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This section provides & brief description of the advanced TDMA sysiem
which has been developed by the RACE ATDMA project.

This description is based on & submizzsion mads o COST2ZH by the
RACE pmoject consoriium, which consizis of the following tnmfunits',
Siemens A, Roke Manor Reszarch, Alcatzl Mobile Communication
France, Alcatel Standard El&cirica 5.4 . Universidad Politdenica de
Cataluna, T&l&com Paris, France TElEcom CNET, ESG Elckironik-
Syaem-Crzsellschaft GmbH, Fondazions Ugo Bordoni, The Universiyy of
Strathel yde, DeTeMobil, Mokia Mobile Phones and Mokia Rescarch
Cemire.

Funther details of thiz sysiem may be found in the published papers mudh
as |1], and llmﬁcal.lhc?ACE workdhops |2, 3]

The sutmiczion o COSTX was made before the end of the project, and
hence can nol fully represent the final syswem design. For this the sysiem
description produced at the end of the project |dT should be cm:—mlln-d
which alzo dezcribes the evaluation resuliz oblained using the tesibeds

developad by the project.
7.1.1 Design Rationale

Al the gian of the project a et of design iremems wers sed. Whers
possible these follo the evalving vicion of what UMTS and FPLMTS
were in the regpective slandands bodies.

The ATDMA sysiem is dezigned wo provided:
A wider range of services in 2 wide range of environmenis.
Better qualicy and reliabilicy.
Higher capacity.
Easicr network plaming & deployment.

mdcﬁpon all services it is thought that only a small set of bearers arc
Baced on this approach the following radio bearer services have
bem selecied :
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- Voice (high and normal qualiyy}

- Data service with low delay (9 60kb's - AOMb/s al < 300ms)

- Data cervices with long delay (9.60kb/is - Ohb/c al < 3000ms}
- Data seryices with unconsirzined delay (8 and 535 Byle cells)

The operating environments also place different consiraims and
requirements on the mdio access sysiem design, and =0 a single ==t of air
interface pammeters will undoubied|y not be oplimal in all the situal ions.
This consideration has lzad o the project’s coneepl of an adaplive air
imterface. Using thic the cysiem can be both more relisble, and more
efficicn.

The main forms of adapiation are:

Adapiarion fo Cell Types and associated propagasion conditions

The di ferent alion conditions can nol bz oplimally med with one
radio imerface with a fized camrier spacing and so three basie cell ypes
are required © pico, mico and macro cells. Bach eell wype iz supponed
with a variam of the physical layer.

Adapiation (o faerference

The emor protection overheads and camier slot assignments are
dynamically varied to maich the curenl conditions.

Adapiarion fo Source Activity

Phyzical channzls are dynamically acsigned wo match the cumrent
requiremenis of cach service.

7.1.2 Radio Accesz System Model

To cormectly undersiand and capiure the inter-relati onships between thess
ad ion techniques and other radio access procezses such as handover
and admission comirol, the project has adopled a funciional modelling

approach |5].
The key fzatwres of the mode| are

i & formal division between those funclionalitics involving the
Transpon of user and control mezsages over the air imerface
{modulation, ermmor coding, et} where 081 |ayered (echniques arc

iate, from thoese involving the Control of these iranspont
Funclionalities commo|, packet access, handover, sic.} whers
funciional mudciing methode are more uceful

ii am absimct network archilccture consisting of only three sysiem
clemenis: Mobile satons (MS), Base swations (BS} and the fzed
Metwork.. This allows the radio access sysiem w0 be gpocificd
independently of the final fized network architecione.

The sysiem is then modelled using the following logical proups:
Transpor: (TP All radic and terrearial transmizcion funoions.
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Link Contralfer (L} Direct control of the transponl group and co-
ordination of the collection and pre-proceszing of all ranspont chain
mearemenis.

radio Resource Alfacasor (KA} Responsible for the allocation of radio
resowrcs betwesn different mdio links and base siadions.

Rowing Cortroller {RC}. Conurolling the rowing for the comection o
the MS5.

Traffic Cansraffer {TC} Responsible for all call comml functional ities.

