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Foreword

This Technical Report 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 modify the contents of the 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 is intended to capture the output of the study itemon Signalling and procedure for interference
avoidance for in-device coexistence, which was approved at TSG RAN#48.

The objective of the Sl is to investigate suitable mechanisms for interference avoidance fromsignal ling and procedure
point of view to facilitate the coexistence scenario that LTEand GPS/ ISM radio within the same device working in
adjacent frequencies or sub-harmonic frequencies. The work under this study should take the following steps:

D

2

Evaluate whether existing RRM mechanisms could be utilized to effectively solve the coexistence
problems that arise in supporting the scenarios abovementioned and guarantee the required QoS in LTE
with proper GPS/ISM operation.

If legacy signaling and procedure are not sufficient to ensure required performance in the interested
coexistence scenario, study enhanced mechanisms to better avoid interference and mitigate the impact
caused by ISM radio.

Impact on legacy LTE UEs should be minimized.

NOTE:

The candidate solutions should be firstly considered in the non-CA (carrier aggregation) cases.

2

References

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

document.

- References are either specific (identified by date of publication, edition number, version number, etc.) or
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- Foraspecific reference, subsequent revisions do not apply.

- 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.
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3 Definitions, symbols and abbreviations

3.1 Definitions

For the purposes of the present document, the terms and definitions given in TR 21.905 [1] and the following apply. A
term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [1].

example: text used to clarify abstract rules by applying them literally.

In-device Coexistence Interference: when transmitting in one frequency band interferes with receiving in another,
within the same UE.

ISM Radio: the radio transceiver operating in ISM band

Unscheduled period: Period during which the LTE UE is not scheduled to transmit or receive, thereby allowing the
ISM radio to operate without interference.

Scheduling period: Period during which the LTE UE may be scheduled to transmit or receive.

3.2 Symbols

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

<symbol> <Explanation>

3.3 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].

ISM band Industrial, scientific and medical band

GPS Global Positioning System

BT Bluetooth

GNSS Global Navigation Satellite System

SCO Synchronous connection oriented link

eSCO Extended synchronous connection orientated
A2DP Advanced audio data profile

ACL Asynchronous connection-oriented link
DCF Distributed Coordination Function
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4 Scenarios

[Editor’s note: This section covers the coexistence scenarios that the study work is focusing on]

In order to allow users to access various networks and services ubiquitously, an increasing number of UEs are equipped
with mu ltip le rad io transceivers. Forexample, a UE may be equipped with LTE, WiFi, and Bluetooth transceivers, and
GNSS receivers. One resulting challenge lies in trying to avoid coexistence interference between those collocated radio
transceivers. Figure 4-1 shows an example of coexistence interference.

ANT#1 ANT#2 ANT#3
Interference Interference
fromLTE - from BT/WiFi

T/WiFi
LTE RF
/ GPS /{R/
[
LTE JWiFi
Baseban Baseban Basebal

Figure 4-1: Coexistence interference within the same UE

Due to extreme proximity of multiple radio transceivers within the same UE, the transmit power of one transmitter may
be much higher than the received power level of another receiver. By means of filter technologies and sufficient
frequency separation, the transmit signal may not result in significant interference. But for some coexistence scenarios,
e.g. different radio technologies within the same UE operating on adjacent frequencies, current state-of-the-art filter
technology might not provide sufficient rejection. Therefore, solving the interference problem by single generic RF
design may not always be possible and alternative methods needs to be considered. An illustration of such kind of
problem is shown in Figure 4-2 and some RF analyses on in-device coexistence between LTE and ISM are given in
AnnexA.

Power
A

Tx Power of
ISM Transmitter

Tx Signal of
« ISM Transceiver

Out of Band (OOB) emission ’Band Filter
by ISMTransmitter | A2 el . g
. . rAntenna Isolation i
Spuriousemission | A ...l Sy T
by ISM Transmitter . - “a
Rx Slgna_l of Unacceptable interference
LTE Receiver level to LTE receiver R
Frequency

Figure 4-2: Example of coexistence interference from in-device ISM transmitter to E-UTRA receiver

4.1 Coexistence interference scenarios

In this subclause, the coexistence interference scenarios between LTE radio and other radio technologies are described.
3GPP frequency bands around 2.4GHz ISM band are illustrated in Figure 4.1-1 [2].
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ISM Band:
2400~2483.5MHz
WiFi Channels
Chl Ch7 Ch13
2401-2423 ‘ ‘2431—2453 ‘ ‘2461'2483
Ch2 Chs Ch14
Band 40: e ‘2433;5458 ‘ 2SS ‘ Band 7 UL: Band 38: Band 7 DL:
2300~2400MHz 2500~2570MHz | 2570~2620MHz| 2620~2690MHz

TDD Mode FDD Mode TDD Mode FDD Mode

Bluetooth Channels

79 Channels: 2402~2480 MHz \

Figure 4.1-1: 3GPP frequency bands around ISM band

LTE coexisting with WiFi

There are 14 channels demarcated in ISM band for WiFi operation. Each channel has 5 MHz separation from other
channel with an exception of channel number 14 where separation is 12 MHz. Channel 1 starts with 2401 MHz and
channel 14 ends at 2495 M Hz. Different countries have different policies for number of allowed channels of WiFi. Most
of the countries allow only channel 1 to 13, while only in Japan the usage of channel number 14 is allowed for IEEE
802.11b. The transmitter of LTE band 40 will affect receiver of WiFi and vice-versa. Since band 7 is a FDD band so
there is no impact on LTE receiver from WiFi trans mitter but WiFi receiver will be affected by LTE UL transmitter.

LTE coexisting with Bluetooth

Bluetooth operates in 79 channels of 1 MHz each in ISM band. The first channel starts with 2402 MHz and the last
channel ends at 2480 M Hz. Similar as WiFi case, the activities of LTE band 40 and BT will disturb each other, and the
transmission of LTE band 7 UL will affect BT reception as well.

LTE Coexisting with GNSS

Examples of GNSS include GPS, Modernized GPS, Galileo, GLONASS, Space Based Augmentation Systems (SBAS),
and Quasi Zenith Satellite System (QZSS) [3], [4]. GNSS systems operate in various frequencies globally with country
specific deviations:

- Frequencies of operation for GPS, Modernised GPS: L1 (1575.42 MHZz), L2(1227.6 MHZz), L1C (1575.42 MH2),
L2C (1227.6MHz), L5(1176.45 MHz);

- Frequencies of operation for Galileo: E1(1575.42MHz), E5A(1176.45 MHz), ALTBOC(1191.795M Hz), E5B
(1207.14 MHz), E6(1278.75 MH2);

- Frequencies of operation for GLONASS: L1(1602.0 MHz), L2 (1246.0 MH2);

- Frequencies of operation for Compass: Same frequencies as Galileo;

- Frequencies of operation for QZSS and SBAS: Same frequencies as GPS.
Therefore, the problematic cases for collocated LTEand GNSS include:

- Band 13 (UL: 777-787 MHz) /14 (UL: 788-798 MHz) can cause interference to L1/E1 frequency of GNSS
(1575.42 MH2) as it is close to the second harmonics of band 13/14 (1554-1574 MHz for band 13, 1576-1596
MHz for band 14);

- Galileo is supporting proposal for new global allocation at 2.5 GHz for GNSS, which will be affected by band 7
LTE collocated operation [3];

- Indian Regional Navigation Satellite Systemuses IRNSS standard position and restricted services are transmitted
on L5 (1164-1215 MH2z) and S (2483.5-2500 MHZz) bands [3], which will be affected by band 7 LTE collocated
operation.

3GPP
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NOTE: Inthe last few years, there have been tremendous advancements in GPS receivers to reduce size, cost and
improve accuracy. A near future possibility of advancement in GNSS receiver would be to build dual
frequency GNSS receiver at low cost. It is possible to build dual frequency GNSS receiver using L1 and
L5 in low cost, because L5 frequency is open for public use and it can be used for more precise
positioning. This makes it an attractive possibility of integrating dual frequency GNSS receiver using L1
and L5 frequency. The issue with L5 now is that there are only few satellites transmitting L5 and they are
focusing on North America only. All GPS satellites start transmitting L5 only by 2020. But a positive
trend is that even Galileo is planning L5 and other systems developed by various countries are also
planning L5. Hence, most probably L5 frequency will be available by 2014 globally. Another direction of
GNSS receiver advancement is integration of motion sensors with GNSS receivers. With the help of
motion sensors, the position can be predicted even if GNSS signal suddenly becomes week or
unavailable.

Summary of in-device coexistence interference scenarios

Based on the above analysis, some examples of the problematic coexistence scenarios that need to be studied are:
- Case 1: LTE Band 40radio Tx causing interference to ISM radio RX;
- Case 2:I1SM radio Tx causing interference to LTE Band 40 radio Rx;
- Case 3: LTE Band 7 radio Tx causing interference to ISM radio Rx;

- Case4: LTE Band 7/13/14 radio Tx causing interference to GNSS radio Rx.

4.2 Usage scenarios

In order to facilitate the study, it is also important to identify the usage scenarios that need to be considered. This is
because different usage scenarios will lead to different assumption on behaviours of LTE and other technologies radio,
which in turn impact on the potential solutions.

1la) LTE + BT earphone (VoIP service)

In the scenario of LTE voice over IP, the voice traffic transmitted by BT is actually from/to LTE, where the traffic
activities between LTE and BT will be very similar because of the end-to-end latency requirement.

The coexistence interference case 1-3 of section 4.1 may happen in this usage scenario.
1b) LTE + BT earphone (Multimediaservice)

Another scenario is that multimedia (e.g. HD video) is downloaded by LTE and audio is routed to a BT headset, where
the traffic activities between LTE and BT are correlated as well.

For the multimedia (HD video) scenario, in case a time domain solution is needed, the requirements for the
scheduling/unscheduled periods for typical streaming applications can be obtained based on the requirements on the BT
and LTE sides. Activity time on BT can be very dynamic for BT streaming. The BT audio stream typically uses the
advanced audio data profile (A2DP) for Bluetooth and typically more than [60 ms] transmission latency can cause
playback problems at the BT receiver. Hence, the scheduling period of LTE should not exceed this time.

