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1 Introduction

PCG has previously discussed the proposal for OFDM modulation to be included within the 3GPP work
programme. TSG RAN was charged with the task to study the proposal and keep PCG informed of the
results.

A summary of the findings made so far can be found attached, together with a draft of a Technical Report
on the subject.

PCG will be kept informed of any future developments.
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Progress Report since the last TSG (for all involved WGSs):

RAN1 #30:

- An agreement was reached on the OFDM parameter sets to be used for the performance evaluation. Two sets
have been selected and added to the technical report TR25.892 “Analysis of OFDM for UTRAN enhancement”.
Another variant of OFDM termed IOTA was also presented and discussed.

A revised text proposal for tutorial sections of the TR was presented and discussed. It was submitted
afterwards on the reflector with minor changes according to the comments for inclusion in the TR after the next
meeting.

Simulation methodology was discussed again, and it was decided that it should be revised (to add traffic
models and a few other details) and posted on the reflector 3 weeks before RAN1 #31.

Other contributions discussing OFDM interleaving and the choice of a preferred advanced WCDMA receiver
scheme for the study were presented and discussed.

RANL1 #31:

- The revised TR, including details on the OFDM parameter sets, was presented and agreed [1].
The revised text proposal for the tutorial sections of the TR was presented and accepted with minor changes.
Text proposals clarifying the time structure for one of the parameter sets and presenting basic concepts related
to IOTA were presented and agreed for inclusion in the TR.
The revised simulation methodology document was discussed. Parts of the documents pertaining to link and
system level simulation assumptions, traffic models etc. were accepted for inclusion in the annexe of the TR.
Other text proposals discussing physical layer structure, multiplexing and spectrum issues, and contributions
discussing modulation diversity and WCDMA MMSE receiver modelling were also presented.
The updated TR including all of the accepted text proposals will be posted on the reflector to review the
changes prior to next meeting.

List of Completed elements (for complex work items):
Documentation of OFDM fundamentals
Sets of reference parameters
Link and system level simulation assumptions

List of open issues:
- Some elements of simulation methodology (e.g. HARQ modelling)
Release 5 channels to be carried by the OFDM carrier
Physical Channel definition and mapping of transport channels onto physical channels
Performance evaluation
Compatibility and impact evaluation

Estimates of the level of completion (when possible):
30%

Sl completion date review resulting from the discussion at the working group:
Currently RAN#20 (June 2003). Proposal from rapporteur is to move the completion date to RAN#22 (Dec03)



References to WG's internal documentation and/or TRs:
[1] R1-030312, TR25.892, Analysis of OFDM for UTRAN enhancement, version 0.1.0 as accepted in RAN1 #31.
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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 x.y.z
where:
x thefirst digit:
1 presented to TSG for information;
2 presented to TSG for approval;
3 or greater indicates TSG approved document under change control.

y thesecond digit isincremented for all changes of substance, i.e. technical enhancements, corrections,
updates, etc.

z thethird digit isincremented when editorial only changes have been incorporated in the document.

Introduction

Thistechnical 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 arecommendation to RAN Plenary on a potential standardisation work plan and
time frame.

Asthe mobile radio systems evolve and become more integrated with daily activities, thereis an increasing requirement
for additional servicesrequiring very high bit rates and higher system capacity. Theseinclude both servicesto
individuals as well as multimedia broadcast and multi-cast services. OFDM (Orthogonal Frequency Division
Multiplexing) is atechnology that has been shown to be well suited to the mobile radio environment for high rate and
multimedia services. Examples of commercial OFDM systemsinclude the Digital Audio Broadcast (DAB), Digital
Video Broadcast Terrestrial (DVB-T) and the HiperLAN and IEEE WLAN (802.11a) wireless |ocal 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 rel eases of
UTRAN, aspects of new service requirements, constraints of spectrum. It isastudy of physical layer aspects only and
does not include changesin UTRAN architectures beyond those needed to support an additional physical layer.

3GPP
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1 Scope

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

The aims of this study are:

to consider the advantages that may be gained by introducing a new modulation technique in 3GPP RAN
systems,

to estimate possible benefits and complexity and
to recommend to 3GPP RAN if further standardisation development work should be undertaken by 3GPP.

Asastarting point, OFDM will be considered in the downlink only. It should be possible to operate in a5MHz
spectrum allocation i.e. coupled with W-CDMA in the uplink for a 2* 5SMHz deployment scenario.

