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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 xy.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.

Introduction

This technical report presents the results of the 3GPP system Study Item to consider the application of OFDM
techniques to 3GPP-based systems. This study includes an analysis of the feasibility and potential benefits of
introducing OFDM in UTRAN and a recommendation to RAN Plenary on a potential standardisation work plan and
time frame.

As the mobile radio systems evolve and become more integrated with daily activities, there is an increasing requirement
for additional services requiring very high bit rates and higher system capacity. These include both services to
individuals as well as multimedia broadcast and multi-cast services. OFDM (Orthogonal Frequency Division
Multiplexing) is a technology that has been shown to be well suited to the mobile radio environment for high rate and
multimedia services. Examples of commercial OFDM systems include the Digital Audio Broadcast (DAB), Digital
Video Broadcast Terrestrial (DVB-T) and the HiperLAN and IEEE WLAN (802.11a) wireless local area network
systems.

Editor’s notes : Provides a high-level outline of report, and summary of the rational, conclusions and recommendations.
Important considerations are why the new technology might be needed, compatibility with previous releases of
UTRAN, aspects of new service requirements, constraints of spectrum. It is a study of physical layer aspects only and
does not include changes in UTRAN architectures beyond those needed to support an additional physical layer.

3GPP 6
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1 Scope

The scope of this Study Item is to consider the performance of OFDM in the mobile environment and to consider
scenarios in which OFDM may be introduced in UTRAN 3GPP based systems. This activity involves the Radio
Access work area of the 3GPP studies and has some effect on the Mobile Equipment and Access Network of the 3GPP
systems.

The aims of this study are:

- toconsider the advantages that may be gained by introducing a new modulation technique in 3GPP RAN systems,
- to estimate possible benefits and complexity and

- torecommend to 3GPP RAN if further standardisation development work should be undertaken by 3GPP.

As a starting point, OFDM will be considered in the downlink only. It should be possible to operate in a 5SMHz
spectrumallocation i.e. coupled with W-CDMA in the uplink for a 2*5MHz deployment scenario.

The following list provides examples of areas that are to be considered in the study:

- Throughput for data services . To be compared with throughput of current UTRAN releases;

- Complexity aspects of multimode UEs supporting both OFDM and release 99/release 5 UMTS;
- Deployment scenarios including frequency re-use aspects within diverse spectrumallocations;

The study should consider performance aspects, aspects linked to the evolution of UMTS (high level architecture,
diverse spectrumarrangements and allocations), impacts on signalling in UTRAN , aspects of
capacity/cost/complexity/coverage and aspects of co-existence with the existing UMTS modes.

The purpose of the study is to consider the feasibility of introducing OFDM in UTRAN and to compare OFDM
performance with HSDPA.. The analysis of OFDM performance and its comparison with reference HSDPA
performance should be based on a basic OFDM design (often referred as textbook OFDM). More elaborate OFDM
techniques should not be considered. However the use of text book OFDM in the feasibility study phase does not
restrict the design when moving to the specification phase. It is a study of physical layer aspects only and does not
include changes in UTRAN architecture. Changes are to be restricted to the physical layer and not extend beyond
those needed to support an additional modulation. Principles as provided in TS 25.302 (Services provided by the
physical layer) are to be respected where possible.

This study item was approved by the TSG RAN#16 (Marco Island FI USA 4™ — 7" June 2002).

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.

e 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 25.848: Physical layer aspects of UTRA High Speed Downlink Packet Access”,
Version 4.0.0, March/2001.

[2] 3GPP, “TR 25.855: High Speed Downlink Packet Access: Overall UTRAN Description”, Version
5.0.0, September/2001.
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[3] 3GPP, “TR 25.858: High Speed Downlink Packet Access: Physical Layer Aspects”, Version 5.0.0,
March/2002.

[4] 3GPP, “TS 25.212: Multiplexing and channel coding (FDD)”, Version 5.0.0, March/2002.

[5] 3GPP2, “1xEV-DV Evaluation Methodology — Addendum (V6)”, July 2001.

[6] 3GPP, “TS 25.141: Base station conformance testing (FDD)”, Version 5.4.0, September/2002.

[7] Huawei, “Time-frequency mappings of OFDM units for full frequency reuse without resource

planning”, Tdoc R1-030799, New York, NY, USA, August 25-29, 2003.

[8] Huawei, “Link-level OFDM performances under realistic inter-cell interference”, Tdoc R1-
031171, Lisbon, Portugal, November 17-21, 2003.

[9] 3GPP, TSG-RANI, Nortel Networks, “Effective SIR Computation for W CDMA System-Level
Simulations”, Document R1-03-1299, Meeting #35, Lisbon, Portugal, November 17-21, 2003.
[10] R4-021406, “Problemon PN9 seed setting in Test Model 57, Lucent, RAN4#25, Nov 2002.
[11] 3GPP, “TS25.104: Base Station (BS) radio transmission and reception (FDD)”, v6.5.0, Mar 2004.
3 Definitions, symbols and abbreviations

3.1 Definitions

For the purpose of this document, the definitions in 3GPP TR 21.905 as well as the following definitions apply.

Guard interval / Guard time: A number of samples inserted between useful OFDM symbols, in order to combat inter-
OFDM-symbol-interference induced by channel dispersion and to assist receiver synchronization. It may also be used to
aid spectral shaping. The guard interval may be divided into a prefix (inserted at the beginning of the useful OFDM
symbol) and a postfix (inserted at the end of the previous OFDM symbol).

Inter-carrier frequency/ Sub-carrier separation: The frequency separation between OFDM sub-carriers, defined as
the OFDM sampling frequency divided by the FFT size.

OFDM samples: The discrete-time complex values generated at the output of the IFFT, which may be complemented
by the insertion of additional complex values (such as samples for pre/post fix and time windowing). Additional digital
signal processing (such as filtering) may be applied to the resulting samples, prior to being fed to a digital-to-analog
converter.

OFDM sampling frequency: The total number of samples, including guard interval samples, transmitted during one
OFDM symbol interval, divided by the symbol period.

Prefix/Postfix: See Guard interval.

Sub-carrier: The frequency over which the low data rate information is modulated; it also often refers to the related
modulated carrier.

Sub-carrier separation: See Inter-carrier frequency.
Useful OFDM symbol: The time domain signal corresponding to the IFFT/FFT window, excluding the guard time.

Useful OFDM symbol duration: The time duration of the useful OFDM sy mbol.

3.2 Symbols

Fo OFDM sampling frequency.

fd Maximum Doppler shift.

N Total number of IFFT/FFT bins (sub-carriers).
Np Number of prefix samples.

3GPP 8



Release 6 9 3GPP TR 25.892 V6.0.0 (2004-06)

Nu Number of modulated sub-carriers (i.e. sub-carriers carrying information).
Ts OFDM symbol period.

Tg OFDM prefix duration

Tu OFDM useful symbol duration

Af Sub-carrier separation.

T Channel total delay spread.

g(t) Prototype function

3(t) IOTA function

70 OFDM/OQAM symbol period

3.3 Abbreviations

For the purpose of the present document, the following abbreviations apply:

FDM Frequency Division Multiplexing

FFT Fast Fourier Transform

IFFT Inverse Fast Fourier Transform

ISI Inter-Sy mbol Interference

IOTA Isotropic Orthogonal Transform Algorithm
MIMO Multiple-Input Multiple-Output

OFDM Orthogonal Frequency Division Multiplexing
OQAM Offset Quadrature Amplitude Modulation
PAPR Peak-to-Average Power Ratio

PSK Phase Shift Keying

QAM Quadrature Amp litude Modulation

4 OFDM Technology

4.1 OFDM Fundamentals

41.1 OFDM Definition

The technique of Orthogonal Frequency Division Multip lexing (OFDM) is based on the well-known technique of
Frequency Division Multiplexing (FDM). In FDM different streams of information are mapped onto separate parallel
frequency channels. Each FDM channel is separated fromthe others by a frequency guard band to reduce interference
between adjacent channels.

The OFDM technique differs from traditional FDM in the following interre lated ways:
1. multiple carriers (called sub-carriers) carry the information stream,

2. the sub-carriers are orthogonal to each other, and

3. aguard time may be added to each symbolto combat the channel delay spread.

These concepts are illustrated in the time-frequency representation of OFDM presented in Figure 1.

3GPP 9
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5 MHz Bandwidth

/\ Sub-carriers
nd iy

Symbol!

Frequency

Y Y

Time

Figure 1: Frequency-Time Representation of an OFDM Signal

Since the orthogonality is guaranteed between overlapping sub-carriers and between consecutive OFDM symbols in the
presence of time/frequency dispersive channels the datasymbol density in the time-frequency plane can be maximized.

4.1.2 Conceptual OFDM Signal Generation

Data symbols are synchronously and independently transmitted over a high number of closely spaced orthogonal sub -
carriers using linear modulation (either PSK or QAM). The generation of the OFDM signal can be conceptually
illustrated as in Figure 2,

QAM
»| modulator 4’(%

jat
e] 0

QAM
—»| modulator 4’% Z —> s()

g Jont

QAM
> modulator

Symbol rate = 1/T,
symbols/sec

joy ot
eJN1

Figure 2: Conceptual Representation of OFDM Symbol Generation

where @, is the n'™ sub-carrier frequency (in rad/s) and /T, is the QAM symbol rate. Note that the sub-carriers
frequencies are equally spaced, and hence the sub-carrier separation is constant. That is:

|a)n - a)n—l

= Af, ne[l,N-1].
27
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4.1.3 Practical OFDM Signal Generation Using IFFT Processing

In practice, the OFDM signal can be generated using IFFT digital signal processing. The baseband representation of the
OFDM signal generation using an N-point IFFT is illustrated in Figure 3, where a(mN+n) refers to the n" sub-channel

modulated data symbol, during the time period mT, <t <(m+1)T,.

mT, tme (M+L)Ty
| —»

a(mN + 0)
a(mN + 1) mlTu tme (m+|1)Tu
—>
frequency a(mN +2)
FET | O | 0 5. 50) - sivy
Sm
v a(mN + N-1)

Figure 3: OFDM Useful Symbol Generation Using an IFFT

The vector Sy, is defined as the useful OFDM symbol. Note that the vector S, is in fact the time superposition of the N
narrowband modulated sub-carriers.

It is therefore easy to realize that, from a parallel stream of N sources of data, each one modulated with QAM useful
symbol period T, a waveform composed of N orthogonal sub-carriers is obtained, with each narrowband sub-carrier
having the shape of a frequency sinc function (see Figure 1). Figure 4 illustrates the mapping froma serial streamof
QAM symbols to N parallel streams, used as frequency domain bins for the IFFT. The N-point time domain blocks
obtained from the IFFT are then serialized to create a time domain signal.

QAM symbol rate =
N/T, symbols/sec

¢ ymbol OI:Db'vll Useful OFDM

QAM streams symbols SETu

»| Modulator IFFT UT, symbols
symbols/s

Figure 4: OFDM Signal Generation Chain

4.1.4 Guard Interval

A guard interval may be added prior to each useful OFDM symbol. This guard time is introduced to minimize the inter-
OFDM-symbol-interference power caused by time-dispersive channels. The guard interval duration T4 (which
corresponds to N, prefix samples) must hence be sufficient to cover the most of the delay-spread energy of a radio
channel impulse response. In addition, such a guard time interval can be used to allow soft-handover.

A prefix is generated using the last block of N, samples from the useful OFDM symbol. The prefix insertion operation
is illustrated in Figure 5. Note that since the prefix is a cyclic extension to the OFDM symbol, it is often termed cyclic
prefix. Similarly, a cyclic postfix could be appended to the OFDM sy mbol.

3GPP 11
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OFDM symbol Sy,

A
Prefix length Yl N

Useful OFDM symbol duration

L,A »
[OPTN Lad

copy
Figure 5: Cyclic Prefix Insertion

After the insertion of the guard interval the OFDM symbol duration becomes Ts =Ty + Ty
The OFDM sampling frequency F, can therefore be expressed as

F _N+Np
o T .

S

Hence, the sub-carrier separation becomes:

It is also worth noting that time-windowing and/or filtering is necessary to reduce the transmitted out-of-band power
produced by the ramp-down and ramp -up at the OFDM symbol boundaries in order to meet the spectral mask
requirement specified in TS 25.141.

4.1.5 Impact of Guard Interval

The cyclic prefix should absorb most of the signal energy dispersed by the multi-path channel. The entire the inter-
OFDM-symbol-interference energy is contained within the prefix if the prefix length is greater than that of the channel
total delay spread, i.e.

Tg>z',

where zis the channel total delay spread. In general, it is sufficient to have most of the energy spread absorbed by the
guard interval, given the inherent robustness of large OFDM symbols to time dispersion, as detailed in the next section.

4.1.6 Impact of Symbol Duration

The mapping of the modulated data symbol onto mu ltip le sub-carriers also allows an increase in the symbol duration.
Since the throughput on each sub-carrier is greatly reduced, the symbol duration obtained through an OFDM scheme is
much larger than that of a single carrier modulation technique with a similar overall transmission bandwidth. In general,
when the channel delay spread exceeds the guard time, the energy contained in the ISI will be much smaller with
respect to the useful OFDM symbol energy, as long as the symbol duration is much larger than the channel delay
spread, that is:

T, >>r1.

Although large OFDM symbol duration is desirable to combat time-dispersion caused ISI, however, the large OFDM
symbol duration can reduce the ability to combat the fast temporal fading, specially, if the symbol period is large
compared to the channel coherence time, then the channel can no longer be considered as constant through the OFDM
symbol, therefore will introduce the inter-sub-carrier orthogonality loss This can affect the performance in fast fading
conditions. Hence, the symbol duration should be kept smaller than the minimum channel coherence time. Since the
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channel coherence time is inversely proportional to the maximum Doppler shift fy, the symbol duration T; must, in
general, be chosen such that:

T, <<i.
d

4.1.7 Impact of Inter-Carrier Spacing

Because of the time-frequency duality, some of the time-domain arguments of Section 4.1.6 can be translated to the
frequency domain in a straightforward manner. The large number of OFDM sub-carriers makes the bandwidth of the
individual sub-carriers small relative to the overall signal bandwidth. With an adequate number of sub-carriers, the
inter-carrier spacing is much narrower than the channel coherence bandwidth. Since the channel coherence bandwidth is
inversely proportional to the channel delay spread 7 the sub-carrier separation is generally designed such that:

Af <<1.

T

In this case, the fading on each sub-carrier is frequency flat and can be modelled as a constant complexchannel gain.
The individual reception of the QAM symbols transmitted on each sub-carrier is therefore simplified to the case of a
flat-fading channel. This enables a straightforward introduction of advanced MIMO schemes.

Moreover, in order to combat Doppler effects, the inter-carrier spacing should be much larger than the maximum
Doppler shift fg:

Af >> f,.

4.1.8 OFDM Inactive Sub-Carriers

Since the OFDM sampling frequency is larger than the actual signal bandwidth, only a sub -set of sub-carriers is used to
carry QAM symbols. The remaining sub-carriers are left inactive prior to the IFFT, as illustrated in Figure 6. The split
between the active and the inactive sub-carriers is determined based on the spectral constraints, such as the bandwidth
allocation and the spectral mask.

Nu
« >
S
[¢B]
= ] )
g Inactive Inactive
g Sub- Sub-
E Carriers Carriers
2 4 “—)p 4—»p
©
|_
1 N

Frequency (Sub-Carrier)

Figure 6: OFDM Spectrum with Incative Sub-carriers

The N, mdulated sub-carriers (i.e. carrying information), are centered in the N FFT bins, with the remaining inactive
sub-carriers, on either side of the modulated sub-carriers.
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4.1.9  Time-Frequency Multiplexing

Multiple users can be multiplexed, both in time and in frequency, with pilot and signalling information. In the frequency
dimension (i.e. the sub-carrier dimension), users data symbol can be multiplexed on different numbers of useful sub-
carriers. In addition, sub-carriers or group of sub-carriers can be reserved to transmit pilot, signaling or other kind of
symbols. Multiplexing can also be performed in the time dimension, as long as it occurs at the OFDM symbol rate or at
a multiple of the symbol rate (i.e. from one IFFT computation to the other, every k*Ts seconds). The modulation
scheme (modulation level) used for each sub-carrier can also be changed at the corresponding rate, keeping the
computational simplicity of the FFT-based implementation. This allows 2-dimensional time-frequency multiplexing,
of the formshown in Figure 7.

Frequency (Useful sub-carriers) —»

Do, [Plos|oe|Ploa|Ds|P] ' |De|Ds| P |D6|Ds|P |06 D6
4 4 4 4 I 6 6
D Dy D D4 | Dy D D4 | D4 D : De | Ds D De | Ds D De | Ds
4 4 4 4 i 6 6
b P D D4 D4 D D4 P D : P D6 D D6 D6 D P D6
4 4 4 4 i 6 6
P 1o, [P |oa|pa|P{0a|Da|®] 1 |Ds|Ds| P |06|D6|" |D6|Ds
4 4 4 4 | 6 6
D D D D ' D D
Dy Dy | Dy Dy | Dy ' Des | De Dg | Dg De | Dg !
4 4 4 4 X 6 6
el
b Dy D Dy | P D Dy | Dy b : Des | De D P De D De | Dg Ts
4 4 4 4 \ 6 6
D D D D e D D 1
Dy Dy | Dy D4 | Dy : De | De Dg | Dg De | Dg
4 4 4 4 \ 6 6
I
1 1 1 1 1 1 1 1 I___:___I 1 1 1 1 1 1 1 1
D D, D D, | Dy D D, [ Dy D : Dy | Do D D, | Dy D D, | Dy
2 2 2 2 ' 2 2
Pl1o,|P|p,|D,|P|D,|D, | P | 0,0, | P|p, D | P |D,|D,
2 2 2 2 : 2 2
D D, D D, | D, D D, | D, D | D, | D, D D, | D, D D, | D,
2 2 2 2 : 2 2
- L __
Dlp | Plp,|D,|P|D,|P|D ! Plip,|P|p,|p,|P|P|D,
2 2 2 : 2 2
D D, D D, | D, D D, | D, D | D, | D, D D, | D, D D, | D,
2 2 2 2 1 2 2

P = pilot or signaling, D = data.
The subscript indicates the modulation level M=2,4 or 6 (QPSK, 16QAM or 64QAM).
Figure 7: Example of OFDM 2-D structure;
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4.1.10 OFDM Signal Reception Using the FFT

At the receiver, a computationally efficient Fast Fourier Transform (FFT) is used to demodulate the mu lti-carrier
information and to recover the transmitted data.

4.2 OFDM/IOTA Fundamentals

OFDM/IOTA is an OFDM/OQAM modulation using a particular function, called IOTA, modulating each sub-carrier.
First, the general principle of OFDM/OQAM is introduced, and then IOTA filter is presented

421  OFDM/OQAM Principles

OFDM/OffsetQAM modulation is an alternative to classical OFDM modulation. Contrary to it, OFDM/OQAM
modulation does not require a guard interval (also called cyclic prefix).

For this purpose, the prototype function modulating each sub-carrier must be very well localized in the time domain, to
limit the inter-symbol interference ™°TE'. Moreover, it can be chosen very well localized in the frequency domain, to
limit the inter-carrier interferences (Doppler effects, phase noise...). This function must also guarantee orthogonality
among sub-carriers and among multi-carrier symbols. Functions having these characteristics exist, which guarantee the
orthogonality only in real domain. Consequently, the complex QAM data stream (Cyn) Must be separated into its two
real components: real part (an,) and imaginary part (b ) (see Figure 8), the imaginary part being modulated with a
half-symbol-duration (T,/2) shifted version of the modulation filter (thus the connotation Offset). The classical OFDM
signal (without cyclic prefix) can be written as:

n=+o M=N,-1 _
s)=> D ce®™g(t-nT,),
n=—o m=0
where g(t) is a rectangular filter.
By separating the two parts of (Cmp), the corresponding OFDM/OQAM modulated signal can be written as:
n=+0o M=N,-1 . . T
s)=> > amnime(z"““Aﬁ)g(t—nTu)+ibmnime(2"mﬁ)g(t+ l%—nTUJ
n=— m=0
where g(t) is the prototype function (noted J(t) in the case of IOTA). In a more concise writing, this gives:

N, -1 _
S(t)ZZde’nimmemﬂmms(t_nro), d —a or b

m,n m,n m,n
n m=0

Note that data is multiplied by i™™ prior to modulation in order to have orthogonality in real domain.

Notation: in OFDM/OQAM, the symbol period is usually noted 7z and 5 = T/2
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OFDM/QAM symbol

complex

OFDM/OQAM symbol
@ real part
X imaginary part

Figure 8: OFDM/OQAM time and frequency lattices (compared to OFDM w/o guard interval)

Figure 9 represents the OFDM/OQAM transmitter.