The latency requirement is less stringent on the LTE side, depending on the QCI (e.g. 150ms for QCI 2 [6]). Hence, the
maximum unscheduled period for LTE can be as much as 150 ms. However, in order to not limit LTE throughput, it is
desirable to minimize the LTE unscheduled period and the smallest unscheduled period is determined by the on time
needed by BT to sustain the data rate, depending on the link condition. This number typically ranges from [15] ms to
[60] ms. Note that making the LTE unscheduled period much shorter can make it difficult for BT to utilize the available
time given the BT framing structure.

Further, there are no benefits in this case to align the LTE unscheduled period to the BT timelines. In summary, under
this scenario and the assumed BT profile, if a time domain solution is needed, it should meet the following guidelines:

- The LTE scheduling period is to be less than [60] msec
- The LTE unscheduled period is to be around [15-60] msec

The coexistence interference case 1-3 of section 4.1 may happen in this usage scenario.

3GPP
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2) LTE + WiFi portable router

In this scenario, LTE is considered as a backhaul link to access the Internet, and the connectivity is shared by other local
users using WiFi. In this scenario, the WiFi transceiver is operated as an AP and has full control on frequency channel
and transmitting power. Given the ability of the WiFi transceiver to select the frequency channel, it may be possible to
avoid interference to/from WiFi by moving the WiFisignal away fromthe LTE band. If this is not sufficient, time
domain solutions are applicable.

On the DL, the worst case latency will be for a packet arriving at the eNB at the beginning of the LTE unscheduled
period, with the resulting latency being the sumof the LTE unscheduled period (waiting for LTE scheduling) and the
LTE scheduling period (waiting for WiFi scheduling). Similar argument applies on the UL. Though the
scheduling/unscheduled periods can be made as small as 1 ms to minimize latency, this is not desirable due to the
impact on retransmissions and other timelines on both LTE and WiFi. Hence, somewhat la rger periods should be used,
keeping in mind a balance between the timeline requirements and the needs of the specific QCI.

In order to fulfil latency requirements of common services under this scenario, the scheduling periods and unscheduled
periods should use the following guidelines

- Scheduling periods and unscheduled periods should be typically not more than [20-60] ms.

- The scheduling and unscheduled periods should be large enough for reasonable operation of the LTE and WiFi
timelines. Corresponding numbers are FFS.

- Since LTE has typically lower data rate than the WiFi link, the LTE scheduling periods should be longer than the
unscheduled periods in order to achieve roughly the same throughput on both links.

The coexistence interference case 1-3 of section 4.1 may happen in this usage scenario.
3) LTE + WiFi offl oad

In this scenario, an LTE UE can also connect to WiFi to offload traffic from LTE and the WiFi transceiver of the UE
operates as a terminal (not AP) in infrastructure mode. It is difficult for the WiFi radio to change the configured
frequency channel. In addition, the WiFi radio has to keep listening to the beacon signal transmitted from WiFi AP for
maintaining connection. This usage scenario is getting studied in 3GPP [5].

For this scenario, in case a time domain solution is needed, the requirements for the scheduling period and unscheduled
periods differ from the previous scenario in three ways:

One difference is about WiFi beacon reception by the UE in WiFi client mode. Proper reception of the beacon requires
alignment of the LTE unscheduled period with the WiFi beacons. Also, the scheduling period of LTE should be no
longer than 100ms in order to provide for beacon reception.

The second difference is that the packet traverses only one over-the-air link (WiFi for offload packets, and LTE for non-
offload packets), hence somewhat larger (approximately double) scheduling periods and unscheduled periods can meet
the same latency require ments.

The third difference is that the ratio of the scheduling and unscheduled periods should roughly correspond to the traffic
volume of the non-offloaded and offloaded traffic.

As in the previous scenario, the guidelines depend on a balance between the latency requirements of the QCI, and the
requirements of the acknowledgement/timeline of LTE and WiFi. In order to fulfil latency requirements of common
services under this scenario, the scheduling periods and unscheduled periods should use these guidelines

- The scheduling and unscheduled periods should typically be not more than [40-100] ms.

- The scheduling and unscheduled periods should be large enough for reasonable operation of the LTE and WiFi
timelines. Corresponding numbers are FFS.

- Aligning the LTE unscheduled period with WiFibeacons is important.

- The ratio of the scheduling and unscheduled periods should be aligned to the ratio of the volume of non-
offloaded and offloaded traffic.

The coexistence interference case 1-3 of section 4.1 may happen in this usage scenario.

4) LTE + GNSS Receier
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This usage scenario considers that the LTE UE is also equipped with the GNSS (e.g. GPS) receiver to support location
services. To be specific, the following three sub-scenarios represent sufficiently wide range of possibilities for use:

- Initial position fix (initial satellite search) in good signal conditions (e.g. outdoors). This sub-scenario is
applicable for emergency calls, where the UE needs to locate itself using the A-GPS assistance information. It
can be also applicable for navigation and other location based services (e.g. advertisements).

- Initial position fix in difficult signal conditions (e.g. urban canyon, or indoors). This sub-scenario is similar to
the previous one, but with special consideration to the signal conditions.

- Successive position fixes during navigation. In this sub-scenario, the UE has already a good knowledge about the
satellite signals, and is only making successive fixes. On the other hand, it can be expected that the LTE is
serving voice and/or data, for example to download maps.

In all the sub-scenarios, it can be expected that LTE UL transmissions cause interference to the GNSS receiver.

The coexistence interference case 4 of section 4.1 may happen in this usage scenario.

5 Potential solutions for interference avoidance

[Editor’s note: This section is intended to capture potential solutions to solve the in-device coexistence issues described
in section 4. The effectiveness of existing solutions and envisioned enhancement will be analy zed and evaluated in this
section.]

5.1 Introduction

The potential solutions for interference avoidance are mainly considered for the UE in CONNECTED mode. IDLE
mode operation itself is not considered a problem, since the UE can just stop ISM transmissions at important LTE
reception moments, e.g. when receiving LTE paging. It is FFS whether cell reselection enhancements need to be
considered in order for the UE in IDLE mode to avoid problems at every subsequent transition to RRC_CONNECT ED.

51.1 Modes of interference avoidance

5111 Uncoordinated mode

In this mode, different technologies within the same UE operate independently without any internal coordination
between each other, as illustrated in Figure 5.1.1.1-1.

Terminal

coordination
ISM/GPS radio

Figure 5.1.1.1-1: Uncoordinated mode

5.1.1.2 Coordinated within UE only
In this mode, there is an internal coordination between the different radio technologies within the same UE, which

means that at least the activities of one radio is known by other radio. However, the network is not aware of the
coexistence issue possibly experienced by the UE and is therefore not involved in the coordination.
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Terminal

coordination
ISM/GPS radio

Figure 5.1.1.2-1: Coordinated within UE only

51.1.3 Coordinated within UE and with network

In this mode, different radio technologies within the U E are aware of possible coexistence problems and the UE can
inform the network about such problems. It is then mainly up to the network to decide how to avoid coexistence

interference.

assistant information

Terminal

coordination X
ISM/GPS radio

Figure 5.1.1.3-1: Coordinated with network level

51.2 Potential solution directions

5.1.2.1 Move LTE Signal away from ISM Band

The basic concept of this solution is illustrated on Figure 5.1.2.1-1, where LTE signal is led away from ISM band in
frequency domain.

Power
A

Tx Power of o
WiFi or BT signal WiFior BT

« signal

Out of Band (OOB) emission 1Band Filter
by WiFiorBTsignal ( 2~ e L 4
) o | Antenna Isolation /
Spurious emissionby | A2 ....... e e
WiFi or BT signal

-
| \ >
Move LTE signal Frequency

away from ISM band

Figure 5.1.2.1-1: Potential solutions to move LTE signal away from ISM band
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5.1.2.2 Move ISM Radio Signal away from LTE Frequency Band

The basic concept of this solution is illustrated on Figure 5.1.2.2-1, where ISM radio signal is led away from LTE
frequency band in frequency domain. In order to help ISM radio complete the necessary procedure to enable this option,
LTE may also need to avoid coexistence interference to ISM radio during the initial stage.

Power . . o
Reduce WiFi or BT signal transmission
1 range and make it away from LTE signal
Tx Power of WiFi
or BT signal

Out of Band (OOB) Band Filter
emission by WiFi Pl
or BT signal .
Spurious emissionby |~ . . ... . Y T
WiFi or BT signal
LTE Rx Signal
Frequency

Figure 5.1.2.2-1: Move ISM radio signal away from LTE frequency band

5.1.2.3 Time Division Multiplexing (TDM)

The basic concept of this solution is illustrated on Figure 5.1.2.3-1. It consists in ensuring that transmission of a radio
signal does not coincide with reception of another radio signal.

Power
A

Tx Power of WiFi
or BT signal

WiFi or BT signal
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received at t;
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Prevent time overlap between WiFi/BT Tx and Frequency

LTE Rx to avoid interference

Power
WiFi or BT Tx
LTE Rx
;
to ty
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Figure 5.1.2.3-1: Time division multiplexing for coexistence interference avoidance
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5.1.24 LTE Power Control (LTE PC)

The basic concept of this solution is illustrated on Figure 5.1.2.4-1. LTE transmission power is reduced to mitigate the
interference to ISM/GNSS receiver.

Power
A

Tx Power of Reduce LTE Tx power

LTE Signal

Out of Band Band Filter
(OOB) emission . /

by LTE signal

Spurious emission - — .
by LTE signal WiFi/BT

Rx signal

Frequency

Figure 5.1.2.4-1: LTE power control for coexistence interference mitigation

5125 ISM Power Control (ISM PC)

The basic concept of this solution is illustrated on Figure 5.1.2.5-1. ISM trans mission power is reduced to mitigate the
interference to LTE receiver.