Thefollowing list provides examples of areas that are to be considered in the study:
Support peak bit rates bit ratesin the order of 10 Mbit/s and above;
Support for MIMO and other advanced antenna array techniques;
Support for personal, multimedia and broadcast services;
Deployment scenarios including frequency re-use aspects within diverse spectrum allocations;

The study should consider performance aspects, aspects linked to the evolution of UMTS (high level architecture,
diverse spectrum arrangements 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 describe a representative OFDM concept that can be used in the feasibility study phase
but the concept does not restrict the design when moving to the specification phase. It isastudy of physical layer
aspects only and does not include changesin UTRAN architecture. Changes areto 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 thistext, constitute provisions of the present
document.

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

For a specific reference, subsequent revisions do not apply.

For anon-specific reference, the latest version applies. In the case of areference to a 3GPP document (including
a GSM document), a non-specific reference implicitly refersto 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.

[8] 3GPP,“TR 25.858: High Speed Downlink Packet Access: Physical Layer Aspects’, Version 5.0.0, March/2002.
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[4]  3GPP,“TS25.212: Multiplexing and channel coding (FDD)”, Version 5.0.0, March/2002.

3 Definitions, symbols and abbreviations

3.1 Definitions

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

Guard interval / Guard time: A number of samplesinserted 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 asfiltering) may be applied to the resulting samples, prior to being fed to adigital-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.

Pr efix/Postfix: See Guard interval.

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

Sub-carrier separ ation: See Inter-carrier frequency.
Useful OFDM symbol: Thetime domain signal corresponding to the IFFT/FFT window, excluding the guard time.
Useful OFDM symbol duration: The time duration of the useful OFDM symbol.

3.2 Symbols

Fo OFDM sampling frequency.

fy Maximum Doppler shift.

N Total number of IFFT/FFT bins (sub-carriers).

Np Number of prefix samples.

Ny Number of modulated sub-carriers (i.e. sub-carriers carrying information).

Ts OFDM symbol period.

Ty OFDM prefix duration

Ty OFDM useful symbol duration
Df Sub-carrier separation.

t Channel total delay spread.

a(t) Prototype function

A(t) IOTA function

3GPP
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OFDM/OQAM symbol period

3.3 Abbreviations

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

FDM
FFT
IFFT

IOTA
MIMO
OFDM
OQAM
PAPR
PSK

QAM

Fregquency Division Multiplexing

Fast Fourier Transform

Inverse Fast Fourier Transform

Inter-Symbol Interference

Isotropic Orthogonal Transform Algorithm
Multiple-Input Multiple-Output

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

Phase Shift Keying

Quadrature Amplitude Modulation

3GPP TR 25.892 VV0.2.0 (2003-03)

4 OFDM Technology

4.1 OFDM Fundamentals

41.1 OFDM Definition

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

The OFDM technique differs from traditional FDM in the following interrelated 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 symbol to combat the channel delay spread.

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

3GPP
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5 MHz Bandwidth

/~\ I ‘% Sub-carriers %l

Guard Interval

Symbols
Frequency

Figurel: Frequency-Time Representation of an OFDM Signal

Since the orthogonality is guaranteed between overlapping sub-carriers and between consecutive OFDM symbolsin the
presence of time/frequency dispersive channels the data symbol 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 asin Figure 2,

QAM
modulator

QAM
— modulator

QAM
» modulator

Symbol rate = 1/Tu eij_ i
symbols/sec

Figure2: Conceptual Representation of OFDM Symbol Generation

where w, is the n'™ sub-carrier frequency (in rad/s) and 1/ T, isthe QAM symbol rate. Note that the sub-carriers
frequencies are equally spaced, and hence the sub-carrier separation is constant. That is:

|Wn -Wo,
2p

= Df, ni [LN-1].

3GPP
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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 |FFT isillustrated in Figure 3, where a(mN+n) refers to the n" sub-channel

modulated data symbol, during the time period mT, < t£ (m+21)T,.

Mlu time (m+ 1)Tu
| —»

a(mN +0)
a(mN + 1) mlT“ fime (m+|1)Tu
a(mN + 2)
frequencyf IEET |::> s(0), sm(1), Sr(2), ..., Sn(N-1)
Sn
v a(mN + N-1)

Figure 3: OFDM Useful Symbol Generation Using an IFFT

The vector Syis defined as the useful OFDM symbol. Note that the vector Sy, isin 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 from a serial stream of
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 atime domain signal.

QAM symbol rate =
N/Tu symbol s/sec

QAM ¢
Molsor

Useful OFDM

IFFT symbols

Figure4: OFDM Signal Generation Chain

4.1.4 Guard Interval

A guard interval may be added prior to each useful OFDM symbol. This guard timeisintroduced 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 aradio
channel impulse response. In addition, such aguard 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
isillustrated in Figure 5. Note that since the prefix is a cyclic extension to the OFDM symbol, it is often termed cyclic
prefix. Similarly, acyclic postfix could be appended to the OFDM symbol.

