.2.2 when
the UE receives PDSCH and/or SPS release PDCCH/EPDCCH only on the primary cell.

For TDD HARQ-ACK bundling or TDD HARQ-ACK multiplexing for one configured serving cell and a subframe n
with M =1 where M is the number of elements in the set K defined in Table 10.1.3.1-1, the UE shall use PUCCH
resource nélL’J‘é)CH for transmission of HARQ-ACK in subframe n for p mapped to antenna port p for PUCCH

format 1a/1b, where

- Ifthere is PDSCH transmission indicated by the detection of corresponding PDCCH/EPDCCH or there is
PDCCH/EPDCCH indicating downlink SPS release within subframe(s) n—k ,where ke K and K (defined

in Table 10.1.3.1-1) is aset of M elements {k,k;,---ky ;| depending on the subframe n and the UL/DL
configuration (defined in Table 4.2-2 in [3]), and if PDCCH indicating PDSCH transmission or downlink SPS
release is detected in subframe n—k,, where k; isthe smallest value in set K such that UE detects a

PDCCH/EPDCCH indicating PDSCH transmission or downlink SPS release within subframe(s) n—k and
k € K, the UE first selects a ¢ value out of {0, 1, 2, 3} which makes N; <ngcg < N.,q andshalluse

N =(M-m-1)-N_ +m-N_, +Nece + NSeey forantennaport py,where NS)oq is

configured by higher layers, N. = max{O, L[N%‘ . (NSFéB -c—4)]/36 J} ,and ngeg s the number of the first
CCE used for transmission of the corresponding PDCCH in subframe n—k_, and the corresponding m. When
two antenna port transmission is configured for PUCCH format 1a/1b, the PUCCH resource for HARQ-ACK
bundling for antenna port p, is given by NS 2L =(M —m—1)-N_+m-N_, +ncce +1+ NSoey -

c+l

- Ifthere is only a PDSCH transmission where there is not a corresponding PDCCH/EPDCCH detected within
subframe(s) n—k,where ke Kand K is defined in Table 10.1.3.1-1, the UE shall use PUCCH format 1a/1b

and PUCCH resource nélL’,E)CH with the value of néll’J@CH is determined according to higher layer configuration

and Table 9.2-2. Fora UE configured for two antenna port transmission for PUCCH format 1a/1b and HARQ-
ACK bundling, a PUCCH resource value in Table 9.2-2 maps to two PUCCH resources with the first PUCCH

resource né,lt,'é’éHforantenna port pg and the second PUCCH resource néb%éHfor antenna port pq,
otherwise, the PUCCH resource value maps to a single PUCCH resource né,bg"%Hfor antenna port pg.

- Ifthere is PDSCH transmission indicated by the detection of corresponding PDCCH/EPDCCH or there is
PDCCH/EPDCCH indicating downlink SPS release within subframe(s) n—k,where ke K and K (defined
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in Table 10.1.3.1-1) is a set of M elements {ko,k ,--'kM_l} depending on the subframe n and the UL/DL

configuration (defined in Table 4.2-2 in [3]), and if EPDCCH indicating PDSCH transmission or downlink SPS
release is detected in subframe n—Kk,, where k isthe smallest value inset K such that UE detects a

PDCCH/EPDCCH indicating PDSCH transmission or downlink SPS release within subframe(s) n—k and
k € K, the UEshall use

o If EPDCCH-PRB-set qis configured for distributed transmission

m-1
(L) _ (e1)
r]PUCOCH - nECCE,q + Z NECCE,q,n—ki1 + AARO + NPUCCH,q
i1=0

o if EPDCCH-PRB-set 4is configured for localized transmission

_ n m-1

1,p0) _ ECCE,q ECCE,q 1 (e1)

nPUCOCH - |‘ N ECCE,q J ) NRB + Z NECCE,q,n—kil +n +AARO + NPUCCH,q
RB i1=0

forantenna port pg, where Ngece, is the number of the first ECCE (i.e. lowest ECCE index used to
construct the EPDCCH) used for transmission of the corresponding DCI assignment in EEDCCH-PRB-set g in

subframe n—k, and the corresponding m, N,ﬁej)CCH’q for EPDCCH-PRB-set q is configured by the higher

layer parameter pucch-ResourceStartOffset-ril , Nggcaq for EPDCCH-PRB-set g in subframe n—k is

given in clause 6.8A.1in [3], N'is determined from the antenna port used for EPDCCH transmission in
subframe n—k,, which is described in clause 6.8A5in [3]. If m=0, A,,, is determined fromthe HARQ-

ACK resource offset field in the DCI format of the corresponding EPDCCH as given in Table 10.1.2.1-1. If
m>0, A, isdetermined from the HARQ-ACK resource offset field in the DCI format of the

corresponding EPDCCH as given in Table 10.1.3.1-2. Ifthe UE is configured to monitor EFDCCH in
subframe n-k,, NECCE’q'n_ki1 is equal to the number of ECCEs in EPFDCCH-PRB-set q configured for that

UE in subframe n —k;, . If the UE is not configured to monitor EPDCCH in subframe n—k,, , NECCE,q,n—kil is
equal to the number of ECCEs computed assuming EPDCCH-PRB-set q is configured for that UE in subframe
n—k, . For normal downlink CP, if subframe n—k is aspecial subframe with special subframe configuration

Oor5, NECCEWFkil is equal to 0. For extended downlink CP, if subframe n—k;, is a special subframe with
special subframe configuration 0 or 4 or 7, NECCEyq]n,kil is equal to 0. When two antenna port transmission is

configured for PUCCH format 1a/1b, the PUCCH resource for HARQ-ACK bundling for antenna port p, is

given by
o If EPDCCH-PRB-set qis configured for distributed transmission
m-1
Lp) (1)
Nelceh = nECCE,q +1+ Z NECCE,q,n—kil + AARo + NPeUCCH,q
i1=0

o If EPDCCH-PRB-set qis configured for localized transmission

N n m-1
a,p) _ ECCE,q ECCE,q 1 (e1)
nPUClCH - \‘ N ECCE,q J ' N RB +1+ Z N ECCE,q,n—k;; +n +AARO + N PUCCH,q
RB i1=0
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Table 10.1.3.1-1: Downlink association set index K : {ky,k;, --ky 4} for TDD

UL/DL Subframe n
Configuration | 0 | 1 2 3 4 56 7 819
0 - 6 - 4 6 -1 4
1 -1 - 7.6 4 - -1- 7.6 4l-
2 - |- 8,7,4,6 - - -|-18,7,46[-]-
3 - - 7,6,11 6,5 541 -| - - - -
4 -] - 12,8,7,11 6,5 4,7 - -] - - -] -
5 -|-113,12,9,8,7,5,4,11,6 - - e - - -
6 -] - 7 7 5 -] - 7 7] -

Table 10.1.3.1-2: Mapping of ACK/NACK Resource offset Field in DCI format
1A/1B/1D/1/2A/2/2B/2C/2D to A ,, values for TDD when m>0

ARO
ACK/NACK Resource offset field in A
DCl format 1A/1B/1D/1/2A/2/2B/2C/2D ARO
0 0
m-1
1 - Z N ECCE,q,n—k;; 2
i1=0
m-1
2 - NECCE,q,n—kil -1
il=m—-| m/3]
3 2

For TDD HARQ-ACK multiplexing and sub-frame n with M >1 and one configured serving cell, where M is the
number of elements in the set K defined in Table 10.1.3.1-1, denote né,lt)JCCH’i as the PUCCH resource derived from
sub-frame n—k; and HARQ-ACK(i) as the ACK/NACK/DT X response fromsub-frame n—k; , where

ki € K (defined in Table 10.1.3.1-1)and 0<i<M —1.

- Fora PDSCH transmission indicated by the detection of corresponding PDCCH or a PDCCH indicating
downlink SPS release in sub-frame n-k; where k; € K ,the PUCCH resource

n,(glejCCH’i =(M —i-1)-N¢g+i-N¢yg +nNceg i + nglL)JCCH ,where ¢ is selected from{0, 1, 2, 3} such that

Ne <Nccei < Nest NC=max{o,L[NF?BL.(NSEB-C—@]/%J}, Necei IS the number of the first CCE used

for transmission of the corresponding PDCCH in subframe n-k; , and NIS‘:BCCH is configured by higher
layers.

- Fora PDSCH transmission where there is not a corresponding PDCCH/EPDCCH detected in subframe n—k; ,
the value of néll)JCCH’i is determined according to higher layer configuration and Table 9.2-2.

- Fora PDSCH transmission indicated by the detection of corresponding EPDCCH ora EPDCCH indicating
downlink SPS release in sub-frame n—k; where k; € K,the UE shall use

o if EPDCCH-PRB-set qis configured for distributed transmission
i-1

(1) _ (e1)
Noicen,i = Necceq T Z NECCE,q,n—k,1 +Apro + NPUCCH,q
i1l=0

o if EPDCCH-PRB-set qis configured for localized transmission

n i-1

I | Mecceg ECCEq . €l)

Noicch,i = |‘ N ECCEq J Ngs + Z NECCE,q,n-k,1 +NH+A oo + NPUCCH,q
RB i1=0
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where Ngece o s the number of the first ECCE (ie. lowest ECCE index used to construct the EPDCCH) used

for transmission of the corresponding DCI assignment in EPDCCH-PRB-set ¢ in subframe n—k; , N,gejéCqu
for EEDCCH-PRB-set qis configured by the higher layer parameter pucch-ResourceStartOffset-ril ,

N FEBCCE"‘ for EEDCCH-PRB-set qin subframe n—k; is given in clause 6.8A.1 in [3], Nn"is determined from
the antenna port used for EPDCCH transmission in subframe n —k; which is described in clause 6.8A.5 in [3].
If i=0, A jro 1s determined fromthe HARQ-ACK resource offset field in the DCI format of the

corresponding EPDCCH as given in Table 10.1.2.1-1. If i >0, A jqo 1s determined fromthe HARQ-ACK

resource offset field in the DCI format of the corresponding EPDCCH as given in Table 10.1.3.1-2, where the
the variable m in the table is substituted with 1. 1fthe UE is configured to monitor EPDCCH in subframe

n—ki. NECCE’q'nfkil is equal to the number of ECCEs in EPDCCH-PRB-set q configured for that UE in

subframe n—k,, . Ifthe UE is not configured to monitor EPDCCH in subframe n—k,,, NECCE’q’rPkil is equal

to the number of ECCEs computed assuming EPDCCH-PRB-set g is configured for that UE in subframe
n—k;, . For normal downlink CP, ifsubframe n—k is aspecial subframe with special subframe configuration

Oor5, NECCE'q]rH(il is equal to 0. For extended downlink CP, if subframe n—k is a special subframe with

special subframe configuration 0 or 4 or 7, NECCE’q]n_kil is equal to 0.

If a UE is not configured with two antenna port transmission for PUCCH format 1b with channel selection, based on
higher layer signalling the UE configured with a single serving cell will perform channel selection either according to
the set of Tables 10.1.3-2, 10.1.3-3, and 10.1.3-4 or according to the set of Tables 10.1.3-5, 10.1.3-6, and 10.1.3-7.

Ifa UE is configured with two antenna port transmission for PUCCH format 1b with channel selection, then the UE will
perform channel selection according to the set of Tables 10.1.3-5, 10.1.3-6, and 10.1.3-7.

For the selected table set, the UE shall transmit p(0),b(1) on PUCCH resource nélL',’?CH in sub-frame n for p

mapped to antenna port P using PUCCH format 1b according to clause 5.4.1 in [3] where

- né,lL'J@CH: né,ll)JCCH for antenna port p,and the value of b(0),b(1) and the PUCCH resource né,ll)JCCH are

generated by channel selection according to the selected set of Tables for M = 2, 3, and 4 respectively

- néll'fééH for antenna port p, , where né,llfc%H is selected from PUCCH resources nélL‘JﬁC%Hj configured by
higher layers where 0<i<M —1, according to selected set of Tables for M = 2, 3, and 4 respectively by

replacing né%CCH with né,lu'él():H and replacing nS&CCHj with nélL‘Jﬁc%Hj , when the UE is configured with two

antenna port transmission for PUCCH format 1b with channel selection.

Table 10.1.3-2: Transmission of HARQ-ACK multiplexing for M = 2

HARQ-ACK(0), HARQ-ACK(1) | n§).., | b(0).b()
ACK, ACK Necra | 1.1
ACK, NACK/DTX Nccno | 0.1
NACK/DTX, ACK Necua | 0.0
NACK/DTX, NACK Neca | 1.0
NACK, DTX Necno | 1.0
DTX, DTX No transmission
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Table 10.1.3-3: Transmission of HARQ-ACK multiplexing for M = 3

HARQ-ACK(0), HARQ-ACK(1), HARQ-ACK(2) | n%® .., | b(0),b(®)
ACK, ACK, ACK NSoecnz | 11
ACK, ACK, NACK/DTX néﬂccm 1,1
ACK, NACK/DTX, ACK Noccno | 11
ACK, NACK/DTX, NACK/DTX NSecno | 0.1
NACK/DTX, ACK, ACK nlglL)JCCH,Z 1,0
NACK/DTX, ACK, NACK/DTX NSoecns | 0.0
NACK/DTX, NACK/DTX, ACK Necnz | 0.0
DTX, DTX, NACK n;ﬂcmz 0,1
DTX, NACK, NACK/DTX Necns | 1.0
NACK, NACK/DTX, NACK/DTX Necno | 1.0
DTX, DTX, DTX No transmission
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Table 10.1.3-4: Transmission of HARQ-ACK multiplexing for M = 4

HARQ-ACK(0), HARQ-ACK(1), HARQ-ACK(2), HARQ-ACK@3) | n® ... | b(0),b(2)
ACK, ACK, ACK, ACK Necns | L1
ACK, ACK, ACK, NACK/DTX nf}dCCH‘l 1,0
NACK/DTX,NACK/DTXNACK,DTX N$ccns 1,1
ACK, ACK, NACK/DTX, ACK Necns | 10
NACK, DTX, DTX, DTX NSecho 1,0
ACK, ACK, NACK/DTX, NACK/DTX NSecna 1,0
ACK, NACK/DTX, ACK, ACK Necns | 01
NACK/DTX, NACK/DTX, NACK/DTX, NACK NPeens | L1
ACK, NACK/DTX, ACK, NACK/DTX Necnz | 01
ACK, NACK/DTX, NACK/DTX, ACK Necho | 01
ACK, NACK/DTX, NACK/DTX, NACK/DTX Necno 1,1
NACK/DTX, ACK, ACK, ACK Necns | 0.1
NACK/DTX, NACK, DTX, DTX Necns | 0.0
NACK/DTX, ACK, ACK, NACK/DTX NSecn2 1,0
NACK/DTX, ACK, NACK/DTX, ACK Necns | 1.0
NACK/DTX, ACK, NACK/DTX, NACK/DTX NOcers | 0.1
NACK/DTX, NACK/DTX, ACK, ACK Neens | 01
NACK/DTX, NACK/DTX, ACK, NACK/DTX Necnz | 0.0
NACK/DTX, NACK/DTX, NACK/DTX, ACK Necns | 0.0
DTX, DTX, DTX, DTX No transmission