Location Manager (LM} Regponsible for the location management
(regisiration, paging, ctc_} of all avached mobile stations

Each of thess Logical Growps will be dizwributed over some or all of the
thres basic network clememis (se= Fipure 711}
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Figure 7.1.1 ATDMA Functional Model

In accordance with the 031 model the radio interfaces within the
Transpon group is defined by & thres layer simucwre. with the upper
network layer spliv imo User and Control Planed:

Radid¥PhysicalCayerCYRFLY. Transport of TDMA bursis.
Radid Win ¥ ayeAdARLL}. Transpont of logical channels.

UMT M adapralion¥ayeAAUAL)Y. User plans of Metwork Layer.
Adapiation nfusnr raffic ono ATDMA radio bearer (ypes

FignallinpgCWerwor i ayerCASMLY. Control plane of MNetwork Layer.
.ﬂl.jq:l.al_inn of Signalling mezsages (segmenwation, raws adaplation} omo
the ATDMA radio bearer Lypes and mpﬁ::t for comtent bassd muting o

various localions in the fized network. This layer is in paralle] with the
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Ual,
Figure 7.1.2 shows the |ayers within ranspont sxpanded, with cther
logical prowps lumped together a< the comro| applicati ons.

This model is used in the following sections a5 the basis for describing
the sysiem.

7.1 Transport Technique

The ranspont chain for the air inerface has been d:sigmd bazed on
h req'uirl:mmls and the desire o suppont an 15DMN-B chamnel on a
single carrier in macroesls
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Figure: 7.1.2 ATDMA Proweol Model

To suppon adapiation a sal of modes are defined, cach characierised by a
cenain configuration of the set {modulation, ermor conirol code, amownt
of radic msowrces)} which puaraniesz a given performance for 2 given
level of cipnal-to-moise + imerfearence. The mode weed will be ssleied
by the link adapiation process which is described in the following
secLion.

This overall redic tRngpon chain is shown in figue 713 for a ypical
downlink raffic chamel with the physical, link and UUMTS adapiation
layers indicated.

7131 Radioc Physical Layer

The physical |ayer provides the renspon over the air interface of TDMA

bursis (modulation, oqualisation, frequency haning, etc.}. Key

ifications for the ATDMA ph}'sicalﬁra}'ﬂ' arc given im table 71.1.

ote that al|l chamnel spacings, carrier bitrales, slol duration periods can
bz genemaled from 8 common reference oscillaor of 144 MHz

Burst sirociure

The principle influcnees behind the design of the burst and frames
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struciures arellthe range and characierizlies of the services o be
supponisd, the consiraims impossd by physical |imitations and nawral

omeng, and of the cumrent state of the ant of transpon =chniques
and hardwar: i mplememation.
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Figure 713 Ezample of an Adapiive irenspon chain for 2 downlink
raffic chamel

The format for the peneric transmizsion bural iz dhwown in figure 7.1 4.
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Figure: 714 CGreneric bursy struciurs

In addition when more than one burst per TDMA frams is assi‘fnad o
the same bearer, e g for high data raiz services, then these indi vidual
bwrsic can be concalenatsd ino one and their contentes redisoribwed W
improve the usz of radio recowrees.

Modulaiion

Binary offset QAM has been selecied as the common basic moduladion
scheme for most cell types because of iis spectrum efficiency, and
bocause it is more robusl o power amplifier non-linearalitiez than
araight OAM. Higher lzve| quatemary oftest QAM iz used Lo inereass
the carrier bit rmie. In addition o these linsar schemes, the GMSK
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modulation scheme iz wsed o exiended the mazimum range of
macroes| 5.

Cell yype ]':'ITcRm ]"|l.':l.:!an:l:.rr.::I Micno Pico
Modul ation GSK Binary Offced (A
Carrier Symbao| Rawes 360 450 1800
(kbaud}

Carrier Scparation (kHz} TIEQ? llﬂ;&ﬁﬁgﬂ_? dz
Slot Length (symbal} 120 125

Traininf Sequence 23 29 or 33 15
(=ymbol}

Pay load {symbal} TE T2aor 76 96
Tail Bits {symbuol} 2

Cuard Time (symbal} 13 12 .1
Frame Daration (ms} 5

Slols per Frame 15 18 T2
Frames per mullifmme 128

Table 7.1.1 : Transporl parameters for sialic adaplation
The compler envelope of Offest QAM may in general be expressed ac

= %[aﬂ&({ —EH)"‘Iﬂﬂqh("_(u _])T)]

where 1/T i the symbal rate, and a; iz the kth daa symbaol aking on
values of +1 for Binary Offsed QAM and +1 or £3 for Cuatermary Offazy
oA,

In order w0 make Binary Offsed QAN fully compatible with differemial
encoded GMSK (as in GSMY, the data bits G, and G, ; are muliplicd
by {-1)® thus having altemate signs in both in-phase and quadrawrs
componenis of the signal.

