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These proposals grouped into the following five concepts:

a
-concept based on wideband CDMA (WCDMA)

B -concept based on OFDMA

y-concept based on wideband TDMA (WB-TDMA)

5-concept
based on TDMAwith spreading (WB TDMA/CDMA)

€-concept based on ODMA (Opportunity Driven Multiple Access)

This grouping
was

presented
to SMG#22 for approval. Hereafter, SMG2 formed five concept groupsto assist in

evaluation of the different building blocks suggested. Through the period since SMG#22 detailed evaluation of the

proposals have been performedandthe different original proposals combinedinto one
single proposal for UMTS

Terrestrial Radio Access per concept group. Originally the intention was then to merge the conceptsinto one
single

concept for the UMTSTerrestrial Radio Access. Unfortunately, SMG2 have failed in doing
so.

This leaves a situation where the concepts have been refined and their performance been evaluated in detail. Results of
link level and system level results have been discussed within SMG2. Further the SMG2 have checkedthe different

concept against the high level requirements.
In

general it can be said that the concepts
can be claimed to fulfil the high

level requirements. However, it should be noted that the area of private and residential operation and the use of unpaired
spectrum

are not areas on which the concept groupshave placed the highest attention. Therefore the issue ofUMTS

deploymentofprivate and residential operation will require further studies in SMG2to ensure that the requirementsin
this area are

properly
met. The issue ofhow UMTScan be implemented

to enable an
operator to make the most

effective use of the unpaired spectrum,has not been fully addressed and will require further studies in SMG2.

In
particular it may be necessary to consider modification ofany adopted UMTSTerrestrial Radio Access concept to

improvethese aspects ofperformance.

Regardingthe results of the evaluation and refinement work performed, SMG2 has informed SMGaboutthe following
findings and conclusions regarding the epsilon concept (ODMA- Opportunity Driven Multiple Access):

-

Investigation of relay systems has been carried out within the SMG2 considering the technology called

Opportunity Driven Multiple Access
-

ODMA.Theprotocols used in ODMA are very similar to those of a

packet radio system currently being trialed. System level simulations were carried out in accordance with UMTS
30.03 which showedthat wide area

high data rate coverage was
possible in all environments using

a subscriber

relay system
andthat there was

potential for increased capacity when usedin

a

cellular hybrid.
-

Feasibility studies were conducted to determinethe practicality of supporting relaying using the basic WCDMA
and WB TDMA/CDMaA designs. The conclusion wasthat both the WCDMAand the WB TDMA/CDMA

designs
were

sufficiently flexible to support relaying with negligible increase to the mobile station complexity
or

cost. These technologies
can therefore offer the flexibility of simple relaying but also provide

a suitable platform
for advancedrelay protocols such as ODMA.

-
For the above reasons it was decided that relaying/ODMA should be presented

as an enhancement to both
WCDMAand WB TDMA/CDMAratherthan as a standalone technology. As a result documentation from the
studies of epsilon concept is included asa

part of the evaluation reports
on the alpha and delta concepts.

Regarding the four other concepts (a,B, y, 5) SMG2 hasnot been able to obtain any further merging. Moreover, when
the uncertainty

on simulations and the differences in the assumptions madein order to evaluate that performance
ofthe

concepts
are considered SMG2hasnotbe able to conclude that any single

one of these concept provides
a better

solution than the other concepts.
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Therefore SMG2 requested SMGto decide onthe basis of which of the concepts a, B, y, or 6 SMG2shall continue the
work on the UMTSTerrestrial Radio Access. In order to assist SMG in making the decision SMG2 hasprepared the

following documentation for each of the concepts:

-

Asummary of system description for the concept
-

Asummary
ofthe concept evaluation for the concept

-
Anevaluation report for the concept

It should be noted that SMG2 does not recommend SMGto makea direct comparison of the performanceresults for

concept baseddirectly
on the values contained in the evaluation documentation. This due to the different nature of the

concepts, which haslead to differences in the assumptions for the performance evaluation, which lead to differences in

the results. Especially regarding guard bands SMG2 wouldlike to
highlight, that it is difficult to

perform
a direct

comparison of Minimum Coupling Loss (MCL) based guard bandanalysis, as, e.g., the likelihood for different scenarios

might be different for the different concepts.

SMGz2hasnot been able to reach a consensuson howtheresults of the evaluation should be compared,andis therefore

unlikely
to be able to reach a consensuson the technology for UMTSTerrestrial Radio Access in the foreseeable future.

SMGz2therefore recommended to SMGthat the best way forward for the elaboration of the UMTSradio interface would

be for SMG to make a decision on one conceptthat should be used by SMG72in the refinement phase.

It is the understanding ofSMG2that by deciding
to base the UMTSTerrestrial Radio Access on a

given concept,
SMG approves the summary ofthe system descriptionfor that concept. This meansthat thefurther refinementofthe
selected concept is done with reference hereto. Meaning that changesin order to

improve the concept shall be

justified relative to the concept described in the summary system description.
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Performance
enhancing

features

There exist a numberofways to enhance the performance of the WCDMAsystem.In general in

CDMA,it is very easy to get immediate quality, coverage and capacity gains directly from link

improvements. This is due to the single-cell
reuse and the fact that poweris the only shared resource.If

one user’s link is improved the transmit power can be loweredonthat link, and all users in the system
will benefit from this since they

are
sharing the same powerresource.

Listed below are some
performance enhancing features that can be applied

to the WCDMAsystem:
e Downlink antenna

diversity. Antenna diversity in the mobile station is not
required in the concept.

However, since antenna
diversity gives

a
gain of around 3 dB in performanceit

can be employedin
the terminal for better quality and system capacity.

e Transmitter diversity. Orthogonal transmit diversity, where the data stream issplit into several
streamsandsent through different antennas, can be used in the downlink to get quality and capacity
gains. This is a

good
way

to get diversity gains in the downlink without increasing the mobilestation

complexity.
e

Receiver structures. WCDMAis designed
to work without requiring receivers for joint detection

of multiple
user

signals. However, the potential capacity gains of such receivers ina WCDMA

system have been recognised and taken into account in the design of the concept. In the uplink the

possibility
to use

only short codesfacilitates introduction of more advancedreceiverstructures with

reasonable complexity.
e

Adaptive
antennas. Adaptive

antennas are
recognised

as a way to
greatly enhance capacity and

coverage of the system. Solutions employing adaptive
antennasare

already supportedin the
WCDMAconcept through the use of connection-dedicated pilot bits on both uplink and downlink.

Moreover, adaptive
antenna issues have been included in the design of the downlink common

physical channels.

e
Support for relaying and ODMA.

A
feasibility study conducted by the Alpha and Epsilon concept

groups concluded that WCDMAcansupport relaying and the ODMAprotocol with negligible
increase in mobile complexity

or cost. ODMAisan
intelligent relaying protocolthat sits upon the

WCDMAradio sub-system. The protocol breaks difficult radio paths into a sequence of shorter

hops which enables lower transmit powersor
higher datarates to be used.It is the goal of the

protocolto chose the least cost route
through the relaying system whenthe relays

are
moving and

the radio paths
are

dynamically changing. Simulations have shown that relaying has the potential
to

improve coverage and
flexibility and may also increase capacity by lowering transmission powers

and associated inter-cell interference.

System description

Physical channelstructure, spreading and modulation

There exist two basic physical channels in WCDMA:the dedicated physical data channel and the
dedicated physical control channel. The data channel is used to carry dedicated data generated

at
layer 2

and above,i.e. the dedicated logical channels. The control channelcarries control information

generated
at

layer 1. The control information consists of known pilot bits to support channel estimation

for coherent detection, transmit power-control commands, and optional (variable-length)
rate

information. The rate information informsthe receiver about the instantaneousrate of the different
services and how services are

multiplexed
on the dedicated physical data channels.

The frame length
on the physical channels is 10 ms, and each frameis divided into 16 slots of 0.625 ms

each, corresponding
to one

power-control period.
In the downlink the dedicated physical control and

data channels are
time-multiplexed within the slots, with one

power-control
command

perslot.In the

uplink control and data are
code-multiplexed and transmitted in parallel.

11
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In both uplink and downlink, the dedicated physical control and data channels are
spread

to the chip-
rate

using orthogonal variable rate
spreading factor codes. These channelization codes have varying

spreading factors to carry varyingbit-rate services, i.e the channelization codesare ofdifferent lengths
to match different user bit rates, with spreading factors from 4 up to 256. Using different channelization

codes, several data and control channels of different rates can be spread
to the chip-rate

andstill be

orthogonal after spreading. Hence, multi-code transmission can be employedfor the highestbit-rates,

typically above 384 kbps, and several services of different rates can be transmitted in parallel with

maintained orthogonality.

Spreading with the channelization codes is followed by scrambling.
In the downlink the scrambling

codeis base-station specific 10 ms
segment of a Gold code of length 2'*-1. The numberofavailable

scrambling codesis as
high

as
512, making code planningtrivial.

In the uplink, the primary scrambling
code is a

complex code, built from extended VL-Kasami sequencesof length 256. This short code

facilitates the introduction of advanced receiver structures, such as multi-user detection. Forcells
without such receivers,

a
long secondary scrambling code is used for improved cross-correlation

properties and interference averaging. The secondary scrambling code is a 10 ms
segment from a Gold

code of
length 2*'-1.

In
uplink and downlink QPSK modulation is used, with root-raised cosine pulse-shapingfilters (roll-off

0.22 in the frequency domain).

Channel coding
andservice multiplexing

WCDMAoffers three basic service classes with respect to forward error correction coding: standard

services with convolutional coding only (BER
~

10°), high-quality services with additional outer Reed-
Solomon coding (BER

~
10°),

and services with service-specific coding where WCDMAlayer 1 does
not

apply any pre-specified channel coding. The latter class can be used to enable other coding schemes
such as e.g. turbo-coding. Rate 1/2 or 1/3 convolutional codes are

used, with block interleaving
over

one or several frames depending
on

delay requirements. The additional Reed-Solomon code employed
is of rate 4/5, and is followed by symbol-wise inter-frame block interleaving.

Multiple services belonging
to the same connection are, in normal

cases, time multiplexed. Time

multiplexing takes place both after possible
outer

coding and inner coding. After service multiplexing
and channel coding, the multi-service data stream is mappedto one or several dedicated physical data
channels. A second alternative for service multiplexingis

to treat
parallel services completely separate

with separate channel coding/interleaving and map them to separate physical data channels in a multi-

code fashion. With this alternative scheme, the power and consequently the quality of each service can

be more
independently controlled.

After channel coding
andservice multiplexing,the total bit rate is almost arbitrary. Rate matching is

used to match the codedbit-rate to the limited set ofpossible bit-rates of a dedicated physical data
channel. In the uplink puncturing and repetition is employed

to match the rate, while in the downlink

puncturing
and

repetition for the highest
rate is used together with discontinuoustransmission for the

lowerrates.

Using the above mentioned coding, interleaving and rate
matching techniques the WCDMA concepthas

shownthat rates of at least 2 Mbps
can be achieved using

a 4.096 Mepscarrier. Also, low bit-rates as

well as
high bit-rates can be supportedefficiently, with high bit-rate granularity.

Radio resource functions

A fast and efficient random access
procedure has been defined. The random accessis based on slotted

Alohatransmission of a random accessburst. The burst contains a
preamble part, where a basestation

specific preamble codeis used to transmit a
preamble sequence randomly picked by the mobile station.

The preamble sequenceis detected in the receiver using
a matchedfilter, and tells the receiver what

scrambling code has been usedfor the data part of the burst. Using this scheme, the base station may
receive up to 80 random-access attempts within one 10 ms frame using only

one matchedfilter for the

preamble code.

The WCDMA system operates with a
frequency

re-use of one. Soft handover enablesthis, and gives

capacity and coverage gains compared
to hard handover. Seamlessinter-frequency handoveris needed

for operation in hierarchical cell structures and handoverto other systems e.g. GSM.

12
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Wideband
Direct-Sequence

CDMA (WCDMA)

EVALUATION DOCUMENT(3.0)

Part 1:

System Description

Performance Evaluation

In the procedure to define the UMTSTerrestrial Radio Access (UTRA), the wideband DS-CDMAconcept
group (Alpha) will develop and evaluate a

multiple
access

concept based on direct sequence codedivision.
This group was formed around the DS-CDMAproposals from ACTS FRAMESConsortium (FMA2),
Fujitsu, NEC and Panasonic. The main radio transmission technology (RTT) and parameters of the common

concept from the Alpha group along with performanceresults are
presented in this document.

This document was
prepared during the evaluation work of SMG2 as a

possible basis for the UTRA
standard. It is provided to SMG onthe understandingthatthe full details of the contents have not necessarily
been reviewed by,

or
agreed by, SMG2.
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e Efficient utilisation of the achievable frequency diversity with widebandsignal.
e Efficient packet

access with a very fast control channel for packet-access signalling and packet
acknowledgements.

e
Spectrum-efficient support of HCS.

e No periodicity in the envelope of the uplink transmitted signal avoids problems with audible
interference.

The concept presented in this report has many similarities with the Wideband CDMA system whichis

currently being standardised in the Japanese standardisation body ARIB. This gives goodpossibilities
for a standard not

only for UMTSin Europe,but also for a
global IMT2000 standard in ITU.In terms

of system deployment this meanscost efficiencies due to the economicsofscale in the equipment
manufacturing.It also facilitates roaming

on a
global basis.

The followingis
an outline of this document:

Part 1
begins with the Alpha concept description in Chapter 2 “System Description”.

The performance evaluation of the Alpha conceptis described in Chapter 3. Chapter 3.1 describes how
the FDD simulations have been implemented and interpreted from ETR0402. In

Chapter 3.2 all FDD

simulations results are
presented and in Chapter 3.3 the FDD simulation results are summarised.

Finally, in Chapter 4, conclusions are
presented.

The report also consists of Part 2, Part 3 and Part 4. Part 2 contains the first version of the Alpha

group’s
answers to Annex 1 of ETR0402.Part 3 contains the detailed simulation results and parameters

used in the simulations as well as link budget calculations and dual mode GSM UMTSterminalissues.
Part 4 contains the WCDMA/ODMAdescription.

This is the final version of the Alpha Group evaluation report, additional items may be providedif
neededthen later as an annex, but this documentformsthe basis for the UMTSstandardisation if

WCDMAisselected as the UMTSTerrestrial Radio Access (UTRA) concept
as recommendedbythe

Alpha group.

The concept group Alpha
contact personsare:

Mikael Gudmundson mikael.gudmundson@era-t.ericsson.se

AndyBell andy.bell@nectech.co.uk

Antti Toskala antti.toskala@research.nokia.com

Concept group hasalso an e-mail distributionlist: smg2alpha@list.etsi.fr. 

29



���������	�
����������� �� ���������	������������������������ !�" �#$%&�%'(��)�*#"!+�,-.�/-0123-456789:�;9<=>�?@9�8A9�B9C�79@D6E9F�?G:�=H9@?86=G?<�I9?8J@97�=I�8A9�KLMNO�@?:6=F6G89@I?E9PQ�RJHH=@8�I=@�A6SAF:?8?F@?89�8@?G7T6776=G�UVWX�B;H7�>68A�>6:9F?@9?�E=D9@?S9Y�Z�N;H7�>68A�<=E?<E=D9@?S9[\Q�]6SA�79@D6E9�I<9̂6;6<68C�>68A�7JHH=@8�=I�TJ<86H<9�H?@?<<9<�D?@6?;<9F@?89�79@D6E97�=G�9?EA�E=GG9E86=G\Q�_II6E69G8�H?EB98�?EE977\Q� J̀6<8F6G�7JHH=@8�I=@�IJ8J@9�E?H?E68CaE=D9@?S9F9GA?GE6GS�89EAG=<=S697Y�7JEA�?7�?:?H86D9�?G89GG?7Y?:D?GE9:�@9E96D9@�78@JE8J@97Y�?G:�8@?G7T6889@�:6D9@768C\Q�RJHH=@8��=I�6G89@FI@9bJ9GEC�A?G:=D9@�I=@�=H9@?86=G�>68A�A69@?@EA6E?<�E9<<�78@JE8J@97�?G:�A?G:=D9@�8==8A9@�7C789T7Y�6GE<J:6GS�A?G:=D9@�8=�cRN\Q� =̀8A�dMM�?G:�eMM�=H9@?86=G\����*#"!+�,-.�1-fghif0j�fg030f1-3i41if4e?;<9�k�7JTT?@6797�8A9�B9C�89EAG6E?<�EA?@?E89@6786E7�=I�8A9�KLMNO�@?:6=F6G89@I?E9\NJ<86H<9FOEE977�7EA9T9 MRFLMNOMJH<9̂�7EA9T9 dMM�a�eMMLA6H�@?89 X\lmn�NEH7�U9̂H?G:?;<9�8=�W\kmZ�NEH7�?G:�kn\VWX�NEH7[L?@@69@�7H?E6GS�UX\lmn�NEH7[ d<9̂6;<9�6G�8A9�@?GS9�X\XFo\Z�N]p�UZll�B]p�E?@@69@�@?789@[d@?T9�<9GS8A kl�T7qG89@F̀R�7CGEA@=G6p?86=G dMM�T=:9P�r=�?EEJ@?89�7CGEA@=G6p?86=G�G99:9:eMM�T=:9P�RCGEA@=G6p?86=G�G99:9:NJ<86F@?89as?@6?;<9F@?89�7EA9T9 s?@6?;<9F7H@9?:6GS�I?E8=@�t�NJ<86FE=:9LA?GG9<�E=:6GS�7EA9T9 L=GD=<J86=G?<�E=:6GS�U@?89�kaZFkaV[uH86=G?<�=J89@�vR�E=:6GS�U@?89�Xao[w?EB98�?EE977 MJ?<�T=:9�UE=TT=G�?G:�:9:6E?89:�EA?GG9<[xyz{|�}�~������|���|�����y{���y�y��|�������

30



���������	�
����������� �� ���������	����������������������� !"�#$%&'()*�+(,,-)�./01'/10-234�56789�:;<=>?:@>3?AA4:�BCDE>CED4�F?B=>?::G�H;::;IB�C34�J2K�D4>;LL4AM?C=;A�J2K@N�8OPQRSO234�H;::;I=A<�:;<=>?:@>3?AA4:�CGT4B�?D4�M4H=A4M�H;D�56789UV�6;LL;A�6;ACD;:�63?AA4:BV�WD;?M>?BC�6;ACD;:�63?AA4:�XW66YZV�[;DI?DM@9>>4BB�63?AA4:�X[96YZV�\?<=A<�63?AA4:�X\6YZV�N?AM;L@9>>4BB�63?AA4:�XN96YZV�74M=>?C4M�63?AA4:BV�74M=>?C4M�6;ACD;:�63?AA4:�X766YZV�74M=>?C4M�2D?HH=>�63?AA4:�X726YZ234B4�:;<=>?:@>3?AA4:�CGT4B�?D4�M4B>D=F4M�=A�L;D4�M4C?=:�F4:;IO����]��$̂ $̂,��$,/0$)��+(,,-)_����]�]�̀ ��a�*�̀0$(b'(_/��$,/0$)��+(,,-)�c #d234�WD;?M>?BC�6;ACD;:�63?AA4:�XW66YZ�=B�?�M;IA:=Ae�T;=AC@C;@LE:C=T;=AC�>3?AA4:�C3?C�=B�EB4M�C;FD;?M>?BC�BGBC4L@�?AM�>4::@BT4>=H=>�=AH;DL?C=;AO�234�W66Y�=B�L?TT4M�C;�C34�\D=L?DG�6;LL;A�6;ACD;:\3GB=>?:�63?AA4:�X\D=L?DG�66\6YZf�B44�g4>C=;A�hOiOhOPO�234�W66Y�=B�?:I?GB�CD?ABL=CC4M�;j4D�C344AC=D4�>4::O����]���k"�a�*�k$0l(0b�"''-__��+(,,-)�c #d234�[;DI?DM�9>>4BB�63?AA4:�X[96YZ�=B�?�M;IA:=Ae�>3?AA4:�C3?C�=B�EB4M�C;�>?DDG�>;ACD;:�=AH;DL?C=;A�C;?�L;F=:4�BC?C=;A�I34A�C34�BGBC4L�eA;IB�C34�:;>?C=;A�>4::�;H�C34�L;F=:4�BC?C=;AO�234�[96Y�L?G�?:B;>?DDG�B3;DC�EB4D�T?>e4CBO�234�[96Y�=Bf�C;<4C34D�I=C3�C34�\6Yf�L?TT4M�C;�C34�g4>;AM?DG�6;LL;A6;ACD;:�\3GB=>?:�63?AA4:�Xg4>;AM?DG�66\6YZf�B44�g4>C=;A�hOiOhOPO�234�[96Y�L?G�F4�CD?ABL=CC4M;j4D�;A:G�?�T?DC�;H�C34�>4::�FG�EB=A<�:;F4@H;DL=A<�?AC4AA?BO����]���m�a�*�m(%&,%��+(,,-)�c #d234�\?<=A<�63?AA4:�X\6YZ�=B�?�M;IA:=Ae�>3?AA4:�C3?C�=B�EB4M�C;�>?DDG�>;ACD;:�=AH;DL?C=;A�C;�?�L;F=:4BC?C=;A�I34A�C34�BGBC4L�M;4B�A;C�eA;I�C34�:;>?C=;A�>4::�;H�C34�L;F=:4�BC?C=;AO�234�\6Y�=Bf�C;<4C34D�I=C3C34�[96Yf�L?TT4M�C;�C34�g4>;AM?DG�66\6YO�234�\6Y�=B�?:I?GB�CD?ABL=CC4M�;j4D�C34�4AC=D4�>4::O����]�n�o"�a�*�o(,b$̂ �"''-__��+(,,-)�cp#d234�N?AM;L�9>>4BB�63?AA4:�XN96YZ�=B�?A�ET:=Ae�>3?AA4:�C3?C�=B�EB4M�C;�>?DDG�>;ACD;:�=AH;DL?C=;AHD;L�?�L;F=:4�BC?C=;AO�234�N96Y�L?G�?:B;�>?DDG�B3;DC�EB4D�T?>e4CBO�234�N96Y�=B�L?TT4M�C;�C34\3GB=>?:�N?AM;L�9>>4BB�63?AA4:�X\N96YZf�B44�g4>C=;A�hOiOhOhO�234�N96Y�=B�?:I?GB�D4>4=j4M�HD;LC34�4AC=D4�>4::O������ -b&'(/-b��+(,,-)_������]� ��a�*� -b&'(/-b��$,/0$)��+(,,-)�c #�(,b�p#d234�74M=>?C4M�6;ACD;:�63?AA4:�X766YZ�=B�?�F=M=D4>C=;A?:�>3?AA4:�C3?C�=B�EB4M�C;�>?DDG�>;ACD;:=AH;DL?C=;A�F4CI44A�C34�A4CI;De�?AM�?�L;F=:4�BC?C=;AO�234�766Y�B4Dj4B�C34�B?L4�HEA>C=;A�?B�C34�CI;:;<=>?:�>3?AA4:B�gC?AM@9:;A4�74M=>?C4M�6;ACD;:�63?AA4:�Xg766YZ�?AM�9BB;>=?C4M�6;ACD;:�63?AA4:X966YZ�M4H=A4M�I=C3=A�J2K@N�8OPQRSO�JA�56789�C34D4�=B�C3EB�A;�M=BC=A>C=;A�F4CI44A�M4M=>?C4M>;ACD;:�>3?AA4:B�C3?C�?D4�:=Ae4M�C;�?�CD?HH=>�>3?AA4:�?AM�C3;B4�C3?C�?D4�A;CO�234�766Y�=Bf�T;BB=F:GC;<4C34D�I=C3�;A4�;D�B4j4D?:�726YBf�L?TT4M�C;�?�74M=>?C4M�\3GB=>?:�7?C?�63?AA4:�X7\76YZf�B44g4>C=;A�hOiOPOP�?AM�hOiOPOhO
31



���������	�
����������� �� ���������	��������������������������� !�"��#$%&'(#$��)'**%&� +',,#-�.�/�',$01)�2/3456�7689:;<68�4=;>>9:�?5;@@6A�B74?CD��9E�;�F989=6:<9G@;A�G=�H@989=6:<9G@;A�:5;@@6A�<5;<�9E�HE68�<G�:;==IHE6=�9@>G=J;<9G@�F6<K66@�<56�@6<KG=L�;@8�;�JGF9A6�E<;<9G@M�N�74?C�9EO�<GP6<56=�K9<5�;�7??C��;@8QGEE9FAI�G<56=�74?CEO�J;QQ68�<G�;�7689:;<68�R5IE9:;A�7;<;�?5;@@6A�B7R7?CDM������STUU')V�1*�-1W%&'-"(1"X+VY%&'-�&+',,#-�U'XX%,WZ9PH=6�[�EHJJ;=9E6E�<56�J;QQ9@P�G>�AGP9:;A�:5;@@6AE�<G�Q5IE9:;A�:5;@@6AEM�456�Q5IE9:;A�:5;@@6AE�;=686E:=9F68�9@�86<;9A�9@�\6:<9G@�]M̂M/1W%&'-� +',,#-Y _+VY%&'-� +',,#-Y?̀?C R=9J;=I�?GJJG@�?G@<=GA�R5IE9:;A�?5;@@6A�BR=9J;=I�??R?CDZN?C \6:G@8;=I�?GJJG@�?G@<=GA�R5IE9:;A�?5;@@6A�B\6:G@8;=I�??R?CDR?CaN?C R5IE9:;A�a;@8GJ�N::6EE�?5;@@6A�BRaN?CD7??C 7689:;<68�R5IE9:;A�7;<;�?5;@@6A�B7R7?CD74?C bcdefg�h�ijdcklmnkolppgm�qj�rostcklmnkolppgm�ulrrcpd

32



���������	�
����������� �� ���������	����������������������� !"�#$%&'()*+�$),,-*�./01(/10-����2� -3'()/-3�4$%&'()*�($),,-*&56787�987�:;<�:=>7?�<@�A7ABC9:7A�>6=?BC9D�C69EE7D?F�:67�G7ABC9:7A�H6=?BC9D�G9:9�I69EE7D�JGHGIKL9EA�:67�G7ABC9:7A�H6=?BC9D�I<E:8<D�I69EE7D�JGHIIKLM567�GHGIK�B?�N?7A�:<�C988=�A7ABC9:7A�A9:9�O7E789:7A�9:�D9=78�P�9EA�9Q<R7F�BM7M�:67�A7ABC9:7A�D<OBC9DC69EE7D?�<@��S7C:B<E�PMTMPM567�GHIIK�B?�N?7A�:<�C988=�C<E:8<D�BE@<8U9:B<E�O7E789:7A�9:�D9=78�VM�567�C<E:8<D�BE@<8U9:B<E�C<E?B?:?<@�WE<;E�>BD<:�QB:?�:<�?N>><8:�C69EE7D�7?:BU9:B<E�@<8�C<6787E:�A7:7C:B<EF�:89E?UB:�><;78XC<E:8<D�J5HILC<UU9EA?F�9EA�JR98B9QD7XD7EO:6L�89:7�BE@<8U9:B<E�JYZLM�567�89:7�BE@<8U9:B<E�BE@<8U?�:67�87C7BR78�9Q<N::67�BE?:9E:9E7<N?�89:7�<@�:67�AB@@787E:�?78RBC7?�UND:B>D7[7A�<E�:67�A7ABC9:7A�>6=?BC9D�A9:9�C69EE7D?M����2�2� \],*',̂�3-3'()/-3�4$%&'()*�($),,-*&_<8�:67�A<;EDBEWF�:67�GHGIK�9EA�:67�GHIIK�987�:BU7�UND:B>D7[7A�;B:6BE�79C6�89AB<�@89U7�9EA:89E?UB::7A�;B:6�̀HSa�U<AND9:B<EM����2�2�2�b0)c-�&/01(/10-_BON87�P�?6<;?�:67�>8BECB>D7�@89U7�?:8NC:N87�<@�:67�A<;EDBEW�GHGIKdGHIIKM�e9C6�@89U7�<@�D7EO:6�VfU?�B?�?>DB:�BE:<�Vg�?D<:?F�79C6�<@�D7EO:6�5?D<:�h�fMgPi�U?F�C<887?><EABEO�:<�<E7�><;78XC<E:8<D�>78B<AMjB:6BE�79C6�?D<:F�:67�GHGIK�9EA�:67�GHIIK�987�:BU7�UND:B>D7[7AM�567�?D<:?�<@�_BON87�P�C<887?><EA:<�:67�><;78XC<E:8<D�>78B<A?F�?77�S7C:B<E�PMgMT

klmnop�q�korsp�tuonvunop�wxo�yxz{|l{}�ypylvrupy�~��tlvr|�v�r{{p|t�567�>989U7:78�W�BE�_BON87�P�A7:78UBE7?�:67�:<:9D�ENUQ78�<@�QB:?�>78�GHGIKdGHIIK�?D<:M�Z:�B?�87D9:7A:<�:67�?>879ABEO�@9C:<8�S_�<@�:67�>6=?BC9D�C69EE7D�9?�S_�h�PigdPWM�567�?>879ABEO�@9C:<8�U9=�:6N?�89EO7@8<U�Pig�A<;E�:<��M567�7[9C:�ENUQ78�<@�QB:?�<@�:67�AB@@787E:�@B7DA?�BE�_BON87�P�J�>BD<:F��5HIF��YZF�9EA��A9:9L�B?�=7:�:<�Q7A7:78UBE7A�9EA�B?�9D?<�7[>7C:7A�:<�R98=�@<8�AB@@787E:�?>879ABEO�@9C:<8?�9EA�?78RBC7�C<UQBE9:B<E?M�<:7�:69:�C<EE7C:B<EXA7ABC9:7A�>BD<:�QB:?�987�:89E?UB::7A�9D?<�@<8�:67�A<;EDBEW�BE�<8A78�:<�?N>><8:�:67N?7�<@�A<;EDBEW�9A9>:BR7�9E:7EE9?M�jB:6�A<;EDBEW�9A9>:BR7�9E:7EE9?F�9E�<UEBXAB87C:B<E9D�>BD<:�C69EE7D;BDDF�BE�O7E789DF�E<:�>8<>9O9:7�<R78�:67�?9U7�89AB<�C69EE7D�9?�9�A7ABC9:7A�>6=?BC9D�C69EE7D�:89E?UB::7ABE�9�E988<;�D<Q7M

5HI��5HI�QB:?SD<:��V SD<:��P SD<:��B SD<:��Vg_89U7��V _89U7��P _89U7��B _89U7���P
fMgPi�U?F�Pf�PW�QB:?�JWhfMMgLHBD<:��>BD<:�QB:? G9:9�A9:9�QB:?GHIIK GHGIK

5@�h�Vf�U?5?N>78�h��Pf�U?
YZ��YZ�QB:?

33



���������	�
����������� �� ���������	����������������������� !�"#$%!�&�'�($�)�*+,-! ���� #$#"#!���!�./012� "3!+�*+,-!��*�(!�4#5���6�- 789:9;9;98�<=>?@ABCD�@CA�EFAGH@IBFCJ$4"+!�K�$((" #+,#! �#5!� 3+!,&$�4�,�&�-�&"(,#$���*�+�#5!�0L0/MN0L//M7�0,#,�-�&"(,#$���$ �OLPQ'5!+!�!,�5�3,$+��*�#'��R$# �,+!� !+$,(S#�S3,+,((!(����%!+#!&�,�&�-,33!&�#��#5!�T�,�&�O�R+,��5+! 3!�#$%!(U7�V5!�T�,�&�O�R+,��5�,+!�#5!�� 3+!,&�#��#5!��5$3�+,#!�'$#5�#5!� ,-!��5,��!($W,#$�����&!���5,�&� "R !X"!�#(U� �+,-R(!&�RU�#5!� ,-!��!((�� 3!�$*$�� �+,-R($�4���&!�� �+,-R7
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The base station should estimate the received DPCCH powerafter RAKE
combining of the connection

to be powercontrol. Simultaneously, the base station should estimate the total uplink received
interference in the current

frequency band. The basestation then generates TPC commandsaccording
to

the followingrule:

STRest
>

SIReargetut
> TPC command

=
“down”

STRest
<

SIReargetut
> TPC command

=
“up”

Uponthe reception of a TPC command,the mobile station should adjust the transmit power of both the

DPCCHand the DPDCHinthe given direction with a
step of Arpc dB. The step size Aqpc is a

parameter that may differ between differentcells.

In case of soft handover, the mobile station should adjust the power with the largest step in the “down”
direction ordered by the TPC commandsreceived from each basestation in the active set.

2.6.3.1.2 Outer loop (SIR target adjustment)

The outer
loop adjusts the SIR target used by the closed-loop powercontrol. The SIRtargetis

independently adjusted for each connection based on the estimated quality of the connection. In

addition, the power offset between the uplink DPDCH and DPCCH may be adjusted. How the quality
estimate is derived differs for different service combinations. Typically

a combination of estimated bit-
error rate and frame-errorrate is used.

2.6.3.1.3, Open-loop powercontrol

Open-loop powercontrol is used to
adjust the transmit powerof the physical Random-Access channel.

Before the transmission of a Random-Accessframe, the mobile station should measure the received

powerof the downlink Primary Common Control Physical Channel overa
sufficiently long time to

remove any effect of the non-reciprocal multi-path fading. From the powerestimate and knowledge of

the Primary CCPCH transmit power (broadcasted
on the BCCH) the downlink path-loss including

shadow fading
can be found. From this path loss estimate and knowledge

ofthe uplink interference
level and the required received SIR, the transmit powerof the physical Random-Access channel can be
determined. The uplink interference level as well as the required received SIR are broadcasted on the
BCCH.

2.6.3.2, Downlink powercontrol

2.6.3.2.1 Closed loop powercontrol

The downlink closed loop powercontrol adjusts the base station transmit powerin order to
keep the

received downlink SIR at a
given SIR target

The mobile station should estimate the received DPCCH power after RAKE
combining of the

connection to be power control. Simultaneously, the mobile station should estimate the total downlink
received interference in the current

frequency band. The mobile station then generates TPC commands

according
to the following rule:

STRest
>

SIReargetpt
— TPC command

=
“down”

STRes
<

STReargep.
> TPC command

=
“up”

Uponthe reception of a TPC command,the base station should adjust the transmit powerin the given
direction with a

step of Arpc dB. The step size Arpc is a
parameter that may differ between different

cells.

2.6.3.2.2 Outer loop (SIR target adjustment)

The outer
loop adjusts the SIR target used by the closed-loop powercontrol. The SIRtargetis

independently adjusted for each connection based on the estimated quality of the connection. In

addition, the power offset between the downlink DPDCH and DPCCH may
beadjusted. How the

quality estimate is derived differs for different service combinations. Typically
a combination of

estimated bit-error rate and frame-errorrate is used.
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C<9�,3B6�;,98��F- �.2�,3B�;,98��F�
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2.7.2.2. Multi-packet transmission

For multi-packet transmission on a dedicated channel an initial Random-Access request is used to set up
a dedicated packet channel. On this channel, short packets may be transmitted without any scheduling,
similar to the common-channel packet transmission. Larger packets may require that an access

request
is first sent

by the mobile station on the dedicated channel. The network responds
to this requestin the

same wayasfor the single-packet
case

e With a short acknowledgement.
A

scheduling messageis then sent to the mobile station at the time
whenthe actual packet transmission can start. The scheduling message includesthe transfer format,
e.g. the bit rate, to be used for the packet transmission.

e With an immediate scheduling message, that either allows for immediate packet transmission,
or

that indicates at what time in the (near) future the mobile station may
start its transmission.

Figure 30 illustrates multi-packet transmission on a dedicated channel. The link maintenance consists of

power-control commandsand
pilot symbols needed to preserve powercontrol and synchronization of

the dedicated physical channel.

Scheduled packets

J
=~

packet

User
packet   

User
packet,

User
packet

 
 

  
 
 
   

Access Access
request J request FJ   

Dedicated channel

C33)

:

Link maintenance

Figure 30 Multi-packet transmission on dedicated channel
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2.7.3.2 Medium Access Control (MAC)

The main responsibility of the MAC sublayer is to manage the access to
physical layer functions. In

addition to
allocating

resources to user services and control channels, MACcontrols the frame data rate

signalling for different bearers.

A
multiplexing / demultiplexing unit within MAC can mix services with equal QoS requirements

on

layer 2. Where different coding schemesare
required, the data streamsare transferred separately

to the

physical layer, which then provides coding, repetition and puncturing
as

requested by MAC.

MAC
providesseparate functionality and procedures for control channels including RACH, FACH,

PCH and BCCH.

2.7.3.3 Radio Link Control (RLC)
The radio link control units within MACare responsible for fulfilling QoS requirements

over the radio
interface. For non-real-time bearers RLC provides low-level selective retransmission ARQ functionality
with CRC-basederror detection.

2.7.4 Packet data handover

In the current simulation results the handover for packet data has been assumedto be hard handover,
where connection unlike with LCD services is enabled only

to a
single basestation. This results for the

mobiles at the cell egde
to not necessary be optimal in termsof interference to the other cells in the

system. In the Alpha group technical discussion in the London the method was
proposed where the

control channel (PCCH) would be in soft handover and packet data would bestill routed via a
single

base station causing
no network overhead. The data channel (PDCH) would thus be using thus hard

handover.

This kind of operation would facilitate fast rerouting of the packet data as the synchronisation would

exist to the most
likely base stations for handover as

they would bein the active set instead of the
candidate set, similar to the LCD soft handover case.

Clearly with this solution for the packet data the

gains from diversity combining could not be achieved, but faster handover improvesthe performance
otherwise although

not
offering diversity towards fading channel as such. The method will be studied in

further phase of the standardisation workto fully
see all the impacts

to system operation and achievable

improvements
to

packet data performance.
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2.8
Support

of
positioning functionality

The wideband nature of the WCDMAfacilitates the high resolution in position location as the
resolution achievable is directly proportional

to the channel symbolrate, in this case
chip

rate. The
duration of one

chip corresponds
to

approximately 73 meters in propagation distance and if the delay
estimation operates

on the accuracy of samples/chip then the achievable maximum accuracy is

approximately 18 meters with the 4.096 Mchips/s chip
rate.

Naturally there are then other inaccuracies
that will cause

degradation
to the positioning but 18 meters can be considered as kind of lower bound

on the positioning performance. With higher sampling
rate or

chip
rate the boundis then naturally

even

lower.

With the WCDMA concept the position location has been discussed in two
input documents in the

Alpha meetings. The one
example solution to use is the proposed power up function (PUF) whichin the

need for a MS to be heard by several base stations will increase the transmission power over short

interval. Other aspects of the position mechanism are how the issue of actual measurement is done and
whether that is based on

loop around time or on Time Difference Of Arrival (TDOA)
or other

measures.

The exact solution will not be decided until the standardisation phase during 1998 and to what extentit
needto be specified needs to determined as

well, but the presented alternatives in the Alpha group work

show that the positioning
can be provided with the WCDMA system concept.
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2.10 Performance
enhancing

features

In this section,
a numberofperformance enhancingfeatures, currently

not seen as
parts of the WCDMA

concept
are described. It can be assumedthat during the refinement phase,

most of these features will

be includedin the concept.