Table 10.1.3-5: Transmission of HARQ-ACK multiplexing for M = 2

- L @)

HARQ-ACK(0), HARQ-ACK(1) | nglccy | P(ODBA)
@)

ACK, ACK NBUCCH.1 1,0
@)

ACK, NACK/DTX NPUCCH.0 1,1
@)

NACK/DTX, ACK NBUCCH.1 0,1
@)

NACK, NACK/DTX NBUCCH.0 0,0

DTX, NACK/DTX No Transmission

Table 10.1.3-6: Transmission of HARQ-ACK multiplexing for M = 3
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HARQ-ACK(0), HARQ-ACK(1), HARQ-ACK(2) | n{).., | b(0)b(1)
ACK, ACK, ACK nSUccr2 1,1
ACK, ACK, NACK/DTX ISV 1,0
ACK, NACK/DTX, ACK NSUccr.2 1,0
ACK, NACK/DTX, NACK/DTX nSYccro 1,1
NACK/DTX, ACK, ACK NRecnz | 01
NACK/DTX, ACK, NACK/DTX ISV 0,1
NACK/DTX, NACK/DTX, ACK N2 0,0
NACK, NACK/DTX, NACK/DTX nSUccro 0,0
DTX, NACK/DTX, NACK/DTX No Transmission

Table 10.1.3-7: Transmission of HARQ-ACK multiplexing for M = 4

HARQ-ACK(0), HARQ-ACK(1), HARQ-ACK(2), HARQ-ACK(3) | n® ..., | bOb®
ACK, ACK, ACK, ACK NSYocrs | L1
ACK, ACK, ACK, NACK/DTX Nocrz | 11
ACK, ACK, NACK/DTX, ACK nSYccro | 1.0
ACK, ACK, NACK/DTX, NACK/DTX NSYocrs | 1.0
ACK, NACK/DTX, ACK, ACK NSoccns | L1
ACK, NACK/DTX, ACK, NACK/DTX NSYocrz | 1.0
ACK, NACK/DTX, NACK/DTX, ACK nocro | 0.1
ACK, NACK/DTX, NACK/DTX, NACK/DTX nDocro | 11
NACK/DTX, ACK, ACK, ACK nSocr1 | 0.0
NACK/DTX, ACK, ACK, NACK/DTX Qe | 0.1
NACK/DTX, ACK, NACK/DTX, ACK nReons | L0
NACK/DTX, ACK, NACK/DTX, NACK/DTX N1 | 0.1
NACK/DTX, NACK/DTX, ACK, ACK NYocrs | 0.1
NACK/DTX, NACK/DTX, ACK, NACK/DTX NRecns | 0.0
NACK/DTX, NACK/DTX, NACK/DTX, ACK nSYccrs | 0.0
NACK, NACK/DTX, NACK/DTX, NACK/DTX nSYccro | 0.0
DTX, NACK/IDTX, NACKIDTX, NACKIDTX No Transmission
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10.1.3.2 TDD HARQ-ACK procedure for more than one configured serving cell

The TDD HARQ-ACK feedback procedures for more than one configured serving cell are either based on a PUCCH
format 1b with channel selection HARQ-A CK procedure as described in clause 10.1.3.2.1 ora PUCCH format 3
HARQ-ACK procedure as described in clause 10.1.3.2.2.

HARQ-ACK transmission on two antenna ports (p e[pg, p1]) is supported for PUCCH format 3 and TDD with more
than one configured serving cell.

Ifa UE is configured with more than one serving cell and the TDD UL/DL configurations of all serving cells are the
same, TDD UL/DL configuration 5 with PUCCH format 3 is only supported for up to two configured serving cells.

Ifa UE is configured with two serving cells and the TDD UL/DL configuration of the two serving cells is the same,
TDD UL/DL configuration 5 with PUCCH format 1b with channel selection for two configured serving cells is not
supported. If a UE is configured with two serving cells and if the TDD UL/DL configuration of the two serving cells are
not the same and if the DL-reference UL/DL configuration (as defined in clause 10.2) of at least one serving cell is
TDD UL/DL Configuration 5, PUCCH format 1b with channel selection is not supported.

HARQ-ACK transmission on two antenna ports (p €[pg, p1]) is supported for PUCCH format 1b with channel
selection and TDD with two configured serving cells.

10.1.3.2.1 PUCCH format 1b with channel selection HARQ-ACK procedure

Ifa UE is configured with two serving cells with the same UL/DL configurations, then K is as defined in Sec 10.2 and
M is the number of elements for subframe n in theset K ,and M primary = M -

If a UE is configured with two serving cells with different UL/DL configurations,

M

, where

— then the UE shall determine M for a subframe n in this clause asM = max(M Secondary)

primary?

- M primary 1 the number of elements for subframe n in the set K defined in Table 10.1.3.1-1 for the
primary cell TDD UL/DL configuration , and

=M denotes the number of ele ments for subframe n in the set K for the secondary serving cell (as

secondary

defined in clause 10.2)

—if Msecondary< M, then the UE shall, for the secondary serving cell, set HARQ-ACK(j) to DTX for j =
M to M -1.

sec ondary

— if M primary <M, then the UE shall, for the primary cell, set HARQ-ACK(j) to DTX for j= M to

M-1

primar

If the UE is configured with two serving cells with different UL/DL configurations, then in the rest of this clause, K
= K, where K is defined in clause 10.2.

For TDD HARQ-ACK multiplexing with PUCCH format 1b with channel selection and two configured serving cells
and a subframe n with M =1, a UE shall determine the number of HARQ-ACK bits, 0, based on the number of

configured serving cells and the downlink transmission modes configured for each serving cell. The UE shall use two
HARQ-ACK bits for a serving cell configured with a downlink transmission mode that supports up to two transport
blocks; and one HARQ-ACK bit otherwise.

For TDD HARQ-ACK multiplexing with PUCCH format 1b with channel selection and two configured serving cells
and a subframe n with M <2, the UEshall transmit b(o)nyy on PUCCH resource n,(jllf(’:)CH for p mapped to antenna

port p using PUCCH format 1b where

- né,b@CH = né,lL)JCCH for antenna port p,, where ng&CCH selected from A PUCCH resources, nélL)JCCH'j

where 0< j< A-1 and Ae{2,3,4}, according to Tables 10.1.3.2-1, 10.1.3.2-2, and 10.1.3.2-3 in subframe n
using PUCCH format 1b.
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- né,b@%H for antenna port p, , where n&,@éH selected from A PUCCH resources, né{,@éw configured by
higher layers where 0< j< A—1 and A<{2,3,4}, according to Tables 10.1.3.2-1, 10.1.3.2-2, and 10.1.3.2-3

by replacing nI(DlL)JCCHwith né,t%%Hand replacing nlglL)JCCH,i with né,tﬁc%H’i in subframe n, when the UE is

configured with two antenna port transmission for PUCCH format 1b with channel selection,
and fora subframe n with M =1, HARQ-A CK(j) denotes the ACK/NACK/DT X response for a transport block or SPS
release PDCCH/EPDCCH associated with serving cell, where the transport block and serving cell for HARQ-A CK(j)
and A PUCCH resources are given by Table 10.1.2.2.1-1. For a subframe n with M =2, HARQ-ACK(j) denotes the

ACK/NACK/DT X response fora PDSCH transmission or SPS release PDCCH/EPDCCH within subframe(s) given by
set K on each serving cell, where the subframes on each serving cell for HARQ-ACK(j) and A PUCCH resources

are given by Table 10.1.3.2-4. The UE shall determine the A PUCCH resources, nélL),CCHJ associated with HARQ-
ACK(j) where 0< j< A-1 inTable10.1.2.2.1-1 for M =1 and Table 10.1.3.2-4 for M =2, according to

- fora PDSCH transmission indicated by the detection of a corresponding PDCCH in subframe N — km , Where
k., € K on the primary cell, or fora PDCCH indicating downlink SPS release (defined in clause 9.2) in

subframe N— km ,where k, K on the primary cell, the PUCCH resource is
nI(D:BCCH,j = (M primary — M _1)' Ng +m- N,y +Nece  + Nfdeey, where ¢ is selected from {0, 1, 2, 3}

suchthat N, <ngce <Ng,;. N :maX{O,\_[NF?BL-(N;B-C—4)]/36J} where N5 is

determined from the primary cell, and for a subframe n with M =1 and a transmission mode that supports up
to two transport blocks on the serving cell where the corresponding PDSCH transmission occurs, the PUCCH

® e qi @) - @)
resource Mpcep jia 1S given by Npyec jia = (M primary = M—=1)- Ng +mM- Ny +Nece 14 Npgeey
where Nece, IS the number of the first CCE used for transmission of the corresponding DCI assignment and

NF(,BCCH is configured by higher layers.

- fora PDSCH transmission on the primary cell where there is not a corresponding PDCCH/EPDCCH detected
within subframe(s) n—k, where k € K, the value of néﬂCCH,j is determined according to higher layer
configuration and Table 9.2-2.

- Fora PDSCH transmission indicated by the detection of corresponding EFDCCH ora EPDCCH indicating

downlink SPS release in sub-frame N — km where k. € K on the primary cell, the PUCCH resource

1 ..
nI(DL)JCCH,j is given by

o If EPDCCH-PRB-set qis configured for distributed transmission

m-1
(1) _ (e1)
nPUCCH,j - nECCE,q + z NECCE,q,n—kil + AARO + NPUCCH,q
i1=0

o if EPDCCH-PRB-set Jis configured for localized transmission

n m-1
&) _ ECCE(q ECCE,q ' (e1)
nPUCCH,j - L N ECCEq J NRB + Z NECCE,q,n—kil +Nn +AARO + NPUCCH,q

RB i1=0

where Ngceg g is the number of the first ECCE (i.e. lowest ECCE index used to construct the EPDCCH) used

for transmission of the corresponding DCI assignment in EPDCCH-PRB-set ¢ in subframe n—k_, N éejéCqu
for EPDCCH-PRB-set qis configured by the higher layer parameter pucch-ResourceStartOffset-r11 ,

N §§°E’q for EEDCCH-PRB-set qin subframe n—k is given in clause 6.8A.1 in [3], N"is determined from
the antenna port used for EPDCCH transmission in subframe n—Kk_ which is described in clause 6.8A.5 in [3].
If mM=0, A, isdetermined fromthe HARQ-ACK resource offset field in the DCI format of the
corresponding EPDCCH as given in Table 10.1.2.1-1. If m>0, A ,,, is determined from the HARQ-ACK
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resource offset field in the DCI format of the corresponding EPDCCH as given in Table 10.1.3.1-2. If the UE is
configured to monitor EPDCCH in subframe n—Kk, , NECCE’q’n_kil is equal to the number of ECCEs in

EPDCCH-PRB-set qconfigured for that UE in subframe n—k;, . Ifthe UE is not configured to monitor
EPDCCH in subframe n—k

i1’

NECCE’Q’Hil is equal to the number of ECCEs computed assuming EPDCCH-
PRB-set g is configured for that UE in subframe n—k;, . For normaldownlink CP, if subframe n—k, isa
special subframe with special subframe configuration 0 or 5, NECCE,q,n—kil is equal to 0. For extended downlink
CP, ifsubframe n—k, is aspecial subframe with special subframe configuration Oor 4 or 7, NECCE’Q’Hi1 is

equalto 0. For asubframe nwith M =1 and a transmission mode that supports up to two transport blocks on
the serving cell where the corresponding PDSCH transmission occurs, the PUCCH resource nélL)JCCHVH is

given by
o if EPDCCH-PRB-set qis configured for distributed transmission
m-1
@p) (1)
r]PUClCH - r]ECCE,q +1+ Z NECCE,q,n—ki1 + AARO + NPUCCH,q
i1=0

o if EPDCCH-PRB-set 4is configured for localized transmission

N n m-1
wp) ECCE,q ECCEq ' (e1)
r]F'UCICH - \‘ N ECCEq J -N RB +1+ z N ECCE,q,n—k;; +n +AARO +N PUCCH,q
RB i1=0

- fora PDSCH transmission indicated by the detection of a corresponding PDCCH/EPDCCH within subframe(s)
n—k,where keK onthesecondary cell, the value of néﬂccm ,and the value of néﬂCCHJH fora

subframe n with M =2 or fora subframe nwith M =1 and a transmission mode on the secondary cell that
supports up to two transport blocks is determined according to higher layer configuration and Table 10.1.2.2.1-
2. The TPC field in the DCI format of the corresponding PDCCH/EPDCCH shall be used to determine the
PUCCH resource values fromone of the four resource values configured by higher layers, with the mapping
defined in Table 10.1.2.2.1-2. Fora UE configured for a transmission mode on the secondary cell that supports
up to two transport blocks and a subframe n with M =1, or for a subframe n with M =2, a PUCCH resource

value in Table 10.1.2.2.1-2 maps to two PUCCH resources (né,lt)JCCHyj , nS&ccH,m) , otherwise, the PUCCH

resource value maps to a single PUCCH resource nélL),CCH'j . A UEshall assume that the same HARQ-ACK

PUCCH resource value is transmitted in the TPC field on all PDCCH/EPDCCH assignments on the secondary
cell within subframe(s) n—k,where ke K.