The shaping filter ®(s} is a filler having square ot raised cosine
q:m-cl.m:ﬁ:l'

0 =|f| =il -y i AT

[y = m[z?'uu}.{zzm =l - :r}.-'t'i"}l] {1 -y /AT =|f| <l + o)/ AT
(1 +x /AT =|{|
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Equalisaiion

I was decided in the ATDMA project not Lo wndenakes any theomtical
oiudies on squalization b rather o exploit available resulis, panicular
from RACE 1043, This resulied in two aliemal ve equalization methods
being selecied, mamely Decizsion Fesdback Equalizadon (DFE} and
Decision Feotback Sequence Estimation (DFSE) s== |9].

7132 Radia Lk Layer

This layer iz responszible for the ransmizsion and receplion of individual
blocks over the air interface. The link layer is service (ype dependent
with separale specifications for speech, low and long consimined delay
data, delay consirmined comml| channelz and the shon and large block
unconsirained delay data bearer types.

The link layer for sach of thess bearer types when uszing binary offset
OAM or GMS K modulation in the physical layer iz defined below. Whan
quatemary offset QAM modulation iz uzed the base chamnel codes can
be mainizined however the number of imerlcaved bursis will be halved
and the spectral efficiency doubled.

Speech

Spesch coding has not been sivdied in detail insids the ATDMA project
and so it= ascorialed smor protection scheme has only besn considersd a
a peneric level.

It i asumed that the gpeech sownee coded blocks will use 8 conventional
struciure of FEC with inner convoluwtional coding and ower block
coding.

A 13 kbiz gmoss male is ussd which supponis possible nel bil rales i
from &4 I_E 9.6 kb/s with diffzrent levels npfuradmdamy added . Alsn"i
more robust mode, having a gross bic rate of 26 kb's, ic provided. Thess
figums conme d well with the emerging slandard for £ kbis speech
coding imthe 1T | 10].

Consirained Delay Dana

The low delay daa service mquires 2 delay < 30 ms and a 10° -6 RER
imlegrity in alrcvzll types. For the long delay service the delay consraim
iz relazed Lo 300ms {allhnugh increases aver W0ms were found not o
give funther =fficiency impmovemenis}.

A concalenated coding scheme has been chozen with a fized 12 rate,
constraind length 7, convaolutional inner code and 8 variable mAle ouler
Reed-Sclomon code 1o provide 2 sot of operation mode for link
adapiation. Additional il bits ars alll:pdrdnd o cvery impul block w the
encoder to fill up s memory and allow the cum-.spnndmg irellis o end
in & known sats.

Codez have besn defined for 8 range of different service bil rawes. For
cxample for the 6d kbis service & set of 3 %paming modes have been
dzfined . Thess are showm in wbles 7127 and 713
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Modes | Inner COuter | Gilobal [ Bitsper  [Half-burss per
number [ cods raie | code rate | rale | coded block | inderleaying
period
1 L 1 L 1320 40
2 172 L] LEE; 19E0 &1
3 L 112 /4 2640 £0
Table 712 : Summary of mods charactrisics for Ol lowdetay Samice.
Mode | Inner Canter Crlobal Bilz per Data segmenis
code rawe | code raws | rawe coded block | in imerleaying
period
1 L 1 L 3960 360
2 L 3d e 5544 504
3 L L /4 1920 T

Table 713 : Summary of mode dhamaceridics for 3 long detay Sanice
Shart Black Unconsirained Delay Data

Thix bearer type i< used for bi-directional signalling channels where the
control applications can mot direclly suppon emor detection but can
tolerats a vanable throughput. This is the assumed bearer for most fized
natwork-mobile signalling : call set-uwp, location regisimton, handover,
e