2.10.1 Support of adaptive
antennas

Adaptive
antennas are

recognised
as a way to enhance capacity and coverage of the system. As

mentionedin Section 2.4.1, solutions employing adaptive
antennasare

already supported in the
WCDMAconcept through the use of connection-dedicated pilot bits on both uplink and downlink.

2.10.2 Support of advancedreceiver structures

WCDMA isdesigned
to work without requiring complex joint detection of multiple

user
signals.

However,the potential capacity gains of such receivers ina WCDMAsystem have been recognised and
taken into account in the design of the concept. In the uplink the possibility

to use
only short codes (no

secondary scrambling code) facilitates more advancedreceiver structures with reasonable complexity.

2.10.3 Support of transmitter diversity
Transmitter diversity in the downlink provides

a meansto achieve similar performance gains
as for

mobile-station receiver diversity without the complexity of a second mobile-station receiver. For the
WCDMAconcept, transmitter diversity is possible for both the FDD and the TDD mode.

2.10.3.1 Transmitter diversity for FDD mode

A
typical transmit diversity technique such as

delay transmit diversity has two main drawbacks- self-

interference at locations with good SINR and requirementfor additional Rake fingers in the mobile
receiver.

However, in WCDMA,orthogonaltransmit diversity (OTD)offers significant advantages in the
downlink performance, while being free from the above problems.

The implementation of OTD is as follows. Codedbits are
split into two data streams and transmitted

via two separate antennas. Different orthogonal channelization codes are used per antenna for

spreading. This maintains the orthogonality between the two output streams, and henceself-interference
is eliminatedin flat fading. Note that by splitting the coded data into two separate data streams, the
effective number of channelization codesper useris the same as the case without OTD.

The abovestructure is highly flexible:

e It may be easily extended to more antennas(4,8,etc.)

OTD may
be

an
optional feature that can be turned on

only if needed. In addition, it is possible
to

support
a mixture of mobiles with and without OTD capability.

The additional required processing
at the mobile station is small. Figure 37 illustrates Rake finger

processing with OTD.It is important
to note that the Pilot signal is also split and transmitted on both

antennas whichallows coherent detection of the signals received from both antenna. The data is

processed using
a Rake finger with parallel processing capability. Both transmitted signal

streamsare

received simultaneously
at the same

delay (for
a

given multipath ray), hence no additional buffering and
skewingofdata is necessary. This significantly reduces the hardware complexity/cost associated with
OTD implementation.
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Figure 37 Rakefingerprocessing with OTD

In the basestation transmitter, the baseband processing(i.e. data splitting and separate spreaders)
required for OTD already exists with multicode transmission in the downlink. From the OTD

viewpoint, it is advantageous
to

employ multicode transmission forall data rates, and it is also

recommended to match the numberofcodes assigned
to the user with the numberof transmit antennas.

Simulation results indicate that at
high speeds, the improvement due to OTD over the system with no

diversity is 2.5 dB and about 3 dB over
delay transmit diversity. At slow speeds OTD is only slightly

better than delay transmit diversity, but the improvementrelative to the system with no
diversity is as

muchas 7 dB. Furthermore at slow speeds OTD reduces the required power variance of the downlink
fast forward powercontrol.

2.10.3.2 Transmitter diversity for TDD mode

Asdiscussed in, for TDD transmissionthere is full channel-reciprocity between uplink and downlink,
due to the use of a common

uplink/downlink carrier frequency. From uplink measurements, the base
station may then decide the best antennato use for the downlink transmissions and thus avoid downlink
fades.

2.10.4 Optimised uplink pilot power

With the current
uplink scheme,the uplink pilot poweris constant for all rates within a variable-rate

connection. By including additional variable-strength pilot-bits
on the I branch, the uplink pilot power

could be optimised for each rate within the rate set of a variable-rate connection.
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61



���������	�
����������� 	� ���������	���������������������� �!"�#$��#�%&�'���#()*�+!#,!-��'!�)����.��&#�,'.�#�/&!)�#&��.$0!!�1���2�3��'��'!�,�00!#��45678$0&� �,&#,! �*�+&3!9!0-��'�)�/�11!0!#,!�%!�3!!#����!�.#/�:;<,&/!������ �!"�#$�'.)�%!!#�!9.��.�!/-.#/��)�%!�#$�1�0�'!0�!9.��.�!/-�.#/��'!0!��)�!9�/!#,!��'.���'!0!��)�#&��.=&0� !01&0�.#,!�/�11!0!#,!%!�3!!#��'!��3&��!,'#�>�!)*�:��,.#�!9!#�%!�.0$�!/��'.���'!�,�00!#��45678�,&#,! ��)'&��/�'.9!)��$'��2�%!��!0�/&3#��#(� !01&0�.#,!�,&� .0!/��&��'!�&0�$�#.��?78@�/&3#��#(*�A'!�/&3#��#( !01&0�.#,!�1�$�0!)� 0!)!#�!/�'!0!�)'&��/��'!#�%!�)��$'��2� !))���)��,*8�)&-�)����.��&#)� !01&0�!/�%2�BC5�.$0!!�3!���3��'��'!�0!)���)�&%�.�#!/�3��'��'!�?78@�)����.��&#,'.�#*�A'!�BC5�)����.��&#)�3!0!�/&#!�3��'����!������ �!"�#$��#�%&�'�� ��#(�.#/�/&3#��#(-�.#/�.0!/!),0�%!/��#�DEF*GHIHI�JKLMNJOPOQ�RKSTQUVKWLXGHIHIHI�RKSTQUVKWL�YWZOQA'!�45678�)2)�!��/!),0� ��&#��)��'!�%.)�)�1&0��'!�)����.��&#��&/!�*�+&3!9!0-��'!�/&3#��#()����.��&#)��)!��'!�&0�$�#.��?78@�/&3#��#(-�/!),0�%!/��#�D[F*�\#,!�.$.�#�&#!�)'&��/�#&�!��'.���'! !01&0�.#,!��)�%.)�,.��2��'!�).�!*:#��'!�)����.��&#)�).� ��#$�3.)��./!�.��,'� ��!9!�-��*!*�3��'�#&�&9!0).� ��#$�.#/�#&� ��)!])'. �#$1���!0)*�5&� .0.��9!�)����.��&#)�)'&3!/�#!$��$�%�!� !01&0�.#,!�/�11!0!#,!)�%!�3!!#��'!�1���!0!/�.#/#&#]1���!0!/�,.)!*?.)�� &3!0�,&#�0&���)��#,��/!/��#�.���)����.��&#)*�:#)�!./�&1�)!#/�#$��'!�� ��#(� &3!0�,&#�0&�,&��.#/)�&#��'!�/&3#��#(�.#/�9�,!�9!0).-� &3!0�,&#�0&��,&��.#/)�.0!� .))!/��'0&�$'�.�%�#.02)2��!�0�,�,'.##!��3��'�!00&0� 0&%.%����2�&1�[�̂*�_����.��&#)�'.9!�9!0�1�!/��'.���'!�[�̂�!00&0 0&%.%����2�.$0!!)�3!���3��'�0!.��!00&0)�&#��0.#)����!/� &3!0�,&#�0&��,&��.#/)*�̀�#(]�!9!��)����.��&#).))��!��#�����!/�/2#.��,�0.#$!�1&0��'!�1.)�� &3!0�,&#�0&�-�.#/��'!�/!�.2��#��'!� &3!0�,&#�0&���&& ��)&#!�)�&�*�A'!� &3!0�.� ��1�!0��)�#&���&/!��!/-��*!*�.#��/!.��.� ��1�!0��)�.))��!/*A'!�� ��#(�)����.��&#)�.))��!�0!,!�9!0�.#�!##.�/�9!0)��2�3��'�a!0&�,&00!�.��&#�%!�3!!#��'!�.#�!##.)-3'��!��'!�/&3#��#(�.))��!)�&#!�0!,!�9!0�.#�!##.�&#�2*�\0/�#.02�b8cC�0!,! ��&#��)��)!/��#�.��)����.��&#)*�5'.##!��!)���.��&#��)�/&#!��'0&�$'�)�� �!�.9!0.$�#$�&1� ��&��)2�%&�)�10&���3&,&#)!,���9!�)�&�)*8�1�"!/�)!.0,'!0��)��)!/��#��'!�0!,!�9!0-��*!*��'!�0!,!�9!0�(#&3)��'!�/!�.2�&1�.���0.2)�.#/� �,()�� ��'!!#!0$2�&1�)&�!�0.2)��)�#$�.�1�"!/�)!��&1�1�#$!0)��#��'!�b8cC*�:#��'!�)!,��&#�&#�,'.##!���&/!�)��'!�0.2) �,(!/�� �%2��'!�b8cC�.0!�)'&3#*8����#�!01!0!#,!��)��&/!��!/�.)�.//���9!�3'��!�d.�))�.#�#&�)!*GHIHIHe�ROUfghOf�iOfjWfSULgOA'�)�,'. �!0�)'&3)��'!�0!)���)�&#��'!� 0.,��,.��)!0.0,'!0��#�45678�/!0�9!/�10&���'!��!)�%!/�0!)���) 0!)!#�!/��#�A/&,�_7d@�k7A_�8l[<mn-�DoF*�A'!�)!.0,'!0��)!/��#��'!�!9.��.��&#�,&#)�)�!/�&1��'!1&��&3�#$�)�! )pq�5&00!�.��&#�%!�3!!#��'!�0!,!�9!/�)�$#.��.#/��'!�) 0!./�#$�,&/!��)�,.�,��.�!/�.��!.,'� ��&��)2�%&� &)���&#�3��'��'!�) !,�1�!/�����#$�0!)&����&#*q�5&� �!"�,&00!�.��&#�9.��!)�.���'!�)�! �[�.0!�)���!/�� �&9!0��'!����!��!#$�'][�r9!,�&0��#�!$0.��&#���!s�.1�!0�0!�&9�#$� ��&���&/��.��&#�1&0�_:Bb��� 0&9!�!#�*q�_>�.0!/�9.��!�&1��'!�)���.��&#�&%�.�#!/�.���'!�)�! �@��)�)���!/�� �&9!0��'!����!��!#$�']@�r &3!0�#�!$0.��&#����!s�1&0�#&�)!�.#/��#�!01!0!#,!�)�&&�'�#$*q�t.�'�����#$)�.0!�)!�!,�!/��#�/!),!#/�#$�&0/!0�10&���'!�����#$)�3��'��.0$!�)>�.0!/�9.��!�$�9!#�.���'!)�! �u*A'!�#��%!0�&1� .�'�����#$)��&�%!�)!�!,�!/�3.)�!>�.���&��'!�#��%!0�&1�1�#$!0)�&1��'!�b8cC�0!,!�9!0�.��."����*�8��)�! �l-��'!� &3!0��!9!��&1�.� .�'�,.#/�/.�!�3.)�,&� .0!/�3��'��'!�#&�)!�.#/��#�!01!0!#,!1�&&0��!9!��.)�3!���.)��'!��!9!��&1��'!�1�0)��)!�!,�!/� .�'�����#$�r�'!��."����� &3!0s�)&��'.�� .�'��&�%!)!�!,�!/�!11�,�!#��2�,&#�0�%��!)��&��'!� .�'�/�9!0)��2�!11!,��.���'!�b8cC�0!,!�9!0*�A'!�$�.0/����!��)�.�)&�#�0&/�,!/�%!�3!!#��'!� .�'�����#$�.�0!./2�,'&)!#�.#/�.� .�'�,.#/�/.�!�1&0� .�'�)! .0.��&#*�:#�&0/!0��&
62

UMTS30.06 version 3.0.0 62 TR 101 146 V3.0.0 (1997-12)

multiplexing in both links. Hence, the simulation chain does not agree fully with the current WCDMA

group concept. However,this difference between time and IQ/code multiplexing has been evaluated,
and is being further evaluated, and there is evidence that there is no

major performance difference
between the two

techniques. It can even be argued that the current WCDMA concept should have

slightly better downlink performance compared
to the original FMA2 downlink. The downlink

performance figures presented here should then beslightly pessimistic.

Also, simulations performed by NECagree well with the results obtained with the FMA2 simulation
chain. The NEC simulations were done with time multiplexing in both uplink and downlink, and are

describedin [5].

3.1.1 Link-Level Simulations

3.1.1.1 Simulation Model

The WCDMAsystem description is the basis for the simulation model. However, the downlink

simulations use the original FMA2 downlink, described in [1]. Once again
one should note that the

performanceis basically the same.

In the simulations sampling
was madeat

chip level, i.e. with no
oversampling and no

pulse-shaping
filters. Comparative simulations showed negligible performance differences betweenthe filtered and
non-filtered case.

Fast powercontrol is included in all simulations. Instead of sending the uplink power control
commandson the downlink and vice versa, power control commandsare

passed through
a

binary
symmetric channel with error

probability of 1 %. Simulations have verified that the 1 % error

probability agrees well with real errors on transmitted power control commands. Link-level simulations
assume unlimited dynamic range for the fast power control, and the delay in the power control loopis
one slot. The power amplifier is not modelled, i.e. an ideal amplifier is assumed.

The uplink simulations assume receiver antenna
diversity with zero correlation between the antennas,

while the downlink assumesonereceiver antenna
only. Ordinary

RAKE
reception isusedinall

simulations. Channel estimation is done through simple averaging of pilot symbols from two

consecutiveslots.

A fixed searcheris used in the receiver, i.e. the receiver knowsthe delay
ofall rays and picks up the

energy of somerays using
a fixed set of fingers in the RAKE.In the section on channel models the rays

picked up by the RAKE are shown.

All interference is modelled as additive white Gaussian noise.

3.1.1.2 Searcher Performance

This chapter showsthe results on the practical serarcher in WCDMAderivedfrom the testbed results

presented in Tdoc SMG2 UMTSA41/97, [6]. The searcher used in the evaluation consisted of the

following steps:
e Correlation between the received signal and the spreading codeis calculated at each pilot symbol

position with the specified timing resolution.

e
Complexcorrelation values at the step 1 are summed

up
overthe time length-1 (vector integration

time) after removing pilot modulation for SINR improvement.
e

Squared value of the summation obtainedat the step 2 is summed
up

overthe time length-2 (power

integration time) for noise and interference smoothing.
e Path timings

are selected in descending order from the timings with large squared value given
at the

step 3.

The numberofpath timings
to be selected was

equal
to the numberof fingers of the RAKE receiverat

maximum.At step 4, the powerlevel of a
path candidate was

compared with the noise and interference
floor level as well as the level ofthe first selected path timing (the maximum power)so that path

to be

selected efficiently contributes to the path diversity effect at the RAKE receiver. The guard timeis also
introduced betweenthe path timing already chosen and a

path candidate for path separation.
In order to
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The time waiting
on ACK/NACK(i.e. when the transmitter buffer is empty) is not included when

calculating the active session throughput. If the data packet that shall be transmitted has less bits than
can be transmitted in a

frame, dummybits (or rather dummy blocks)
are added. These dummybits

are

not included whencalculating the session throughput, howeverthey will increase the interference in the

system. A data packet will be divided into data blocks of 320 bits (300 information bits). Several blocks
are then put into a

frame, e.g. 8 blocks per frame for the UDD 384service. For a detailed description,
see section 3.2.1.3.

3.2 Results

3.2.1 Link-Level Simulations

The E,/N,values presented here are the actual E,/N, values neededin the receiver to achieve the

corresponding BER, FER and BLER.TheE,/N,values include all overhead,i.e. the DPCCH

(Dedicated Physical Control Channel: pilot bits, power control bits, FCH) and overhead on the
DPDCHs(Dedicated Physical Data Channels) such as

CRCs, block numbersandtail bits for the
convolutional code. In other words, the E, value contains all energy needed to transmit one information
bit. Energy from commonbroadcast channels are not includedin the link-level results.

The user bit stream is coded using convolutional codes and possibly also a Reed-Solomon code. After

coding of the DPDCHrate matchingis applied, using puncturingorrepetition. On the DPCCHrate

matching is always performed using repetition. The rate
matching used for the different services are

given below,e.g. 9/10 rate
matching

means “9 bits in, 10 bits out” or
repetition of every 9:th bit.

All plots with link-level results are found in Part 3, together with tables specifying the parameters used
for the simulations.

3.2.1.1 Speech Service

The speech-service simulations assume a
hypothetical 8 kbps speech codec with a user BER

requirementof 10°. The simulations have been carried out with interleaving
over one frameonly (10

ms) and two frames (20 ms), both ofwhich shouldsatisfy the UMTSrequirements of a one-way delay
of at most 20 ms.

Larger inter-frame interleaving
can be applied if more

delay is allowed. This would

improve performance, especially for medium-speed mobile terminals. A convolutional code of rate 1/3

with constraint length 9 was used for both uplink and downlink. Since the variable rate
speech service

only has twodifferent bit rates, 0 and 8 kbps, blind rate detection is easily done. Hence, simulations
have been madeboth with and without explicit

rate information (FCH, Frame Control Header).

In the simulations the FCH wasrestricted to two values of the 64 possible. This yields
an FCH word

error rate of around 10°forall environments, which meansthatthe rate detection will have virtually
no

impact
on link quality.

The simulation results are shown in Table 5 below.
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4. CONCLUSIONS

This document has presented the wideband DS-CDMA concept proposed
as UMTSTerrestrial Radio

Access (UTRA)radio interface by the ETSI SMG2 Alpha (WCDMA)concept group. The proposed
concept has been studied in a wide range of environments and has been shown to fulfil all the UTRA

requirements. It can thus be recommendedto be chosen as the UTRA airinterface. The concept has
several advantageousfeatures including:

e Flexible multirate and service multiplexing concept for varying UMTSservice needs.

e The wide range of UMTSservices up to 2 Mbpssupported with the concept.
e

Support for two types of packet transmission for efficient packet
access

support.
e Future proofness taken into account into system design

to enable later performance enhancements
wheneven more

capacity is needed after initial deployment.
e Flexible system deployment with asynchronous operation and efficient support for hierarchical cell

structures.

e
Competitive implementation complexity with the studied RAKEreceiver solution comparedto other
UTRA options with no

exponential elements in the complexity
as a functionofdata rate.

e
Competitive performance in terms of capacity and coverage compared

to other UTRA concepts,

especailly the range with high bit rate
applications shows generally several dBs of difference to

competing solutions.

e Transmission concept which avoids audible interference problems
andresults in low power

transmission with the aid ofan efficient power-control schemeandutilisation of frequency diversity
due to the widebandsignal.

The studied aspects include also the dual-mode terminal implementation with GSM,whichis taken into
account when defining concept details to allow smooth migration between second generation systems
and third generation wideband CDMA with UMTSservice capability. Furthermore,

as wideband
CDMAsolutionsare

currently being adopted for other regions
as

well, the concept offers very good
opportunities for global roaming and improvedcostefficiency due to

larger volumesofthe terminal and
network equipment. The existing validators from several vendors for WCDMAequipmentwill also

provide
a faster development path towards UMTSroll-out.

15
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1 Introduction

In the evaluation processofthe different concepts the questions in Annex 1 of ETR 0402 haveto be
answered. The Alpha group’s

set of answers to the Annex |
questions is found in Chapter 2. Chapter 3

provides link budgets accordingto the link budget template given in ETR 0402. In
Chapter 4 a

complexity evaluation is presented and finally in Chapter 5 the principle for rate
matching is shown.

(7
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2 Answers to Annex! on ETR 0402

|fant

|

Test environment support

ti In whattest environments will the SRTT operate?

Answer:

Indooroffice (I), Outdoor to indoor and pedestrian (P), Vehicular (V),
and Mixed-cell pedestrian/vehicular (M)

If the SRTT supports more than one test environment, what test environmentdoesthis technology description
template address?

Answer:

The template addresses all four test environments.

Does the SRTT include any feature in support of FWA application ? Provide detail about impact of those
features on the technical parameters providedin this template, stating whether the technical parameters
provided apply for mobile as well as for FWA applications.

Answer:

The concept
can be applied to FWA applications. No special features are needed for FWA operation.

Technical parameters

Note : Parameters for both forward link and reverse link should be described separately, if necessary.

Whatis the minimum frequency band required to deploy the system (MHz)?

Answer:

FDD mode 2x5 MHz, TDD mode 5 MHz.

Whatis the duplex method: TDD or FDD?

Answer:

Both FDD and TDD modesare
specified.

Whatis the minimum up/down frequency separation for FDD?

Answer:

80 MHz in the UMTSband.

ti Whatis requirement of transmit/receive isolation? Does the proposal require
a

duplexerin either the mobile or

basestation.

Answer:

FDD mode: Duplexer needed. Transmit/receiveisolation 80 dB.

TDD mode: No duplexer needed.

Does the SRTT allow asymmetric transmission to use the available spectrum? Characterize.

Answer:

Thepossibility for a
large range ofuplink/downlink asymmetry

on the connection level follows from the

possibility of independentsetting ofuplink and downlink bearer-service characteristics (rate, delay, bit-error-
rate etc.).
Thepossibility for uplink/downlink asymmetry

on the cell-level is due to the use of one-cell reuse, where
downlink and uplink

resources can
independently of each other be moved between neighbouringcells.

Asymmetry
on a

total-system level can be achived with the proposed TDD modewherethetotal available time
can be asymmetrically allocated to the uplink/downlink. For the FDD mode, total-system asymmetry is

possible if and only ifmore bandwidthis allocated to downlink than uplink
or vice versa. 78
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Does the SRTT use
spreading scheme?

Answer:

Yes, the SRTTis based on
Direct-Sequence CDMA

Whatis the chip rate (Mchip/s): Rate at input to modulator.

Answer:

4.096 / 8.192 / 16.384 Mcps

Whatis the processing gain: 10 log (Chiprate / Informationrate).

Answer:

The processing gain depends
on the specific service. The processing gain (chip-rate/information-rate) is

variable in the range 3-46 dB for 4.096 Mcps.

Explain the uplink and downlink code structures and provide thedetails about the types (e.g. PN code, Walsh

code) and purposes(e.g. spreading,identification, etc.) of the codes.

Answer:

Channelization codes (UL & DL): Orthogonal Variable Spreading Factor codes. Spreading factor: 4-256

(4.096 Mcps)

Primary scrambling code (UL): Short complex MS-specific code of length 256 chips based on extended Very-
Large Kasamiset.

Secondary scrambling code (UL):Optional MS-specific code of length 10 ms
(40960 chips). Segment of long

Gold code.

Scrambling code (DL): BS-specific code of length 10 ms
(40960 chips). Segment of long Gold code.

Short Orthogonal Gold codes used on
Physical Random-Access channel and synchronization channel.

See also W-CDMAEvaluation Document, System Descriptionpart.

Whichaccess technology does the proposal
use: TDMA, FDMA, CDMA

,

hybrid,
or a new

technology?

In the case of CDMA which type of CDMAis used: Frequency Hopping (FH)
or Direct Sequence (DS)

or

hybrid? Characterize.

Answer:

Single-carrier Wideband Direct-Sequence CDMA.

Whatis the baseband modulation technique? If both the data modulation and spreading modulation are

required, please describe detail.

Whatis the peak to average powerratio after basebandfiltering (dB)?

Answer:

Data modulation: Dual-channel QPSK (UL), QPSK (DL)

Spreading modulation: QPSK (UL), BPSK (DL).

Rootraised cosine pulse shaping,roll-off factor 0.22.

Maximum peak-to-average ratio: <4.8 dB. 
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ti

|

Al.2.14.2 Can rapidly changing delay spread profiles be accommodated? Please describe.

Answer:

Variations in path amplitudes/phasesup to at least 500 Hz can be tracked with thepilot-bit-assisted coherent
detection. Long term variations in the path profile, e.g. the occurance ofnew

paths
can betracked on a frame-

by-framebasis (10 ms). The environmentspecific pilot conficurations allow to make pilot configuration
accoring to environmentconditions without having the same overheadin all environments where propagation
conditionsare less severe.

ti

|

Al.2.15 Whatis the Adjacent channelprotectionratio?

In order to maintain robustness to adjacent channel interference, the SRTT should have somereceiver
characteristics that can withstand higher power adjacent channelinterference. Specify the maximum allowed
relative level of adjacent RF channel powerin dBc. Please provide detail how this figure is assumed.

Answer:

45 dB.

ti

|

Al.2.16.1 Mobile terminal emitted power: What is the radiated antenna power measuredat the antenna? Forterrestrial

component, please give (in dBm). For satellite component, the mobile terminal emitted power should be given
in EIRP (dBm).

Answer:

24 dBm (Nominalvalue, not limited by SRTT)

A1.2.16.1.1

|

What is the maximum peak powertransmitted while in active or
busy state?

Answer:

30 dBm (Nominalvalue, not limited SRTT)

A1.2.16.1.2

|

What is the time average powertransmitted while in active or
busy state? Provide detailed explanation used to

calculate this time average power.

Answer:

100%, continuous transmission for DPCCH, for DPDCHon need basis 0-100%.

i

|

Al.2.16.2.1

|

What is the maximum peak transmitted powerper RFcarrier radiated from antenna?

Answer:

Notlimited by the SRTT

A1.2.16.2.2

|

What is the average transmitted power per RF carrier radiated from antenna?

Answer:

Notlimited by the SRTT, nominal value 24 dBm per code channel.

Whatis the maximum numberofvoice channels available per RF channel that can be supported at one base
station with 1 RF channel (TDD systems)

or 1 duplex RF channel pair (FDD systems), while still meeting
G.726 performance requirements?

Answer:

Depends
on the environmentand conditions but the SRTT allows the following numberofdata channels per

carrier for 4.096 Mchips/s:

256 with FDD, 128 with TDD. 
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Al.2.29

Al.2.29.1

Al.2.30

Sharing frequency band capabilities: To what degree is the proposal able to deal with spectrum sharing among
UMTSsystems

as well as with all other systems:
-

spectrum sharing between operators

Answer: Spectrum sharing possible through frequencydivision.
-

spectrum sharing betweenterrestrial andsatellite UMTS systems

Answer: Spectrum sharing possible through frequencydivision.
-

spectrum sharing between UMTSand non-UMTSsystems

Answer: Spectrum sharing possible through frequencydivision.
-

spectrum sharing between private and public UMTSoperators

Answer: Spectrum sharing possible through frequencydivision.
-

other sharing schemes

Answer:For uncoordinated systems, frequency sharingis possible through
code division within one

frequence band with somelimitations

Dynamic channelallocation: Characterize the DCA schemes which may be supported and characterize their

impact
on

system performance(e.g. in terms of adaptability to varying interference conditions, adaptability to

varying traffic conditions, capability to avoid frequency planning, impact
on the reusedistance,etc.)

Answer:

DCAnot needed

Mixedcell architecture: How well do the technologies accommodate mixedcell architectures (pico, micro and

macrocells)? Does the proposal provide pico, micro and macrocell user service in a
single licensed spectrum

assignment, with handoff as
required between them?(terrestrial component only)

Note: Cell definitions are as follows:

pico
-

cell hex radius (r)
< 100 m

micro
-

100 m<(r)
< 1000m

macro
-

(r)
> 1000 m

Answer:

The SRTTcan provide pico, micro, and macrocells in one common
frequency bandorin separate frequency

bands.In thelater case, a total of 2*15 MHz spectrum assignmentis needed. In either case, seamless handover
is possible between the cell layers.

Describe any battery
saver / intermittent reception capability

Answer:

During circuit switched operation the transmitter is continuosly
on. With packettraffic, depending

on the

packet-access mode, the reciever and transmitter can be used only periodically, i.e. being swiched off until
data is available for transmission or the base station indicates the mobile station that is to be received. In the
latter case, the polling is done according to A1.2.29.1

Ability of the mobile station to conserve
standby battery power: Please provide details about how the

proposal
conserve

standby battery power.

Answer:

The mobile station uses slotted reception whenit is not on a dedicated traffic channel. Most ofthe circuits are

turned off during the slots in a
cycle that not assigned to that mobile station. They

are
powered-on only in

time to receive the assigned slot for any possible pages or messages.

Signaling transmission scheme:If the proposed system will use radio transmission technologies for signaling
transmission different from those for user data transmission, describe details of signaling transmission scheme
over the radio interface between terminals andbase (satellite) stations.

Answer:

The signalling schemefor the SRTTis basically the same as for user data. User data and
signalling is time

multiplexed
on

layer1. 88
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ALA16

A1416.1

Describe the capability of the proposed SRTTto facilitate the evolution of existing radio transmission

technologies used in mobile telecommunication systems migrate toward this SRTT. Provide detail any impact
and constraint on evolution.

Answer:

The detailed parameters of the SRTT have been chosen with the easy implementation of dual-mode
UMTS/GSM.

Does the SRTT support backwards compatibility into GSM/DCSin termsof easy dual modeterminal

implementation, spectrum co-existence and handover between UMTS and GSM/DCS?

Answer:

The detailed parameters of the SRTT,e.g. the the clock frequencies
andcarrier raster has been chosen to

facilitate the easy implementation of dual-mode UMTS/GSM/DCSterminals. Handover between UMTSand
GSM/DCScanbesupported.

Are there any special requirements for base site implementation? Are there any features which simplify
implementation

ofbase sites? (terrestrial only)

Answer:

The base station configuration
can be modular thus the numberofuser

supported
can be increased modularly

if desired, similar to introducing
new TX/RX units to a GSM basestation with the difference being that RF

hardwareis not effected an
only single R/TX perbasestation is required.

Information required for terrestrial link budget template: Proponents should fulfill the link budget template
given in Table 1.3 of Annex 2 and answerthe following questions.

Whatis the basestation noise figure (dB)?

Answer:

See Link Budget Template.

Whatis the mobile station noise figure (dB)?

Answer:

See Link Budget Template.

Whatis the base station antenna gain (dBi)?

Answer:

See Link Budget Template.

Whatis the mobile station antenna gain (dBi)?

Answer:

See Link Budget Template.

Whatis the cable, connector and combiner losses (dB)?

Answer:

See Link Budget Template.

Whatare the numberoftraffic channels per RF carrier?

Answer:

Variable (depends
on therate of each traffic channel).

Whatis the SRTT operating point (BER/FER)for the required Ep/Noin the link budget template?

Answer:

For speech and LCD BER
=

10°, for UDD BLER
=

10% 96
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Whatis the ratio of intra-sector interference to sum ofintra-sector interference and inter-sector interference
within a cell (dB)?

Answer:

Depends
on the environment.

Whatis the ratio of in-cell interferenceto total interference (dB)?

Answer:

Depends
on the environment

Whatis the occupied bandwidth (99%) (Hz)?

Answer:

5 MHz

Whatis the information rate (dBHz)?

Answer:

Service dependent. 
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Uplink Downlink

—

Uplink
Test environment

i
Vehicular |Vehicular Vehicular

Multipath channelclass B B B

Mobile speed 120 km/h |250 km/h 250 km/h

Speech |Speech Speech
20 ms int |20 msint 20 ms int

Average TX powerper traffic ch.

Maximum TX powerpertraffic ch.

Maximum total TX power

Cable, conn. and combiner losses
TX antennagain
TX EIRPpertraffic channel

Total TX EIRP

RX antennagain
Cable and connector losses

Receivernoise figure
Thermalnoise density
RXinterference density
Total effect. noise + interf. density
Information rate

Required Eb/(No+lo) dB

RX sensitivity dB

Powercontrol TX power increase dB

Handoff gain dB

Explicit diversity gain dB

Other gain dB

Log-normal fade margin dB

Maximum path loss dB

Maximum range m

Coverageefficiency km7/site

Concept optimized parameters
Maximum TX powerpertraffic ch.
TX antenna gain
RX antennagain
Maximum path loss dB

Maximum range m

Coverageefficiency km7/site 
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Downlink Uplink Downlink Uplink
Test environment Indoor Indoor Indoor Indoor

Multipath channelclass A A A A

UDD 384 UDD 384 JUDD 2048 UDD 2048

Average TX powerpertraffic ch.

Maximum TX powerper traffic ch.

Maximum total TX power

Cable, conn. and combiner losses

TX antenna gain
TX EIRPpertraffic channel

Total TX EIRP

RX antennagain
Cable and connector losses

Receivernoise figure
Thermalnoise density
RXinterference density
Total effect. noise + interf. density
Information rate

Required Eb/(No+lo)
RX sensitivity
Powercontrol TX power increase

Handoff gain

Explicit diversity gain
Other gain

Log-normal fade margin
Maximum path loss

Maximum range

Coverageefficiency

Concept optimized parameters
Maximum TX powerpertraffic ch.

TX antenna gain
RX antennagain
Maximum path loss

Maximum range

Coverageefficiency

240000

10

10

dB

dB

dBm/Hz

dBm/Hz

dBm/Hz

dBHz

dB

dB

dB

dB

dB

dB

dB

dB
m

km/site

dB
m

km?/site
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UMTS30.06 version 3.0.0

Test environment

Multipath channelclass

Average TX powerper traffic ch.

Maximum TX powerpertraffic ch.

Maximum total TX power

Cable, conn. and combiner losses

TX antennagain
TX EIRPpertraffic channel

Total TX EIRP

RX antennagain
Cable and connector losses

Receivernoise figure
Thermalnoise density
RXinterference density
Total effect. noise + interf. density
Information rate

Required Eb/(No+lo)
RX sensitivity
Powercontrol TX power increase

Handoff gain

Explicit diversity gain
Other gain

Log-normal fade margin
Maximum path loss

Maximum range

Coverageefficiency

Concept optimized parameters
Maximum TX powerpertraffic ch.

TX antenna gain
RX antennagain
Maximum path loss

Maximum range

Coverageefficiency
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Downlink Uplink
Pedestr. Pedestr.
A A

UDD 384 UDD 384

240000

20

20

20
2

10

28

dB

dB

dBm/Hz

dBm/Hz

dBm/Hz

dBHz

dB

dB

dB

dB

dB

dB

dB

dB
m

km/site

dB
m

km?/site
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Downlink

Pedestr.
A

UDD 2048

480000

20

20

20
2

10

28

TR 101 146 V3.0.0 (1997-12)

Uplink Downlink Uplink
Pedestr. |Vehicular Vehicular
A A A

UDD 2048/UDD 144 UDD 144

240000

30

30

30
2

13
4
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yayk

puncture every zth bit from set
Sj

form newset
Sit]

from not puncturedbits of set
Sj

jae

end do

ify=1

puncturelast bit from set
Sj

else

x=Nco

v=Ni+1-Ne

S,
=

{d,.dy,..dy, }
do while y

> 1

fsy

LZz

x=x-k

yayk

repeat every zth bit from set
Sj

form new set
SH]

from not
repeated bits of set

Sj

jaf

end do

ify=—1

repeat first bit from set
Sj

end if
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-
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Source: SMG2

Concept Group Alpha
-

Wideband
Direct-Sequence

CDMA (WCDMA)

EVALUATION DOCUMENT(3.0)

Part 3:

Detailed simulation results and parameters

In the procedure to define the UMTSTerrestrial Radio Access (UTRA), the wideband DS-CDMAconcept
group (Alpha) will develop and evaluate a

multiple
access

concept based on direct sequence code division.
This group was formed around the DS-CDMAproposals from FRAMESMode2,Fujitsu, NEC and
Panasonic. The main radio transmission technology (RTT) and parameters of the common

concept from the

Alpha group along with performanceresults are
presented in this document.

This document was
prepared during the evaluation work of SMG2asa possible basis for the UTRA

standard. It is provided to SMG onthe understandingthatthe full details of the contents have not necessarily
been reviewed by,

or
agreed by, SMG2. 
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1. INTRODUCTION

This is the Part 3 of the Alpha (Wideband DS-CDMA)concept group evaluation document and

presents detailed parameters and simulation result curves of the W-CDMAconcept.Thisis a
separate

file for purely editorial reasons. This documentcontains twosections: link-level simulations and

system-level simulations for the FDD mode.

In the sections with link-level simulations both detailed parameters used in each simulation and also
curves with simulation results are

presented.
In

system-level sections the detailed simulation parameters
are

presented. Also,
some additionalfigures related to the sytem simulations are shownhere.

2. LINK-LEVEL SIMULATIONS

In this section link-level simulation parameters for the different test cases are listed for the FDD mode,

together with plots with simulation results. Note that the first row of each column in the parameter
tables lists the numberof the figure where the simulation result can be found.
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Figure 1. Speech, Indooroffice A, with antenna
diversity.
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The next time MS,,,, transmits a broadcast probe the neighbourlist will have one new
entry, MS,, and

an associated quality indicator (a weighted factor based on the received signal strength of the response

probe). It is through this basic mechanism that each mobile builds a
neighbourlist.

4.1.2.
Calling Channel Adaptation

The probe-response mechanism enables each MSto build a
neighbourlist which should contain at least

5 mobiles. In the initial state when an MSisfirst switched on and the neighbour list is empty, the MS
will transmit probes

on the CCH which hasthe highest modem datarate and at the minimum transmit

powerin order to minimise interference with other mobiles.

Each time a mobile receives a response to a broadcast probe, the responding mobile is included as a

neighbour. If the required number of neighbours is not met within time, Tj4ap;,
the MS will increaseits

transmit power by
x dB andreset

Tadap:.
The MSwill continue to increase the broadcast probe transmit

poweruntil it achieves the required numberofneighbours. If the maximum transmit poweris reached
before this condition is satisfied, the MS will switch to a lower rate CCH,defined

as the Previous CCH
and will stay at the maximum transmit power. The CCH data rate will continue to decrease, each time

reseting T,qap,
until the MS achieves the required numberofneighbours.

Conversely, if the number ofmobiles in the neighbourlist exceeds the required number, the CCHrate is
incremented to the Next CCH. The CCHrate will continue to increase until the required numberof

neighbours is within acceptable bounds. If the MSreachesthe highest CCH and the numberof

neighboursisstill excessive the MSwill start to
drop the transmit power. Each time the CCHstate is

changed(i.e. the CCH or broadcast probe transmit power), Tydap:
is reset.

4.1.3
Neighbours

on
Adjacent Calling Channels

The CCHadaption algorithm dictates that as the numberofneighboursincreasesin a localarea,
mobiles will begin

to moveto
higher

rate CCHs. This CCH migration implies that distant or
widely

separated mobiles will have fewer neighbours and will camp on lower rate CCHs,resulting in non-

contiguous connectivity. To overcomethis problem, the MSin idle mode periodically cycles through
all the CCHsandlistens for broadcast probes. If a broadcast probe is received, the MSwill send an

addressed response so that the appropriate neighbourlists can be updated.

Twotimers are used to govern the checking process. Thefirst timer is, Check_timer_1, which is

initiated when a mobile arrives on a new CCHandis proportional
to the CCH data rate. When

Check_timer_1 expiresfor the first time, the Check Channel status will be null and the MS will set the
Check Channel to the highest

rate CCH. Onstarting the checking process a second
timer,

Check_timer_2 (muchless than Check_timer_1), is initiated and whenthis timer expires the MSsets the
Check Channelstatus to the next lowest CCH and returns to the Current CCH, reseting Check_timer_1.
When Check_timer_1 expires for the second time, the Check Channelstatus is no

longer null and the
MScontinues the check cycle until Check_timer_2 expires,

at which point the Check Channelstatus is

updated and the MSreturns to the Current CCH,reseting Check_timer_1. This cycle repeats, skipping
the Current CCH,until the Previous CCHis reached and the MS automatically

returns to the Current
CCH.