Table 10.1.3.2-1: Transmission of HARQ-ACK multiplexing for A =2

. . ®

HARQ-ACK(0), HARQ-ACK(1) | nglccy | P(Ob()
@

ACK, ACK NplccHy | 1.0
@)

ACK, NACK/DTX NBlccHo | 1.1
@

NACK/DTX, ACK NplccHy | O:1
@

NACK, NACK/DTX NBUCCH.0 0,0

DTX, NACK/DTX No Transmission

Table 10.1.3.2-2: Transmission of HARQ-ACK multiplexing for A =3
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HARQ-ACK(0), HARQ-ACK(1), HARQ-ACK(2) | n{).., | b(0)b(1)
ACK, ACK, ACK nSUccr2 1,1
ACK, ACK, NACK/DTX ISV 1,0
ACK, NACK/DTX, ACK NSUccr.2 1,0
ACK, NACK/DTX, NACK/DTX nSYccro 1,1
NACK/DTX, ACK, ACK NRecnz | 01
NACK/DTX, ACK, NACK/DTX ISV 0,1
NACK/DTX, NACK/DTX, ACK N2 0,0
NACK, NACK/DTX, NACK/DTX nSUccro 0,0
DTX, NACK/DTX, NACK/DTX No Transmission

Table 10.1.3.2-3: Transmission of HARQ-ACK multiplexing for A =4

HARQ-ACK(0), HARQ-ACK(1), HARQ-ACK(2), HARQ-ACK(3) | n® ..., | bOb®
ACK, ACK, ACK, ACK NSYocrs | L1
ACK, ACK, ACK, NACK/DTX Nocrz | 11
ACK, ACK, NACK/DTX, ACK nSYccro | 1.0
ACK, ACK, NACK/DTX, NACK/DTX NSYocrs | 1.0
ACK, NACK/DTX, ACK, ACK NSoccns | L1
ACK, NACK/DTX, ACK, NACK/DTX NSYocrz | 1.0
ACK, NACK/DTX, NACK/DTX, ACK nocro | 0.1
ACK, NACK/DTX, NACK/DTX, NACK/DTX nDocro | 11
NACK/DTX, ACK, ACK, ACK nSocr1 | 0.0
NACK/DTX, ACK, ACK, NACK/DTX Qe | 0.1
NACK/DTX, ACK, NACK/DTX, ACK nReons | L0
NACK/DTX, ACK, NACK/DTX, NACK/DTX N1 | 0.1
NACK/DTX, NACK/DTX, ACK, ACK NYocrs | 0.1
NACK/DTX, NACK/DTX, ACK, NACK/DTX NRecns | 0.0
NACK/DTX, NACK/DTX, NACK/DTX, ACK nSYccrs | 0.0
NACK, NACK/DTX, NACK/DTX, NACK/DTX nSYccro | 0.0
DTX, NACK/IDTX, NACKIDTX, NACKIDTX No Transmission
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Table 10.1.3.2-4: Mapping of subframes on each serving cell to HARQ-ACK(j) for PUCCH format 1b
HARQ-ACK channel selection for TDD with M =2

HARQ-ACK())
A
HARQ-ACK(0) HARQ-ACK(1) HARQ-ACK(2) HARQ-ACK(3)
4 The first subframe | The second subframe | The first subframe | The second subframe
of Primary cell of Primary cell of Secondary cell of Secondary cell

For TDD HARQ-ACK multiplexing with PUCCH format 1b with channel selection and sub-frame n with M > 2

and two configured serving cells, denotes n,(jll)JCCH i 0<i<3asthe PUCCH resource derived fromthe transmissions

in M DL sub-frames associated with the UL subframe n . nlg:BCCH,O and nélL),CCH’lare associated with the PDSCH
transmission(s) ora PDCCH/EPDCCH indicating downlink SPS release (defined in clause 9.2) on the primary cell and

né,lL),CCH]Z and né,lL)JCCHBare associated with the PDSCH transmission(s) on the secondary cell.

For Primary cell:

- Ifthere is a PDSCH transmission on the primary cell without a corresponding PDCCH/EPDCCH detected
within the subframe(s) n—k,where keK,

o thevalue of nélL),CCH’O is determined according to higher layer configuration and Table 9.2-2.

o fora PDSCH transmission on the primary cell indicated by the detection of a corresponding PDCCH
in subframe N — km ,where K. € K with the DAl value in the PDCCH equal to '1' (defined in
Table 7.3-X) or a PDCCH indicating downlink SPS release (defined in clause 9.2) in subframe

n—Kk.,, where K, € K with the DAI value in the PDCCH equal to '1', the PUCCH resource

1)

néuccm = (M primary — M —1)- N, +m-N_,; +Necem + Ny Where ¢ is selected from {0, 1,

N, =max{0,| [N2 -(N2®.c—4)]/36 |} where

Nccem i the number of the first CCE used for transmission of the corresponding PDCCH in

2,3} suchthat N, <nNceen <N

c+l:

subframe n-k, and NF(,IL]CCH is configured by higher layers.

o fora PDSCH transmission on the primary cell indicated by the detection of a corresponding EFDCCH
in subframe N—K_,where K, € K with the DAI value in the EPDCCH equal to '1' (defined in

Table 7.3-X) or an EPDCCH indicating downlink SPS release (defined in clause 9.2) in subframe
n-— km , Where km € K with the DAI value in the EPDCCH equalto 1',the PUCCH resource is

given by
- IFEPDCCH-PRB-set qis configured for distributed transmission
m-1
@) — (1)
nPUCCH,l - nECCE,q + Z N ECCE,q,n—k;; + AARO + NPUCCH,q
i1=0

- IFEPDCCH-PRB-set qis configured for localized transmission

n m-1

(@] _ ECCE,q ECCEq ' (e1)

nPUCCH,l - \\ N ECCE,q J ’ NRB + z NECCE,q,n—kil +n +AARO + NPUCCH,q
RB i1=0

where Ngccg g is the number of the first ECCE (i.e. lowest ECCE index used to construct the
EPDCCH) used for transmission of the corresponding DCI assighment in EPDCCH-PRB-set qin

subframe n-k,, Né,ej():CH’q for EPDCCH-PRB-set qis configured by the higher layer parameter
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pucch-ResourceStartOffset-r11, N 55" for EEDCCH-PRB-set q in subframe n—k_is given in
clause 6.8A.1in [3], n'is determined fromthe antenna port used for EPDCCH transmission in
subframe n—k_ which is described in clause 6.8A.5 in [3]. If m = 0, A jqo Is determined from the

HARQ-ACK resource offset field in the DCI format of the corresponding EPDCCH as given in Table
10.1.2.1-1. 1If m>0, A jpo s determined fromthe HARQ-ACK resource offset field in the DCI
format of the corresponding EPDCCH as given in Table 10.1.3.1-2. If the UE is configured to monitor
EPDCCH in subframe n—k,, Ngcce gn i, is €qualto the number of ECCEs in EPDCCH-PRB-set
g configured for that UE in subframe n—k, . Ifthe UE is not configured to monitor EPDCCH in

subframe n—k,, NECCE,q,n—kil is equal to the number of ECCEs computed assuming EPDCCH -
PRB-set qis configured for that UE in subframe n —k,, . For normal downlink CP, if subframe

n—Kk;, isaspecial subframe with special subframe configuration 0 or 5, NECCE’q’Hi1 is equal to O.
For extended downlink CP, if subframe n—k,, is aspecial subframe with special subframe

configuration 0or 4 or 7, Ngccee i IS equalto 0.

HARQ-ACK(0) is the ACK/NACK/DT X response for the PDSCH transmission without a
corresponding PDCCH/EPDCCH. For 1< j<M -1, ifa PDSCH transmission with a
corresponding PDCCH/EPDCCH and DAl value in the PDCCH/EPDCCH equalto ' j'ora

PDCCH/EPDCCH indicating downlink SPS release and with DAI value in the PDCCH/EPDCCH
equalto ' j'is received, HARQ-ACK(j) is the corresponding ACK/NACK/DT X response; otherwise

HARQ-ACK(j) shall be set to DTX.

- Otherwise,

o

fora PDSCH transmission on the primary cell indicated by the detection of a corresponding PDCCH
in subframe N — km , where km € K and for TDD UL/DL configuration of the primary cell
belonging to {1,2,3,4,6} the DA value in the PDCCH equal to either '1' or 2' ora PDCCH indicating
downlink SPS release (defined in clause 9.2) in subframe N—Kk_ , where K, € K andfor TDD

UL/DL configuration of the primary cell belonging to {1,2,3,4,6} the DAI value in the PDCCH equal
to either 1" or '2, the PUCCH resource

@) _ @) .
nPUCCH,i - (M primary m _1) Nc +m- Nc+l + nCCE,m + NPUCCH ,where ¢ is selected from {0,

1,2 3}suchthat N. <nccgn <N ;. N, = max{O, \_[N% ‘(N2P.c-4)]/36 J} , Where
Nccem i the number of the first CCE used for transmission of the corresponding PDCCH in

subframe N—K_, N,%CCH is configured by higher layers and for TDD UL/DL configuration of the

primary cell belonging to {1,2,3,4,6}, 1 =0 for the corresponding PDCCH with the DAI value equal
to'1'and i =1 for the corresponding PDCCH with the DAI value equal to '2', and for the primary
cell with TDD UL/DL configuration 0 i =0 for the corresponding PDCCH.

fora PDSCH transmission on the primary cell indicated by the detection of a corresponding EFDCCH
in subframe N— krn ,where K. € K and for TDD UL/DL configuration of the primary cell
belonging to {1,2,3,4,6} the DAl value in the EPFDCCH equal to either '1'or '2' oran EPDCCH
indicating downlink SPS release (defined in clause 9.2) in subframe N— km , Where km e K and
for TDD UL/DL configuration of the primary cell belonging to {1,2,3,4,6}the DAI value in the
EPDCCH equal to either '1'or '2', the PUCCH resource is given by

- IFEPDCCH-PRB-set qis configured for distributed transmission

m-1
) _ (e1)
nPUCCH,i - r]ECCE,q + Z NECCE,q,n—kil + AARO + NPUCCH,q
i1=0
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- IfEPDCCH-PRB-set qis configured for localized transmission

n m-1

(1) _ ECCE,q ECCE,q ' (e1)

nPUCCH,i - L N ECCEq J -N RB + Z N ECCE,q,n—kj; +n +AARO +N PUCCH,q
RB i1=0

where Ngece o Is the number of the first ECCE (ie. lowest ECCE index used to construct the
EPDCCH) used for transmission of the corresponding DCI assignment in EPDCCH-PRB-set q in

subframe n—k_, Né,ejéCH’q for EEDCCH-PRB-set ¢ is configured by the higher layer parameter
pucch-ResourceStartOffset-ril, N FEgCE’q for EPEDCCH-PRB-set q in subframe n—k_ is given in

clause 6.8A.1 in [3], Nn'is determined fromthe antenna port used for EPDCCH transmission in
subframe n—k_ which is described in clause 6.8A.5 in [3]. If m = 0, A so is determined from the
HARQ-ACK resource offset field in the DCI format of the corresponding EPDCCH as given in Table
10.1.2.1-1. If m>0, A jpo s determined fromthe HARQ-ACK resource offset field in the DCI
format of the corresponding EPDCCH as given in Table 10.1.3.1-2. If the UE is configured to monitor
EPDCCH in subframe n—k,, NECCE'q'n,kil is equal to the number of ECCEs in EPDCCH-PRB-set

g configured for that UE in subframe n—k;, . Ifthe UE is not configured to monitor EPDCCH in

subframe n -k, ,

NECCE’CLWkil is equal to the number of ECCEs computed assuming EPDCCH-
PRB-set qis configured for that UE in subframe n—k;, . For normal downlink CP, if subframe

n—Kk;, isaspecial subframe with special subframe configuration 0 or 5, NECCE’qJFkil is equal to 0.
For extended downlink CP, if subframe n—k;, is aspecial subframe with special subframe

configuration O or 4 or 7, NECCE'an_kil is equal to 0. Here, for TDD UL/DL configuration of the

primary cell belonging to {1,2,3,4,6} i =0 for the corresponding EPDCCH with the DAI value
equalto'l'and i=1 forthe corresponding EPDCCH with the DAI value equal to '2', and for the
primary cell with TDD UL/DL configuration 0 i = O for the corresponding EPDCCH.

o For 0< j<M -1 and TDD UL/DL configuration of the primary cell belonging to {1,2,3,4,6}, ifa
PDSCH trans mission with a corresponding PDCCH/EPDCCH and DA value in the
PDCCH/EPDCCHequalto ' j+1'or a PDCCH/EPDCCH indicating downlink SPS release and with
DAl value in the PDCCH/EPDCCH equalto ' j +1'is received, HARQ-ACK(j) is the corresponding
ACK/NACK/DT X response; otherwise HARQ-ACK(j) shall be setto DTX. For 0< j<M -1 and
the primary cell with TDD UL/DL configuration 0, if a PDSCH transmission with a corresponding
PDCCH/EPDCCH or a PDCCH/EPDCCH indicating downlink SPS release is received, HARQ -

ACK(0) is the corresponding ACK/NA CK/DTX response; otherwise HARQ-ACK(j) shall be set to
DTX.

For Secondary cell:

fora PDSCH transmission on the secondary cell indicated by the detection of a corresponding PDCCH on the
primary cell in subframe N— km , Where km € K with the DAI value in the PDCCH equal to either '1' or '2',

the PUCCH resources néldCCH]i = (l\/l orimary — M —1)~ N, +m-Ng, +Necen + N ey, where ¢ is
selected from {0, 1, 2, 3} such that N, <n., <N.,, N, = max{ 0, L[NF?'E; (NR®.c—4)]/36 J} :

where NF'?; is determined fromthe primary cell, n.., is the number of the first CCE used for transmission

of the corresponding PDCCH in subframe n—k_, NSJCCH is configured by higher layers, i =2 forthe

corresponding PDCCH with the DA value equal to '1'and i=3 for the corresponding PDCCH with the DAL
value equal to 2",

fora PDSCH transmission on the secondary cell indicated by the detection of a corresponding EPDCCH on the
primary cell in subframe N—K_ , where K, € K with the DAI value in the PDCCH equal to either '1'or ‘2,
the PUCCH resources are given by
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o IfEPDCCH-PRB-set qis configured for distributed transmission

m-1
[©) _ (e1)
IqPUCCH,i - r]ECCE,q + Z N ECCE,q,n—kj; + AARO + NPUCCH,q
i1=0

o IfEPDCCH-PRB-set qis configured for localized transmission

n m-1

1) _ ECCE,q ECCE,q 1 1)

nPUCCH,i - L N ECCE,q J : N RB + Z N ECCE,q,n—kj, +Nn +AARO + N PUCCH,q
RB i1=0

- where Ngeee, is the number of the first ECCE (i.e. lowest ECCE index used to construct the EPDCCH) used

for transmission of the corresponding DCI assignment in EPDCCH-PRB-set ¢ in subframe n—k_, N é,ej)CCqu
for EPDCCH-PRB-set g is configured by the higher layer parameter pucch-ResourceStartOffset-r1l ,

N F'fBCCE‘q for EPEDCCH-PRB-set qin subframe n—k is given in clause 6.8A.1in [3], Nn'is determined from
the antenna port used for EPDCCH transmission in subframe n—k_ which is described in clause 6.8A.5 in [3].
If m=0, A jpo s determined fromthe HARQ-ACK resource offset field in the DCI format of the
corresponding EPDCCH as given in Table 10.1.2.1-1. If m>0, A ,,, is determined from the HARQ-ACK
resource offset field in the DCI format of the corresponding EPDCCH as given in Table 10.1.3.1-2. If the UE is
configured to monitor EPDCCH in subframe n—k, ,

EPDCCH-PRB-set g configured for that UE in subframe n—k;, . Ifthe UE is not configured to monitor
EPDCCH in subframe n —k;

i1’

N,ECC,EWH<i1 is equal to the number of ECCEs in

NECCE’qJFkil is equal to the number of ECCEs computed assuming EPDCCH-
PRB-set qis configured for that UE in subframe n —k, . For normal downlink CP, if subframe n—k;, isa

special subframe with special subframe configuration 0 or 5, NECCE,q,n—kil is equal to 0. For extended

downlink CP, ifsubframe n—k, is aspecial subframe with special subframe configuration Oor 4or 7,

NECCEM_kil is equal to 0. Here, i=2 forthe corresponding EPDCCH with the DAI value equal to '1'and
i =3 forthe corresponding EPDCCH with the DAI value equal to '2".