The tranemizsion scheme is based on 2 hybrid FBEC/ARQ medhanizm with

a concalznaled inner (40,3} parity code and ower RS (8004005} code

over GF{23}- A Service Da Unid (SDUY is wransmitted over four bursis,

henee conaining 1632 =00 information bits. A fizld of & contral bits
l_u:lcd £  bits and 4 additional amor comection bits w ayoid

IEHD dﬂ:ndmj: is imcluded. This leaves 80 bis for use by the Signalling

Metwork Layer with the possibility to include a ssgmemation process o

supporl longer messages.
Large Black Unconsirained Delay Data

A 5DV of the size of an ATM (Asynchronous Transfer Mode) cell is
used, i= 53 byles. An exira bye is then added o this for camying blodk
mumbering which has szira emor protection.

A coding scheme has been selected which uses an inner (76,2} parivy
code r:fan ouler RS (d536) code. A cell is then mapped into two code
wonds and camisd by 10 burst. Thess can be tmnsmited over 10 TDMA
framez, or seml more quickly when multiple slots are acc gued.

When & cell iz incomectly meeived it will be re-transmived by the comtno|
procezs . The receiva wiﬁ then combine the two copics w0 allow a greater
emor comection capability. This allows a hybrid scheme o be
implemenied, bl withowl the nead for ssparaie repeal mumbering.
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7.14 ATDMA Conwrol System

While the design of the ranspont chain will coniribuis Lo the UMTS
ohjective of improved specirum efficiency and the suppont of a2 wide
range of enyircnments and serviees, mest of the gain ic achieved throu
the use of an active conral syslem thet contimuously adapis the air
imlzrfac= 1o mach the curem condilions.

The fol lowing al gorithms have besn developed:

Quality based power contral

Contral of transmit power iz used on both up and down links. The
contra| alporithm wses |ink quality meaoremenis on the link being
comralled for longer term conrol, and measuemenis on the reverse link
(85 an cslimals o less} for shont werm comrol. The mnge of shon
torm power control is adjusied depending on the comelation betwesn
palh loss in the two directions.

For szrvices with multiple-slol allocations, sach wraffic slol iz separately
conira|led.

frynamic Link Adapration

The operating mods of rans (coding, modulation, interleaying, sie.}
for cach of lfli:: delay cmﬂlﬁd hmr“s:;r services (spesch and T;:Ew and
long consirained delay data} ic adaplive to meet changing conditions.
The link adapiation process szlecis the operating mods b on the nead
o engure that zarvice quality i€ being maimained with the minimum of
assigned redio resowrces.

Two different |ink adapiation algorithms have been defined

i Shart ierm link adapiation. This process operates with an update
period of betwesn 05 and 5 ssconds and bases its decision on the
observed aversge channel quality of the ascigned radio resounes.

ii Long term link adapiation. This process ic bassd on the obzeryvation
that the disiribwion of O is dependent on the distance from the
base swation and so the wranspon operating mode is selecied

accordingly| ).
Large Black Unconsirained Delay Daia

ARQ iz usad for wraffic which mquire a high imegricy, bul can wolerats a
variable delay (se= section 1.13.2). The protocol weed o comnol this
uses both Positive and Megative Acknowledgments with a Positive
Acknow|cdgmemn (ACK) for 2 panicular block number reprezenting an
acknowl|edgment for all wious blocks (izsusd when the receiver
successfully decodes a block thal iz in-sequence} whils a Megative
Acknow|sdgment (MAK)} peperates repeal iransmizzions of the scf:-cl.ed
blocks (izousd when the recsi ver successfully decodes a block that is ou
nfs ence - which implics that some blocks are missing}. The wse of &
acknowledgment (ype provide resilience wo comupled signaling.

The throughput and imput buffer length are monitored and ws=d 1o
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dynamically change the allocaled resowrces b0 the service, likewise during
periods of congeslion the allocated resources can be redueed and re-
ascipned wo higher priority services.

frynamic charme! assigmment

A prionty list based scheme is used o assign camiars and time slots. This
i= used cach time a chamel is assigned which could be at the 2an of &

call, or for gpeech on every talk gounl.