Since Check_timer_2 is also proportional
to the Current CCH modem rate, it takes a

relatively short
time to check the higher

rate channels. Howeveras the as the cycle progresses the MS will spend
longer

on each channel, which is why the checking terminates when the Check Channelreaches the
Previous CCH.

The checkingcycleis illustrated in Figure 10
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ODMA Packet Structures

PACKET TYPE

Calling Channel Data Channel

Type: PROBE Type: DATA

Probe Type: Probe Type: Segment Type: Segment Type:
Addressed Broadcast MSG ETE

Segment Type: Segment Type: Segment Type: Segment Type:
MSG ETE MSG ACK ETE ACK

Segment Type: Segment Type:
MSG ACK ETE ACK

Figure 12 ODMA Packet Structures

 

   
 

 

 
 

  
  

 

 
 

 
 

155



���������	�
����������� ���������	�������������������	���� !�" �# $�%&'($)�!*(&���+��,�-. /01�23�45�601�6789:;<66<9=�>?��@��
��,�-. /01�23�45�601�71A1<B<9=�>?��C�D�E�F�G�� /01�;4H<I1�6789:;<6�J4K17L�@CM�FCEN�M� /01�J860�I4::�H16K119�601�6789:;<66<9=�>?�89O�8OO71::1O�>?P8OO71::1O�J74H1:�49IQRSC@T,��U�+����- /01�94<:1�I1B1I�86�601�AV77196�;4O1;SC@T,��U�+����-�W�� /01�94<:1�I1B1I�86�601�91X6�0<=01:6�7861�;4O1;SC@T,��U�+����-��� /01�94<:1�I1B1I�86�601�91X6�I4K1:6�7861�;4O1;��YU�E�+��Z[�Z�@NC���M \1]V<71O�\̂�A08991I�K019�6789:;<66<9=�>?�K896:�64�;4B1�648�O1O<A861O�/_̀ ab�!��c d) &!�" �# $�%&'($)�!*(&��,D��E�EeF� <a1a�>?fg�>?f�h_ig�j/jg�j/j�h_ik��,���-. /01�47<=<986<9=�>?.�E��CE����-. /01�O1:6<986<49�>?�kl /<;1�45�:1=;196�A7186<49��. /<;1�64�O<1��D��mMCF�+ \1I86<B1�:1=;196�I<51n6<;1�<9�601�916K47o��C,���UDp�� /01�;1::8=1�9V;H17g�:1=;196�6QJ1�89O�q7<=<9�23�V9<]V1IQO15<91�8�;1::8=1�:1=;196�<9�601�:Q:61;arstuvw�xyz�{|}~w���w|�wv���vu}�uvw��s������z�������(�����(&& �!*�*!�j8A0�J8Ao16�A4;J7<:1:�8�018O17�:1A6<49�89O�8�J8QI48O�:1A6<49a��29�601�A8:1�45�8�H748OA8:6�J74H16789:;<661O�49�8�__̀ g�601�J8QI48O�A4;J7<:1:�8�91<=0H4V7�I<:6�89O�71A1<B1�]V8I<6Q�<9O<A8647a��q971A1<B<9=�8�H748OA8:6�J74H1�K<60�8�J4JVI861O�91<=0H4V7�I<:6�8�94O1�A89�O17<B1�A4991A6<B<6Q�VJ�64�6K404J:�8K8Qa��̂47�1X8;JI1g�>?��<9�̂<=V71����71A1<B1:�H748OA8:6�J74H1:�574;�;4H<I1:�<9�6<17��g�K04:191<=0H4V7:�8I:4�71:<O1�<9�6<17��a��/01�6<17�6K4�94O1:�871�946�AI8::1O�8:�91<=0H4V7:g�:<9A1�601Q�A89946�H171A1<B1O�O<71A6IQg�HV6�;8Q�H1�<9AIVO1O�<9�601�>?��74V6<9=�68HI1a/01�J74H<9=�;1A089<:;�601715471�198HI1:�89�>?�64�J4JVI861�601�?19O<9=�23�89O�\1A1<B<9=�23�5<1IO:�<9601�J8Ao16�018O17�64�71I8Q�O868�4B17�8�:<9=I1�04J�89O�O15<91�601�19On64n19O�Pj/jR�A4991A6<B<6Q�<5�60131:6<986<49�23�<:�<9�601�74V6<9=�68HI1a
������������ ��� ���������

��� ��� ��� ���������
��������� ¡¢£¤�¥ ��������� ¡¢£¤�¥ ¡£¦�� ¡£¦��
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hop. Wheneveran MSreceives a
packet from a

neighbour, the header provides sufficient information
to

perform
a basic link budget assessment, which determines the transmit power required

to reach a

mobile with a sufficient S/N.

Connectivity beyonda local area is derived from layer 2 segment header information. The Origin
ID

and Destination ID fields provide
new entriesin the routing table and an ETE segmentindicates

connectivity with a final destination. The Time-of-creation (TOC) and Time Elapsed fields show the
relative time at which a

segment
wascreated and how longit has been in the network. The Time

Elapsedfield is incremented at each relay node and compared with the TOC to determine the delay.
Using these fields a node can monitor a

packet being transmitted between two other nodes and derive
the packet delay. Ifa segment does not reach its destination within a

specified time, defined by the
TTD,it is deleted from the transmission queue.

In summary the minimum transmit power(for
a

required S/N) and network delay
are the two main

parameters which indicate connectivity quality in the ODMArouting algorithm.

4.3.3, End-to-End
Connectivity

In a non-cellular environment, if a mobile wants to initiate an ODMA call with a node whichis not

listed in the routing table, the MScreates a Destination ID and sends a router message, which is a very

small, high priority message, routed towards nodes with good connectivity and away from the origin,
flooding the immediate local area within the network. The router message will only flood to mobiles
within a limited region restricted by

a Time To Diefield in the router message.

N.B. [In
a WCDMAcellular environmentall traffic is to or from a

Gateway/BTS,the majority of
mobiles will always know

a

route to the Gateway/BTSandsince the Gateway/BTScan page them

directly without relaying it can
request them to initiate a

relaying call and so does not haveto find a

route to the mobile. Once the gateway has received a message from the mobile via relays in response to
a page it can then send data back down the sameroute to the mobile. Therefore router messages may
not be required

or used very rarely with flooding only
over small localised areas.

]

If the Destination ID receives the router message it responds via the same route with an ETE

acknowledgementwhichalso hasa high priority. If the router message doesnot reach the Destination
ID within a

given time, specified by the time to die TTD field, another router messageis sent, this time
via two well connected nodes.

The ETEis sent on a chain of CCHsto acknowledge connectivity
andis also received by third party

mobiles using the same CCHsbutnot involvedin the call directly. On receiving
an

ETE, mobiles are

able to
update their routing tables to include nodes whichlie outside their local connectivity

area.

Consider the example in Figure 15. ODMA could be considered as a set of overlapping local

connectivity areas, A, B, C, D, containing mobiles A={1,2,3}, B={3, 4, 5, 6}, C={6,7, 8, 9} and

D={9,10}, where mobiles within the same area can receive each others transmissions. If MS, wants to

communicate with MSjo,it needs to send a router message across the network and the corresponding
ETEis sent on a

reciprocal path. On the outboundandreturn paths, the router and ETE messagesare

also received by MS, and MSg,allowing MS, and MSj, to be entered into each mobile’s routing table.
When a

subsequent outbound packet reaches MS; for the second time, MS; will assess the connectivity
betweenits neighbours and may conclude (from the neighbour list information) that MS, provides

a

better connection to MS¢, which has been noted to have connectivity
to MSj9. This mechanism implies

that within each local area call connectivity changes dynamically depending
on the link budget and

network
delay.
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ETSI SMG#24 Tdoc SMG

894/97

Madrid, Spain
December15th-19th, 1997

Source : SMG2

Subject
:

Summary of the concept description of the Beta concept

Allocation

—

:
AgendaItem 4.1

1. Introduction

This documents outlines the basic system characteristic of OFDMA whichis

proposed for UTRA selection. It describes the basic concept behind the

OFDMA proposal and its advantages and featuers which is the most

advancedofits kind present today.
The OFDMA supports the RTT structure which includes physical

as well as

netwrok protocol layers (Layer 1, 2, 3) and efficient Radio Resource

Management mechanisms.

The OFDMA concept is unique
in its approach to resolve the problem of

interference averaging, combat multipath effect efficiently and increase

capacity and spectral efficiency which are of a
magnitude higher than any 2m

generation system available commercially today.
One of the main featuer of the proposed air-interface, OFDMA,isits flexibility
in terms of operational matters, allocation of bandslot in a manner has not
seen

before,
andalso its service allocation flexitibilty (mix service in one

cell).
It also provide the best guard band requirments of any system understudy,of
order of KHz rather than MHz. In OFDMA, the minimum guard band is 200

KHz.

The system structured in such a way which is backward compatible with the

existing 2m generation systems.
The implementation of low cost dual mode/bandterminalis realistic.
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3. Performance Enhancing Features

Theflexibility of the OFDM proposal(only the time and frequencygrid structure has to be

defined) allows the adoption of many performance enhancing features. Some of them are:
e

Transmitter Diversity
To increase decrease signalfluctuation by fast fading Tx antennadiversity is supported,

a

simmilar effect can be achieved by transmission of the same
signal twice with a small

delay from the same antenna (BS needsonly single antenna).e
Adaptive Antennas
The concept supports adaptive antennas (smat antennas) to support SDMA(spatial
division multiple access) to increase range, coverage and capacity.e
Advanced Modulation/Coding Schemes
New modulation schemes can be applied (adaptive modulation)

on the subcarrier domain

(actual C/I based). Improved coding schemes(e.g. Turbo coding)
can also be used.

e
Multi user detection/Interference cancellation
Is supported in synchronous networks

e
Dynamic Channelallocation
Advance DCA schemecanbeapplied to avoid the interference and maximises the

capacity.e
Bandwidth expansion
Higher bandwidth allocation to support higher data rate beyond 2 Mb/s.
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The OFDM conceptis optimised forefficient transmission of variable bitrates for conection
oriented and packetoriented services.
The following diagram depicts the harmonisedutilisation of the proposed (OFDMA) RTTbasic
resources for common

operation in different environments.

 
 

 

 

  
Protocols Source Coding

Control Channel Traffic Channel

Common Logical Channels

 

 
 

 

 
 
 

Common Channel Coding Scheme

Orr
rrrnnnnnnnencenn fennnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn pannnnnnnnnnnnn nnnnnnnnnnnnn fannnnnnnnnnnnnny,

Physical channels & Modulation Scheme

 
 

 
 

Differential

Modulation Common

Broadcast
procnrercercescnrcescen ince enennnnnnnanncnncencencencnnensfenenencnncensen

&Access Contral & Radio Maintanance :

Pilot

Random Channel

SFHNewnnnwwwwwwnewww ene Bnnnnnnnnnnnnwennnnenenenwennnenne Bennnnwnnnnnnnnennnnneennee.

Common Time & Frequency & OFDM Structure

Coherent

Modulation
 
 

 
 

Figure 3: Harmonised RTT platform
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5.
Summary and main system features

The following summary showsthe key advantages of the OFDMA UTRA proposal.

Single
core PHY layer minimising hardware costs with 2 software driven MAC options

SFH TDMAbased MACfor majority of UMTS services
TDD DCA MACforunpaired spectrum allocations, asymmetrical services & unlicensed

usage

Adaptive Modulation schemesfordifferent channels

Robustness against multi-path and Doppler spread
Low computational overheads

Simple low cost low-bit rate only terminals feasible

Straightforward
andefficient high bit rate support

Small guard band requirements

~
100 kHz

High Spectral Efficiency achievable
-

2 Mbits/s in 1.6 MHz feasible
No frequency planningis required

-
effective re-use factor of ~1

GSM Backwards Compatibility
Minimum Bandwidth Requirements for system deploymentonly 1.6 MHz (orless) and

deploymentpossible in steps of 100kHz

Standard TDMAcellular planning and system enhancementtechniques (smart antennas,
hierarchicalcell structures)

can be supported

Support of connection and packetoriented services

Hard Handover, no soft handover required
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1. Introduction

This document describes evaluation summary the OFDMAconcept based on the High Level

Requirements for UTRA. Boxedtext from ETR 04-01 has been includedforreference.
This document doesnot outline the detail results, however, the full description of the system

andresults

achieved can be foundin the evaluation document.

2. Maximum userbit rate

The UTRA should support
a range of maximum userbit rates that depend upon

a

users current environmentas

follows:
Rural Outdoor: at least 144 kbit/s (goal

to achieve 384 kbit/s), maximum speed: 500 km/h
Suburban Outdoor: at least 384 kbps (goal

to achieve 512 kbit/s), maximum speed: 120 km/h
Indoor/Lowrange outdoor: at least 2Mbps, maximum speed: 10 km/h
It is desirable that the definition ofUTRA should allow evolution to higherbit rates. - Rural Outdoor: 144kbps will be available throughout the operator’s service area. The radio interface
can tolerate the Doppler spread and rapidly changing channel characteristics associated with high speed
vehicles (up

to at least 1500 km/h).-
Suburban Outdoor: 384kbps

rate will be available with complete coverage of a suburban or urban area
-

Indoor/Low range outdoor: >2Mbpswill be available indoors and over localised coverage outdoors

3. Flexibility

Negotiation of bearer service attributes (bearer type, bit rate, delay, BER, up/down link symmetry, protection
including

none or
unequal protection),

parallel bearer services (service mix), real-time / non-real-time communication modes, adaptation of bearer
service bit rate

Circuit switched and packet oriented bearers

Supports scheduling (and pre-emption) of bearers (including control bearers) accordingto priority
Adaptivity of link to

quality, traffic and network load, and radio conditions(in order to
optimise the link in

different environments).
Widerange ofbit rates should be supported with sufficient granularity
Variable bit rate real time capabilities should be provided.
Bearer services appropriate for speech shall be provided. The OFDMAconcept

can
provide variety ofbearer services with the necessary attributes. i.e. different

connection modes, symmetry, communication configuration, information transfer rate, delay variation,
maximum transfer delay, maximum bit error rate, error characteristics.

The OFDMA conceptis best suited to flexible operation and support of different bearer services in

different radio environments. The OFDMAuses enhancing features to
dynamically maintain the quality

of the connection under different propagation and interference conditions by adjusting transmission
band slot and numberoftimeslots allocated.

Bit rate
granularity is achieved primarily by allocating different numbers of transmissionslots, but this

can be supplementedifnecessary by adjusting channel codingrates.
Parallel bearers can be transmitted independently,

or where appropriate by multiplexing together into a

single channel.
Circuit switched and packet oriented services are

supported efficiently by Real-Time and Non-Real-
Timebearer concepts.
Variable rate data services are

supported by dynamically changing the resourcesandtheir allocation.
Bearers optimised for speech

are available.
The bearer service attributes can be configured

as
required

on initiation of a
service, and changed

dynamically if required.
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Provide seamless( to user
) handover betweencells of one

operator.
The UTRA should not prevent seamless HO between different operators

or access networks.
Efficient handover between UMTSand 2ndgeneration systems, e.g. GSM,should be possible. 

7.1.

|

Overall handover requirements
Efficient seamless (mobile assisted) handovers can be provided in networks and between TDD and
FDDsystems.
The OFDMAsupports Network handover, Mobile Assisted handover, Forward and MSCassisted
handovers.
Handover to second generation systems

can be supported by
use of an idle frame allowing

measurements of signal strengths from alternative basestations.

7.2.

_

Handover requirements with respect to the radio operating
environments

The OFDMAradio interface allows handovers within a
network, between different environments and

between networksrun
by different operators.

8. Operational requirements

8.1. Compatibility with services provided by present
core

networks

ATMbearerservices
GSMservices
IP (Internet Protocol) based services
ISDNservices
Flexible RT and NRT bearers with a rangeofbit rates etc., allow current core networkservices to be

supported.

8.2. Operating environments

OFDMAdoesnotrestrict the operational scenario for UMTS,in, for example, international operation
across variousradio operating environments,

across
multiple operators and across different regulatory

regimes. Further,
a range of different MS types(e.g. speech only, high bit rate data), and a

variety of
services with a range ofbit rates are

possible.

8.3. Support of multiple radio operating environments

OFDMAcan support the requirements
ofall the specified radio operating environments.

8.4. Radio Access network planning

 
If radio resource

planning is required automatic planning shall be supported

With the flexible resource
allocation, the network planningis

not as sensitive as in case of GSM.
DCAcan be used to

re-configure the use of assigned frequency blocks in response to
changingtraffic.

The OFDMAhasthe most flexible Frequency Hopping approach “Magic Carpet” which isbestutilised
in frequency

andallocation of resourcesin different region..

8.5. Public, Private and residential operators

It shall be possible
to guarantee pre-determinedlevels of quality-of-service

to
public UMTSnetwork operators in

 the presence of other authorised UMTSusers.
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11. Requirements from bodies outside SMG

11.1.
Alignment with IMT 2000

UTRA shall meetat least the technical requirements for submission as a candidate technology for IMT 2000

(FPLMTS).

These requirements
are fulfilled.

11.2. Minimum bandwidth allocation

It should be possible
to

deploy and operate
a network in a limited bandwidth

The minimum bandwidth for small cell is 1.6 MHz.

The minimum system bandwidth is 5 MHz.

11.3. Electromagnetic compatibility

The peak and average power and envelope variations have to be such that the degree of interference caused to other

equipmentis
not

higher than in today's systems.

The peak power and envelope variations can be constrained so that interference is expected
to be less

severe than (or at least comparable) with GSM

11.4. RF Radiation effects

UMTSshall be operative
at RF emission powerlevels which are in line with the recommendationsrelated to

 electromagnetic radiation.

Details of emission levels are for further study.
For ease of implementation,

a maximum transmitter output power of around 1W peak is considered

desirable for hand portable units.

12.
Security

The UMTSradio interface should be able to accommodateat least the same level ofprotection
as the GSM radio

interface does.

At least supports the same level Security
as in GSM, howeverthese issues are for further study in

SMG2.

13. CQO-existence with other systems

The UMTSTerrestrial Radio Access should be capable
to CO-exist with other systems within the same or

neighbouring band depending
on

systemsand regulations

Coexistence with other system in OFDMAis mostefficient due to low Guard band requirements and
mostefficient spectrum utilisation. The OFDMAproduces the minimum co., and adjacent channel

interference.

14. Multimode terminal capability

It should be possible to implement dual mode UMTS/GSMterminals cost effectively.
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With backward compatibility with GSM system, multimode terminal is most
efficiently implemented

and it is the most cost effective terminal.
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2. OFDMASystem Features

The following summary shows some
advantages of the OFDMA UTRA proposal.

Single
core PHYlayer minimizing hardware costs with 2 software driven MAC options

SFH TDMAbased MACfor majority of UMTS services
TDD DCA MACforunpaired spectrum allocations, asymmetrical services & unlicensed

usage

Adaptive Modulation schemesfordifferent channels

Robustness against multi-path and Doppler spread
Low computational overheads

Simple low cost low-bit rate only terminals feasible

Straightforward
andefficient high bit rate support

Small guard band requirements

~
100 kHz

High Spectral Efficiency achievable
-

2 Mbits/s in 1.6 MHz feasible
Nofrequency planning option available

-
effective re-use factor of ~1

GSM Backwards Compatibility
Minimum Bandwidth Requirements for system deploymentonly 1.6 MHz (orless) and

deploymentpossible in steps of 100kHz

Standard TDMAcellular planning and system enhancementtechniques (smart antennas,
hierarchicalcell structures)

can be supported
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Figure 9 depicts the scheme.

n oO ND oO

1 Bandslot
=

100kHz

200 TR 101 146 V3.0.0 (1997-12)

1 Bandslot Usage

(2 unmodulated

subcarriers)

2 Bandslot Usage
(2 unmodulated S

subcarriers)

 2 Bandslot
=

200kHz

Figure 9 : Guard Carrier Allocation

4.4 AntennaDiversity
Receiver antennadiversityis utilised at the BS and the MS. Maximum ratio combining (MRC)
is used to combine the two separate baseband signals after demodulation and is used with
confidence weighting to form the received soft decision bits.
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5. Radio Functions

5.1 Channel Coding

5.1.1 Convolutional Encoding

Convolutional encoding and soft decision Viterbi decodingis utilised for the basic data
transmission. The objective of this coding is to achieve good quality in the tough mobile radio
channel. A constraint length of 7 together with variable coderatesin the range of 1/4 to 3/4

(according to channel characteristics and modulation scheme)
are

proposed. Fine tuning of
the bit rates is achieved by puncturing during the interleaving and mapping of modulation

symbols onto OFDM subcarriers.

Table 2: Basic Code Rates

Constraint length K

|

Coding rate R

R

 
5.1.2 Reed Solomon Coding and Concatenated Coding
To achieve very low bit error rates (e.g. 10e-6) for video encoding

or data transmission Reed
Solomon encodingis effective. This coding will be concatenated with an inner convolutional
encoder.

  
Reed

Solomon
Encoder

 
Convolutional Inter-

Encoder leaver

 
Coding

Bits

 
Uncoded

Bits
Convolutional

Coding Bits

 
   

Figure 10: EncoderStructure

5.1.3 Turbo Coding

[For Further Study]

5.2 Interleaving

Interleaving is utilised so the channel coding performs well in the presence of burst errors
caused

by the fading channel. Interleaving length depends
onthe service related specified

delay constraint.

5.3 Modulation and Demodulation Schemes

5.3.1 Coherent Modulation
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a0"01!'0�P�b0cb�b]_bd)efgh5!"#&N"6N701�d."'h�PPPf� )-.//010"'.!%[&#6%!'&1�XN7&%$ �XN7&%$�Y.'J�]5�
8�9:�����;��?�D�E�FG?���G�<B���=G��H:�IJ0�1!"#&N�$0K60"30�.$�#.//010"'�/&1�#.//010"'�30%%$�!"#�6".K60�Y.'J."�'J0�30%%�d'J0�L&$$.7.%.'X�'&6$0�#.//010"'�$0K60"30$�Y.'J."�&"0�30%%�.$�!%$&�L&$$.7%0hP�IJ0�1030.Q01�3!"�L01/&1N�!"�#0\1&'!'.&"�d31&$$\3&110%!'.&"h�&/�'J0�1030.Q0#�5]\$J./'0#�$XN7&%$�Y.'J�'J0�)"&Y�5]��$0K60"30'&�103&Q01�'J0�&1.4."!%�$0K60"30PIJ.$�'03J".K60�.$�!LL%.0#�'&�!%%�3&NN6".3!'.&"$�!/'01�'J0�.".'.!%�3&NN6".3!'.&"�$0'\6L�LJ!$0PC�C��?�D�E�i�BG�9��?A���?�<��E���i��IJ0�5!"#&N�j1'J&4&"!%�I1!"$/&1N�d5jIh�'03J".K60�.$�!"�0"J!"30N0"'�&/�'J0�5]�'03J".K60�'&�1!"#&N.$0�."'01/010"30�."�&1#01�'&�.NL1&Q0�'J0�#0N&#6%!'.&"�L1&30$$P�_'�.$�7!$0#

203



���������	�
����������� ���������	��������������������������  ���!"#$�!"���%�"��!#���#��!&'�!"����#!!'"���(�"')'#*'"+�,&'�%�  �-#�.��')!#���('�)"#/'�/"#'% 0�!&#��!')&�#12'+3�3�����4�5�66���7��8�9:��,&'��(;�)'�!��0�/� ��<� "'�(0�(#%%'"'�!#�  0�'�)�('(=��"'����'(�>?���(�>@A�!&'�"'�2 !#�.�0�/� ���"'����'(�B?���(�B@+C�"��#�D #%#)�!#���-'�('%#�'E�FGH IJKLM NMO PQ'�D'"%�"��!&'�%�  �-#�.�)� )2 �!#���!���/!�#��!&'�"'�2 !#�.��0�/� ��B?���(�B@ER SR SB > > FGHB > > FGH GF BB FGH FGHFGH FGH >>? ? @ ?@ ? @ @ ?@ ? ?@ @ ?@@P@P @P @P@P @PO T UO V U WXY Z[\O VWXYYY Z[\\\WXY Z[\K LK L K L K LK L K L]] ] ]] ]Q#!&�!&'�('%#�#!#����%�!&'�!"���%�"��!#�����!"#$�̂E�_ FGH FGHFGH FGHO VWXY Z[\@P ? ?@ @K L K LK L K L] ]] ],&'���!"#$�!"���%�"��!#���-'�D'"%�"��)���/'�-"#!!'����E�BB _ >>?@ ?@àb cdeO Ùab cde3�3�����8��
���7��8�9:��f���"('"�!��('��(2 �!'�!&'�#�)��#�.��#.�� �)�""')! 0�!&'�"')'#*'"�D'"%�"���!&'�#�*'"�'�D'"�!#��+,&'�2�'(�g�!"#$�#��!&'�"')'#*'"�#��)�  '(�̂hi�-#!&E_ FGH FGHFGH FGHV O V VV V VWXY Z[\@ ? @? @@P K L K LK L K L] ]] ]Q'�)���� ���-"#!'ER SR Sj BFGH BFGH > > > > >j BFGH BFGH > > > > >? ? ? @ @ @P ? @ @P ? @ ?@ ? ? @ @ @P ? @ @P ? @ @@P@PO U V T U V O T T V OO U V V U V O T T V T OK L K L K L K LK L K L K L K L] ]] ]k�#�.�!&'�('�)"#/'(���!"#$��D'"�!#���!&'��"#.#�� �#�%�"��!#����0�/� ��)���/'�)�""')! 0"')�*'"'(���(�!&'�#�!'"%'"#�.��#.�� �)���/'�'%%#)#'�! 0�"��(��#�'(+3�	���5��4�9�l��m:��8n��n�8o����46���p0�)&"��#��!#���#�����'��'�!#� �#��2'�%�"�!&'�qCrgs��0�!'�+�,&'�%�  �-#�.���D')!���"')���#('"'(�%�"�2D #�t���(�(�-� #�tE�f�#!#� ���(2 �!#���!#�#�.��0�)&"��#��!#��A���(2 �!#��!#�#�.�!"�)t#�.A�#�#!#� �%"'12'�)0��%%�'!��0�)&"��#��!#�����(�%"'12'�)0�!"�)t#�.+,&'��D')#� ��!"2)!2"'��%�!&'�qCrgs��0�!'��-&#)&��'D�"�!'��2�'"��#��!#�'���(�%"'12'�)0</��(� �!�=��#�D #%#'��!&'��))2"�)0�"'12#"'�'�!��%�"��0�)&"��#��!#���)��D�"'(�!���!&'"�qCrg�0�!'��+�,&'�qCrgs��)&'�'�D"�*#('��.��(��0�)&"��#��!#���D'"%�"���)'�)��D�"'(�!��#�. '�)�""#'"���(2 �!#��A�!&'�/��#��#��!&'�.2�"(�!#�'�-&#)&�#��"'12#"'(�!���#!#.�!'��2 !#D�!&'%%')!�+
204



���������	�
����������� ���������	������������������������� �!"�#$%&�'�()� *+,-�(��.�/0�1),!��2+(�!��+�-�",.3*.�10�/0�1),!��2+(�!���/4.,"!,�.-�.+/�.,�()+��/0�1),!��2+(�!��!"�!().,�!,-��+,0��!-*5+(�!��/1).�./67+�.�8+9."!,�: $,.3*.�10#""/.(&!-*5+(�!������ 
;<*/ =;>*/

;<*/�!9�� +9.,+ .=;>*/%.5+0 =<<*/%.5+0 /3,+, ?�@A�����B��C�DE����FG������DE�HFG�D���	���I��G�FJ���KAJFG������H��@��C�DE����FG�����L�M�J��N�O��(�+5�(���� �/0�1),!��/+(�!���/�,.3*�,.-�(!�+-P*/(�().�&7���(.,�+5�(���� �(!�().�Q+/./(+(�!�/(��.�",+�.6�R"(.,�/'�(1)�� �!�S�().��!Q�5.�/(+(�!���!��(!,/�().�ORTU�1)+��.5�+�-�().�VTTU1)+��.56�).��!-*5+(�!��Q*,/(����().�#$&%R�/0/(.��1!�/�/(/�!"�+��#$%&�/0�Q!5�'�()�+��+--�(�!�+51015�1�.W(.�/�!��X1!40�!"�+�4!,(�!��!"�().�(��.�/� �+5Y6�O��().�,.1.�9.,�().�/(,*1(*,.�!"�().�Q*,/(1+��Q.�-.(.1(.-�Q0�+*(!1!,,.5+(�!��!"�().�(��.�-!�+���/� �+56�Z/�� ��*5(�45.�Q*,/(/�"!,�().1!,,.5+(�!��X+9.,+ �� Y�().�+11*,+10�!"�().�(��./5!(�/(,*1(*,.����(!* )�,+-�!�.�9�,!��.�(/�'�()5!'�7[\S�5!'�T[O�+�-�"+-�� �1)+��.5/�1+��Q.���4,!9.-6�#�1.�().�(��./5!(�/(,*1(*,.��/�-.(.1(.-+��+--�(�!�+5�-.(.1(�!��!"�().�/0/(.�/�",+�.�/(,*1(*,.�1+��Q.�+1)�.9.-6�).����(�+5S�/(�55�*�-.(.1(.-�",.3*.�10�!""/.(�-!./��!(�/� ��"�1+�(50�-. ,+-.�().�4.,"!,�+�1.�!"().�1!,,.5+(�!��+5 !,�()�6�).�1!,,.5+(�!��.3*+(�!���/�]^ _ ^ _̂ `a bcdefg hfg f gi j klm ').,.�4XnY��/�().�1!�45.W1!,,.5+(�!��9+5*.�+�-��/�().�/*��+(�!��!9.,�().�+9+�5+Q5.� *+,-�/+�45./6�̀ obcde pqi m6�').,."7T��/�().�/*Q1+,,�.,�/4+1�� 6�O"�().�/+�45./�+,.�.3*+5�X1!40Y�().�1!,,.5+(�!��9+5*.��/�)� )S���!().,�,. �!�/�X().�#$%&�/� �+5��/�+5�!/(��!�/.�5�n.Y�().�1!,,.5+(�!��9+5*./�+,.�5!'6
�).!,.(�1+5�T!,,.5+(�!��r.,"!,�+�1.#$%&�70�Q!5/s &!-*5+(�!�tr.,�!- s &!-*5+(�!�tr.,�!- s &!-*5+(�!�tr.,�!-���r)+/.u*+-,?�@A�����B��E����G�DFJ���H���C�DE����FG����v��w��HF�D���x����JFG�����).�().!,.(�1+5�Q.)+9�!*,�!"�().�1!,,.5+(�!��Q+/.-�(���� �-.(.1(�!��X/0�1),!��/+(�!�Y��/-.4�1(.-����$� *,.�yzS�().�"� *,.�/)!'/�+5/!�().�."".1(�!"�+�",.3*.�10�!""/.(�X/�+55�4.+n/����().3t4+()Y6

205



���������	�
����������� ���������	�������������������	����� �!"�#$%&#�'$ �( �)%�*+,- ��,�'$ �. $�-�/+��-$+,, /�0�*%1 /2�3$ �456��+'�%�&+#�728�10&�'$�,%��,' �) � ,- �+,1�,%�)� 9� ,-:�%))# '2�4�**+'�%,�%; ��*�/'�(/ �#/%'#���; #�#�( ��%�+--��+' �'�*�,��1 ' -'�%,2
8 !88 <88 =88>78878

!88
4+*(/ ?%�� /+'�%,�@AB�CD 8 !88 <88 =888<888E888"8884:,-$�%,�#+'�%,�F +G#�&�'$%�'�?$+,, /

8 !88 <88 =88>!88!8<8
=8

4+*(/ 8 !88 <88 =888<88E88"88H88 4+*(/ 
4:,-$�%,�#+'�%,�F +G#�&�'$�?$+,, /B�456I71JKLMN OJ#2�.+/� �@APAQCPCD

OJ#2�.+/� �@APAQCPCD?%�� /+'�%,�@AB�CD
RS�TUMVW

X�YZ����	[���\���]�̂_����̀a�������a]b�̂̀ c�d̀e��Y�̂_̀���c���
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Modulation Period (288.46us) 

Effective Modulation Period (240us) ‘|
 

Ramp Time (10us)

—
Post-Guard Time (28s)

No degradation

No degradation

No degradation

Small degradation Figure 17: OFMDAburst and synchronisation requirements

5.7 PA
Linearity

The envelope of the OFDM signal has a
large variance. The complex envelopeis

approximated by
a

complex Gaussian distribution. The peak is extremely high, this generates
problemsfor the physical realisation of the amplifiers (A linear-amplifier is expensive,
especially for a

(low-cost) hand portable terminal transmitters).

Simulations were therefore conducted to examine the power spectrum produced by
a non-

linear amplifier when transmitting
an OFDMsignal. The results are shownin Figure 18. These

results are shownfordifferent values of output back off (OBO) and are
compared to GMSK

and QPSK.The modelfor the amplifier includes the AM-AM and AM-PMdistortions.(These
distortions were taken from a real device.) The results show that for a reasonable value of
OBOthe powerspectrum produced by the OFDMsignal is comparable to other modulation
schemes.

5.7.1 Interference to the Adjacent Band Signal
In the OFDMAsystem, the output powerof each useris limited and controlled by

a
precise

powercontrol. Additionally, by back-off adjustment, the power spectrum density of distortion
into adjacent bandis at least 20dB lower than the signal power spectrum density.
In a

typical environment, operation at maximum output powerwill be a rare case. In OFDMA,

designed for operation underlow SIN, the influence to adjacent bandsis therefore expected to
be small.
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Wemeasured the non-linear PA
effects on

currently available off-the-
shelf PA for the Japanese PDC

system (1.5GHz). The PA are usedin
handsets (cheap) and are not

optimised for OFDM signals.
The graph shows the AM-AM and AM-
PM conversion characteristics.
Weusedthis amplifier and compared
the non-linear effects for different
modulation schemes (OFDM, GMSK,

OQPSK....).

Please note that the input-output
characteristics is in the linear (not dB)
scale. Cutput

[mW]
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Thefollowing figure showsthe result of an actual measurement. We compare the spectrum of
an OFDMsignal (46 subcarriers) at an

Output Back Off (OBO)of 3dB with an GMSK

ATT 50 dB
Thu Ape 40 44; 30: 40 4997

ALwriteéayg B_viex

spectrum. The PAefficiencyis
shownin Table 3. The efficiency
is 43.3% for the OFDMsignal
and 66% for the GMSKsignal.

 

tog

dBm
wore |S

  
 REF

30.0 dBm 

The spectrum shapes
are almost

equal.

 

| 
The conclusion is that OFDM

signals, amplified with a small

backoff (3dB) have a

comparable spectrum with
GMSKsignal. In addition the

OFDMsignal has a much
 

RBW f
10 KHz

smaller adjacent channel  VB
40 kHz

SNP
50 ms  CENTER 1.444000 GHz    SPAN 2.000 MHz

other signals using other modulation schemes.  spurious emission.