- fora PDSCH transmission indicated by the detection of a corresponding PDCCH/EPDCCH within the
subframe(s) n—k,where keK on the secondary cell, the value of n,&BCCHvz and né,lL)JCCHYS is determined

according to higher layer configuration and Table 10.1.2.2.1-2. The TPC field in the DCI format of the
corresponding PDCCH/EPDCCH shall be used to determine the PUCCH resource values fromone of the four
resource values configured by higher layers, with the mapping defined in Table 10.1.2.2.1-2. A UEsshall
assume that the same HARQ-ACK PUCCH resource value is transmitted in the TPC field on all
PDCCH/EPDCCH assignments on the secondary cell within subframe(s) n—k, where ke K.

- For 0< j<M -1, ifa PDSCH transmission with a corresponding PDCCH/EPDCCH and DAI value in the
PDCCH/EPDCCHequalto ' j+1"is received, HARQ-ACK(j) is the corresponding ACK/NACK/DT X
response; otherwise HARQ-ACK(j) shall be setto DT X.

A UE shall perform channel selection according to the Tables 10.1.3.2-5, and 10.1.3.2-6 and transmit b(0),b(1) on

PUCCH resource n,(:bﬁc)CH for p mapped to antenna port p using PUCCH format 1b according to clause 5.4.1 in [3]
where

nﬁ‘f@éH = n,(deCH in sub-frame N for p mapped to antenna port p, where "any" in Tables 10.1.3.2-5,

and 10.1.3.2-6 represents any response of ACK, NACK, or DT X. The value of b(0),b(1) and the PUCCH

resource I‘lé,lL)JCCH are generated by channel selection according to Tables 10.1.3.2-5, and 10.1.3.2-6 for M = 3,

and 4 respectively.
(Lp1) (LB1) (L5) .
- Npjcey forantennaport p;, where Np'jccy Selected from PUCCH resources, Np(jccy; configured by

higher layers where 0<i<3 according Tables 10.1.3.2-5, and 10.1.3.2-6 for M = 3, and 4 respectively by
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replacing nélL)JCCH with n,‘,{'fC%H and replacing nélL)JCCH’i with né,b(ﬁ:%Hvi , Where "any" in Tables 10.1.3.2-5,

and 10.1.3.2-6 represents any response of ACK, NACK, or DT X, when the UE is configured with two antenna
port transmission for PUCCH format 1b with channel selection.

Table 10.1.3.2-5: Transmission of HARQ-ACK multiplexing for M = 3

Primary Cell Secondary Cell Resource | Constellation lIQn’\f)Liol_gi?s

HARQ-ACK(0), HARQ-ACK(0),

HARQ-ACK(1), HARQ-ACK(1), nlgll)JC o b(0),b(1) 0(0),0(1),0(2),0(3)

HARQ-ACK(2) HARQ-ACK(2)

ACK, ACK, ACK ACK, ACK, ACK nocr 1,1 11,11
ACK, ACK, NACK/DTX | ACK, ACK, ACK | nfdioqyy 0,0 1011
ACK, NACK/DTX, any ACK, ACK, ACK nRcrs 1,1 0,1,1,1

NACK/DTX, any, any ACK, ACK, ACK nSUccrs 0,1 0,0,1,1

ACK, ACK, ACK | ACK, ACK, NACKIDTX | nfcyy 1,0 1,1,1,0
ACK, ACK, NACK/DTX | ACK, ACK, NACKIDTX | n§)icap 3 1,0 1,0,1,0
ACK, NACK/DTX, any | ACK, ACK, NACK/DTX né,lszCH’O 0,1 0,1,1,0

NACK/DTX, any, any | ACK, ACK, NACKIDTX | n§)icqy 4 0,0 00,10

ACK, ACK, ACK ACK,NACKIDTX, any | n§)joon 1,1 1,1,0,1
ACK, ACK, NACK/DTX | ACK, NACK/DTX, any né,%CCH’Z 0,1 1,0,0,1
ACK,NACKIDTX, any | ACK,NACKIDTX any | n§dcon 1,0 0,1,0,1

NACK/DTX, any, any | ACK,NACKIDTX any | n§)joon, 0,0 0,0,0,1

ACK, ACK, ACK NACK/DTX, any,any | n§dcons 1,0 1,1,0,0
ACK, ACK, NACK/DTX | NACKIDTX any,any | n§)jcons 0,1 1,0,0,0
ACK,NACKIDTX, any | NACK/IDTXany.any | n§jcono 1,1 0,1,0,0

NACK, any, any NACK/DTX, any, any | n§joono 0,0 0,0,0,0

DTX, any, any NACK/DTX, any, any No Transmission 0,0,0,0
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Table 10.1.3.2-6: Transmission of HARQ-ACK multiplexing for M = 4

Primary Cell Secondary Cell Resource | Constellation RM Codg
Input Bits
HARQ-ACK(0), HARQ-ACK(0),
HARQ-ACK(1), HARQ-ACK(1), o
HARQ-ACK(2), HARQ-ACK(2), NpUCCH b(0).bW) | 0(0).0(1).0(2).0(3)
HARQ-ACK(3) HARQ-ACK(3)
ACK, ACK, ACK, NACK/DTX ACK, ACK, ACK, NACKIDTX | n@®) .. 1,1 1,1,1,1
ACK, ACK, NACK/DTX, any ACK, ACK, ACK, NACKDTX | n&) ., 0,0 1,0,1,1
ACK, DTX, DTX, DTX ACK, ACK, ACK, NACKIDTX | n$) ., 1,1 0,1,1,1
ACK, ACK, ACK, ACK ACK, ACK, ACK, NACKIDTX | n@) .. 1,1 0,1,1,1
NACK/DTX, any, any, any ACK, ACK, ACK, NACKIDTX | n$) ., 0,1 0,0,1,1
(ACK, NACK/DTX, any, any),
except for (ACK, DTX, DTX, ACK, ACK, ACK, NACKIDTX | n@) ... 0,1 0,0,1,1
DTX) ’
ACK, ACK, ACK, NACK/DTX ACK, ACK, NACK/DTX,any | n ¢ 1,0 1,1,1,0
ACK, ACK, NACK/DTX, any ACK, ACK, NACKIDTX,any | n®) ., 1,0 1,0,1,0
ACK, DTX, DTX, DTX ACK, ACK, NACKIDTX,any | nf 1, 0,1 0,1,1,0
ACK, ACK, ACK, ACK ACK, ACK, NACKIDTX,any | nf¥ ¢ 0,1 0,1,1,0
NACK/DTX, any, any, any ACK, ACK, NACK/DTX, any nlgllgcCH 2 0,0 0,0,1,0
(ACK, NACK/DTX, any, any),
except for (ACK, DTX, DTX, ACK, ACK, NACKIDTX,any | n$, . 0,0 0,0,1,0
DTX) ’
ACK, ACK, ACK, NACK/DTX ACK, DTX, DTX, DTX N8 cch 1,1 1,1,0,1
ACK, ACK, ACK, NACK/DTX ACK, ACK, ACK, ACK N cch 1,1 1,1,0,1
ACK, ACK, NACK/DTX, any ACK, DTX, DTX, DTX NS oo 0,1 1,0,0,1
ACK, ACK, NACK/DTX, any ACK, ACK, ACK, ACK N ccn 0,1 1,0,0,1
ACK, DTX, DTX, DTX ACK, DTX, DTX, DTX N cchz 1,0 0,1,0,1
ACK, DTX, DTX, DTX ACK, ACK, ACK, ACK N ccho 1,0 0,1,0,1
ACK, ACK, ACK, ACK ACK, DTX, DTX, DTX N ccn 1,0 0,1,0,1
ACK, ACK, ACK, ACK ACK, ACK, ACK, ACK NS cch 1,0 0,1,0,1
NACK/DTX, any, any, any ACK, DTX, DTX, DTX N cch 0,0 0,0,0,1
NACK/DTX, any, any, any ACK, ACK, ACK, ACK NS ccro 0,0 0,0,0,1
(ACK, NACK/DTX, any, any),
except for (ACK, DTX, DTX, ACK, DTX, DTX, DTX nl(:’lBJCCH ) 0,0 0,0,0,1
DTX) '
(ACK, NACK/DTX, any, any), .
except for (ACK, DTX, DT, ACK, ACK, ACK, ACK N cch 0,0 0,0,0,1
DTX) '
ACK, ACK, ACK, NACK/DTX NACK/DTX, any, any, any N ccnt 1,0 1,1,0,0
(ACK, NACK/DTX, any, any), "
ACK, ACK, ACK, NACK/DTX | exceptfor (ACK, DTX,DTX, | n&cqpiy 1,0 1,1,0,0
DTX) ’
ACK, ACK, NACK/DTX, any NACK/DTX, any, any, any né,%CCH 1 0,1 1,0,0,0
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(ACK, NACK/DTX, any, any),

@

ACK, ACK, NACK/DTX, any except for (ACK, DTX, DTX, NpUceH 1 0,1 1,0,0,0
DTX) ’
ACK, DTX, DTX, DTX NACK/DTX, any, any, any N ccho 1,1 0,1,0,0
(ACK, NACK/DTX, any, any),
ACK, DTX, DTX, DTX except for (ACK, DTX, DTX, nI(DlL)JCCH 0 1,1 0,1,0,0
DTX) ’
ACK, ACK, ACK, ACK NACK/DTX, any, any, any N ccho 1,1 0,1,0,0
(ACK, NACK/DTX, any, any),
ACK, ACK, ACK, ACK except for (ACK, DTX, DTX, nlglL)JCCH 0 1,1 0,1,0,0
DTX) '
NACK, any, any, any NACK/DTX, any, any, any ng,lngCH 0 0,0 0,0,0,0
(ACK, NACK/DTX, any, any),
NACK, any, any, any exceptfor (ACK, DTX,DTX, | n&) .10 0,0 0,0,0,0
DTX) ’
(ACK, NACK/DTX, any, any),
except for (ACK, DTX, DTX, NACK/IDTX, any,any,any | n% g 0,0 0,0,0,0
DTX) ’
(ACK, NACK/DTX, any, any), (ACK, NACK/DTX, any, any),
except for (ACK, DTX, DTX, exceptfor (ACK, DTX,DTX, | n& ., 0,0 0,0,0,0
DTX) DTX) ’
DTX, any, any, any NACK/DTX, any, any, any No Transmission 0,0,0,0
(ACK, NACK/DTX, any, any),
DTX, any, any, any except for (ACK, DTX, DTX, No Transmission 0,0,0,0

DTX)
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10.1.3.2.2 PUCCH format 3 HARQ-ACK procedure

Ifa UE is configured with one serving cell, or ifa UE is configured with more than one serving cells and the UL/DL
configuration of all serving cells is same, then K is defined in Sec 10.2, and M is the number of elements in the set
K.

Ifa UE is configured with more than one serving cell and if at least two cells have different UL/ DL configurations, then
K in this clause refers to K (as defined in clause 10.2) ,and M is the number of elements in the set K .

For TDD HARQ-ACK transmission with PUCCH format 3 and sub-frame n with M >1 and more than one
configured serving cell, where M is the number of elements in the set K , the UE shall use PUCCH resource nF(,?JQ:H
or né,lL‘J@CH for transmission of HARQ-ACK in subframe n for p mapped to antenna port p where

- forasingle PDSCH transmission only on the primary cell indicated by the detection of a corresponding PDCCH
in subframe n-k_,where k eK,andfora TDD UL/DL configuration of the primary cell belonging to

{1,2,3,4,5,6} the DAI value in the PDCCH is equal to "1' (defined in Table 7.3-X), or fora PDCCH indicating
downlink SPS release (defined in clause 9.2) in subframe n—k_,where k_ e K, andfora TDD UL/DL

configuration of the primary cell belonging to {1,2,3,4,5,6} the DAI value in the PDCCH is equal to '1', the UE
shall use PUCCH format 1a/1b and PUCCH resource n,&{;’é’CH with

né,b?;’éH =(M-m-1)-N,+m-N_, +Nee, + NF(,BCCH forantennaport p,,where N&..,, is
configured by higher layers, c is selected from {0, 1, 2, 3} such that N, <n..., <N

c+l’
N¢ = max{O, \_[NRDE'; . (NSFEB -c—4)]/36 J} ,and Neeg, is the number of the first CCE used for transmission
of the corresponding PDCCH in subframe n—k,, where k e K.When two antenna port transmission is
configured for PUCCH format 1a/1b, the PUCCH resource for antenna port p; is given by

@) _ LB
nPU%CH = npu'cj,?cru +1

- for asingle PDSCH transmission only on the primary cell indicated by the detection of a corresponding
EPDCCH in subframe n—k_,where k_ e K,and fora TDD UL/DL configuration of the primary cell

belonging to {1,2,3,4,5,6} the DAI value in the EPDCCH is equal to '1' (defined in Table 7.3-X), or for a
PDCCH indicating downlink SPS release (defined in clause 9.2) in subframe n-k_, where k <K ,and fora

TDD UL/DL configuration of the primary cell belonging to {1,2,3,4,5,6} the DAI value in the EPDCCH is equal
to '1', the UE shall use PUCCH format 1a/1b and PUCCH resource né,lL',f:)CH given by

o If EPDCCH-PRB-set qis configured for distributed transmission
m-1

p) (e1)
Noicen = Neceeq T Z NECCE,q,n-ki1 + Ao t+ NPUCCH,q
i1=0

o If EPDCCH-PRB-set qis configured for localized transmission

_ n m-1

,p) _ ECCE,q ECCE,q 1 (e1)

Nojcen = [ N ECCEq J N RB + z N ECCE,q,n—k;; +n +AARO +N PUCCH,q
RB i1=0

where Ngccgq is the number of the first ECCE (i.e. lowest ECCE indexused to construct the EPDCCH) used
for transmission of the corresponding DCI assignment in EPDCCH-PRB-set g in subframe n-Kk_,

N,&%émq for EEDCCH-PRB-set qis configured by the higher layer parameter pucch-ResourceStartOffset-
r11, N5 °59for EPDCCH-PRB-set qinsubframe n—k_ is given in clause 6.8A.1in [3], N'is determined
fromthe antenna port used for EPEDCCH transmission in subframe n—k_ which is described in clause 6.8A.5
in[3].1f m=0, A,,, isdetermined fromthe HARQ-ACK resource offset field in the DCI format of the
corresponding EPDCCH as given in Table 10.1.2.1-1. If m>0, A ,., is determined from the HARQ-ACK
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resource offset field in the DCI format of the corresponding EPDCCH as given in Table 10.1.3.1-2. If the UE is
configured to monitor EPDCCH in subframe n—k, NECCE’an_kil is equal to the number of ECCEs in

EPDCCH-PRB-set ¢ configured for that UE in subframe n—k;, . If the UE is not configured to monitor

EPDCCH in subframe n —k,,, NECCE'q'nfkil is equal to the number of ECCEs computed assuming EPDCCH -
PRB-set qis configured for that UE in subframe n—k;, . For normal downlink CP, if subframe n—k, isa

special subframe with special subframe configuration 0 or 5, NECCE,q,n—kil is equal to 0. For extended downlink

CP, ifsubframe n—k is aspecial subframe with special subframe configuration Oor 4 or 7, NECCE’Q’Hi1 is

equal to 0. When two antenna port transmission is configured for PUCCH format 1a/1b, the PUCCH resource

forantenna port p, is given by néll’f:l)CH = né,lt,bé’():H +1.