OQAM symbol rate
N/z, symbols/sec

Real QAM ¢
modulator

OFDM/OQAM
symbols
1z
symbol/sec

OFDM/OQAM
symbols

Figure 9: OFDM/OQAM Signal Generation Chain

The “real OQAM modulator” is simply a Pulse Amplitude Modulator. Thanks to the Inverse Fourier Transform, the
time filtering is implemented in its polyphase form, in order to reduce the complexity of the filtering.

NOTEL: For comparison, in classical OFDM with guard interval, the prototype function modulating the sub-carriers

is the rectangular function.

4.2.2 IOTA filter

IOTA filter guarantees a quasi-optimal localisation in time/frequency domain; it is obtained by applying the Isotropic
Orthogonal Transform Algorithm to the Gaussian function aiming at orthogonalizing this function.

Thus, the IOTA function has the following properties:

- itis identical to its Fourier Transform, so, the OFDM/IOTA signal is affected similarly by the time and frequency
spreading due to propagation conditions (if parameters are adapted to the channel),

- thetime-frequency localization is quasi optimal as the IOTA function does not differ a lot fromthe Gaussian

function (optimally localized).

16
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Figure 10 and Figure 11 show various representations of the IOTA function. On Figure 11, the frequency response of

the IOTA function is represented, as well as the rectangular function (used in classical OFDM).

3GPP TR 25.892 V6.0.0 (2004-06)

I0TA IOTA Fourier Transform
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Figure 10: IOTA function andits Fourier transform
Rectangular Fonction Fourier Transform (logarithmic) lota Fonction Fourier Transform (logarithmic)
20 i 20 T . T T T T T
0 oF s - N, b
/ N
L | o0l / \ 4
_20 20 / \
— i/ i —
40 10 Y VN
) / | | \
S e , 8 o / l \ E
& . Y Vo
E | /Y \f \“
T -80 g -s0 ,/ |
E: < / ‘
—
100} 100 _/ ,\I‘i J
I ‘ \
120} 120} ’ i
140} -0 1
—160 . L L L L
-5 0 -5 - -3 -2 -1 0 1 2 3
frequency {normalized w.rt. VO) frequency (normalized w.rt. v.)

Figure 11: IOTA and Rectangular Function Fourier transforms
Orthogonality of IOTA function is expressed as:
Re| [ 30 (1) S (DA | = 5, 1,
R
with
S @) =i""e? ™St —nz,)

OFDM/OQAM using the IOTA filter is noted OFDM/IOTA.

4.2.3 OFDM/ IOTA parameters

As for classical OFDM, the OFDM/IOTA parameters have to be designed according to the channel constraints.

Conditions fromsections 4.1.6 and 4.1.7 are still relevant in the IOTA case:

3GPP
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1 . . 1 _ .
Weneed to have 7, >>7 and 7, <<— intimedomain, or Af <<= and Af >> f, in frequency domain.
T
d

According to the channel environment (Doppler frequency fd ,delay-spread 7 ), the value of Af = %r is chosen
0

in such a way that the FFT size is a power of two.

With the IOTA filter flexibility, as there is no guard interval, the design of the parameter set leads to an integer number
of symbols per TTI (2 ms) with a frequency sampling of 7.68 MHz. The configuration can be done by soft means. For
examples, a 512 points FFT leads to 60 symbols ina TT1and a 1024 points FFT leads to 30 symbols per TTI.

4.3 OFDM for Mobile Systems

OFDM has intrinsic features that are generally acknowledged to be well suited to the mobile radio environment. The
following channel, signal or receiver characteristics are worth noting:

- Time dispersion

The use of several parallel sub-carriers in OFDM enables longer symbol duration, which makes the signal inherently
robust to time dispersion. Furthermore, a guard time may be added to combat further the ISI.

- Spectral Efficiency

OFDM is constructed with fully orthogonal carriers, hence allowing tight frequency separation and high spectral
efficiency. The resulting spectrumalso has good roll-off properties, given that cross-symbol discontinuities can be
handled through time windowing alone, filtering alone, or through a combination of the two techniques.

- Reception

Even in relatively large time dispersion scenarios, the reception of an OFDM signal requires only an FFT
implementation in the UE. No intra-cell interference cancellation scheme is required. Furthermore, because of prefix
insertion, OFDM is relatively insensitive to timing acquisition errors. On the other hand, OFDM requires to perform
frequency offset correction.

- Extension to MIMO

Since the OFDM sub-carriers are constructed as parallel narrow band channels, the fading process experienced by
each sub-carrier is close to frequency flat, and therefore, can be modelled as a constant complex gain. This may
simplify the implementation of a MIMO scheme if this is applied on a sub-carrier or subset of carrier basis.

5 OFDM performance analysis

5.1 Reference System Scenario for High Speed Data Services
Capacity Evaluation

This section describes equivalent reference scenarios for comparing the throughput of WCDMA and OFDM radio
interfaces in the context of high speed data services. While such a comparison forms an essential part of the Study Item,
it is recognized that the Study Item will not be concluded based on the performance of the radio interface alone. The
remaining issues include the drawbacks associated with the additional HSDPA carrier, frequency availability and
planning, carrier access and handover issues. Such issues are addressed in section 6.

51.1  OFDM Downlink

In the Section, an initial reference systemconfiguration is proposed to evaluate an OFDM downlink. The reference
architecture is generic, and is compatible with the current 3GPP Rel 5 configuration. In the proposed configuration, new
data services are provided through the use of a separate 5 MHz downlink carrier, supporting the OFDM HS-DSCH
transmission. The reference architecture is shown in Figure 12.
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Node B
) .| OFDM downlink
WCDMA uplink WCDMA downli (HSDPA only)
UE

Figure 12: Network deployment for the OFDM HS-DSCH transmission

The separate OFDM DL carrier is operated using HSDPA features, such as link adaptation and HARQ. At this stage, it
is assumed that network access is performed through the WCDMA architecture, and handover to the OFDM carrier
occurs, when needed, for interactive background and streaming data services. In this case, a UE with OFDM HS-DSCH
receiving capabilities would also have WCDMA receiving capabilities. In the first stage, the WCDMA link would be
used to achieve the initial network access. However, when there is a requirement for high bit rate traffic, the HS-DSCH
mode may be initiated, using either the WCDMA DL carrier (Rel 5 HSDPA) or the separate OFDM DL carrier.

Based on this initial reference scenario, a UE with OFDM HS-DSCH receiving capabilities is not required to receive the
WCDMA and OFDM catriers simultaneously. This implies that, if there is a need for real time services, such as voice
communications supported only on the WCDMA carrier, the UE would use the WCDMA mode. Note however that if
OFDM proves to be useful in the HS-DSCH scenario, other services could also be mapped to the OFDM downlink in
future work. In the proposed configuration, the current UMTS uplink carrier is reused and is considered to have
sufficient capacity to support either a Rel 5W CDMA DL carrier, or the separate OFDM DL carrier. There is no special
assumption about the separate carrier frequency.

5.1.2  Equivalent WCDMA Scenario

Since the objective of the study item is to evaluate the potential benefits of OFDM as a radio interface for UTRAN, the
evaluation should be decoupled fromthe impact of other factors. To achieve this, the proposed OFDM HSDPA -only
carrier is compared to an equivalent HSDPA-only carrier, which employs the existing UTRAN radio interface. This is
shown in Figure 13, where a speculative WCDMA HSDPA-only carrier was added to the Release-5 system, ensuring a
‘like-with-like> comparison of the two radio interfaces. It should be recognised that the introduction of the standalone
WCDMA HS-DSCH carrier within the OFDM study item is speculative and serves purely to aid the evaluation process.

Node B
. . WCDMA downlink
WCDMA uplink WCDMA downlink (HSDPA only)
UE

Figure 13: Release-5 system with an ‘HSDP A only’ WCDMA downlink
It is assumed that the UE is not required to receive the Release-5 downlink and the additional HSDPA-only down link

(whether WCDMA or OFDM) simultaneously. The network access is performed through the Release-5 architecture,
and handover to the HSDPA-only carrier occurs when needed.
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The second downlink is also assumed to be entirely available for HS-DSCH transfers, i.e. 15 out of 16 codes (with SF =

16) are available for data services.
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5.2 Reference OFDM configuration for the evaluation

Two sets of reference OFDM configuration parameters are listed in Table1.

Table 1: Reference OFDM configuration parameter sets

Parameters Setl Set 2
TTI duration (msec) 2 2
FFT size (points) 512 1024
OFDM sampling rate (Msamples/sec) 7.68 6.528
Ratio of OFDM sampling rate to UMTS chip rate 2 17/10
Guard time interval (cyclic prefix) (samples/usec) 56/7.29 64/9.803

57 17.42N°T%Y

Subcarrier separation (kHz) 15 6.375
# of OFDM symbols per TTI 27 12
OFDM symbol duration (usec) 73.96/74.09" 166.67
# of useful subcarriers per OFDM symbol 299 705
OFDM bandwidth (MHz) 4.485 4.495
NOTEL: Requires one extra prefixsample for 8 outof 9 OFDM symbols
NOTEZ2: Depending on guard interval duration

The parameter set 1 consists of nine OFDM symbols that fit into a 0.667 us timeslot. The useful symbol duration is
equal to 512 samples. The guard interval is equal to 56 samp les for the o symbol, and 57 samples for symbols 1..8 of
every timeslot, as illustrated in figure 14. The actual position of the 56-sample GI symbol is believed to be
inconsequential as long as it is known by both the transmitter and receiver. Therefore, it may be revisited in future,
should a different location be deemed more favourable.

It should be noted that spectral shaping of the OFDM signal is required for out-of-band emission compliance. The
implications of spectral shaping on delay spread robustness are discussed in a separate section of this report.

Gl - guard interval US - useful symbol
56 Gl samples + 512 US samples 57 Gl samples + 512 US samples 57 Gl samples + 512 US samples | ()() | 57 Gl samples + 512 US samples
-t >t >t > -t >
symbol 0 symbol 1 symbol 2 symbol 8

Figure 14: Temporal structure of the OFDMsignal (one timeslot), parameter set 1.

5.3 Performance Analysis Results

Detailed results can be found in annexA.5.

6 OFDM feasibility

Editor’s note : This chapter discusses a number of specific technical and operational issues related to the application of
OFDM within the framework of 3GPP systems. These are not in any particular order of presentation.

6.1 Spectrum compatibility

To minimize the impact of the introduction of OFDM in UTRAN and to ensure the coexistence of OFDM with
WCDMA in UTRAN, the OFDM carriers should be spectrally compatib le with current WCDMA UMTS catriers.
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6.1.1  UMTS Spectrum Emission Mask

The OFDM signal spectrumshould be shaped prior to transmission to meet the UMTS spectrum emission mask. The
OFDM spectrum roll-off can be controlled at baseband by using the windowing and overlapping of consecutive OFDM

symbols, as illustrated in Fiture 15.

Tail window

f ¢—— Useful OFDM symbol ——— |

[ — Useful OFDM symbol ——p»| \

+

Head window

Time

Figure 15: Windowing in consecutive OFDM symbols.

Several different windowing functions can be used. The spectrum obtained using a straightforward trapezoidal window
(i.e. using linear head and tail weighting functions) is illustrated in Figure 16 and Figure 17, for the two sets of OFDM
parameters proposed in Section 5.2. In both Figures, the spectrumof an OFDM signal without windowing is also
illustrated. It is clear that in the absence of a spectrumshaping method, the intrinsic spectrum of the OFDM signal
would not meet the required emission mask. However, the use of linear ramp -up and ramp-down weighting functions
does bring a significant reduction in the out-of-band energy present at baseband.
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OFDM Signal @ 43dBm (Fs = 7.68MHz, 1/2K FFT, 299 sub-carriers)

* No windowing
— 10-point linear windowing
20~ —— 20-point linear windowing
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Figure 16: OFDM Spectrum for parameter Set1 (@ 43dBm)
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OFDM Signal @ 43dBm (Fs = 6.528MHz, 1K FFT, 705 sub-carriers)
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Figure 17: OFDM Spectrum for parameter Set2 (@ 43dBm)

According to the previous Figure 16 and Figure 17, using a window size in the range of 20 to 30 samples for the
overlapping head and tail windows should be sufficient to meet the UMTS spectrum emission mask.

In the case of OFDM/IOTA (see section 4.2), thanks to the very high localization both in time and frequency of the
IOTA filter, the transmitted signal meets the UMTS emission spectrum masks without requiring any additional filtering.

6.1.2 Comparison with WCDMA Catrriers

To compare the impact of the introduction of OFDM signals in terms of spectral compatibility, it is important to look at
the adjacent channel interference generated by OFDM signals. This is particularly important if a channel spacing
inferior to 5MHz is considered. In that case, the impact of the spectrum shape can be analysed via the Adjacent Channel
Leakage Ratio (ACLR), as defined in [11]. An example of ACLR impact is presented in Figure 18 for OFDM parameter
set 2 with 641 and 705 sub-carriers. The case with 641 sub-carriers correspond to symbol rate equal to that of WCDMA
(3.84x10° symbols/sec), while the 705 sub-carriers case corresponds to the number of sub-carriers proposed in the
previous section to respect the UMTS emission mask. These two scenarios are compared to the ACLR for WCDMA. It
is important to note that all of these ACLR figures are obtained for idealised conditions, and that they may not
accurately represent practical imp lementations, where other factors influence the ACLR (e.g. fixed-point precision, PA
non-linearity, etc.). Nevertheless, with this idealised case, it can be seen that meeting the UMTS spectrum emission
mask does not guarantee an ACLR figure comparable to that of WCDMA for carrier offsets inferior to 5SMHz. For
instance, the case of OFDM set 2 with 705 sub-carriers, while it does seemto meet the UMTS spectrumemission mask
(as presented in the previous section), does require a larger carrier offset for a given ACLR. The number of s ub-carriers
used in an OFDM systemshould therefore take into account the target channel spacing. Note also that the number of
OFDM sub-carriers could be adapted to fit actual deploy ment scenarios, while the WCDMA spectrum is fixed to
maintain compatibility (i.e. chip rate and RRC ro ll-off).
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70« L L L 7 T T
— WCDMA
65 "t OFDM Set 2 with 641 sub-carriers -
OFDM Set 2 with 705 sub-carriers
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Figure 18: ACLR comparison between OFDM (Set 2) and WCDMA for different carrier offsets

6.2 Physical Layer Structure in the DL

Editor’s note : Discussion of the multiplexing of user traffic on the OF DM trans missions. This includes time-division
mu ltip lexing and sub-carrier grouping. This may also include the mapping of the UTRAN logical traffic and user data
channels onto the OFDM signal.

6.2.1  Physical Channels

Physical channels are defined by a specific carrier frequency, set of orthogonal subcarriers or sub-bands, time start &
stop (or duration), time-frequency interleaving pattern (possibly frequency hopping pattern). Given a carrier frequency,
physical channels are therefore mapped onto a specific 2-dimensional area in the time-frequency plane. Before time-
frequency interleaving, each physical channel corresponds to aset of sub-bands, while after symbol interleaving, the
sub-bands are distributed in a controlled manner across the overall frequency band. The time durations for specific time
units for the OFDM HS-DSCH are identical to those of 3GPP, and can therefore be measured in integer multiples of
WCDMA chips, where the chip rate is 3.84 MHz. The time intervals defined in this configuration are:

Radio frame: Also called an OFDM frame, a radio frame is a processing duration which consists of 15
slots. The length of a radio frame corresponds to 38400 chips (10msec).
Slot: A slot corresponds to 2560 chips.

HS-DSCH sub-frame: A sub-frame is the basic time interval for HS-DSCH transmission and HS-DSCH-related
signalling at the physical layer. The length of a sub-frame corresponds to 3 slots, i.e. 7680
chips (2msec), and is often referred toas a TTI.

OFDM symbol: An OFDM symbol is the signal generated by one inverse FFT in the transmitter, including a
cyclic prefix and suffix.
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These concepts are illustrated in Figure 19. The number of OFDM symbols per TTI is L=27 for Parameter Set 1, and

L=12 for Parameter Set 2 (see Section 5.2). The respective corresponding numbers of OFDM symbols per frame are
therefore 135 and 60.

The OFDM signal can be conceptually generated as indicated in Figure 20. The OFDM unit Mapping refers to the
mapping of the individual strings of QAM symbols into OFDM units, where such a unit is defined as a group of
constellation symbols to be mapped onto a sub-band, a subset of OFDM subcarriers. The OFDM symbol duration is
fixed, with a total of N subcarriers. N is equal to the FFT size, and therefore includes unused subcarriers on each

extre mities of the signal band. The IFFT output vector is multiplexed in the time domain, with a prefix and a suffix, into
a vector identified as the OFDM sy mbol, with (N+p) samples per symbol, where p is equal to the total number of
samples in the combination of the prefix and the suffix.

1 radio frame 10ms
OFDM Frame
TTI-2ms
OFDM OFDM OFDM OFDM
Symbol 1 | Symbol 2 Symbol L Symbol K

Figure 19: Frame structure for the OFDM HS-DSCH
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Figure 20: Conceptual representation of the generation of the OFDM signal for multiple HS-DSCHs

6.2.1.1 OFDM Physical Channel Definition
Four types of OFDM physical channels could be defined for HS-DSCH.

1) The OFDM-CPICH (OFDM common pilot channel): the OFDM unit(s), within a 2 msec sub-frame, containing pilot
information. This is a common channel. The pilots are inserted in the time-frequency plane and must satisfy the 2-D
sampling theorem in order to enable reconstruction of the time and frequency varying channel response. The
OFDM-CPICH physical channel is not interleaved.
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2)

3)

4)

The OFDM-TPCCH (OFDM TPC Channel): the OFDM unit(s), within a slot, containing the uplink TPC bits. This
is a shared channel. The specific frequency locations used for signalling could be scattered, in order to benefit from
frequency diversity. The time location could be limited to a single OFDM symbol (IFFT/FFT window) per slot, to
ease its extraction by the UE. The timing of the dedicated uplink is given by the timing of the dedicated downlink in
WCDMA. How to set the uplink timing in case of OFDM downlink is FFS.

The OFDM-SCCHs (OFDM shared control physical channels): the OFDM unit(s), within a 2 msec sub-frame,
containing signalling information. This is a shared channel. The specific frequency locations used for signalling
should be scattered, in order to benefit from frequency diversity. The time locations can be spread across the sub-
frame, while limited to a small number of OFDM symbols (IFFT/FFT windows) to ease extraction of the OFDM -
SCCH information by the UE (for instance, the same IFFT/FFT windows already used for the OFDM -TPCCH).

The OFDM-PDSCHs (OFDM physical downlink shared channels): the OFDM unit(s), within a 2 msec sub-frame,
not used by the OFDM-CPICH, OFDM-TPCCH or OFDM-SCCH physical channels, and dedicated to carry data or
higher layer signalling information.

6.2.2  Channel Coding and Multiplexing

In the process of mapping transport blocks onto physical channels, data from multiple users are multiplexed in time and
frequency. Figure 21 illustrates the overall transmitter processing chain for the transport blocks of such users [4]. The
reference OFDM configuration defines the final part of the transmitter processing chain: the mapping of constellation
symbols onto the OFDM physical channels (grey blocks).

Transport block Transport block Transport block
UE1 UE2 UEj

| CRC attachment |

!

| Bit Scrambling |

l

Code block
segmentati on

l

| Channel Coding |

l

Physical Layer Hybrid-
ARQ

]

Physical channel
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HS-DSCH
Interleaving

!

QAM Constellation
mapping

P

Physical channel
mapping
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Figure 21: OFDM HS-DSCH trans mitter processing chain
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Data arrives at the coding unit with a maximum of one transport block every 2 msec TTI. As in HSDPA, there is one
transport block of HS-DSCH type per UE [3]. Each traffic transport block is first coded with CRC attachment, then it is
bit scrambled, code block segmented, channel coded, and processed by HARQ, as indicated in [3]. The output of the
HARQ block is then segmented into one or more data segments, each one corresponding to a physical channel (Ph Ch).
A UE can therefore be assigned multiple physical channels. Each PhCh is interleaved as indicated in [3}, and each
resulting HS-DSCH interleaved data block is mapped to a vector of symbols, taken fromthe selected QAM
constellation.

Each QAM symbol vector is then mapped onto a number of OFDM units. Each OFDM unit is a group of constellation
symbols to be mapped onto a sub-band, a subset of OFDM subcarriers. Time-frequency interleaving of OFDM units is
then applied, and results in a mapping of the physical channels on the time-frequency resources.