Other measurement showsimilar

result, the amplification of OFDM

signals is not morecritical

compared to amplification of

Table 3: PowerEfficiency

Modulation Scheme O.B.0.[dB

GMSK O[dB]( saturated 66.0[%
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211



���������	�
����������� ���������	��������������������	�������������������������� 	�����!��"�#�
����$%&�'()(*+�,-.,*/&�'&/%*(01&�(2�3&01(3&-�453�6789�:,2&-�2;2'&)2�(*�53-&3�'5�),(*',(*53'%5+5*,<(';�54�,<<�54�'%&�1=�<(*>�2(+*,<2?�$%&�,//13,/;�3&01(3&)&*'2�,3&�2()(<,3�'5�@A9B�CDEFGH2�,3&�'5<&3,:<&�I('%51'�=&3453),*/&�-&+3,-,'(5*?	���J����
��$%&�&K,/'�,<+53('%)�,*-�=,3,)&'&32�12&-�453�%,*-5.&3�,3&�%(+%<;�-&=&*-&*'�5*�5=&3,'(5*,<&*.(35*)&*'�,*-�*&'I53>�5=&3,'532�=3&4&3&*/&2?�$%&�2',*-,3-�%,*-5.&3�,<+53('%)�(2�'%&�:,2&2','(5*�53(+(*,'&-�%,*-5.&3�I('%�)5:(<&�,22(2',*/&?�L5I&.&3�453I,3-�%,*-5.&3�,*-�9AM(*('(,'&-�%,*-5.&3�,3&�,<25�21==53'&-?	�����N�����������O��"�������J����O
��$%&�45<<5I(*+B�<(2'2�'%&�2'&=2�54�,�:,2&�2','(5*�53(+(*,'&-�%,*-�5.&3?P%&*�'%&�)5:(<&�2','(5*�Q�R9AEQS�/5**&/'&-�'5�:,2&�2','(5*�T�RUAETS�3&=53'2�'%,'�('�%,2-&'&/'&-�'%&�213351*-(*+�:,2&�2','(5*�U�R�UAEU�S�VF?��UAET�,2>2�UAEU�'5�5:2&3.&�9AEQ�,*-�(*453)�UAEU�,:51'�'%&�%5==(*+�=,''&3*�54�'%&�9AEQ?W?��UAEU�2&'2�('2�2(+*,<�-&'&/'53�453�-&'&/'(*+�9AEQ�1=�<(*>�2(+*,<?X?��UAET�3&=53'2�'5�9AEQ�-&',(<&-�(*453),'(5*�54�UAEUY2�,*-�,2>2�UAEU�'5�=3&=,3&�,%,*-5.&3�54�9AEQ�'5�UAEU?�$%&�45<<5I(*+�(*453),'(5*�(2�+(.&*VZ35=,+,'(5*�-&<,;�:&'I&&*�'%&�'I5�:,2&�2','(5*2�8RTBUS$%&�&2'(),'&-�=35=,+,'(5*�-&<,;�:&'I&&*�UAEU�,*-�9AEQ�/,<<&-�$=-�RUAEUB�9AEQS$%&�3,*-5)�=%,2&�2%(4'�=,''&3*�54�UAEU?[&I�%5==(*+�=,''&3*�,*-�(*('(,<�'()&�,*-�43&01&*/;�2<5'�54�UAEU?\?��9AEQ�I(<<�3&/&(.&�UAEUY2�]TML�'5�/5*4(3)�'%&�,33(.,<�'()&�-(44&3&*/&�:&'I&&*�UAET�,*-UAEU??̂���UAEU�,<25�)&,213&2�'%&�_AA]�54�9AEKY2�1=�<(*>�2(+*,<�,*-�/5)=,3&2�'%&�_AA]�I('%�'%&_AA]�54�'%&�9A2�/5**&/'&-�'5�UAEU�R_AA]3&4S?�P%&*�9AEQY2�_AA]�&K/&&-�'%&�_AA]3&4?UAEU�,2>2�UAET�'5�%,*-�5.&3�9AEQ?UAET�(*453)2�9AEQ�'5�%,*-�5.&3�'5�UAEU?9AEQ�I(<<�/%,*+&�'%&�/5**&/'(5*�435)�UAET�'5�UAEU?	�������̀� ��#�����J����O
�����#JO�$%&�45<<5I(*+�=35/&-13&�51'<(*&2�'%&�9TL6�2/%&)&?F?��a,/%�:,2&�2','(5*�/,*�(*453)�'%&�/5**&/'&-�9A2�,:51'�(*453),'(5*�54�'%&�213351*-(*+UAY2�(*/<1-(*+�]TML�(*453),'(5*�,*-�'%&�=35=,+,'(5*�-&<,;�:&'I&&*�'%&�:,2&�2','(5*28RTBUS�,2�-&2/3(:&-�,:5.&�-13(*+�'%&�53-(*,3;�/5**&/'(5*�R12(*+�/5*'35<�/%,**&<2S?W?��$%&�)5:(<&�2','(5*�/,*�=3&-(/'�'%&�]TML�=52('(5*�54�'%&�213351*-(*+�UAY2�R�:,*-2<5'�,*-'()&2<5'�S?X?��P%&*�'%&�'()&2<5'�54�'%&�]TML�5//132�I%(/%�'%&�9A�*&&-2�'%&�9A�I(<<�=1*/'13&�:5'%�_K,*-�$K�'3,44(/�/%,**&<2�,*-�12&�'%&�(-<&�'()&�R�,'�<&,2'�\�'()&�2<5'2�S�'5�=(/>�1=�'%&�',3+&']TML?\?��$%&�3&01(3&-�%5==(*+�=1*/'13(*+�I(<<�:&�<&22�'%,*�bcde�54�'%&�-,',�,*-�'%&�=1*/'13&-�%5=2
212



���������	�
����������� ���������	���������������������������� !�" �#�"$��!"$�#��%!$ $&� '��$() �#�*�$�(+��� $���������$� � (�,�!(�-+(��+)(!." �(+/01$�+2� '��3!(3($�#��+ �!��"4�+2�"+#�*(#�+2�$*'�.�$�*"%$�$�+�2��2�����#�2!"#" �(+050��6'��78�"* �4" �$� '��9:;<�#� �* (!�"* �4��"+#� !��$� (�#�*(#�� '��=>?@0A0��B'�+� '��78�#� �* $�"+#�#�*(#�$� '��=>?@&�� �!�3(! $��"*C� (�� $�(�+�*(++�* �+2�D8"�(% � '��$%**�$$)%��#� �* �(+�()� '��=>?@�D8�'��#� �* �#� '��=>?@0
EFGH�IJKJLMJNOPKQ0@0

RS0TU.$V
=>?@ Q0@0W�XY������ZY�[\Y���X��[]�̂ ������_�����̂��̀�\�YaX��

NOPKEFGH�IJKJLMJQ0@0 Q0@0=>?@
RS0TU.$V

�W�XY������ZY�[\Y���X��[]�̂ �������_�b�\�̂��̀�\�YaX���	�����W��ca�d�ea�d�f
��Q(!�"!#�'"+#�(4�!�*"+����"*'��4�#��"$��g06'��)(��(��+2�#�$*!�3 �(+��$��"$�#�(+� '��"$$%.3 �(+� '" �78hi��$�'"+#�#�(4�!�)!(.�D8h>� (D8hD0j�:4�+�") �!� '��'"+#�(4�!&�D8h>� !"+$.� $�*(+ !(��#" "�"+#�#%..g�#" "��+$ �"#�()� !"))�*#" "�*(+ �+%(%$�g� (� '��!�*��4�+2�78hi0j�78������C��3�3!�4�(%$�*(++�* �(+-�D8h>�/�$ " %$��+)(!." �(+�$%*'�"$�)!".�� �.�+2�&'(33�+23"  �!+�"+#�$(�(+0j�=)� '��78�)"��$� (�'"+#�(4�!� (�D8hD&�� �*"+�2(��"*C� (� '��3!�4�(%$�*(++�* �(+��� '�D8h>0j�B'�+�D8h>�#� �* �78hik$�$�2+"��"2"�+&�� �!�h�$ "���$'�$� '��*(++�* �(+� (�78hi0j�>+�"� �!+" �4��$(�% �(+��l�$ $m=)� '��+� �(!C�'"$��+(%2'�*"3"*� g&�6'��78?�*"+�3!(4�#�� !"))�*�#" "� (�D8h>�"�$(�") �! '��'"+#(4�!� (�D8hD078hi�*"+�*(++�* � (��( '�D8k$���C��$() �'"+#(4�!�"+#�$�� *'�*(++�* �(+��� ���+��( '�"$�$ " �(+$��"$�#�(� '��!�*��4�#�$�2+"��n%"�� g0>+( '�!�3($$����� g��+�(!#�!� (�"4(�#�$�( �3%+* %!�+2��$� (��+*!�"$�� '��6o7>�$*'�.��#%!�+2 '��)(!�"!#�'"+#(4�!�3'"$��-�020�Sh6o7>�&RAh6o7>/��+�(!#�!� (�3!�3"!���+(%2'� �.��)(! '��'(33�+2�$g+ '�$�$�!� (�)(��(�� '�� �(��+#�3�+#�+ �'(33�+2�$*'�.�$�()� '��*(++�* �#�"$�$ " �(+$0
213



���������	�
����������� ���������	��������������������	������������������� ����
��!"#�$%$&$'&()�*'%)+,(-�$.�./00+-&()�(,(%�1+-�/%.2%3*-+%$.()�4'.(�.&'&$+%.56(�'../7(�&*(�3*'%%(8�(%3+)(-�'%)�)(3+)(-�$.�08'3()�'&�&*(�!"#5�9'3*�4'.(�.&'&$+%.�*'.7+)/8'&$+%�'%)�)(7+)/8'&$+%�/%$&.5:*(�(;'3&�*'%)�+,(-�&$7$%<�$.�)(&(-7$%()�42�&*(�!"#�'%)�$%1+-7()�&+�4+&*�4'.(�.&'&$+%.�'%)'8.+�&+�&*(�&'-<(&�!":*(�)(8$,(-2�+1�&*(�)+=%�8$%>�)'&'�=$88�4(�.=$&3*()�4(&=((%�&*(�&=+�4'.(�.&'&$+%.�+%�'�.8+&4'.(�?)+=%8$%>�*+00$%<�)'&'@�=$&*+/&�'%2�4-('>�?.((78(..@5:*(�/08$%>�)'&'�?.8+&�42�.8+&@�=$88�4(�<'&*(-()�42�&*(�!"#5:*(�!"�=$88�-(3($,(�'%)�&-'%.7$&�3+%&$%/+/.82�)/-$%<�*'%)�+,(-5:$7$%<�')A/.&7(%&�=$88�4(�'3*$(,()�42�.8+&�0/%3&/-$%<5B+=%�C$%>D0�C$%> E F G H I JE F G H IK/%3&/-()F G H I JE F G H I JB+=%�C$%>D0�C$%> :5L5 :5L5
:5L5 :5L5

M��NM��M
L--$,'8�:$7$%<B$11(-(%3(

L--$,'8�:$7$%<�B$11(-(%3(�OK-+0'<'&$+%�:$7(�B$11(-(%3(P�QR����������SR�T�R���Q��TU�V�
!"

#WX9Y##WXB9#!"#
W+00$%<�EXG W+00$%<�HXJ

W+00$%<�HXJW+00$%<�EXF?G�$.�0/%3&/-()@Z"XL Z"XZ
P�QR����������U����
��	���[� �������\���U����
��]̂ B!L�'8.+�./00+-&.�*'%)+,(-�1+-�&*(�W#"�3(88�.&-/3&/-(�'%)�*'%)+,(-�1-+7�&*(�]̂ B!L.2.&(7�&+�&*(�_"!�.2.&(75�̂+-�'�W#"�*'%)+,(-�'�0+..$48(�*'%)+,(-�0-+3()/-(�$.�<$,(%�42̀

214

UMTS30.06 version 3.0.0 214

6.2.4 MSCInitiated Handover

MSCinitiated handoveris supported
even for unsynchronisedbasestations.

We assumethe channel encoderand decoderis placed at the MSC. Eachbase stations has
modulation and demodulation units.

TR 101 146 V3.0.0 (1997-12)

The exact hand over
timing is determined by the MSC and informedto both basestations and

also to the target MS
The delivery of the downlink data will be switched between the twobasestations on a slot
base (downlink hopping data) without any break (seemless).
The uplink data (slot by slot) will be gathered by the MSC.
The MS will receive and transmit continuously during hand over.

Timing adjustmentwill be achieved by slot puncturing.

Arrival Timing
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Figure 21 MSC Puncturing Scheme
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Figure 22 MSC handover

6.2.5 HCS and GSM handover

 

 

 

OFDMAalso supports handoverfor the HCScell structure and handover from the OFDMA

system to the GSM system. For a HCS handovera possible handover procedureis given by,
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1) Base station informs mobile station if HCS is operated in the area.

2) If HCS is operated, mobile station will mointor the different cell structures using the idle
time of the TDMA scheme and hopping capability.

3) If mobile station detects different

It is very clear that a handovercan
easily be achieved between UMTS and GSM dueto the

following points:

288.46 us OFDMAtimeslot is exactly half of the GSM timeslot.

100 kHz channel spacing is exactly half of GSM channel spacing.
OFDMAcan handle 200 kHz bandwidth signal which is exactly

same as GSM.

Both systems
are

frequency hopping TDMA systems.

6.3 Power Control

Powercontrol in the uplink
removes the unevennessof received signal strength at the base

station side and decreasesthe total powerto the limit to support the specified QOS( e.g.

B.E.R.). At the base station the signal of each mobile station is orthogonalto all other userin

the samecell, but a
highly unbalancedreceived signal powerresults in interference to

adjacentcells.

The accuracy
is less critical than CDMA because with OFDMAorthogonality is always

provided within one cell. However, a
precise powercontrol not only improvesthe transmission

performancebut also minimises the interference to other cells and therefore increases the
overall capacity.

The OFDMAconceptallowsa variety of different power control schemes to adapt the power
to the required link quality. Both closed loop and open loop powercontrol are

implemented.
Based on

quality parameters, measured on a
slot-by-slot basis, the poweris adjusted in the

mobile as well as in the base station transmitter. Each receiver measures the quality of the
received burst (C/I ratio) and transmits in the next burst a

request to the opposite transmitter
to increase, keep

or decrease the powerlevel in steps of 1dB. For the fastest power control
mode one subcarrier is dedicated to carry powercontrol information, the poweris then

adjusted
on a

frame-by-frame basis (each 1.152ms).

Received Data
(soft decision) Channel Received

Decoder Bits
Demodulator

Quality Receive channel
Detect Power Control Data

Transmit channel Power Control Data

Received
Signal

Transmit
Signal9 Modulator Transmit Data

|

Channel Transmit
Decoder Bits

Power Control Step
=

-1, 0, +1 [dB]
Power Control Period = 1.2 [msec/contrl]

Power control is operated based on
quality of received signal.

(Power measurement unnecessary)
Promptly feeds back the quality of received burst. Figure 23: Operation of Power Control
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7. Protocols

7.1 Protocol Architecture

The accesscontrolis divided into traditional sub-layers.

Table 4: Protocol OSI Layer Structure

a
Link Layer Control Control for retransmission of the

(LLC) packet.

Radio Link Control Divide the LLC frame into several

small RLC blocks and retransmit

selective parts of erroneous blocks

Assign the RLC blocks on oneor

several TCH and handles the access

to the radio media resources. MAClayerwill be separated according to each multiple
access scheme describedin the

abovesection.

7.2 Random Frequency Hopping Operation

Frequency hoppingis very effective to achieve frequency diversity and interference diversity.
Frequencydiversity is useful to average the frequency selective channel properties (fading
dips). Interference diversity is one of the important techniques used in the OFDMAproposal
and has been shownto improve capacity in slow frequency hopping TDMAsystems (see
Olofsson95).

The random hoppingpattern is designed to be orthogonalwithin one cell (no collisions in the

time-frequency grid) and random betweencells (this
causes co-channelinterference).

The frequency hopping pattern hastofulfil certain requirements:e
Orthogonality within onecell

e
Support of a

variety of services by assigning different bandwidth (numberof bandslots)e
Support of a

variety of services by assigning time slots (number
oftime slots)e

Support of a
couple of timeslot structures (4-TDMA, 8-TDMA, 16-TDMA)within the pattern.

The hopping pattern is generated at the base station according to the expected service and
traffic requirement and assigned to the cell. This assignment

can be modified due to changes
in the traffic characteristics. The base station can then support

a set of services and a certain
numberof users for each service.

Summary:
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e The random hopping pattern
uses the ‘frequency’

resourceas
efficiently

as
possible.e

The System Guard band is extremely small compared to other systems (WB-single carrier,
CDMAandtraditional WB-OFDMwith fixed BW).e The hopping pattern is orthogonal within one cell (no collisions in the time-frequency grid).e
The hopping pattern supports all required services by assigning different number of band
andtimeslots.
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Figure 24: Frequency Hopping Pattern

7.3 Dynamic ChannelAllocation
(Fast DCA)

Besides FH hopping mode,the system
can also be operated in Time division duplex (TDD)

Mode. Unlike the FH mode, the TDD mode doesnot separate the spectrum in an
uplink and a

downlink. Instead, it assigns bandslots individually to uplink
or downlink connections. In TDD

mode, a
Dynamic Channel Allocation algorithm is employed to avoid (rather than to average)

excessive interference.

The TDD modeis intendedfor pico-cellular, indoor use. The indoor environmentis

characterised by:
e Short radio propagation delays (100

m is traversed in 0.3ms,or 0.1%of the symbol

duration).
e Reduced near-far effect, because of greater proximity of transmitters and receivers.

«
Greater demandfor high rate services, reducing the interference averaging advantage of

Frequency Hopping mode.

e
High speed data traffic is often asymmetric, prompting flexible division of bandwidth
between uplink and downlink.

e Less severe
propagation conditions than those outdoor. Mobility-induced Doppler spread

and delay spread
are both lower.
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The Physical layer
can beidentical to the outdoor radio. Both coherent anddifferential

detection can be applied. For coherent detection, dedicated indoor devices can make use of

simplified channel estimation techniques (see section 6.3.1) for coherent detection, since

Doppler spreadis negligible.

The TDD modeof operation relies on the following principles
e

Inevery frame, a Base Station transmits a Frame Map (FM). The Frame Mapcontains
e

bandslot allocations for the next frame. Band slots can be allocated to

e
the basestation for downlink transmission to a

single terminal.

e
the basestation for downlink transmissionto all terminals (broadcast).

e a
single terminal for an

uplink transmission.

e
all (or

a group of) terminals for contention based access.

e
Transmit power assignments for MTs.

e
Acknowledgements for contention traffic received in the previous frame.

e
Slots are allocated on a connection basis, so that connection-dependent QoS can

be provisioned.
e

Control data and user data are transmitted on different connections.

e
Terminals can transmit requests for band slots in contention slots designated by the BSin
the FM.

e
Terminals can also piggyback requests onto uplink transmissions, which provides
contention free access, particularly under heavytraffic conditions.

e
The basestation performs interference measurementsin all band slots, expect at the time
slots in whichit is transmitting. This information is used by the bandslot allocation

algorithm, to assign uplink transmissions to slots with minimalinterference. Note that an

uplink transmission in a interference free (as measured by the BS) slot may
interfere with a

simultaneous uplink transmission at a
neighbouring base station.

e
No simultaneous uplink and downlink transmissions may be scheduledwithin a cell.

Therefore, the blindness of the BSin slots in whichit is transmitting, does not reduce

capacity.
e

Terminals piggyback interference measurementinformation onto uplink packets. In

addition, the BS can query an MSto transmit interference measurement data on an
uplink

control channel.

e
Quality monitoring of active connections is used by BSs and MSsto detect the necessity of
a slot reallocation (intra-cell and inter-cell handoff).

e
Synchronisation of base stations is not required. It is an

option which reduces slot overlap
and henceincreases system capacity.

e
The frame duration has a fixed value of 16 symbols,

as in the mode FH channelstructure.
Alternative values are

possible in TDD mode, but the Frame duration mustbethe identical
for all base stations in the network.

e
System bandwidth. For the indoor scenario with 30 MHz of available bandwidth, the system
bandwidth canin principle be as

large
as 30MHzfor maximal trunking gain.

e
Rate % convolutional coding is used with up to 24 bits of user data per bandslot.

Frame Formats

The frame layoutis entirely decided by the DCA algorithm. Like the FH algorithm, the DCA

algorithm is distributed and does not rely
on communication via the infrastructure. Also, as the

FH algorithm it is not part of the system specification, the algorithm may be vendorspecific,
allowing competitive positioning within a standardised system.
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Figure 25: Example of Frame Layout

An example of a frame layout is shownin Figure 25. Thefigure is purely illustrative. The frame
duration and system bandwidth have unrealistically small values. Also the packets, such as

the FM anduserdata packets will occupy more than 1 bandslot in practice.

In general the applied DCA algorithm
muststrive to reduceintra andintercell interference.

Constantbit rate traffic causes
long term interference whichis highly predictive of the

interference in the nextslot. If traffic is bursty, the predictive value of interference
measurementsis limited. Since a BS is not aware whether bandslots in neighbouring cells are

allocated to circuit mode or
packet mode connections, BSs and MSsshall average

measurements over
longer periods of time. Busy slots (high average interference level) shall

be avoided for any transmission. Quiet slots (low average interference) shall be assigned to
constantbit rate connections,or to the guaranteed part of a variable bit rate connection. Slots
with medium average interference shall be assigned to connections with bursty traffic, which
use contention mode access.

Initial association does notdiffer from the procedure in FH mode. Whenjoining the Base

Station, the Mobile Station uses the KERO detection algorithm to detect the location of the

IACH, and hence the BCCH. The BCCHis usedto relay the location of the FM in the current
frame to the MS. Oncethe FMis located it can be tracked sinceit will advertise whenit is
movedto a different location. The uplink synchronisation phase be avoided, since no

timing
advance is required —uplink transmissions can

simply be synchronised to the downlink. The
small propagation delay is easily absorbed in the symbol guard time, which is dimensioned for
outdoor delay spreads.

7.4
Dynamic Channel Allocation ( Simple DCA )

Simple DCAassigns
a fixed resource

(bandslots and timeslots) to a communication during the

set-up phase. This assignmentis kept for the whole duration of the communication. This
schemeis very simple but can not react on

varying interference or channel conditions

comparedto fast DCA wherethe ‘actual best’ channel (= timeslot & bandslot combination)is
used for transmission. This scheme has a lower performance than the fast DCA operation but
can be used for simple (uncoordinated) systemslike cordless telephony.

[For Further Study]
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e
Second stage:
Whenthe penetration of UMTS
subscribers increases, a reduction of

| Phased
Infrastructure Deployment: . :

Corresponding to Traffic Distribution
the reuse factor to 3 is

possible which
still has some

margin for stable and
safe operation.e Third stage: a eequency reuse

area

Whentraffic growsin very high traffic
°

areas, 1 frequency
reuse

operation
9 frequencyreuse area. . (low traffic)

will be implemented. Enhanced
infrastructure will be needed, but only

A

in high traffic areas.
GA

 

  
 

1 frequency reuse area
(high traffic) 
 

 
 

 

   
 
 

Start from existing type of
In the case of a CDMAsystem,1- infrastructure, and gradually. reinforce with high traffic.

frequency
reuse

operation and soft hand
overis a

mandatory requirementeven in    the introduction phase of UMTSorvery
low traffic density

area. This increasesinitial investments and operating costs comparedto
OFDMA.

8.3 Commonality Aspects

Commonality is an
important high level requirement for UMTS.

Commonality
meansthe support of cellular (co-ordinated systems) and also cordless

(uncoordinated systems) communication with the same terminal. The OFDMA system
can

efficiently support all operating environments including uncoordinated systems(like cordless

telephony). Another aspect of commonality is the operation in different radio environments.
The OFDMAsystem

can
operate in any radio propagation environment(pico cells, micro cells,

macro
cells) and can

easily support hierarchical cell structures without modifications of the
burst structure.
The support of various data-rates required for UMTS (up to 2Mbps)is also very important.
The supported data-rate depends

on the numberof allocated time and bandslots for one

communication link. Different classes of terminals can therefore be defined providing the end
userwith a costefficient solution. These classes could include a very cheap low-end terminals

(e.g. supporting speech and data services up to 64kbps)
a medium terminal (up to 384kbps)

and a
high-end terminal (up to 2Mbps).

8.4 Deployment Options
The OFDMAproposaloffers operators and usersa full range of deployment options.
Fortraditional licensed outdoorcellular operation, including the improved UMTShigherbit rate

services, OFDMAoffers the Random Slow frequency Hopping MAC(see section 7.2). This
MACcan beconfigured to eliminate the need for deliberate frequency planning (effective
frequency

re-use
pattern of 1) if required

andstill provide performance(in terms of user

capacity) comparable to other technologies. In addition, traditional TDMA system cellular

system planning and enhancementtechniques, such ascell sectorisation, hierarchical cell
structures and adaptive/smart antennas (see section 8.5)

can be applied to dramatically boost

capacity further.
For unlicensed usageand usein allocations of unpaired spectrum, i.e. in indoor office WLAN

style environments, the OFDMA DCA-TDD MACoption (see section 7.3) would be applied.
This is being especially developed to impose

norestrictions on
adjacent base stations physical

locations or
synchronisation and to allow truly asymmetrical services.

Having
a modulation scheme based on narrowband OFDM sub-carriers, providesthis

proposal with a
degree of freedom in the frequency domain that other proposals cannot

match. Forinstance, for the SFH MACoption, if
an

operator requires
a more

capacity
on the

downlink than the uplink, then it is possible to increase or decrease either the uplink
or

downlink spectrum allocation in increments of one bandslot (100kHz) down due a minimum
bandwidth perlink of 800 kHz (with

a modified BCCH channel). This capability to
accommodate OFDMAwithin relatively

narrow
portions of spectrum, is advantageousto

operators who desire asymmetric capacity between their up and downlinks and also to
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9. Simulation Description

Performance evaluation of the OFDMAconcept group has beencarried out by simulation

according to ETR-0402. Thefollowing simulation scenarios were considered duringthefirst

phaseof simulations.

The two operational styles of the OFMDAproposal (using SFH anddifferential detection or

coherent reception in combination with DCA) have been analysed.

Forthe first operation style (differential reception and SFH) the following scenarios were

simulated.

Model Mixture Level

Vehicular Vehicular A Macro Yes No
120km/h Yes Yes

Yes No
Yes Yes

Outdoorto Outdoor to Indoor

|

UDD 384 Micro Yes Yes
Indoor and and Pedestrian A

|

Speech Yes
Pedestrian LCD 144 Yes
3km/h UDD 2048 Yes

Indoor Office Indoor Office A UDD 2048 Pico Yes
3km/h Speech Yes

LCD 384 Yes
50% speech

+ No
50% UDD 384

Model Mixture

3km/h

9.1 Link Level Simulation Description (Differential Operation) The required Eg/N, figures presented here represent the values neededin the receiverto

support the corresponding BER valuesincluding all necessary overheads (control channels,
PC information). Energy from commonbroadcastchannels are not included.
Both uplink and downlink assume antenna diversity. Eb/No valuesare all ratio of a bit energy

( Eb[J/bit] ) which is actually fed into the receiver versus noise density (No[J] ) without power
control at transmitter side.

9.1.1 Speech Services

The speech service simulations assume a
hypothetical 8kbps speech codec with a user BER

requirement of 10™. Interleaving is achieved over 4 GSM frames (18.48ms)which satisfies the
UMTSrequirements of one-way delay below 20ms.Largerinter-frame interleaving

can be

applied if the delay constraints are relaxed, this improves performance especially in low speed
scenarios. A convolutional code of rate 1/3 and constraint length of 7 was used for up and
downlink. The Modulation schemeis (FD)DQPSK. The implementation of the CC does not

require tail bits.

Speech channel (User data): 148 bits (per 18.46ms), 16 CRC bits (per 18.46ms).
(Control): 16 PC bits(per 18.46ms), 49 general (per 18.46ms)
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dropped during the duration of the call.
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<�=>�����?�@ABC��
�D@����E@@FG������HFI�������J>KLM���NOP�QRSTUVWRXY�ZV[VSPWP[Q�\X[�]̂ _�̀aa�V[P�QOXbY�RY�NVcUP�de�fY�X[gP[�WX�VhORPiP�WOP�UXb�cRWP[[X[�[VWPQ�[PjTR[Pg�kl�P[[X[�hXgRYm�RQ�VZZURPge�NOP�gPWVRUQ�X\�WOP�kl�hXgRYm�RQ�QOXbY�RY�NVcUPde�NOP�nok�[PQTUWQ�V[P�QOXbY�RY�pRmT[P�qre�LAK��	?���J>KLM����sL�LJ�M���t���HFI����oYiR[XYSPYW uvw uxw uyw_PUVz�Z[X\RUP v\\RhP�{ xPgPQW[RVY�{ yPORhTUV[�{|XcRUP�QZPPg }~�S�O� }~�S�O� q̀�~�S�O��]�_] cXWO cXWO cXWO{YWPYYV�gRiP[QRWz q�c[VYhOPQ q�c[VYhOPQ q�c[VYhOPQ]RY��UPiPU�cRW�[VWP�~�cZQ� d̀}~�cZQ� d̀}~�cZQ� d̀}~�cZQ�fY\X[SVWRXY�cRW�[VWP�~�cZQ� àa~�cZQ� àa~�cZQ� àa~�cZQ�|XgTUVWRXY p__�xl� p__�xl� p__�xl�X̂YiXUTWRXYVU�hXgRYm �������k���̀�} �������k���̀�} �������k���̀�}fYWP[UPViP[�UPYmWO�û ŵ à�eq~SQ��udaOXZw à�eq~SQ��udaOXZw à�eq~SQ��udaOXZwkl�hXgRYm �puq��wua��}dw �puq��wua��}dw �puq��wua��}dwfYWP[UPViP[�UPYmWO�uklw àa~SQ� àa~SQ� àa~SQ�NRSP�QUXW�TQVmP �u��rw �u��rw �u��rwnVYg�QUXW�TQVmP aua��~����w aua��~����w aua��~����wp[PjTPYhz�OXZZRYm�cVYgbRgWO q̀er~|��� q̀er~|��� q̀er~|���xXbP[�hXYW[XU �X �X �XkPjTR[Pge�{iP[VmP�e[PhPRiPgoc��X~gn�����nok�̀��u�dw �̀e�~gn� �e�~gn�
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Figure 30 Eb/No vs BL.E.R. ( ModeA,Office)
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Figure 31 Eb/No vs BL.E.R. ( Mode A, Pedestrian)
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Figure 33 Eb/No vs BL.E.R. ( Mode B,Office)
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Figure 34 ( Mode B,Office)
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Figure 35 Eb/No vs BL.E.R.( Mode B, Vehicular)
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Figure 37 Eb/No vs BL.E.R. (UUD2048, Pedestrian)
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11. Link Level Results (Coherent Operation)

For the coherent operation modethe Indoor scenario wasconsideredfirst.
Indoorlink level simulations were

performedfor packets of 14400 bits (6 blocks of 4 symbols
for coherent, 24 symbols fordifferential). No antenna diversity

was used. Bit and packet
error

ratios were obtained by averaging
over 1000 independent channels, according to the indoor

modelA. For the highest data rate, each OFDM symbolhas 600 subcarriers, so the data rate
is 2.08 Mbps. The total numberof subcarriers is 3600 in a bandwidth of 15 MHz. QPSK with
rate % coding

was used (constraint length 7).

Figure 38 showsbit and packeterror ratios versus E,/N, without powercontrol. Figure 39
shows the sameresults with powercontrol. In this case, the results are much better because

E,/N. is now constant for each packet. For a BER of
10°,

for instance, about 5.5 dB E/N,is

required for coherent detection, which is about 10 dB better than the average required E,/N,in
the case of no powercontrol. However, it should be noted that this improvement holds for the
mean E,/N,at the input of the receiver. E,/N, does notinclude any increasein the average
transmit power, which will be present in the case of powercontrol.010 

ErrorProbability

Ep/No[dB]

Figure 38: a) BER for coherentdetection, b) BERfordifferential detection in the

frequency domain,c) Packet Error Ratio (PER) for coherent detection, d) PER for

differential detection.
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C/(I+N) for each slot is collected, and the raw BERis found. (The
raw BERare calculated

valuesforall slots within one interleaver frame.) The mean raw BERis then calculated, and

finally, the coded BERis calculate by
mean raw BERusing anotherlook up table. These look

up tables are created bythe link level simulation. The impact of the channel impulse response

modelis taken into account for each look up table for each specific evaluation environment.

Fordiversity antenna reception,
we collect the raw BER value for each branch, and calculate

the mean raw BER.

In actual operation,
a cross interleaverwill be implemented to reduce transmission delays.

Howeverfor the system level simulations a crossinterleaver is not used to simplify
simulations. This does not influence the performance. Interleaving is achieved over

18.46msec (speechservice). Currently, only co-channel interference from othercells is taken

account, and the interference caused by adjacent channel spurious emissionis ignored.
For speech services, OFDMAuses a 4 TDMAstructure with channel spacing of 100kHz. For a

15MHz system bandwidth the OFDMAsystem has 600 (15000kHz / 100kHz
*

4 TDMA)logical
channels. To reduce the simulation time only 1 time slot was simulated. The performancein

the other slots was assumedto be the same.In addition, a
system bandwidth of only 3.2 MHz

wasusedin orderto reduce the numberof logical channels and shorten the simulation time.

Evaluation with 3.2 MHz bandwidth (32 logical channel percell)
was

regardedasreliable

enough to measurethe precise interference distribution/density.

32 logical channelpercell is however too small to achieve the required trunking efficiency. For

a 90% system load which correspondsto 600 logical channelpercell, all of the system traffic

can be accommodatedwithout blocking. By evaluating the same load of the system which has

only 32 logical channelpercell, the system will block about 8% of the users
(see Figure 41).

To compensatefor this the blocked userrate is calculated by simulating the exact blocked

user rate assuming 600 logical channel by using anotherlook up
table.

Figure 42 showstheresults for satisfied users versus
system load for 3.2 MHz and 32

channels and Figure 43 shows percentage of blocked users versus accommodatedload for

the sameconditions. By using the look up table the results for 600 channels in 15 MHz are

shownin Figure 44. It can therefore be seen that blocking does not occurat a load of

135kbps/MHz/cell. For a
speech service with 15MHz system bandwidth, blocking

can

therefore be ignored. Additionally, at 32 channels percell case, it is impossible to achieve a

load of greater than 135 kbps/MHz/cell.
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At every 0.5 seconds, the BERis collected at every connection within the service area. The

quality statistical calculation is also performed at every MS whichare connectedto the

marked BS.(If
a MS was

originally connected to a ‘marked BS’ as is disconnected during
this periodit is not included.)

5. Total BER

ETR-0402 does not require to submit this quality statistical value, but it has been calculated

as reference. This value is collected for the whole of the service area.

12.1.3 Pathloss calculation

According to ETR-0402, mobiles position should be updated at every shadowing decorrelation

length. As OFDMAoperatesfast powercontrol, discrete mobility of MS is not acceptable for

precise evaluation. Samples of long term fading value are therefore collected at every

decorrelation length and interpolation performed for calculating long term fading for every

point between the discrete samplesof the long term fading.

12.1.4
Fading calculation

Fading is created according to the channel impulse response modeldescribed in section

B.1.4.2 of ETR-0402. The total numberof fading spectors is set to 16. The fading envelopeis

calculated for each diversity antenna branch. The distance betweendiversity antennais set as

7.5cm (at MS).

12.1.5 Neighbour BS Information

All BS inside the system
area have a

priori knowledgeof neighbour BS.This informationis

used for cell search and handoff.

12.1.6 Interference Restriction

This procedure reduces the simulation time. To be precise the co-channel interference power
should be collected from all cells. However, the total interference power is dominated by

a

couple
of
relatively large interferes. For instance, a -20dB interference from 1 MS is much

larger than the sum of -40dB interference from 10 or more MS.In the simulation therefore, the
interference poweris calculated byrestricting the source of interference as follows.

L1[dB] is defined as the pathloss between MS being considered and its connected BS.This

basestation is named Bsa.

L2[dB] is defined as the pathloss between MSandothercell's BS. These basestations are

named BSx.

1) If L1 + Threshold <
L2,

To BSx,
up
link interference from this MS should be omitted.

To this MS, downlink interference from BSx should be omitted.

Threshold is set to 35[dB].
Each MS will therefore search all interference candidates from the BS and checkto seeit is

visible from the MS location. If candidate is not treated as visible, then this MS will ignoreit

whencalculating interference.

This procedure is done at every update of the MSposition.
For uplink the same

procedureis used.
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vcficZ̀_jc�Xb�hacf

wx yx zx {xx {{x {|x {}xx~zxx~z{x~z|x~z}x~z�x~z�
x~z�x~zwx~zyx~zz{~xx{~x{
������������������ �������������� �WXYZ�[\Z]��X̀�k[Xi]cd�eacf�em�[\Z]��X̀�k[Xi]cd�eacfn̂àco�pX_d�g]qmaric[[rstul

vcficZ̀_jc�Xb�hacf
wx yx zx {xx {{x {|x {}xx~zxx~z{x~z|x~z}x~z�x~z�

x~z�x~zwx~zyx~zz{~xx{~x{
������������������ ��������������

244



���������	�
����������� ���������	��������������������

�������������� ��!"#$�%&''&()*+�%)+,-$.�.#&(�/#$�.0$1/-,2�$%%)1)$*13�%&-�4�.0$$1#�.$-5)1$�.1$*4-)&�4/�6$#)1,'4-7�$*5)-&*2$*/8�9)+,-$�:;�.#&(.�/#$�.4/).%)$<�,.$-�-4/$�5$-.,.�.3./$2�'&4<�$54',4/$<�=3<3*42)1�.3./$2�'$5$'�.)2,'4/)&*8�9)+,-$�:>�.#&(.�/#$�='&1?$<�,.$-�-4/$�5$-.,.�.3./$2�'&4<4*<�9)+,-$�:@�%)*4''3�+)5$.�/#$�.3./$2�'$5$'�.)2,'4/)&*�-$.,'/.�4..,2)*+�A>BCD�.3./$2=4*<()</#�E#$-$�4+4)*�/#$�4..,20/)&*�&%�*&�='&1?)*+�()/#�4�.3./$2�=4*<()</#�&%�A>BCD�).54')<F8�G&�<-&00$<�,.$-.�($-$�&=.$-5$<�4/�4''�$54',4/$<�.3./$2�'&4<.H�/#$�2$4*�*,2=$-�&%#4*<&%%�0-&1$<,-$.�0$-�,.$-�).�I8I8
�JKLM�NOMP�QRSOTUOVW�XTVY��������������Z[MTRSOTUOVW�V\]N[WOM̂�_NK]PVW�XTVỲ�Xa�NOMP�QRSOTUOVW�XTVY��������������Z[MTRSOTUOVW�V\]N[WOM̂�_NK]PVW�XTVỲQbTSVc�dKRW�ZPeaTf]VNNfghì

jVY]VMSR̂V�KU�[TVY
kl ml nl oll ool opl oqllrnllrnolrnplrnqlrnslrnt

lrnulrnklrnmlrnnorllorlo
v�w������x��yz�{�| �}~�}z�������

QbTSVc�dKRW�ZPeaTf]VNNfghì

jVY]VMSR̂V�KU�[TVY �JKLM�dOMP��KS�_NK]PVW�XTVY�Xa�dOMP��KS�_NK]PVW�XTVYkl ml nl oll ool opl oqllrnllrnolrnplrnqlrnslrnt
lrnulrnklrnmlrnnorllorlo
v�w������x��yz�{�| �}~�}z��������QbTSVc�dKRW�ZPeaTf]VNNfghì

jVY]VMSR̂V�KU�[TVY �JKLM�dOMP�QRSOTUOVW�XTVY����������������Z[MTRSOTUOVW�OM]N[WOM̂�eNK]PVW�[TVỲ�JKLM�dOMP�QRSOTUOVW�XTVY����������������Z[MTRSOTUOVW�OM]N[WOM̂�eNK]PVW�[TVỲkl ml nl oll ool opl oqllrnllrnolrnplrnqlrnslrnt
lrnulrnklrnmlrnnorllorlo
v�w�����	x��yz�{�| �}~�}z��������
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NOPQRS�TUVW�XYZ[P\]R̂̂\_ àb

cRd]ReQVfR�Ug�hPRd �iUje�TkeY�NVQkPgkRW�lPRd�l[�TkeY�NVQkPgkRW�lPRd
m no nm po pm qooroooromorno

ornmorpo
s�tu���v�w��xy�z��{������xy� NOPQRS�TUVW�XYZ[P\]R̂̂\_ àb

cRd]ReQVfR�Ug�hPRd �iUje�TkeY�|UQ�idU[RW�lPRd�l[�TkeY�|UQ�idU[[RW�lPRdm no nm po pm qooroooromornoornmorpoorpm
orqoorqmor}oor}mormo
s�tu���v�w�~�y�������{������xy�*"!+, �-��./01.��/ �.��".2" $�+. ,�,�� �3 ,.+.�.4.� 5�60�$E���$�*"!+, �-A�./01.�:60;< $+. ,�,�� �3 ,.+.�.4.� 5�60�$8�90�$,077"�!�1�.�0:. ,3 $���� �;/�."5+6�� $�.4.� 5�60�$E=/ . �, .+6�.��, �:�. $�0���/ �07�"5". $��,��.5"�� ,�701 ,��..+57�"0�8

NOPQRS�TUVW�XYZ[P\]R̂̂\_ àb

cRd]ReQVfR�Ug�hPRd �iUje�TkeY�NVQkPgkRW�lPRd�l[�TkeY�NVQkPgkRW�lPRdnpo n}o n�o n�o poo ppo p}oor�oor�nor�por�qor�}or�m
or��or��or��or��nroonron
s�tu���v�w��xy�z��{������xy� NOPQRS�TUVW�XYZ[P\]R̂̂\_ àb

cRd]ReQVfR�Ug�hPRd �iUje�TkeY�|UQ��̂U]YRW�lPRd�l[�TkeY�|UQ��̂U]YRW�lPRdnpo n}o n�o n�o poo ppo p}oor�oor�nor�por�qor�}or�m
or��or��or��or��nroonron
s�tu���v�w�~�y�������{������xy�=/ �206601"�!���:6 �.+55�,". .��/ �, .+6�.�20,���H���A�. ,3"; .8
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13. Conclusion

In this evaluation report
we have provided

a
description of the basic functional blocks that

make up the OFDMAsystem. From this description it should be clear that the OFDMA

proposal
can be considered as a

hybrid OFDM-TDMAscheme.

The benefits of using OFDM as the underlying modulation scheme,is that it greatly
reduces the required hardware complexity and provides

a
degree

of
flexibility in the

frequency domain that enables two MACsto be supported by the same basic PHYlayer.
This inherent frequencyflexibility provides operators with frequency deployment options
that allows the support of asymmetric up and downlinks as well as smaller re-farmed

portions of spectrum.
The benefits of the two software driven TDMA style MACsallow the OFDMAproposalto

realistically provide the full complement of UMTSservices(including unlicensed operation
& high bit-rate support) in a

spectrally efficient mannerwith relatively low complexity
terminals.

Both MACshave beendeliberately designed to share the same basic TDMAframing
structure of GSM, making the possibility of dual mode UMTS/GSMterminals/core networks
that much morerealistic.
In addition to this ability to co-exist and work with existing 2nd generation networks, we

believe that OFDMAalsohastheflexibility to expand its horizons for later developments of
UMTS.