3GPP
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OFDM symbol €m

Prefixlength /~ N
E Useful OFDM symbol duration
‘ |
copy

Figure5b: Cyclic Prefix Insertion

After theinsertion of the guard interval the OFDM symbol duration becomes Ts= Ty + T,

The OFDM sampling frequency F, can therefore be expressed as

It isalso 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 boundariesin 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.

where t isthe 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 multiple 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 asimilar 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

3GPP
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respect to the useful OFDM symbol energy, as long as the symbol duration is much larger than the channel delay
spread, that is:

T, >t .

Although large OFDM symbol duration is desirable to combat time-dispersion caused 1SI, however, the large OFDM
symbol duration can reduce the ability to combat the fast temporal fading, specially, if the symbol periodislarge
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 infast fading
conditions. Hence, the symbol duration should be kept smaller than the minimum channel coherence time. Since the
channel coherencetimeisinversely proportional to the maximum Doppler shift fy, the symbol duration Ts must, in
general, be chosen such that:

T << —,

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 spreadt, the sub-carrier separation is generally designed such that:

Df <<=,

In this case, the fading on each sub-carrier isfrequency flat and can be modelled as a constant complex channel gain.
Theindividual reception of the QAM symbols transmitted on each sub-carrier istherefore 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 fy:

Df >> 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-carriersis used to
carry QAM symbols. The remaining sub-carriers are left inactive prior to the IFFT, asillustrated in Figure 6. The split
between the active and the inactive sub-carriersis determined based on the spectral constraints, such as the bandwidth
alocation and the spectral mask.

3GPP
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N
< >

2
g Inactive Inactive
B3| sub Sub-
= Carriers Carriers
g «—» «— >
=

1 N

Frequency (Suk-Carrier)

Figure6: OFDM Spectrum with Incative Sub-carriers

The Ny 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.

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 form shown inFigure 7.

Frequency (Useful sub-carriers) ®

Dy [ Ds [ Da| Da] Da[Ds]p, [Da]Da Ds | Ds | Do | Ds | Ds | D6 | Do | Do
D, | Ds|Ds| Ds| Ds| Dy | Dy | Ds| Dy L Ds | Ds | Ds | Ds | Dg | Ds | Ds | Ds
Ds| P |D,|Ds|Ds|Ds[Ds| P |Ds r P |Ds|[Ds|Ds|Ds|Ds| P | Ds
D, | D, | Ds| Ds| Ds| Dy | Ds| Ds| Ds L Ds | D | Ds | Ds | Dg | Ds | Ds | D
Ds | Dy | Dy | Dy | Ds| Ds | Dg | Dy | Dg ___i___ Ds | De | De | D | Ds | De | De | De | _
Ds | Ds|Ds| Ds| p | Da|Da|DslDs T T Do | Do | Ds | P | Ds| Do Ds | Ds T,
Dy | Ds|Ds| Ds| Dy|Ds|Ds| D4 Ds r D | Ds | Ds | D | Dg | Dg | Dg | Ds | -
D, | D, |D;| D2 D2| D2 | D2 | D2 D2| ' |D2|D:2|D2|D:|D2|Dz2|Dz|Ds
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Dy | Do | Do | Do D2 | Do | D2 | D2 | D2 D, | Do | Do | D2 | D2 | D2 | Do | D2

Figure7: Example of OFDM 2-D structure; P = pilot or signaling, D = data. The subscript indicatesthe
modulation level M=2,4 or 6 (QPSK, 16QAM or 64QAM).

4.1.10 OFDM Signal Reception Using the FFT

At thereceiver, acomputationally efficient Fast Fourier Transform (FFT) is used to demodul ate the multi-carrier
information and to recover the transmitted data.

4.2 OFDM/IOTA Fundamentals

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

4.2.1  OFDM/OQAM Principles

OFDM/OffsetQAM modulation is an alternative to classical OFDM modulation. Contrary to it, OFDM/OQAM
modulation does not require aguard 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 interferencel. Moreover, it can be chosen very well localized in the frequency domain, to limit
theinter-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 inreal domain. Consequently, the complex QAM data stream (Cmn) Must be separated into its two
real components: real part (am,) and imaginary part (bmn) (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%+¥ m=(l)\lu-1 )
(M=a a Cme”"" gt-nT,),
n=-¥ m=0

where g(t) isarectangular filter.

By separating the two parts of (cyn), the corresponding OFDM/OQAM modulated signal can be written as:

n=+¥ m:Nu-l . . .
B=a a amime@PVg(t- nT,)+ibyi me(z'pm‘)g§+T%- nTU%

n=-¥ m=0

where g(t) is the prototype function (noted A(t) in the case of IOTA). In amore concise writing, this gives:

N,-1
S(t) — é é dm,ni m+ne2imeftA(t _ nt 0)’ d -a or b

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

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

1ror comparison, in classica OFDM with guard interval, the prototype function modulating the sub-carriersis the rectangular function.