User traffic multiplexing is finally used to multiplex the physical channels fromdifferent users, resulting in a number of
Traffic OFDM Physical Channels.

6.2.3  Physical channel mapping

The OFDM frequency band is divided into Ng sub-bands by grouping OFDM subcarriers. Each sub-band and each
OFDM symbol interval constitute together an OFDM unit. This means that in each OFDM symbol interval at most Ng
parallel OFDM units can be transmitted.

Three different essential steps for the physical channel mapping are identified:
1. The QAM symbols, obtained in the constellation mapping, are mapped onto a number of OFDM units.

2. The OFDM unit interleaver permutes the QAM symbols in the consecutive OFDM units obtained after the previous
step.

3. The time-frequency mapping of OFDM units puts each OFDM unit at a unique position in available time-frequency
space. Each physical channel should have a separate, non-overlapping time-frequency mapping. The OFDM unit
interleaver and time-frequency mapping constitute together a time-frequency interleaver of OFDM units.

6.2.4 User Traffic Multiplexing Solutions

The user traffic multiplexing is performed by allocating to each physical channel a separate pattern for the time -
frequency (T-F) mapping of OFDM units. All the T-F mapping patterns in a cell should be orthogonal, to avoid the
cross-interference between the physical channels. Choosing the T-F pattern is a tool to combat frequency selective
fading and to minimise the inter-cell interference. This T-F mapping pattern can be used to support frequency
scheduling.

Some possible efficient solutions, satisfying to a large extent the above requirements for both parameter sets, are
described in the following sub-sections.

6.24.1 Solution based on a generic Costas sequence

The solution for user traffic multiplexing described in this subsection achieves concurrently three goals: a) maximise
the minimum (Lee) distance between any two points on the time-frequency grid; b) minimise the maximum normalised
periodic Hamming cross-correlation between any two T-F patterns, and ¢) minimise the maximum side-lobe of
normalised periodic Hamming auto-corre lation of each T-F pattern.

The set of 15 orthogonal time -frequency mapping patterns, one for each OFDM physical channel, is derived froma
single Costas sequence of length 15 [7][8]. This generic T-F pattern (TFPgeneic) is shown in Figure 22, as a sequence of
indices of the sub-bands used for the transmission withina TTI.

3GPP 27



Release 6 28 3GPP TR 25.892 V6.0.0 (2004-06)

“m

o -

: -
: =

Time (OFDM symbol intervals)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 1I5
Frequency (subbands)

Figure 22: Generic time-frequency pattern (T4 Costas sequence of length 15)

All patterns in the set are obtained from the first pattern in the set by all the different cyclic shifts in the frequency
domain.

For the parameter set 2, the first pattern is obtained by discarding the last three symbols of the generic Costas sequence,
in order to obtain the patterns of length Norpm =12. For the parameter set 1, the first pattern is obtained by extending the
generic Costas sequence by the reversed first 12 symbols of the same generic pattern, in order to obtain the patterns of
length Norppm =27.  Mathematically, it can be described as

TFPo P 2) = TFPgeric(1:12),
TFPo® %) = [TFPyeneic  TFPgenenic(12:-1:1)].
For the parameter set 2, the first two T-F patterns are given by
TFPP¥ ¥ =13 5 3 9 2 14 11 15 4 12 7 10],
TP, P2 =14 6 4 10 3 15 12 1 5 13 8 11].
For the parameter set 1, the first two T-F patterns are given by

TFP,P*W =13 5 3 9 2 14 11 15 4 12 7 10 1 6 8 10 7
2 4 15 11 14 2 9 3 5 13]

TFP, P& =14 6 4 10 3 15 12 1 5 13 8 11 2 7 9 11 8
13 5 16 12 15 3 10 4 6 14

Figure 1 shows an idealized situation where each OFDM unit is mapped onto the same number of contiguous sub-
carriers. In practice, certain sub-carriers in certain OFDM symbol intervals will be reserved for pilots and signalling,
which may lead to variation in OFDM unit size and to mapping of certain OFDM units onto the non-contiguous sub-
carriers.

All the time-frequency mapping patterns in a TTI are cyclically time-shifted by a cell-specific offset, corresponding to
an integer number of OFDM symbols. The time offset is changed for each TTI, according to a cell-specific multi-level
pseudo-randomsequence, analogous to the cell-specific scrambling code in W CDMA. The different sequences of time
offsets for OFDM can be generated as different time-shifted versions of a single multi-level pseudo-random sequence,
in a similar way as it is done for the scrambling codes in WCDMA. In that way, even if the two cells are synchronous in
one TTI, they will very probably be asynchronous in the next TTI, resulting in a minimised cross -interference, as
predicted by the correlation properties of time-frequency mapping patterns.

6.2.5 Mapping of Rel 5 HS-DSCH Signalling onto the OFDM HS-DSCH
Signalling

The basic physical-channel structure for Rel 5 HS-DSCH-related associated downlink signalling, as seen fromthe UE
point-of-view, is illustrated in Figure 1 [3]. It consists of a downlink DPCH and a number of HS-SCCHs. For each
HS-DSCH sub-frame, each Shared Control Channel (HS-SCCH) carries HS-DSCH-related downlink signalling for one
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UE. The number of HS-SCCHs that can be monitored by a particular UE can range from one to four. A given UE has
the capability to simultaneously monitor 4 HS-SCCHs, but more than four HS-SCCHs can be configured in a cell.

Node B

29

Downlink DPCH
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UE

Shared Control Channel #1

Shared Control Channel #2

Shared Control Channel #M

>

Figure 23: Basic physical-channel structure for Rel 5 HS-DSCH-related associated downlink signalling and

control.

Table 2 summarizes the signalling and control parameters defined in Rel 5, which must be mapped on the Signalling or

Control OFDM physical channels. One Transmit Power Control (TPC) bit per active user must be updated once per
slot. The other signalling parameters are updated once per sub-frame. The TFRI format may need to be extended to

allow more transport formats, depending on the final definition of the OFDM air interface. Note that the 7-bit

channelisation field is not fully utilized in Release 5, and hence, could allow some extension of the transport format.

Table 2: Rel 5 HS-DSCH signalling and control information mapped onto the OFDM HS -DSCH

signalling and control channels

Signalling/control Rel 99/5 OF%JI\I/IJII\;ileQiE:aI Minimum number of uncoded
information Channel Chann{el signalling/control bits
Transmit power control .
command (TPC) DPCCH OFDM-TPCCH k bits perslot
Channelisation-code set A
Modulation scheme 1OTEY
Transport-block size 6
Hyb”d;]ﬁ%grrocess HS-SCCH | OFDM-SCCH 3 per 2ms sub-frame
Redundancy version 3
New-data indicator 1
UE identification 16

NOTEL: The TFRI format may change, depending on transport formats allowed in the OFDM specification
NOTEZ2: The parameter “k” indicates the number of active users in a sector.

6.2.5.1 Considerations on the Design of OFDM Pilot Channel (OFDM-CPICH)

The design optimization of an OFDM-CPICH channel would be highly dependant on the exact parameters selected for

an OFDM specification. Nevertheless, some aspects, such as inter-pilot spacing in time and frequency, and relative

power level of the pilot symbols, can be considered, irrespective of the specific OFDM parameters.

Figure 24 through Figure 27 show the BLER performances of OFDM HSDPA according to the various percent
utilizations of pilot over frequency-time resource. The simulation assumptions are based on the annex A and

summarized in Table 3. Frequency-time symbols for pilot channel are allocated by square pattern uniformly in time

domain and frequency domain. Table 4 depicts the coherence bandwidth and coherence time of each channel
environment used in the simulation and Table5 shows the details about pilot allocation.

3GPP

29



Release 6

Table 3: Simulation parameters for the

30

evaluation of OFDM CPICH performance

Reference OFDM physical configuration set

SET2

Modulation

16QAM

Channel coding

1/2 Turbo code

Number of channel coded bits

1920 bits

User traffic allocation pattern

Random pattern in frequency-time domain

Pilot allocation pattern

Square pattern in frequency-time domain

% utilization of the frequency-time resource
for the pilot channel

0.1%, 0.5%, 1%, 2%, 5%, 10%

Interpolation method for the channel
estimation

2-step linear interpolation (1ststep in frequency
and 2nd step in time domain)

Power for CPICH

-10 dB (10% of total maximum available
transmission power)

Power for signaling channel

-10 dB (10% of total maximum available
transmission power)

Time window for OFDM prefix/postfix

Triangular window

Simulation stopping condition

More than 300 erroneous blocks observed

Table 4: Coherence bandwidth/ time in the simulation channel models

Mobile Coherence Coherence
Channel Type Velocity BW Time
[km/H] [kHz] [ms]
Pedestrian A 3 2439 83.3
Pedestrian B 3 270 83.3
. 30 398 9
Vehicular A 120 398 575

Table 5: Pilot allocation details for the

evaluation of OFDM CPICH performance

3GPP TR 25.892 V6.0.0 (2004-06)

% Utilization Number of Number of Freq spacing Tlrgztsvpeaecrllng
of frequency- OFDM subcarriers Power ratio of between OFDM
time resource symbols allocated to pilot symbol subcarriers svmbols

for the pilot which contain | pilot symbols to data including in%ludin

channel pilot symbols inan OFDM symbol [dB] pilot ilot 9
(9% inaTTl symbol [kHz] '[Oms]
0.1% 2 4 2051 1123.6 1
0.5% 2 21 13.30 214.01 1
1% 2 42 10.29 107.01 1
2% 2 84 7.26 535 1
5% 4 106 3.27 424 05
10 % 6 141 0.26 31.88 0.33

In figures, the x-axis represents the average signal to noise ratio of data plus pilot symbols. For a low mobile speed
(3~30 knvhr), the performance with relatively small amout of pilot utilization (1~2%) shows better performance than
that with large % pilot utilzation. Note that the pilot power of large % utilization may not be sufficient to guarantee the
reliable pilot detection under the pilot energy fixed to the 10% of total transmission energy. For a high mobile speed
(120 km/hr), the time spacing between OFDM pilot symbols should be smaller compared with low mobile speed case to
recover fast time-varying channel. Accordingly, the performance with relatively large amout of pilot utilization
(5~10%) shows better performance in high mobile speed case. It should be noted that the channel estimation was
performed using the simplest 2-step linear interpolator. With an appropriate interpolator, the channel estimation error
could be reduced so that the performance gap would be narrower. It should be also noted that other aspects such as

3GPP 30



Release 6 31 3GPP TR 25.892 V6.0.0 (2004-06)

inter-cell interference and base station frequency drift should be considered further for the practical design of the

OFDM CPICH.
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Figure 24: BLER performance of OFDM HSDPA, Pedestrian A, 3 km/hr
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Figure 25: BLER performance of OFDM HSDPA, Pedestrian B, 3 km/hr
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Figure 26: BLER performance of OFDM HSDPA, Vehicular A, 30 km/hr
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Figure 27: BLER performance of OFDM HSDPA, Vehicular A, 120 km/hr

6.2.5.2 Considerations on the Design of OFDM Signalling Channels

In the definition of the time-frequency locations of the OFDM Signalling and Control channels, the following elements
could be considered (without being limited to these elements):

- Atthe OFDM level, the QAM symbols making up the signalling and control channels should be spread across the
frequency sub-carriers to benefit from frequency diversity.

- The decoding of OFDM-SCCH channels should be more reliab le than that of OFDM traffic channels, since their
decoding is required for proper decoding of traffic channels.

- Given their reliability, OFDM-SCCH channels could be used by the UE to improve the channel estimation, via the
re-encoding of the decoded data. If the QAM symbols making up the OFDM-SCCH channels are spread through the
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time-frequency plan, they can effectively reduce the required density for the OFDM -CPICH pilot symbols, or
equivalently, allow an improvement in the channel estimation accuracy for the same OFDM-CPICH density.

6.3 Impacts on UL

The reference scenario described in section 5.1.1 for the comparison between OFDM-HSDPA and W-CDMA HSDPA
in terms of performance is also considered here for the feasibility of introducing OFDM in UTRAN.

As depicted on figure 12, it is assumed that while OFDM may be used in the downlink to support HSDPA, the
associated uplink uses W-CDMA.. This means that this associated uplink may use the R99/Release 4/Release 5 W -
CDMA dedicated channek or any further enhancements introduced in further releases.

Timing relationships between uplink dedicated channels and OFDM-HSDPA downlink channels as described in section
6.2 are FFS. Such timing relationships should be investigated taking into account the following aspects :

- impacts to the uplink inner loop power control
- relationships with HSDPA operation in the DL and potential system impacts

- UE/ node B complexity for handling OFDM reception and transmission in relation with the existing uplink or its
enhancements

In the current specifications the timing of the uplink dedicated channel is derived fromthe timing of the associated
downlink DPCH channel. With the introduction of OFDM under the assumptions of this Study Item, there will be no
associated downlink DPCH on which to base the timing. A simp le approach could be to define the uplink timing
relative to a given DPCH frame offset and chip offset even if no downlink DPCH is effectively transmitted. Another
alternative could be to define the uplink timing relative to the common channels.

6.4 Handover

6.4.1  Assumptions

In the following, it is assumed that coverage of the OFDM DL carrier is identical to that of the associated WCDMA cell
i.e. it is assumed that there is sufficient power margin in the downlink to cope with the pathloss difference between
different bands (if OFDM and WCDMA are deployed in different bands) and also potential difference due to the use of
OFDM instead of WCDMA. Therefore no particular assumption is made in terms of frequency bands for both
WCDMA and OFDM i.e. the following is meant to cover all deploy ment scenarios:

e WCDMA UL in core band
WCDMA DL in core band

OFDM in core band

¢ WCDMA UL in core band
WCDMA DL in core band

OFDM in new band

¢ WCDMA UL in new band
WCDMA DL in new band

OFDM in new band

e WCDMA in new band
WCDMA in new band

OFDM in core band

In the framework of the Study Item, OFDM is used in conjunction with HSDPA channels. This has a number of
implications:
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- Access procedures as well as radio bearer setup are performed on the WCDMA carrier. Subsequently a
reconfiguration takes place to move the UE from the WCDMA carrier to the OFDM carrier and configure HS-
SCCH and HS-PDSCH reception in the UE.

- When a conversational service needs to be setup, a handover towards the WCDMA carrier is necessary. This is
based solely on request for conversational services fromthe CN and does not necessitate the UE to perform any kind
of measurements. The physical channel and TFCS are reconfigured on the WCDMA carrier to support the new
service. If WCDMA is deployed in the core band, this procedure is already supported by the signaling. If WCDMA
is deployed in an additional set of spectrum, no other signaling is needed other than that necessary to indicate to the
UE to which band the physical channel belongs.

- Only handover is considered in the following: cell selection/reselection to or fromthe OFDM carrier is not
described as the assumption is that the UE is in CELL_DCH state (there is a dedicated channel setup in the UL).

- Mobility procedures will follow what has been defined in release 5 specifications to support the “HS-DSCH serving
cell change”.

Use of compressed mode

Itis assumed that compressed mode is not used in the downlink as there is no associated downlink DPCH as in release
5 HSDPA. However an equivalent of "measurement occasions” may be defined to allow the creation of transmission
gaps in the downlink. These gaps are idle periods when the UE is not required to receive any data and is therefore able
to measure on another frequency if needed. A possible way to do this could be to let the MAC-hs scheduler handle the
creation of id le periods according to parameters signaled by the RNC, similarly to FACH measurement occasions in
R99. The UE would also be informed via higher layer signaling of the position of the transmission gaps. The impact of
such gaps on the packet delay and throughput needs to be investigated to ensure that the creation of such downlink gaps
do not increase the scheduling delay for the UE unnecessarily. The need for such gaps is dependant on the UE
capability like other R99 measurements.

Compressed mode maybe needed in the UL depending on UE implementation and spectrumarrangements i.e.
separation between the DL OFDM carrier and the W-CDMA UL carrier. The need for such gaps is dependant on the
UE capability and also to frequency arrangements i.e. the separation between the OFDM DL carrier and the WCDMA
UL carrier matters in terms of UE complexity.

UE aspects

In the RAN4 study on “ feasibility study considering the viable deployment of UTRA in additional and diverse
spectrum arrangements” RAN4 have demonstrated the possibility of imp lementing multiple band pairing options using
variable duplex technology, it is assumed that the conclusion is equally applicable to the reception of downlink OFDM
however no assumption is made regarding mandatory support of Variable Duplex Technology.

In the following only the HS-DSCH serving cell changes either on OFDM or WCDMA are considered. The term
“OFDM HS-DSCH serving cell” designates a mobility case where the UE changes HS-DSCH serving cell and the HS-
DSCH resources fromthe serving cell are mapped onto OFDM. It should be noted that the OFDM carriers is not
considered as a cell itself, but comes as an addition to a W-CDMA cell.

6.4.2  Serving HS-DSCH cell change

6.4.2.1 Mobility between OFDM HS-DSCH serving cells

In this scenario, the UE reaches the coverage limit of the source OFDM HS-DSCH serving cell and needs to be handed
over to a neighbouring OFDM HS-DSCH serving cell.

At least one UE measurement equivalent to CPICH RSCP or CPICH Ec/lor is necessary for the UTRAN to be able to
track the UE leaving the coverage area of one OFDM carrier and entering that of a neighbouring one.

To support blind HS-DSCH serving cell change, it is sufficient for the UE to measure and report this measurement for
the current serving OFDM HS-DSCH serving cell.

For non blind handover, the UE will also need to measure and report neighbouring OFDM HS -DSCH serving cells.
Measurement occasions may be needed depending on UE imp lementation when the source and target OFDM HS-
DSCH serving cells are on separate carrier frequencies.
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This measurement could be performed on the OFDM -CPICH described in section 6.2.1.1. To distinguish between
OFDM-CPICH channels from different cells, orthogonal pilot patterns could used, the UE would be informed via
higher layer signaling of the pattern for the OFDM -CPICH it will measure. The impact of the OFDM-CPICH
discontinuity on the accuracy of this measurement is FFS. Methods for searching among these different patterns have
not been studied. E.g., cell search and synchronization could be obtained fromthe associated WCDMA cell.

Alternatively, this type of mobility could be managed only by existing CPICH measurements based on the assumption
that OFDM and W-CDMA carrier have an identical coverage.

6.4.2.2 Mobility from an OFDM serving HS-DSCH cell to a WCDMA HS-DSCH
serving cell

In this scenario, the UE reaches the coverage limit of an OFDM HS-DSCH serving cell and needs to be handed over to
a WCDMA HS-DSCH serving cell. This happens e.g when reaching the deployment limit of OFDM within an
operator’s network or when a conversational service needs to be setup for the UE.

In this case, the source and target serving cells maybe on separate carrier frequencies, possibly different frequency
bands depending on the deployment scenario.

The UE needs to measure the serving OFDM HS-DSCH serving cell for the network to be able to identify that the UE is
leaving the coverage area of the OFDM HS-DSCH serving cell. This also applies to the case when a conversational
service needs to be setup for the UE.

In case of blind HS-DSCH serving cell change, this measurement will be sufficient.

In the general case, the UE will also need to perform existing WCDMA measurements for the UTRAN to identify the
best target cell for this UE. For such measurements, the scheduler may need to create some gaps in the data
transmission to the UE and depending on UE capabilities compressed mode may be needed in the uplink. This is
deemed feasible froma UE implementation point-of view as the UE is not required to simultaneously receive OFDM
and WCDMA but it has the capability of receiving either of them.

Alternatively, this type of mobility could be managed only by existing CPICH measurements based on the assumption
that OFDM and W-CDMA carrier have an identical coverage.
6.4.2.3 Mobility from a W-CDMA HS-DSCH serving cell to an OFDM serving cell

In this scenario, the UE reaches the coverage limit of a W-CDMA HS-DSCH serving cell and needs to be handed over
to an OFDM HS-DSCH serving cell. This happens e.g when entering OFDM coverage within an operator’s network.

In this case, the source and target serving cells are on different frequencies, possibly different frequency bands
depending on the deployment scenario.

The UE needs to measure the serving WCDMA HS-DSCH serving cell for the network to be able to identify that the
UE is leaving the coverage area of the WCDMA HS-DSCH serving cell.

In case of blind HS-DSCH serving cell change, this measurement will be sufficient.

In the general case, the UE will also need to perform measurements on the OFDM -CPICH for the UTRAN to identify
the best target cell for this UE. For such measurements, the scheduler may need to create some gaps in the data
transmission to the UE and depending on UE capabilities co mpressed mode may be needed in the UL/DL. This is
deemed feasible froma UE imp lementation point-of view as the UE is not required to simultaneously receive OFDM
and WCDMA but it has the capability of receiving either of them.

Alternatively, this type of mobility could be managed only by existing CPICH measurements based on the assumption
that OFDM and W-CDMA carrier have an identical coverage.