Power
A Reduce WiFi/BT Tx power
Tx Power of WiFi
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WiFi or BT
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Figure 5.1.2.5-1: ISM power control for coexistence interference mitigation
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5.2 Description of interference avoidance solutions

52.1 LTE network-controlled UE-assisted solutions

5.2.1.1A General

Depending on the conditions of in-device coexistence interference on the serving frequency and non-serving
frequencies, there are four scenarios to be considered as listed in Table 5.2.1.1A-1.

Table 5.2.1.1A-1; Conditions of in-device coexistence interference

Scenario Simple description for each scenario
1 On-going interference on the serving frequency
2 Potential interference (currently not on-going) on the serving frequency
3 On-going interference on non-serving frequencies
4 Potential interference (currently not on-going) on non-serving frequencies

At the initiation of LTE network-controlled UE-assisted solutions, the UE can send an indication to the network to
report the coexistence problems. In case of scenario 1, indications can be sent by the UE whenever it has problem in
ISM DL reception it cannot solve by itself. At the same time, indications can also be sent by the UE whenever it has
problem in LTE DL reception it cannot solve by itself, and the eNB did not take action yet based on RRM
measurements. Other triggers of indication could be summarized as the following three cases, which relate to scenario
2-4 in Table 5.2.1.1A-1 respectively:

1) the UE indicates the network that coexistence problems may become serious on the serving frequency due to e.g.
increase of ISM traffic;

2) the UE indicates the network that certain of non-serving frequencies are experiencing serious coexistence
problems (no serious coexistence problems on the serving frequency);

3) the UE indicates the network that coexistence problems may become serious on the non-serving frequencies (no
serious coexistence problems on the serving frequency).

When LTE UL transmission interferes with ISM/GNSS DL reception, LTE measurements cannot be used to detect the

problem and the details of the trigger(s) for the UE to report the problem will probably not be specified in 3GPP. When

ISM UL transmission interferes with LTE DL reception, existing RRM measurement cannot guarantee timely trigger of
indication. Triggers of indication in scenarios 2-4 are not limited to LTE DL measurements.

The triggers of indication should focus on scenarios 1and 3in Table 5.2.1.1A-1. If the interference situation changes
significantly, the UE should send an indication to the network to report the updated interference situation. It is left to
work item phase to discuss how to limit unnecessary triggers/trigger misuse e.g. by defining new measurements or new
test cases.

In order to avoid ping-pong handover back to the problematic frequency, it would be valuable to make the target eNB
be aware of the coexistence problem within the UE. The following two options have been identified to transport (part of)
the information to a target eNB:

- The information is transferred fromthe source to the target eNB;

- The information is reported again by the UE to the target eNB

5211 Frequency Division Multiplexing (FDM) solution

The UE informs the E-UTRAN when transmission/reception of LTE or other radio signal would benefit or no longer
benefit from LTE not using certain carriers or frequency resources. UE judgement is taken as a baseline approach for
the FDM solution, i.e. the UE will indicate which frequencies are unusable due to in-device coexistence.

It is FFS how this indication is transmitted (e.g. new report, CQI dummy values, dummy RSRP measurement, etc) and
if additional information would be useful to report to enable different handover policies in the eNB based on the actual
interferer.

The details of E-UTRAN actions upon reception of the assistant information are FFS.
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52.1.2 TDM solutions

SCO, eSCO, A2DP and ACL protocols are assumed to be supported by in-device BT radio when analyzing the TDM
solutions for LTE-BT coexistence. Beacon, power saving and DCF protocols are assumed to be supported by in-device
WiFi radio when analyzing the TDM solutions for LTE-WiFi coexistence.

For TDM solutions, the UE can signal the necessary information, e.g. interferer type, mode, and possibly the
appropriate offset in subframes to the eNB. The UE can also signal a suggested pattern to the eNB. Based on such
information, the final TDM patterns (i.e. scheduling and unscheduled periods) are configured by the eNB.

52.1.2.1 DRX based solution

The UE provides the eNB with a desired TDM pattern. For example, the parameters related to the TDM pattern can
consist of:

- Periodicity of the TDM pattern;
- Scheduling period (or unscheduled period).

One example of the desired TDM pattern is depicted in Figure 5.2.1.2.1-1

Pattern periodicity (120ms)

A
\ 4

Scheduling period (60ms) ‘L Unscheduled period (60ms)‘

Figure 5.2.1.2.1-1: Example of UE suggested TDM pattern

Itis up to the eNB to decide and signal the final DRX configuration to the UE based on UE suggested TDM pattern and
other possible criteria e.g. traffic type. The scheduling period corresponds to the active time of DRX operation defined
in section 5.7 [14], while unscheduled period corresponds to the inactive time. The eNB should try to guarantee the
unscheduled period by existing mechanisms, e.g. appropriate UL/DL scheduling, SRS transmission configuration, DRX
Command MAC control element usage, and etc. It means that flexibility principles from existing DRX mechanism will
apply (i.e. variable scheduling/unscheduled period is possible) and no impact on UE HARQ operation is assumed so far.
During inactive time UE is allowed to delay the initiation of dedicated scheduling request and/or RACH procedure.
Figure 5.2.1.2.1-2 illustrates one example of eNB signalled DRX configuration based on UE suggested pattern depicted
in Figure 5.2.1.2.1-1:

DRX cycle (128 ms)

»
|‘ Ll

| . | . .
| LTE On-duration (50 ms) |  Opportunity for ISM operations (78 ms)

P
M T

\ £

Figure 5.2.1.2.1-2: Example of DRX configured by eNB to enable TDM

It is FFS whether special handling for RRM/RLM/CSI measurement during unscheduled period (inactive time) would
be required.

In the Rel-8/9 DRX mechanis m, the UE needs to be active for potential uplink and downlink HARQ retransmissions:

- Afterthe DL trans mission, the UE waits for the HARQ RTT timer (e.g. 8 ms for FDD) and after that the UE is
Active during the drx-RetransmissionTimer if the received transport block is not decoded correctly.
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- Afterthe UL trans mission, the UE needs to monitor potential UL retransmission grants. These adaptive grants
can occur every RTT (e.g. 8 ms for FDD) until the maximum number of UL HARQ trans missions is reached.

A typical value for drx-RetransmissionTimer is 16 PDCCH sub-frames. In case of FDD, this timer together with HARQ
retransmission timer means that the UE can be active (even not continuously) 8 + 16 = 24 ms after the DL transmission.
The time how long the UE needs to monitor adaptive retransmission grants depends on the configured value of the
maximum HARQ transmissions. Configuring sufficiently large number of HARQ transmissions guarantees that packets
are not lost at the HARQ level. With 4 possible retransmissions, for FDD the UE is Active (even not continuously)
8*4=32 ms after the initial grant. Taking the potential UL and DL retransmissions into account, with the values shown
in Figure 5.2.1.2.1-2, an Active time limited to 50 ms can be reached only if the UE is scheduled during the first 18 ms
of OnDurationTimer. If the UE can be scheduled for the initial HARQ transmissions only during the first 18 ms of each
128 ms period, the UE available data rate drops to 14%.

It is possible to optimize DRX and HARQ settings for IDC scenario in such away that the transition period fromthe
LTE Active state to the state reserved for ISM operations is shorter. With this tuning time that can be used for LTE
increases as well as the corresponding LTE throughput. Change of the parameter setting increases HARQ level data loss
rate that is harmful especially for UM bearers. However, this can be compensated by more robust coding in a scheduler.

Modifications for Rel-8/9 DRX could be introduced to reduce the transition time fromthe Active state to the DRX state.
Forexample, the eNB could send a specific MAC CE that enforces the UE to sleep and ignore potential HARQ
retransmissions.

One examp le of the performance analysis of three scenarios discussed here is depicted in Table 5.2.1.2.1-1. When the
performance obtained with the modified DRX mechanism is compared to the performance obtained with tuning of DRX
parameters, from peak-rate point of view it is not obvious that enhancements to Rel-8/9 DRX are needed.

Table 5.2.1.2.1-1: Performance analysis of DRX solution in the example WiFi offload scenario

Standardization
impact on DRX and

Data loss rate at
HARQ level

Case UE available data rate
(expressed as aratio

from maximum) HARQ
Default DRX configuration 14% Close to 0% No
IDC tuned DRX configuration 33% 1% in UL and DL No

IDC optimized DRX mechanism 39% Depends on the Yes

solution and scenario

DRX solution could be used also for shorter interference patters. E.g. with BT voice, it is possible to configure DRX
cycle to 10 ms or 5 ms and then achieve a desired gap pattern with appropriate setting on drx-OnDurationTimer, drx-
Inactivity Timer, drx-retransmissionTimer and DRX offset. In some cases, drx-retransmissionTimer of 0 ms needs to be
introduced to avoid the UE to be DRX Active in the subframes that are reserved for ISM traffic. See more details of
DRX solution in [18]. The performance of this solution is similar to the corresponding HARQ process reservation
solution discussed in Subsection 5.2.1.2.2.

5.2.1.2.2 HARQ process reservation based solution

In this solution, e.g. a number of LTE HARQ processes or subframes are reserved for LTE operation, and the remaining
subframes are used to accommodate 1SM/GNSS traffic.

Forexample, for LTE TDD UL/DL Configuration 1, the solution is shown in Figure 5.2.1.2.2-1. For each radio frame,
subframe #1, #2 #6 and #7 are reserved for LTE usage. Other subframes may be used for ISM/GNSS traffic, i.e. UE
may not be required to receive PDCCH/PDSCH and/or transmit PUSCH/PUCCH in those subframes, depending on
coexistence scenarios.
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Frame m | Frame m+1 | Frame m+2
Subframe# 1 A4 6] a1 2<kldd] 6 ] 1] 2dldE] 6] 7
DL Subframe for LTE DL Subframe for coexistence
UL Subframe for LTE UL Subframe for coexistence
DL HARQ  (Retransmission timing is an example since DL HARQ is asynchronous)

PDSCH (initial transmission)
ACK/MNACK
PDSCH (retransmission)

UL HARQ
PDCCH
PUSCH (initial transmission)
ACKMNACK

PUSCH (retransmission)
Figure 5.2.1.2.2-1: Example of HARQ process reservation solution

It is up to the eNB to decide and signal the final pattern, e.g. a bitmap (i.e. subframe reservation pattern) to the UE
based on some assistance information reported by the UE. W ith respect to the assistant information, the UE can indicate
either:

- Time offset between BT and LTE + BT configuration, or
- In-device coexistence interference pattern(s), or
- HARQ process reservation based pattern(s)

The information that UE provides should allow the network to ensure at least a pair of clean BT Tx/Rx instances in each
BT interval, and as much as possible capacity to LTE. The reserved subframes should comply with LTE release 8/9 UL
HARQ timing [15], and comply with LTE release 8/9 DL HARQ timing [15] as much as possible. It means that UE can
assume that the eNB will restrict itself to DL allocation/UL grants inside this pattern. It is FFS whether the patterns are
standardized in the specification, so that the eNB (or UE) can only signal an indexof pattern (e.g. bitmap) to the UE (or
eNB). It is FFS how frequent the assistant information should be sent fromthe UE.