3GPP



Release 6 15 3GPP TR 25.892 V0.2.0 (2003-03)

Notation: in OFDM/OQAM, the symbol period isusually notedtyandty = T/2

OFDM/QAM symbal

cornplex

A ’é OFDM/OQAM symbal
FEN—B—A @ real part

BB BB

¥ imaginary part
0 al_ -—sb—-K__--
& B — O Rl
A s LA L A
i kY L T4 i Y L) i Y
nOI | A |
jﬁi\ g FiLai" ﬂ' !:H} % ﬁ‘&ﬂ—-
<lon i
2t,=T

Figure8: OFDM/OQAM time and frequency lattices (compared to OFDM w/o guard interval)

Figure 9 represents the OFDM/OQAM transmitter.

OQAM symbol rate
N/t ; symbols/sec

Polyphass
Red QAM IFFT || Filterin OFDM/OQAM
modulator (I0T. A)g symbols

Figure9: OFDM/OQAM Signal Generation Chain

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

4272 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:

it is 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 channd),
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the time-frequency localization is quasi optimal as the IOTA function does not differ alot from the Gaussian
function (optimally localized).

Figure 10 and Figure 11 show various representations of the IOTA function. On Figure 11, the frequency response of
the IOTA function isrepresented, as well as the rectangular function (used in classical OFDM).

I0OTA IOTA Fourier Transform
1.2 T T T 1.2 T T T T
1t 1}
0.8F 0.8}
©
E 06} § 0.6}
2 o4} g o4l
< <
02r 02t
0 0
-0.2}F -0.2F
.04 L L L L L 04 \ , \ \ ,
S3t, -2+t “to o t, 2+, 3, S, 2, ong o o 21, 3n,
symbol duration Inter-carrier spacing
Figure10: IOTA function and its Fourier transform
R tmeguilar Fonctice: Fourier Transtorrn (ogunt bmc) - Vil Finntant Fouths TEwmiunm gy iag
a0 H
0} il
o} ) A " ' . =
ALY A 1 A VA
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~1 0¥ + 1
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s o 5 " i i 1 i 5
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Figure1l: IOTA and Rectangular Function Fourier transforms

Orthogonality of IOTA function is expressed as:

&, . . 0
Rego%,n (1) Ampt)dtz=dmd,y
A [}

with A, (0) =i ™"e?PMA®t- nt ) .
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OFDM/OQAM using the IOTA filter isnoted OFDM/IOTA.

4.2.3 OFDM/ IOTA parameters

Asfor classical OFDM, the OFDM/IOTA parameters have to be designed according to the channel constraints.
Conditions from sections 4.1.6 and 4.1.7 are till relevant in the IOTA case:

1 1
We need to havet ; >>t andt <<f_ in time domain, or Df <<t_ and Df >> f in frequency domain.
d

According to the channel environment (Doppler frequency fd , delay-spread t ), thevalueof Df = }/Z ischosenin
0

such away that the FFT sizeis 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 afrequency sampling of 7.68 MHz. The configuration can be done by soft means. For
examples, a512 points FFT leads to 60 symbolsin a TTI and a 1024 points FFT leads to 30 symbols per TTI.

4.3 OFDM for Mobile Systems

OFDM hasintrinsic 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-carriersin 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 highspectral
efficiency. The resulting spectrum also 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 isrelatively insensitive to timing acquisition errors. On the other hand, OFDM requiresto
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 aMIMO schemeif thisis applied on asub-carrier or subset of carrier basis.

4.4 Reference system scenario
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4.4.1 OFDM Downlink

In the Section, an initial reference system configuration 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.

Node B

T

;

WCDMA Uplink WCDMA Downlink OFDM Downlink

T

|

UE

Figure12: 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 thisinitial reference scenario, a UE with OFDM HS-DSCH receiving capabilitiesis not required to receive the
WCDMA and OFDM carriers simultaneously. Thisimpliesthat, if thereisaneed for real time services, such asvoice
communi cations supported only on the WCDMA carrier, the UE would use the WCDMA mode. Note however that if
OFDM provesto be useful inthe 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 isreused and is considered to have
sufficient capacity to support either aRel 5 WCDMA DL carrier, or the separate OFDM DL carrier. There is no special
assumption about the separate carrier frequency.

4.4.2  Equivalent WCDMA Scenario

[Editor’ s note: This section should define aDL scenario equivalent to the one used for OFDM to provide afair
comparison basis.]