6.4.3  Impact on radio resource management in UTRAN

Introduction of OFDM in UTRAN would impact radio resource management in the network regarding the following
aspects

- Call Admission Control /Management: traffic needs to be split between OFDM and W CDMA
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- Resource management for HSDPA: the scheduler for the OFDM carrier needs to consider the time-frequency
dimension instead of the time-code dimension

- Mobility procedures : UTRAN needs to manage a new type of measurement as described in section 6.2.
Alternatively, if mobility is solely based on W-CDMA CPICH measurements management of a new type of
measurements is not needed and the corresponding simplifications can be applied to UEand UTRAN
implementations.. This alternative is deemed valid due to the assumption of identical W -CDMA and OFDM
coverage. However it implies the definition of a specific timing relationship between OFDM-CPICH and C-PICH of
the W-CDMA cell.

The exact amount of modifications to radio resource manage ment required to support the introduction of OFDM in
existing RNC products is implementation dependant. It is not further discussed in this document as it covers an area
outside the specifications scope.

6.5 Synchronisation

6.5.1  UE Synchronization

Among several methods, frequency and time synchronization methods presented in this section might be used.

6.5.1.1 Frequency synchronization and tracking

Let Fq stands for the frequency carrier of the transmitted signal. Frequency synchronization consists in finding this
value at the reception side. Because of impairments due to the fact that oscillators at the transmission and the reception
side are never comp letely identical, even if the initial carrier frequency value was exactly found, a shift may occurs
which must be corrected. This shift is usually supposed to be slow in time.

Frequency tracking can be done by using a classical Automatic Frequency Control (AFC) This unit detects the
frequency changes between two successive pilot symbols. The AFC is used in WCDMA systemas well. In order to
better tracking the frequency shift in case of OFDM, the AFC should be done using consecutive pilots located on the
same sub-carrier.

6.5.1.2 Time synchronization and tracking

Let T, stands for the initial transmitting time and T, stands for the samples period. Time synchronization consists on
finding these two values.

T, value is supposed to be known since it corresponds to a system parameter. Due to several impairments, a shift in T
value may occur, a tracking mechanis m must be applied.

The most general method for time synchronization is done by fulfilling an auto-correlation over the received signal with
a length equal to the cyclic prefix length. Since the cyclic prefix is a copy of the last part of the OFDM symbol, the
autocorrelation will present a peak when it is done between the cyclic prefix (which is located at the beginning of the
OFDM symbol) and the last part of the same OFDM symbol of the same length. This allows the detection of the
beginning of the OFDM symbol.

Time synchronization tracking is done by the same technique. But in this case, there is no more need to fulfill
correlation over the whole OFDM symbol. Only a correlation between the cyclic prefix and the last part of the OFDM
symbol of the same length is required. Moreover, this correlation can be done over a range of few points around the
starting point.

6.5.2  Synchronization scenarios

Several assumptions about the cooperation between WCDMA and OFDM system may be considered. Synchronization
complexity is not the same for these cases. For each of the following cases, the required synchronization operations are
presented (in all cases, the OFDM carrier frequency is supposed to be known at the receiver prior to signal reception):

1 WCDMA-OFDM independent clock

Frequency synchronization is reduced to frequency tracking. This may be fulfilled by using an Automatic Frequency
Control (AFC) which estimates the frequency shift between successive received pilot symbols.
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Time synchronization and tracking have to be done with the OFDM signal only. This can be done according to the
method presented in section 6.5.1.2.

2. WCDMA-OFDM shared clock

The OFDM link will be controlled by the UTRAN system. The same clock is used for both systems. Only one signal
is received at a time.

Ifthe OFDM transmission is very short (a few of TTI’s), the frequency drift can be considered small enough to be
tracked only by the WCDMA link. If the OFDM transmission period is longer than a certain threshold, frequency
tracking synchronization might be required. In that case, an AFC can use the OFDM signal in order to track the
frequency drift.

In terms of time synchronisation, the matching between both systems is done on a basis of a TTI period. One
possible method to performtime synchronisation is to consider that the difference between OFDM -TT | starting time
and WCDMA reference time is known. The WCDMA re ference time may be the beginning of WCDMA -frame,
WCDMA-sub-frame or WCDMA-slot. Time synchronization tracking can be done by using the guard interval
according to the method presented in section 6.5.1.2.

6.6 Frequency re-use and Inter-cell Interference

6.6.1 Frequency Re-use

The assumption regarding the frequency re-use for the OFDM study has been that the same 5SMHz carrier can be re-
used in each cell, which is often referred to a full frequency re-use, or frequency re-use factor of 1. The main benefit of
such a frequency re-use is mainly ease of deploy ment, given that no frequency planning is required. In the case of the
introduction of OFDM in UTRAN, it would be also desirable to maintain this property, which is already available with
WCDMA.

Note however that using the same SMHz carrier in each cell does not necessarily imply that all of the OFDM sub -
carriers would be re-used equally in each cell. One could consider several methods based on the orthogonality of
OFDM sub-carriers (even in systems that are not time-synchronised) to improve the coverage. The feasibility, benefits
and costs of such methods are FFS.

6.6.2 Inter-cell Interference

Given a frequency re-use factor of 1, the systembeco mes interference-limited, and the interference perceived by the UE
fromthe different cells might not be perfectly white, as assumed for most of the simulations. First, the interfering
signals undergo time dispersion, and hence, do not have a flat spectrum. Furthermore, if the OFDM units are not all
being used in the interfering cells, the resulting spectrum fromeach of these partially-load interfering cells will contain
gaps. It is therefore likely that the total interference spectrum observed by the UE would not be flat, and hence, it might
not be accurately modelled using white noise.

The impact of realistic inter-cell interference on performance has therefore been evaluated using the Exponential
Effective SIR Mapping (EESM). The results are presented in AnnexA.2 for PedA and PedB. The following
conclusions might be drawn from these results:

- As expected, the performance is improving when the number of OFDM units used in the interfering cells is reduced
(as in WCDMA). Hence, the fully loaded case can be considered as a worse-case.

- The throughput obtained with the realistic interference profile is larger or equal to that obtained for interference
modeled as AW GN with the same power. Hence, the AWGN assumption is conservative.
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6.7 Analysis of User Equipment Complexity

6.7.1 OFDM UE Receiver Functionalities

This section addresses the additional UE functionality needed to support downlink OFDM transmission and its
corresponding impact on the UE complexity. The critical UE functionality needed to support downlink OF DM
transmission includes:

- RF functionality related to the reception of an OFDM signal
- Functionality for cell search and corresponding measurements (for handover)
- Functionality for time and frequency synchronisation to an OFDM signal

- Functionality for data demodulation of an OFDM signal, including (e.g.) time-domain-to-frequency-domain
translation (“FFT operation”), channel estimation, and channel equalisation

The complexity associated with each of these functions is discussed in more details below. It should noted that the list
above may not be exhaustive. Furthermore, the complete detailed set of functionalities required to support OFDM
would depend on the outcome of a future specification phase. Also, it is important to note that the complexity numbers
in this section are provided as examples. The actual complexity may vary according to design and imple mentation
choices.

6.7.2 RF Functionality

When considering the reception of the OFDM signal by the W-CDMA front end receiver, one possible architecture of
the Radio Functionality can be depicted in Figure 28.

APLL
Analogue A W-COMA
Fron )
ont ., LPF — D RRC treatment
end c
N OFDM

demodulator

Figure 28: W-CDMA / OFDM radio receiver chain

The Analogue Front End module transposes the signal from carrier frequency into the base band. Since no modulatio
specific operations are required, it can be used for OFDM signal.
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The frequency bandwidth of the W-CDMA designed RF Low Pass Filter (LPF) is approximately 5SMHz and may fall
down to 3.84MHz in the worst case. This may distort the OFDM signal, with bandwidth of 4.5 MHz, especially on the
frequency band borders. Since the OFDM transforms the wide selective frequency band into a set of narrow unselective
bands, thus the W-CDMA Low Pass Filter impairments on the OFDM signal are assimilated to the propagation channel
variation and can be compensated by the OFDM equalizer, given a reasonable resolution of the ADC (12 bits, no AGC
was used), with no additional complexity. Therefore, when using RF architecture as presented in Figure 1 (12 bits ADC
with no AGC), and in case of un-simultaneous W-CDMA-OFDM reception, and when the OFDM carrier frequency is
within the W-CDMA specified frequency band, then the same RF module can be used in both modes. Other
architectures and ADC resolutions have not been considered.

6.7.3 Cell Search and Measurements

Editor’s note: This section should address the functionalities related to the cell search and measurements required for
handover.

6.7.4  Synchronisation

Editor’s note: This section should address the functionalities related to the OF DM carrier’s time and frequency
synchronisation.

6.7.5 Data demodulation

Data demodulation for the downlink OFDM signal can be broken into three blocks: (1) time -domain-to-frequency-
domain translation (i.e. the FFT), (2) channel estimation, and (3) channel equalization. These three blocks and their
relationship are shown in Figure 29 below. Each block will be considered in turn in the following sections.

Channel

FFT ' Equalization

A

Channel
Estimation

A 4

Figure 29: OFDM Data Demodulation Block Diagram
6.7.5.1 Time-Domain-to-Frequency-Domain Translation (i.e. FFT) Complexity

The FFT operation can be implemented with the following commonly used architecture for demodulating OFDM
systems (see Figure 30).
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Figure 30: FFT Processor Block Diagram

The key components of this FFT processor are:

- FFT Memory unit : Memory is needed in order to be able to store the incoming OFDM symbols while processing
the available OFDM symbol. The input samples are usually coded with 12 to 16 bits.

- Twiddle_Factor_Rom: The Fourier Transformoperation done on a NFFT-point is given by the expression:

Nper -1

X (k)= D> x(n)*W{k

n=0

where the terms WN”:FT , called twiddle factors, are given by

W, :exp(%ﬂnk} j=+-1

Neer
FFT

The twiddle factors are usually coded on a number of bits ranging from 13 to 16 bits. The ROM size can be
reduced by using symmetrical properties and the fact that in some cases, the twiddle factor is just equal to 1, -
1, jor—j.

- Radix 2/4 Butterfly and complex multiplier: The FFT algorithms consist in decomposing the Nger-point  DFT
(Discrete Fourier Transform) into Nger/ 2 two-point DFTs (radix-2) or Ngg7/ 4 four-point DFTs (radix-4), which are
then recombined recursively until reaching the result of the Nger-point DFT. A radix-2 butterfly is illustrated in
Figure 31, and a radix-4 butterfly is illustrated in Figure 32.
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Figure 31: Radix-2 butterfly structure Figure 32: Radix-4 butterfly structure

The most straightforward implementation for the 512-point FFT of OFDM parameter set 1 is with a radix-2 FFT. Each
butterfly in a radix-2 FFT requires 1 complex multiply, 4 real additions, and 1 table look-up (with a complex value
returned per table look-up). This count does not take into account the fact that some of the twiddle factors lead to trivial
mu ltip lications (i.e. multiply by +1, or —j). There are a total of (Ngr7/ 2) log,Neer butterflies, which for a 512-point FFT
equals 2304 butterflies. The FFTs are performed at the OFDM symbol rate, 1/Ts.

There are other slightly more efficient 512-point FFT implementations possible. These alternatives do not make a large
difference to the complexity estimates. The most obvious alternative is a mixed-radix FFT with a combination of radix-
2 and radix-4 FFT butterflies. Each radix-2 butterfly requires 1 complex multiply, 4 real additions, and 1 table look-up,
and there are (Nggt/ 2) such radix-2 butterflies. Each radix-4 butterfly requires 3 complex multiplies, 16 real additions,
and 3 table look-ups, and there are a total of (Ngr7/ 4) log4(Nee7 / 2) radix-4 butterflies. Once again, the FFTs are
performed at the OFDM sy mbol rate, 1/Ts.

For the 1024-point FFT required for parameter set 2, a radix-4 FFT can be used. Each butterfly in a radix-4 FFT
requires 3complex multiplies, 22 real additions, and 3 table look-ups (with a complex value returned per table look-up).
This count does not take into account the fact that some of the twiddle factors lead to trivial multiplications (i.e.
multiply by +1, or —j). There are a total of (Nggr / 4) logsNeer butterflies, which for a 1024-point FFT equals 1280
butterflies. The FFTs are performed at the OFDM sy mbol rate, 1/Ts.

Note that each complex multiplication can be done as follows:
(a+ib)*(c+id)=[a*(c+d)—(a+b)*d]+i[a*(c+d)-(a—b)*c]|

and so, by storing the quantity a*(c + d) a complex multiplication requires 5 real additions and 3 real

mu ltip lications.

The FFT complexity main features are summarized below for both OFDM reference sets:

Forset 1, with the 512-point FFT and a radix-2 architecture:

- a65MHzclock rate guarantees real time processing,

- the number of real multiplies per second is 93.312 million and the number of real additions per second is 279.936
million,

- for input samples of (12..16) bits the required FFT RAM memory is (24..33) Kbits, and the twiddle factor ROM
memory is (3..4) Kbits, and

- the complex multiplier gate count is (6..12) K.
For set 2, with the 1024-point FFT, and a radix-4 architecture:
- a39MHz clock rate guarantees real time processing,

- the number of real multiplies per second is 69.12 million and the number of real additions per second is 238.08
million,
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- for input samples of (12..16) bits the required FFT RAM memory is (49..66) Kbits,and the twiddle factor ROM
memory is (6..8) Kbits, and

- the complex multiplier gate count is (6..12) K.

Note that the FFT complexity figures given above have been calculated assuming a radix-2 imple mentation for
parameter set 1 and a radix-4 implementation for parameter set 2. However, other possibilities exist that enable trading
off speed for code and memory size. For example, 512-point FFT cores are available which employ a mixed radix-4/2
architecture and require less processing speed than the radix-2 architecture, at the cost of extra control code and
memory.

6.75.2 Channel Estimation

Since the pilot symbols are transmitted in specific time/frequency locations, channel estimation is generally done by
interpolating among these pilots. The complexity depends on the interpolation method.

The simplest method without additional complexity is to simply repeat the channel value of the nearest pilot. This may
be sufficient when the channel is relatively constant between two consecutive pilots.

Another straightforward method is to perform 2-D linear interpolation. For example, if the 4 nearest pilots are linearly
combined with real coefficients to determine the channel estimate, there is a requirement for 8 real multiplies and 6 real
additions per datasub-carrier. The number of data sub-carriers is equal to the number of useful sub-carriers minus the
number of pilots. So for instance, if 10% of the sub-carriers are pilots then there are 269 data sub-carriers per OFDM
symbol, and the OFDM symbol rate is 13500 symbols per second for OFDM parameter set 1. For parameter set 2, there
would be 635 data sub-carriers (with 10% pilot) per OFDM symbol and the OFDM sy mbol rate is 6000 symbols per
second. A single real MA C unit would need to operate at 29 MHz and 30 MHz for parameter set 1 and 2 respectively.
Other, more efficient, methods may exist to performthe 2-D linear interpolation.

A more complex interpolating method is based on projection over some orthogonal basis of an arbitrarily chosen
dimension. The advantage of this method is its flexibility, with the basis dimension chosen to cope with the rate of
change of the channel conditions (higher dimension for higher channel variability).

6.7.5.3 Channel Equalization
Let c; stand for the channel coefficient, y; the received (demodulated) symbol and yi the equalizer output.
Single symbol equalization can be done by one of several methods:

- Phase Compensation (PC) : Y, =Y, *angl(c,)

Maximum Ratio Combiner (MRC): Y. =Y, *conj(c,)

Zero Forcing : Y, = Y; /¢, =y, *conj(c,) /|Ci|2

LT vy * ; 2 2 2. L . . . .
- MMSE: Y, =Y, *conj (Ci)/(|Ci| + oy ), where o7y, is the Additive White Gaussian Noise variance.

Obviously, these methods are not of equal comp lexity and so the choice of method depends on the receiver reali zation,
the mapping constellation and the required performance. Note that these operations are also applicable to HSDPA.

So, for instance, for channel equalization with a maximum ratio combiner each of the useful data sub -carriers is

mu ltip lied by the conjugate of the complex channel gain corresponding to that carrier. In this case, there are N, x (U/Ts)
complex multip lies per second with 3 real multiplies and 5 real additions required per complex multiply. This formula

applies to both parameter sets. For example, if 10% of the sub-carriers are assumed to carry pilot signals, then a single

complex mu ltip lier unit would need to operate at approximately 4.25 MHz for both parameter set 1 and 2.
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6.8 Analysis of Node B impacts

6.8.1 OFDM Node B Transmitter Functionalities

This section addresses the additional Node B functionality needed to support downlink OFDM transmission and its
corresponding impact on the Node B complexity. The critical Node B functionality needed to support downlink OF DM
transmission includes:

- Functionality for data modulation of an OFDM signal, including (e.g.) frequency -domain-to-time-domain translation
(“IFFT operation™)

- RF functionality related to the transmission of an OFDM signal

The complexity associated with each of these functions is discussed in more details below. It should be noted that the
list above may not be exhaustive. Furthermore, the complete detailed set of functionalities required to support OFDM
would depend on the outcome of a future specification phase. Also, it is important to note that the comple xity numbers
in this section are provided as examples. The actual complexity may vary according to design and implementation
choices.

6.8.2 Data Modulation

It is assumed that the first steps of the HSDPA HS-DSCH processing chain could be also used for OFDM (i.e. same
CCTrCh encoding, etc.), before QAM symbols are mapped to OF DM -specific physical channels. The following steps of
the data modulation processing chain are OFDM -specific, and thus, would need to be added to the Node B functionality
in the event of the introduction of OFDM in UTRAN. The OFDM data processing chain is illustrated in Figure 33.

OFDM-specific Modulation

QAM

Coded HS-DSCHs —» ManDi — Complex
apping Physical Channel Prefix/Suffix /Q)
Mapping and  — IFFT — Insertionand > Baseband
Signalling and Pilot . QAM i Multiplexing Time windowing MchuIatled
Information Mapping Igna
Figure 33: OFDM Data Modulation
6.8.2.1 OFDM Physical Channel Mapping and Multiplexing

The mapping of transport channels to OFDM physical channels, as well as the multiplexing of the physical channels on
the OFDM T-F grid, are discussed further in Section 6.2. The comp lexity of this process would depend on the OFDM
specification. For instance, if a solution based on a Costas sequence is used (as described in Section 6.2.4.1), the T-F
patterns are limited to 27 or 12 distinct values, depending on the parameter set, and cyclic shifts of these basic patterns
in the frequency domain. These basic T-F patterns could therefore be stored in lookup tables. For T-F patterns with
longer periods, some on-the-fly computations might be required to lower memory requirements. The inclusion of an
OFDM-specific QAM symbol interleaver would also require additional complexity.

6.8.2.2 Frequency-Domain-to-Time-Domain Translation (i.e. IFFT)

Once mapped to the OFDM sub-carriers, the QAM symbols in each OFDM symbols are typically padded with inactive
sub-carriers on each side of the spectrum (as discussed in Section 4.1.8), and transformed to a time -domain signal via an
Inverse Fast Fourier Transform (IFFT). The complexity of the IFFT is comparable to that of the FFT, which is
discussed in Section 6.7.5.1.

6.8.2.3 Prefix Insertion and Time Windowing

As discussed in Section 4.1.4, a cyclic prefix is usually added prior to each useful OFDM symbol (to reduce the inter-
symbol interference). This prefix insertion can also be associated with a time -windowing of the OFDM symbols, as
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discussed in Section 6, to improve the spectral properties of the OFDM signal. Note that time-windowing could also be
accompanied with filtering, or replaced by filtering. The time windowing approach is however typically less complex
than the introduction of a filter.

6.8.3  RF Functionality

The OFDM complex baseband digital signal obtained after data modulation has to be converted to the analog domain
and up-converted to RF, before being amplified to the proper level and fed to the antenna. This process is illustrated in
Figure 34.

| Antenna
Baseband DAC
Modulated and A PI(.)f\.N ef[.
Signal o Up-Conversion mpitication

Figure 34: Node B RF Functionality

6.8.3.1 Digital-to-Analog Conversion and Up-Conversion

The Digital-to-Analog Conversion (DAC) is often combined in part with the up-conversion through the use of Digital
Up-Conversion (DUC). In this case, the signal is first digitally up-converted to an Intermediate Frequency (IF), then
converted to the analog domain, and finally up-converted from IF to RF with analog mixers. This possible processing
chain is illustrated in Figure 35. Note that in some cases, it is possible to bypass the IF and do the up-conversion to RF
digitally. This however requires very high speed DAC (in the order of twice the RF frequency), and is unlikely to be the
preferred architecture for current UMTS frequencies and potential UMTS extension bands. This analysis is therefore
limited to the case of DUC with an analog IF-to-RF up-conversion.