Editor’s note: The feasibility and usefulness of this solution need further study.

In Table 5.2.1.2.2-1 some HARQ compliant bitmaps having length of 10 ms are presented, whereas in Table 5.2.1.2.2-2
interference bitmaps having the length of 30 ms are presented. Note that the patterns are not necessarily optimised for
max LTE subframe usage. From the tables it can be seen that by having a longer bitmap (30 ms), the maximum data
rate achieved in the LTE side is higher than with a short bitmap (10 ms).

Table 5.2.1.2.2-1. Performance of HARQ compliant bitmaps (short bitmaps)

Case DL datarate UL datarate
TDD config 2, master | 1111110100 5/8=63% 1=50%
TDD config 3, master | 1111111101 6/7=86% 2/3=67%
TDD config 4, master | 1111111001 6/8=75% %=50%
TDD config 5, master [ 1111010010 5/9=56% 1/1=100%
TDD config 1, slave 0011011001 3/6=50% 2/4=50%
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Table 5.2.1.2.2-2. Performance of non-HARQ compliant bitmaps (long bitmaps)

Case DL datarate UL datarate
TDD config 2, master | 1111101111 1111111111 0111111111 | 22/24=92% 6/6=100%
TDD config 3, master | 1111111101 1111111011 1111111011 | 18/21=86% 8/9=89%
TDD config 4, master | 1111110111 1011110111 1111111011 | 20/24=83% 2/2=100%
TDD config 5, master | 1111101011 1111101111 0111110111 | 19/24=79% 212=100%
TDD config 1, slave 1011110111 1011110111 1011110111 | 4/6=67% ¥%,=75%
52123 Uplink scheduling restriction based solution

LTE uplink trans mission causes interference to GNSS reception. In certain coexistence scenarios it would be helpful if
the eNB scheduler restricts uplink scheduling for the UE to certain threshold. This solution is suitable for solving
coexistence issue for those scenarios which needs LTE uplink transmission randomly distributed but restricted to
certain threshold. The UE inform the interference situation to the eNB along with some assistant data e.g. uplink
scheduling restriction threshold. The eNB scheduler tries to restrict uplink scheduling for the UE within the threshold.

Forexample, in GNSS each bit is DSSS spread over few tens of ms, i.e. 20ms bit period in case of GPS. GNSS requires
some amount of interference free time every bit period depending upon GNSS receiver phase (i.e. acquisition, tracking
phase). There may be no specific requirement that certain portion of bit period is more critical than other. If GNSS
receiver can get sufficient percentage of interference free time out of every bit period then it can possibly recover the
signal and solve the in-device co-existence issue.

Editor’s note: The feasibility and usefulness of this solution need further study.

5.2.1.3 LTE power control solutions

To mitigate coexistence interference to ISM/GNSS DL reception, the UE can report the need for power reduction to the
eNB.

For existing mechanism, the UE can adjust the power control parameters locally and report the change by existing
mechanism (PHR, extended PHR). The eNB may not be aware of the reason, but it gets the idea that the UE demands
power reduction through the report. This group of solutions can be implemented by Rel-8/9/10 UEs. It is FFS whether
P-MPR can be used for this purpose.

If a new report is introduced, it is FFS how the report is transmitted (e.g. via RRC or MAC) and what information
should be included (e.g. interference type, power reduction value, etc).

Upon reception of the report the eNB can adjust the UE transmission power through existing mechanism, e.g. PDCCH
or RRCsignalling.

52.2 UE autonomous solutions

5221 TDM solutions

52211 LTE denials for infrequent short-term events

UE can autonomously deny LTE resources due to some critical short-term events of ISM side, e.g. some events during
BT/WIiFi connection-setup or other important signalling. Otherwise, large delay or failure of connection-setup could
happen if these events are not prioritized over LTE. This solution is assumed to be used for the event that rarely takes
place. Potentially, requirements on the frequency and duration of denials would need to be defined if such a solution
would be adopted.

The analysis indicates that autonomous LTE denial at the UE, i.e. UE occasionally skipping an LTE UL transmission
without any limitation is not acceptable due to its impact on LTE performance, especially on PDCCH link adaptation
accuracy and PDCCH capacity [19]. It is FFS whether autonomous LTE denial with further enhancement, e.g. the UE
would have to provide additional assistant information to the network, is needed to handle rare periodic or non-periodic
events.

Editor’s note: The feasibility and usefulness of this solution need further study.
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5.2.2.1.2 LTE denials for ISM data packets

During stable situation of ISM operation, some LTE resources can be denied by UE autonomously to protect ISM data
packets, so e.g. the BT eSCO connection or WiFi connection with PS-Poll can be maintained. The UE can feedback the
denial pattern to the eNB, or the eNB can learn the pattern used by the UE based on DTX and other imp le mentation
specific solutions. An examp le of this solution is shown in Figure 5.2.2.1.2-1.

*LTE Half-Frame length (5 ms = 8 BT
slots)

X X X

Receive (DL) Transmit (UL)

XX Vi vV VvV IX|VXIVV X X X vV

Rx Tx

Figure 5.2.2.1.2-1: Example of LTE denialsin case of LTE in Band40 coexisting with BT slave

The analysis indicates that without eNB knowing the denial resources, the UL throughput loss is up to 41.6% [16].
Therefore, autonomous LTE denials for ISM data packets seemnot an acceptable solution for solving steady state
situations e.g. voice call.

5.2.2.1.3 ISM denials for LTE important reception
UE can autonomously deny ISM transmissions to ensure successful reception of important LTE signalling, e.g. system

information, paging, synchronization signal, critical dedicated signalling, etc. The details are up to UE imp lementation
and will not be specified in 3GPP.

5.3 Applicability of interference avoidance solutions

The applicability of TDM solutions for each usage scenario is summarized in Table 5.3-1.

Table 5.3-1: Applicability of different TDM solutions

TDM solution Usage scenario
LTE+BT LTE+BT LTE+WiH LTE+WiH LTE+GNSS
earphone (VolP earphone portable router offload Receiver
service) (Multimedia
service)
HARQ process Applicable Applicable for BT FFS FFS Applicable
reservation based Master, but not
solution applicable for BT
Slave
DRXbased Applicable Applicable Applicable Applicable Applicable
solution
Uplink scheduling Not applicable Not applicable Not applicable Not Applicable
restriction based applicable
solution
Autonomous Complementary solution for receiving important signalling
denial solution
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6 Conclusion

[Editor’s note: This section captures the conclusion of the study. The section can be formulated in such way that the
contents can be used as an input of further specification work.]

The following main conclusions were drawn during the study item phase:

1. Regarding the usage scenarios to be considered, the prime focus is to support data communication over one type
of ISM radio when LTE is also active at the same time.

2. With respect to the modes of interference avoidance, at least an internal coordination between different radio
technologies within the UE should be assumed when defining solutions.

3. FDM solution is believed to be a feasible solution to resolve the in-device coexistence issues.
4. DRXbhased TDM solution is believed to be a feasible solution to resolve the in-device coexistence issues.

5. At this stage, it seems impossible to come up with a unified TDM solution to solve coexistence issues of all the
usage scenarios. The possibility of unified signalling approach could be investigated during work item phase.

6. It has been confirmed that any media sharing solution will come at a cost for LTE.

Annex A:

Interference analysis on in-device coexistence between LTE
and ISM

The RF analyses on in-device coexistence interference between ISM and LTE technologies have been studied. The
analyses and measurements presented in [7], [8], [9], [10], and [11] indicate that for some in-device coexistence
scenarios, significant degradation of both LTE and ISM systems can occur despite current state-of-the-art RF filtering
technology. However, for other in-device coexistence scenarios, it is observed that frequency-domain solutions, e.g.
moving to different frequencies and filtering can sufficiently suppress the coexistence interference [11]. The precise
quantitative results differ from contribution to contribution due to different assumptions in the analyses or the
measurement approaches. Nonetheless, the conclusions are consistent in that at least a significant fraction of spectrum is
highly desensitized when the other technology is transmitting. For the remainder of this section, we will refer to the
analysis provided in [7] as Analysis 1, the measurement and analysis in [8] and [9] as Analysis 2, the analysis in [10] as
Analysis 3, and the analysis in [11] as Analysis 4, respectively. The approaches and assumptions for these four analyses
are summarized in Table A-1.
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Table A-1: Assumptions for the RF Analyses
Parameter Analysis 1 Analysis 2 Analysis 3 Analysis 4
LTE Band 40and 7 40and 7 40 40and 7
ISM technology BT, WLAN WLAN WLAN BT, WLAN
considered
Interference LTE to BT/WLAN; LTE to WLAN; LTE to WLAN only LTE to BT/WLAN;
directions considered BT/WLAN to LTE WLAN to LTE BT/WLAN to LTE
for B40
Interference Spurious emission Spurious emission Spurious emission Spurious emission
mechanisms and blocking and blocking only and blocking
considered
Filter FBAR No filters external Commercially FBAR
to test set-up available filter
(typical/minimum)
Antenna Isolation 12 dB 15,20,25dB 12 dB 12 dB
LTE Tx power 23 dBm 23 dBm N/A 0, 15,23 dBm
WLAN Tx power 20 dBm 20 dBm 20 dBm 20 dBm, 14.5 dBm
BT Tx power 10 dBm N/A N/A 4 dBm, 0 dBm
LTE RSSI (as victim) -94 dBm -70 dBm 94 dBm -94 dBm (Band 40)
-92 dBm (Band 7)
WLAN RSSI -79 dBm -50 dBm N/A -89 dBm, -76 dBm
BT RSSI -90 dBm N/A N/A -70 dBm
LTE Bandwidth 20 MHz 25-100 RBs 20 MHz 20 MHz
(over 20 MH?2)
WLAN Bandwidth 22 MHz 22 MHz 22 MHz 22 MHz
BT Bandwidth 1 MHz N/A N/A 1 MHz
Performance Desensitization EVM Desensitization Desensitization
measure (in dB) (in dB) (in dB)

Based on the RF analyses, the following observations are obtained:

- Forsome in-device coexistence scenarios, the interference can severely disrupt receive activities in the entire
victimband. For these scenarios, frequency-domain solutions such as moving to different frequencies or filtering
may not be feasible.