- forasingle PDSCH transmission only on the primary cell where there is not a corresponding PDCCH/EPDCCH
detected within subframe(s) n—k, where k e K and no PDCCH/EPDCCH indicating downlink SPS release

(defined in clause 9.2) within subframe(s) n—k,where k € K, the UEshall use PUCCH format 1a/1b and
PUCCH resource nF(,ll’fé)CH with the value of nélt’fé)CH is determined according to higher layer configuration and
Table 9.2-2. Fora UE configured for two antenna port transmission for PUCCH format 1a/1b,a PUCCH

resource value in Table 9.2-2 maps to two PUCCH resources with the first PUCCH resource né,bbé’éH for

antenna port pg and the second PUCCH resource né,lt’%éH for antenna port p,, otherwise, the PUCCH
resource value maps to a single PUCCH resource néll%éH for antenna port pg.

- for M >1 and a PDSCH transmission only on the primary cell where there is not a corresponding PDCCH
detected within subframe(s) n—k, where k € K and an additional PDSCH transmission only on the primary
cell indicated by the detection of a corresponding PDCCH in subframe n—k_, where k e K with the DAI
value in the PDCCH equal to '1' (defined in Table 7.3-X) ora PDCCH indicating downlink SPS release (defined
in clause 9.2) in subframe n—k_,where k <K with the DAl value in the PDCCH equalto 1, the UE shall

transmit b(0),b(1) in subframe n using PUCCH format 1b on PUCCH resource nS&CCH selected from A

PUCCH resources néﬂCCH,i where 0<1i< A—1, according to Table 10.1.3.2-1 and Table 10.1.3.2-2 for

A=2 and A =3, respectively. For a UE configured with a transmission mode that supports up to two
transport blocks on the primary cell, A= 3; otherwise, A= 2.

o The PUCCH resource n®

PUCCH,0

The PUCCH resource n®

PUCCH,1
néﬂCCHyl =(M-m-1)-N_+m-N,, +Neee, + Nocer» where N, is configured by higher
layers, c is selected from {0, 1, 2, 3} such that N_ <n.. <N

is determined according to higher layer configuration and Table 9.2-2.

is determined as

c+l’

N¢ = max{O, L[NEE'; . (NsFéB -c—4)]/36 J} ,and Nece, is the number of the first CCE used for

transmission of the corresponding PDCCH in subframe n—k, where k_e K . For a UE configured

with a trans mission mode that supports up to two transport blocks on the primary cell, the PUCCH
resource NSy, is determined as NScy, = NScen . +1.HARQ-ACK(0) is the ACK/NACK/DTX

response for the PDSCH without a corresponding PDCCH detected. HARQ-ACK(1) is the
ACK/NACK/DTX response for the first transport block of the PDSCH indicated by the detection of a
corresponding PDCCH for which the value of the DAI field in the corresponding DCI format is equal to
'1' or for the PDCCH indicating downlink SPS release for which the value of the DAI field in the
corresponding DCI format is equal to '1'. HARQ-ACK(2) is the ACK/NACK/DTX response for the second
transport block of the PDSCH indicated by the detection of a corresponding PDCCH for which the value
of the DAI field in the corresponding DCI format is equal to '1".

- for M >1 and a PDSCH transmission only on the primary cell where there is not a corresponding EPDCCH
detected within subframe(s) n—k, where Kk € K and an additional PDSCH transmission only on the primary
cell indicated by the detection of a corresponding EPDCCH in subframe n—k, where ke K with the DAI
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value in the EPDCCH equal to '1' (defined in Table 7.3-X) ora EPDCCH indicating downlink SPS release
(defined in clause 9.2) in subframe n—k_, where k e K with the DAl value in the EPDCCH equal to '1', the

UEshall transmit b(0),b(1) in subframe n using PUCCH format 1b on PUCCH resource n® . selected

PUCCH

from A PUCCH resources néﬂCCH]i

where 0<i< A-1,according to Table 10.1.3.2-1and Table 10.1.3.2-
2for A=2 and A= 3, respectively. For a UE configured with a trans mission mode that supports up to two
transport blocks on the primary cell, A= 3; otherwise, A= 2.

o ThePUCCH resource ncc,,

2. The PUCCH resource nél&CCHvl is determined as

is determined according to higher layer configuration and Table 9.2-

- If EPDCCH-PRB-set qis configured for distributed transmission

m-1
(1) _ (e1)
Noucch = Neceegq T z N ECCEqn-k, T Apo +N PUCCH,q
i1=0

- IfEPDCCH-PRB-set qis configured for localized transmission

n m-1

1) _ ECCE,q ECCE,q ! (e1)

Npdccha = { N ECCE J Ngs + Z NECCE,q,n—k,1 +N+A o + NPUCCH,q
RB i1=0

where Ngcceq is the number of the first ECCE (i.e. lowest ECCE indexused to construct the
EPDCCH) used for transmission of the corresponding DCI assignment in EPDCCH-PRB-set g in

subframe n-Kk, Néeﬁ)CCqu for EPDCCH-PRB-set g is configured by the higher layer parameter
pucch-ResourceStartOffset-r11, N ES°%9for EPDCCH-PRB-set qin subframe n—k_ is given in

clause 6.8A.1in [3], N'is determined fromthe antenna port used for EPDCCH transmission in
subframe n—k_which is described in clause 6.8A.5in [3]. If M=0, A,., is determined fromthe
HARQ-ACK resource offset field in the DCI format of the corresponding EPDCCH as given in Table
10.121-1. If m>0, A,z is determined fromthe HARQ-ACK resource offset field in the DCI
format of the corresponding EPDCCH as given in Table 10.1.3.1-2. If the UE is configured to monitor
EPDCCH in subframe n-—k; NECCE,q,n—kil is equal to the number of ECCEs in EPDCCH-PRB-set

i1’
g configured for that UE in subframe n—k;, . If the UE is not configured to monitor EPDCCH in

subframe n—Kk;, ,

NECCEyq'n_ki1 is equal to the number of ECCEs computed assuming EPDCCH-PRB-

set gis configured for that UE in subframe n —k;, . For normal downlink CP, if subframe n—k; isa

special subframe with special subframe configuration 0 or 5, NECCE’q’n_kil is equal to 0. For extended
downlink CP, ifsubframe n—k, is aspecial subframe with special subframe configuration O or 4or 7,

NECCE’q’n,kil is equal to 0. Fora UE configured with a transmission mode that supports up to two

. 1 - -
transport blocks on the primary cell, the PUCCH resource né&cw,z is determined as
NScenz = Nocen +1.HARQ-ACK(0) is the ACK/NACK/DTX response for the PDSCH without a

corresponding EPDCCH detected. HARQ-ACK(1) is the ACK/NACK/DT X response for the first
transport block of the PDSCH indicated by the detection of a corresponding EPDCCH for which the
value of the DA field in the corresponding DCI format is equal to '1' or for the EPDCCH indicating
downlink SPS release for which the value of the DAI field in the corresponding DCI format is equal to
'1'. HARQ-ACK(2) is the ACK/NACK/DT X response for the second transport block of the PDSCH
indicated by the detection of a corresponding EPDCCH for which the value of the DAI field in the
corresponding DCI format is equal to '1'.

for M >1 and a PDSCH transmission only on the primary cell indicated by the detection of a corresponding
PDCCH in subframe n-—k_,where k e K withthe DAl value in the PDCCH greater than '1' (defined in

Table 7.3-X) or a PDCCH indicating downlink SPS release (defined in clause 9.2) in subframe n—k,, where
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k, € K with the DAI value in the PDCCH greater than '1', the UE shall use PUCCH format 3and PUCCH

resource néﬁg)CH where the value of n,%g)CH is determined according to higher layer configuration and Table

10.1.2.2.2-1 and the TPC field in a PDCCH assignment with DA value greater than '1' shall be used to
determine the PUCCH resource value fromone of the four PUCCH resource values configured by higher
layers, with the mapping defined in Table 10.1.2.2.2-1. A UE shall assume that the same HARQ-ACK PUCCH
resource value is transmitted on all PDCCH assignments used to determine the PUCCH resource values within
the subframe(s) n—k,where ke K.

- for M >1 and a PDSCH transmission only on the primary cell indicated by the detection of a corresponding
EPDCCH in subframe n-k_,where k e K withthe DAl value in the EPDCCH greater than '1' (defined in

Table 7.3-X) or an EPDCCH indicating downlink SPS release (defined in clause 9.2) in subframe n-k_,
where ke K with the DAl value in the EPDCCH greater than '1', the UE shall use PUCCH format 3 and

PUCCH resource néﬁ,géH where the value of né,f;g)CH is determined according to higher layer configuration

and Table 10.1.2.2.2-1 and the HARQ-ACK resource offset field in the DCI format of the corresponding
EPDCCH assignment with DAI value greater than '1' shall be used to determine the PUCCH resource value
fromone of the four PUCCH resource values configured by higher layers, with the mapping defined in Table
10.1.2.2.2-1. A UEshall assume that the same HARQ-A CK PUCCH resource value is transmitted on all
EPDCCH assignments used to determine the PUCCH resource values within the subframe(s) n—k, where
keK.

- Ifthe UL/DL configurations of all serving cells are the same, for a PDSCH transmission on the secondary cell
indicated by the detection of a corresponding PDCCH/EPDCCH within subframe(s) n—k,where k € K, the

UEshall use PUCCH format 3 and PUCCH resource nésug)CH where the value of néﬁg)CH is determined

according to higher layer configuration and Table 10.1.2.2.2-1 and the TPC field in the corresponding
PDCCH/EPDCCH shall be used to determine the PUCCH resource value from one of the four resource values
configured by higher layers, with the mapping defined in Table 10.1.2.2.2-1. For TDD UL/DL configurations 1-
6, if a PDCCH corresponding to a PDSCH on the primary cell within subframe(s) n—k ,where ke K, ora
PDCCH indicating downlink SPS release (defined in clause 9.2) within subframe(s) n—k, where ke K, is
detected, the TPC field in the PDCCH with the DAI value greater than '1' shall be used to determine the
PUCCH resource value from one of the four resource values configured by higher layers, with the mapping
defined in Table 10.1.2.2.2-1. A UE shall assume that the same HARQ-A CK PUCCH resource value is
transmitted on all PDCCH assignments in the primary cell and in each secondary cell that are used to
determined the PUCCH resource value within the subframe(s) n—k,where k e K.For TDD UL/DL
configurations 1-6, if an EPDCCH corresponding to a PDSCH on the primary cell within subframe(s) n—k,
where k € K, oran EPDCCH indicating downlink SPS release (defined in clause 9.2) within subframe(s)
n—k,where k €K, is detected, the HARQ-A CK resource offset field in the DCI format of the corresponding
EPDCCH assignment with the DAI value greater than '1' shall be used to determine the PUCCH resource value
fromone of the four resource values configured by higher layers, with the mapping defined in Table 10.1.2.2.2-
1. A UEshall assume that the same HARQ-ACK PUCCH resource value is transmitted on all EPDCCH
assignments in the primary cell and in each secondary cell that are used to determined the PUCCH resource
value within the subframe(s) n—k, where keK.

- Ifthe UL/DL configurations of at least two serving cells are different, fora PDSCH transmission on the
secondary cell indicated by the detection of a corresponding PDCCH/EPDCCH within subframe(s) n—k,,

where k € K, the UEshalluse PUCCH format 3 and PUCCH resource né,‘:jQ:H where the value of né,ﬁ@CH

is determined according to higher layer configuration and Table 10.1.2.2.2-1 and the TPCfield in the
corresponding PDCCH/EPDCCH shall be used to determine the PUCCH resource value from one of the four
resource values configured by higher layers, with the mapping defined in Table 10.1.2.2.2-1. Fora UL/DL
configuration of the primary cell belonging to {1,2,3,4,5,6} as defined in clause 10.2, ifa PDCCH
corresponding to a PDSCH on the primary cell within subframe(s) n—k,where k € K,oraPDCCH
indicating downlink SPS release (defined in clause 9.2) within subframe(s) n—k, where k e K, is detected,
the TPC field in the PDCCH with the DAI value greater than '1' shall be used to determine the PUCCH resource
value fromone of the four resource values configured by higher layers, with the mapping defined in Table
10.1.2.2.2-1. A UEshall assume that the same HARQ-ACK PUCCH resource value is transmitted on all
PDCCH assignments in the primary cell and in each secondary cell that are used to determined the PUCCH
resource value within the subframe(s) n—k,where k € K. Fora UL/DL configuration of the primary cell
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belonging to {1,2,3,4,5,6} as defined in clause 10.2, ifan EPDCCH corresponding to a PDSCH on the primary
cell within subframe(s) n—k,where k € K, oran EPDCCH indicating downlink SPS release (defined in

clause 9.2) within subframe(s) n—k,where k € K, is detected, the HARQ-ACK resource offset field in the
DCI format of the corresponding EPDCCH assignment with the DAI value greater than '1' shall be used to
determine the PUCCH resource value fromone of the four resource values configured by higher layers, with the
mapping defined in Table 10.1.2.2.2-1. A UE shall assume that the same HARQ-A CK PUCCH resource value
is transmitted on all EPDCCH assignments in the primary cell and in each secondary cell that are used to
determined the PUCCH resource value within the subframe(s) n—k,where ke K.