Baseband !
Modulated DUC DAC Analog RF Up- Analog RF
Signal Conversion Signal
Q
Digital IF Analog IF

Figure 35: Architecture with Digital Up-Conwersion (DUC) to IF

In this case, the DUC takes the baseband digital signal and brings it to IF via digital mixers. With OFDM parameter set
1, given that the OFDM sampling frequency is 2Fc, the same DUC and DA C modules might be used for both OFDM
and WCDMA. In the case where the sampling frequencies are different (e.g. with set 2), different scenarios are
possible:

- A specific DUC and DAC can be used for OFDM (i.e. not share between OFDM and WCDMA).
- The OFDM signal is re-sampled to match the WCDMA sampling rate prior to the DUC.

- A programmable DUC (i.e. with variable digital mixers) and a DA C with variable input sampling frequency can be
shared by OFDM and WCDMA..

Other architectures are also possible for the DAC and up-conversion. For instance, the I and Q signals can be converted
to the analog domain at baseband and then up-converted to RF (with or without an IF). This architecture is illustrated in
Figure 36.
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Figure 36: Architecture with Analog Up-Conversion

In the case of analog up-conversion, the 1/Q DA Cs might be shared if the sampling frequencies are similar for OFDM
and WCDMA (e.g. 2Fc). Again, if the sampling frequencies are different, different scenarios are possible:

- Separate DACs can be used for OFDM and WCDMA.

- The OFDM signal can be re-sampled to match the WCDMA sampling rate.

- The DAC input clock frequency can be simply adapted to the input sampling frequency.

In all cases, it is assumed that the analog component of the up-conversion process can be shared by OFDM and
WCDMA. The actual impact of filters and impairments on OFDM might vary with the imp le mentation.
6.8.3.2 Amplification

A Power Amplifier (PA) is required to bring the signal power to an acceptable level for the antenna transmission.
Typically, a PA acts in a linear fashion over a range of input/output power, and saturates at a maximum power P .
This is illustrated in Figure 37. The sharpness of the transition fromthe linear range to the saturation range depends on
the PA design. Modern PA designs tend to maximise the linear range, resulting in a rather sharp transition to saturation.

P PA back-off

out

R
P Saturation

-

Linear range

v

Figure 37: Power Amplifier (PA) Model

If the signal reaches this non-linear transition, high-power out-of-band emissions are created. The input power is
therefore backed off from the maximum power to allow peaks in the amplitude of the signal to be limited to the linear
range. The amount of power that needs to be subtracted fromthe maximum power depends on the signal’s Peak-to-
Average Ratio (PAR). For a given desired transmit power, a signal with a larger PAR will require a more powerful PA,
which might increase significantly the cost of a Node B. It is therefore important to compare the PAR of an OF DM
signal to that of a WCDMA signal to assess the impact on the Node B.
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6.8.3.2.1 Peak-to-Average Ratio (PAR)

The PAR characteristic of an OFDM signal is compared to that of WCDMA in Figure 38. The WCDMA PAR curve is
reproduced from [10]. It was obtained for Test Model 5 with 8 HS-DPSCHs, using a random bit sequence. A similar
curve has been obtained for OFDM parameter sets 1 and 2. The resource assignments used for the analysis are detailed
in Table 6 and Table 7, for parameter sets 1 and 2 respectively. In all cases, the signals are over-sampled to capture the
peaks correctly.
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Figure 38: PAR for OFDM and WCDMA (without PAR reduction)

Table 6: Resource Assignment for OFDM Parameter Set 1

Physical Channels T-F Resource Power Modulation
OFDM-PDSCHSs 90% 80% QAM16
OFDM-CPICH 5% 10% QPSK
Other Control Channels 5% 10% QPSK

Table 7: Resource Assignment for OFDM Parameter Set 2

Physical Channels T-F Resource Power Modulation
OFDM-PDSCHSs 85% 80% QAML16
OFDM-CPICH 5% 10% QPSK
Other Control Channels 10% 10% QPSK

These PAR curves indicate the probability of clipping a sample for a given PAR threshold. For instance, 0.01% (10™) of
the samples would be clipped if a PAR threshold was set to about 9.5dB, for both OFDM parameter sets and WCDMA.
Therefore, when no formofsignal PAR reduction is used, the PAR of an OFDM signal would be similar to that of a
WCDMA signal.
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6.9 Impact to L2 and L3 protocols

6.9.1 Protocol Model

In the framework of this Study Item, OFDM is introduced as a separate carrier to carry HS DPA traffic only. The
protocol model is kept unchanged in the UE and the UTRAN compared to the release 5 architecture described in 25.301
and 25.401.

The OFDM carrier is not considered as a cell itself as it does not carry any common channels. Therefore no further
modification is required to support this type of deployment than what would be required to support multi-carrier cells.

6.9.2 RRC impacts

Introduction of OFDM in UTRAN to support an OFDM -HS-DSCH at the physical layer implies the definition of new
physical channels as described in section 6.2. It will have an impact on the RRC protocol 25.331.

To support these new physical channel(s) RRC procedures for radio bearer setup, reconfiguration, transport channel and
physical channel reconfiguration will require some modifications. These modifications would mainly consist in adding
new information elements to characterize the physical channels which are mapped onto the OFDM carrier.

Additionally, to support the mobility procedures as described in section 6.4, measurements procedures would require
some modifications to allow the configuration and reporting of OFDM-CPICH measurements. This could be done e.g.
by updating the inter-frequency measurements methods.

6.9.3 lub/lur impacts

Introduction of OFDM in UTRAN is not expected to have any impact on the frame protocol but it will have an impact
on RNSAP and NBAP protocols.

According to the scenario described in section 5.1, a cell supporting OFDM will be a multi-carrier cell. This implies
some modifications to the common procedures of cell setup and reconfiguration. However some of these modifications
are independent fromthe nature of the modulation i.e. introducing W-CDMA only multi-carrier cells would also require
some modifications to these procedures.

Additionally, introducing OFDM in UTRAN would impact the NBAP/RNSAP procedures for setup, addition,
reconfiguration and deletion of related radio links as well as HSDPA related common procedures i.e. physical shared
channel reconfiguration and common measurements procedures.

7 Conclusion

Within the scope of the Study Item defined by RAN on” Analysis of OFDM for UTRAN Enhancement”, RANT1 has
carried out a study of the feasibility, complexity impact, and potential performance benefit vs. HSDPA release 5 of
introducing OFDM modulation as an additional transmission mode for the UTRAN FDD downlink. More specifically,
the following key aspects have been studied by RANL:

- Spectrumcompatibility

- Frequency Re-use

- Physical channel structure

- Synchronisation

- Impacts on the UEand Node B
- Impacts on the UL

- Impacts on L2 and L3 protocols

- Performance comparison between OFDM and HSDPA as of release 5
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As agreed in the RAN Plenary and also stated in the Study Itemdescription, the analysis has been based on a basic
OFDM scheme (often referred to as “textbook” OFDM). More elaborate schemes, including e.g. MIMO and advanced
modulation schemes, have not been considered to any substantial e xtent.

As further agreed in the RAN Plenary and also stated in the Study Item description, the study has focused on an OFDM-
based Layer 1 with 5SMHz transmission bandwidth in a high-speed-packet-data-only cell. The services to upper layers
i.e. Transport-channels structure, measurements, etc. have been basically kept the same as release 5 in order to minimise
impacts and ease the comparison. The performance metrics used are the aggregated cell throughput, the packet
throughput and the packet delay.

The following conclusions are drawn by RAN1:
In terms of feasibility of introducing OFDM:

For the aspects considered in the Study Item, there are no indications that the introduction of OFDM in UTRAN is not
feasible for the downlink. Further study is required to fully characterize some aspects (e.g. channel estimation, radio
resource management aspects, inter-cell interference etc).

In terms of performance benefits of introducing OFDM:

For the performance comparison, two different receiver structures have been considered in case of HSDPA release 5:
- a“normal” RAKE receiver

- areceiver utilizing more “advanced” MMSE chip-level equalizer.

Ideal channel estimation has been assumed for the system-level performance evaluation. Performance with more
realistic channel estimation has been investigated at the link level.

The studies carried out within the study item indicates that the basic OF DM scheme offers the possibility for improved
performance, compared to HSDPA release 5 with a Rake receiver, for channels with significant time dispersion. This
performance advantage decreases for channels with less time dispersion. However, by the introduction of more
advanced receiver structure, there is no significant performance difference between HSDPA release 5and the
performance of the OFDM.

In terms of complexity impact of introducing OFDM:

The introduction of OFDM will have an incremental complexity impact on (multi-mode) UE complexity. Introducing
OFDM on the network side will also require mod ifications to existing Node B design. The exact amount of
modifications and the corresponding effort has not been concluded on and may also be manufacturer dependent.

It should be noted that the considered advanced receiver structure for HSDPA release 5 is more complex than the
corresponding detector for OFDM. The overall terminal comp lexity impact from introducing OFDM also depends on
whether or not it can be assumed that advanced receivers will anyway be introduced in the UE. Note that work on
improved receivers and the specification of related performance requirements is already underway within RAN4 within
the Work Item “Improved receiver performance requirements for HSDPA”.
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Annex A:
Simulation Assumptions and Results

A.1  Link Simulation Assumptions

Some specific link-level assumptions are listed in this section. In terms of physical layer operations that are not
covered specifically here, the specifications described in [2] and [3] are followed. Information on channel power
levels is also included in Table 16.

The following design aspects should be documented explicitly by any company presenting link-level simulation results.
- Any deviation from the standard set of parameters specified within this section. (OFDM & W CDMA)

- The criterion used to stop the simulation (or another appropriate measure for the reliability of the presented link -
performance curves. (OFDM & W CDMA)

- Howdata symbols are mapped onto the TF (Time-Frequency) grid. (OFDM only)

- How pilot/signalling symbols are mapped onto the TF grid. (OFDM only)

A.1.1 Link Level Simulation Assumptions for OFDM

Table 8 provides a list of the link-level simulation assumptions that are relevant to the OFDM evaluation case. Here, it
has been necessary to define an OFDM structure that is compatible with the HSDPA physical layer design.
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Table 8: Down link OFDM link-level simulation assumptions

Parameter Explanation/Assumption Comments
Carrier frequency 2 GHz
Residual Frequency Offset Correction Error TBD
Fast fading model Jakes model
HSDPA slot length (TTI) 2 msec

OFDM-CPICH power

Up to -10 dB (up to 10% of total
maximum available transmission

power, as averaged across each
TTI)

The OFDM-CPICH power
remains fixed, regardless of
the number of data channels
inuse.

Power for other common channels

Up to -10 dB (up to 10% of total
maximum available transmission
power, as averaged across each
TTI)

The other channel power
remains fixed, regardless of
the number of data channels
inuse.

Power for HSDPA data transmission

Maximum of 80% of total
maximum available transmission
power, as averaged across each
TTI

The total HSDPA data
transmission power will
depend on the number of
data channels in use.

Channel estimation Ideal Ideal channel information is
assumed to be available at
the receiver. Perfecttiming
and frequency estimation is
also assumed.

Real channel estimation
Real from pilot subcarriers.

MIMO configuration NT:NR 1:1

Channel width 5MHz

Number ofsubcarriers See Table 1

OFDM sampling frequency See Table 1

FFT size See Table 1

Subcarrier MCS levels

All data subcarriers carry equal-
weight data with the same
modulation and code rate.

Assume one user per TTI

Bitinterleaving

Uses 2™ interleaving defined in
[4].

Rate matching

Performed to make the number of | Refer to Section 5.5.2 of [4]
coding blocks compatible with the

radio frame size.

A.1.11 Time Windowing

Triangular time windowing on each OFDM sy mbol (as shown in Figure 39, with parameter values given in Table 9, and
also as described earlier in Section 6.1.1) should be used at the transmitter to shape the OFDM signal spectrum in order

to comply with the out-of-band spectral emission requirements given in [6].

The time windows for successive OFDM

symbols are overlapped, so that the overall OFDM sampling rate remains unchanged. Othertime window designs may
be used, but it will then be necessary to demonstrate that the resulting OFDM signal spectrumalso satisfies the spectral

emission mask.
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Total OFDM symbol + prefix + head

window length of N+N, samples Tail window (samples 1

- to Ny, of OFDM symbol)

Head window (samples N-Ny+1
to N-(Np-Ny) of OFDM symbol)

Cyclic prefix (samples N-Np+1 OFDM symbol
to N of OFDM symbol) (N samples)

Figure 39: Triangular time-windowing with successive OFDM symbols

Table 9: Time windowing parameters for OFDM parameter sets 1 and 2

Parameter OFDM Parameter Set 1 OFDM Parameter Set 2
FFTsize (N) 512 1024
Cyclic prefixlength  (Np) 56/57 64
Time window Tength  (Nw) 20 32

A.1.2 Link Level Simulation Assumptions for WCDMA

Table 10 provides a list of the link-level simulation assumptions that are relevant to the WCDMA evaluation case.
These are consistent with the HSDPA design presented in [3]. Other aspects of the WCDMA HSDPA link level
simu lator are directly taken from [3] and [4].
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Table 10: Down link WCDMA link-level simulation assumptions

Parameter Explanation/Assumption Comments
Carrier frequency 2 GHz
Fast fading model Jakes model
HSDPA slot length (TTI) 2 msec

CPICH power

-10 dB (10% of total maximum
available transmission power)

The CPICH power remains
fixed, regardless of the
number of data channels in
use.

Power for other common channels

-10 dB (10% of total maximum
available transmission power)

The other channel power
remains fixed, regardless of
the number of data channels
inuse.

Power for HSDPA data transmission

Maximum of 80% of total
maximum available transmission
power

The total HSDPA data
transmission power will
depend on the number of
data channels in use.

Channel estimation Ideal Ideal channel information is
assumed to be available at
the receiver. Perfecttiming
and frequency estimation is
also assumed.

Real channel estimation
Real from pilot subcarriers

MIMO configuration NT:NR 1:1 used

Chip-rate 3.84 Mcps

Spreading factor 16

Channel width 5 MHz

A.1.3 Link Level Simulation Scenarios

Table 11 provides a list of the specific simu lation cases that will need to be evaluated. Foreach of the channel models,

a fading rate (corresponding to the UE velocity in knvh) is also given.

detail earlier in Table 21.

The channel models are described in more

Table 11: Down link link-level simulation scenarios

Parameter Cases Comments
Channel model and fade rate Ch-100, 30km/h Single path
Ch-100, 120 km/h Single path

Ch-104, 30km/h
Ch-104, 120 km/h
Ch-102, 3 km/h
Ch-103 3 km/h

ITU Vehicular A
ITU Vehicular A
ITU Pedestrian A
ITU Pedestrian B

Modulation

QPSK, I6QAM, 64Q0AM

64QAM s optional

Code rate

1/3,1/2,213 ,3/4, 4/5

User Geometry Values

The following G factors to be
considered as realistic —

0 dB to ensure good service
availability

10 dB to test AMC performance in
typical low interference scenarios

Itis to be noted that
available C/lis limited by the
geometry factor. The utilised
geometry distribution should
respect the geometry
distribution derived from the
system level assumptions in
A3.3.
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Table 12 through Table 14 provide appropriate information bit payload and code block segmentation values (calculated
according to TS25.212 [4]) for examp le test cases assuming 5, 10, and 15 WCDMA or OFDM data units allocated to a
single user withina 2 ms TTI.

Other numbers of data units per user may also be evaluated if so desired.

Table 12: Information bit payload and code block sizes for each transport format assuming 5 WCDMA
or OFDM data units allocated to a single user per 2 ms TTI

Modulation Code Rate Information 24-bit CRC Code Block R=1/3 Turbo Rate
Bit Payload Addition Segmentation Encoding Matching
QPSK 1/3 1600 1624 1x1624 4884 4800
QPSK 12 2400 2424 1x2424 7284 4800
QPSK 2/3 3200 3224 1x3224 9684 4800
QPSK 3/4 3600 3624 1x3624 10884 4800
QPSK 4/5 3840 3864 1x3864 11604 4800
16QAM 1/3 3200 3224 1x3224 9684 9600
16QAM 1/2 4800 4824 1x4824 14484 9600
16QAM 2/3 6400 6424 2x3212 19296 9600
16QAM 3/4 7200 7224 2x3612 21696 9600
16QAM 4/5 7680 7704 2x3852 23136 9600

Table 13: Information bit payload and code block sizes for each transport format assuming 10
WCDMA or OFDM data units allocated to a single user per 2ms TTI

Modulation Code Rate Information 24-bit CRC Code Block R=1/3 Turbo Rate
Bit Payload Addition Segmentation Encoding Matching
QPSK 1/3 3200 3224 1x3224 9684 9600
QPSK 1/2 4800 4824 1x4824 14484 9600
QPSK 213 6400 6424 2x3212 19296 9600
QPSK 3/4 7200 7224 2x3612 21696 9600
QPSK 4/5 7680 7704 2x3852 23136 9600
16QAM 1/3 6400 6424 2x3212 19296 19200
16QAM 1/2 9600 9624 2x4812 28896 19200
16QAM 2/3 12801 12825 3x4275 38611 19200
16QAM 3/4 14400 14424 3x4808 43308 19200
16QAM 4/5 15360 15384 4x3846 46200 19200

Table 14: Information bit payload and code block sizes for each transport format assuming 15
WCDMA or OFDM data units allocated to a single user per 2 ms TTI

Modulation Code Rate Information 24-bit CRC Code Block R=1/3 Turbo Rate
Bit Payload Addition Segmentation Encoding Matching
QPSK 1/3 4800 4824 1x4824 14484 14400
QPSK 1/2 7200 7224 2x3612 21696 14400
QPSK 2/3 9600 9624 2x4812 28896 14400
QPSK 3/4 10800 10824 3x3608 32508 14400
QPSK 4/5 11520 11544 3x3848 34668 14400
16QAM 1/3 9600 9624 2x4812 28896 28800
16QAM 1/2 14400 14424 3x4808 43308 28800
16QAM 2/3 19200 19224 4x4806 57720 28800
16QAM 3/4 21601 21625 5x4325 64935 28800
16QAM 4/5 23041 23065 5x4613 69255 28800

To reduce computational expense for simulations, the following link modes are considered to be core transport formats
for purposes such as simu lator calibration, evaluation of various designs and algorithms (e.g. pilot patterns, channel

estimators, etc):
- QPSKR=1/3
- QPSKR=2/3

- QPSK R=4/5
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- 16QAM R=1/2
- 16QAM R=3/4

These five transport formats should, as a minimum, each be simulated for these types of evaluation situations;
additional transport formats may also be simulated if so desired.

A2 Link Simulation Results

A.2.1 Link-Level Performance with Realistic Performance Using
EESM Modelling

The simu lation assumptions used to generate the results presented in this section are summarised in Table 15.

Table 15: Simulation assumptions

Parameter Value
System configuration:
Cell layout, path loss, antenna profile, See A3
shadowing, etc.
Site to site distance 2.8km
Number of drops 100
Number of UEs per drop 100
OFDM parameters Set 2
i - 0
OFDM units 15 unn'_s of 480 symbols per sub-frame, 85%
of the time-frequency resource
OFDM traffic multiplexing Based on Costas sequence (see 6.2.4)
0, 1 _ 0,
OFDM-CPICH 5% of the time-frequency resource, 10% of
total power
OFDM signalling and other common 10% of the time-frequency resource, 10% of
channels power
Ser};'annel experienced from the serving Pedestrian Aor B
gek:gnnel experienced from the interfering Pedestrian B
EESM beta values See A4.6.1
Sub-frame.allgnmentfrom the different Uniformly distributed in [0,2] ms
cells perceived by UE

Simulation results are presented in Figure 40 and Figure 41 for Pedestrian A and B channel models, respectively. The
results are illustrated as the average throughput achievable for a given geometry. The throughput obtained using
realistic interference is also compared to that obtained for interference modelled as AWGN with the same power.
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Figure 40: Link-Level Performance in Pedestrian A
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Figure 41: Link-Level Perfor mance in Pedestrian B
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A.3  System Simulation Assumptions

A.3.1 Antenna Pattern

The antenna pattern used for each sector, is specified as :

2
A(6)=-min 12( 0 J,Am :
3dB

where -180<6<180,

where min[ ] is the minimum function, 0,5 is the 3dB beamwidth (corresponding to  0,,5 = 70 degrees) , and Ap= 20
dB is the maximum attenuation.