- Forother in-device coexistence scenarios, frequency-domain solutions can sufficiently suppress the coexistence
interference.

- LTE transmit power control (typically power level below the maximum 23d Bm) can help mitigate/reduce the
coexistence interference to ISM receptions.

Al Assumptions

All

A critical parameter in quantifying the expected degradation in performance is the filtering assumptions used in the
analysis. A transmit filter reduces the out-of-band spurious emissions falling into the receive band of the other
technology; whereas a receive filter reduces the blocking effect due to the transmitter in the other technology. Each
filter serves a different, but necessary purpose in mitigating interference and desensitization to the extent possible
within the constraints of the design. For purposes of this coexistence study, the key constraint is the limited attenuation
available over the transition band of the filter. In some cases, for example between LTE in Band 40 and ISM starting at
2400 MHz, there is no guard band available for the filter to transition over. Thus, the limited rejection of the filter over
the transition band is the most detrimental when each technology is operating at the band edges. The problem is

amp lified when one takes into account the variation in filter response across manufacturing process and over the
temperature range that the device must operate.

Filtering assumptions

In Analysis 1, the best known simulated BAW (FBAR) filter performance for both ISM and LTE have been assumed.
The analysis further accounts for filter response variations over process and temperature.

In Analysis 2, lab measurement results were provided to indicate the nature of interference and the performance
degradation. In this case, lab bench test equipment was used to evaluate performance. The transmitted signals, both
wanted and interfering, were produced by signal generators. The receiver was a vector signal analyzer measuring the

3GPP



Release 11 24 3GPP TR 36.816 V11.2.0 (2011-12)

error vector magnitude (EVM) of the received signal corrupted by interference. External filters were not employed in
the test setup, so the Txand Rx filtering function was provided by the inherent filtering in the signal generators and
vector signal analyzer. The filtering function on the test equipment was not specified in the contribution.

In Analysis 3, a commercially available filter [12] has been assumed for ISM transmitter. Both the typical and the worst
filter performance parameters are evaluated as indicated below.

- Typical attenuation filter value: 45d B for frequencies less than 2370 MHz and 37d B for frequencies between
2370 MHz and 2380 MHz

- Minimum attenuation filter value: 30dB for frequencies less than 2370 MHz and 22dB for frequencies between
2370 MHz and 2380 MHz

Since only the ISM Tx filter has been identified, the analysis considers the out-of-band spurious emissions from ISM
into LTE, but the blocking aspect of the ISM transmitter has not been included.

Analysis 4 also assumes a commercially available FBAR filter [12] for the ISM Tx Rx filter. For LTE Band 40 filter,
transition and stop band responses are assumed to be similar to the ISM band filter, but shifted downward with a pass
band in 2300~2400 MHz. The Band 7 transmit filter is assumed to have similar transition and stop band responses to
the commercially available 2496-2690 M Hz WiMax bandpass filter [13].

Al2 Antenna isolation

Another key parameter affecting in-device coexistence performance is the antenna isolation between the two systems.
Analyses 1, 3, and 4 have assumed an antenna isolation of 12d B to be representative of typical applications and devices.
Analysis 2 has investigated the impact of antenna isolations of 10, 15, and 20 dB.

A.1.3 Interference mechanisms

The interference mechanis ms from one technology transmitting while the other one is receiving that have been
considered are out-of-band spurious emissions and receiver blocking. The spurious emissions result from the ACLR
sidebands fromthe transmitting waveform. The spurious emissions, attenuated by the Txfilter, can extend into the
receive band of the other technology causing an effective increase in noise level, or desensitization, or a degradation in
measured EVM. Receiver blocking is resulted from a large unwanted signal adjacent to or within close proximity in
frequency to the desired signal. The blocking signal coupled with the non-linearity within the receiver generates an
additional in-band noise component which can also increase EVM and degrade sensitivity of the impacted system.

In Analysis 1, both spurious emissions and blocking have been considered in the evaluation. Their cumulative effect on
desensitization is reported. The ACLR of the transmitter and the linearity of the receiver are not specified.

In Analysis 2, since a lab measurement was performed, all aspects including spurious emissions and blocking are
considered. However, because the receiver in this case is a vector signal analyzer, the linearity of this test equipment
may not be representative of the linearity in an actual LTE or ISM device. However, the spurious emissions effect is
modeled in this measurement as ACLR1and ACLR2. The assumptions are as follows

- LTEACLR1=-32dB

LTE ACLR2 = -50dB

- WLANACLR1=-34dB
- WLANACLR2=-51dB

In Analysis 3, the spurious emissions impact has been considered by using a measured PA output spectrumfor W LAN
802.11g. The blocking effect has not been considered.

In Analysis 4, both spurious emissions and blocking have been considered in the evaluation. Their cumulative effect on
desensitization is reported specifying the receiver compression point.

A.1.4  Signal Bandwidth

Signal bandwidth of the transmitting signal impacts the frequency extent of the spurious emissions — wider bandwidths
generate spurious emissions which extend further in frequency. In all cases, the bandwidth of WLAN is fixed at 22
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MHz and the Bluetooth bandwidth at 1 MHz not taking into consideration frequency hopping. The bandwidth of the
LTE signal has been assumed to be 20 MHz for Analysis 1, Analysis 3, and Analysis 4. For Analysis 2, the channel
bandwidth for LTE is assumed to be 20 M Hz, but the uplink allocation and therefore the extent of spurious emissions is
varied from 100RB’s at full allocation to 50 RB’s and 25 RB’s.

A.1.5 Transmitter output power

Transmitter output power affects the blocking performance and the amp litude of spurious emissions. More interference
is generated when the output power is higher. In Analysis 1-3, a high output power was assumed. The maximum output
power for LTE was assumed at 23d Bm, the output power for W LAN was assumed to be 20dBm, and the output power

for Bluetooth was assumed to be 10d Bm.

Analysis 4 investigates the coexistence interference level for various transmit powers of aggressors. Considering that
LTE transmission with 23d Bmtrans mit power are typically associated with cell-edge UEs with smaller resource
allocations, practical resource allocation and/or resource allocation limitations (e.g., limiting the number of RBs and
position away from ISM band-edge) can reduce the LTE interference primarily impacting channels in the ISM band -
edge. Finally, Analysis 4 assumes Bluetooth power class 2, which allows the maximum transmit power of 4dBm.

A.1.6 Performance metrics

The impact on the affected systemis characterized by degradation in performance. Desensitization is a common
indicator. Indeed, desensitization is the metric used in Analyses 1 and 3 where the desensitization is relative to an
assumed reference sensitivity value. The desensitization is approximated as 10log;o(c) in Analysis 1 and computed as
10log1p(o+1) in Analysis 3and Analysis 4, where a is the ratio between the coexistence interference and the noise floor
at sensitivity. The assumed reference sensitivity values in Analysis 1 are -94dBm for LTE in Band 40, -92dBm for LTE
in Band 7, -90d Bm for Bluetooth, and -79d Bm for W LAN. Using desensitization as the performance measure gives an
indication of the degradation that can be expected when the victimsystemis in its most vulnerable state at the edge of
its coverage, so may be descriptive of a worst case scenario.

On the other hand, Analysis 2 uses aslightly different metric of EVM. EVM can also indicate potential degradation in
receiver performance as signal with large EVM would likely be incorrectly decoded at the demodulator. Instead of
considering reference sensitivity, Analysis 2 provides insight into performance at more nominal receive power levels
that might be more typically observed in practice. For example, the received signal power for the LTE receiver is -
70dBm, which is 24d B above reference sensitivity. The received signal power level for the WLAN receiver is -50dBm,
which is 29dB above sensitivity as defined in Analyses 1 and 3. Analysis 2 uses a benchmark of 5.62% EVM to judge
whether the LTE or W LAN system performance is acceptable or not.

A2 Results

The results of the interference analyses are provided in this subclause.

A.2.1  Analysis 1 Results

A quick look into the results shows that LTE activities in the highest 30MHz of Band 40 can, in the worst case scenario,
disrupt BT/WLAN activity over the entire ISM band. Moreover, LTE activity in any portion of Band 40 will have
serious impact on the lowest 20MHz of the ISM band. 1

1 Whilethis may not be an issue for BT which employs adaptive frequency hopping (AFH) and can avoid transmission/reception in the firs 20MHz,
it isdefinitely an issue for WLAN channel 1 if it operatesinthe infra structure mode.
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Figure A.2.1-1: Coexistence interference impact from LTE in B40 on BT
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Figure A.2.1-2: Coexistence interference impact from LTE in B40 on WLAN

Figure A.2.1-3 and Figure A.2.1-4 show the coexistence interference impact on LTE from BT and WLAN respectively.
As shown in the figures, any activity in the lowest 20M Hz2 of the ISM band can, in the worst case scenario, impact
LTE activities across the entire Band 40. Also, BT/WLAN activity anywhere within the ISM band could impact the
highest 20-30MHz of Band 40.