Enhancementtechniques already available and proven for TDMA system
can be applied to

OFDMAeasily (e.g. HCS,directional antennas).

In the near future we intend to release further results showing the system capacity for packet
data transfer services. We also have work under way to develop

a hardware testbed. In the

meantime,
welook forward to your comments and questions.
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Figure 62 PDF of meanbit rate for system load of 290 kbit/s/MHz/Cell
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Figure 63 PDF of meanbit rate for system load of 155 kbit/s/MHz/Cell
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1. Link
Budget Templates

1.1 Link
Budget Speech

Test environment

Item

Test service
Ave. Tx Powerpertraffic Ch

TR 101 146 V3.0.0 (1997-12)

(QO) (P) (V)
Vehicular A
120[km/h

Down Up
Link Link

|
dBm]

Down

|

Up Up
Link Link Link Link

SP
20.0 14.0 24.0 

a1) Max Tx Powerpertraffic Ch

a2)
Max Total Tx Power

dBm
16.0
16.0 10.0

10.0
26.0 20.0 36.0 30.0
 

(b) Cable, connector, and combiner
losses

d1) Tx_e.i.r.p. per traffic
ch=(a1-b+c)

dBm]
[dB] 0

|(c)Transmitter

Antenna

gain

fi).

=|

2

|

O10|18

2 0

SP_| SP

3
34.0 20.0 30.0 

d2) Total Tx e.i.r.p. dBm 16.0 10.0

26.0

|

20.0

|

36.0

|

30.0
2 2 0

47.034.0 20.0 30.0
 

f) Cable and Connector Losses dB 2 0 2 2

(g)ReceiverNoise

FigureCGB)

S|

STSCSS
-174

h)
Thermal Noise

Density

= w

5
-174 -174 

(i) Receiver Interference Density [dBm/Hz] -Infty -Infty

|

-Infty
 

(j) total effective noise plus
interfererence

(k)Information Rate (10 log (Rb))

[dBm/Hz]

[dBHz]

-169 -169

|

-169

49.05.
]

45.05
|}.45.05._|.45.065..

8.0[kbps]
x 4 

(I) Required Eb/(No+lo)
with no

powercontrol
[dB]

including diversity

gai
 

(m) Receiversensitivity
=

(j
+ k +

I) [dB]
113.95

|

113.95

|

111.75 111.75

|

118.35

|

118.35

i(n)Hand-offgainBY)

|

5

|

5 47

|

47
0 0 0 0(0) Explicit diversity gain {dB}

veeDeedee0

“includedinreg.Eb/No
 
o')

Other
gain dB]

0 0 0 0 0 0
p) Log-normalfade margin dB 15.4 15.4 11.3 11.3 11.3 11.3

[dB] 120.35

|

114.45

|

140.15

|

134.15

|

158.75

|

152.75

L(r)Maximum

Rangefrm]
600.25

|

381.65] 635.33] 449-77] 6514

|

4511

(q) Maximum path loss=
{d1-m+(e-f)+o+n+0’ -p

L(R[m])
=

37 +
30log( R[m] ) [dB]

(P)

—

L(R{km])
=

148.03 +
40log( R[km] ) [dB]

(V) —_L(Rikm])
=

128.15 +
37.6log( R{km] ) [dB]
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Test environment (P) (V)
Vehicular B250

a

ia
Lik Link Oe Link

i|Testservice
|

SP

|

SP] SP|SP SP
.0

al
“Max

Tx Powerpertraffic Ch dBm
16.

0 10.0
26.

0 20.
0

36.
0

30.
0a2) Max Total Tx Power dBm] 16.0 10.0

=

0

=

0

—

0

==

0
(b)

Cabs
connector, and combiner [dB] 2 0

losses

|(c)Transmitter

Antenna

gain

si].

=~]

2|

|

13

|

d1) Tx e.i.r.p. per traffic ch=(a1-b+c) 34.0
2b.

oO

|

47.0

|

30.0
d2) Total Tx e.i.r.p. dBm 16.0 10.0 34.0 20.0 47.0 30.0

{iCabeand

Comoriaroases][0-2-0202f) Cable and Connector Losses dB 2

\(g)ReceiverNoise

FigureCSB)

S|

SC]SCTSC]CSh) Thermal Noise Density -174 -174

|

-1
7d

(i) Receiver Interference Density [dBm/Hz] -Infty -Infty

|

-Infty

(j) total effective noise plus [dBm/Hz] -169 -169

|

-169
interfererence

(k)Information Rate (10 log (Rb)) [ABHz]

=

}..45.05.|.45.05
].45.05.

|.

45.05J.45.05._|..45.05..8.

-.teepsh

x4

 

 

 

 

 

(I) Required Eb/(No+lo) [dB]
with no

powercontrol

(m) Receiversensitivity
=

(j
+ k +

I) [dB]
118.45

|

118.45

Hi) Hand. off
gain

_________[e8]__|_83
153

A] 47
“iebiaded

inreq
SEBING”

eee
geente

p) Log
-normal fade margin

=
15.4 15.4 11.3 11.3 11.3 11.3

=
{d1

“m+
e-f)totnt+o’ -pmeteorsFt

|

tt
6553_| 4538
   (O) L(R[m])

=
37 +

30log( R[m] ) [dB]
(P) —_L(Rikm])

=
148.03 +

40log( R[km] ) [dB]
(V) —_L(RIkm])

=
128.15 +

37.6log( R[km]) [dB]
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1.2 Link Budget LCD144

Test environment 0
(P)

Vv
Item Down Up Down Up Down Up

Link Link Link Link Link Link

“20
dBm 10.0 4.0 20.0 14.0 30.0 24.0

a1)
Max Tx Powerpertraffic Ch

dBm]
20.6

|

14.6
a2) Max Total Tx Power dBm 10.6 4.6 20.6 14.6 30.6 24.6

Test service
Ave. Tx Powerpertraffic Ch

 

a ao

aay

p. per traffic ch= dBm
dBm

(b) Cable, connector, and combiner

pO

Pe

|

OP

2

7

Oolosses

raispoee
tas

4 28.6 14.6 41.6 24.6

|

4.6

|

.

|

2

||

2

L

c)
Transmitter Antenna

gain dBi]
1 ei 10.6

d2) Total Tx _e.i.r.p.
=

(a2-b+c 28.6 14.6
e) Receiver Antenna Gain

5

)
6

2

|0

|

10|

f) Cable and Connector Losses 2

|

2

|

g) Receiver Noise
Figure

5

22,

a +=

|

0

||

0

||

0

|

0

|

62

dB] S|]
5 5 5

h) Thermal Noise Densit dBm/Hz

(i) ReceiverInterference Density [dBm/Hz] -Infty

|

-Infty
(j) total effective noise plus [dBm/Hz]

|

-169 -169 -169 -169 -169 -169
interfererence

e022
|

52.2 edd...(k)Information Rate (10 log (Rb)) [dBHz]
|
52.2

|
5

2|
52.2

_

 

(I) Required Eb/(No+lo) [dB]
with no

powercontrol
m) Receiver sensitivity

=
(j
+k +1 dB

n)
Hand-off

gain
dB

(o) Explicit diversity gain [dB]

 

an

0
p) Log-normalfade margin 15.4 15.4 11.3 11.3 11.3

.

(q) Maximum path loss [dB] 136.8

|

130.7

|

145.9

|

139.9

r) Maximum Range m 524 369 2965

|

2054

(OQ) L(R[m])
=

37 +
30log( R[m] ) [dB]

(P) L(R[km])
=

148.03 +
40log( R[km] ) [dB]

(V) L(R[km])
=

128.15 +
37.6log( R[km] ) [dB]
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1.3 Link Budget LCD384

Test environment
Eyes

Vv.

Link

|

Link

|

Link

|

Link

|

Link

|

Link
LC384

Up

Ave. Tx Powerpertraffic Ch
dBm]

10.0 20.0

|

14.0

|

30.0

|

24.0
a1) Max Tx Powerpertraffic Ch dBm 10.6 4.6 20.6 14.6 30.6 24.6

 

 
a2)

Max Total Tx Power
dBm]

10.6 4.6 20.6 14.6 30.6 24.6

(b) Cable, connector, and combiner [dB] 2 0 2 0 0
losses

2

 

 

 

 

   

[(c)Transmitter

Antenna

gainsd

[Bi].

=~]

2|
d1)

Tx
e.i.r.p. per traffic

ch=(a1-b+c)
10.6 28.6 | 14.6

|

41.6

|

24.6
d2) Total Tx e.i.r.p.

=
(a2-b+c dBm 10.6 46 28.6 14.6 41.6 24.6

{iCabsand

Comorosoases]

|

-0—[2-0-20f) Cable and Connector Losses dB 2 0 2 2

|(g)ReceiverNoise

Figure

Cd

S|S|SCSCTCC
h)

Thermal Noise
Density

dBm/Hz]

|

-174

|

-174

|

-174 | -174

|

-174

|

-174

(i) Receiver Interference Density [dBm/Hz]

}

-Infty

|

-Infty

|

-Infty

|

-Infty

|

-Infty

|

-Infty(j) total effective noise plus

{dBm}169

|

169

|

-169

|

-169

|

169

|

169

|

interfererence

(k)Information Rate (10 log (Rb)) [dBHz]
|
56.4
|

564
|

564
|

564
|

56.4
|

56.4.
384

[kbps]
x

(8/7(1) Required Eb/(No+lo) [4B] TeELEincluding diversity gain

|(m)Receiver

sensitivity=(j+k+!)__[{dB]_

sf

-101.3

|

-101.3]|-106.8

|

-106.8

|

[(n)Hand-offgain

CAB

S|5

|

5

|4

|

47|

47

|

47
(0) Explicit diversity gain Oo

{
o
|

Oo
|

Oo
f

o
[Oo.

included in req.Eb/No

(o')Othergain

ttC—C‘iYAB

SWECOC}COCCOC

CC]

CC
p) Log-normal fade margin dB] 15.4 15.4

|

11.3 11.3 11.3 11.3

(q) Maximum path loss [dB] 102.4

|

96.4 141.8

|

135.8=
{d1-m+(e-f)+o+n+0' -p

151.4

|

95.5

f

|
2307

(O) L(R[m])
=

37 +
30log( R[m] ) [dB]

(P) L(R[km])
=

148.03 +
40log( R[km] ) [dB]

(V) L(R[km])
=

128.15 +
37.6log( R[km] ) [dB]

263



264

UMTS 30.06 version 3.0.0 264 TR 101 146 V3.0.0 (1997-12)

1.4 Link
Budget

UDD144

Test environment
PO)TP)

Link Link Link Link Link Link
Test service
Ave. Tx Powerpertraffic Ch

dBm]
10.0 20.0

|

14.0
a1) Max Tx Powerpertraffic Ch dBm 10.6 4.6 20.6 14.6 30.6 24.6

(b) Cable, connector, and combiner [dB] 2 0 2 0 2 0
losses
c) Transmitter Antenna gain (gb)

|

2

|

oO

|10

|

O|

13

|

O

|

d1)
Tx

e.i.r.p. per traffic
ch=(a1-b+c) dBm]

28.6 | 14.6 24.6
d2) Total Tx ¢é.i.r.p.

=
(a2-b+c dBm 10.6 4.6 28.6 14.6 41.6

2
2

5

|

e)
Receiver Antenna Gain

dBi]
0 10

dB 0 2 2

|

5

|

5 5

|

5

|

 

 

 

 

f) Cable and Connector Losses
gq) Receiver Noise Figure 5

|5

|

5||

5

|

h)
Thermal Noise

Density
dBm/Hz]

|

-174

|

-174

|

-174 | -174

|

-174

|

-174

(i) Receiver Interference Density [dBm/Hz]

|

-Infty

|

-Infty

|

-Infty

|

-Infty

|

-Infty

|

-Infty(j) totaleffective noise plus [dBm/Hz]
[468

|

tee

|68

|

169|

169

|

interfererence

(k)Information Rate (10 log (Rb)) [dBHz]
|
53.2
|

53.2 53.2
53.2 53.2 |

53.2.
93.

aia
(!) Required Eb/(No+lo) [dB] 0[70T787875.275.2

 

 

including diversity gain

Qa

   

|

5.9

|

5.9

|47

|

47|

47

(o) Explicit diversity gain [
oO|O{|O|O|O|

included in reg.Eb/No

(0!)

OthergainBY

|

OCOCCCCC
p) Log-normalfade margin 11.3

|

11.3

|

11.3

(q) Maximum path loss [dB] 109.9

|

103.9

|

130.0

|

124.0

|

145.6

|

139.6=
{(d1-m+(e-f)+o+n+0'-p

(O) L(R[m])
=

37 +
30log( R[m]) [dB]

(P) L(R[km])
=

148.03 +
40log( R[km] ) [dB]

(V) L(R[km])
=

128.15 +
37.6log( R[km] ) [dB]
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1.5 Link
Budget

UDD384

Test environment
Eyes

Vv.

Link

|

Link

|

Link

|

Link

|

Link

|

Link
Test service

|

_—«|UD384

|

UD384

|UD384

|

UD384|

UD384

|

UD384

p

Ave. Tx Powerpertraffic Ch 10.0 20.0

|

14.0 24.0
a1) Max Tx Powerpertraffic Ch dBm 10.6 4.6 20.6 14.6 30.6 24.6

a2)
Max Total Tx Power

dBm]
10.6 46 20.6 14.6 30.6 24.6

(b) Cable, connector, and combiner [dB] 2 0 2 0 2 0
losses

 

 

c) Transmitter Antenna gain (dB)

|

2

|

O10|3
d1)

Tx
e.i.r.p. per traffic

ch=(a1-b+c)
28.6 | 14.6 24.6

d2) Total Tx _e.i..p.
=

(a2-b+c dBm 10.6 4.6 28.6 14.6 41.6 24.6e) Receiver Antenna Gain dBi]
3

0 10

2f) Cable and Connector Losses dB 2 0 2 2

|

5

|

5

|

5

|

 

 = ww

gq) Receiver Noise Figure [dB]

=|

5 5

h)
Thermal Noise

Density
dBm/Hz]

|

-174

|

-174

|

-174 | -174

|

-174

|

-174

(i) Receiver Interference Density [dBm/Hz]

|

-Infty

|

-Infty

|

-Infty

|

-Infty

|

-Infty

|

-Infty

weeeeeinterfererence

(k)Information Rate (10 log (Rb) [dBHz]
|
56.2
|

56.2
|

56.2
|

562
|

56.2[56.2

(k)
554.6 [kbps]

x
(3/4)

(1) Required Eb/(No+lo) [8]. 7.0[7.0778[78[5.27
5.2~

including diversity gain

~

m) Receiversensitivity
=

(j
+ k +

1) -111.0

|

-111.0
n) Hand-off gain dB 5.9 5.9 47 47 47 4.7

included in req.Eb/No

 

 

 

   ((o')OthergainCSB

S|

OCCCCC]

CC]

CC]p)
Log-normal fade margin dB] 15.4

|

15.4 11.3 11.3 11.3 11.3

(q) Maximum path loss [dB] 106.9

|

100.9

|

127.0

|

121.0

|

142.6

|

136.6

298

|

211

|

2423

|

1677

(O) L(R[m])
=

37 +
30log( R[m]) [dB]

(P) L(R[km])
=

148.03 +
40log( R[km] ) [dB]

(V) L(R[km])
=

128.15 +
37.6log( R[km] ) [dB]
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1.6 Link
Budget

UDD2048

Test environment
Eyes

Vv.

Link

|

Link

|

Link

|

Link

|

Link

|

Link
Test service |).2048

|

U2048

|U2048

|

U2048|

U2048

|

U2048

Up

Ave. Tx Powerpertraffic Ch 10.0 20.0

|

14.0 24.0
a1) Max Tx Powerpertraffic Ch dBm 10.6 4.6 20.6 14.6 30.6 24.6

a2)
Max Total Tx Power

dBm]
46 20.6 14.6 30.6 24.6

(b) Cable, connector, and combiner [dB] 0 2 0 2 0
losses

 

 10.6
2

c) Transmitter Antenna gain (dBi)

|

2

|

O

|10

|

O|

13

|

d1)
Tx

e.i.r.p. per traffic
ch=(a1-b+c)

dBm 46

|

286 | 146 24.6
d2) Total Tx e.i.r.p.

=
(a2-b+c dBm 10.6 4.6 28.6 14.6 41.6 24.6e) Receiver Antenna Gain

i

3

0 10

2f) Cable and Connector Losses 2 0 2 2
g) Receiver Noise Figure 5

|

5

|5

|

5|

5

|

5

h)
Thermal Noise

Density
dBm/Hz]

|

-174

|

-174

|

-174 | -174

|

-174

|

-174

(i) Receiver Interference Density [dBm/Hz]

|

-Infty

|

-Infty

|

-Infty

|

-Infty

|

-Infty

|

-Infty

eleeeeeeinterfererence
-169

(k)Information Rate (10 log (Rb)) [dBHz] 53
63.4

(I) Required Eb/(No+lo) (dB) 40.3[10.3[10.3[103JoTo
.

including diversity gain

m) Receiversensitivity
=

(j
+ k +

1) -95.3
n) Hand-off gain dB 5.9 5.9 4.7 47

. .

included in req.Eb/No

 

 

oa/;/o|
—

—k w

 

 

 

   (o')Othergain,

CC‘

S|COC}COC

CO

CT

COC

|p)
Log-normal fade margin dB] 15.4

|

15.4 11.3 11.3 11.3 11.3

(q) Maximum path loss [dB] 96.4 90.4

|

117.3

|

111.3

170
[120]

(O) L(R[m])
=

37 +
30log( R[m] ) [dB]

(P) L(R[km])
=

148.03 +
40log( R[km] ) [dB]

(V) L(R[km])
=

128.15 +
37.6log( R[km] ) [dB]
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2.
Technology Description Template

Test environment support

In whattest environments will the SRTT operate?

|

Office/Pedestrian/Vehicular 

lf the SRTT supports more than onetest Office/Pedestrian/Vehicular
environment, what test environment doesthis

technology description template address?

Does the SRTTinclude any features in support of

|

FWA is supported
FWAapplication? Provide detail about the impact
of those features on the technical parameters
provided in this template, stating whether the
technical parameters provided apply for mobile as
well as for FWA applications.

A1.2 Technical parameters
Note: Parameters for both forward link and reverse link should be described separately, if necessary.

A1.2.1 Whatis the minimum

frequency

band required to

|

3.2[MHz]
=

1.6[MHz]*2(FDD)
deploy the system (MHz)?

A1.2.2 Whatis the duplex method: TDD or FDD?

TDD is supported

Whatis the minimum up/down frequency [TBD
ex.

30[MHZz]]
separation for FDD? 

Whatis requirementof transmit/receive isolation?

|

MS using 1 time slots Not Required
Does the proposal require

a
duplexerin either the

mobile station (MS)
or BS?  

MS using multi time slots Required 

Required

A1.2.3 Does the SRTT allow asymmetric transmission to

|

Asymmetric duplex duty of TDD
?use the available spectrum? Characterize.

Asymmetric duplex band width og FDD

Whatis the RF channel spacing (KHz)? In addition,

|

100[kKHz]?
does the SRTTuse an interleaved

Htequcney
plan’? No interleave.

Note:....
ee ceccccceeesssssseeeeees

Whatis the bandwidth per duplex RF channel 200[kHz]
(MHz) measured at the 3 dB downpoints?It is

given by (bandwidth per RF channel) x (1 for TDD
and 2 for FDD). Provide detail.

Doesthe proposaloffer multiple or variable RF Yes. Variable bandwidth scheme named BDMA
channel bandwidth capability? If so, are multiple
bandwidths or variable bandwidths provided for the
purposes of compensating the transmission very wide band OFDMsignal and share the block
medium for impairments but intended to be feature

. * _

transparentto the end user? of sub-carriers ( 24

*

4.16[kHz]
=

100[kHz] )

Whatis the RF channelbit rate (kbps)? 159[kbps] /100[kHz] ( DQPSK )

2*(QPSK)*23 (24-1 (differential) )/288.46[us]

.239[kbps]/100[kHz](D8PSK)

BDMAis Band Division Multiple Access which use

‘Note:The

r

maximum

n

modulationrateof

|

RF(afterchannel encoding, adding ofi
in-

bandcontrolsignalling.and any overhead signalling) possible to transmit carrier over an RF channel, i.e. independent of access

technology and of modulation schemes. 267



268

UMTS30.06 version 3.0.0 268

-
frame length

-
guard time or the numberof guard bits

-
channel symbolrate (after modulation)

-
powercontrolbit rate.

Does the SRTT use
frequency hopping?

lf so, characterize and explain particularly the

impact (e.g. improvements)
on

system
performance.

Whatis the hopping rate?

-
the numberof time slots per frame

-
channelbit rate (after channel coding)

fsym
=

1/Tu
=

3.467[ksym/s]

-associated control channel (ACCH)bit rate

TR 101 146 V3.0.0 (1997-12)

Frame Structure: Describe the framestructure to give sufficient information such as:

1.15[ms]

A[time slot/frame]

Tu=288.46[us/time slot]

Tm=240[us] for OFDM modulation length

Tg=48.46[us] for guard time
-

user information bit rate for each time slot

2[bit/time slot]

Note 1: Channel coding
may

include forward error correction (FEC), cyclic redundancy checking (CRC)
ACCH, powercontrol bits and guard bits. Provide detail.

Note 2: Describe the frame structure for forward link and reverselink, respectively.

Note 3: Describe the frame structure for each user information rate.

Yes.

FrequencyDiversity Effect.

Interference Diversity Effect.

Operation without FH is also possible e.g. DCA

operation

866.7[hop/sec]

(1 [hop/frame) 

Whatis the numberof the hopping frequency
sets?

Depend
on

Assigned frequency band

(ex. 200[frequency/20MHZz]) 

Are BSs synchronised or
non-synchronised?

Does the SRTT use a
spreading scheme?

Synchronisation is not required.

(preferred )

 

Whatis the chip rate (Mchip/s)? Rate at input to
modulator. 

Whatis the processing gain? 10 log (Chip rate /
Information rate).

Explain the uplink and downlink code structures
and provide the details about the types(e.g.
personal numbering (PN) code, Walsh code) and
purposes(e.g. spreading, identification, etc.) of the
codes.

Which access technology does the proposal use:

TDMA, FDMA, CDMA,hybrid, or a new

technology?
In the case of CDMA,which type of CDMAis used:

Frequency Hopping (FH)
or Direct Sequence (DS)or

hybrid? Characterize.

Whatis the baseband modulation technique?If
both the data modulation and spreading
modulation are required, describe in detail.

268

Hybrid SFH-TDMA and BDMA(FDMA)
BDMAis BandDivision Multiple Access which use

very wide band OFDMsignal and share the block
of sub-carriers ( 24

*
4.16[kHz] =100[kHz] ) for

each user.

Frequency Domain DPSK (DQPSK,D8PSk) 
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Whatis the peak to average powerratio after
basebandfiltering (dB)?

What are the channel coding (error handling) rate
and form for both the forward and reverselinks?

E.g., does the SRTT adopt:-
FEC or other schemes?

-
unequalerror protection? Provide details.

Reed-Solomon codefor data ( R=0.8-0.9)

TR 101 146 V3.0.0 (1997-12)

10log( N )[dB]
N is numberof sub-carriers

K=7,R=3/4-1/3 Convolutional encoding

Soft decision Viterbi Decoding

-
soft decision decoding

or hard decision decoding? Provide details.
-

iterative decoding (e.g. turbo codes)? Provide details.
-

Other schemes?

Whatis the bit interleaving scheme? Provide
detailed description for both uplink and downlink.

Describe the approach takenfor the receivers (MS
and BS) to cope with multipath propagation effects

(e.g. via equaliser, RAKE receiver,etc.).
Describe the robustnessto intersymbol
interference and the specific delay spread profiles
that are best or worst for the proposal.

4.615[ms] data-frame data is encoded. 4 frame
coded bits are buffered. 4 hopping burstis

generated by using 4 frame codedbits.

As aresult, 18.46[ms/interleave]
or

16[hop/interleave] is achieved.

Longer interleave size is available

Not using equaliser or RAKE receiver

OFDMis robust against multipath propagation.

ISI (inter symbol interference is very small using
OFDM)
ITU TG8/1 Vehicular C (

rms
delay spread 12[us],max

delay is 55[us] ) 

A1.2.14.2

A1.2.16

Can rapidly changing delay spread profile be
accommodated? Describe.

Whatis the adjacent channelprotection ratio?

Note: In order to maintain robustness to adjacent
channel interference, the SRTT should have some
receiver characteristics that can withstand higher
poweradjacent channel interference. Specify the
maximum allowedrelative level of adjacent RF
channel powerin dBc. Provide detail how this

figure is assumed.

Powerclasses

Yes.

No impact.

10[dBc]

Adjacent channel spurious emissionwill be less
than -17[dB]

, and required C/I is more than 5[dB].

Basically, adjacent band signal will not exceed

O[dB], becauseall transmit signal should be power
controlled. Moreover, -17[dB] is worst and rare
case which occurs at when transmit poweris
maximum in power control operation. Frequency
Hopping will provide risk diversity andit is also
available to adjacent band interference.

 

A1.2.16.1 Mobile terminal emitted power: Whatis the radiated antenna power measuredat the antenna? For
terrestrial component, give (in dBm). For satellite component, the mobile terminal emitted power should
be givenin e.i.r.p. (effective isotropic radiated power) (in dBm).
 

A1.2.16.1.
1

Whatis the maximum peak power transmitted
while in active or busy state?

OFDMsignal has high peak.

Maximum peak transmit poweris required 3[dB]
higher than average powerwithin the burst with
allowable distortion. Burst average poweris
calculated by 4 times of time average power
described in next section.
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A1.2.20 Data services: Are there particular aspects of the

proposed technologies which are applicable for the

provision of circuit-switched, packet-switched or
other data serviceslike asymmetric data services?
For each service class (A, B, C and D) a

description of SRTT services should be provided,
at least in termsof bit rate, delay and BER/frame
error rate (FER).

Note 1: See Recommendation ITU-R M.[FPLMTS.TMLG]for the definition of:-
“circuit transfer mode”-
“packet transfer mode”-
“connectionless service”

and for the aid of understanding “circuit switched” and “packet switched” data services.

Note 2: See ITU-T Recommendation |.362 for details about the service classes A, B, C and D.

A1.2.20.1

|

For delay constrained, connection oriented. (Class
A)

A1.2.20.2

|

For delay constrained, connection oriented,
variable bit rate (Class B) 

A1.2.20.3

|

For delay unconstrained, connection oriented.

(Class C)

A1.2.20.4

|

For delay unconstrained, connectionless. (Class
D)

A1,2.21 Simultaneous voice/data services:Is the proposal
capable of providing multiple

user services

simultaneously with appropriate channel capacity
assignment?

Note: The following describesthe different techniques that are inherent or improve to a great extent
the technology described aboveto be presented.

 

 

Description for both BS and MSarerequiredin attributes from A1.2.22 through A1.2.23.2.

A1.2.22 Powercontrol characteristics: Is a power control Yes.
schemeincluded in the proposal? Characterize the

. .

impact (e.g. improvements) of supported power
Decrease power consumption of the terminal.

control schemes on
system performance. Decrease adjacent band interference.

 

Decrease co-channelinterference to other
communications.

Increase system capacity approximately twice.

A1.2.22.1

|

What is the power control step size in dB? +1.0,0.0,-1.0[dB]

 

A1.2.22.4

|

Whatis the minimum transmit powerlevel with 20[nW]in up link
powercontrol?

A1.2.22.5

|

Whatis the residual power variation after power Standard deviation of variation which is
control when SRTT is operating? Provide details approximated by log-normaldistribution is few
aboutthe circumstances(e.g. in terms of system decibel.

characteristics, environment, deployment, MS-

speed, etc.) under whichthis residual power
variation appears and which impactit has on the

system performance.

A1.2.22.2

|

What are the number of power control cycles per

|

every time burst.

hae

fear

tenementlemA1.2.22.3

|

Whatis the powercontrol dynamic range in dB? Up link 80[dB]

Aheroesoe[st

Major impact on the system will not appear. A1.2.23 Diversity combining in MS and BS:Are diversity
combining schemesincorporated in the design of
the SRTT?

271
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A1.2.23.1

A1.2.23.2

272

Describe the diversity techniques applied in the
MSandat the BS, including micro diversity and

used, for example:

-timediversity

==

-
space diversity-

frequency diversity-
code diversity-
other scheme

Characterize the diversity combining algorithm, for

example, switch diversity, maximalratio

combining, equal gain combining. Additionally,
provide supporting values for the numberof
receivers (or demodulators) percell per mobile
user. State the dB of performance improvement
introduced by the useof

diversity.
For the MS: whatis the minimum numberof RF
receivers (or demodulators) per mobile unit and
what is the minimum numberof antennas per
mobile unit required for the purposeof

diversity
reception?

These numbers should be consistentto that
assumedin the link budget template of Annex 2
and that assumedin the calculation of the

“capacity” defined at A1.3.1.5.

Whatis the degree of improvement expected in
dB? Also indicate the assumed conditions such as
BERand FER.

Handover/Automatic Radio Link Transfer (ALT):
Do the radio transmission technologies support
handover?

Characterize the type of handoverstrategy (or
strategies) which may be supported, e.g. MS
assisted handover. Give explanations

on
potential

advantages, e.g. possible choice of handover

algorithms. Provide evidence wheneverpossible.

macro
diversity, characterizing the type of diversity

TR 101 146 V3.0.0 (1997-12)

Time diversity effect by 18.4[ms] interleaving

Frequency diversity effect by FH

2 branch antennadiversity

‘repetition,RAKE-receiver,etc,

|

multiple sectors, multiple satellite, etc.,

FH, widebandtransmission, etc.,

multiple PN codes, multiple FH code,etc.,

Combining methodofall diversity schemeis
maximum ratio combining (MRC)at the input of
Viterbi decoder.

2 branch space antennadiversity requires

2 antennas
2 receivers
2 demodulators

but demodulatorwill be reused for each branch of

signal except memory ,Viterbi decoder and channel
decoderrequire 1 unit respectively.

‘Totalgainis10[dB]including3[dB]by2branchat
BER=0.1[%].

WhileAuscdHandOver

 

A1.2.24.1 Whatis the break duration (sec) when a handover
is executed? In this evaluation, a detailed

description of the impact of the handover on the
service performance should also be given. Explain
how the estimate wasderived.

O[s]

Applying coded-bit level hand over through the
MSC

Information bits are connected with each base
station by coding

and
interleaving. 

A1.2,.24.2 For the proposed SRTT, can handover cope with

rapid decreasein signal strength (e.g. street
corner effect)?Give a detailed description of

-
the way the handoverdetected, initiated and

executed,
-

how long
eachofthis action lasts

(minimum/maximum time in msec)-
the time-out periods for these actions.

272

Basically, hand overwill be detected not

decreasing the received power at connecting base
stations but increasing the received powerat other
base stations which are candidates for hand over.

MAHOwill be effective to select the candidate base
station for hand over.

Receivedsignal strength will be detected and
initiated by surrounding BS

UnderInvestigation“|

TBD 
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A1.2.29

A1.2.29.1

273

Characterize how the proposed SRTTreacts to the

system deployment(e.g. necessity to add new
cells and/or new carriers) particularly in terms of

frequency planning.

TR 101 146 V3.0.0 (1997-12)

Frequency planning is not required in1 frequency
reuse or 3 sector frequency(1 site ) reuse.

N frequency
reuse case, frequency planningis

necessary.

Sharing frequency band capabilities: To what degree is the proposal able to deal with spectrum sharing
among UMTSsystemsas well as with all other systems:

-
spectrum sharing between operators

-
spectrum sharing betweenterrestrial and satellite

UMTSsystems
-

spectrum sharing between UMTS and non-UMTS

systems
-

spectrum sharing betweenprivate and public
UMTSoperator.

Use different band with adequate guard band
between each operator's bands.

Guard bandis 100[kHz]

Sameas the above

same as the above.

sameas the above.

-
other sharing schemes.

Dynamic channelallocation: Characterize the

Dynamic ChannelAllocation (DCA) schemes
which may be supported and characterize their

impact
on

system performance(e.g. in terms of

adaptability to varying interference conditions,

adaptability to varying traffic conditions, capability
to avoid frequency planning, impact

on the reuse
distance,etc.).

Mixed cell architecture: How well does the SRTT
accommodate mixed cell architectures (pico, micro
and macrocells)? Does the proposalprovide pico,
micro and macro cell user service in a single
licensed spectrum assignment, with handoff as

required between them? (terrestrial component
only)

In case of not applying FH, DCAis used. Detectingno interference frequency band and assign
users

to the band,like DECT or PHS.

Using different frequency bands.

Handoveris possible.

Note: Cell definitions are as follows:

pico
-

cell hex radius (r)
< 100 m

micro
-

100 m <
(r)

< 1000 m
macro

-
(r)

> 1000 m

Describe any battery saver/ intermittent reception capability.

Ability of the MS to conserve standby battery
power: Provide details about how the proposal
conserves standby battery power.

Signalling transmission scheme:If the proposed
system will use SRTTsfor signalling transmission
different from those for user data transmission,
describe the details of the signalling transmission
schemeoverthe radio interface between terminals
and base(satellite) stations.

Intermittent reception can be possible.

Using 2 time slots, becausetime alignmentvalueis
unknown before communicating between BS and
Ms

 

A1.2.30.1 Describe the different signalling transfer schemes
which may be supported, e.g. in connection with a

call, outside a call. Does the SRTT support:
-

new
techniques? Characterize.

-
signalling enhancementsfor the delivery of

multimedia services? Characterize.

273

Basic formation of signal is same but reduce the
information bits and ensure correct receiving. 
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A1.3

A1.3.1

A1.3.1.1

Does the SRTT support a Bandwidth on Demand If higher rate is demanded, more sub-carriers can

(BOD) capability? BOD refers specifically to the be assigend.
ability of an end-user to request multi-bearer
services. Typically, this is given as the capacity in
the form of bits per second of throughput. Multi-
bearer services can be implemented by using such

technologies as multi-carrier, multi-time slot or
multi-codes. If so, characterize these capabilities.

Multi-time slot is also available

Note: BOD doesnotreferto the self-adaptive
feature of the radio channel to cope with changes
in the transmission quality (see A1.2.5.1).

Does the SRTT support channel aggregation Yes. BDMA schemehasnolimit of system band

capability to achieve higher
userbit rates? width and userbit rate. ( If frequency

resource and
device are

available)

Expected performances

for terrestrial test environment only

Whatisthe achievable BER floorlevel(for,voice)? AlmostO[%]Note: The BER floor level is evaluated underthe BER measuring conditionsdefinediin

n

Annex2using

-

the data rates indicated in section 1 of Annex 2.

Whatisthe achievable BER floorlevel(fordata)?
|

AlmostO[%]
Note: The BERfloor leveli

is
evaluated under the

measuring conditions‘definedir
in

1

Annex2usingthedata|
rates indicated in section 1 of Annex 2. 

Whatis the maximum tolerable delay spread (in 12000[ns] ( Old ITU TG8/1 Vehicular C model)
nsec) to maintain the voice and data service

qualityrequirements?Note: The BERis anerror
floorlevelmeasuredwith theDopplershiftgiveni

in

in

theBER.measuringconditions of Annex 2.

Whatis the maximum tolerable Dopplershift (in At least 1000[Hz]
Hz) to maintain the voice and data service quality

requirements?Note: The BER is
is an error

floorlevelmeasuredwith thedelay‘spreadgivenit
in

n

theBERmeasuring

|

conditions of Annex 2. 

Capacity: The capacity of the radio transmission technology has to be evaluated assuming the

deployment models described in Annex 2 and technical parameters from A1.2.22 through A1.2.23.2. 
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Whatis the voice traffic capacity per cell (not per See system level simulation results

sector): Provide the total traffic that can
be supported by

a
single cell in

Erlangs/MHz/cell in a total available

assigned non-contiguous bandwidth of
30 MHz (15 MHz forward/15 MHz

reverse) for FDD modeor
contiguous

bandwidth of 30 MHz for TDD mode.
Provide capacities for all penetration
values defined in the deployment model
for the test environment in Annex 2. The

procedureto obtain this value is
described in Annex 2. The capacity
supported by not a standalone cell but a

single cell within contiguous service area
should be obtained here.
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A1.3.1.5.2

|

Whatis the information capacity percell (not per See system level simulation results

sector): Provide the total numberof user-
channel information bits which can be

supported by
a

single cell in

Mbps/MHz/cell in a total available

assigned non-contiguous bandwidth of
30 MHz (15 MHz forward/15 MHz

reverse) for FDD modeor
contiguous

bandwidth of 30 MHz for TDD mode.
Provide capacities for all penetration
values defined in the deployment model
for the test environment in Annex 2. The

procedureto obtain this value is
described in Annex 2. The capacity
supported by not a standalone cell but a

single cell within contiguous service area
should be obtained here.

Does the SRTT support sectorization? If yes, Yes.

provide for each sectorization scheme and the
total numberof user-channel information bits
which can be supported bya single site in

Mbps/MHz(and the numberof sectors)in
a total

available assigned non-contiguous bandwidth of
30 MHz (15 MHz forward/15 MHz reverse) in FDD
modeor

contiguous bandwidth of 30 MHz in TDD
mode.

3 , 6 sectors percell is effective to increase

capacity

Coverageefficiency: The coverageefficiency of the radio transmission technology hasto be evaluated

assuming the deployment models described in Annex 2.

Whatis the basesite coverage efficiencyin See Link budget Template
km/’/site for the lowesttraffic loading in the voice

only deployment model? Lowesttraffic loading
meansthe lowest penetration case described in
Annex2.

A1.3.1.7.2

|

Whatis the base site coverage efficiency in See Link budget Template
km//site for the lowesttraffic loading in the data

only deployment model? Lowesttraffic loading
meansthe lowest penetration case described in
Annex2. 276
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Maximumuserbit rate (for data): Specify the At least 2048[kbps]
maximum userbit rate (kbps) available in the

deployment models described in Annex2. 

Whatis the maximum range in metres between a See Link budget Template
user terminal and a BS (prior to hand-off, relay,
etc.) under nominal traffic loading andlink

impairments as defined in Annex 2?

 

Antenna Systems: Fully describe the antenna -Conventional antenna system
systemsthat can be used and/or have to be used;
characterize their impacts

on
systems

performance,(terrestrial only); -Tx diversity antenna system is available
( 2 branch antenna diversity )

Each transmit burst is transmitted from different

antenna whichare placedlike conventioal

diversity antenna

-Switched beam antennawill be supported.

Itiimprovelinkmargin:andcapacity.
—

e.
e.g.,

,

doesthe‘SRTThavethe‘capabilityfor:the

u

use

e

of:-
Remote antennas: Describe whether and how remote antenna systems can be used to extend

coverageto low traffic density
areas.

-
Distributed antennas: Describe whether and how distributed antenna designs

are used, and in which
UMTStest environments.
-

Smart antennas(e.g., switched beam, adaptive, etc.): Describe how smart antennas can be used and
whatis their impact on

system performance.-
Other antenna systems.