5 OFDM performance analysis

Editor’ s note : Provides the high-level overview of the performance of OFDM when compared with W-CDMA radio
systems.
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5.1 Requirements
Editor’ s note : Discusses the requirements and constraints for the introduction of a new modulation system. Should set

sometargets for bit rates and system capacity aswell as define the Rel5 and REL 6 configurations that are the basis for
comparison.

5.2 Reference OFDM configuration for the evaluation

Two sets of reference OFDM configuration parameters are listed in Table 1.

Parameters Set 1 Set 2
TTI duration (msec) 2 2
FFT size (points) 512 1024
OFDM sampling rate (Msampl es/sec) 7.68 6.528
Ratio of OFDM sampling rateto UMTS chip rate 2 17/10
Guard timeinterval (cyclic prefix) (samples/pisec) 56/7.29 64/9.803
57/7.422
Subcarrier separation (kHz) 15 6.375
# of OFDM symbols per TTI 27 12
OFDM symbol duration (psec) 73.96/74.093 166.67
# of useful subcarriers per OFDM synbol 299 705
OFDM bandwidth (MHz) 4.485 4.495

Table 1: Reference OFDM configuration parameter sets

The parameter set 1 consists of nine OFDM symbols that fit into a 0.667 us timeslot. The useful symbol durationis
equal to 512 samples. The guard interval isequal to 56 samplesfor the o symbol, and 57 samples for symbols 1..8 of
every timeslot, asillustrated in figure 13. The actual position of the 56-sample GI symbol is believed to be
inconsequential aslong asit 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 isrequired 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 | SS | 57 Gl samples + 512 US samples
- > L] > - >
symbol 0 symbol 1 symbol 2 symbol 8

Figure13: Temporal structure of the OFDM signal (onetimeslot), parameter set 1.

2 Requires one extra prefix sample for 8 out of 9 OFDM symbols.
3Dependi ng on guard interva duration
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5.3 Data rates

Editor’ s note : Discusses and shows the performance of OFDM when compared with W-CDMA for the user data rate.
Thisincludes comparison with both Rel5 and Rel6 UTRAN systems.

5.4 System Capacity

Editor’ s note : Discusses and shows the performance advantage of OFDM when compared with W-CDMA for the
system traffic capacity. Thisincludes comparison with both Rel5 and Rel6 UTRAN systems.

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

Editor’ s note : Discussion of compatibility of OFDM modulation when operating within the channelsfor UTRAN

spectrum allocations. Thisincludesin-band and adjacent channel emissions and sensitivity to interference both from
other UTRAN radios and nearby radio systems (nearby in terms of spectrum).

6.2 Multiplexing user traffic

Editor’ s note : Discussion of the multiplexing of user traffic on the OFDM transmissions. Thisincludestime-division
multiplexing and sub-carrier grouping. This may also include the mapping of the UTRAN logical traffic and user data
channels onto the OFDM signal.

6.3 Impacts on UL

Editor’ s note : this section will study whether any change in the UL dedicated channelsis needed in order to support
OFDM intheDL.

6.4 Handover

Editor’ s note : Discussion of the handover of services between the OFDM and the WCDMA radio access technology.
Thiswill also include discussion of soft-handover between cells.

6.5 Synchronisation

Editor’ s note : Discussion of any necessary synchronisation at the physical or protocol layers of OFDM transmissions
between cells.

6.6 Frequency re-use

Editor’ s note : Discussion of the re-use of the spectrum assignments for OFDM systems. Thisincludes discussion of the
“re-use of one” scenario.
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6.7 Consideration for Advanced Antenna Systems

Editor’ s note : Discussion of the use of the OFDM in relation to advanced antenna systems. Thisincludes, for example,
discussion of “multiple input multiple output” (MIMO) scenarios

6.8 Analysis of User Equipment Complexity
Editor’ snote : Discussion of the consequences for the User Equipnent (UE) as aresult of the introduction of the
OFDM technique. Thisincludes discussion of the additional requirements for OFDM capable UE that must operate in

an environment in which both OFDM and W-CDMA are in operation and also in environmentsin which only W-
CDMA technology is available. The section should in particular address RF considerations and compl exity issues.

6.9 Analysis of Node B impacts

Editor’ s note : Discussion of the consequences for the OFDM capable Node B as aresult of the introduction of the
OFDM technique. The section should in particular address RF considerations and complexity issues.

6.10 Backward compatibility

6.11  Application to 3GPP system and services

Editor’ s note : Discussion of the applicability of OFDM to the various exi sting and new 3GPP system capabilities
including speech, real time, multi-media, packet, broadcast and multi-cast services.

7 Conclusion

Editor’ s note : Concludes on the feasibility of OFDM for application to 3GPP radio access systems and, if appropriate,
provides a possible work plan for further standardisation development.
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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. Interms of physical layer operations that are not
covered specifically here, the specifications described in[2] and [3] are followed. Information on channel power levels
isalsoincluded in Table5.