Interferer
2402 2410 2420 2430 2440 2450 2460 2470 2480 |Freq{MHz)

2315

2325 50>Desense > 10dB
2335

2355

2365

2375 | BT—LTE

2385

2390

Viclim
[Freq{MHz)

Figure A.2.1-3: Coexistence interference impact on LTE in B40 from BT

2 Again, this frequency range can be avoided in BT by AFH
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Figure A.2.1-4: Coexistence interference impact on LTE in B40 from WLAN

Figure A.2.1-5and Figure A.2.1-6 show the coexistence interference impact from LTE in Band 7 on BT and WLAN
respectively. As expected, in the worst case, LTE UL in the 2510M Hz channel can desensitize the entire ISM band. For
the remaining LTE channels, AFH on BT is required to limit operation to the first 40-60MHz of the ISM band.

Interferer
2510 | 2515 | 2525 | 2535 | 2545 | 2555 | 2560 | FreqMit) |
50>Desense > 10dB
— e | S0P

Figure A.2.1-5: Coexistence interference impact from LTE in B7 on BT

2510

2515 2525 2535 2545

2555

2560

Interferer
FreqMHyz) |

__

50>Desense > 10dB

LTE—>WLAN

Figure A.2.1-6: Coexistence interference impact from LTE in B7 on WLAN

Note that Band 7 DL is far enough away fromthe ISM band to suffer interference. While there may be an interference
mechanis m here such that a simultaneous transmission of ISM and LTE UL mixes due to non-linearity and falls in LTE,
we do not consider such mechanisms in this paper.

In conclusion, the presented analysis shows significant degradation in sensitivity due to LTE-ISM coexistence on the
same device. While the analysis assumes worst case conditions in terms of aggressor transmit power, receiver RSSI and
filter variations, we note that coexistence interference extends to a number of cases in nominal conditions. For instance,
LTE transmit activities in 2380-2400MHz and/or ISM transmissions in 2400-2420MHz can severely disrupt receiving
activities in the whole victimband. In addition, the FBAR filters used in the analysis come with additional cost
compared to the typically used SAW and ceramic filters.

The analysis above clearly shows that in a number of LTE and ISM channel combinations, RF filtering is not enough to
prevent significant desensitization.
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A.2.2  Analysis 2 Results

Table A.2.2-1: Experimental results about Minimum Center Frequency Space

Minimum Center Frequency Space (MHz)
Aggressor Victim Antenna isolation
10dB 15dB 20dB
LTE band 40 WLAN 58MHz 52MHz 50MHz
WLAN LTE band 40 56MHz 50MHz 46MHz
LTE band7 WLAN 60MHz 52MHz 50MHz

The number of RB for band40 or band7 is 100RB and the moving step for LTE away from WLAN is
2MHz in above experiment.

NOTE:

Fromthe above table we can conclude that:

For band 40 or band 7, when LTE working at the center frequency f1 and W LAN working at the center
frequency f2, the space of center frequency between LTE and WLAN need to meet:

|f1— f 2| > Minimum Center Frequency Space

The antenna isolation is a great impact on the Minimum Center Frequency Space between LTE and WLAN, so
we should try to increase the antenna isolation to decreasing Minimum Center Frequency Space.

The band is divided into safety zone and danger zone by considering Minimum Center Frequency Space.

) For _antenna Minimum  center frequency
isolation=15dB _— space N
/
Vo 2412 v
52MHz 2.472 52MHz
WLAN Band
| e 2.500
|2 2.480 2.51 Saf GHz
< » 400 arety zone
Safety zone ZM’ v
Danger Danger
zone zone

Figure A.2.2-1: Safety zone and danger zone

Fromthe Figure A.2.2-1 we can see that the size of danger zone for band 7 is smaller than danger zone for band 40.For
antenna isolation=15dB, the size of danger zone for band 40 is 40 MHz, but 24 M Hz for band 7. There are only 2 center
frequencies in the danger zone for band 7, but there are about 5 center frequencies for band 40, according to center

frequency distribution of band 40 and band7 in [7].
Table A.2.2-2: Experimental results about Minimum Center Frequency Space

Antenna isolation
10dB [ 15dB [ 20dB
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Band7:2510MHz 100RB fail fail fail
WLAN:2472MHz Start=0
50RB . .
Start=50 fail fail ok
25RB
Start=75 ok ok ok
Band7:2515MHz 100RB fail fail ok
WLAN:2472MHz Start=0
50RB
Start=50 ok ok ok
25RB
Start=75 ok ok ok

NOTE: "Fail" is used to mark the situation of EVM > 5.62%, and “OK” is used to mark the situation of
EVM<=5.62%.

A.2.3  Analysis 3 Results

Table A.2.3-1 shows the desensitization results when using typical attenuation filter values and Table A.2.3-2 shows the
desensitization results when using minimum attenuation filter values.

Table A.2.3-1: Coexistence interference impact from WLAN to LTE in B40 -Typical attenuation filter
values used

2412 2422 2432 2442 2452 2462 2472 |“teff:/lfngfEQ-
2310 2.5 2.5 2.5 2.5 2.5 2.5 2.5
2315 2.5 2.5 2.5 2.5 2.5 2.5 2.5
2325 2.5 2.5 2.5 2.5 2.5 2.5 2.5
2335 2.5 2.5 2.5 2.5 2.5 2.5 2.5
2345 2.5 2.5 2.5 2.5 2.5 2.5 2.5
2.5 2.5 2.5 2.5 2.5 2.5

Victim Freq.
MHz

Desensitization < 3dB

10d B < Desensitization< 50dB

Table A.2.3-2: Coexistence interference impact from WLAN to LTE in B40 — Minimum attenuation
filter values used

2412 2422 2432 2442 2452 2462 2472 |nteff:/lfs|fZFfGQ-

2310 14 14 14 14 14 14 14
2315 14 14 14 14 14 14 14
2325 14 14 14 14 14 14 14
2335 14 14 14 14 14 14 14
2345 14 14 14 14 14 14 14
2355 17 14 14 14 14 14 14
2365 27 22 18 17 17 17 17
48 43 38 38 38 38

46 43 43 43

49 45 44 44

Victim Freq.
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[_MHz | I I I I |

Desensitization < 3dB

10d B <Desensitization< 50dB

Fromthe results shown in the above tables we can note that although LTE sensitivity degradation is severe for very
close interferer and victim spacing, the nominal filter response of the ISM band-pass filter used in this analysis
effectively controls the interference in the lower half of Band 40. There is a sensitivity degradation of about at least 2.5
dB across the whole Band 40 due to the noise floor of the specific W LAN PA and the limited attenuation of the ISM
filter mask. In reality, the ISM filter’s response will not be flat across Band 40, and better performance is expected for
at least some parts of the band. Assuming worst-case filter response, however, sensitivity degradation is severe across
the whole band.

A.2.4  Analysis 4 Results

Table A.2.4-1 presents LTE blocking levels to WLAN/BT receivers for different LTE trans mit powers and operating
channel bands in LTE Band 40 and Band 7. As shown in Table A.2.4-1, a cell-edge UE transmitting with 23dBm
maximum power in the uppermost 20M Hz channel band of Band 40 can result in the maximum 7d Bmout-of-band
blocking interference at the WLA N/Bluetooth receiver. The LTE transmit power level needs to be limited for the
simultaneous operation with ISM (reception) if the LTE transceiver is operated in upper 20MHz of Band 40. The
maximumallowed LTE transmit power for the coexistence varies depending on the blocking characteristics of
WLAN/BT receivers.

Table A.2.4-1: LTE blocking levels to Bluetooth/WLAN receivers for different LTE transmit powers
and operating channel bands

LTE Blocking with FBAR (dBm)

Tx 2300- | 2360- | 2380- [ 2500- | 2520-
Power | 2370 2380 2400 2520 | 2570
(dBm) | (MHz) [ (MHz) | (MHz) [ (MHz) | (MHz)

23 -34 -28 7 -37 -40

21 -36 -30 5 -39 -42

19 -38 -32 3 -41 -44

17 -40 -34 1 -43 -46

15 -42 -36 -1 -45 -48

13 -44 -38 -3 -47 -50

11 -46 -40 -5 -49 -52

9 -48 -42 -7 -51 -54

7 -50 -44 -9 -53 -56

5 -52 -46 -11 -55 -58

3 -54 -48 -13 -57 -60

1 -56 -50 -15 -59 -62

-1 -58 -52 -17 -61 -64

-3 -60 -54 -19 -63 -66

-5 -62 -56 -21 -65 -68

-7 -64 -58 -23 -67 -70

-9 -66 -60 -25 -69 -72

Figure A.2.4-1 presents desensitization levels in W LAN receivers due to LTE blocking and out-of-band/spurious
emission for LTE transmission power levels of 23dBm, 15dBm, and 0d Bm. In practice, when a strong blocking signal
exists at the LNA input, the AGC algorithm reduces the receiver front end gain to avoid LNA saturation, which results
in a noise floor increase at the receiver. In our analysis, we assume a noise floor increase of 4dB per 5dBmof blocking
above blocking requirements. Figure A.2.4-2 shows WLAN receiver desensitization levels when the LTE transceiver
employs switching between two band pass filters, that is, pass bands of 2300-2400 MHz and 2300-2380 MHz. LTE
transmission in 2300-2380 MHz results in negligib le sensitivity degradation for all W LAN channels by using the
alternative band pass filter of pass band 2300-2380M Hz. However, the dual band pass filters solution may not be
applicable for all deployment scenarios, e.g. the operator only has 20MHz spectrum at 2380-2400MHz.
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WLAN Channel 1 Channel 2 Channel 3 Channel 4 Channel 5-11
2401-2423 2406-2428 2411-2433 2416-2438 2420-2480

2380-2400
LTE [ 2360-2380
2300-2360

(@) LTE TxPower =23dBm
WLAN Channel 1 Channel 2 Channel 3 Channel 4 Channel 5-11

2401-2423 | 2406-2428 | 2411-2433 | 2416-2438 | 2420-2480
2380-2400
LTE | 2360-2380
2300-2360

(b) LTE TxPower = 15 dBm
WLAN Channel 1 Channel 2 Channel 3 Channel 4 Channel 5-11

2401-2423 2406-2428 | 2411-2433 2416-2438 | 2420-2480

2380-2400 15 12 9
LTE [ 2360-2380 10 3 0 0 0
2300-2360 10 8 0 0 0

(c) LTE TxPower =0dBm
Figure A.2.4-1: WLAN receiver desensitization levels (dB) due to LTE transmission.