A1.3.7 Delay (for voice)

A1.3.7.1 Whatis the radio transmission processing delay data is interleaved over 18.4[ms]
due to the overall process of channel coding, bit

interleaving, framing, etc., not including
source

coding?This is
given

a
as

5

transmitterdelayfrom‘the‘inputofthe‘channel‘coderto‘the.antennaplusthe

ré

receiver

delay from the antennato the output of the channel decoder. Provide this information for each service

being provided. In addition, a detailed description of how this parameter
wascalculated is required for

both the uplink and the downlink. 

Whatis the total estimated roundtrip delay in [Voice codec has not been defined yet]
msecto include both the processing delay,
propagation delay(terrestrial only) and VOCODER

delay? Give the estimated delay associated with
eachof the keyattributes described in Figure 1 of
Annex 3 that make up

the total delay provided. 

Does the proposed SRTT need echo control? [Voice codec has not been defined yet] Description of the ability to sustain quality under certain extreme conditions. 

277
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System overload (terrestrial only): Characterize Graceful degradation
system behaviour and performance in such
conditions for each test services in Annex 2,

including potential impact
on

adjacentcells.
Describe the effect on

system performancein
terms of blocking grade of service for the cases
that the load on a

particular cell is 125%, 150%,

175%, and 200%
offull

load.Also describe theeffectof blocking

o

on
nthe UnderInvestigation

immediate adjacentcells. Voice serviceis to be
considered here. Full load meansa traffic loading
which results in 1% call blocking with the BER of

10° maintained.

A1.3.9.2 Hardwarefailures: Characterize system behaviour

|

Hardware failueres must be detected by MS itself.

 

and performancein such conditions. Provide
detailed explanation on any calculation.

A1.3.9.3 Interference immunity: Characterize system Narrow band interference can be erasured every
immunity or protection mechanisms against Band slot( 100[kHz] }

If it is detected, MS mustnot transmit any more.

interference. Whatis the interference detection
: ae .

method? Whatis the interference avoidance frequency hopping candistribute risks caused by

method? interference.

A1.3.10 Characterize the adaptability of the proposed Insensitive against different and/or time-varying
SRTTto different and/or time-varying conditions conditions

(e.g. propagation, traffic, etc.) that are not
considered in the aboveattributes of the section
A1.3.

A14
A Technology design constraints

Frequencystability: Provide transmission frequencystability (not oscillator stability) requirements of the
carrier (include long term

-
1 year- frequency stability requirements in ppm). 

For Basestation transmission(terrestrial 0.02[ppm]
componentonly) 

For Mobile station transmission MS Tx sigbal should track receiving signal
frequency ( 0.1[ppm] )

Out-of-band and spurious emissions: Specify the See Evaluation Report
expected levels of base or satellite and mobile
transmitter emissions outside the operating
channel, as a function of frequencyoffset.

Synchronisationrequirements: DescribeSRTT’stimingrequirements,e.g.-
ls BS-to-BS or

satellite land earth station (LES)- Syncronization
iis

notrequiredbutpreferedfor

|

to-LES synchronisation required? Provide precise

|

easier operation.
information, the type of synchronisation, i.e.,

synchronisation of carrier frequency,bit clock,

spreadingcodeorframe, and theiraccuracy.-
ls BS-to-networksynchronisation required?

~

TBD

(terrestrialonly)
|

-
State short-termfrequencyandtimingaccuracy

TBD

ofBS(orLES)transmitsignal.-
State

source
ofexternal systemreferenceand Both wire line and GPS available for synchronous

the accuracy required, if used at BS (or LES) (for

|

operation.
example: derived from wireline network, or GPS

receiver).-
State free

r
run

n

accuracyofMSfrequencyand +-2[ppm]

timingreference clock.-
Statebase-to-‘base bittimealignment

TBD

requirement over a 24 hourperiod, in
microseconds. 278
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-For private systems: Can multiple un-

synchronized

systems coexist in the same environment?

A1.4.4 Timingjitter: For BS (or LES) and MSgive:-
the maximumjitter

on the transmit signal,-
the maximumjitter tolerated on the received

signal.
Timingjitter is defined as r.m.s. value of the time
variance normalized by symbol duration.

A1.4.5 Frequencysynthesizer: Whatis the required step
size, switched speed and frequencyrange ofthe

frequency synthesizer of MSs?

A1.4.6.1 Describe the special requirements on the fixed
networksfor the handover procedure. Provide
handoverprocedure to be employed in proposed
SRTTin detail.

TR 101 146 V3.0.0 (1997-12)

Multiple un-synchronized systems
can coexist

T.B.D.[us] on the transmit signal,

T.B.D.[us] tolerated on the received

signal

Step size
=

100[kHz]
or

200[kHz]

switched speed
=

288[us]

frequency range depends on
system band width

A1.4.7 Fixed networkfeature transparency

A1.4.7.1__

|

Which service(s) of the standard set of ISDN
bearer services can the proposed SRTTpassto
users without fixed network modification.

A1.4.8 Characterize any radio resource control

capabilities that exist for the provision of roaming
betweena

private (e.g., closed user
group) and a

public IMT-UMTSoperating environment.

A1.4.9 Describe the estimated fixed signalling overhead

(e.g., broadcast control channel, powercontrol

messaging). Expressthis information as a

percentage of the spectrum whichis usedfor fixed

signalling. Provide detailed explanation on your
calculations.

A1.4.10 Characterize the linear and broadband transmitter

requirements for BS and MS. (terrestrial only)

A1.4.11 Arelinear receivers required? Characterize the

linearity requirements for the receivers for BS and
MS. (terrestrial only)

BS requires linear amplifier, and broadband
transmitteris available.

MSrequires almostlinear amplifier

( Keeping 3[dB] output backoff )

Yes. Same as GSM A1.4.12 Specify the required dynamic rangeofreceiver. 80[dB]
(terrestrial only)

279
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A1.4.15

280

Whatare the signal processing estimates for both
the hand-portable and the BS?
-

MOPS(Millions of Operations Per Second) value
of parts processed by DSP
-

gate counts excluding DSP
-

ROMsize requirements for DSP and gate counts
in Kbytes-

RAM size requirements for DSP and gate counts
in Kbytes

Note

TR 101 146 V3.0.0 (1997-12)

In case of minimum bit rate 10[kbps]

Diversity Demodulator(including FFT)
>

0.608[M complexMAC/s]
>

128[complex word

memory]
> 8 [ROM]
> K =7 Viterbi decoder

Modulator(including FFT)

0.134[M complexMAC/s]

64[complex ord memory]

8[ROM] almost same as MS
:
At a minimum the evaluation should review the signal processing estimates (MOPS, memory

requirements, gate counts) required for demodulation, equalization, channel coding,
error correction,

diversity processing (including RAKE receivers), adaptive antennaarray processing, modulation, A-D
and D-A converters and multiplexing

as well as some IF and basebandfiltering. For new
technologies,

there may be additional or alternative requirements (such
as FFTsetc.).

Note 2: The signal processing estimates should be declared with the estimated condition such as
assumedservices, userbit rate and etc.

Characterize the frequency planning requirements:
-

Frequency reuse pattern: given the required C/!
and the proposed technologies, specify
the frequencycell reuse pattern (e.g. 3-

cell, 7-cell, etc.) and, for terrestrial

systems, the sectorization schemes

assumed;

-
Characterize the frequency management

betweendifferentcell layers;

req.C/l
=

5[dB] with Interference diversity

1 frequency
reuse with adequate system load

3 frequency reuse with full load.

9 frequency
reusefor noise limited operation at low

traffic and large cell.

by using different band
 

-
Does the SRTT use an interleaved frequency

plan?

No.

-
Are there any frequency channels with particular

planning requirements?

-Can the SRTT support self planning technique? Not required.-
All other relevant requirements. Nothing

Note: The use of the second adjacent channel instead of the adjacent channel at a neighbouring cluster
cell is called "interleaved frequency planning". If a proponentis going to employ an interleaved

frequencyplan, the proponent should state so in A1.2.4 and complete A1.2.15 with the protection ratio
for both the adjacent and second adjacent channel. A1.4.16 Describe the capability of the proposed SRTTto
facilitate the evolution of existing radio
transmission technologies used in mobile
telecommunication systems migrate toward this
SRTT. Provide detail any impact and constraint on

evolution.

This system
can be implemented from minimum

service ( e.g. voice) to high grade service

gradually
.

Existing network can be used at the
moment.
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Does the SRTT support backwards compatibility
into GSM/DCSin terms of easy dual mode
terminal implementation

,
spectrum co-existence

and handover between UMTS and GSM/DCS?

Are there any special requirements for basesite

implementation? Are there any features which

simplify implementation of base sites? (terrestrial
only)

TR 101 146 V3.0.0 (1997-12)

Time slot length is exactly half of GSM/DCS

frame length is exactly 1/8 of GSM/DCS

Channelspacing is exactly half of GSM/DCS

SRTTalready has frequency hopping capability
This also enables MAHO between UMTSand
GSM/DCS.

Information required for terrestrial link budget template
Proponents shouldfulfil the link budget template given in Table 1.3 of Annex 2 and answerthe following
questions.

Whatis the SRTT operating point (BER/FER)for
the required Ep/Noin the link budget template?

Whatis the ratio of intra-sector interference to sum

of intra-sector interference and inter-sector
interference within a cell (dB)?

Whatis the ratio of in-cell interference to total
interference (dB)?

A1.5.9 Whatis the occupied bandwidth (99%) (Hz)?

A1.5.10 Whatis the information rate (dBHz)? 
281
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Conclusions

It can be concluded that the complexity of the OFDMA dependsuponthe service required
(almostlinear complexity (MOPS)

versus
supported data rate). This offers benefits in terms of

terminal cost and standbytime for a
given level of service. Even for the highest data rate

service the complexity of the receiver is reasonable.
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 Figure 6: Antenna Pattern (Rod) Figure 7: Antenna Pattern (Patch)

The RSSI versus time was measured for different vehicular speeds ( 10[km/h] and 80[km/h]

respectively). The full line shows the RSSI of the Rod antenna and the dottedline is the RSS|
of the Patch antenna (Figure 8 and Figure 9...).
It is obvious that both antennas have almost the sameeffective gain the correlation is very
small.
The actual measuredcorrelation value is only 0.2!! (see Table 3).

Table 3: Measured Correlation Value for Antenna Diversity

Vehicular Speed Correlation between antennas

 

 
10[km/h] 0.18

80[km/h] 0.22
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Figure 13 Puncturing Scheme(
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5.4 Base Station Originated Hand Over

The following list shows the steps of a base station originated hand over.

1. Whenthe MS (MS-X) connected to BS-A reports to the BS-A that it has detected the

surrounding BS ( BS-B),

2. BS-A asks BS-B to observe MS-X and inform BS-B about the hopping pattern of the
MS-X.

BS-Bsets its signal detector for detecting MS-X up
link signal.

BS-A reports to MS-X detailed information of BS-B’s and asks BS-Bto prepare a

handover of MS-X to BS-B.
Thefollowing information is given:

Propagation delay between the two basestations D(A,B)
The estimated propagation delay between BS-B and MS-X called Tpd(BS-B, MS-X)
The random phaseshift pattern of BS-B.
New hoppingpattern

andinitial time and frequency slot of BS-B.

5. MS-Xwill receive BS-B’s IACH to confirm the arrival time difference between BS-A and
BS-B.

6. BS-B also measures the RSSI of MS-x’s up
link signal and compares the RSSIwhith

the RSSI of the MSs connected to BS-B (RSSlref).

When MS-X’s RSSI exceed the RSSlref , BS-B asks BS-A to hand over MS-X.

BS-A informs MS-X to hand over to BS-B.
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9. MS-Xwill change the connection from BS-A to BS-B.

5.5 Forward Hand Over

Forward hand over can be achieved easily.

Thefollowing descripton is based on the assumption that MS-X is handed overfrom BS-A to

BS-B.

e
Evenafter the hand over, BS-A transmit control data and dummydatainsteadoftraffic
data continuously to the receiving MS-X.

e
MS will keep previous connection( BS-A ) status information such as frame timing ,hopping
pattern and so on.

e
Ifthe MS fails to hand over to BS-B, it can go back to the previous connection with BS-A.

e
When BS-A detect MS-X’s signal again, it re-establishs the connection to MS-X.

e
Analternative solution exists:
If the network has enough capacity, The MSCcanprovidetraffice data to BS-A also after
the handoverto BS-B.
MS-X can connect to both BS’s like soft handover and switch connection between both
basestations based o the received signal quality.
Anotherpossibility in order to avoid slot puncturing is to increase the TDMA schemeduring
the forward handoverphase (e.g. 8-TDMA ,16-TDMA)in order to prepare enoughtime for
the hopping synthesiserto follow the two independent hopping schemesof the connected
basestations.

5.6 MCSInitiated Hand Over

Seemless MCSinitiated is supported
even for unsynchronised basestations.

We assumethe channel encoderand decoderis placed at the MSC. Each base stations has
modulation and demodulation units.
The exact hand over

timing is determined by the MSC andinformed to both basestations and
also to the target MS
The delivery of the downlink data will be switched betweenthe two basestations on

a

slot
base (downlink hopping data) without any break (seemless).
The uplink data (slot by slot) will be gathered by the MSC.
The MS will receive and transmit continuously during hand over.

Timing adjustmentwill be achieved by slot puncturing.

Arrival Timing
:

:
Difference

Down L|nk
|BS-A Tre

Up Lin

Down Lifk
BS-B

Up Link

 Arrival
Timing Difference

+

Propagation Time Difference
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Annex C:

Concept Group Gamma
‘V

-
Wideband TDMA (WB-TDMA)

This report contained in this annex was
prepared during the evaluation work of SMG2asa possible basis for the

UTRA standard. It is published
on the understanding

that the full details of the contents have not
necessarily

been reviewedby,
or

agreed by, ETSI SMG or SMG2.
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Concept Group Gamma-

WB-TDMA:

System Description Summary
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Coherent, based on midamble

3 Performance Enhancing Features

aai

Provides interference diversity without

increasing total bandwidth

Path diversity Antennadiversity BS antennadiversity assumed

MS antenna diversity expected for high
rate terminals.

Burst structure Additional burst formats Multiplexed burst for downlink efficiency

Bursts optimised for specific conditions

(eg large delay spreads)

Modulation Flexible modulation format Any modulation/coding scheme meeting
emission mask

(including OFDM)
can be

used within a flexible burst structure

Bandwidth Multi-band structure Supports larger cells (narrow band)
or

higherbit rates (wide band)

Powercontrol Slow powercontrol 50 dB dynamic range

Fast power control could be used if

frequency hoppingis not viable (eg single
carrier)

Handover Mobile assisted hard handover Inter-frequency handover supported

Soft handover (i.e. two simultaneous
connections)is possible

Interference Joint detection Optional feature suited to suppression of
cancellation small numberof dominantinterferers

Interference Directional antennas Cell sectorisation is supported
reduction

Adaptive antenna techniques could be

applied.

Channelallocation Slow and fast DCA supported Allowsinterference avoidance

The features in the above table are not essential to the operation of WB-TDMA, but are

generally considered highly desirable. 305
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In addition, Link Adaptation in response to changes in channel conditions is considered
essential for achieving high spectral efficiency.

4 System Description

The frame duration is chosen to be 4.615ms for compatibility with GSM. A similar multi-frame
structure to GSM could also be adopted.

 
 

   
 

 

 
 

 

4.615 ms
« >

1/64 Slot 72 us

1/16 Slot 288 us  
 

FDD frame structure of WB-TDMA.

The frame is divided into slots of relative size 1/16 and 1/64. The same frame duration is

applied in both FDD and TDD modes, exceptthat in TDD mode an
adjustable switching point

determines the fraction of capacity devoted to uplink and downlink.

A numberof different transmission bursts are defined for WB-TDMA. As an
example, the

diagram below showsa data burst for a 1/16th slot.

 

     
 

  

TB TB. GP
3 3

11
Data symbols TS Data symbols

7

342 49 342

< 288 Us >

Data burst structure. TB=tail symbols, TS=training sequence and GP= guard period.

The basic modulation scheme is Binary Offset Quadrature Amplitude Modulation (B-OQAM)
with a

symbol rate of 2.6Msymbols/s. For higher bit rates Quaternary-OQAM is used. The

corresponding carrier spacing is 1.6MHz.

306
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The WB-TDMA concept has been developed
as a cost-effective flexible platform for

implementation of the UTRA, which can
easily adapt to a

variety of operating environments
and application requirements. It offers a

high degree of backwards compatibility with GSM,
while at the same time is “future proof’ because it allows enhancement by application of

technological developments. WB-TDMA could also be used in combination with other

techniques, for example
as a

complement to CDMAforprovision of high bit rates over short

ranges.

308
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Concept Group Gamma: Evaluation Summary

1 Introduction

The performance of the WB-TDMAconcept has been evaluated in detail within the Gamma

group. Results of link level and system level spectrum efficiency simulations are
given in the

Gamma Group Evaluation Document (ETSI SMG2#24, Tdoc SMG2 365/97). This also
contains in Annex the Technologies Description Template,

answers to questions from

operators, and analytical results for spectrum efficiency.

Specific aspects which have been considered in the development of the WB-TDMAconcept
are:

e
Support of high bit rates with a

relatively simple terminal

e
Effective support of non-real-time traffic with fast variations in data rate and packetsize

e
Support of TDD mode with data ratesfulfilling the UMTS requirements

e
Possibility to implement simple low bit rate terminals

e
Narrow spectrum

and lowinterference to adjacent carriers

e
Flexibility for introduction of enhancements

2 Fulfilment of the High Level Requirements

This section describes how the WB-TDMAconcept meets the High Level Requirements for
UTRA.

2.1 Bearer capabilities

2.1.1 Maximum userbit rate

e
Rural Outdoor: 144kbps will be available throughout the operator's service area. The
radio interface can tolerate the Doppler spread and rapidly changing channel
characteristics associated with high speed vehicles (up to at least 1500km/h with 1/64 slot

bursts). The maximum cell size depends
on

propagation conditions, but is comparable with
GSM at 1800MHz (assuming similar requirements for bearer capabilities and quality of

service).

e
Suburban Outdoor: 384kbpsrate will be available with complete coverage of a suburban
or urban area

e
Indoor/Low range outdoor: 2Mbpswill be available indoors and overlocalised coverage
outdoors

The maximum practical bit rate which can be provided depends
on factors such as the

operating environment, required quality of service, traffic loading and proximity of the mobile
to the base station. However, the radio interface can

support rates up to around 1Mbpsfor
Rural and Suburban Outdoor, and 4Mbps

overshort ranges.
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2.1.1.1 BearerService Attributes

The WB-TDMA concept
can

provide bearers with the necessary attributes. i.e. different
connection modes, symmetry, communication configuration, information transfer rate, delay
variation, maximum transfer delay, maximum bit error rate, error characteristics.

2.1.2 Flexibility

The WB-TDMAconceptprovidesflexibility of bearer service attributes by
use of a numberof

different transmission bursts optimised for different bit rates in different radio environments.
The Link Adaptation mechanism can be used to dynamically maintain the quality of the
connection under changes in propagation and interference conditions by adjusting
transmission format and numberofslots allocated. Bit rate granularity is achieved primarily by
allocating different numbers of transmission slots, but this can be supplemented if necessary

by adjusting channelcoding rates. Parallel bearers can be transmitted independently,
or where

appropriate by multiplexing together into a
single channel. Circuit switched and packet

oriented services are
supportedefficiently by Real-Time and Non-Real-Time bearer concepts.

Variable rate data services are
supported by dynamically changing the capacity allocation.

Scheduling of bearers is allowed, but could be the subject of further study. The bearer service
attributes can be configured

as
required

oninitiation of a service, and changed dynamicallyif
required.

2.1.2.1. Minimum bearer capabilities

Bearers optimised for speech
are

supported in all operating environments. The BER

requirements for RT data services are met by concatenated coding. The transmission delay
depends

ontheinterleaving depth, but the minimum value can be less than 20ms (one way).
Packetdelivery times of the order of 150ms can be provided (using Type II soft combining
ARQ). The detailed performance trade-offs between delay and BER(via choice of modulation,

coding
and

interleaving) require further study.

2.1.2.2 Service traffic parameters

Since WB-TDMAprovides Link Adaptation
as a fundamental feature it can

support the use of
UMTSin various environments with a rangeoftraffic densities range and a

variety of traffic
mixes in an economical way.

2.1.2.3 Performance

Details of performance
are

given in the Gamma Group evaluation document:

2.1.3 Configuration management

WB-TDMAwill allow the definition of configuration managementfeatures.
2.1.4 Evolution and modularity

The WB-TDMA concept is service independent, and is defined so that UMTS can be

implemented in phases with enhancementsfor increasing functionality (for example making
use of different modulation and coding technology). The requirement for backwards

compatibility
can be met by provision of a

negotiation mechanism to agree on
supported

capabilities between mobiles and infrastructure. The WB-TDMAconceptis consistent with the

requirements of an open modular architecture and implementation of software downloading of
radio interface features. However these aspects require further development.

2.1.5 Handover

2.1.5.1 Overall handover requirements

Efficient seamless (mobile assisted) handovers can be provided in networks with

synchronised base stations and between TDD and FDD systems. Seamless handover
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2.2.4.3 Residential UMTS operators

Residential systems
can be deployed in the same wayasprivate systems.

2.3 Efficient spectrum usage

2.3.1 Spectral Efficiency

High spectral efficiency is achieved, and is better than GSM for comparable services. More
detailed results are

given in the Gamma Group evaluation document.

2.3.2 Variable asymmetry of total band usage

In an
unpaired frequency allocation, TDD providesflexibility by adapting the uplink/downlink

duty cycle. With paired frequency allocation, asymmetric traffic with pure FDDis likely lead to
underutilisation of one or other of the band pairs. In this case TDD in the under used band
would be anefficient solution.

2.3.3 Spectrum utilisation

WB-TDMAcanbe deployed using for some
applications using

a
single 1.6MHz carrier (e.g.

isolated cell). A small network could be deployedin
aslittle as 5MHz. The concept is not

critically sensitive to choice of carrier frequency.

2.3.4 Coverage/capacity

2.3.4.1 Development and implementation risk

The WB-TDMAconceptis
a natural extension to proven technology (i.e. GSM)

so unknown
factors in development and implementation risks are minimised.

2.3.4.2 Flexibility of radio network design

The WB-TDMAtransmission bursts are
designed to cover a wide range of channel conditions.

This allows operation in picocells, microcells and macrocells. Hierarchical Cell Structures are

supported. The Interference Averaging concept
means that the system performanceis not

critically sensitive to base station location

2.3.4.3 Synchronisation

Time synchronisation between different UMTS networks is desirable to optimise spectrum

efficiency For both FDD and TDD), butis not essential.

2.3.4.4 Repeaters and relays

Repeaters and vehicles with mobile BS can be supportedin principle, but the details are for
further study.

2.3.5 Very largecell sizes

Very large cell sizes can be supported (for example by increasing the number of slots
allocated to the bearer). Details of other techniques which could be employed, such as

adaptive antennas, RF repeater stations or remote antennasare for further study.

2.3.6 Evolution requirements

2.3.6.1 Coverage evolution

The WB-TDMAconcept supports:
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2.5.4 RF Radiation effects

WB-TDMA can
operate at RF emission power levels which are in line with the

recommendations related to electromagnetic radiation. For ease of implementation,
a

maximum transmitter output power of around 1W peak is considered desirable for hand

portable units.

2.5.5 Security

WB-TDMAshould be able to accommodateat least the samelevel of protection
as GSM..

2.5.6 Co-existence with other systems

WB-TDMAis not inherently sensitive to co- or
adjacent channelinterference. It also does not

produce high levels of adjacent channel interference. The exact guard band requirements
depend

on the deployment assumptions, but with a 1.6MHz signal bandwidth, are not large.

2.6 Multimode terminal capability

WB-TDMAshares aspects of TDMA with GSM, including related frame structures. This is
beneficial for implementation of dual modeterminals.

2.7 Services supported by the radio interface

Detailed mechanisms for support of user
position location are for further study.
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12. Synchronisation channel (SCH)is
a

point-to-multipoint downlink channelthat is used by the mobile
station to

synchronise with the TDMA multiframestructure of the BS.

2.2 Traffic Channels

A Traffic Channel (TCH)is used for L3 signalling data and user data transfer.

2.3 Usage ofthe Dedicated and Common Control Channels

For those messages which can be transmitted on CCCH (N-RACHin uplink, FACH in downlink,
UACHalwaysfor acknowledging messages transmitted on

FACH)
or DCCH (SDCCH whichallocated

capacity
or FACCH whichusescapacity stolen from TCH)logical channelis selected by MAC.

Guidelines for selecting the logical channel are
following:

e Ifthere is one or few MAC messages waiting for transmission, FACCH and CCCHarepreferred
to

SDCCH.

e Ifthe MS hasallocation for a bearer and if the bearer parameters
are such that stealing will not

cause
significant decrease to QoS, transmission on FACCHis preferred

to CCCH.

e SDCCHcapacity is allocated when several MAC messagesneed to be transmitted e.g. during the
handover.

2.4 Mapping ofLogical Channels to
Physical Channels

The purposeofthis chapter is to describe the physical
resource

requirements for the logical channels

specified in the previous chapter. Mappingof the control messages onto
spread channelsisffs.

2.4.1 Control Channels

2.4.1.1 Dedicated Control Channels

1. Fast Associated Control Channel (FACCH)is mapped
to TCHbystealing capacity allocated for a

bearer service. FACCH can be mappedon any TCHallocated for the same MAC-identifier to which
the MAC messageis addressedto.

Multiplexing and demultiplexing of FACCH on/from the traffic channels is done on burst by burst
basis by altering between normal and FACCHtraining sequence. Stolen capacity

causes
predefined

transmission format change
to the burst by introducing

a
puncturing pattern to the transmitted data.

2. Stand-alone Dedicated Control Channel (SDCCH)is mappedto the physical channels according
to

channel allocation messages.

2.4.1.2 Common Control Channels

1. Broadcast Control Channel (BCCH)

2. Paging Channel (PCH)is interleaved over two to four 1/64 timeslots.

3. Random Access Channel for short access bursts (S-RACH) mappingis derived from cell broadcast.
S-RACHis mapped

to 1/64 (microcells)
or 1/16 (macrocells) timeslots. 1/64 timeslot S-FRACH

allocation is not
mandatory in

a

cell, in the microcells S-RACH can be mappedto the same
physical

channel with N-RACH.

4. Random Access Channel for normal bursts (N-RACH)capacity
can be dynamically changed

andit
is derived from cell broadcast. If S-RACH is mappedto the same

physical channel with N-RACH,
both normal and access bursts are

expected. Additional N-RACHscan be dynamically allocated and

Control Capacity Allocation can used to indicate selected MSsthe new location of N-RACH.N-

RACHis mappedto 1/64 timeslots.

5. Forward Access Channel (FACH) capacity
can be dynamically changedandit follows a

predefined
tule derived from cell broadcast. Additional FACHs can be dynamically allocated and Control
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Capacity Allocation can usedto indicate selected MSsthe new location of FACH. FACH is mapped
to 1/64 timeslots.

6. Uplink Acknowledgement Channel (UACH)allocationis linked to the allocation of FACH. UACH
is also mappedto 1/64 timeslots.

7. Several Forward Order Channels (FOCH) may share the same
physical

resource. FO is interleaved
into two 1/64 timeslots over two

subsequent TDMA-frames. The FOCHscheduling is broadcast on

the DNCCH.

8. Each NRT Control Channel for downlink traffic (DNCCH) message is mapped
over two 1/64

timeslots in subsequent TDMA-frames.

9. Each NRT Control Channelfor uplink traffic (UNCCH) message is mapped
over two 1/64 timeslots

in subsequent TDMA-frames.

10. PWCCH

11. Frequency Correction Channel (FCCH). The frequency correction burst is sent in one 1/64 slot.

12. Synchronisation Channel (SCH). The synchronisation burst can be sent in one 1/64 slot or in one

1/16 slot.

2.4.2 Traffic Channels

A Traffic Channel (TCH) is mappedto the physical channels according
to channel allocation messages.

2.4.3 Channel Combinations

At a
given moment, a MSaccessesonly

a limited numberof the logical channels. One of the following
combinations is always accessed:

1. BCCH

2. BCCH
+

PCH + S-RACH + AGCH

3. BCCH
+

FACH + UACH + S/N-RACH

4. S/N-RACH + FACH + UACH

 

Combination 1. is normally used only in the phase whenthe physical connection isnotset.

Combination 2. is used when a MShasnoestablished bearersandis actively listening
to the paging

messages.

Combination 3. is used after initial access
procedure when a MShasestablishedinitial bearer.

Combinations 1.- 3. can be accessed on the first RF carrier.

Combination 4. can be used if MSis informed about broadcast information changesvia dedicated
control channels. If this channel combination should be used, MSis informed about the control channel
location which can be on any RF carrier.

In addition to combination 3 and 4 any of the following combinations can be added:

SDCCH

TCH + FACCH

DNCCH + FOCH

UNCCH

TCH

10. PWCCH

Combinations5. and 6. are used if a dedicated control channelis needed.

oernnn

Combination 7. is used by
an MS with downlink reservation ID. RF carrier of the DNCCH and

downlink transmission is indicated in the NRT-CA message.
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The mobile MAC and network MACentities are shared by all the radio bearers in one MS orone
BS,

respectively, and their main task is to
dynamically split the radio resource between the bearers.

The reason
why RLC and MACareconsidered as

belonging
to the same

sub-layeris that both entities
have direct access to the physical layer and the LLC sub-layer.

0 LAYER

0
= = = = =

LLC

0 LLCI LLC I LLC
SURLAYER

oSEe
uy = = = = = =
or 0
¥ mac

| | |
mac SURLVER

Tcd TC4n TCH RACH PCH BC CH PLERTO-PLER
CHANNEL

0 LAVERI

Figure 4-2. Layer 2 internal structure

The Layer 2 protocols
are described in detail in the Gammaconcept group document Tdoc SMG2

G19/97, Radio Protocols for WB-TDMA.

4.2 The LLC
sub-layer

The current
working assumptionis that the LLC protocolis located at the radio network controller

(RNC)
andin the MS.

The LLC sub-layer controls the data flow at
layer 2

-
layer 3 interface and transports it across the radio

interface with error detection and correction levels appropriate
to the QoS of the bearers. It expects

from RLC/MACa stable QoSlevel. Its control mechanismsare not
designed

to cater with radio
fluctuations.

A pair of LLC entities (one in the MS and onein the network)is either associated to one
single radio

beareror to a
pair of radio bearers (one up-link and one

down-link). The way
the entities operate

depends
on the required QoS for the associated radio bearer or radio bearer couple. There are two

operating modes:

HDLC mode. Thetransfer can be acknowledged
or

unacknowledged. In the acknowledgedcase,a
backward signalling link is necessary to transport the acknowledgements and retransmission commands.
This signalling

link can either be dedicated or combined with layer 3 data. Independentdata links with

different priorities may be handled by peer LLC entities.

Minimum mode. The LLC sub-layer is completely transparent to the data. It mainly relays the data to

the loweror to the upperlayer.

4.3 The RLC/MACsub-layer

Although RLC/MAChasbeen defined as one
layer which has one interface to the physical layer and

oneinterface to the LLC layer, functions of the RLC part and the MAC part
can be separated.
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bR�fg�̀VQb�̀R�IJ
IJ�hT̀d�fg�̀VQb

ijklmn�opqr�stuvwjvx�yz{n|lwn|�}wwtz~�jtv��m~v��j��jtv���'�(���* -+6�� 5�7'�-3#"'<�!�7+�+�76("H7(�*G�(���� !"#��$%&�*�'.*�7'�;09��&7376"()�9�,-�*(=��**74��( �(���'�(8 +<�(�7(�"'."67(�*�(���!�7+�+�+�5�+�'6��7'.�(���7� -'(� 5�.7(7�( �(+7'*�"(�>ijklmn�op�C2�:5�DE�$%&�.�6".�*�( �-*��*6��.-#�.�7## 67(" '�09��67376"()G�"(�7## 67(�*�"'�+�(-+'�7'�9:/�7'.7'' -'6�*�(���4+7'(�.�.7(7�7� -'(�"'�7'�;E%�09��&7376"()�%## 67(" '=���**74�2�������**74��7#* 3 "'(*�( �7'�-3#"'<�09��6 '(+ #�6�7''�#�>�0&&1C�2�?"'7##)�(���� !"#��*�'.*�7'�76<' 8#�.4���'(8"(��7'�;09��&7376"()�%## 67(" '�%6<' 8#�.4���'(=���**74�2����*3#"(("'4� 5�3�)*"67#�6�7''�#*�!�(8��'�9:/*�5 +��76��7## 67(" '�3�+" .�"*�7'' -'6�.�!)�(���DEA$%&�"'�7'�;�3#"'<�09��& '(+ #=���**74�� '�(����0&&1�>ijklmn�op�C2������3#"'<�09��6 '(+ #��**74��7#* �"'."67(�*�(���09��-'"(*�(�7(�*� -#.�!��*�'(�"'�(���7## 67(�.�3�)*"67#�6�7''�#*2
354



���������	�
����������� ���������	������������������������� !�"!#$%&'()$'
�� *�+,-.�, +,-.�"/�"+,-.�""/�" �+�0123!(434!)523678
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366



���������	�
����������� ���������	������������������	�

����
� �!"�#$��%

&' &( &)
*+,$-�,&�.//�-01�$2  �� %*+,$-�,&�3//�-01�$2  �� %*+,$-�,&�(//�-01�$2  �� %*+,$-�,&�'45�671�$2  �� %

8'8(8)8389
898)8'8(83

8)83898'8('45�601 *+,$-�,&�'45�671�$2  �� %:;<=>?�@AB�C�?DEFGH?�IJ�KELMN;MOP�QO>=RO=>?�JI>�IL?�R?HH�HES?>TUVUWXUX�YZ[\][̂_̀�abccd̂e�fgebZdhai� 2���*j�& 2���& �!"�#$j�7,kk�#l�$2#�*��"%�m�n�o7�o72o�%o "$o" ���#�, m� �o,�72p��& �!"�#$j�2#m�#o� &� �#$��m�p� %�oj4�0,kk�#l�%�!"�#$���"%o�o2-���#o,�2$$,"#o�o7��& �!"�#$j�%o "$o" �4�qo��%�k ,k,%�mo,�"%��2�on,r%o�k%�& �!"�#$j�7,kk�#l�2+l, �o7��2%�m�%$ �*�m�*�+,n�s�7��&� %o�%o�k��%�2�& �!"�#$j�7,kk�#l�,#�o7��*+,$-%4��7�%�7,kk�#l�%�!"�#$���%�2�k%�"m,r 2#m,��7,kk�#ltn��k ,k,%�m�o,�o2-��o7��uv6�k%�"m,r 2#m,��7,kk�#l�2+l, �o7�w4�q#�, m� �o,�-��k�o7��%2���%k�$o "�%k+�o�&, �2++�$�++%�,&�2�l�p�#�2 �2x�o7��7,kk�#l�%�!"�#$��%7,"+m�*��o7��%2���&, ��2$7�$�++�,&�o7��2 �24��7�%&� %o�%o�k��%�"%�m��#�, m� �o,�72p��& �!"�#$j�m�p� %�oj4�7��%�$,#m�%o�k��%�2�& �!"�#$j�7,kk�#l�,#�%"*r*2#m%��#%�m���2$7�*+,$-4��, ��2$7�*+,$-�%k+�o��#o,�%"*r*2#m%x�2�#�n�k%�"m,r 2#m,��7,kk�#l��%�2kk+��m4��7�%�7,kk�#l�%�!"�#$���%�m�&&� �#o�&, ��2$7�$�++�2#m�2$7�*+,$-��#�, m� �o,�72p��& �!"�#$j�2#m��#o� &� �#$��m�p� %�oj4�7��on,�%o�k%�,&�o7��2+l, �o7��2 ���#m�k�#m�#o�2#m�o7��7,kk�#l�%�!"�#$�%�2%%,$�2o�m�2+%,4��7��%�$,#m%o�k��%�,ko�,#2+x�2#m��%�2kk+��m�,#+j��&�o7��*+,$-��%�%k+�o��#o,�%"*r*2#m%4��7�%�2+l, �o7���%�l�#� 2+��#,"l7o,�*��2kk+��m�*j�o7���,*�+��, �o7��*2%��%o2o�,#4��" o7� �, �x��o��%�&+�y�*+���#,"l7�o,�%"kk, o�mj#2��$$72#l��,&�o7��%k�$o "��%k+�o4�, �o7��2kk+�$2o�,#�,&�o7��& �!"�#$j�7,kk�#l�2+l, �o7�x�o7��&,++,n�#l�k2 2��o� %�2 ��m�&�#�m�2#m�72p�o,�*��-#,n#�sz�8+,$-{*�s�{"�*� �,&�*+,$-%��#�o7��& �!"�#$j�*2#mz�|�2y�s�q#m�y�,&�o7��n�m�%o�$2  �� �*2#mn�mo7��#�o7��*+,$-%�t8}�~�(|�2y�y�'//�-01wz�|�s�q#m�y�,&�o7��$2  �� �*2#mn�mo7�*��#l�"%�m�t8}�~�(|�y�'//�-01w�7��&,++,n�#l�k2 2��o� %�#��m�2+%,�o,�*��-#,n#�o,�o7���,*�+��, �*2%��%o2o�,#�n7�#�"%�#l�& �!"�#$j7,kk�#l4z�&�s��2  �� �$�#o ��& �!"�#$jz����#�s�6�#��2+�& �!"�#$j�,&�o7��o,o2+�*2#mn�mo7z��&�s��2  �� �*2#mn�mo7�,&�o7���+���#o2 j�$2  �� �t(//�-01w�7��o� ���ELMIF���� �k �%�#o%�2�uv6�7,kk�#l�%�!"�#$��,#�{�& �!"�#$��%x�n�o7�2%%,$�2o�mk2 2��o� %�0v{�2#m�6�q�4��, �o7��&� %o�%o�kx�k2 2��o� %�t0v{x�6�q�w�2 ���m�#o�$2+�&, �2++�$�++%
367