A.1.1  Link Level Simulation Assumptions for OFDM

Table 2 provides alist 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.

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

Channel estimation | deal Ideal channel information is

assumed to be available at
the receiver. Perfect timing
and frequency estimation is
also assumed.

Real channel estimation
from pilot subcarriers.

Real
MIMO configuration NT:NR 11
Channel width 5MHz
Number of subcarriers SeeTable 1
OFDM sampling frequency SeeTable 1
FFT size SeeTable 1
Subcarrier MCS levels All data subcarriers carry equal- Assume one user per TTI

weight data with the same
modulation and code rate.

Bit interleaving Uses 2" interleaving defined in
[4].
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Rate matching

Performed to make the number of
coding blocks compatible with the
radio frame size.

Refer to Section 5.5.2 of [3]

Table2: Down link OFDM link-level simulation assumptions

A.1.2  Link Level Simulation Assumptions for WCDMA

Table 3 provides alist of the link-level simulation assumptions that are relevant to the WCDMA eval uation case. These
are consistent with the HSDPA design presented in[3]. Other aspects of the WCDMA HSDPA link level simulator are

directly taken from [3] and [4].

Parameter Explanation/Assumption Comments

Carrier frequency 2 GHz

Fast fading model Jakes model

HSDPA slot length (TTI) 2 msec

Channel estimation I deal Ideal channel information is
assumed to be available at
the receiver. Perfect timing
and frequency estimation is
also assumed.
Real channel estimation
from pilot subcarriers

Real

MIMO configuration NT:NR 1:1 used

Chip-rate 3.84 Mcps

Spreading factor 16

Channel width 5MHz

Table3: Down link WCDMA link-level simulation assumptions

A.1.3 Link Level Simulation Scenarios

Table4 provides alist of the specific simulation cases that will need to be evaluated. For each of the channel models, a
fading rate (corresponding to the UE velocity in km/h) is also given. The channel models are described in more detail

earlier in Table 10.

Parameter Cases Comments
Channel model and fade rate Ch-100, 30 km/h Single path
Ch-100, 120 km/h Single path
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Ch-104, 30 km/h ITU Vehicular A

Ch-104, 120 km/h ITU Vehicular A

Ch-102, 3km/h ITU Pedestrian A

Ch-103 3 km/h ITU Pedestrian B
Modulation QPSK, 16QAM, 64QAM
Coderate 1/3,1/2, 2/3 Additional code rates can be

generated with puncturing

Coding block size TBD. Should beidentical in Additional coding block can

WCDMA and OFDM 4 be simulated. 5114 bitsis

the maximum code block
size for turbo coding [3]

Table4: Down link link-level simulation scenarios

A.2 Link Simulation Results

A.3  System Simulation Assumptions

A.3.1 Antenna Pattern

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

€ 2q ¢ U
Alg)=-minél2e 32 A G, where - 180£q£180,
g8 élsm g H

where min[ ] is the minimum function, 4,5 isthe 3dB beamwidth (corresponding to 4,5 = 70 degrees) , and A .= 20
dB is the maximum attenuation.

A.3.2 Antenna Orientation

The antenna bearing is defined as the angle between the main antennalobe center and aline directed due east given in
degrees. The bearing angleincreases in a clockwise direction. Figure 14 shows an example of the 3-sector 120-degree
center cell site, with Sector 1 bearing angle of 330 degrees. Figure 15 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 antennalobe center directions each point to the sides of the hexagon. The main antennalobe center directions of
the 18 surrounding cells shall be parallel to those of the center cell. Figure 15 also shows the orientation of the cells and
sectorsin the two tiers of cells surrounding the central cell.

4 A cod ng block size of 5114 bits is appropriate for traffic models such as FTP and HTTP, where each | P packet contains 12000 bits However, it
should be noted that the block size may depend on the traffic type being considered. Some traffic typeswill have much smaller | P packets and
would therefore benefit from smaller coding blocks
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..........
.

\M ain Antenna Lobe

Sector 1

o
.....

120 degrees

Figure 14: Centre cell antenna bearing orientation diagram

Figure15: 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 5and are primarily takenfrom [1].