WLAN Channel 1 Channel 2 Channel 3 Channel 4 Channel 5-11
2401-2423 | 2406-2428 2411-2433 2416-2438 2420-2480

2380-2400
1

LTE | 2360-2380 1 1 1 1
2300-2360 1 1 1 1 1

Figure A.2.4-2: WLAN receiver desensitization levels (dB) due to LTE transmission when switching
between two LTE band pass filters. LTE Tx Power = 23 dBm.

Figure A.2.4-3and Figure A.2.4-4 provide LTE receiver desensitization levels caused by simultaneous WLAN
transmission. LTE in 2380-2400 MHz seems to be unusable due to severe sensitivity degradation if WLAN is
transmitting in the 2.4GHz ISM band. W LAN in Channel 1-2 (2401-2428 MHz) transmitting with 20d Bm trans mit
power causes 10d B or higher desensitization on the entire LTE Band 40 due to WLAN blocking to LTE. We can
observe in Figure A.2.4-4 that switching between two LTE front-end filters results in manageable desensitization levels
for LTE 2300-2380 MHz band irrespective of location of WLA N channel. However, the dual band pass filters solution
may not be applicable for all deploy ment scenarios, e.g. the operator only has 20MHz spectrumat 2380-2400M Hz.

WLAN Channel 1 Channel 2 Channel 3 Channel 4 Channel 5-11
2401-2423 2406-2428 2411-2433 2416-2438 2420-2480

2380-2400
2360-2380
| 2300-2360

LTE 16 8 5 5

13 5 2 2

(@ WLAN Tx Power =20 dBm
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WLAN Channel 1 Channel 2 Channel 3 Channel 4 Channel 5-11
2401-2423 2406-2428 2411-2433 2416-2438 2420-2480
2380-2400
LTE | 2360-2380 16 8 2 2 2
2300-2360 15 7 1 1 1

(b) WLAN Tx Power = 14.5dBm

Figure A.2.4-3: LTE receiver desensitization levels (dB) due to WLAN transmission.

WLAN Channel 1 Channel 2 Channel 3 Channel 4 Channel 5-11
2401-2423 | 2406-2428 | 2411-2433 | 2416-2438 | 2420-2480
LTE | 2360-2380 5 5 5 5 5
2300-2360 2 2 2 2 2

Figure A.2.4-4: LTE receiver desensitization levels (dB) due to WLAN transmission when switching
between two LTE band pass filters. WLAN Tx Power =20 dBm.

Figure A.2.4-5and Figure A.2.4-6 show BT receiver desensitization levels due to simultaneous LT E transmission. For
LTE operated in 2380-2400 MHz with the maximum transmit power, the coexistence interference cannot be avoided by
BT adaptive frequency hopping (AFH) due to high BT desensitization levels for all the BT channels. For LTE in 2300-
2380 M Hz, simultaneous operation of LTE and BT is feasible via BT AFH with BT avoiding Channels 1-15.

BT

Channels
1-13

Channel
14-16

Channel 17

Channel
18-19

Channel 20-79

2380-2400

2402-2414

2415-2417

2418

2419-2420

2421-2480

LTE | 2360-2380 7 4 1 0
| 2300-2360 7 4 1 0
(@) LTE TxPower =23dBm
Channels Channel Channel
BT 1-13 14-16 Channel 17  18-19 Channel 20-79
2402-2414 2415-2417 2418 2419-2420 2421-2480
2380-2400
LTE [ 2360-2380 2 1 0 0
| 2300-2360 2 1 0 0
(b) LTE TxPower = 15 dBm
Channels Channel Channel
BT 1-13 14-16 Channel17  18-19 Channel 20-79
2402-2414 2415-2417 2418 2419-2420 2421-2480
2380-2400 12 9
LTE | 2360-2380 9 0 0 0 0
2300-2360 9 0 0 0 0

(c) LTE TxPower =0dBm
Figure A.2.4-5: BT receiver desensitization levels (dB) due to LTE transmission.
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Channel Channel Channel
BT 1-13 14-16 Channel 17 18-19 Channel 20-79
2402-2414 2415-2417 2418 2419-2420 2421-2480
LTE | 2360-2380 0 0 0 0 0
2300-2360 0 0 0 0 0

Figure A.2.4-6: BT receiver desensitization levels (dB) due to LTE transmission when switching

between two LTE band pass filters. LTE Tx Power = 23 dBm.

Figure A.2.4-7 and Figure A.2.4-8 present LTE receiver desensitization levels from BT transmission.

Channels Channel Channel
BT 1-13 14-16 Channel 17  18-19 Channel 20-79
2402-2414 2415-2417 2418 2419-2420 2421-2480
2380-2400
LTE [ 2360-2380 8 3 3 3 3
2300-2360 6 1 1 1 1
(@) Bluetooth Tx Power = 4 dBm
Channels Channel Channel
BT 1-13 14-16 Channel 17  18-19 Channel 20-79
2402-2414 2415-2417 2418 2419-2420 2421-2480
2380-2400
LTE [ 2360-2380 4 1 1 1 1
2300-2360 0 0 0 0

(b) Bluetooth TxPower =0dBm

Figure A.2.4-7: LTE receiver desensitization levels (dB) due to BT transmission.

Channels Channel Channel
BT 1-13 14-16 Channel 17  18-19 Channel 20-79
2402-2414 2415-2417 2418 2419-2420 2421-2480
2380-2400
LTE | 2360-2380 3 3 3 3 3
2300-2360 1 1 1 1 1

Figure A.2.4-8: LTE receiver desensitization levels (dB) due to BT transmission when switching
between two LTE band pass filters. BT Tx power =4dBm.

The coexistence interference level and its impact on the receiver performance depends on transmit power and receiver
blocking characteristic of each radio and physical characteristics of transceivers (e.g. filter responses, antenna isolation,
etc.). The following conclusions can be drawn fromthe analyses:

- For most cases, we observe that frequency-domain solutions - moving to different frequencies and filtering can
sufficiently suppress the coexistence interference.

- For the upper-most region of LTE Band 40, 2380-2400 MHz, LTE transmitting with the maximum power of
23dBm can block the WLAN/Bluetooth signal in the entire ISM band. Limiting the maximum LTE transmit
power below 23dBm, moving LTE signal away from ISM, or time-division multiplexing need to be considered.

- For 2300-2380 MHz of LTE Band 40, WLAN/BT desensitization due to the LTE coexistence interference may
be acceptable except for lower 20MHz of ISM band given current state-of-the art FBAR filters and that device
out-of-band/spurious emission, sensitivity, and blocking performances of implementations are typically better
than specification limits. Additionally, limitations on the resource allocation (e.g., limiting the number of RBs
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and position away from ISM band-edge) which directly impact the OOB emissions can help reduce dense to the
lower 20M Hz of ISM band.

- A dual filter (switch between two RF front-end filters) solution in LTE Band 40 is considered which can
significantly reduce the BT/WLAN desensitization level for the lower 20M Hz of ISM band. However, the dual
band pass filters solution may not be applicable for all deploy ment scenarios, e.g. the operator only has 20MHz
spectrumat 2380-2400MHz.

- LTE transmit power control (typically power level below the maximum 23 dBm) can further help
mitigate/reduce the coexistence interference.

- Large dense to LTE 2380-2400 MHz due to WLAN/BT transmission in the ISM band may require either TDM
between LTE operated in 2380-2400 MHz and BT/WLAN in the ISM band or moving an LTE frequency from
the ISM band to be considered.

- Use of WLAN Channel 1-2 (WLAN STA) require either TDM or dual filter solutions to prevent blocking of
LTE Band 40. The dual filter solution may enable LTE Band 40 and ISM simultaneous operation without
compromising the system performance of both ISM and LTE, however with an increased cost for UE
implementation and may have some limitations in specific deploy ment scenario.

- Coexistence interference in the ISM band is significantly reduced due to the presence of a 17MHz guard band
between LTE Band 7 uplink and ISM band and by using current state-of-art filters. Practical resource allocation
(LTEtransmission with 23dBm transmit power are typically associated with cell-edge UEs with smaller resource
allocations) and/or resource allocation limitations (e.g., limiting the number of RBs and position away from ISM
band-edge) which directly impact the OOB emissions can further reduce the LTE interference primarily
impacting the WLAN Channels 12-13 near the upper ISM band-edge.

Annex B:
Timeline analysis of in-device coexistence between LTE and
Bluetooth

B.1 Assumptions

B.1.1 Bluetooth

In this analysis, Tesco is assumed to be 6 slots for eSCO EV3. Bluetooth TX¥Rx duration is 0.42 ms and retransmission
window W s,=4. For Bluetooth polling rule, scenario A/B/C/F/G in Figure B.1.1-1 below are available Tx/Rx pairs if
Bluetooth device is master. If Bluetooth device is slave, Tx label is replaced with a Rx label and vice-versa. It is also
assumed that Bluetooth device can choose its frame timing relative to LTE if Bluetooth device is master. The following
rules are used in the timeline analysis to select BT trans mission instance within BT Tesco interval. Note that order
A/BIC/F/ G is used when select BT Tx/Rx pair in the guideline below.

For the analysis without BT retransmissions, the guideline to find a suitable BT Tx/Rx instance within a BT T ¢sco
interval is described below.

- Try to use the first instance when there is no interference between BT and LTE.

- Ifno such instance can be found, try to use the first instance when there is no interference from BT to
LTE.

- Ifno such instance can be found, use the first instance.

3GPP



Release 11 35 3GPP TR 36.816 V11.2.0 (2011-12)
A B C
TX |RX [Tx |Rx [Tx |Rx TX |Rx [TX |RX | TX [Rx TX |Rx |TX |Rx [TX |RX
D E F
TX [Rx [Tx [RX|Tx [Rx TX [Rx [Tx [Rx [Tx |RX TX [RX[TX |Rx [Tx |[Rx
G H |
Tx [RX|Tx [Rx [TX |Rx Tx |Rx [TX|Rx |Tx |[RX Tx |Rx |Tx [RXTX |Rx
Figure B.1.1-1: BT Tx/Rx pairs
B.1.2 LTE

For LTE TDD, normal CP are used for both DLand UL, and special subframe configuration 4 is used. For bitmaps,
bit=1 indicates that corresponding subframe is for LTE usage.