���������	�
����������� ���������	������������������	������ �!�"�#$ �!%$!�& '�� �$%($%$%�)�#$%*��+,-�.'%���$�*$/' )�*�$01�!�*$��'(�0!%!2$�$%*�&3451�6789:��*!**'/�!�$)������$!/��/$;;-<�$�(';;'�� "�('%2=;!*�!%$�!00;�$)��'�'>�!� ���$� $��(%$?=$ /+�>!*$)�' ���$�/=%%$ ��' $�@A�(�%*��*�$01�0*$=)'B%! )'2��'00� "�' �C;'/D5>�>;'/D*�@E E FGE HIJKLMNOLPQRS NOLPQRSE F E GEJS T TJUV JSW X Y Z[\] _̀̂ ZW Y Z2� 2!a 2!a2� & , 2')& ,b bA�*$/' )�*�$01�0*$=)'B%! )'2��'00� "������ �' $�>;'/D1�=*$)�' ;+��(�/!%%�$%�>! )��)���� ���$�>;'/D��**2!;;$%���! �c2!a�@�(��&�c�d�c2!a,eE F E GEE E E GE EGE HIJKLM GEJST TJUV JS T T T T2� 2� 2!a 2!a2� 2� 2!a 2!a&� �, & , 2')& ,W Y[\] _̀̂Z ZW Y Z X Y Zfgh ijk[\] _̀̂ZXb b b b blmnonpqno�rstuvwxs�yzzuxy{|u}�yz~uw|{��<�$�%$*'=%/$�!;;'/!��' �!;"'%���2� $$)*��'�>$�!)!0�$)��'���$�2=;��B>! )�/' /$0�1�� �'%)$%��'�!;;'/!�$%$*'=%/$*1�!//'%)� "��'���$�%$?=�%$)�>���%!�$�! )���$�(%$?=$ /+�!%%! "$2$ �-<�$�!;"'%���2�/'=;)�!;*'��!#$�*'2$�� �$%!/��' ��������$�)+ !2�/�/�!  $;�!;"'%���2�>!*$)�' *$"%$"!��' �2$/�! �*2*1��(�����*�=*$)-<�$�!)!0�!��' �'(���$�%$*'=%/$�!;;'/!��' �!;"'%���2��*�/=%%$ �;+�= )$%�*�=)+-mnonpqn���}yz�t|t�u��{�s��vz{|��y}��t�t{s��xu}xs�{<�$�2=;��B>! )�*+*�$2�/' /$0���!*�>$$ �� �%')=/$)�� �*$/��' ��-b�!*�! �!;�$% !��#$��'���$�*� ";$�/!%%�$%>! )��)���*+*�$2-�c%'*�! )�/' *�'(����*�/' /$0��!%$�! !;+*$)��$%$��'��$;0�� ���$�*$;$/��' �'(����*'0��' -�-�-�b-�-��C���%!�$�%! "$�('%�$!/��/!%%�$%�>! )��)���!/��/!%%�$%��+0$�/! �*=00'%��!�"�#$ �%! "$�'(�>���%!�$*-�<�$�%! "$�'(�!�/!%%�$%��+0$��*�>!*$)�' ���$�>��%!�$�*$%#�/$�*=00'%�$)�>+�' $�*;'��! )���$�2!a�2!;�0$%2���$)� =2>$%�'(�*;'�*�!;;'/!�$)�' ����*�/!%%�$%-7 �!;;'/!��' �(%'2����'�52!aB��*;'�*�0$%�/!%%�$%��*�%$/'22$ )$)�� �'%)$%��'�D$$0�!��;$!*��' $�*;'��('%��$�C��3�/�!  $;�2' ��'%� "�0%'/$**-<�$�(�"=%$��-��*�'�*���$�>���%!�$�%! "$�('%�$!/��/!%%�$%��+0$-�8(��$�/' *�)$%�!�/$%�!� �>���%!�$1����*�(�"=%$*�'�*����/��/!%%�$%��+0$�/! �*=00'%�����*�>���%!�$-�<�$�%$*'=%/$�!;;'/!��' �*�%!�$"+�2!+�(!#'=%�$���$%��$�!;;'/!��' �'(�!�($��*;'�*�' �!���)$�>! )��)���'%���$�!;;'/!��' �'(�!�;'��'(�*;'�*�' �*2!;;$%�>! )*-.'%�$a!20;$1���$�b���D3��>! )�/! �*=00'%����1��D>��*�*�=0��'���b�D>��*�*�"%'**�>���%!�$-�<�$�(�%*��' $��*'>�!� $)�>+�=*� "�' $������*;'��� �!�(%!2$1�! )���$�;!*��' $��*�'>�!� $)�>+�=*� "�������*;'�*�� �!�(%!2$-
368



���������	�
����������� ���������	������������������	�
������� �!"���#$#%

&���� ����'()�(�*
+,-.�+,,�"/0�-,,�"/0�.,,�"/0�123�4/0�52+�4/0

(6789:;�<=<�>�?7@�:A@;�:AB8;�CD:�;AEF�EA::7;:�@GH;I2521+2-2+�J�K#��'(�&K'#�LK���* �MNO��P��'(�&K'& Q�R* �LKOOK)�'S��(T�'��S #�*�T ��  '��( '��L� (�LK���* �MNO��P��'(�&K'& Q��UV�R*�#�&K'& Q��Q �M��#��K�KQ��M�# ��* �RW4X����'#M�##�K'�#&* M �LK���OO� 'T�#�S (�������� #��'( 'T��K'M '�#2�YN&*��'�KQ��M�#���K'��#�'K��L �#��O �)��*���#�'SO ���'()�(�*2V�Z��*��*�#�&K'& Q�[�OK)�������� �� �M�'�O#�M�\�K'O\�N# �#M�OO���'()�(�*�KQ��K'[��*N#�� (N&�'S&KMQO ]��\��'(�&K#�2�R*�#�MNO��P��'(�&K'& Q���OOK)#��K�Q�KQK# �# T ��O�MK��O �� �M�'�O#[��&&K�(�'S�K��* �KLL � (�# �T�& #2�R*N#[���T �\�&* �Q�� �M�'�O�&KNO(�� �Q�KQK# (�LK��#Q  &*�# �T�& #��'(�#KM OK)�������� �(����# �T�& #2V�4�S����K'�L�KM�̂Y4��K�_4RY�)�OO�� � �#\�)��*��*�#��QQ�K�&*[�#�'& �+,,�"/0���'(#�&KNO(�� �N# ()��*�̂Y4�MK(NO���K'2V�R* �*�'(KT ��� �)  '�4NO��P��'(�RW4X��'(�̂Y4�M�\�� �T �\� �#\��L��* �&K'��KO�&*�'' O#��� M�QQ (�K'�+,,�"/0�L� ̀N '&� #2�a'(  ([��*�#��OOK)#��K�O�#� '����'#Q�� '�O\��K�̂Y4�K��4NO��P��'(RW4X�� �&K'�L� ̀N '&� #2V�R* �LO ]���O��\�KL��* �L� ̀N '&\�#��N&�N� �)�OO��OOK)��K�(\'�M�&�OO\��(�Q���* �&K'L�SN����K'�&&K�(�'S��K����LL�&�'  (#2V�R* �MNO����'(�&K'& Q��'  (�O ##�KT �* �(�!(N ��K�SN��(���M ��'(�����'�'S�Q ��K(%[�&KMQ�� (��K��* )�( ��'(�RW4X��N�#��#��N&�N� 2/K) T ���* �LKOOK)�'S�Q�K�O M#�*�T ��O#K��  '��( '��L� (��'(�)KNO(�'  (�LN��* ��#�N(� #�UV�R* �MNO��P��'(�&K'& Q���MQO� #��*�����MK��O �� �M�'�O�&�'�� �&K'L�SN� (�)��*�# T ��O�&���� ���'()�(�*#[�( Q '(�'S�K'��* �&���� ���\Q ��'�N# 2V�a'��* ���# �#����K'[�LK���'� LL�&� '���(�Q����K'��K����LL�&�'  (#[����#*KNO(�� �QK##��O ��K�(\'�M�&�OO\&*�'S ��* �L� ̀N '&\�#QO���� �)  '��* �(�LL � '��&���� ���\Q #[�)��*KN���'\�&*�'S ��'��* �'NM� ��KLR]b]2�R* � LK� [��* # �R]b]�#*KNO(�� ���O ��K����'#M���N#�'S���#�'SO �123�4/0�&���� ��K��N#�'S�.+,,�"/0�&���� �#�!)��*�(�LL � '��MK��O #%2�R*�#�� ̀N�� M '��QN�#�*�S*�&K'#����'�#�K'�bc�Q���#��'��# �#����K'��*���'  (��K�� � T�ON�� (2V�R* �� #KN�& ��OOK&���K'�M &*�'�#M#�)�OO�� �#O�S*�O\�MK� �&KMQO ]��*�'��'��* �&�# �KL���#�'SO &���� ����'()��(�*�LK���'�KQ��M�O�N# �KL���(�K�� #KN�& #2V�a'� �L � '& �� �)  '��(d�& '��&*�'' O#�KL�(�LL � '����'()�(�*�M�\�K&&N���'(��*�#�)�OO��O#K�'  (LN��* ��#�N(� #2I2521+2-25�J�KT�#�K'�O�&K'&ON#�K'
369



���������	�
����������� ���������	��������������������������� !�"� "�#����$%"� �&$'��#�(&")*�'+"��!,'&-.�$/�010'"��%�$%" '�0""�0�'�� ��(&/"�&$'"�"0'&$2&� ��("�"$'�%�� ��"/�'��'+"�0&$2,"�.�$/)&/'+�010'"�3�4�)"("�����"�/"'�&,"/�"(�,!�'&�$��"0!,'0���"$""/"/�'��"0'&��'"�'+"�'��/"-�##�."')""$� "�#����$%"��$/�%�� ,"5&'16%�0'3�7,0��'+&0�%�$%" '�%�!,/�."!0"/��0��$�� '&�$��%%��/&$2�'��'+"�"5 "%'"/�"$(&��$�"$'��$/�0"�(&%"03�&$�,,1*�'+"�"5�%'�/"#&$&'&�$��#�%���&"��.�$/)&/'+��$/�#���"0�0'�!%'!�"��&2+'�$""/�'��."��"(&")"/��'��,�'"��0'�2"*�)+"$"("��'+&0�%�$%" '�&0��"'�&$"/�#���89:73;<=�>?@ABCDE?@�?F�GHI�JJK�GIAH@ELCID9+"�M7�%�$%" '�&0� �� �0"/�'��."�'+"�.�0&%�::N�0%+"�"��$/�'+"�O!$%+�%�$%" '���1�."�!0"/�&$�0��"��"�0�)+"�"�'+"�'��##&%�,��/�&0�+&2+3�4�)"("�*�'+"0"�%�$%" '0���"�P!0'�"5�� ,"0��#���)&/"���$2"��#�::N0%+"�"0�'+�'�%�$�."�0!  ��'"/�)&'+�'+"�#,"5&.,"�0&2$�,,&$2�/"0&2$"/�#���'+"0"�%�$%" '03�Q323�'+"�R�)"�S�$'��,�0'��'"21�"$0!�"0�'+"� �00&.&,&'1�'��!0"�0,�)*�#�0'���� �%T"'�.�0"/�R�)"��S�$'��,3�9+"�RS�%�&'"�&�%�$��,0��."�%+�$2"/�U�%%��/&$2�'��V!�,&'1*�:WWM�"'%3X3�Y&##"�"$'�::N�0'��'"2&"0�%�$�'+"$�!'&,&0"�'+"��0'�0!&'�.,"�RS�0'��'"213�7,0��/&##"�"$'�0"�(&%"0���1�!'&,&0"�/&##"�"$'�RS�0'��'"2&"03��!�'+"�*�'+"Z!�,&'1�[�� �%�$��/� '�'+"�'��2"'��#�'+"�S6M�.�0"/�[7����RS����.�'+3

370



���������	�
����������� ���������	�������������������������� �!"#"�$%&'(�)*+,-./*01�2(),-/)�03�456&789�.2(�)'0:1�*1�;'.</(2�=>�&'()(�<(2302+.1?(�2(),-/)�?.1�@(*+<20A(B�*1�.�1,+@(2�03�:.C)>�9�3(:�<0))*@-(�(1'.1?(+(1/)�.2(�B*)?,))(B�*1�/'*)�?'.</(2>DEF�GHIJIKLHIMN�MO�HPQ�RQSITRMSLJ�SPLNNQJ�OMR�UVV�MTQRLHIMNW1�&77�0<(2./*01�/'(�3.)/�3.B*1X�*)�/'(�).+(�@0/'�*1�,<-*1Y�.1B�B0:1-*1Y�*3�/'(�70<<-(2�32(Z,(1?C�*)),33*?*(1/-C�-0:(2�/'.1�/'(�32.+(�32(Z,(1?C>�&'*)�2(?*<20?.-�?'.11(-�?.1�@(�,/*-*)(B�302[�0<(1�-00<�?01/20-[�/2.1)+*))*01�B*A(2)*/CDE\�]̂LTHI_Q�LNHQNNLK�̀]]a&'(�:(--6Y10:1�.BA.1/.X()�03�.B.</*A(�.1/(11.)�)C)/(+�.2(�30--0:*1X[�*+<20A(B�2.1X([�*+<20A(B�)<(?/2,+�(33*?*(1?C[�*+<20A(B�Z,.-*/C4*/'0,/�B0,@/b�/'(�.+0,1/�*+<20A(+(1/�:'*?'�99�/(?'1*Z,()�<20A*B(b�B(<(1B)�01�/'(�.1/(11.�.22.C?0+<-(c*/C>�9)�99�/(?'1*Z,()�.2(�03/(1�+02(�<0:(23,-�:'(1�,)(B�*1�/'(�2(?(*A(2�)*B(b�/'(�<0))*@*-*/C�03*+<-(+(1/*1X�.�)+.--�.1/(11.�.22.C�*1�/'(�+0@*-(�2(?(*A(2�*)�03�*1/(2()/*1X�.-/(21./*A(�*1�/'(�456&789�)C)/(+�/0�@.-.1?(�/'(�,<6�.1B�B0:1-*1Y�<(2302+.1?()>&'(�456&789�)C)/(+�*)�B()*X1(B�/0�:(--�),<<02/�/'(�,).X(�03�.B.</*A(�.1/(11.)>�d02�(c.+<-(b.<<20<2*./(�/2.*1*1X�)(Z,(1?()�:*/'�X00B�?20))6?022(-./*01�.2(�)(-(?/(B�/0�0</*+*)(�/'(�,).X(�03�99/(?'1*Z,()�302�*1/(23(2(1?(�?.1?(--./*01>�&'(�*+<-(+(1/./*01�03�5;;e�*1�/'(�)C)/(+�/.Y*1X�.BA.1/.X(03�99�/(?'1*Z,()�2(Z,*2()�.-)0�?.2(3,-�)C)/(+�B()*X1�.)�5;;e�@C�*/)�0+1*6B*2(?/*01.-�1./,2(�+.Y()�*/B*33*?,-/�/0�),<<02/�.B.</*A(�.1/(11.)>�W1�f(?>�g>hb�/'(�B*)?01/*1,0,)�5;;e�01�456?.22*(2�.--0:)�/0�,)(99�/(?'1*Z,()�*1�/'(�&;e�?'.11(-)�-0?./(B�01�/'(�).+(�?.22*(2�:*/'�5;;e�?.22*(2�.1B�2.1X(�(c/(1)*01302�5;;e�?.1�@(�.?'*(A(B�@C�.BB*1X�),33*?*(1/�.+0,1/�03�2(B,1B.1?C�01�5;;e�*1302+./*01>�&'(0/'(2�.-/(21./*A(b�gii�Yej�?01/*1,0,)�5;;e�'.)�.�@(//(2�2.1X(�*1'(2(1/-C�.)�.�?01)(Z,(1?(�03�*/)1.220:(2�@.1B:*B/'>W1/(23(2(1?(�?.1?(--./*01�@C�,)*1X�B*X*/.-�.1/(11.�.22.C�*+<-(+(1/(B�*1�/'(�2(?(*A(2�*)�.�A(2C�<0:(23,-/(?'1*Z,(�.X.*1)/�?06?'.11(-�*1/(23(2(1?(�.)�:(--�.)�0/'(2�)<./*.--C�B*)/2*@,/(B�*1/(23(2(1?()�),?'�.).Bk.?(1/�?'.11(-�*1/(23(2(1?(>�&'(�)C)/(+�2(Z,*2(+(1/)�302�996W;62(?(*A(2�.2(�10/�.)�)/2*1X(1/�.)�302/'(�l762(?(*A(2>�d02�(c.+<-(b�996W;62(?(*A(2�B0�10/�)/2*?/-C�2(Z,*2(�)C1?'2010,)�)C)/(+>�9�B2.:@.?Y03�.)C1?'201*)+�*)�/'./�/'(�*1/(23(2(1?(�*)�10/�/'(�).+(�0A(2�.�@,2)/�:'*?'�-(.B)�/0�X2.B,.-�<(2302+.1?(-0))�*3�/'(�*1/(23(2(1?(�?.110/�@(�()/*+./(B�)(<.2./(-C�302�/'(�@0/'�(1B)�03�.�@,2)/>�W1�/'(�)C1?'2010,))C)/(+b�/'(�0</*+*)./*01�03�/2.*1*1X�)(Z,(1?(�?20))6?022(-./*01�<20<(2/*()�*)�03�Y(C�*+<02/.1?(>DEm�]NHQNNL�̂I_QRKIHn9--�?.<.?*/C�2(),-/)�)'0:1�*1�/'*)�B0?,+(1/�.2(�302�B0:1-*1Y�:*/'0,/�.1/(11.�B*A(2)*/C>�f*1?(�.1/(11.B*A(2)*/C�?0,-B�@(�.<<-*(B�*1�/'(�,<-*1Yb�.�?01)*B(2.@-(�*+<20A(+(1/�?0,-B�@(�(c<(?/(B�?0+<.2(B�/0/'()(�B0:1-*1Y�2(),-/)>DEo�pNHQRqSQJJ�INHQROQRQNSQ�KrTTRQKKIMN9/�-(.)/�/:0�/C<()�03�*1/(23(2(1?(�?.1?(--./*01�/(?'1*Z,()�.2(�.<<-*?.@-(�*1�456&789�)C)/(+s�k0*1/B(+0B,-./*01�03�?06?'.11(-�)*X1.-)�.1B�.B.</*A(�.1/(11.)>�W1/(23(2(1?(�?.1?(--./*01�tW;u�*)�2(3(22(B/(?'1*Z,(�:'*?'�*+<-(+(1/(B�*1�/'(�2(?(*A(2�/0�),<<2())�/'(�*1/(23(2(1?(�:'*?'�*)�<2()(1/�*1�/'(2(?(*A(2>�&'*)�?.1�@(�B01(�*1�2(.-�/*+(�@C�<0)/6<20?())*1X�/'(�@,2)/�*1�/'(�2(?(*A(2�+(+02C>&'(�.BA.1/.X()�03�?06?'.11(-�*1/(26?(--�*1/(23(2(1?(�),<<2())*01�*1�456&789�.2(�.)�30--0:)[�*+<20A(B�)<(?/2,+�(33*?*(1?C�t-0:(2�2(,)(b�02�).A(B�.*2�*1/(23.?(�/*+(u
371



���������	�
����������� ���������	��������������������������� �!�""�#�$"%&'�()���'$ %*�#�+,�"�)&��'�-��).�� �!��*� ��%$� �)�%(�'% �� �"��/"���(�).��!����%0��,##�(��()� 0� �(!��!.�(1��2.��0� �)�/,""�)� �0� ��)%�).��!�$�!�)&��(! ����� ��,")�(1�0 %'�).�� �!��*� �3��'$ %*�#��,�!�$)�/�"�)&�4�).!%5!.�((�"��()� 0� �(!�6�7�4�&�)%�1��(�).��!�$�!�)&����)%�#���1(�).��(�)4% -�4�).�"%4� � �,���4.�(�895 �!��*� ��� ��,��#6�7(%).� �4�&�(%)� �+,� �(1�"%4� �(1�).�� �,���0�!)% :����)%�)�-���#*�()�1��%0�).���*�#��� �)�'�����).��895 �!��*� �!%$���4�).�"����!.�((�"�!%#�(1��(#;% � �) �(�'����%(62.����!%(#�/,""�)��'$"����).��$%���/�"�)&�)%� �"&�%(�89������'�).%#�)%��+,�"����).��"%!�)�%(�#�$�(#�()�()� 0� �(!��"�*�"�!.�(1��6�7(��<�'$"��%0��,!.�!����������) ��)�'�! %5!�"","� ��&�)�'�4.� ���) ��)! %���(1���,00� �0 %'���.�1.� ��()� 0� �(!��"�*�"6�7" ��#&:�0��)�"�(-��#�$)�)�%(�����$�!�0��#��(�=>52?@7��&�)�'�)%�)�!-"��).����'��$ %/"�':�/,)��)�).���<$�(���%0��<) �� �#�%� ��%, !��62.��).� #�/,""�):��'$"����).��$%���/�"�)&�)%�$ %*�#����/�))� ��� *�!��+,�"�)&�0% ���,�� �.�*�(1� �!��*� �4�).895!�$�/�"�)&6�A% ��<�'$"�:���,�� �4�).�895 �!��*� �'�&�/��1 �()�#�4�).���.�1.� ��� *�!��/�)� �)������)!�(�!%$��4�).�"����!.�((�"�!%#�(162.��0%, ).�/,""�)��'$.�������).��0�!)�).�)��()� 0� �(!��!�(!�""�)�%(�!�(�/��).%,1.)���� ��"5)�'��#�$)�)�%(�����)� �'%*���).���()� 0� �(!��4.�!.��" ��#&�4� ��$ ���()��(�).�� �!��*� 6�80�).�� �!��*� �!�(�#�$)�).���,##�(��()� 0� �(!��"�*�"�!.�(1��:��)�.�"$���616�)%��*%�#�!�""�# %$�%,)��% ��<) ��)�'��!�(�/�%/)��(�#�)%�$� 0% '�.�(#%*� �)%���(�4�/�����)�)�%(�% �!.�((�"6BCD�EFGHI�JKLFJMNOIGFH�FP�QFRQSOHHKN�TGUHONT8(�2?@7��&�)�'�:����).��(,'/� �%0�(�� /&�!%5!.�((�"���1(�"�����0�4��(#�).����1(�"��.�*���(#�$�(#�()$ %$�1�)�%(�$�).�:�).� �������.�1.�$ %/�/�"�)&�0% �).���<��)�(!��%0���#%'�(�()��()� 0� �(1���1(�"�V?8W��().�� �!��*� 6�2.��$ %/�/�"�)&�%0�?8����0, ).� ��(! ����#�/&�?2X:�0 �!)�%(�"�"%�#�(1��(#�!�""��!)% ���)�%(6�Y%�()�#�'%#,"�)�%(�%0�#��� �#���1(�"��(#��?8�$ %*�#����,/�)�()��"��()� 0� �(!���,$$ ����%(1��(��(#:�'% �%*� :�'�-����)�0����/"��)%��'$"�'�()��� �!��*� �4�).� ���%(�/"��!%'$"�<�)&62.�� �!��*� �!�(�#�*�#�#��()%�)4%�$� )�Z�[%�()�!.�((�"���)�'�)% ��(#�#�)�!)% 6�A %'�).��#�)�!)% !%'$"�<�)&��(#��) ,!), ��$%�()�%0�*��4:�#�)�!)�%(�%0�)4%��(#�$�(#�()�>�(�\]7@���1(�"���',")�(�%,�"&�����#�()�!�"�)%�).��#�)�!)�%(�%0�����(1"��],�)5\]7@���1(�"6�2.� �0% �:����],�)5\]7@����,$$% )�#��(&4�&�/&�=>52?@7� �!��*� :�).���,$$% )�%0�89�0% �>�(5\]7@���1(�"��#%�(%)� �+,� �'�[% �!.�(1����(�).��#�'%#,"�)% 6�2.��$ �!)�!�"�"�'�)�)�%(��%0� �!��*� �!%'$"�<�)&�"�'�)��).�%$� �)�%(�"��(*� %('�()�%0�).��Y?5 �!��*� ����0% �],�)5\]7@�'%#,"�)�%(2%��,$$% )�[%�()�!.�((�"���)�'�)�%(��(#�?8��#�()�0�!�)�%(:�/�����)�)�%(��(��#�)%�/���&(!. %(���#�)%'�-��) ��(�(1���+,�(!���0 %'�!%5!.�((�"��%*� "�$�4�).���!.�%).� ��(#�) ��(�(1���+,�(!���4�).�1%%#! %��5!%  �"�)�%(�$ %$� )����(��#�)%�/��,��#6BCB�̂L_̀FaKJ�bFJMNOIGFH�OHJ�QSOHHKN�QFJGHU8(�$ �(!�$"��).��=52?@7�!%(!�$)�!�(��,$$% )��(&�'%#,"�)�%(��!.�'��'��)�(1�).���'����%(�'��- �+,� �'�()�6�2.���4�""��""%4�).��,���%0�.�1.� �% #� �'%#,"�)�%(��)%��,$$% )��*�(�.�1.� �/�)� �)�!%((�!)�%(��%*� ��.% )� �(1���V�616:�4�).�(�����(1"�� %%'W6�8)�4�""��"�%��""%4��")� (�)�*��'�).%#��%0!%'/�)�(1�',")�$�).:��,!.����\A?@6c�'�"� "&:�).��,���%0�#�00� �()�!.�((�"�!%#�(1��"1% �).'��(��#�(%)�/�� ��) �!)�#6�>&�%$)�'���#�).�!.�((�"�!%#�(1�).��"�(-�"�*�"��$� 0% '�(!���(#��&�)�'�!�$�!�)����!�(�/���'$ %*�#6�2.��0%""%4�(1��)�'�� ���<�'$"���0% ��'$ %*�(1�).��!.�((�"�!%#�(16��%$)�'���#�$,(!), �(1��2, /%�!%#����"%(1� �!%(�) ��()�"�(1).�:�(%4�def�0% �!%(*%",)�%(�"�!%#����(#�deg�0% �2, /%�!%#����8()� "��*�(1�#�$).�!�(�/���#[,�)�#�)%�%$)�'����) �#��%00�/�)4��(�/�� � �9;8� �+,� �'�()�(#�#�"�&
372



���������	�
����������� ���������	�������������������������� !�"#$�%&�"�'(��)�*+�*$,"�*+&�)�($�$-"$�)$)�"+�*+�.�)$/�0�)$/�(��)0�)"#.!�0#�*#�0+&�)����+0#�1#$/�(�"�/�"$.�"+�($�.&,,+/"$)2�34����(�$�.,$*"/&%��.���5$� �"+�($���*+�."/���"�+��$4+�&"�+�����"#�.)�/$*"�+�2678�9:;<�=>?@A�B>C<A>D�EFA:G@HIJHFA:G@K��."�,+0$/�*+�"/+��LM/�%$'( 'M/�%$N�*+&�)�($�&.$)�"+��%,/+4$�"#$�,$/M+/%��*$����*�.$�0#$/$M/$O&$�* �#+,,��1�*���+"�($��,,��$)2�P&*#�*�.$��.�$212��M�"#$�+,$/�"+/�#�.�+�� �+�$�*�//�$/��4����(�$2

373



���������	�
����������� ���������	�������������������������� !"#�$%&'()�*+,-./0+12�3/454 6789:�;<�=>?@97A>BC�D7E:E
6789:�F<�G:EDH>IA>BC�BJ�E>?@97A>BC�D7E:E
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539



���������	�
����������� ��������	��������������������������������� �!"!#!$#!%"�!"��&'()�*++,-,.)�-.�-/0�,)-1*�2*301�45�,),-,*-,.)�6.)+,-,.)7�2,7-0+�*8.90�-/0�:.22.;,)<�6.)+,-,.)7�,),-,*-0�,)-012*301�45=�>?�@.8,2,-3�106.@@0)+7�,)-01�2*301�45�A0B<BC�@,61.6022�DE�@*61.6022F=�?G::,6,0)-�20902�45C�,B0B�,:�*�6022�.:�*�7G8.1+,)*-0�2*301�,7�1060,90+�;,-/�7G::,6,0)-�HI�20902C�*)�,)-012*301�45�-.�-/,7�7G8.1+,)*-0�6022�,7�,),-,*-0+B�J/G7C�*7�2.)<�*7�).�.-/01�6.)7-1*,)-7�/.2+C�-/0�-1*::,6�,76.)60)-1*-0+�,)�-/0�2.;01�2*3017B=�K1,.1,-3�20902�*77,<)0+�-.�60227L�-/0�M1,.1,-3�,7�7019,60�*)+�.M01*-.1�+0M0)+0)-��������N�� �OPQ!R!%"�ST$RP()�-/0�8*7,6�76/0@0�45�+06,7,.)�,7�M01:.1@0+�,)�-/0�)0-;.1U�.)23B�45�+06,7,.)�,7�8*70+�.)V=�1*+,.�102*-0+�61,-01,*=�-1*::,6�*)+�7019,60�102*-0+�61,-01,*W.1�-/0�:,17-�6*70C�:1.@�-/0�45�6*)+,+*-07�-/0�-*1<0-�6022�,7�70206-0+�;,-/V=�@,),@G@�M*-/�2.77=�807-�XY(�07-,@*-0W.1�-1*::,6�Y�7019,60�102*-0+�45�+06,7,.)�-/0�:.22.;,)<�61,-01,*�@G7-�80�6.)7,+010+VZB�X*)+,+*-0�6022�7GMM.1-7�-/0�-3M0�.:�80*101�7019,60�-/0�/*)+.901�+06,7,.)�,7�M0)+,)<B[B�\.*+�7,-G*-,.)�,)�6*)+,+*-0�60227]B�̂ 0*101�7019,60�M1,.1,-3�A,:�45�:.1�@G2-,M20�80*101�7019,607�,7�M0)+,)<�*)+�-/0�-*1<0-�6022�,7�.)236*M*820�-.�70190�*�7G870-FW.1�8.-/�1*+,.�*)+�-1*::,6�Y�7019,60�102*-0+�+06,7,.)�-/0�6022�M1,.1,-3�A,)�4X?�0)9,1.)@0)-F�,7�6.)7,+010+B��������_�� �P̀PQa#!%"�ST$RPb7�8*7,6�76/0@0C�/*1+�8*6U;*1+�/*)+.901�,7�*77G@0+B�X.)601),)<�/*)+.901�*66077�-;.�.M-,.)7�*10:.10700)V=�/*)+.901�*66077�;,-/�U).;)�-,@,)<�*+9*)60�AcM70G+.D73)6/1.).G7d�/*)+.901FC�80,)<�-/0�7-*)+*1+6*70=�/*)+.901�*66077�;,-/.G-�U).;)�-,@,)<�*+9*)60�Ac*73)6/1.).G7d�/*)+.901FC�,)�-/0�A702+.@F�6*70�.:G)U).;)�-,@,)<�102*-,.)�80-;00)�-/0�.2+�*)+�)0;�7019,)<�8*70�7-*-,.)Bb7�7..)�*7�-/0�45�+06,7,.)�/*7�800)�@*+0�-/0�)0-;.1U�70)+7�*�/*)+.901�6.@@*)+�-.�-/0�>?M1.9,+,)<�-/0�)0;�7019,)<�6022�*)+�-/0�,+0)-,-,07�.:�-/0�*22.6*-0+�M/37,6*2�6/*))027�,)�-/0�)0;�7019,)<6022B�b)�.M-,.)*2�80*101�10D)0<.-,*-,.)�/*7�-.�-*U0�M2*60�,:�-/0�)0;�7019,)<�6022�6*)).-�7GMM.1-�-/080*101�7019,60�*<100+�*-�6*22�07-*82,7/@0)-Bb7�7..)�*7�-/0�>?�/*7�1060,90+�-/0�45�6.@@*)+�6.@M1,7,)<�-/0�-*1<0-�6022C�-/0�-1*::,6�6/*))027�*)+-/0�-3M0�.:�/*)+.901�A*73)6/1.).G7YM70G+.D73)6/1.).G7FC�,-�M01:.1@7�*�45�*66077�.)�-/0�)0;�7019,)<6022V=�()�6*70�.:�*�M70G+.D73)6/1.).G7�/*)+.901�-/0�/*)+.901�*66077�,7�@*+0�.)�-/0�)0;�-1*::,6�6/*))027,)60�-/0�-,@,)<�*+9*)60�,7�U).;)B�J/G7C�-/0�810*U�+G1*-,.)�A-,@0�,)-019*2�80-;00)�1020*70�.:�.2+-1*::,6�6/*))027�*)+�07-*82,7/@0)-�.:�-/0�)0;�.)07�,)�-/0�-*1<0-�6022F�,7�@,),@,70+B
540



���������	�
����������� ���������	�������������������������� !"�#$� �� !%��&'#�#(!�& �)#*"'�+,&-�&�-!�.&"�' '"�� !"/�.&"�& �)#*"'� ��"!!�-!�0"'$#'1")�#�� )")-� .")�' �)#1� ��"!!��& ��"2�.#�#3. -��.-1"� 2-4�1"�.�$'#1�.&"�56�3"$#'"�!,-.�&-�4�.#�.&"��",.' $$-���& ��"2!7�$�.&"� ��"!!�.#�.&"�. '4".��"22�, !��#.�!(��"!!$(2�.&"�86�'".('�!�.#�.&"�#2)�!"'*-�4��"227��$�.&-!�-!��#2#�4"'�0#!!-32"�)("�.#�' 0-)�!-4� 2�)"� %�+"7479��#'�"'�"$$"�./�-.�!& 22�3"�0#!!-32"�.#�1 :"� ��"1"'4"��%;<� ��"!!�.#� ��"22�,&-�&�& !�3""��-�)-� .")�3%�.&"��".,#':� !�=>1"'4"��%�;<��"22?7�@&-!�-!� �"A 102"�$#'� �$#', ')�;<�.#� ��"22�+#'�2-1-.")��(13"'�#$��"22!/�,&-�&�& *"�3""��0'"0 '")�3%�.&"�".,#':�$#'�.&-!� ��"2"' .")�& �)#*"'7�;#,"*"'9�.&"�)". -2")�0'#�")('"�#$�.&-!�& �)#*"'�!�&"1"�-!�$#'$('.&"'�!.()%7BCBCD� EF�GHIJKJ�LMN�OPQ�RJSNJN�GJNTUHJGVW@�3" '"'�!"'*-�"!�'"X(-'"� �2#!!2"!!�;<7�@&(!9�3'" :�)(' .-#��.-1"�-!�#$�1-�#'�-10#'. ��"�,&"'" ! ��YWZ�0'#.#�#2�#��&-4&"'��".,#':�2 %"'!�4( ' �.""!� �2#!!2"!!�) . �.' �!$"'7�6-��"�.&"�) . �#$�VW@3" '"'�!"'*-�"!�-!�.' �!$"''")�-�� �0 �:".�#'-"�.")�1#)"�#*"'�.&"� -'�-�."'$ �"�!-1-2 '-.-"!�.#�[\W6� '-!"]; �)#*"'�-!�0"'$#'1")�-�̂3".,""��.&"�.' �!1-!!-#��#$�) . �0 �:".!7�_#'�) . �' ."!�!(00#'.")�3%�[\W6 �& �)#*"'�#$� �̀ 5̂@a8Ybca8Y�VW@�3" '"'�!"'*-�"�.#�[\W6� �)�*-�"�*"'! �-!�!(00#'.")7���4"�"' 29� �;<�$#'�0 �:".�) . �!"'*-�"!�-!�1#'"�2-:"� ��"22�!"2"�.-#��.& �� �.' )-.-#� 2�;<7���� !"� �86�& !� 22#� .")�W@� �)�VW@�!"'*-�"!� .� �.-1"�3%�)"$ (2.�.&"�& �)#*"'�$#'�.&"�W@�!"'*-�"�-!0'-#'-.-!")�#*"'�.&"�VW@�!"'*-�"9�-7"7�.&"�VW@�!"'*-�"!�$#22#,�.&"�W@�!"'*-�"!�-�.#�.&"��",��"227V"*"'.&"2"!!9�#.&"'�;<�!.' ."4-"!� '"�0#!!-32"9�-7"7�)("�.#�0'-#'-.%�#$�.&"�3" '"'�!"'*-�"!7���� !"� ��86�#�2%�(!"!�VW@�!"'*-�"!9� �$#', ')�1#3-2"�"* 2( .")�+8>;</�& �)#*"'�,-.&�3 �:4'#(�)�#�.'#2�$'#1�.&"��".,#':�(.-2-!-�4�3'# )� !.�;<�0 ' 1"."'!�-!�0'#0#!")7�_#'�"� 32-�4�.&"��".,#':�.#�#�.'#2�VW@�;<�-11")- ."2%9�,"� 2!#��#�!-)"'� �1#3-2"� !!-!.")9��".,#':�"* 2( .")�& �)#*"'� !#0.-#��$#'�$('.&"'�!.()%7dedefeg�hi�jklmnklo;<�-�-.- .-#��!& 22�3"�0"'$#'1")�#��.&"�$#22#,-�4��'-."'- ]p7�'"�"-*"�2"*"2�#$�0-2#.��& ��"2�+\�c;/�#$�!"'*-�4��"22� �)�#$��"-4&3#('��"22!q7�'"�"-*"�X( 2-.%�#$�.' $$-�� �)b#'�!-4� 22-�4��& ��"2�#$�!"'*-�4��"22�3 !")�#��5>W�#'�YWZ�'"0" .�#(�."'!r7�86�1#3-2-.%s7�'#(.-�4� '" �&%!."'"!-!t7��".,#':�-�-.- .-#��)("�.#�.' $$-���#�!.' -�.!dedefeu�hi�vwoxnxyzyz{z|z}�~����������������8" !('"1"�.!�0"'$#'1")�3%�86]p7�@&"�86�1" !('"!�'"�"-*"�2"*"2�#$�!"'*-�4��"22� �)��"-4&3#('��"22!�#��.&"�0-2#.��& ��"27Y))-.-#� 22%9�.&"�86�!%��&'#�-!"!�#�.#� �)�)"�#)"!�.&"��"-4&3#('�6c;?!7�@&(!9� �(�-X("-)"�.-$-� .-#��#$�� �)-) ."��"-4&3#('��"22!�-!�0#!!-32"�)('-�4� �)�-�̂3".,""��0 �:".�) . �.' �!$"'7q7�W"�"-*"�X( 2-.%�#$�)#,�2-�:�.' $$-�� �)�!-4� 22-�4��& ��"2!�#$�!"'*-�4��"22�� ��3"�1" !('")�-��."'1!#$�5>W9�'"�"-*"�X( 2-.%�#$�(0̂� �)�)#,�2-�:�.' $$-���& ��"2!�� ��3"�"!.-1 .")�3%�YWZ�'"0" .�#(�."'!7r7�86�1#3-2-.%�� ��3"�"!.-1 .")�3%�.-1"�.&'"!&#2)!yzyz{z|z|��������������������Y��"22�'"̂!"2"�.-#��-!�-�-.- .")�3%�86�-$� �0 �:".�.' �!1-!!-#��& !�"�)")� �)�-$�#�"�#$�.&"�$#22#,-�4�#�)-.-#�!�-!�$(2$-22")�,-.&�)"�'" !-�4�0'-#'-.%]p7�'"�"-*"�2"*"2�#$�0-2#.��& ��"2�#$�.&"�!"'*-�4��"22�$ 22!�3"2#,� ��"'. -��.&'"!&#2)
541