A.3.2 Antenna Orientation

The antenna bearing is defined as the angle between the main antenna lobe center and a line directed due east given in
degrees. The bearing angle increases in a clockwise direction. Figure 42 shows an examp le of the 3-sector 120-degree
center cell site, with Sector 1 bearing angle of 330 degrees. Figure 43 shows the orientation of the center cell (target
cell) hexagon and its three sectors corresponding to the antenna bearing orientation proposed for the simulations. The
main antenna lobe center directions each point to the sides of the hexagon. The main antenna lobe center directions of
the 18 surrounding cells shall be parallel to those of the center cell. Figure 43 also shows the orientation of the cells
and sectors in the two tiers of cells surrounding the central cell.

?,-"\Main Antenna Lobe

Sector 1

120 degrees

Figure 42: Centre cell antenna bearing orientation diagram
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Figure 43: Configuration of adjacent tiers of neighbouring cells, sectors, and Node-Bs

A.3.3 Common System Level Simulation Assumptions

The assumptions used in the system-level simulations are listed in Table 16 and are primarily taken from [1].
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Table 16 Down-link system-level simulation assumptions

Parameter

Explanation/Assumption

Comments

Cellular layout

Hexagonal grid, 3-sector sites

See Figure 43

Antenna horizontal pattern

70 deg (-3 dB) with 20 dB front-to-
back ratio

Site to site distance 2800 m Or 1000 m
Propagation model L =128.1 + 37.6 Logio(R) R in kilometers
CPICH power -10 dB

Other common channels -10dB

Power allocated to HSDPA transmission,
including associated signalling

Max. 80 % of total cell power

Slow fading As modelled in UMTS 30.03, B
1414

Standard deviation of slow fading 8dB

Correlation between sectors 1.0

Correlation between sites 0.5

Correlation distance of slow fading 50m

Carrier frequency 2000 MHz

BS antenna gain 14 dB

UE antenna gain 0 dBi

UE noise figure 9dB

Thermal noise density -174 dBm/Hz

Max. # of retransmissions 3 Retransmissions by fast

HARQ. Does notinclude
the initial transmission.
Programmable

Fast HARQ scheme Chase combining or incremental
redundancy

Scheduling algorithm TBD

BS total Tx power Up to 44 dBm

Specific fast fading model

Jakes spectrum

HSDPA slot length

2 msec

MCS feedback delay

2 TTls

This implies that after a
channel measurement is
made, it requires two
additional TTls before it can
be used atthe Node B. For
example, a channel
measurement made during
TTI 1 would be transmitted
to the Node B and
processed during TTIs 2 and
3, and could be used to
selectthe MCS level for TTI
4,

UE spatial distribution

Uniform random spatial distribution
over elementary single cell
hexagonal central Node-B

MIMO configuration NT:NR

1:1

Channel width

5MHz

Frequency Re-use

1
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A.3.4 Traffic Sources

Three different traffic types are suggested for evaluation purposes.

A.3.4.1 HTTP Traffic Model Characteristics

Instances of packet
arrival at base station

A packet call

i

i RN i)

reading time

A session \

First packet of the Last packet of the
session session

Figure 44: Packet Trace of a Typical Web Browsing Session

Figure 44 shows the packet trace of a typical web browsing session. The session is divided into ON/OFF periods
representing web-page downloads and the intermediate reading times, where the web-page downloads are referred to as
packet calls. These ON and OFF periods are a result of human interaction where the packet call represents a user’s
request for information and the reading time identifies the time required to digest the web-page.

As is well known, web-browsing traffic is self-similar. In other words, the traffic exhibits similar statistics on different
timescales. Therefore, a packet call, like a packet session, is divided into ON/OFF periods as in Figure 44. Unlike a
packet session, the ON/OFF periods within a packet call are attributed to machine interaction rather than human
interaction. A web-browser will begin serving a user’s request by fetching the initial HTM L page using an HTTP

GET request. The retrieval of the initial page and each of the constituent objects is represented by ON period within
the packet call while the parsing time and protocol overhead are represented by the OFF periods within a packet call.
For simplicity, the term “page” will be used in this paper to refer to each packet call ON period.

packet call packet call

/\ /\

' | N
11 Tk D | |

—pc_.
(Reading Time)
main object/ W

embedded objects

Figure 45: Contents in a Packet Call
The parameters for the web browsing traffic are as follows:
- Swm: Size of the main object in a page
- Sg: Size of an embedded object in a page

- Ng: Number of embedded objects in a page
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HTTP/1.1 persistent mode transfer is used to download the objects, which are located at the same server and the objects

are transferred serially over a single TCP connection as modelled in[5]. The distributions of the parameters for the web

browsing traffic model are described in Table 17. Based on observed packet size distributions, 76% of the HT TP packet

calls should use an MTU of 1500 bytes, with the remaining 24% of the HTTP packet calls using an MTU of 576 bytes.
These two potential packet sizes also include a 40 byte IP packet header (thereby resulting in useful data payloads of

1460 and 536 bytes, respectively), and this header overhead for the appropriate number of packets must be added to the

object data sizes calculated fromthe probabilistic distributions in Table 17.

Table 17: HTTP Traffic Model Parameters

Component Distribution Parameters PDF
Main object size Truncated Mean = 10710 bytes r 2]
(Sm) Lognomal Std. dev. = 25032 bytes fo— 1 exp —(Inx— ) x>0
Minimum = 100 bytes X orox 252 T
Maximum = 2 Mbytes N -
c=137,u=8.35
Embedded Truncated Mean = 7758 bytes r 2]
objectsize (Sg) Lognomal Std. dev. = 126168 bytes £ = 1 exp —(In X—#) x>0
Minimum = 50 bytes X orox 2wl |
Maximum = 2 Mbytes N -
o =2.36,u=6.17
Number of Truncated Mean = 5.64 a
embedded Pareto Max. = 53 % K <
objects per page fy= ga < SX<m
(Na) X
o
k
i=| | x=m (NOTE)
X
m
a=11k=2,m=55
Reading time Exponential Mean = 30 sec —AX
(Dpe) fxz’le , x>0
A =0.033
Parsing tme (Tp) Exponential Mean =0.13 sec —JX
f X = ﬂe x>0
A=17.69
Note: Subtract k from the generated random value to obtain Ng

A.3.4.2 FTP Traffic Model Characteristics

In FTP applications, a session consists of a sequence of file transfers, separated by reading times.

parameters of an FTP session are:

1. S:thesize ofa file to be transferred

2. Dy reading time, i.e., the time interval between end of download of the previous file and the user request for the

next file.

The underlying transport protocol for FTP is TCP. The model of TCP connection described in

The two main

model the FTP traffic. The packet trace of an FT P session is shown in Figure 46.
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Packet calls

NN
pc

Packets of file 1 Packets of file 2 Packets of file 3
Figure 46: Packet Trace in a Typical FTP Session

The parameters for the FTP application sessions are described in Table 18.

Table 18: FTP Traffic Model Parameters

Component Distribution Parameters PDF
File size (S) Truncated Mean = 2Mbytes 2
Lognomal Std. Dev. = 0.722 Mbytes £ = 1 exp —(lnX—ﬂ) x>0
Maximum =5 Moytes X Iy~ 20_2 B
o =0.35 1 =14.45
Reading time Exponential Mean =180 sec. —AX
(Dpe) fx:/ie ,X=>0
A =0.006

Based on the results on packet size distribution, 76% of the files are transferred using and MTU of 1500 bytes and 24%
of the files are transferred using an MTU of 576 bytes. Note that these two packet sizes also include a 40 byte IP packet
header (thereby resulting in useful data payloads of 1460 and 536 bytes, respectively) and this header overhead for the
appropriate number of packets must be added to the file sizes calculated from the probabilistic distributions in Table 18.
For each file transfer a new T CP connection is used whose initial congestion window size is 1 segment (i.e. MTU).

A.3.4.3 NRTV (Near Real Time Video) Traffic Model Characteristics

This section describes a model for streaming video traffic on the forward link. Figure 47 describes the steady state of
video streaming traffic fromthe network, as seen by the base station. Latency at call startup is not considered in this
steady-state model.
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Video Streaming Session (= simulation time)

A

Y

A
1
time
0 T ; ; TOKDT L KT
T, (Buffering Window) — -~
) g bc (Packet Packet Size

Coding Delay)

Figure 47: Video Streaming Traffic Model

A video streaming session is defined as the entire video streaming call time, which is equal to the simulation time for
this model. Each frame of video data arrives at a regular interval T determined by the number of frames per second (fps).
Each frame is decomposed into a fixed number of slices, each transmitted as a single packet. The size of these
packets/slices is distributed as a truncated Pareto distribution. Encoding delay, Dc, at the video encoder introduces
delay intervals between the packets of a frame. These intervals are modelled by a truncated Pareto distribution.

The parameter Tg is the length (in seconds) of de-jitter buffer window in the mobile station, and is used to guarantee a
continuous display of video streaming data. This parameter is not relevant for generating the traffic distribution, but it
is useful for identifying periods when the real-time constraint of this service is not met. At the beginning of the

simu lation, it is assumed that the mobile station de-jitter buffer is full with (Tg X source video data rate) bits of data.
Over the simulation time, data is “leaked” out of this buffer at the source video data rate and “filled” as forward link
traffic reaches the mobile station. As a performance criterion, the mobile station can record the length of time, if any,
during which the de-jitter buffer runs dry. The de-jitter buffer window for the video streaming service is 5 seconds.

Using a source video rate of 64 kbps, the video traffic model parameters are defined in Table 19.

Table 19: Video Streaming Traffic Model Parameters.

Information Inter-arrival time Number of Packet (slice) size | Inter-arrival time
types between the packets (slices) between packets
beginning of in a frame (slices) in a frame
each frame
Distribution Deteministic Detemministic Truncated Pareto Truncated Pareto
(Based on 10fps) (Mean=50bytes, | (Mean=6ms, Max=
Max= 250bytes) 12.5ms)
Distribution 100ms 8 K =40 bytes K=2.5ms
Parameters a=12 oa=12

Only system-level simulations with homogenous traffic mixes are to be conducted. That is, for a particular simu lation,
all users will either have all FTP traffic, all HT TP traffic, or all NRTV traffic. There is no mixing of different traffic
types within a single simulation.

A.3.5 Performance Metrics

This section describes the performance statistics that are generated as an output fromthe system-level simulations. In
each case, a performance curve given as a function of the number of users per sector is generated.

A.3.5.1 Output Metrics for Data Services

The following statistics related to data traffics should be generated and included in the evaluation report for each

scheme. A frame as used below is also referred to as a transport block and consists of information bits, CRC, and tail
bits.
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1. Awerage cell throughput [k bps/cell] is used to study the network throughput performance, and is measured as

b
kT

R =

where b is the total number of correctly received data bits in all data UEs in the simulated system over the
whole simulated time, k is the number of cells in the simulation and T is the simulated time. In the case of only
evaluating the center cell site, k is the number of sectors.

2. Awrage packet call throughput [k bps] for user i is defined as

> _good bitsin packet call k of user i
R e (1) = =
pracal Z(tend_k _tarrival_k)

k

where k = denotes the k" packet call froma group of K packet calls where the K packet calls can be fora given
user i, tamiva i = first packet of packet call k arrives in queue, and ten « = last packet of packet k is received by
the UE. Note for uncompleted packet calls, teng i is Set to simulation end time. The mean, standard deviation,
and distribution of this statistic are to be provided.

3. The packetservice session FER is calculated for all the packet service sessions. A packet service session FER
is defined as the ratio

_ nerroneous_frames
session ~ !
r]frames

FER

Where Nerroneous frames 1S the total number of erroneous frames in the packet service session and nNeames is the total
number of frames in the packet service session. These individual packet service session FERs fromall packet
service sessions formthe distribution for this statistic. The mean, standard deviation, and the distribution of
this statistic are to be provided.

A Definition of a Packet Service Session: A Packet Service Session contains one or several packet calls
depending on the application. Packet service session starts when the transmis sion of the first packet of the first
packet call of a given service begins and ends when the last packet of the last packet call of that service has
been transmitted. (One packet call contains one or several packets.) Note, that FER statistics are only co llected
fromthose frames during which UE is receiving data.

4. The residual FER is calculated for each user for each packet service session. A packet service session residual
FER is defined by the ratio

n
__ " 'dropped_ frames
I:ERresidual -
nframes

Where Ngropped_frames 1S the total number of dropped frames in the packet service session and ngames is the total
number of frames in the packet service session. A dropped frame is one in which the maximum ARQ or
HARQ re-transmissions have been exhausted without the frame being successfully decoded. It does not
include the RLC initiated re-transmissions. The mean, standard deviation, and distribution of this statistic over
all the packet service sessions in the simu lation are to be provided.

5. The averaged packet delay per sector is defined as the ratio of the accumulated delay for all packets for all
UEs received by the sector and the total number of packets. The delay for an individual packet is defined as the
time between when the packet enters the queue at transmitter and the time when the packet is received
successively by the UE. If a packet is not successfully delivered by the end of a run, its ending time is the end
of the run.

6. System Outage

A useris in outage if more than a given percentage of packets (blocks) experience a delay of greater than a
certain time. The systemis considered to be in outage if any individual users are in outage.
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A.3.6 Channel Models and Interference

A.3.6.1 Channel Models

In this context, a channel model corresponds to a specific number of paths, a power profile giving the relative powers of
these multiple paths (ITU multi-path models), and Doppler frequencies to specify the fade rate.

The channel models (from 1 to 6) are randomly assigned to the various users according to the probability distribution
listed in Table 20. The channel model assigned to a specific user remains fixed over the duration of a simu lation drop.

Table 20: Channel Models and associated assignment probability distribution

Channel Model Multi-path # of Paths Speed (km/h) Fading Assignment

Model Probability
Model 1 Ch-100 1 30 Jakes 0.1
Model 2 Ch-100 1 120 Jakes 0.1
Model 3 Ch-104 6 30 Jakes 0.1
Model 4 Ch-104 6 120 Jakes 0.1
Model 5 Ch-102 4 3 Jakes 0.3
Model 6 Ch-103 6 3 Jakes 0.3

The channel models, UE speeds (for fading rates), and assignment probabilities listed in Table 20 are adapted from [1].
Note that a separate link-level simulation must be performed for each specific channel model and UE velocity
combination. Hence, there is a desire to minimize the number of different possible channel model combinations, while
ensuring that an accurate modelling of reality is also made. The assignment probabilities in Table 20 were selected to
agree with the corresponding probabilities in [1], while reducing the number of different distinct fading velocities in
order to reduce the number of link level simulations that must be performed.

The normalized power profiles for the different channel models such as flat fading: Ch-100, ITU vehicular-A: Ch-104,
ITU pedestrian-A: Ch-102, and ITU pedestrian-B: Ch-103 are given in Table 21. For the channel models that
correspond to the standard ITU channel models, the relative ratios of the path powers are the same, but the absolute
power values have been normalized so that they sumto 0 dB (unit energy) for each given channel model.

Table 21: Normalized power profiles for multi-path channel models

Channel Model Path 1 Path 2 Path 3 Path 4 Path 5 Path 6 Rake
(dB) (dB) (dB) (dB) (dB) (dB) Fingers
Flat Fading Ch-100 0 - - - - - 1
ITU Vec. ACh-104 -3.14 -4.14 -12.14 -13.14 -18.14 -23.14 1,2,3,4,5,6
ITU Ped. ACh-102 -0.51 -10.21 -19.71 -23.31 - - 1,234
ITU Ped. B Ch-103 -3.92 -4.82 -8.82 -11.92 -11.72 -27.82 1,2,3,4,5,6

The Rake finger column in the above table indicates the paths to which WCDMA Rake fingers will be assigned. It is
assumed that Rake fingers will be assigned to each multipath component within a given channel model [1]. It is also
possible to assign Rake fingers only to those channel taps that contain most of the signal power eg. not assign Rake
fingers to channel taps that attenuate the transmitted signal more than 10 dB.

A.4  System-Level Evaluation Methodology

This section of the Annexdefines one possible methodology for the system-level evaluation methodology of HSDPA
channels. This methodology may be used and referenced in submitting evaluations. If this methodology is not used then
a description of the methodology employed should be provided.
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A4.1 HSDPA release 5

Figure 48 illustrates a methodology for the system-level evaluation of HSDPA performance that was adopted by many
companies during the HSDPA study item. This methodology is especially applicable to the case of low/medium
Doppler, i.e. when the channel can be assumed to be constant during a TTI.

On system level, a UE exists within the simulated deploy ment. Based on the UE position, a short-time-average
geometry G , including the effect of distance-dependent path-loss, shadowing, and thermal noise, is determined for
each UE. Foreach UE and each TTI, an instantaneous channel-impulse response h(t) is generated according to the
average channel-delay profile (Pedestrian B, Vehicular A, etc.). In practice, the impulse response h(t) will be a
sampled impulse response, e.g. with a sampling time equal to the chip time.

In a time-dispersive environment, the channel will cause intra-cell interference due to loss of downlink orthogonality.
Thus, the MCS selection and the corresponding block-error probability depend on both the geometry G and the
instantaneous channel h(t). To directly map G and h(t) to an accurate estimate of the block-error probability
would require an overwhelming effort on link level and is not a feasible path. Instead, a well-defined mapping
function SIReff (G;h) s introduced, that maps G and h(t) to an effective SIR (a scalar value). The basic idea is

that the interference part of the effective SIR should include not only the inter-cell interference and noise but also the
non-orthogonal part of the intra-cell interference. Once the effective SIR is calculated, it can be used to find the block-
error probability for different MCS frombasic AW GN link-level-performance curves.

Link level System level
SIReff (G;h) Mapping funct. | G h - Determine short-term-

< SIRei( . ) < averaged Geometry
BLEPawen - Generate instantanoeus

channel

BLEP(G:h) T ik adaptation,

Scheduling, ARQ, etc.

—

-

Throughput

h 4

Figure 48: System-level methodology for HSDP A release 5

In case of low/medium Doppler, when the channel can be assumed to be constant overa TTI, it is straightforward to
derive the mapping function SIRgff (G;h) fordifferent linear receiver structures, such as asimple RAKE, a G-

RAKE, or a chip-level equalizer using e.g. the MMSE criteria.

In the case of high Doppler, i.e. when the channel cannot be assumed to be constant over the TTI, the above
methodology cannot be applied as straightforwardly as for the case of low/medium Doppler. The reason is that, in this
case, the effective SIR cannot be assumed to be constant during the TTI. Thus, a more comp lex mapping function may
be needed for accurate performance estimation.

A.4.2 HSDPA using OFDM modulation

For OFDM with a sufficiently large cyclic prefix, there is no intra-cell interference even in case of a time -dispersive
channel. However, this does not imply that OFDM performance will not suffer froma frequency-selective (time-
dispersive) channel. The reason is that, in case of OFDM and a frequency-selective channel, different coded bits will be
subject to different instantaneous channel quality (different SIR). Channel coding and frequency-domain interleaving
will reduce the negative effect of a frequency-selective channel on OFDM performance but will not eliminate it
completely (the negative effect will be much higher at higher-rate coding, i.e. higher data rates, though).
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For a correct system-level comparison between HSDPA release 5 and HSDPA using OFDM modulation, the negative
effect of a frequency-selective channel on OFDM performance obviously needs to be taken into account in a
sufficiently accurate way. It is also preferred that the methodology used to evaluate the system performance of HSDPA
using OFDM modulation is aligned as much as possible with the system methodology used for HSDPA release 5. In
this way, irrelevant performance deviations that are due to differences in the methodology are minimized and one can
focus on the inherent differences of the different techniques.

Thus, this methodology for evaluating the system-level performance of OFDM modulation consists of the following
steps:

-, Onsystem level, a UE exists within the simulated deploy ment and a short-termaveraged geometry G is calculated
foreach UE. This step should be identical to HSDPA release 5 (same positions, same shadowing, etc.)

-. Foreach UE and each TTI, an instantaneous channel is derived. In the OFDM case, the channel is preferable
expressed in the frequency domain, i.e. as a frequency response H( f) (in practice H(f) is sampled in the

frequency domain). Note that the channel could still be generated from an identical basic channel (same set of rays)
as for HSDPA release 5. Thus, also this step should be fundamentally identical to HSDPA release 5.

- A mapping function SIRgff (G;H) is introduced that maps the geometry G and the frequency response

H( f )to an effective SIR value (a scalar value).

-. The effective SIR is used to find the block-error probability from AW GN link-level-performance curves, exactly as
for HSDPA release 5.

Link level System level

SIReff (G;H ) Mapping funct. | H - Determine short-term-
SIRer( . ) < averaged Geometry

BLEPawoN - Generate instantanoeus
channel H(f)

BLEP(G:H) " Link adaptation,

Scheduling, ARQ, etc.
[ ]

-

Throughput

A

A

Figure 49: System-level methodology for HSDP A using OFDM modulation

A.4.3 Effective SIR Mapping Functions

A.4.3.1 Effective SIR Mapping Function for WCDMA

A4311 Effective SIR Mapping Function for WCDMA RAKE Receivers

The vector of finger outputs for a RAKE receiver, Y, may be expressed as a sumof a signal part and a noise plus
interference part as follows

y =hs+u.