Parameter Explanation/Assumption Comments
Cellular layout Hexagonal grid, 3-sector sites See Figure 15
Antennahorizontal 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 Log;o(R) R in kilometers
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CPICH power

-10dB

Other common channels

-10dB

Power allocated to HSDPA transmission,

including associatedsignalling

Max. 80 % of total cell power

Slow fading Asmodelled 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 50 m

Carrier frequency 2000 MHz

BS antennagain 14dB

UE antennagain 0dBi

UE noise figure 9dB

Thermal noise density -174 dBm/Hz

Max. # of retransmissions 3 Retransmissions by fast

HARQ. Does not include
theinitial transmission.
Programmable

Fast HARQ scheme Chase combining or incremental
redundancy

Scheduling algorithm TBD

BStotal Tx power Upto 44 dBm

Specific fast fading model Jakes spectrum

HSDPA slot length 2 msec

MCS feedback delay 2TTIs

UE spatial distribution

Uniform random spatial

distribution over elementary single

cell hexagonal central Node-B

MIMO configuration NT:NR 11
Channel width 5MHz
Frequency Re-use 1

Table5 Down-link system-level simulation assumptions

A.3.4

Three different traffic types are suggested for eval uation purposes.

Traffic Sources
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A341 HTTP Traffic Model Characteristics

Instances of packet
arrival at base station

A packet call
]|
A session ’\

First packet of the Last packet of the
session session

reading time

Figure 16: Packet Trace of a Typical Web Browsing Session

Figure 16 shows the packet trace of atypical 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 aresult 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.

Asiswell 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 16. 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 HTML page using an HTTP GET
request. Theretrieval of theinitial page and each of the constituent objectsis 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

/\ /\

I ||INN
Hl( (Readli:r)@cﬂme) J/ ﬂ !

main object

=

embedded objects

Figure17: Contentsin a Packet Call

The parameters for the web browsing traffic are as follows:
Su: Size of the main object in a page
Se: Size of an embedded object in apage
Ng: Number of embedded objectsin a page
Dyc: Reading time

Ty Parsing time for the main 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 asingle TCP connection. The distributions of the parameters for the web browsing traffic

model are described in Table 6.

Component Distribution Parameters PDF
Main object Truncated Mean = 10710 bytes 1 é. (In - m)2u
size (Sw) Lognormal _ fx = e Ux2 0
Std. dev. = 25032 bytes 2psx g 25 2 i
Minimum = 100 bytes s =1.37.m=8.35
Maximum = 2 Mbytes
Embedded Truncated Mean = 7758 bytes 1 é (in x- m)ZU
object size Lognormal _ fx = e Uux3 0
< Std. dev. = 126168 «/2psx & 252 e
(Se) bytes
=2.36,m=6.17
Minimum = 50 bytes S 36, 6
Maximum = 2 Mbytes
Number of Truncated Mean = 5.64 a ka
embedded Pareto Max. = 53 fy = KEX<m
objects per X
a
page (Nq) a O
fy=C—=.X=m
m @
a=11k=2,m=55
Note: Subtract k from the
generated random value to obtain
Ng
Reading time Exponential Mean = 30 sec fo=1 e-l X,X3 0
X
(Dpc)
| =0.033
Parsing time Exponential Mean = 0.13 sec fo=1 e_l X X3 0
X 1
(To)
| =7.69
Table6: HTTP Traffic Model Parameters
A.3.4.2 FTP Traffic Model Characteristics

In FTP applications, a session consists of a sequence of file transfers, separated by reading times. The two main
parameters of an FTP session are:

1 S:thesizeof afileto betransferred

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

the next file.
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The underlying transport protocol for FTPis TCP. The model of TCP connection described in Section O will be used to
model the FTP traffic. The packet trace of an FTP session is shown inFigure 18.

Packet calls

NRRNA T RRRRA

o, [I[II1T]
Dpe

Packets of file 1 Packets of file 2 Packets of file 3

Figure 18: Packet Tracein a Typical FTP Session

The parameters for the FTP application sessions are described in Table 7.

Component Distribution Parameters PDF
File size (S) Truncated Mean = 2Mbytes 1 e (I i m)ZU
Lognormal Std. Dev. = 0.722 Mb fx = —=—ept e 0
.Dev.=0. tes = p
y 2psx @& 25 2 H
Maximum = 5 Mbytes s = 0.35,m=14.45
Reading time Exponential Mean = 180 sec. I B .
(Dpc) f X I e X2 0
| =0.006

Table7: FTP Traffic Model Parameters

Based on the results on packet size distribution, 76% of the files are transferred using and MTU of 1500 bytes and 24%
of thefiles aretransferred using an MTU of 576 bytes. For each file transfer anew TCP connection is used whose initial

congestion window sizeis 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 19 describes the steady state of
video streaming traffic from the network, asseen 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)
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Figure 19: 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
thismodel. Each frame of video data arrives at aregular interval T determined by the number of frames per second
(fps). Each frameis decomposed into afixed number of slices, each transmitted as a single packet. The size of these
packets/slicesis distributed as a truncated Pareto distribution. Encoding delay, Dc, at the video encoder introduces
delay intervals between the packets of aframe. These intervals are modelled by atruncated Pareto distribution.