B.2

For all the results, red bar indicates that there is interference at corresponding Rxside.

Results

B.2.1A Coexistence between LTE and BT eSCO EV3 without TDM
solutions for BT master

Considering Frequency Hopping (FH) operation of Bluetooth, two scenarios could be assumed based on the RF analysis
result given by Figure A.2.1-1 of subclause A.2.1:

1) LTE central frequency (fc) is in the range of 2375to 2390 MHz. In this scenario, all Bluetooth channels are
desensitized.

2) LTE central frequency (fc) is in the range of 2310to 2365 MHz. In this scenario, 2/9 of Bluetooth channels are
desensitized. It should be noted that adaptive frequency hopping could further improve the situation for this scenario.

Bluetooth EV3 and LTE collision ratios for the above two scenarios are shown in Table B.2.1A-1. The results presented
in this table are based on the assumptions and results from the case “Analysis 1” in AnnexA. Note that for calcu lation
of LTE collision ratio, it is assumed that the whole LTE subframe is impacted if it interfered by BT transmission.

Table B.2.1A-1: BT EV3 and LTE collision ratio

LTETDD UL/DL BT Collision ratio BT Collision ratio LTE Collision ratio | LTE Collision ratio
Configuration (Scenario 1) (Scenario 2) (Scenario 1) (Scenario 2)

0 0% 0% 0% 0%

1 0% 0% 0% 0%

2 0% 0% 8.3% 1.9%

3 0% 0% 14.3% 3.2%

4 0% 0% 16.7% 3.7%

5 12.5% 2.8% 18.5% 4.1%

6 25% 5.6% 0% 0%
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Figure B.2.1A-1: FDD and BT EV3 (Offset of BT relative to LTE frame: 0 ms)
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Figure B.2.1A-2: TDD Configuration 0 and BT EV3 (Offset of BT relative to LTE frame: 4.375 ms)
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Figure B.2.1A-3: TDD Configuration 1 and BT EV3 (Offset of BT relative to LTE frame: 3.375 ms)
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Figure B.2.1A-4: TDD Configuration 2 and BT EV3 (Offset of BT relative to LTE frame: 2.375 ms)
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Figure B.2.1A-5: TDD Configuration 3 and BT EV3 (Offset of BT relative to LTE frame: 4.375 ms)
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Figure B.2.1A-6: TDD Configuration 4 and BT EV3 (Offset of BT relative to LTE frame: 8.375 ms)
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Figure B.2.1A-7: TDD Configuration 5 and BT EV3 (Offset of BT relative to LTE frame: 8.375 ms)
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Figure B.2.1A-8: TDD Configuration 6 and BT EV3 (Offset of BT relative to LTE frame: 4.375 ms)
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B.21 Vo

B.2.2 Coexistence between LTE and BT eSCO EV3 with TDM solutions
for BT master

In this subclause, bitmap based TDM solution is used to mask off a number of LTE HARQ processes to accommodate
coexistence. In these examples, the length of bitmap is 8 for FDD, 10 for TDD UL/DL Configuration 3, and 60 for TDD
UL/DL Configuration 6. For TDD UL/DL Configuration 2/4/5, two set of results are provided: in Figure B.2.2-2, B.2.2-
5,and B.2.2-7, the length of bitmap is 10; in Figure B.2.2-3, B.2.2-6, and B.2.2-8, the length of bitmap is 30.

LTE FDD

For LTE FDD (Figure B.2.2-1), it can be seen that there is no interference.

LTE Rx

LTE Tx

Time (ms L L . !
( )0.0 10.0 200 30.0 400

Figure B.2.2-1: LTE FDD and BT EV3 (Offset of BT relative to LTE frame: 1- 0.625 ms, bitmap
11001100)

LTE TDD

Bitmaps are selected for compatibility with HARQ processes and are used from Figure B.2.2-2 to Figure B.2.2-9 below.
The results show that with proper time alignment between LTE and Bluetooth and adequate number of reserved HARQ
processes in LTE side, there is no interference.

Note that the bitmaps shown in the results are fully HARQ compliant. Set of reserved subframes confirmed by eNB can
also be partially HARQ compliant which means that all retransmissions of some UL HARQ processes may not be
reserved for LTE.
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Figure B.2.2-2: TDD Configuration 2 and BT EV3 (Offset of BT relative to LTE frame: 2.375 ms, bitmap
1111110100)
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Figure B.2.2-3: TDD Configuration 2 and BT EV3 (Offset of BT relative to LTE frame: 0 ms, bitmap
11111011121 11211211211 01211111111)
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Figure B.2.2-4: TDD Configuration 3 and BT EV3 (Offset of BT relative to LTE frame: 4.375 ms, bitmap
1111111101)
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Figure B.2.2-5: TDD Configuration 4 and BT EV3 (Offset of BT relative to LTE frame: 3.375 ms, bitmap
1111111001)

3GPP



Release 11 40 3GPP TR 36.816 V11.2.0 (2011-12)

2 T T T T T T

x

= 1 l

S 1 o |
0 r r r r r r

0 5 10 15 20 25 30

2 T T T T T T

BT Rx

o ~
T
—
—
—
—
—
—
—
—
1

0 5 10 15 20 25 30
2 T T T T T T
X
=
wlfF .
: 0. .
-
0 r r r r r r
0 5 10 15 20 25 30
2 T T T T T
x
o
w 1
{ ~
)
0 r r r r r

0 5 10 15 20 25 30

Figure B.2.2-6: TDD Configuration 4 and BT EV3 (Offset of BT relative to LTE frame: 1 ms, bitmap
1111110111 1011110111 1111111011)

Figure B.2.2-7: TDD Configuration 5 and BT EV3 (Offset of BT relative to LTE frame: 4.375 ms, bitmap
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Figure B.2.2-8: TDD Configuration 5 and BT EV3 (Offset of BT relative to LTE frame: 0 ms, bitmap
1111101011 11111012111 0111110111)
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Figure B.2.2-9: TDD Configuration 6 and BT EV3 (Offset of BT relative to LTE frame: 4.375 ms, bitmap
1110011110 0111011011 0011111001 1011101101 1101100111 1100110110)

B.2.3 Coexistence between LTE and BT eSCO EV3 with TDM solutions
for BT slave

Two examp le timelines of HARQ TDM solution for TDD UL/DL Configuration 1 and BT Slave EV3are provided in
this section.

In the first example, a HARQ bitmap of 0011011001 is used which is guaranteed to work for all possible timing offsets
between LTE and BT [17]. A representative examp le of two possible BT timing offsets 0.5ms and 2.5ms are considered
to show that the same LTE HARQ pattern works for both. The patterns of used BT slot pairs depend on the offset and
are also shown. The BT slot pairs are shown over an interval of 30ms since the pattern of overlap with LTE repeats after
that.
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HARQ TDM solution timeline for BT

LTE Radioframe 10ms slave with LTE TDD Configuration 1
HARQ Bitamp 0011011001
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Figure B.2.3-1: Timeline analysis for BT slave

An explicit validation of the used pattern was carried out for all BT timing offsets in [17]. For LTE TDD Configuration
1, there are a maximum of two consecutive UL subframes and these are separated by three DL subframes. This ensures
that one BT Rx slot is guaranteed to succeed in any eSCO interval. For three consecutive DL subframes as in this TDD
Configuration, there can be a BT offset for which no Txslot is available in an e SCO interval. With the above HARQ
TDM pattern, there is also no occurrence of more than three consecutive DL subframes. So, we have at least one BT Tx
slot in each eSCO interval that does not cause interference to LTE. For slave, this Txslot is usable if it is a reserved
slot. If it is not a reserved Txslot, then the poll in the previous Rx slot is required to succeed. The above gap pattern
ensures that in such situations, this previous Rx slot also always succeeds due to the additional LTE UL gaps.

Another timeline example is shown in Figure B.2.3-2 and Figure B.2.3-3 below. In this example, the timing offset is 0
ms between LTEand BT. Interference scenario is shown in Figure B.2.3-2, while Figure B.2.3-3 shows that
improvement is possible when such timing offset knowledge is used to select the bitmap.
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Figure B.2.3-2: Timeline analysis for BT slave (TDM solution not used)
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Figure B.2.3-3: Timeline analysis for BT slave (TDM solution used, bitmap 1011110111 1011110111
1011110111)
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Annex C:
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Change history
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2010-08 |[RANZ2 #71 R2-104555 |- - Agreed skeleton TR at RAN2 #71 - 0.1.0
2010-08 |RAN2 #71 R2-105214 TR 36.816 v0.1.1 capturing agreements of RAN2 #71 0.1.0 |0.1.1
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RAN2#73bis
2011-05 |[RAN2#74 R2-113571 TR 36.816 v1.3.1 capturing agreements of RAN2#74 130 (131
2011-05 ([RAN2#74 R2-113686 RAN2 agreed TR v2.0.0 by email discussion after 1.3.1 |2.0.0
RAN2#74
2011-06 [RP-52 TR 36.816 RP-110613 approved at RAN#52 asv11.0.0 |2.0.0 [11.0.0
2011-09 |RP-53 RP-111299 (0002 |- Analysis of DRX solution for IDC interference avoidance (11.0.0 [11.1.0
RP-53 RP-111299 [0003 |- Solutions for IDC interference in LTE + BT voice scenario [11.0.0 [11.1.0
RP-53 RP-111299 |0004 |- Corrections to timeline analysis 11.0.0 |11.1.0
RP-53 RP-111299 (0008 |- Agreements on IDC interference avoidance (of RAN2 #75) (11.0.0 [11.1.0
2011-12 |[RP-54 RP-111722 [0009 |- CR to 36.816 on DRX based TDM solution 11.1.0 [11.2.0
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