Here, S is the desired symbol, h is the channel response vector, and U models the overall noise and interference. The
vector U is assumed to consist of complex Gaussian random variables with zero mean and covariance:
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R, = E{uu”}.

The channel response vector for the finger with delay d; is given by the expression:

n(d))=E 2 0.R,(d; -7)

where,
- Egis the energy of the desired symbol (the symbol S itself is assumed to be normalized, i.e. |S|2 =1),

- L is the number of channel paths,

- @, isthe complex gain of the {th path (¢=1,...,L),

- 7, is the delay of the ¢th path, and

- Rp(d; - t) is the autocorrelation of the pulse shape evaluated at the difference in delay between the jth finger and the
{th path.

The calculation of the total noise plus interference covariance matrix Ry is as described in reference [9]. To summarize
this development, the total covariance matrix consists of the sumof three other covariance matrices:

Ry =EgRis1 + (Etor —Eg)Rmci + NgRp.- In this equation,
- R\g is the covariance of the inter-sy mbol interference,
- Rpci is the covariance of the multi-code interference,
- Ryis the covariance of the noise,
- E, is the transmitted energy in the desired symbol,
- Eqor is the total energy in the transmitted symbols, and
- N, is the one-sided power spectral density of the noise.
With hand Ry, defined, the effective SIR fora RAKE receiver may be calcu lated as
h"hh"h

SIR=-—-— 1,
h"R,h

A.4312 Effective SIR Mapping Function for WCDMA MMSE Receivers

The SIR at the receiver output after MMSE filtering can be calculated as:

[wgh, ”2

SIR. =~ =
2 2
2. Iwohi[+ w55

i=0,i=d

where 5X2 is the variance of the transmitted signal and éf /2 s the additive Gaussian noise variance. Wy is the

vector of MMSE equalizer tap coefficients and hj is the ith column of the channel response matrix I (see [9] for the
details). E is the span of the equalizer, in chips, and L is the delay spread of the channel. The above expression for SIR
is an energy-per-chip to noise plus interference density ratio. This can be converted to an energy-per-symbol to noise
plus interference density ratio with the expression
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SIR=SIR,.-

SF { traffic power
#codes | totalpower )

A.43.1.3 Effective SIR Mapping Function for WCDMA Receivers with Node B
Impairments

The effective SIR fora WCDMA RAKE or MMSE receiver when including the effect of the Tx EVM is determined by

1
1 1

+
SI Rno EVM SI REVM

SIR =

where, SIR,, evm is the SIR as specified in section A.4.3.1.1and A.4.3.1.2 for the RAKE and MMSE respectively, and
SIRgywm is a constant value specified by,

SIREVM = L
EVM 2 £ P
SF Ptraff

where, EVM is the error vector magnitude value (assumed to be 12.5% as specified as the maximum permitted for
16-QAM transmission), K is the number of codes carrying data, SF=16 is the spreading factor of the data, and

is the ratio of total transmitted power to traffic power.
traff

P
Therefore, when EVM=12.5%, K=15, SF=16, and t:“ -08,

X

then

SIR,,,, =17.4dB.

A.4.3.2 Effective SIR Mapping Functions for OFDM

This section contains proposed mapping functions for mapping the current channel conditions in an OFDM system-
level simulator to an effective SIR that can then be used to determine the expected BLER from AW GN curves.

A4321 OFDM Exponential Effective SIR Mapping

The OFDM subcarrier SIR for an OFDM receiver may be calcu lated at the system-level as a function of the subcarrier

power (which is a function of the channel’s current frequency response), the current geometry ( G ), the FFT size (N),
and the cyclic prefix length (N;), the percentage of maximum total available trans mission power allocated to the data
subcarriers (Rp), the number of data subcarriers per TT1 (Nsp), and the number of total useful subcarriers per TT1 (Ns7):

yk:P(k)xéx{ N Jx Ro
N+N, ) Ng/Ng

Assuming that the multi-path fading magnitudes M,(t) and phases ,(t) are constant over the observation interval, the
frequency-selective fading power profile value for the k™ subcarrier can be calculated as:

Raths il6,-27 1, ] * s i, —j2xf,T i
— P k'p — P~ k'p
P(k)— ElMpApe = ElMpApe e
p= p=
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where p represents the multi-path path index, A, is the amplitude value corresponding to the long-termaverage power
for the pth path (assuming that the sumof the long-term path powers in the channel model has been normalized), f is the
relative frequency offset of the k™ subcarrier within the spectrum, and T, is the relative time delay of the pth path. It is

assumed here that the fading profile is normalised such that E[P(k)] =1.

The effective SIR mapping for these channel conditions can then be computed as

1 N, ds
SIRg =—BIn| —> e’ |
Nu k=1

where [ is a parameter that must be optimized from link-level simu lation results for every modulation and coding

rate combination. Note that a subset of the N useful subcarriers could also be used to evaluate the effective SIR for
reasons of computational efficiency.

A43.22 Effective SIR Mapping Function for OFDM with Node B Impairments

The effective SIR for OFDM when including the effect of the TXx EVM is determined by computing the SIR for each
sub-carrier m with the expression

1

j/m: 1 1
—+

VmnoevM  VmEVM

where ymno evm IS the SIR of sub-carrier m without the EVM as specified in section A.4.3.2.1and yy, evm the constant
value specified by,

T,F

u" c

Vmewm = P ‘
EVMZND( ]

traff

where, EVM is the error vector magnitude value (assumed to be 12.5% as specified as the maximum permitted for
16-QAM transmission), F. is WCDMA spreading rate, Np i the number of data symbols per OFDM symbol, T, is

the useful OFDM sy mbol duration, and is the ratio of total transmitted power to traffic power.

traff

Ptraff

Therefore, for parameter set 2 and with EVM=12.5%, Np = 7200/12 = 600, and =0.8, then

X
Ymew =17.1dB . Once the SIR is determined for all of the sub-carriers, the effective SIR can be computed with, for
instance, the exponential mapping,

1 N, Y
SIR =—pIn| —> e’
Nu k=1

A.4.4 System-Level HARQ Modelling

A.4.41 Chase-Combining HARQ Modelling for OFDM

The effects of chase-combining HARQ for OFDM can be modelled at the system-level using the following steps.
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1. Foreach TTI, calculate the signal strength for each OFDM subcarrier (QAM symbol) fromthe channel frequency
response for the corresponding OFDM symbol.

2. Calculate the interference-plus-noise power for each OFDM subcarrier (QAM symbol) in the TT1.

3. Permute the signal strength and interference-plus-noise power values according to the physical channel mapping and
user multiplexing that is in effect for the current TTI in order to place the QAM symbols in the correct order for
QAM demapping.

4. Perform HARQ combining by adding the signal magnitudes for the just received TTI to those present from any
previous HARQ combining for that particular data block, and then calculate the power of the combined signal for
each QAM symbol.

5. Sum the interference-plus-noise powers for multiple trans mission attempts of the same data block.

6. The individual SIR values on the HARQ-combined QAM symbols may then be used to performthe effective SIR
mapping mapping.

For greater computational efficiency, the following simplifying assumptions may be made if appropriate.

- Forslowly varying channels (e.g. 3 km/h pedestrian channels), the channel frequency response can be assumed to be
the same for all OFDM symbols in a given TTI. For a higher velocity channel, it may be necessary to recalculate
the current channel frequency response for each OFDM symbol.

- Asubset of equally-spaced representative subcarriers (or corresponding QAM symbols) may be used in place of all
of the subcarriers (or QAM sy mbols) withina TTI.

- The interference-plus-noise power will be the same for all subcarriers (or QAM symbols) within a TT1 if flat fading
is assumed from the interfering cells and all cells (both the target cell and interfering cells) are assumed to be fully
loaded. Otherwise, it will be necessary to calculate the interference-plus-noise power individually for each
subcarrier (or QAM symbol).

A.45 Reference AWGN TTI BLER Curves for System-Level
Simulations

Figure 50 and Figure 51 contain reference AWGN TTI BLER curves for use when modelling link-level performance
within a system-level simulator. These curves are for a payload size corresponding to 15 data units (7200 QAM
symbols per TTI) , and are valid for both OFDM and WCDMA (given the same MCS). For greater accuracy, the
specific points on the TTI BLER curves are also listed in Table 22 and Table 23. Note that the columns labeled SIR in
the tables refer to post-receiver SIR (as measured at the output of the receiver or, equivalently, at the input to the
CCTrCH decoder). The turbo decoder used for these link-level simulations used a log-MAP decoding algorithm. A
maximumof eight iterations were used, although an early stopping criterion was also in effect if the turbo decoder
converged prior to the maximum number of decoding iterations being performed.
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Reference BLER Curves, AWGN, QPSK
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Figure 50: Reference TTI BLER curwes in an AWGN channel (QPS K link modes)
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Reference BLER Curves, AWGN, 16QAM
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Figure 51: Reference TTIBLER curwes in an AWGN channel (16QAM link modes)

Table 22: Reference TTI BLER curve points for an AWGN channel (QPSK link modes)

QPSK, Rate 1/3 QPSK, Rate 1/2 QPSK, Rate 2/3 QPSK, Rate 3/4 QPSK, Rate 4/5
SIR (dB) BLER SIR (dB) BLER | SIR(dB) BLER SIR (dB) BLER | SIR(dB) BLER
-1.94 1.00E+0 0.62 1.00E+0 2.67 1.00E+0 3.98 1.00E+0 4.66 1.00E+0
-1.74 9.95E-1 0.82 9.45E-1 2.87 9.90E-1 4.18 9.40E-1 4.86 9.94E-1
-1.54 8.03E-1 1.02 3.95E-1 3.07 6.76E-1 4.38 3.98E-1 5.06 7.28E-1
-1.34 1.79E-1 1.22 2.76E-2 3.27 9.97E-2 458 3.97E-2 5.26 1.38E-1
-1.14 4.10E-3 1.32 4.13E-3 3.47 6.50E-3 478 3.30E-3 5.46 4 97E-3

Table 23: Reference TTI BLER curve points for an AWGN channel (16QAM link modes)

16QAM, Rate 1/3 16QAM, Rate 1/2 16QAM, Rate 2/3 16QAM, Rate 3/4 16QAM, Rate 4/5
SIR(dB) | BLER | SIR(dB) | BLER [ SIR(dB) | BLER | SIR(dB) | BLER | SIR(dB) | BLER
3.06 | 1.00E+0 | 582 | 1.00E+0 | 8.47 [ 1.00E+0 | 10.18 [ 1.00E+0 | 11.07 | 1.00E+0
3.26 | 9.14E-1 6.02 9.94E-1 8.67 9.92E-1 | 10.38 [ 8.95E-1 | 11.27 | 9.51E-1
3.46 | 2.58E-1 6.22 5.89E-1 8.87 6.67E-1 | 1058 | 2.79E-1 | 11.47 | 3.60E-1
356 | 5.72E-2 6.42 | 4.49E-2 9.07 1.08E-1 | 10.78 | 2.00E-2 | 11.67 | 2.42E-2
3.66 | 7.15E-3 6.52 5.70E-3 9.27 1.11E-2 | 10.98 | 1.57E-3 | 11.77 | 3.30E-3
9.37 3.80E-3
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A.4.6 Reference 3 Values for the OFDM EESM Approach in
System-Level Simulations

A.4.6.1 Reference B Values Using a Random OFDM Subcarrier Interleaver

Table 24 contains a reference set of B values that may be used with the OFDM Exponential Effective SIR Mapping
(EESM) technique described in Section A.4.3.2.1 for performing OFDM system-level simu lations with the reference
AWGN BLER curves from Section A.4.4. Note that these B values were estimated from link-level simulations using a
random OFDM subcarrier interleaver.

Table 24: Estimated values for the 8 parameter in the Exponential Effective SIR Mapping (EESM) for
each link mode using a random OFDM subcarrier interleaver

Modulation Code Rate B

1/3 1.49

172 1.57

QPSK 2/3 1.69
3/4 1.69

4/5 1.65

1/3 3.36

12 4.56

16QAM 2/3 6.42
3/4 7.33

4/5 7.68
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A.5  System Simulation Results

A5.1 Reference Performance (White Interference, No

|mpairments)

The following tables summarize the results of system-level performance evaluations that were conducted according to
the simulation assumptions and methodologies described earlier in this Annex.  Note that no code/unit division

multiplexing has been performed, i.e. 15 units are assigned to a single user in each TTI.

based on the following assumptions:

- The interference can be modelled as AWGN.

- Node B/UE impairments are not modelled.

- ldeal channel estimation is used.

Note also that the results are

The channel models that were evaluated include Ped A and Ped B, both at 3km/h, while the traffic models that were

evaluated include full-queue, FTP,and HTTP.

were evaluated.

Both the maximum throughput and round-robin scheduling algorithms

Table 25: System-level performance results for full queue traffic in Ped A with maximum throughput

scheduling
Technology Users Per Average OTA Ave. Packet Call Average Residual Average Packet
Sector Thruput (Mbps) Thruput (kbps) BLER Delay (sec)
10 10.77 1077 0.000 -
20 11.35 567 0.000 —
OFDM 40 1151 288 0.000 —
60 11.52 192 0.000 —
80 11.52 144 0.000 —
100 11.52 115 0.000 -
10 10.75 1075 0.000 —
20 11.38 569 0.000 -
WCDMA 40 11.50 287 0.000 —
(MMSE) 60 11.51 192 0.000 —
80 11.52 144 0.000 —
100 11.52 116 0.000 -
10 6.14 614 0.000 -
20 6.77 338 0.000 -
WCDMA 40 7.17 179 0.000 -
(Rake) 60 7.32 122 0.000 -
80 7.43 93 0.000 —
100 7.51 75 0.000 —
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Table 26: System-level performance results for full queue traffic in Ped A with round robin

scheduling
Technology Users Per Average OTA Ave. Packet Call Average Residual Average Packet
Sector Thruput (Mbps) Thruput (kbps) BLER Delay (sec)
10 5.16 516 0.006 -
20 4.86 243 0.003 —
OFDM 40 4.66 116 0.001 -
60 474 79 0.001 -
80 4.63 58 0.001 -
100 4.72 47 0.001 -
10 5.12 512 0.007 -
20 4.76 238 0.003 -
WCDMA 40 4.56 114 0.001 -
(MMSE) 60 4.65 77 0.002 -
80 4.53 57 0.002 —
100 4.60 46 0.002 -
10 3.08 308 0.009 —
20 2.94 147 0.004 -
WCDMA 40 2.85 71 0.003 —
(Rake) 60 2.89 48 0.003 -
80 2.86 36 0.002 -
100 2.88 29 0.003 —

Table 27: System-level performance results for full queue traffic in Ped B with maximum throughput

scheduling
Technology Users Per Average OTA Ave. Packet Call Average Residual Average Packet
Sector Thruput (Mbps) Thruput (kbps) BLER Delay (sec)
10 10.29 1029 0.000 —
20 11.16 558 0.000 -
OFDM 40 11.46 286 0.000 —
60 11.50 192 0.000 -
80 1151 144 0.000 -
100 11.52 115 0.000 —
10 7.78 778 0.000 -
20 8.57 428 0.000 -
WCDMA 40 9.33 233 0.000 -
(MMSE) 60 9.62 160 0.000 -
80 9.92 124 0.000 —
100 10.08 102 0.000 -
10 3.92 392 0.000 -
20 4.23 211 0.000 -
WCDMA 40 4.49 112 0.000 -
(Rake) 60 462 77 0.000 -
80 4.71 59 0.000 -
100 477 48 0.000 —
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Table 28: System-level performance results for full queue traffic in Ped B with round robin

scheduling
Technology Users Per Average OTA Ave. Packet Call Average Residual Average Packet
Sector Thruput (Mbps) Thruput (kbps) BLER Delay (sec)
10 5.24 524 0.001 -
20 5.14 257 0.000 —
OFDM 40 5.03 126 0.000 -
60 5.04 84 0.000 -
80 4.99 62 0.000 -
100 5.01 50 0.000 —
10 3.89 389 0.000 -
20 3.86 193 0.001 -
WCDMA 40 3.73 93 0.000 -
(MMSE) 60 3.76 63 0.000 -
80 3.72 47 0.000 —
100 3.78 38 0.000 -
10 2.36 236 0.001 —
20 2.34 117 0.000 -
WCDMA 40 2.31 58 0.000 —
(Rake) 60 2.31 39 0.000 -
80 2.30 29 0.000 -
100 2.31 23 0.000 —

Table 29: System-level performance results for FTP traffic in Ped A with maximum throughput

scheduling
Technology Users Per Average OTA Ave. Packet Call Average Residual Average Packet
Sector Thruput (Mbps) Thruput (kbps) BLER Delay (sec)
10 3.99 3363 0.021 1.30
20 4.28 3034 0.016 1.40
OFDM 40 4.75 2128 0.011 2.02
60 5.49 1425 0.005 2.98
80 6.55 911 0.001 461
100 7.57 596 0.000 6.51
10 3.88 3252 0.024 1.33
20 4.10 2399 0.020 1.47
WCDMA 40 4.72 2098 0.011 2.00
(MMSE) 60 5.56 1366 0.005 3.09
80 6.59 880 0.001 4.65
100 7.54 593 0.000 6.55
10 2.77 2154 0.027 201
20 3.04 1743 0.018 251
WCDMA 40 3.66 1016 0.007 4.22
(Rake) 60 454 524 0.001 7.60
80 5.14 322 0.000 11.25
100 5.57 224 0 13.54
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Table 30: System-level performance results for FTP traffic in Ped A with round robin scheduling

Technology Users Per Average OTA Ave. Packet Call Average Residual Average Packet
Sector Thruput (Mbps) Thruput (kbps) BLER Delay (sec)
10 3.90 3055 0.021 141
20 3.87 2237 0.022 2.00
OFDM 40 4.03 1042 0.018 4.32
60 4.09 351 0.009 12.23
80 4.08 165 0.004 24.07
100 4.17 116 0.003 3141
10 3.79 2942 0.026 1.44
20 3.77 2157 0.026 2.03
WCDMA 40 3.86 884 0.022 5.02
(MMSE) 60 3.95 329 0.012 12.92
80 3.94 158 0.006 24.93
100 4.02 108 0.004 33.47
10 2.65 1860 0.029 2.38
20 2.62 1138 0.030 3.90
WCDMA 40 2.75 336 0.018 12.84
(Rake) 60 2.66 127 0.008 30.28
80 2.76 83 0.005 40.37
100 2.75 62 0.004 48.61

Table 31: System-level performance results for FTP traffic in Ped B with maximum throughput

scheduling
Technology Users Average OTA Ave. Packet Call Average Average Packet
Per Thruput (Mbps) Thruput (kbps) Residual BLER Delay (sec)
Sector
10 3.80 3153 0.004 1.38
20 4.01 2702 0.002 1.61
OFDM 40 4.45 1802 0.002 2.33
60 5.10 1026 0.001 3.97
80 6.11 601 0.000 6.28
100 6.90 413 0.000 8.20
10 3.27 2636 0.003 1.68
20 3.39 2100 0.003 2.07
WCDMA 40 3.83 1170 0.002 3.56
(MMSE) 60 4.67 636 0.000 6.38
80 5.45 366 0.000 9.57
100 6.04 274 0.000 10.86
10 2.32 1664 0.004 2.63
20 2.47 1210 0.002 3.58
WCDMA 40 3.03 490 0.000 8.54
(Rake) 60 3.58 246 0.000 14.61
80 3.88 161 0.000 19.22
100 4.10 119 0.000 23.39

3GPP

77




Release 6

78

3GPP TR 25.892 V6.0.0 (2004-06)

Table 32: System-level performance results for FTP traffic in Ped B with round robin scheduling

Technology Users Per Average OTA Ave. Packet Call Average Residual Average Packet
Sector Thruput (Mbps) Thruput (kbps) BLER Delay (sec)
10 3.77 2956 0.003 1.46
20 3.85 2233 0.003 1.99
OFDM 40 3.89 905 0.002 4.96
60 4.02 338 0.001 12.62
80 4.22 180 0.000 22.36
100 4.32 123 0.000 29.87
10 3.09 2239 0.005 2.02
20 3.12 1548 0.004 2.93
WCDMA 40 3.25 544 0.003 8.14
(MMSE) 60 3.34 200 0.001 20.55
80 3.37 118 0.001 3154
100 3.49 85 0.000 39.57
10 2.15 1401 0.005 3.25
20 2.23 827 0.004 5.46
WCDMA 40 2.25 190 0.002 21.86
(Rake) 60 2.25 96 0.001 37.37
80 2.27 63 0.000 48.48
100 2.29 48 0.000 55.55