The parameter Ty isthe 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
isuseful for identifying periods when the real-time constraint of this serviceis not met. At the beginning of the
simulation, it is assumed that the mobile station de-jitter buffer is full with (Tg x source video datarate) bits of data.
Over the simulation time, datais “leaked” out of this buffer at the source video datarate and “filled” asforward link
traffic reaches the mobile station. As aperformance criterion, the mobile station can record the length of time, if any,
during which the de-jitter buffer runsdry. The de-jitter buffer window for the video streaming serviceis 5 seconds.

Using a source video rate of 64 kbps, the video traffic model parameters are defined in Table 8.

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 Deterministic Deterministic | Truncated Pareto| Truncated Pareto
(Mean= 50bytes, _ —
( Max= 250bytes) 12.5ms)
10fps)
Distribution 100ms 8 K= 4_01b3£tes K :_Z.Er;s
Parameters a=L1 a=4L1

Table8: Video Streaming Traffic Model Parameters.

Only system-level simulations with homogenous traffic mixes are to be conducted. That is, for a particular simulation,

al userswill either have all FTP traffic, all HTTP traffic, or all NRTV traffic. Thereis no mixing of different traffic

types within asingle simulation.
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A.3.5 Performance Metrics

This section describes the performance statistics that are generated as an output from the system-level simulations. In
each case, a performance curve given as afunction of the number of users per sector is generated.
A35.1 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 atransport block and consists of information bits, CRC, and tail
bits.

1. Averagecell throughput [kbps/cell] is used to study the network throughput performance, and is measured as

b
k XT

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

2.  Average packet call throughput [kbps] for user i is defined as

& goodhitsin packet call k

R pitcal (i) -1
K k=1 (tend_k - tarrival_k)

wherek = denotes thek™ packet call from agroup of K packet calls where the K packet calls can be for agiven
user i , tariva_k = first packet of packet call k arrivesin queue, and tey i = last packet of packet k isreceived by
the UE. Note for uncormpleted 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 packet service session FER iscalculated for all the packet service sessions. A packet service session FER
isdefined astheratio

n
_ " ‘erroneous_ frames
FE&ession - n— !

frames

Where Nerroneous frames 1S the total number of erroneous frames in the packet service session and ryames iS the total
number of framesin the packet service session. These individual packet service session FERs from all packet
service sessions form the 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 transmission of the first packet of the first
packet call of agiven 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 collected
from those frames during which UE is receiving data.

4. Theresidual FER iscalculated for each user for each packet service session. A packet service session residual
FER is defined by theratio
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n
_ ' ‘dropped_ frames
F EResi dual — )

nfrarres

where Ngropped_frames 1S the total number of dropped frames in the packet service session and Nyanes iSthe total
number of framesin 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 sessionsin the simulation are to be provided.

5. Theaveraged packet delay per sector isdefined 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 asthe
time between when the packet enters the queue at transmitter and the time when the packet is received
successively by the UE. If apacket is not successfully delivered by the end of arun, itsending timeisthe end
of therun.

6. System Outage
A user isin outage if more than a given percentage of packets (blocks) experience adelay of greater than a

certain time. The system is considered to bein outageif any individual users arein outage.

A.3.6 Channel Models and Interference

A.3.6.1 Channel Models

In this context, achannel 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 9. The channel model assigned to a specific user remains fixed over the duration of a simulation drop.

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

M odel 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

Table9: Channel Models and associated assignment probability distribution

The channel models, UE speeds (for fading rates), and assignment probabilities listed in Table 9 are adapted from [1].
Note that a separate link-level simulation must be performed for each specific channel model and UE velocity
combination. Hence, thereis adesire to minimize the number of different possible channel model combinations, while
ensuring that an accurate modelling of reality is also made. The assignment probabilitiesin Table 9 were selected to
agree with the corresponding probabilitiesin [1], while reducing the number of different distinct fading velocitiesin
order to reduce the number of link level simulations that must be performed.

3GPP



Release 6

33

3GPP TR 25.892 VV0.2.0 (2003-03)

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 givenin Table 10. For the channel models that
correspond to the standard I TU channel models, the relative ratios of the path powers are the same, but the absolute
power values have been normalized so that they sum to O dB (unit energy) for each given channel model.

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. A Ch-104 -3.14 -4.14 -12.14 -13.14 -18.14 -23.14 1,2,3,4,5,6
ITU Ped. A Ch-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

Table 10: Normalized power profiles for multi-path channel models

The Rake finger column in the above table indicates the paths to which WCDMA Rake fingers will be assigned. Itis
assumed that Rake fingers will be assigned to each multipath component within a given channel model [1].

A4

System Simulation Results
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