���������	�
����������� ��������	������������������������� �!"��#$%&!'(�)*�'+��,��"!-.� �&&�*%&&,�/�&)0�%� ��'%!-�'+��,+)&12+��,�&� '!)-�)*�%�-�0� �&&�1�3�-1,�)-4��3%'+&),,� �!'��!)-�*$&*!&&�1���56�7)/!&!'(8�� �&&�3�!)�!'(9���)$'!-.�%��%2+��:;�<=�&&�,�&� '!)-���,3�>�!,�%�*)�0%�1�'(3��)*�+%-1)"��?�!����,!.-%&&!-.� +%--�&,�%����,'%/&!,+�1�!-'+��-�0� �&&�/�*)���'+��-�@'�1%'%�3% A�'�,'%�',�;3'!)-%&&(?�'+��-�'0)�A�+%,�'+��3),,!/!&!'(�')� )77%-1�%-�56�')�3��*)�7�%� �&&���B,�&� '!)-�')�%,3� !*! � �&&?���.��*)��&)%1���.$&%'!)-� )-1!'!)-,��2+!,� )77%-1�)"��0�!'�,�56�1� !,!)-,�	��� CD�E�
�������FF�G�E��H*�IJB2K5LM=K5L�$,�,�2KK�)3��%'!)-�'+��2K5L�*�%7��<N�'!7�B,&)'�*�%7�>�!,�1!"!1�1�/�'0��-$3&!-A�%-1�1)0-&!-A�'�%-,7!,,!)-��IJB2K5LM=K5L�,$33)�',�'+��2KK�)3��%'!)-�0!'+� �&&�/(� �&&/%,!,� )-*!.$�%'!)-�)*�'+��1!,'�!/$'!)-�/�'0��-�$3B�%-1�1)0-&!-A�'%A!-.�%1"%-'%.��)*�%,(77�'�! �/�%���,��"! �,�2+��+%-1)"���, +�7��1�, �!/�1�!-�'+��3��"!)$,�,� '!)-�!,�%&,)�,$!'%/&��*)��'+��2KK�)3��%'!)-��6!- �'+��2KK�)3��%'!)-���#$!��,�&) %&&(�,(- +�)-!,�1� �&&,�'+��56�!,� %3%/&��')�3��*)�7�-�!.+/)$�� �&&7�%,$��7�-',�%-1�!1�-'!*! %'!)-��H*�!-�2KK�7)1��'+�� +%--�&�%&&) %'!)-�%&.)�!'+7� )-,!1��,�')�3�)"!1�%�,$**! !�-'�7�%,$��7�-'�0!-1)0�*)��'+��,!73&��56�OPQPR� STUVWXYZ�[Y\]YYU�̂__�TUV�̀__a�.%�1!-.�'+��bKKM2KK�+%-1)"��?�%�5L:;� %-�,'!&&�$,�1�'+�)$.+�'+��7)-!')�!-.�)*�'+��-�!.+/)$� �&&,�%,�1�, �!/�1�!-�'+��3��"!)$,�,� '!)-��b)��%�56�!-�bKK�7)1�?�%-1�/(�$,!-.�'+��!1&��3��!)1�/�'0��-�� �3'!)-�%-1�'�%-,7!,,!)-�)*�%�/$�,'?�%�56� %-�'+�-�%&0%(,�7)-!')��%�2KK�3!&)'� +%--�&��"��(�*�%7�3�)"!1�1�'+%'�'+��2KK� �&&�+%,�%'�&�%,'�8�26�1�1! %'�1�')�'+��1)0-&!-A?�0+! +�,+)$&1�/��'�$��.!"�-�'+�1)0-&!-A�/!%,�1�-%'$���)*�'�%-,7!,,!)-,�0+! +�!,��-"!,%.�1�!-�2KK�7)1���2+��!1&��*�%7��%&&)0,�')% #$!���'+��2KK�*�%7��,(- +�)-!,%'!)-��2+��+%-1)"���!',�&*� %-�/��)3'!7!,�1�'+�)$.+�'+��$,��)*3,�$1)B,(- +�)-!,%'!)-�!-*)�7%'!)-?�,)�'+%'�'+��56�A-)0,�'+����&%'!"��'!7!-.�)*�'+��2KK� �&&�;'+��0!,��%-�%,(- +�)-)$,�+%-1)"���!,�3��*)�7�1��2+��2KK�')�bKK�+%-1)"���*)&&)0,�,!7!&%�3�!- !3&�,�%-1�!,��"�-��%,!���,!- ��!-�bKK�7)1��'+��3!&)'� +%--�&�!,�'�%-,7!''�1�!-�%&&�'!7�,&)',�!-��"��(*�%7��%-1�'+��6=:�!,�'�%-,7!''�1�7)���*��#$�-'&(�bKKM2KK�+%-1)"��,� %-�'+�-�/��% +!�"�1�0!'+�,!73&��56�0!'+�)-&(�)-��,(-'+�,!,���%-1�-)�1$3&�@���2+!,�+%,�'+��3)'�-'!%&�*)��%�,�%7&�,,�)3��%'!)-�/�'0��-�'+��2KK�%-1�'+��bKK�7)1��	�c� CD�E�
���d�ef����gh��F�ijkF�i�D�E�l��=)73%'!/&��7$&'!*�%7��,'�$ '$��,�)*�IJB2K5LM=K5L�%-1�m65�7%A��,(- +�)-!,%'!)-�)*�%�56�')/)'+�,(,'�7,�*�%,!/&���H-1��1?�'+��7%33!-.�)*�'+��'�%**! �,&)',�!-�'+��IJB2K5LM=K5L�7$&'!*�%7�,'�$ '$���<n�48�*�%7�,>�!,�!1�-'! %&�')�'+��7%33!-.�!-�m65��H1&��*�%7�,�7%(�'+���*)���/��$,�1�')�'�% Am65�6=:�%-1�'+��7)-!')�!-.�0!-1)0�/�'0��-�'�%-,7!'�%-1��� �!"��7%(�/��$,�1�')�3��*)�7�m65J==:� %��!���3)0���7�%,$��7�-',2+���*)��?��**! !�-'�+%-1)"���/�'0��-�IJB2K5LM=K5L�%-1�m65�!,�3),,!/&��$-1���'+��3����#$!,!'�'+%'�%�IJB2K5LM=K5L�/%,��,'%'!)-�0)$&1�7%!-'%!-�%�-�!.+/)$��&!,'� )-'%!-!-.�%&,)�'+��-�%��,'m65�-�!.+/)$�,�%-1�"! ��"��,%�2+$,?�!-� %,��)*�%�+%-1)"���*�)7�IJB2K5LM=K5L�')�m65�%�o526�7)/!&��,'%'!)-�/�!-.�% '!"��!-o526�7)1�� )$&1�3��*)�7�m65�-�!.+/)$�� �&&�7�%,$��7�-',�%-1� )$&1�3��,(- +�)-!,��0!'+�'+�,'�)-.�,'�m65�-�!.+/)$�� �&&,�*)�� �&&�!1�-'!*! %'!)-�
542



���������	�
����������� ���������	�������������������������� !"�#$%&'()*+'()�,--"..��" /012� !"�-0�3� �0�� 0�4"1�015�,�67� 0� !"�89(�-"::��.�3" "- "3;����� "1/012��<�/� !� !"�89(��" /012�� ��.�3"-�3"3�/!" !"1�,�!,�30="1�0�� !"�>",1"1�."1=�-"��.�40..�>:"?."1=�-"��.�.@4401 "3��105�89(��" /012A�01��0 B���� !"�:,  "1�-,.";�,�>",1"1�1"%�"<0 �, �0��5�<! �>"4"1�015"3� 0�,3,4 � !"�>",1"1�C09� 0� !"�89(��" /012�-,4,>�:� �".B���� !"�!,�30="1� 0� !"�89(�" /012��.�40..�>:";� !"�!,�30="1�"D"-@ �0���.�4"1�015"3�.�5�:,1� 0� !"�2�0/��89(��� "1%(9+�67410-"3@1"B���-,."�0��,�!,�30="1��105�89(� 0�#$%&'()*+'();� !"�E(&9�50>�:"�. , �0��>"��<�,- �="���89(�503"�@.".� !"�50�� 01��<�/��30/�>" /""�� 1,�.5�..�0��,�3�1"-"4 �0��,�3� !"�89(�F�3:"G��1,5" 0�4"1�015� !"�#$%&'()*+'()�4�:0 �-!,��":�5",.@1"5"� .�,�3�@.".� !"�#$%&'()*+'()�9+6 0�0> ,����1,5"�.H�-!10��., �0��,�3�-"::��3"� ���-, �0�B������ !"�89(��" /012� !"�-0�3� �0�� 0�4"1�015�,�67� 0� !"�#$%&'()*+'()�-"::��.�3" "- "3;����� "1/012��<�/� !� !"�#$%&'()*+'()��" /012�� ��.�3"-�3"3�/!" !"1�,�!,�30="1�0�� !"�>",1"1."1=�-"��.�40..�>:"�01��0 B���� !"�!,�30="1� 0� !"�#$%&'()*+'()��" /012��.�40..�>:";� !"�!,�30="1"D"-@ �0���.�4"1�015"3�.�5�:,1� 0� !"�2�0/��89(��� "1%(9+�67�410-"3@1"B

543



���������	�
����������� ��������	�������������������������� !�"#$%&� '()�*+,-+%./�0)12345161789�:;5�8<1�=>(?�(15519854@A�)@B4;�CDD199�?E9816FG�H159I�JIKI%$J&� LI�?814715M�NI�O37P/�=QA47R�D<@771A�19846@84;7�47�9E7D<5;7;39�ST>C�6;U4A1�5@B4;�9E98169�V48<W;478�B181D84;7I�(<1�:;358<�X78157@84;7@A�?E6Q;9436�;7�N159;7@AG�X7B;;5�@7B�>;U4A1�)@B4;S;66374D@84;79�*NX>)SFYZ.G�[;R;<@6@G�O@Q@7G�?1Q816U15�\-%%G�%YYZI

544



���������	�
����������� ���������	�������������������������� !"#"$ �%&'�� !��())�*)+ ,%-.%/��0,.123'3453-�6789:6)89/�6))+�&;-'3<�� !"=>31%,��834<�$?6�@�A=�;5B3'8<��C,D;,8.&1�2&';4318�E&C3-��9338�F&-GE&1'308�!-&;0�23D8,HI:�2 =*E2 =�JK834�23K'-.08.&1�L3-F&-4,1'3��C,D;,8.&12.K'D,.43-<MNOPQ�RSTUVWXY�Z[Q�\]W\[]WR�RU]PX̂�YOW�W_[̀U[YPSX�ZS]a�Sb�cdef�[Q�[�\SQQPg̀W�g[QPQbS]�YOW�hNij�QY[XR[]Rk�lY�PQ�\]S_PRWR�YS�cde�SX�YOW�UXRW]QY[XRPX̂�YO[Y�YOW�bÙ̀RWY[P̀Q�Sb�YOW�TSXYWXYQ�O[_W�XSY�XWTWQQ[]P̀m�gWWX�]W_PWZWR�gmn�S]�[̂]WWR�gmn�cdefko
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561



���������	�
����������� ���������	������������������	������� !"#"$ �%&'�� !"�()*�+�,-.&/01��/23456%2'2782/�9:;1�9,,-
.&5'2<=�!/&><�%23=4?@628456��% A+.% A�B43>4=@&5�C2<&/=�:�D4/=�(E�"FG�8

562



���������	�
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PÛ UZG_̀ PYZ[�aYW]�bcRdaZPYZ[�aYW]�bce�f�>e�f�Ae�f�E = > ? @ A B C D E F >= >> >?GH

>=I>>=I?>=I@>=IA>=IB>=ICJJHKL
KMNO=

PQR�>AAM�TUGUVWXYSZ�@[\N]
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RẀ WaIbcRYâ�dPe�fgTedaRYâ�dPe�fgh�i�@ ? @ A B C D E F G H @? @@ @AIJ

@?K@@?KA@?KB@?KC@?KD@?KELLJMN

MOPQ?

RST�BGCO�jaIee\�B̂ _PX
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����������� ���������	�����������������	�	������� !"#$ "!��%��&��' (� "�(���)*�+�"�(',-.�%,"%�-" "!��#"/,0�-� ��%,&1$ #"(�(,2+*345456�789:;�:<=>?8@=A�BCD:E8C��FGH�I*JKLI*J�#$$,'��(����#&��M-�NO�"%P�1$#"" "!�#��2+*�Q�R%�1(�/O��(,��&#$$�-%�$$�� S���'��"�O��/� "�#�� !��-�M-�NO�"%P�T#"/U3�V �-#-%� %#$�%�$$�$#P�-��#-��M�#� T$�3��O�W�2+*�T#����(#( ,"�� (���%#"�T��-�O��/�M,-�FGH�I*JKLI*J�T#����(#( ,"�3������%,/��1$#"" "!�' (� "�FGH�I*JKLI*J� ��",(�%- ( %#$�#��(��-��#-��1$�"(P���(��,M%,/���#0# $#T$��(,�T��/ �(- TO(�/�#&,"!�(���#/X#%�"(�%�$$�3��J��FGH�I*JKLI*J�M,$$,'��(����#&��1- "% 1$���#��2+*� "�&#"P�(�-&�W�(���(-# " "!,M�1�,1$�W�-�O���,M�#$-�#/P��R �( "!�%#1#T $ ( ��W��(%3� ���#�P3���� �YZ�[�Z�[���Z���\����	FGH�I*JKLI*J�/,���",(�-�NO -��(���O���,M��&#-(�#"(�""#�3�GO(�(���-��O$( "!�� !"#$H(,H "(�-M�-�"%�H1$O�H", ��H-#( ,�Q+]̂_U�%#"�T�� &1-,0�/�� !" M %#"($P�TP� "%,-1,-#( "!�0#- ,O��&#-(�#"(�""#�%,"%�1(��,"�(���O1$ ".�#��'�$$�#��(���/,'"$ ".3�������+]̂_�!# "��&#P�T��R1$, (�/��(,� "%-�#���(���%#1#% (P�Q&# "$P� "�O-T#"�#-�#�UW��3!3W�TP�-�/O% "!�(���%$O�(�-�� S�W� 3�3W�(���"O&T�-�,M�%�$$��1�-�%$O�(�-W�,-�TP�O� "!à�bJ*� "�(�#/�,M�(���bc+d�/#(#�&,/O$#( ,"W��(,� "%-�#���(���%,0�-#!��Q&# "$P� "�-O-#$�#-�#�UW��3!3W�TP� "%-�#� "!�(���%�$$�� S��Q-#"!���R(�"� ,"U�,-�TP� &1-,0 "!�(����/!�%,0�-#!�W��(,� "%-�#���(���$ ".�NO#$ (PW��(,�/�%-�#���(���/�$#P��1-�#/W��(,�-�/O%��(���(-#"�& �� ,"�1,'�-�W,-�#�%,&T "#( ,"�(��-�,M3�]"�(�����NO�$W�'��1-���"(�(�-���/ MM�-�"(��&#-(�#"(�""#�%,"%�1(�W"#&�$P��/ 0�-� (P�#"(�""#�W����%(,-�#"(�""#�W��#"/�#/#1( 0��#"(�""#�#--#P�W#"/���,'��,'�(������&#-(�#"(�""#�%,"%�1(��%#"�T�� "%,-1,-#(�/� "(,�(���X, "(�/�(�%( ,"�QeIU1-,%������O��/� "�FGH�I*JKLI*J345f5g�h@<:;C@8i�BA8:AABC����M -�(�#11-,#%�� ��(���'�$$H.",'"��1#%��/ 0�-� (P�%,"%�1(�O� "!�,&" / -�%( ,"#$�#"(�""#�' (��-#(��-�$#-!��/ �(#"%���T�('��"��#%��,(��-3�����#"(�""#��#-��1,� ( ,"�/�#(�$,%#( ,"���1#-#(�/�TP���0�-#$�Q�3!3W�̀jU�'#0�$�"!(���k3�J��O&��(�#(�l�&,T $��O��-��Q(�� -�%�#""�$��#-���1#-#(�/�TP�%�#""�$��1�% M %��1-�#/ "!�%,/��U�#-��� &O$(#"�,O�$P�#%( 0��,"�(����#&�M-�NO�"%P�#"/� "�(����#&��( &���$,(3�m"�(���O1$ ".W�#�%�#""�$���( &#(,-���( &#(���(���%�#""�$ &1O$���-��1,"����%,--��1,"/ "!�(,�(���l�%,""�%( ,"��T�('��"�#�1#-( %O$#-�/ 0�-� (P�#"(�""##"/�(���&,T $��O��-��#%%,-/ "!�(,�(���&#R &O&�$ .�$ �,,/�%�#""�$���( &#( ,"�#$!,- (�&/��%- T�/� "�nop3�G#��/�,"�(�����( &#(�/�%�#""�$� &1O$���-��1,"����#"/�(���.",'$�/!��,M�(��%�#""�$��1�% M %��1-�#/ "!�%,/��W�X, "(�/�(�%( ,"�QeIU� ��1�-M,-&�/�O� "!�(���eI�#$!,- (�&�
626



���������	�
����������� ���������	�����������������	�������� �!�"��#$%&�'�� (��!)*�+"�,-� (���./���"0�.+��.��� �.��/"  �!�12�.++�!"3���" 2�.� ���.�. � (��45-�.�!� (����6�"3����. � (��75�6.����/."��8�6(.�0�!&�7)��)3��-�!"3���" 2�.� ���.�/.2�.+�)�1��"�� .++�!�. � (��75&�9(��� (��6(.���+��� "/. ")��.�!�:;�.+0)�" (/��.����<�68 �!.��!��6�"1�!�1�=)��&�>) �� (. � (��8���)=�!"3���" 2�.� ���.��. � (��75�/.2�.+�)�1��6)/1"��!*" (� (��8���)=���6 )��.� ���.��)��.!.� "3��.� ���.�.��.2��. � (��45&�9("��()+!�����6".++2�=)�75�=)��("0(����. �����3"6����&0&�+.�� )��&;"3���" 2�.� ���.��6.8��� (���.!")�6(.���+��1� *���� (��45�.�!� (��6)�����)�!"�0�/)1"+��� )�<���"��6��/)���)��+����"�!����!�� �=.!"�0���)6�����&�;8�� )� ("����.6��!"3���" 2-� (��==�6 "3��=.!"�0�!�� (��.= ���6)/1"�"�0�.�����!86�!&�?)*�3��-�!����!"�0�)�� (��!"��6 ")�.+��)��� "���)=� (��/)1"+���.!")�6(.���+-�" �"��!��"�.1+�� )����.�. �� (��.� ���.��12��. (���+.�0�!"� .�6��� )�08.�.� ���"�!����!�� �=.!"�0���)6�����&�@��"/"+.���==�6 �/.2�.+�)�1��.6("�3�!12�8�"�0��)+.�"A. ")��!"3���" 2&�>) "6�� (. ���.6��!"3���" 2�/.2�.+�)�1��6)/1"��!�*" (�)+.�"A. ")��!"3���" 2&BCDCB�EFGHIJ�KLHFLLKMN�� (����6)�!�.���).6(-� (��6)3��.0��.��.�)=�.�6�� ."��45�"�����3�!�12�.��8/1���)=�!"==���� ="<�!�1�./�&�9(�����.��)*�1�./��*" (�.����!� ��/"��!�!"��6 ")��6.��1��"/�+�/�� �!�(2�"6.++2�12�.��8/1���)=�"�!����!�� �!"��6 "3��.� ���.��O��6 )��.� ���.�P�)��3"� 8.++2�12.!)� ")��)=�.��.� ���.�.��.2�.�!�.��.���)��". ���"0�.+� �.��=)�/�=�)/��+�/�� Q� )�1�./��.6�O�&0&-�12�.�48 +���/. �"<P&�9("���"0�.+� �.��=)�/�6)�����)�!�� )�.�="<�!��(.���=��!��� *)�,�O.1�./=)�/��P�.�!���)3"!�����3��.+�)8 �8 ��)� ��6)�����)�!"�0� )�1�./��*" (�="<�!�!"��6 ")��&'�� (��8�+"�,-�.�6(.���+��� "/. )��.66)�!"�0� )�#R%�"��"/�+�/�� �!�=)���.6(���6 )��.� ���.&9("��6(.���+��� "/. )��!� ��/"���� (��6(.���+�"/�8+�������)�����=)��6)���6 ")���1� *��� (��6)�����)�!"�0���6 )��.� ���.�.�!�.++�8����� (. �.���.��"0��!� )� (��6)��"!���!�45&�4.��!)�� (���� "/. �!�6(.���+�"/�8+�������)�����.�!� (��6(.���+����6"="6�����.!"�0���S8��6��-� (� �.��/"  �!�!. .��2/1)+��.����� "/. �!�3".�:;�.���<�+."��!�"��#$%&�'�� (��!)*�+"�,-��.6(�"0�.+�/.2�1�� �.��/"  �!�12�)�+2�)�����6 )��.� ���.&�T)���.6(�/)1"+�-� (��1�� ���6 )�.� ���.�"��!� ��/"��!�=�)/� (��6)�����)�!"�0�6(.���+�"/�8+�������)������� "/. �!�)�� (�8�+"�,�)��.�) (���O8�+"�,P����=)�/.�6��6�" ��")���86(�.����6�"3�!Q�"0�.+Q� ���0 (�)��4UV&9("�����8+ ��"����(.�6�!�5N>V�3.+8���. � (��75�O/)1"+��� . ")�P���6�"3��&�?)*�3��-� ("�.��8/���.�/)1"+���.!")�6(.���+�*("6(�"����6"��)6.+�"��.3��.0�&9(��8���)=�.��� �)=��)�Q.!.� "3��!"��6 ")�.+�.� ���.��O��6 )��.� ���.�P����8+ ��"��.���!86�! "/��!"�����")��O��!86�!�!�+.2�����.!P�)=� (��)1���3�!� �.��/"��")��6(.���+�&�;����!"�0�)� (��!"��6 ")���)=�.��"3.+�O;'@�P�)=� (��!)/"�.� �*.3�=�)� �-�.���!86 ")��)=�"� ��6�++�.�!"� �.6�++�"� ��=����6��6.��1��.6("�3�!�.��*�++&�;8�� )� (��="<�!�!"��6 "3" 2�)=� (����6 )�.� ���.�-��)�"�=)�/. ")��.1)8 �;'@��"����6���.�2� )�"/�+�/�� � (����6�"3��&�>�3�� (�+���-�"= (���8/1���)=���6 )���"���8=="6"�� +2�+.�0�-� (��!"��6 ")�.+�"�()/)0���" 2�)=� (��/)1"+���.!")6(.���+�6.��1���<�+)" �!&�>) �� (. � (�)80(� (��.!!" ")��)=�.���6)�!��� �)=���6 )��.� ���.�- (�����8+ "�0��2� �/�6.��.+�)���)3"!����. ".+�)���)+.�"A. ")��!"3���" 2&BCDCD�WXKYHZ[F�KLHFLLK�KJJK\M9(��/)� �=+�<"1+��.�!�/)� ��)*��=8+�6)�6�� �8����.!.� "3��.� ���.�.��.2�&�N=� *)Q!"/���")�.+�.��.2�0�)/� �"���+",��8�"=)�/���6 .�08+.��.��.2��.���8��!-�)���.� ���.�.��.2�6.�6)3��� (��*()+��6�++�#]̂%&�N=�.�)��Q!"/���")�.+�.��.2�0�)/� �2�+",��.�8�"=)�/�+"��.��.��.2�"��/�+)2�!-� (��6�++��/8� �1����6 )�"A�!�.�!�.��"�0+��_̀ @�)�+2�6)3����.���6 )��)=.���)<"/. �+2�Qâb� )�âb�"��.A"/8 (&T"�� � (��8�������6"="6�6(.���+�"/�8+�������)�����.����� "/. �!�=)���.6(�.� ���.��+�/�� "�!����!�� +2�.��"++8� �. �!�"��T"08���cQc&�N�� (��!��"6 �!��<./�+�-�.��.� ���.�.��.2�*" (�def�g�.� ���.��+�/�� ��"��8��!&�4.��!�)�� (��de�8�������6"="6�6(.���+�"/�8+�������)����3�6 )��- (��!)/"�.� �!"��6 ")���)=�.��"3.+�O;'@�P�.����� "/. �!�=)���.6(�8�������.�. �+2-�6=&�T"08��
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����������� ���������	�����������������	��� ����� ��!"# ��! ���$%&��"' () �*+ �� ,,��*+ �- � *� �!"# �(./  * �01�! ��/�+(23 "* 45�' '�5! �+��,�*"�5 �' *5�+1(6� +7 ���+ �"-�+7 ��7�** ,� *�"' ��8' ! *'5�"*�+7 �5 �9�� :(% +7 �5�; �"-�+7 �'�+��51</",��,!7�/ +�8=�-"��>?@A(�BC�-"��BC>&%:(D +7 �E5 ��/�*'#�'+7�8BFC�%G;:(> +7 �*E</ ��"-��7�!5�! ��51</",�8BC:��*'H� +7 ��7�!�'E��+�"*�83F=CBI�J5:FH7 � K!� 55�"*�,"0L%��5�+7 �*E</ ��"-�/�+5�! ��'�+��51</",��*'�>FH�M,"0L%��5�+7 �/�+'E��+�"*��+�+7 �"E+!E+�"-�+7 � *�"' �F�N* �* +��*-"�<�+�"*�/�+��5�+��*5<�++ '��*���'E��+�"*�"->FH�M86�F,"0L%:F�H7 � -"� (�+7 � OE�+�"*�8B4B:�"-�+7 � 9�,E�+�"*�� !"�+�!��+�P��5� OE�9�, *+�+"�M)�Q�8./MH/:M823RD:(��F F(���Q�./MH/��*'�)�Q�23RD�#�+7�H/�+7 �'E��+�"*�"-���* +��*-"�<�+�"*�/�+FH7 ������ ��+"��*+ �- � *� ���+�"�! ��E5 ���5�A��+�< 5�+7 ������ ��+"��*+ �- � *� ���+�"�! ��$%&��"' (�#�+7�A��' *"+�*0�+7 �*E</ ��"-��$%&��"' 5�! ��+�< �5,"+�! ��E5 �FSTUVWXYZ�["��5!  �7�+7 ��"'�*0���+ ��5�6��Q�3FL\��*'� OE�+�"*�8B4B:�/ �"< 5]_̂ à b cdef à gdh i i hj R RR R j k3 L 3 BPL,"0 F)*�+7 �-",,"#�*0�+7 �,�*l�/E'0 +�+ <!,�+ 5��� ���,�E,�+ '����"�'�*0�m%H@�P3F3PF�)*��''�+�"*5"< �0 * ��,��*-"�<�+�"*��5�0�9 *�+"��55�5+��*�E*' �5+�*'�*0�+7 �!��+��E,���-�0E� 5�E5 '��*�+7 + <!,�+ FH7 ��9 ��0 �+��*5<�++ ��!"# ��! ��+��--����7�** ,��5�!� 45 +�/1�m%H@�P3F3PF�H"���7� 9 9���"E5�'�+����+ 5�"* �"��E!�+"�\�+�< 5,"+5��*'M"��"* �"��E!�+"�n��"' 5��� ��55�0* '�+"�"* !��+��E,���E5 �F�H7E5��-�"* �E5 ���5��,,"��+ '�\�+�< 5,"+5(�+7 �<�K�<E<�+��*5<�++ ��!"# ���5 OE�,�+"�+7 ��9 ��0 �+��*5<�++ ��!"# �F�N*�+7 �"+7 ��7�*'��-�"* �E5 ���5��,,"��+ '�"* +�< 5,"+(�+7 �<�K�<E<�+��*5<�++ ��!"# ���5�\�+�< 5�+7 ��9 ��0 �+��*5<�++ ��!"# �F@ 9 ��,�OE 5+�"*5��� ����5 '�"*�+7 �./M23��*'�6/��55E<!+�"*5(�+7E5�5"< � K <!,��1��,�E,�+�"*5��� �! �-"�< '�-"���,���-���+�"*]&55E<�*0�>?@A�8#7��7��5�9�,�'�-"��* ��,1��,,�+ 5+���5 5:(�+7 �0�"55�/�+���+ �"*�+7 ������5�Lo3F\l/!5��*�,E'�*0�<�'�</, ��*'�0E��'�! ��"'(�LI\Fn�l/!5��*�,E'�*0�<�'�</, ��*'� K�,E'�*0+7 �0E��'�! ��"'��*'�LPIFo�l/!5� K�,E'�*0�<�'�</, ��*'�0E��'�! ��"'F�@�*� �*"� * �01��5*  ' '�+"�+��*5<�+�+7 �0E��'�! ��"'(�LI\Fn�l/!5��5�E5 '�+"�' + �<�* �+7 ��*-"�<�+�"*�/�+���+ �*�+7 �+ <!,�+ F�&,,�./M23�9�,E 5�' ��9 '�/1�+7 �,�*l�, 9 ,�5�<E,�+�"*5��� ��55"���+ '�#�+7�+7  * �01�! ��/�+�*  ' '�+"���7� 9 �+7 ��"�� 5!"*'�*0�D.6M[.6F�H7E5�+7 �<�'�</, ��5 K�,E' '��*�+7 �./M23��*'�+7 � -"� ��*�,E' '��*�+7 ��*-"�<�+�"*���+ ��5� K!,��* '��/"9 F�H7 �*-"�<�+�"*�/�+���+ ��5�' ��9 '�/1�<E,+�!,1�*0�LI\Fn�l/!5�#�+7�+7 �+"+�,��"'�*0���+ �E5 '�/1+7 �5 �9�� F�H7�+�< �*5�+7 ��*-"�<�+�"*���+ �/ �"< 5
630



���������	�
����������� ���������	�����������������	�������� �!"#$�%�&����'�(����!"#$ )*+�$#,,-./�$#+,01�$#,,-.21030�"4+$3��/������ �!"#$�%�&�56�'����!"#$ )*+�$#,,-./�$#+,01�$#,,-.21030�"4+$3�7/������ �!"#$�%�&�85�'�785�7�!"#$)*+�9:;�766�0/�$#+,01�$#,,-.21030�"4+$3��/������ �!"#$�%�&��6�'�75 /��!"#$)*+�9:;�766�"/�$#+,01�$#,,-.21030�"4+$3��/������ �!"#$�%�&�67�'�7&8�7�!"#$)*+�9:;�766�-/�$#+,01�$#,,-.21030�"4+$3��/������ �!"#$�%�&��6�'�75 ���!"#$)*+�9:;�5�6�0/�$#+,01�$#,,-.21030�"4+$3��/������ �!"#$�%�&�6��'�7�6/5�!"#$)*+�9:;�5�6�"/�$#+,01�$#,,-.21030�"4+$3���<=�-0$,�*)��&6��!"#$�$,+>?-,$�78@AB�?$�4$,1/�?�,��3.,�C+*$$�"?3�+03,�*=�3.,�0?+�?$�6 6�8�!"#$D=*3,�3.03�3.,�E?10E"F,�?$�*)�-*=$30=3�F,=C3.�)*+�@GHI�0=1�78@AB/�3.4$�3.,�"?3�+03,�?$�=*3,J0-3FK�1*4"F,1L��M.,�?=)*+E03?*=�+03,�",-*E,$��6 6�8�!"#$�%�&�6��'��5(�6�!"#$)*+�9:;��&6�/�$#+,01�$#,,-.21030�"4+$3��/�78�@AB�A$�E,=3?*=,1�*=�3.,�#+,>?*4$�#0C,/�3.,�N"2O&�)?C4+,$�0+,�+,F03,1�3*�*=,�-*1,��M.?$�?$�+,),++,13*�"K�E4F3?#FK?=C�3.,�?=)*+E03?*=�+03,�P?3.�3.,�=4E",+�*)�-*1,$�4$,1�)*+�3.,�#0+3?-4F0+$,+>?-,�9?=!�"41C,3�3,E#F03,$�0+,�#+*>?1,1�)*+QRSTUVWSXYSZ [\YY]̂ _̀ abcc�de\f _̀ a�ghc�de\f _̀ a�ijch�de\fkŶU]lmnV o nplZqWWV�ZW�rSqWWV o ns�es�] orSqWWV o ns�e oM.,�F*Ct=*+E0F�)01,�E0+C?=�0=1�3.,�.0=1*>,+�C0?=�?=�3.,�$4"$,u4,=3�3,E#F03,$�0+,�*"30?=,1"K�?=1,#,=1,=3�u40$?t$303?-�$?E4F03?*=$��v0$?$�*)�3.,�$?E4F03?*=$�?$�0�.,J0C*=0F�-,FF�$3+4-34+,/P.,+,�E*"?F,$�0+,�+0=1*EFK�1?$3+?"43,1�*>,+�3.,�-,FF�0+,0��N0-.�E*"?F,�?$�$4"w,-3�*)�)01?=C,)),-3$�0--*+1?=C�3*�3.,�F*Ct=*+E0F�-*=1?3?*=$�$#,-?)?,1�)*+�,0-.�3,$3�,=>?+*=E,=3�D,�C�$30=10+1�1,>?03?*=�*)�7&27��1v�)*+�*431**+2?=1**+�,=>?+*=E,=3$L��M.4$�3.,�F*C�=*+E0F�)01,E0+C?=�?$�1,3,+E?=,1�+,C0+1?=C�*=,�$?=CF,�-,FF��<=�0�E4F3?#F,�.,J0C*=0F�-,FF�F0K*43�*=,�C0?=$)+*E�3.,�#*$$?"?F?3K�*)�E0?=30?=?=C�3.,�-*==,-3?*=�14,�3*�$,>,+0F�#*3,=3?0F�$,+>?=C�-,FF$�A--*+1?=C�3*�3.,�#+,t$,3�-*=1?3?*=$�)*+�3.,�9?=!�v41C,3�M,E#F03,/�3.,�.0=1�*))�C0?=�?$-0F-4F03,1�0$$4E?=C��&x�$.01*P?=C�-*++,F03?*=��M.,�.0=1*>,+�C0?=�1,#,=1$�*=�3.,�.0=1*>,+E0+C?=�4$,1�?=�3.,�$?E4F03?*=$��M*�0FF*P�)*+�,0$K�-*E#0+?$*=�*)�3.,�-*=-,#3�C+*4#�+,$4F3$/3.,�0##F?,1�)?C4+,$�0+,QN=>?+*=E,=3 F*Ct=*+E0F�)01,�E0+C?= .0+1�.0=1t*))�C0?=<=1**+�y))?-, 7�/6 �/ y431**+�3*�<=1**+�0=1�G,1,$3+?0= 77/5 6/(z,.?-4F0+ 77/5 6/(
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634



���������	�
����������� ���������	�����������������	������ �!" #$%�!&'(�)*���+ ,-./ 0�1.23452�6, 75 8/9�:4)).8;0�<<+=� 75��.> ,0�*), �?*)  /3@?�2���5,*2�A�B4,�%418�.8(��8?�C)�.8(DEFG HIJKLJM�NOPQ RFSFJTF�NOPQ UIGGFPEVFTE�WPSOJIPGFPE XFYOUZ[LJVFTE�\FJSOUF N]̂ �_̀a�QbcTd�beZ[EOcLEY�]YLPPF[ XFYOUZ[LJ�fLSFJLgF�EJLPTGOEEFJ�cIKFJ�cFJEJLhhOU�UYLPPF[�iMjGk _l maGLno�EJLPTGOEEFJ�cIKFJ�cFJ�EJLhhOUUYLPPF[�iMjGk _admp m̀dmp _�EOGFT[IET�ZTFMGLno�EIEL[�EJLPTGOEEFJ�cIKFJ�iMjGk _admp m̀dmpULb[Fd�UIPPFUEIJ�LPM�UIGbOPFJ[ITTFT�iMjk m lEJLPTGOEEFJ�LPEFPPL�gLOP�iMjOk q_ lEJLPTGOEEFJ�FOJc�cFJ�EJLhhOU�UYLPPF[iMjGk ardmp m̀dmpEIEL[�EJLPTGOEEFJ�FOJc�iMjGk ardmp m̀dmpJFUFOSFJ�LPEFPPL�gLOP�iMjOk l q_ULb[F�LPM�UIPPFUEIJ�[ITTFT�iMjk l mJFUFOSFJ�PIOTF�hOgZJF�iMjk r rEFJGL[�PIOTF�MFPTOEs�iMjGtuvk wqxa wqxaJFUFOSFJ� OPEFJhFJFPUF� MFPTOEsiMjGtuvk wqlll wqlll [IK�OPEFJhFJFPUFEIEL[� FhhFUEOSF� PIOTF� c[ZTOPEFJhFJFPUF�MFPTOEs�iMjGtuvk wqpydll wqpydllOPhIJGLEOIP�JLEF�Rb�iQuvk qqq̀dx qqq̀dx y�UIMFT�ZTFMql[IgzRb{ plday pldayJF|ZOJFM�Wbtz}l~Dl{�iMjk yd_ _dpJFUFOSFJ�TFPTOEOSOEs�iMjGk wyydmq wqladyqYLPM�Ihh�gLOP�iMjk adx adxFnc[OUOE�MOSFJTOEs�gLOP�iMjk l l OPU[ZMFM�OPWbtz}l~Dl{�hOgZJFIEYFJ�gLOP�iMjk l l[IgwPIJGL[�hLMF�GLJgOP�iMjk qqd_ qqd_GLno�cLEY�[ITT�iMjk q_xd̀x q_xdrxGLno�JLPgF�iQGk ����� ����	
635



���������	�
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����������� ���������	�����������������	������ �!"# $%&�"'()�*+���, -./0 1�2/34�5- 67 809�:;**/8<1�==,>� 67��/? -1�+*- �@�+*  04A@�3��7-+3�B�C;-�&;28�/8)��8@�D*�/8)EFGH IJKLMKN�OPQR SGTGKUG�OPQR VJHHGQFWGUF�XQTPKJQHGQF EQNJJKWGUF�YGKTPVG OZ[�\]̂_�MàbFPcMFd�ZdMQQGbEQNJJK�effPVG�gMTGKMhG�FKMQUHPFFGK�cJLGK�cGKFKMffPV�VdMQQGb�iNjHk lm ^HMno�FKMQUHPFFGK�cJLGK�cGK�FKMffPVVdMQQGb�iNjHk lm_mm _̂mm ]�FPHGUbJFU�aUGNHMno�FJFMb�FKMQUHPFFGK�cJLGK�iNjHk l̂_pp _̂mmVMqbG_�VJQQGVFJK�MQN�VJHqPQGKbJUUGU�iNjk r mFKMQUHPFFGK�MQFGQQM�hMPQ�iNjPk r mFKMQUHPFFGK�GPKc�cGK�FKMffPV�VdMQQGbiNjHk lm_mm _̂mmFJFMb�FKMQUHPFFGK�GPKc�iNjHk l̂_pp _̂mmKGVGPTGK�MQFGQQM�hMPQ�iNjPk m rVMqbG�MQN�VJQQGVFJK�bJUUGU�iNjk m rKGVGPTGK�QJPUG�fPhaKG�iNjk s sFGKHMb�QJPUG�NGQUPFt�iNjHuvwk xlp̂ xlp̂KGVGPTGK� PQFGKfGKGQVG� NGQUPFtiNjHuvwk xlmmm xlmmm bJL�PQFGKfGKGQVGFJFMb� GffGVFPTG� QJPUG� cbaUPQFGKfGKGQVG�NGQUPFt�iNjHuvwk xlyz_mm xlyz_mmPQfJKHMFPJQ�KMFG�Sq�iRvwk l̂z_̂ l̂z_̂ \�VJNGU�aUGNlmbJh{Sq| sy_r\ sy_r\KG}aPKGN�Xqu{~m�Em|�iNjk p_r r_pKGVGPTGK�UGQUPFPTPFt�iNjHk xlms_sp xllm_mpdMQN�Jff�hMPQ�iNjk s_z s_zGncbPVPF�NPTGKUPFt�hMPQ�iNjk m m PQVbaNGN�PQXqu{~m�Em|�fPhaKGJFdGK�hMPQ�iNjk m mbJhxQJKHMb�fMNG�HMKhPQ�iNjk ls_̂ ls_̂HMno�cMFd�bJUU�iNjk lmy_mp lm̂_spHMno�KMQhG�iHk ����		 ������
645



���������	�
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647



���������	�
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684



���������	�
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