Table 33: System-level performance results for HTTP traffic in Ped A with maximum throughput

scheduling
Technology Users Per Average OTA Ave. Packet Call Average Residual Average Packet
Sector Thruput (Mbps) Thruput (kbps) BLER Delay (sec)
10 2.87 456 0.027 0.14
20 2.89 448 0.027 0.12
OFDM 40 291 442 0.026 0.15
60 3.00 435 0.023 0.14
80 3.06 426 0.021 0.16
100 3.13 414 0.019 0.17
10 2.73 442 0.034 0.14
20 2.78 446 0.031 0.13
WCDMA 40 2.84 438 0.029 0.15
(MMSE) 60 201 427 0.027 0.15
80 2.98 422 0.025 0.16
100 3.06 416 0.022 0.19
10 2.16 436 0.038 0.19
20 2.14 428 0.038 0.23
WCDMA 40 2.17 408 0.035 0.23
(Rake) 60 2.27 394 0.029 0.23
80 2.34 382 0.026 0.27
100 2.44 362 0.022 0.29
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Table 34: System-level performance results for HTTP traffic in Ped A with round robin scheduling

Technology Users Per Average OTA Ave. Packet Call Average Residual Average Packet
Sector Thruput (Mbps) Thruput (kbps) BLER Delay (sec)
10 2.93 451 0.027 0.12
20 2.87 457 0.028 0.15
OFDM 40 2.94 454 0.026 0.16
60 2.86 436 0.027 0.20
80 2.91 428 0.026 0.21
100 2.93 412 0.026 0.25
10 2.76 442 0.032 0.13
20 2.75 447 0.034 0.14
WCDMA 40 2.81 449 0.031 0.17
(MMSE) 60 2.84 436 0.031 0.20
80 2.85 425 0.032 0.24
100 2.86 409 0.030 0.26
10 211 426 0.041 0.19
20 2.13 420 0.040 0.22
WCDMA 40 212 405 0.039 0.23
(Rake) 60 2.13 389 0.037 0.30
80 2.18 370 0.035 0.42
100 2.20 338 0.034 0.56

Table 35: System-level performance results for HTTP traffic in Ped B with maximum throughput

scheduling
Technology Users Per Average OTA Ave. Packet Call Average Residual Average Packet
Sector Thruput (Mbps) Thruput (kbps) BLER Delay (sec)
10 3.00 469 0.005 0.16
20 3.19 466 0.003 0.13
OFDM 40 3.12 453 0.004 0.14
60 3.18 442 0.003 0.15
80 3.17 432 0.003 0.17
100 3.24 424 0.003 0.19
10 2.66 446 0.005 0.15
20 2.65 453 0.005 0.18
WCDMA 40 2.67 443 0.005 0.20
(MMSE) 60 2.71 422 0.005 0.18
80 2.73 407 0.004 0.21
100 2.78 389 0.004 0.23
10 1.94 424 0.005 0.24
20 1.97 423 0.005 0.26
WCDMA 40 2.01 400 0.005 0.29
(Rake) 60 2.08 380 0.004 0.31
80 2.09 351 0.004 0.36
100 2.19 320 0.003 0.42
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Table 36: System-level performance results for HTTP traffic in Ped B with round robin scheduling

Technology Users Per Average OTA Ave. Packet Call Average Residual Average Packet
Sector Thruput (Mbps) Thruput (kbps) BLER Delay (sec)
10 3.06 468 0.004 0.13
20 3.11 468 0.004 0.14
OFDM 40 3.11 461 0.004 0.16
60 3.06 448 0.004 0.17
80 3.12 440 0.004 0.20
100 3.13 430 0.003 0.25
10 2.64 464 0.005 0.16
20 2.60 458 0.005 0.19
WCDMA 40 257 438 0.006 0.21
(MMSE) 60 2.63 429 0.005 0.23
80 264 416 0.005 0.29
100 2.66 395 0.005 0.35
10 1.95 432 0.006 0.24
20 1.96 427 0.006 0.25
WCDMA 20 1.94 408 0.005 0.32
(Rake) 60 1.98 387 0.005 0.42
80 1.97 346 0.005 0.49
100 1.99 296 0.004 0.80
A.5.2 Reference Performance (White Interference, Node B

Impairments)

The following tables summarize the results of system-level performance evaluations that were conducted according to
the simulation assumptions and methodologies described earlier in this Annex.  Note that no code/unit division

multiplexing has been performed, i.e. 15 units are assigned to a single user in each TTI.

based on the following assumptions:

- The interference can be modelled as AWGN.

- Node B impairments are modelled according to the methodology described in Section A.4.3.

- UE impairments are not modelled.

Note also that the results are

The channel models that were evaluated include Ped A and Ped B, while the traffic models that were evaluated include
full-queue, FTP, and HTTP.
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Table 37: System-level performance results for full queue traffic in Ped A with maximum throughput

scheduling
Technology Users Per Average OTA Ave. Packet Call Average Residual Average Packet
Sector Thruput (Mbps) Thruput (kbps) BLER Delay (sec)
10 10.53 1055 0.000 -
20 11.27 563 0.000 —
OFDM 40 11.47 287 0.000 -
60 1151 192 0.000 -
80 11.52 144 0.000 -
100 11.52 115 0.000 —
10 10.44 1046 0.000 -
20 11.19 559 0.000 -
WCDMA 40 11.47 287 0.000 -
(MMSE) 60 1151 192 0.000 =
80 11.51 144 0.000 —
100 11.52 115 0.000 -
10 5.88 588 0.000 —
20 6.38 319 0.000 -
WCDMA 40 6.81 170 0.000 -
(Rake) 60 6.97 116 0.000 -
80 7.07 88 0.000 -
100 7.12 71 0.000 —

Table 38: System-level performance results for full queue traffic in Ped A with round robin

scheduling
Technology Users Per Average OTA Ave. Packet Call Average Residual Average Packet
Sector Thruput (Mbps) Thruput (kbps) BLER Delay (sec)
10 494 493 0.005 —
20 4.74 237 0.002 -
OFDM 40 4.48 112 0.001 —
60 4.56 76 0.001 -
80 452 56 0.001 -
100 4.57 46 0.001 —
10 4.95 495 0.007 -
20 4.49 224 0.003 -
WCDMA 40 4.41 110 0.001 -
(MMSE) 60 4.46 74 0.002 -
80 443 55 0.001 —
100 447 45 0.002 -
10 2.99 299 0.009 -
20 2.83 142 0.005 -
WCDMA 40 2.74 68 0.003 -
(Rake) 60 2.75 46 0.003 —
80 2.73 34 0.003 -
100 2.76 28 0.003 —
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Table 39: System-level performance results for full queue traffic in Ped B with maximum throughput

scheduling
Technology Users Per Average OTA Ave. Packet Call Average Residual Average Packet
Sector Thruput (Mbps) Thruput (kbps) BLER Delay (sec)
10 10.00 1007 0.000 -
20 10.88 544 0.000 —
OFDM 40 11.35 284 0.000 -
60 11.46 191 0.000 -
80 11.49 144 0.000 -
100 11.50 115 0.000 —
10 7.43 743 0.000 -
20 8.09 405 0.000 -
WCDMA 40 8.75 219 0.000 -
(MMSE) 60 9.09 151 0.000 -
80 9.27 116 0.000 —
100 9.43 94 0.000 -
10 3.75 375 0.000 —
20 4.04 202 0.000 -
WCDMA 40 4.30 108 0.000 -
(Rake) 60 4.45 74 0.000 -
80 453 57 0.000 -
100 4.59 46 0.000 —

Table 40: System-level performance results for full queue traffic in Ped B with round robin

scheduling
Technology Users Per Average OTA Ave. Packet Call Average Residual Average Packet
Sector Thruput (Mbps) Thruput (kbps) BLER Delay (sec)
10 5.07 507 0.001 -
20 4.90 245 0.000 -
OFDM 40 4.80 120 0.000 -
60 4.84 81 0.000 -
80 4.79 60 0.000 —
100 4.84 48 0.000 —
10 3.85 385 0.001 -
20 3.78 189 0.000 —
WCDMA 40 3.62 91 0.000 -
(MMSE) 60 3.67 61 0.000 —
80 3.63 45 0.000 -
100 3.68 37 0.000 —
10 2.28 228 0.001 -
20 221 111 0.000 -
WCDMA 40 2.23 56 0.000 -
(Rake) 60 2.22 37 0.000 -
80 2.20 27 0.000 -
100 221 22 0.000 —
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Table 41: System-level performance results for FTP traffic in Ped A with maximum throughput

scheduling
Technology Users Per Average OTA Ave. Packet Call Average Residual Average Packet
Sector Thruput (Mbps) Thruput (kbps) BLER Delay (sec)
10 3.81 3195 0.020 1.37
20 4.09 2845 0.016 151
OFDM 40 461 2040 0.010 2.09
60 541 1304 0.004 3.30
80 6.55 798 0.001 5.19
100 7.37 551 0.000 7.05
10 3.90 3292 0.023 1.26
20 4.03 2790 0.019 1.55
WCDMA 40 4.49 1926 0.012 2.18
(MMSE) 60 5.45 1249 0.004 342
80 6.43 818 0.001 5.03
100 7.33 527 0.000 7.33
10 2.68 2094 0.027 2.08
20 2.93 1698 0.019 2.54
WCDMA 40 3.54 904 0.006 476
(Rake) 60 4.37 475 0.001 8.71
80 4.98 300 0.000 11.54
100 5.36 208 0.000 14.25

Table 42: System-level performance results for FTP traffic in Ped A with round robin scheduling

Technology Users Per Average OTA Ave. Packet Call Average Residual Average Packet
Sector Thruput (Mbps) Thruput (kbps) BLER Delay (sec)
10 3.67 2892 0.021 1.59
20 3.74 2143 0.021 2.05
OFDM 40 3.87 938 0.018 4.80
60 3.98 315 0.009 13.81
80 3.96 160 0.004 2451
100 4.02 109 0.003 33.05
10 3.85 3016 0.023 1.44
20 3.55 2015 0.027 2.13
WCDMA 40 3.78 788 0.019 5.67
(MMSE) 60 3.92 309 0.011 13.78
80 3.84 152 0.005 25.57
100 4.02 109 0.004 32.77
10 251 1747 0.031 251
20 2.55 1139 0.030 3.93
WCDMA 40 2.62 296 0.017 14.62
(Rake) 60 261 121 0.008 31.06
80 2.64 77 0.005 42.42
100 2.65 59 0.004 49.84
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Table 43: System-level performance results for FTP traffic in Ped B with maximum throughput

scheduling
Technology Users Per Average OTA Ave. Packet Call Average Residual Average Packet
Sector Thruput (Mbps) Thruput (kbps) BLER Delay (sec)
10 3.83 3169 0.003 1.37
20 3.89 2655 0.003 1.60
OFDM 40 4.32 1637 0.001 2.60
60 5.07 942 0.000 4.42
80 5.97 549 0.000 6.82
100 6.72 378 0.000 8.73
10 3.11 2518 0.005 1.73
20 3.35 2099 0.003 2.06
WCDMA 40 3.78 1081 0.001 3.81
(MMSE) 60 457 596 0.000 6.58
80 5.32 358 0.000 9.96
100 5.90 254 0.000 11.72
10 2.25 1628 0.003 2.71
20 243 1086 0.002 4.02
WCDMA 40 3.00 432 0.000 9.64
(Rake) 60 3.50 225 0.000 15.63
80 3.77 151 0.000 20.14
100 3.94 112 0.000 24.34

Table 44: System-level performance results for FTP traffic in Ped B with round robin scheduling

Technology Users Per Average OTA Ave. Packet Call Average Residual Average Packet
Sector Thruput (Mbps) Thruput (kbps) BLER Delay (sec)
10 3.54 2701 0.003 1.67
20 3.82 2268 0.003 1.99
OFDM 40 3.82 820 0.002 5.52
60 3.93 311 0.001 13.86
80 412 168 0.000 23.27
100 421 118 0.000 31.37
10 3.15 2314 0.004 1.98
20 3.06 1478 0.004 2.96
WCDMA 40 3.20 548 0.003 7.95
(MMSE) 60 331 203 0.001 20.12
80 3.33 115 0.000 31.66
100 3.41 81 0.000 41.27
10 2.15 1386 0.004 3.25
20 2.17 781 0.003 5.78
WCDMA 40 2.18 193 0.001 21.17
(Rake) 60 2.16 88 0.001 39.84
80 2.17 60 0.000 50.42
100 2.20 46 0.000 57.40
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Table 45: System-level performance results for HTTP traffic in Ped A with maximum throughput

scheduling
Technology Users Per Average OTA Ave. Packet Call Average Residual Average Packet
Sector Thruput (Mbps) Thruput (kbps) BLER Delay (sec)
10 2.82 460 0.027 0.14
20 2.89 460 0.026 0.14
OFDM 40 2.89 442 0.025 0.13
60 2.97 430 0.023 0.15
80 2.99 418 0.021 0.16
100 3.11 416 0.018 0.18
10 2.71 457 0.033 0.14
20 2.72 446 0.031 0.13
WCDMA 40 2.80 440 0.028 0.15
(MMSE) 60 2.84 429 0.026 0.17
80 2.93 423 0.025 0.16
100 3.00 408 0.022 0.18
10 2.04 430 0.041 0.22
20 212 423 0.036 0.22
WCDMA 40 2.17 407 0.033 0.22
(Rake) 60 2.25 396 0.029 0.25
80 231 374 0.025 0.27
100 2.40 360 0.022 0.32

Table 46: System-level performance results for HTTP traffic in Ped A with round robin scheduling

Technology Users Per Average OTA Ave. Packet Call Average Residual Average Packet
Sector Thruput (Mbps) Thruput (kbps) BLER Delay (sec)
10 2.74 449 0.029 0.13
20 2.79 459 0.028 0.15
OFDM 40 2.80 448 0.027 0.16
60 2.78 432 0.027 0.19
80 2.84 419 0.026 0.21
100 2.90 410 0.025 0.25
10 2.74 456 0.033 0.14
20 2.73 453 0.031 0.16
WCDMA 40 2.76 447 0.031 0.17
(MMSE) 60 2.73 427 0.031 0.20
80 2.80 422 0.030 0.24
100 2.78 402 0.031 0.30
10 2.02 425 0.041 0.21
20 2.03 419 0.043 0.25
WCDMA 40 2.11 405 0.037 0.27
(Rake) 60 2.10 389 0.037 0.32
80 2.10 362 0.036 0.44
100 2.13 324 0.034 0.57
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Table 47: System-level performance results for HTTP traffic in Ped B with maximum throughput

scheduling
Technology Users Per Average OTA Ave. Packet Call Average Residual Average Packet
Sector Thruput (Mbps) Thruput (kbps) BLER Delay (sec)
10 3.04 464 0.003 0.14
20 3.08 454 0.004 0.13
OFDM 40 3.10 449 0.003 0.15
60 3.05 435 0.004 0.16
80 3.13 432 0.003 0.18
100 3.22 420 0.003 0.19
10 2.60 452 0.005 0.18
20 2.65 455 0.004 0.18
WCDMA 40 2.61 433 0.005 0.18
(MMSE) 60 2.63 417 0.005 0.21
80 2.70 406 0.004 0.22
100 2.76 389 0.004 0.28
10 1.93 435 0.005 0.26
20 1.93 416 0.005 0.24
WCDMA 40 1.98 403 0.004 0.30
(Rake) 60 2.01 371 0.004 0.32
80 2.04 343 0.004 0.39
100 2.15 313 0.003 0.46

Table 48: System-level performance results for HTTP traffic in Ped B with round robin scheduling

Technology Users Per Average OTA Ave. Packet Call Average Residual Average Packet
Sector Thruput (Mbps) Thruput (kbps) BLER Delay (sec)
10 3.15 476 0.003 0.13
20 3.05 463 0.004 0.14
OFDM 40 3.00 456 0.004 0.17
60 3.02 447 0.004 0.19
80 3.04 438 0.004 0.22
100 3.04 422 0.004 0.28
10 2.47 449 0.008 0.18
20 2.58 451 0.006 0.21
WCDMA 40 2.58 439 0.005 0.21
(MMSE) 60 259 429 0.005 0.25
80 2.62 412 0.005 0.29
100 261 389 0.004 041
10 1.93 432 0.005 0.23
20 1.89 416 0.007 0.26
WCDMA 40 1.89 399 0.006 0.35
(Rake) 60 1.92 377 0.005 0.46
80 1.92 332 0.005 0.62
100 1.94 280 0.004 0.90
A.6 RF Aspects
A.6.1 W-CDMA Low Pass Filter: modelling and impact

A.6.1.1 LPF modelling

The LPF used for this study is a 5" order Chebyshef filter, typel. The case of 0.1dB ripple is considered for which gain
and phase response versus frequency are shown in Figure 52.
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Figure 52: Gain and phase frequency response of the LPF Chebyshef used filter

As we can notice, the phase error increases at the borders of the considered frequency band. In W -CDMA reception
chain, this impairment might be corrected by using another filter which compensates only the phase of the LPF. In
OFDM technology, since the total frequency band is divided into smaller sub-band, correction may be done by means
of the equalizer on every single sub-band without any additional complexity.

The Power Spectral Density of the resulting LPF filtered OFDM signals are presented in Figure 53. Amplitude
degradations start to be relevant for Fc < 2.2MHz. Phase error is not presented.

OFDM Filtered Signal Power Spectral Density

Sampling Fregq = 6.528 MHz, 1024 points FFT, used band = |4 455 W

T0¢logl0{PSD)

Figure 53: Power Spectral Density for LPF filtered-OFDM signals

A.6.1.2 Simulation assumptions

The Filtered-OFDM simulation chain is presented in Figure 54. The main functionalities are presented. Propagation
channel and LPF are calculated by considering the same physical access layer.
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Figure 54: LPF Filtered-OFDM simulation chain

Simu lation parameters are the following:

Turbo-code rate is 1/2,

Modulation QPSK and 16QAM.

15 Blocs of 480 symbols are sent in every TTI of 2ms.

Interleaving is done over the entire TTI period.

In case of QPSK: Transport bloc size is 450, this gives [(450+24)*2+12]/2=480 symbols.
In case of 16QAM: Transport bloc size is 930, this gives [(930+24)* 2+12]/4=480 sy mbols.
OFDM modulation parameters is conformed to set2 in Table 1.

The equalizer is a single symbol equalizer requiring only one tap for each sub-carrier.
Turbo decoding is performed by a max-log-map algorithm.

LPF cut-off frequency is 1.92M Hz.

No AGC is used.

Quantification is done over 12 bits, the input dynamic = 3*A (QPSK) and 8*A (16QAM), where A is the mean
amp litude signal.

Propagation Channel is calculated (Perfect Channel Estimation).

Comparison results are expressed in term of BLER after signal decoding.

The main advantage of the OFDM signal is to transform the multi-path channel into multip licative channel, thus
equalization is simplified and it is done by multiplying each single sub-carrier by a coefficient related to the effect of
the propagation channel at this specific time/frequency localization. When considering this, the LPF effect may be
assimilated to the channel effect, thus, propagation channel calculation (or estimation) considers both LPF and physical
channel propagation and calculates their combined effect and thus no additional calculation is required.
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A.6.1.3 LPF effect on multi-path fading channel

For this sake, simu lations are done for the worst case cutting frequency value, namely Fc = 1.92 MHz. Simulated
propagation channels are OI-A and OI-B for 3 Kn/H, Vehicular A for 30KnVH and Vehicular A for 120 Knv/h for both
QPSK and 16QAM modulation. The LPF ripple value is 0.1d B. Results are presented in the following figures.

0 01 -4 Channel, GPSK [ 01-4 chennel, 1504M
10 .

No LPF s used No LPF Is used
LPF cut-off freaquency = 1,52 WHz LPF cut-off frequency = 52 Mz

Figure 55: OI-A channel@3 Km/h, Quantization on 12 bits, no AGC, QPSK and 16 QAM modulation, with and
without low pass filtering

Figure 56: OI-B channel @ 3 Km/h, Quantization on 12 hits, no AGC, QPSK and 16 QAM modulation, with and
without low pass filtering
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Figure 57: VA channel @ 30 Km/h, Quantization on 12 hits, no AGC, QPSK and 16 QAM modulation, with and
without low pass filtering
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Figure 58: VA channel @ 120 Km/h, Quantization on 12 bhits, no AGC, QPSK and 16 QAM modulation, with
and without low pass filtering
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