- ForPUCCH format 3 and PUCCH resource néfJE)CH and a UE configured for two antenna port transmission, a
PUCCH resource value in Table 10.1.2.2.2-1 maps to two PUCCH resources with the first PUCCH resource
néﬁgf’c)H forantenna port py and the second PUCCH resource nﬁjg%H forantenna port p,, otherwise, the

PUCCH resource value maps to a single PUCCH resource né,ﬁg‘gH for antenna port pg.

10.1.4 HARQ-ACK Repetition procedure

HARQ-ACK repetition is enabled or disabled by a UE specific parameter ackNackRepetition configured by higher
layers. Once enabled, the UE shall repeat any HARQ-ACK transmission with a repetition factor NANRep , Where

NANRep is provided by higher layers and includes the initial HARQ-A CK transmission, until HARQ-ACK
repetition is disabled by higher layers. For a PDSCH transmission without a corresponding PDCCH/EPDCCH
detected, the UE shall transmit the corresponding HARQ-ACK response NANREP times using PUCCH resource

né,lL’,@CH configured by higher layers. Fora PDSCH transmission with a corresponding PDCCH/EPDCCH detected,

or fora PDCCH/EPDCCH indicating downlink SPS release, the UE shall first transmit the corresponding HARQ-
ACK response once using PUCCH resource derived fromthe corresponding PDCCH CCE index or EPDCCH
ECCE index (as described in clauses 10.1.2 and 10.1.3), and repeat the transmission of the corresponding HARQ-

ACK response N yge, —1  times always using PUCCH resource né{;@CH,ANRep , Where néll’JﬁC)CHYANRep is
configured by higher layers.

HARQ-ACK repetition is only applicable for UEs configured with one serving cell for FDD and TDD. For TDD,
HARQ-ACK repetition is only applicable for HARQ-ACK bundling.

HARQ-ACK repetition can be enabled with PUCCH format 1a/1b on two antenna ports. For a UE configured for

two antenna port transmission for HARQ-ACK repetition with PUCCH format 1a/1b, a PUCCH resource value

nélﬁjlé)CH,ANRep maps to two PUCCH resources with the first PUCCH resource n&%’éH’ANRep forantenna port P,

and the second PUCCH resource né,b’é‘():HyANRep for antenna port p4, otherwise, the PUCCH resource value maps to

asingle PUCCH resource nélL’,’():"éH’ANRep for antenna port pg.

3GPP



Release 11 172 3GPP TS 36.213 V11.4.0 (2013-09)

10.1.5 Scheduling Request (SR) procedure
A UE is configured by higher layers to transmit the SR on one antenna port or two antenna ports.
The scheduling request shall be transmitted on the PUCCH resource (s) né,lL‘f(’:)CH = nélL‘f(’:)CHSR, for p mapped to

antenna port p as defined in [3], where nébE)CHSRl is configured by higher layers unless the SR coincides in time

with the transmission of HARQ-A CK using PUCCH Format 3 in which case the SR is multip lexed with HARQ-
ACK according to clause 5.2.3.1 of [4]. The SR configuration for SR transmission periodicity SRyzz,0piciry @Nd SR

subframe offset Npprsersr IS defined in Table 10.1.5-1 by the parameter sr-Configindex |, given by higher layers.

SR transmission instances are the uplink subframes satisfying

(10X ng + I_”s / ZJ — NorrseT sr )mod SReeriopiciTy =0

Table 10.1.5-1: UE-specific SR periodicity and subframe offset configuration

SR configuration Index | SR periodicity (ms) | SR subframe offset
lse SReerioDICITY NorrseT sr
0-4 5 lep
5-14 10 lx =5
15 - 34 20 lsz—15
35-74 40 s —35
75— 154 80 lo—75
155-156 2 I —155
157 1 I, —157
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10.2  Uplink HARQ-ACK timing

For FDD, the UE shall upon detection of a PDSCH transmission in subframe n-4 intended for the UE and for which an
HARQ-ACK shall be provided, trans mit the HARQ-ACK response in subframe n. If HARQ-ACK repetition is enabled,
upon detection of a PDSCH trans mission in subframe n-4 intended for the UE and for which HARQ-A CK response
shall be provided, and if the UE is not repeating the transmission of any HARQ-ACK in subframe n corresponding to
a PDSCH transmission in subframes n— Nanpep =35 -5 N —5,the UE:

e shall transmit only the HARQ-ACK response (corresponding to the detected PDSCH transmission in
subframe n—4)onPUCCH insubframes n, n+1, ..., n+ Ny, —1;

e shall not transmit any other signal in subframes n, n+1, ..., n+ NANRep_l;and

¢ shall not transmit any HARQ-ACK response repetitions corresponding to any detected PDSCH transmission
in subframes n-3, ..., n+ NANRep —-5.

For TDD, if the UE is configured with more than one serving cell and if at least two serving cells have different UL/DL
configurations and if a serving cell is a primary cell, then the primary cell UL/DL configuration is the DL-reference
UL/DL configuration for the serving cell.

For TDD if the UE is configured with more than one serving cell and if at least two serving cells have different UL/DL
configurations and if a serving cell is a secondary cell

o ifthe pair formed by (primary cell UL/DL configuration, serving cell UL/DL configuration ) belongs to Set 1 in
Table 10.2-1or

o ifthe UE is not configured to monitor PDCCH/EPDCCH in another serving cell for scheduling the serving cell,
and if the pair formed by (primary cell UL/DL configuration, serving cell UL/DL configuration ) belongs to
Set 2 or Set 3 in Table 10.2-10r

o ifthe UE is configured to monitor PDCCH/EPDCCH in another serving cell for scheduling the serving cell, and
if the pair formed by (primary cell UL/DL configuration, serving cell UL/DL configuration) belongs to Set 4 or
Set5in Table 10.2-1

then the DL-reference UL/DL configuration for the serving cell is defined in the corresponding Set in Table 10.2-1.

For TDD ifa UE is configured with more than one serving cell and if at least two serving cells have different UL/DL
configurations and if the DL-reference UL/DL configuration for at least one serving cell is TDD UL/DL Configuration
5, then the UE is not expected to be configured with more than two serving cells.

For TDD, ifa UE is configured with one serving cell, or the UE is configured with more than one serving cell and the
UL/DL configurations of all serving cells is same, then the UE shall upon detection of a PDSCH transmission within
subframe(s) n—k,where ke K and K is defined in Table 10.1.3.1-1 intended for the UE and for which HARQ-
ACK response shall be provided, transmit the HARQ-ACK response in UL subframe n.

For TDD, ifa UE is configured with more than one serving cell and if at least two serving cells have different UL/DL
configurations, then the UE shall upon detection of a PDSCH transmission within subframe(s) n—k forserving cellc,

where K € KC intended for the UE and for which HARQ-ACK response shall be provided, transmit the HARQ-ACK

response in UL subframe n, wherein set KC contains values of K € K such that subframe n-k corresponds to a DL

subframe or a special subframe for serving cellc, K defined in Table 10.1.3.1-1 (where "UL/DL configuration" in
Table 10.1.3.1-1 refers to the "DL-reference UL/DL configuration™) is associated with subframe n.

For TDD, if HARQ-ACK repetition is enabled, upon detection of a PDSCH trans mission within subframe(s) n—k,

where ke K and K is defined in Table 10.1.3.1-1 intended for the UE and for which HARQ-ACK response shall be
provided, and if the UE is not repeating the transmission of any HARQ-ACK in subframe n corresponding to a
PDSCH transmission in a DL subframe earlier than subframe n—k, the UE:
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shall transmit only the HARQ-ACK response (corresponding to the detected PDSCH transmission in
subframe n—k ) on PUCCH in UL subframe N and the nex N o —1 UL subframes denoted as n, ,

ANRej

S| N

shall not transmit any other signal in UL subframe n, n;, ..., N and

Nanrep 1’

shall not transmit any HARQ-ACK response repetitions corresponding to any detected PDSCH transmission
in subframes N, —k, where k € K;, K is the set defined in Table 10.1.3.1-1 corresponding to UL

subframe n;,and 1<i < Npge., —1.

For TDD, HARQ-ACK bundling, if the UE detects that at least one downlink assignment has been missed as described
in clause 7.3, the UE shall not transmit HARQ-ACK on PUCCH if HARQ-ACK is the only UCI present in a given

subframe.

The uplink timing for the ACK corresponding to a detected PDCCH/EPDCCH indicating downlink SPS release shall be
the same as the uplink timing for the HARQ-ACK corresponding to a detected PDSCH, as defined above.

Table 10.2-1: DL -reference UL/DL configuration for serving cell based on pair formed by (primary cell

UL/DL configuration, secondary cell UL/DL configuration)

(Primary cell UL/DL configuration, DL-reference
Secondary cell UL/DL configuration) | UL/DL configuration
(0,0 0
(1,0),(1,1),(1,6)
(2,0),(2,2),(2,2),(2,6)
Setl (3,0),(3,3),(3,6)
(4,0),(4,1),(4,3),(4,4),(4,6)
(5,0),(5,1),(5,2),(5,3),(5,4),(5,5),(5,6)
(6,0),(6,6)
(0,1),(6,1)
(0,2),(1,2),(6,2)
(0,3),(6,3)
(0,4),(1,4),(3,4),(6,4)
(0,5),(1,5),(2,5),(3,5),(4,5),(6,5)
(0,6)
(3,1),(1,3)
(3,2),(4,2),(2,3),(2,4)
(0,1),(0,2),(0,3),(0,4),(0,5),(0,6)
(1,2),(1,4),(1,5)
(2,5)
(3,4),(3,5)
(4.5)
(6,1),(6,2),(6,3),(6,4),(6,5)

Set #

Set 2

Set3

Set4

Z3).22)
(3,1),(3,2)
@2

Set5

BN RO W[N] OOl B OO B W N OO0 BW|N| -
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11 Physical Multicast Channel (PMCH) related
procedures

11.1  UE procedure for receiving the PMCH |

The UE shall decode the PMCH when configured by higher layers. The UE may assume that an eNB transmission on
the PMCH is performed according to clause 6.5 of [3].

The 1,,.s for the PMCH is configured by higher layers. The UEshalluse |, for the PMCH and Table 7.1.7.1-1 to
determine the modulation order (Q,, ) and TBS index ( 1,55 ) used in the PMCH.

The UE shall then follow the procedure in clause 7.1.7.2.1 to determine the transport block size, assuming N .. is
equal to NRg . The UE shall set the redundancy version to 0 for the PMCH.

11.2  UE procedure for receiving MCCH change notification

If a UE is configured by higher layers to decode PDCCHSs with the CRC scrambled by the M-RNT I, the UE shall
decode the PDCCH according to the combination defined in Table 11.2-1.

Table 11.2-1: PDCCH configured by M-RNTI

DCI format Search Space
DClformat1C Common
The 8-bit information for M CCH change notification [11], as signalled on the PDCCH, shall be delivered to higher
layers.

12 Assumptions independent of physical channel

A UE sshall not assume that two antenna ports are quasi co-located unless specified otherwise.

A UE may assume the antenna ports 0 — 3 ofa serving cell are quasi co-located (as defined in [3]) with respect to delay
spread, Doppler spread, Doppler shift, average gain, and average delay.
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03/12/08 [ RP-42 |RP-081075( 172 1 |PUSCH Hopping operation corrections 8.4.0 |8.5.0
03/12/08 | RP-42 |RP-081075( 173 - |Clarification on message 3 transmission timing 8.4.0 [8.5.0
03/12/08 | RP-42 [RP-081075| 174 [ - [MCS handling for Dw PTS 8.4.0 [85.0
03/12/08 | RP-42 |RP-081075| ,,c | _ |Clarification of UE-specffic time domain position for SR 8.4.0 [85.0
transmission
03/12/08 [ RP-42 |RP-081075( 176 | 1 [Physical layer parameters for CQI reporting 8.4.0 [8.5.0
03/12/08 [ RP-42 |RP-081075( 177 - |A-periodic CQI clarification for TDD UL/DL configuration O 8.4.0 |8.5.0
03/12/08 | RP-42 |RP-081075 179 | 1 Correction to the definitions of rho_A and rho_B (downlink power  [8.4.0 [8.5.0
allocation)
03/12/08 | RP-42 |RP-081075( 180 - |Clarification of uplink A/N resource indication 8.4.0 [8.5.0
03/12/08 | RP-42 |RP-081075 PDCCH format 0 for message 3 adaptive retransmission and 8.4.0 [8.5.0
181 | - [transmission of control information in message 3 during contention
based random access procedure
03/12/08 | RP-42 |RP-081075 182 _ | To Fix the Discrepancy of Uplink Pow er Control and Channel 8.4.0 [8.5.0
Coding of Control Information in PUSCH
03/12/08 [ RP-42 |RP-081122( 183 | 1 [CQlreporting for antenna port 5 8.4.0 [8.5.0
03/12/08 [ RP-42 |RP-081110( 168 | 1 [Clarification on path loss definition 8.4.0 [8.5.0
04/03/09 | RP-43 [RP-090236| 184 [ 1 [Corrections to Transmitted Rank Indication 8.5.0 [8.6.0
04/03/09 | RP-43 |RP-090236| 185 | 4 [Corrections to transmission modes 8.5.0 [8.6.0
04/03/09 [ RP-43 |RP-090236( 186 | 2 [Delta_TF configurationfor control only PUSCH 8.5.0 [8.6.0
04/03/09 | RP-43 |RP-090236| 187 | 1 [Correction toconcurrent SRS and ACK/NACK transmission 8.5.0 [8.6.0
04/03/09 | RP-43 |RP-090236| 191 | 1 [PDCCH release for semi-persistent scheduling 8.5.0 [8.6.0
04/03/09 | RP-43 |RP-090236| 192 | 1 [Correction on ACKNACK transmission on PUSCH for LTE TDD 8.5.0 [8.6.0
04/03/09 | RP-43 RP-090236 193 - | Correction to subband differential CQI value to offset level mapping |8.5.0 |8.6.0
for aperiodic CQI reporting
04/03/09 [ RP-43 |RP-090236( 194 - |Correction for DRS Collision handling 8.5.0 [8.6.0
04/03/09 | RP-43 RP-090236 196 [ 2 |Alignment of RAN1/RAN4 specification on UE maximum output 8.5.0 |8.6.0
pow er
04/03/09 [ RP-43 |RP-090236| 197 - | Transmission scheme for transmission mode 7 with SPS C-RNTI  [8.5.0 |8.6.0
04/03/09 | RP-43 RP-090236 198 - |Clarifying bandwidth parts for periodic CQI reporting and CQI 8.5.0 |8.6.0
] refererence period
04/03/09 | RP-43 RP-090236 199 [ 2 [Correction to the ACK/NACK bundling in case of transmission 8.5.0 [8.6.0
mode 3 and 4
04/03/09 | RP-43 [RP-090236| 200 [ - [ACK/NAK repetition for TDD ACK/NAK multiplexing 8.5.0 [8.6.0
04/03/09 [ RP-43 |RP-090236( 201 - |Clarifying UL ACK/NAK transmission in TDD 8.5.0 |8.6.0
04/03/09 | RP-43 |RP-090236| 202 - |Corrections to UE Transmit Antenna Selection 8.5.0 [8.6.0
04/03/09 [ RP-43 |RP-090236( 203 - |Correction to UE PUSCH hopping procedure 8.5.0 [8.6.0

3GPP



Release 11 179 3GPP TS 36.213 V11.4.0 (2013-09)

Change history
Date TSG # TSG Doc. |CR Rev [Subject/Comment Old New
04/03/09 [ RP-43 |RP-090236( 204 - |Correction to PHICH resource association in TTI bundling 8.5.0 [8.6.0
04/03/09 [ RP-43 |RP-090236 | 205 - | Clarification of the length of resource assignment 8.5.0 [8.6.0
04/03/09 | RP-43 |55 090036 | 206 | - Colrrection on ACK/NACK transmission for dowvnlink SPS resource {8.5.0 [8.6.0
release
04/03/09 [ RP-43 |RP-090236 | 207 - Introduction of additional values of w ideband CQlPMI periodicities |8.5.0 [8.6.0
04/03/09 | RP-43 |RP-090236| 208 | 2 [Correction to CQI/PMI/RIreporting field 8.5.0 [8.6.0
04/03/09 [ RP-43 |RP-090236( 209 | 2 [Correction to rho A definition for CQI calculation 8.5.0 [8.6.0
04/03/09 [ RP-43 |RP-090236| 210 - |Correction to erroneous cases in PUSCH linear block codes 8.5.0 (8.6.0
04/03/09 | RP-43 [RP-090236| 211 [ 1 [Removing RL monitoring start and stop 8.5.0 [8.6.0
04/03/09 [ RP-43 |RP-090236( 214 | 1 [Correction to type-1 and type-2 PUSCH hopping 8.5.0 [8.6.0
04/03/09 [ RP-43 |RP-090236 | 215 - | Contradicting statements on determination of CQI subband size 8.5.0 [8.6.0
04/03/09 | RP-43 [RP-090236| 216 [ - [Correctionsto SRS 8.5.0 (8.6.0
04/03/09 | RP-43 |RP-090236| 219 | 2 [Miscellaneous corrections on TDD ACKNACK 8.5.0 [8.6.0
04/03/09 [ RP-43 |RP-090236( 221 | 1 [CRfor Redundancy Version mapping functionfor DCI 1C 8.5.0 [8.6.0
04/03/09 | RP-43 RP-090236 223 - |Scrambling of PUSCH corresponding to Random Access 8.5.0 |8.6.0
Response Grant
04/03/09 | RP-43 [RP-090236| 225 [ - [Removal of SRSwith message 3 8.5.0 [8.6.0
04/03/09 [ RP-43 |RP-090236( 226 | 3 [PRACH retransmission timing 8.5.0 |8.6.0
04/03/09 | RP-43 |RP-090236( 227 | - [Clarifying error handling of PDSCH and PUSCH assignments 8.5.0 (8.6.0
04/03/09 | RP-43 [RP-090236| 228 [ - [Clarify PHICH index mapping 8.5.0 [8.6.0
04/03/09 | RP-43 [RP-090236| 229 [ - [Correction of CQItiming 8.5.0 [8.6.0
04/03/09 [ RP-43 |RP-090236| 230 - |Alignment of CQI parameter names w ith RRC 8.5.0 [8.6.0
04/03/09 [ RP-43 |RP-090236( 231 | 1 [Removal of 'Off' values for periodic reporting in L1 8.5.0 [8.6.0
04/03/09 | RP-43 [RP-090236| 232 [ - [Default value of RI 8.5.0 [8.6.0
04/03/09 | RP-43 [RP-090236| 233 [ 1 [Clarification of uplink timing adjustments 8.5.0 [8.6.0
04/03/09 [ RP-43 |RP-090236( 234 - |Clarification on ACK/NAK repetition 8.5.0 [8.6.0
27/05/09 | RP-44 RP-090529 235 | 1 Correct‘ion to the condition of resetting accumulated uplink power |8.6.0 |8.7.0
correction
27/05/09 | RP-44 236 - |Correction to the random access channel parameters received from|8.6.0 |8.7.0
RP-090529 higher layer
27/05/09 | RP-44 |RP-090529( 237 | - [Correction on TDD ACKNACK 8.6.0 (8.7.0
27/05/09 [ RP-44 |RP-090529( 238 | 1 [Correction on CQIreporting 8.6.0 [8.7.0
27/05/09 [ RP-44 |RP-090529( 239 - | Correction on the HARQ process number 8.6.0 [8.7.0
27/05/09 | RP-44 |RP-090529| 241 | 1 [CRcorrection of the description on TTI-bundling 8.6.0 [8.7.0
27/05/09 | RP-44 RP-090529 242 [ 1 [Clarify latest and initial PDCCH for PDSCH and PUSCH 8.6.0 (8.7.0
transmisisons, and NDI for SPS activation
27/05/09 | RP-44 |RP-090529( 243 | - [Clarify DRS EPRE 8.6.0 [8.7.0
27/05/09 | RP-44 |RP-090529| 244 | 1 [Clarification on TPC commands for SPS 8.6.0 (8.7.0
15/09/09 | RP-45 |RP-090888| 245 | 1 |[Correction to PUSCH hopping and PHICH mapping procedures 8.7.0 [8.8.0
15/09/09 | RP-45 |RP-090888| 246 | - |Clarification on subband indexing in periodic CQI reporting 8.7.0 [8.8.0
15/09/09 | RP-45 [RP-090888( 247 [ 2 |Correction to DVRB operation in TDD transmission mode 7 8.7.0 |8.8.0
15/09/09 | RP-45 |05 onggg| 249 | - |Clarification of concurrent ACKNACK and periodic PMIRI 8.7.0 |8.8.0
transmission on PUCCH for TDD
15/09/09 | RP-45 |RP-090888| 250 - |Clarify Inter-cell synchronization text 8.7.0 [8.8.0
01/12/09 [ RP-46 |RP-091172( 248 | 1 [Introduction of LTE positioning 8.8.0 [9.0.0
01/12/09 | RP-46 |RP-091172| 254 | - [Clarification of PDSCH and PRS in combination for LTE positioning |8.8.0 [9.0.0
01/12/09 | RP-46 |RP-091177| 255 | 5 [Editorial corrections to36.213 8.8.0 [9.0.0
01/12/09 [ RP-46 |RP-091257( 256 | 1 [Introduction of enhanced dual layer ransmission 8.8.0 [9.0.0
01/12/09 | RP-46 [RP-091177| 257 [ 1 [Addshorter SR periodicity 8.8.0 [9.0.0
01/12/09 | RP-46 |RP-091256( 258 | - [Introduction of LTE MBMS 8.8.0 (9.0.0
17/12/09 | RP-46 RP-091257 256 | 1 |Correction by MCC due tow rong imple mentation of CR0256r1 — 9.0.0 [9.0.1
Sentence is added to Single-antenna port scheme clause 7.1.1
16/03/10 | RP-47 RP-100211 259 | 3 |UEbehavior when collision of antenna port 7/8with PBCHor SCH (9.0.1 [9.1.0
happened and when distributed VRB is usedw ith antenna port 7
16/03/10 | RP-47 |RP-100210| 260 | 1 [MCCH change notification using DCIformat 1C 9.0.1 |9.1.0
16/03/10 | RP-47 RP-100211 263 - |Correction on PDSCH EPRE and UE-specific RS EPRE for Rel-9 [9.0.1 [9.1.0
enhanced DL transmissions
01/06/10 | RP-48 RP-100589 265 - |Clarification for TDD w hen multiplexing ACK/NACK w ith SR of 9.1.0 |9.2.0
ACK/NACKw ith CQVPMI or RI
01/06/10 | RP-48 [RP-100590| 268 [ 1 [Clarification of PRS EPRE 9.1.0 [9.2.0
14/09/10 | RP-49 [RP-100900( 269 | - |[Clarification on Extended CP supportw ith Transmission Mode 8 9.2.0 (9.3.0
07/12/10 [ RP-50 |RP-101320( 270 - |Introduction of Rel-10 LTE-Advanced features in 36.213 9.3.0 [10.0.0
27/12/10 - - - - | Editorial change to correct a copy/past error in clause 7.2.2 10.0.0 |10.0.1
15/03/11| RP-51 [RP-110255( 271 [ 1 |Aclarificationfor redundancy version of PMCH 10.0.1 |10.1.0
15/03/11 | RP-51 |RP-110258| 272 - |RLM Procedurew ith restricted measurements 10.0.1 |10.1.0
15/03/11 | RP-51 [RP-110256( 273 - |Corrections to Rel-10 LTE-Advanced features in 36.213 10.0.1 |10.1.0
01/06/11 [ RP-52 |RP-110819( 274 | 3 [Correction to HARQ-ACK procedure for TDD mode b w ith M=2 10.1.0 |10.2.0
01/06/11 | RP-52 |RP-110819| 275 | 3 [Determination of PUSCH A/N codebook size for TDD 10.1.0 |10.2.0
01/06/11 [ RP-52 |RP-110823| 276 - | The triggering of aperiodic SRS in DCI formats 2B and 2C 10.1.0 |10.2.0
01/06/11 | RP-52 |RP-110819| 278 | 3 [Corrections to power headroom 10.1.0 |10.2.0
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01/06/11 [ RP-52 |RP-110819( 279 | 1 [Removal of square brackets for PUCCH format 3 ACK/NACK 10.1.0 |10.2.0
01/06/11 | RP-52 |RP-110819( 281 | 1 [Correction of AN repetition and PUCCH format 3 10.1.0 |10.2.0
01/06/11 | RP-52 |RP-110819| 282 | 2 [Correction to timing for secondary cell activation and deactivation |10.1.0 |[10.2.0
01/06/11 | RP-52 [RP-110823| 283 [ 1 [Correction to MCS offsetfor multiple TBs 10.1.0 [10.2.0
01/06/11 | RP-52 |RP-110820| 286 | 1 [Miscellaneous Corrections 10.1.0 |10.2.0
01/06/11 | RP-52 [RP-110819| 288 [ 1 [Corrections on UE procedure for determining PUCCH Assignment |10.1.0 |10.2.0
01/06/11 | RP-52 |RP-110819| 289 | 2 [Correction to Multi-cluster flag in DCI format O 10.1.0 |10.2.0
01/06/11 | RP-52 [RP-110819| 290 [ 2 [Joint transmission of ACK/NACK and SR w ith PUCCH format 3 10.1.0 {10.2.0
01/06/11 [ RP-52 |RP-110819| 291 | 3 [Correction of uplink resource allocation type 1 10.1.0 |10.2.0
01/06/11 | RP-52 |RP-110821| 292 | 1 [Correction on CSI-RS configuration 10.1.0 |10.2.0
01/06/11 | RP-52 |on 110g18| 294 | - |ACK/NACK and CQIsimultaneous transmission in ACK/NACK 10.1.0 |10.2.0
bundling in TDD
01/06/11 | RP-52 |RP-110823| 295 - |UE specific disabling of UL DMRS sequence hopping 10.1.0 |10.2.0
01/06/11 | RP-52 [RP-110821| 296 [ - [PDSCH transmission in MBSFN subframes 10.1.0 [10.2.0
01/06/11 [ RP-52 |RP-110819( 297 - |Introduction of PCMAX for PUSCH pow er scaling 10.1.0 |10.2.0
01/06/11 | RP-52 |RP-110819| 298 - |Pow er controlfor SR and ACK/NACK w ith PUCCH format 3 10.1.0 |10.2.0
01/06/11 [ RP-52 |RP-110819( 299 | 2 [CRon pow er controlfor HARQ-ACK transmission on PUCCH 10.1.0 |10.2.0
01/06/11 | RP-52 |RP-110819| 300 | 2 [Correction to handling of search space overlap 10.1.0 |10.2.0
01/06/11 | RP-52 |55 110g19| 301 | 1 |Correction tosimuitaneous transmission of SRS and PUCCH 10.1.0 |10.2.0
format 2/2a/2b
01/06/11 | RP-52 302 | 1 |Correctionfor Simultaneous PUCCH and SRS Transmissions on 10.1.0 |10.2.0
RP-110819 CA
01/06/11 | RP-52 |RP-110821( 303 - |Correction on 8Tx Codebook Sub-sampling for PUCCH Mode 1-1 (10.1.0 |10.2.0
01/06/11 | RP-52 304 | 1 |Correctionson CQIltype in PUCCH mode 2-1 and clarffication on |10.1.0 {10.2.0
RP-110821 simultaneous PUCCH and PUSCH transmission for UL-SCH
subframe bundling
01/06/11 | RP-52 RP-110818 305 [ 1 [Correction on UE behaviour upon reporting periodic CSI using 10.1.0 |10.2.0
PUCCH Mode1-1
01/06/11 | RP-52 [RP-110818| 306 [ - [Clarification for the definition of CQI 10.1.0 [10.2.0
01/06/11 | RP-52 [RP-110818| 307 [ - [Clarification for the definition of Precoding Matrix Indicator 10.1.0 |10.2.0
01/06/11 | RP-52 |RP-110819| 308 - |Simultaneous SRS transmissions in more than one cell 10.1.0 |10.2.0
01/06/11 | RP-52 |RP-110819| 310 | 1 [Mscellaneous Corrections for TS 36.213 10.1.0 |10.2.0
01/06/11 | RP-52 [RP-110821| 311 [ 1 [Configuration of pmi-RI-Report 10.1.0 |10.2.0
01/06/11 | RP-52 312 | 1 |Correction on the support of PUCCH format 3 and channel 10.1.0 |10.2.0
RP-110819 selection
01/06/11 [ RP-52 o5 110g01| 313 | - [Correction on UEbehaviour during DM-RS transmission on 10.1.0 |10.2.0
subframes carrying synchronization signals
01/06/11 | RP-52 [RP-110820| 314 [ 1 ([36.213 CRon antenna selection 10.1.0 {10.2.0
01/06/11 | RP-52 [RP-110823| 316 [ 1 [Number of HARQ process for UL spatial multiplexing 10.1.0 |10.2.0
01/06/11 | RP-52 [RP-110819| 317 [ - [PUCCH format 3 Fallback procedure in TDD 10.1.0 [10.2.0
01/06/11 [ RP-52 |RP-110819( 318 - |Clarification on CSl reporting under an invalid downlink subframe  (10.1.0 |10.2.0
01/06/11 | RP-52 [RP-110819| 320 | - [Multiple Aperiodic SRS Triggers for Same Configuration 10.1.0 |10.2.0
01/06/11 | RP-52 [RP-110823| 321 [ - [UEantenna switch in UL MIMO 10.1.0 [10.2.0
01/06/11 [ RP-52 |RP-110819( 322 - |UEbehaviour for PDSCH reception w ith limited soft buffer in CA 10.1.0 |10.2.0
01/06/11 [ RP-52 on5 110859 323 | - [Joint transmission of ACK/NACK and SR or CSlw ith PUCCH 10.1.0 |10.2.0
format 3 and channel selection
15/09/11 | RP-53 |RP-111229| 277 | 1 |[Correction to reception of PRS in MBSFN subframes 10.2.0 |10.3.0
15/09/11 | RP-53 [RP-111230( 325 [ 3 |Corrections on UE procedure for reporting HARQ-ACK 10.2.0 |10.3.0
15/09/11 | RP-53 [RP-111230( 326 [ 2 |Corrections on Physical Uplink Control Channel Procedure 10.2.0 |10.3.0
15/09/11 | RP-53 RP-111231] 331 | 1 Correction to uplink transmission scheme usage for random access |10.2.0 (10.3.0
response and PHICH-triggered retransmissions
15/09/11 | RP-53 [RP-111229( 336 [ - |Corrections on transmission mode 9 10.2.0 [10.3.0
15/09/11 | RP-53 |RP-111230| 339 - | Corrections on HARQ-ACK codebook size determination 10.2.0 |{10.3.0
15/09/11 | RP-33 |06 111230| 340 | - |Corrections on TDD PUCCH format 1bw ith channel selection and [10.2.0 110.3.0
HARQ-ACK transmission on PUSCH
15/09/11 | RP-53 |RP-111230| 341 - | Corrections on NACK generation 10.2.0 |10.3.0
15/09/11 | RP-53 |RP-111230| 342 | - |Corrections on power headroom reporting 10.2.0 |{10.3.0
15/09/11 | RP-53 [RP-111229( 346 | - |Correction on TBS translation table 10.2.0 [10.3.0
15/09/11 | RP-53 |RP-111229| 347 | 2 [Correction to the condition of enabling PMI feedback 10.2.0 |10.3.0
15/09/11 | RP-53 [RP-111232( 348 - |Miscellaneous corrections to 36.213 10.2.0 |10.3.0
15/09/11 | RP-53 [RP-111229( 349 | - |Corrections on PUSCH and PUCCH modes 10.2.0 [10.3.0
15/09/11 | RP-53 |RP-111231| 350 | 1 |CRon UL HARQ ACK determination 10.2.0 [10.3.0
15/09/11 | RP-53 Correction on UL DMRS resources for PHICH-triggered 10.2.0 |10.3.0
RP-1112311 351 | 1 | otransmission %
15/09/11 | RP-53 |RP-111230| 352 - |Clarification on the common search space description 10.2.0 |10.3.0
15/09/11 | RP-53 RP-111232| 353 | 1 Clarification on ambiguous DCI information betw een UE-specific 10.2.0 |10.3.0
search space and common search space for DCl formats 0 and 1A
1509711 | RP-53 o6 111909] 354 | - (Flleaer(ijfg::Ct::)n of Reference PDSCH Pow er for CSI-RS based CSI 10.2.0 |10.3.0
15/09/11 | RP-53 [RP-111230( 355 [ 2 |Corrections on reporting Channel State Information 10.2.0 |10.3.0
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05/12/11 [ RP-54 |RP-111669( 324 | 3 [Accumulation of paver controlcommands from DCI format 3/3A 10.3.0 |10.4.0
05/12/11 | RP-54 |RP-111666| 357 | 1 [Miscellaneous corrections on uplink pow er control 10.3.0 |10.4.0
05/12/11 | RP-54 |RP-111666| 358 - |Corrections on N_creceved} 10.3.0 {10.4.0
05/12/11 | RP-54 359 - |Corrections on TDD PUCCH format 1b w ith channel selection and [10.3.0 |{10.4.0
RP-111666 ! .
tw o configured serving cells
05/12/11 | RP-54 |RP-111666| 360 | - [Corrections on the notation of k and k_m 10.3.0 [10.4.0
05/12/11 | RP-54 [RP-111668| 361 [ 1 [Corrections on PUCCH mode 2-1 10.3.0 [10.4.0
05/12/11 | RP-54 o5 111668| 362 | 3 |A (I:orge(_:tion to PDSCH transmission assumption for CQI 10.3.0 |10.4.0
calculation
05/12/11 | RP-54 |RP-111666| 363 | 1 [Corrections on PUCCH Resource Notation 10.3.0 |10.4.0
05/12/11 | RP-54 |RP-111667| 364 - | Correction on the notation of SRS transmission comb 10.3.0 |10.4.0
05/12/11 | RP-54 RP-111666 365 | - [Clarification on the HARQ-ACK procedure of TDD UL-DL 10.3.0 [10.4.0
configuration 5
05/12/11 | RP-54 o5 111666| 366 | 2 |Clarification on the determination of resource for PUCCH Format  10.3.0 |110.4.0
1bw ith channel selection in TDD mode
05/12/11 | RP-54 [RP-111666| 367 [ 1 [Correction on HARQ-ACK procedure 10.3.0 [10.4.0
05/12/11 | RP-54 o5 111666| 398 | - Oolrret(_:tion for A/N on PUSCHw ith W=1,2 in case of TDD channel |10.3.0 (10.4.0
selection
05/12/11 | RP-54 [RP-111668| 369 [ - [Clarification of PUCCH 2-1 Operation 10.3.0 [10.4.0
05/12/11 | RP-54 |RP-111668| 370 | 1 [Correction on PMIindex 10.3.0 |10.4.0
05/12/11 | RP-54 |RP-111666| 371 | 2 [Correction to periodic CSlreports for carrier aggregation 10.3.0 [10.4.0
05/12/11 | RP-54 |RP-111666| 373 | 1 [Removal of square bracket in HARQ-ACK procedure 10.3.0 {10.4.0
05/12/11 | RP-54 |RP-111666( 374 | 1 [Clarification on UEs capability of supporting PUCCH format 3 10.3.0 |10.4.0
05/12/11 | RP-54 [RP-111666| 375 [ 1 [Clarifications of UE behavior on PUSCH pow er control 10.3.0 [10.4.0
28/02/12 [ RP-55 |RP-120286( 376 | 1 |[RNTI Configuration associated with DL Resource Allocation Type 2 [10.4.0 (10.5.0
28/02/12 | RP-55 | o5 1500g3| 377 | 2 |Correctionfor ACK/NACK related procedure incase of TDD UL-DL 10.4.0 110.5.0
configuration 0
13/06/12 | RP-56 o5 4150737 378 | 3 |Correction of FDD channel selection HARQ-ACK and SR 10.5.0 |10.6.0
transmission
13/06/12 | RP-56 |RP-120738| 379 - |Removal of description w ith square brackets 10.5.0 |{10.6.0
13/06/12 | RP-56 RP-120738 381 - CorrecFior_] on transmission mode 9w ith a single antenna port 10.5.0 |10.6.0
transmission
04/09/12 | RP-57 |RP-121265| 382 - |Clarification of codebook subsampling for PUCCH 2-1 10.6.0 |10.7.0
04/09/12 | RP-57 |RP-121266| 383 - |Correction to UE transmit antenna selection 10.6.0 |10.7.0
04/09/12 | RP-57 RP-121264 384 - | TDD HARQ-ACK procedure for PUCCH format 1b w ith channel 10.6.0 |10.7.0
selection in carrier aggregation
04/09/12 [ RP-57 |RP-121265(| 385 - | Corrections for Handling CSI-RS patterns 10.6.0 |10.7.0
04/09/12 [ RP-57 |RP-121264| 386 | 1 [Reference serving cell for pathloss estimation 10.6.0 |10.7.0
04/09/12 | RP-57 |RP-121264| 387 | - [Power controlfor PUCCH format 3 w ith single configured cell 10.6.0 [10.7.0
04/09/12 | RP-57 |RP-121264| 388 - |ACK/NACK resource in case of channel selection 10.6.0 |10.7.0
04/09/12 | RP-57 |RP-121274| 380 | 4 [Introduction of an additional special subframe configuration 10.7.0 |11.0.0
04/09/12 | RP-57 |RP-121272| 389 - |Introduction of Rel-11 features 10.7.0 |11.0.0
04/12/12 [ RP-58 |RP-121839( 393 - | Correction to the parameter ue-Category-v10xy 11.0.0 |11.1.0
04/12/12 | RP-58 RP-121837 395 - |Correction of reference signal scrambling sequence initialization for |11.0.0 {11.1.0
SPS in transmission mode 7
04/12/12 [ RP-58 |RP-121846( 396 - |Finalisation for introducing Rel-11 features 11.0.0 |11.1.0
26/02/13 [ RP-59 |RP-130254( 398 - | Correction on UE procedure for reporting HARQ-ACK 11.1.0 |11.2.0
26/02/13 | RP-59 [RP-130252| 400 [ - [Corrections for SRS power scaling in UpPTS 11.1.0 [11.2.0
26/02/13 | RP-59 RP-130252 403 - |CRon UE specific searchand Common search space overlapon (11.1.0 [11.2.0
) PDCCH
26/02/13 | RP-59 |RP-130358| 404 | - [Additional clarfications/corrections for introducing Rel-11 features |11.1.0 [11.2.0
11/06/13 | RP-60 RP-130752 405 - |Correction to EPDCCH monitoring in case of cross-carrier 11.2.0 |11.3.0
scheduling
11/06/13 | RP-60 [RP-130751| 407 [ 1 |Correction on the RIbitw idth 11.2.0 |11.3.0
11/06/13 | RP-60 |RP-130750| 408 - |Correction on parallel reception of PDSCH and Msg 2 11.2.0 |11.3.0
11/06/13 | RP-60 |RP-130747| 409 - | Correction on zero paver CSI-RS resource configuration 11.2.0 |11.3.0
11/06/13 | RP-60 RP-130750 410 [ 1 |Corrections on different TDD UL-DL configurations on different 11.2.0 [11.3.0
) bands
11/06/13 | RP-60 |RP-130752| 411 - | Correction on EPDCCH PRB pair indication 11.2.0 |11.3.0
11/06/13 | RP-60 [RP-130752( 412 - |Correction on EPDCCH hashing function 11.2.0 |11.3.0
11/06/13 | RP-60 [RP-130752( 413 - |Correction on PUCCH resource determination for FDD EPDCCH 11.2.0 [11.3.0
11/06/13 | RP-60 RP-130752 414 | 2 |CRon ambiguity in EPDCCH decoding candidates under two 11.2.0 |11.3.0
overlapped EPDCCH resource sets
11/06/13 | RP-60 RP-130749 415 - |Removal of the case for spatial domain bundling in TDD UL/DL 11.2.0 |11.3.0
configuration 0
11/06/13 | RP-60 [RP-130752( 416 [ - |Correctionsto EPDCCH PRB pair indication 11.2.0 |11.3.0
11/06/13 | RP-60 RP-130753 417 | 1 [Correction to PUSCH/PUCCH transmit pow er after PRACH power |11.2.0 {11.3.0
ramping
11/06/13 | RP-60 [RP-130747( 418 [ - |CRon RI-Reference CSI Process with Subframe Sets 11.2.0 [11.3.0
11/06/13 | RP-60 |RP-130747| 420 - |Correction on UE-specfific RS scrambling for SPS PDSCH in TM10 (11.2.0 |11.3.0
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Change history
Date TSG # TSG Doc. |CR Rev [Subject/Comment Old New
11/06/13 | RP-60 |RP-130747| 421 - |CRon resolving ambiguous UE capability signaling for CoMP 11.2.0 |11.3.0
11/06/13 | RP-60 [RP-130750( 422 - | Correction of valid downlink subframe 11.2.0 |11.3.0
11/06/13 | RP-60 RP-130749 424 - |Correction on HARQ-ACK transmission for a UE configured with 11.2.0 |11.3.0
PUCCH format 3
11/06/13 | RP-60 |RP-130750| 425 - | Correction of PHICH resource for half duplex TDD UE 11.2.0 |11.3.0
11/06/13 | RP-60 RP-130750 426 | - |Correction on n_{HARQ} for TDD CA w ith different UL-DL 11.2.0 [11.3.0
configurations
11/06/13 | RP-60 427 - | Correction on implicit HARQ-ACK resource determination for 11.2.0 |11.3.0
RP-130750 PUCCH format 1b w ith channel selection for TDD CA w ith different
UL-DL configurations
11/06/13 | RP-60 |RP-130750| 428 | - |Correction on SRS power scaling with multiple TAGs 11.2.0 [11.3.0
11/06/13 | RP-60 |RP-130747| 429 - |Correction on MBSFN subframe configuration 11.2.0 |11.3.0
11/06/13 | RP-60 |RP-130749| 430 | - |CRon ScCell activation timing 11.2.0 [11.3.0
03/09/13 MCC clean-up 11.3.0 |11.4.0
03/09/13 [ RP-61 |RP-131249( 432 - |Correction for EPDCCH Search Space 11.3.0 |11.4.0
03/09/13 | RP-61 [RP-131250| 433 [ - [Correction to QCL behaviour on CRS 11.3.0 [11.4.0
03/09/13 [ RP-61 |RP-131250( 434 - | Correction on PUCCH power control 11.3.0 |11.4.0
03/09/13 | RP-61 |RP-131248| 435 | - [Correction on theratio of PDSCH EPRE to CRS EPRE for TM10 11.3.0 [11.4.0
03/09/13 [ RP-61 |RP-131249( 436 - |CRon EPDCCH Search Space for Cross-Carrier Scheduling 11.3.0 |11.4.0
03/09/13 | RP-61 |pp 131049 437 | - |Correction to the UE behaviour in case of collision betw een PRS 11.3.0|11.4.0
and EPDCCH in different CP case
03/09/13 | RP-61 RP-131249 438 - |On correction to higher layer parameter name for EPDCCH 11.3.0 |11.4.0
resource mapping
03/09/13 | RP-61 |RP-131248| 439 | - [Correction to PDSCH mapping for COMP 11.3.0 [11.4.0
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