This algorithm avoids the nesd for E'rl:ttumc}' planning, and provides
some adapiation o cwrend wraffic disoibution, but avoids the nesd for the
base stations w communicals directly.

Handowver and macra diversity

Since propegation conditions in some UMTS environmenis may be
changing oo idly for the mobile stalion o repon measuremenis o
the natwork and then wail for 2 handover decizion, all nomal handover
rigger devicions are taken by the mobile and than signalled via either the
nlj or new basssialions.

Four = handover criteria are inc luded in the handover wrigger
age: Link quality, Path loss, Range, and Power budget. This is neccssany
o give reliable handover in 2 sysiem where zlol allocation may be
quicl:l:-' changing, affecting imterference, and |ink adapiation may
m:lilinl.am the bearer quality sven when the mobile i in & non oplimum
cell.

Following handaver wrigger, the maobile selocts the beal candidaie new
bazz sation. Thiz step includes consideration of the new base slation's
curmeml [cad (thiz i broadeasi on the BOCH)Y, path loss criteria and a
dezire Lo emain in the same cell iype. Thiz final eriteria iz decigned o
enoourage <low moving mobiles wo siay in microcells whiles kesping fagier
mobiles in macrocslls.

An indql:lmdm, demand aszsigned, Dedicated Conrol Channel (ICCH}
iz established 1o cammy handover siinalin . The exiging waffic channsl=
are nol intermupled and so 2 e “seamless” handover iz possible. An
added advaniage of the ATDMA handover process is that the releace of
the old wraffic channels can be delayed undil after the scablishment of
new raffic chamnels, and so 8 period of maoo-diversity can be included.

Poacker aocess

The previous sections may give the impression that cach technigques has
been designed sepamiely. This is nol the cass, a< many inlermclion must
be mnsiif:rcd o developed an overall syslem. Packet access iz a
t=chnique which is wtiliced by several conrol algorithme w quickly
assigned physical chamnels for TCH and DOCHs. Wois described hers in
some detail w0 serve as an cxample of how the sysiem model has been
uszed (o mode| the algorithms.

Capacily is allocaled on demand uszing & technique called PRMA+» [§].
Lik= the original scheme propossd by Goodman |7], the PRMAr+
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protoca| avoids wasling capacity during breaks in traffic source activity
(during zilence period in gpeech o for highly bursty data services), or
the nesd w0 parmanently allocate capacity for the mazimum bit e a call
may nead. I is also used w0 assign conrol chamels for hendoyer.

The main feaumes of PFEMA++ are;

Timeslot al locati on wnder BS comml
Separaie physical chamels for access conlnol

Physical channzls allocated when equesied, and kepd umtil releaced
(separale request nol nesded for sach block cem)

Common technique used for all waffic and dedicated comral
channes|s.

MR BRA
MG —  BIC
MTF BTF

e(j_ Aty Sewied

W

Fa2wts raquast
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Fipwe 7.1.5 PRMA+s Uplink

The process for gaining access for upl ink iraffic is described below, and
illustrated in Figure 7.1 5.

Activity iz detevted by transpont and the MLC informed . The MLC
then asks the MRA (o allocals capacity for the channel.
Allematively the request could o ginaws in the MLC, for example,
from the ARD conwral algorithm.

The MRA will then make a requesiio the BRA for cql:ucil.}' using a
random access conimn| chamz| knosm as the R-slol with 8 mess

that states the Mobile Swaton and Logical channel ldentifiers. The
BRA will retum the allocation on &2 paired acknow ledgment
chamel, the “A-slot”, with 2 mezsage that states the Mobile Station
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and Logical channel ldenfiers and the allocated resources (in
Lerms n? carrier and =lol mumbers). This message also ineludes an
Acknowledgment type flag which zerves wo indicate if the resoures
allocation has been queued (in case of congestion} or if the
allocation mezsage has besn gplit over two o mors bursis. 1f
collisions ocew on the R<lot then, following a timeo-ow, the request

from the Mobile iz repeated.
3 The MEA and BRA will inform the LCs of the allocation

The raffic bearer becomes aolive and taffic i sem.

5 MTP detecis the last item of daa and the LCs then inform the RAs
that the allocation can be meleased.

The procezs for the downlink iz the zame apart from the initial access
edur: where conlention access is nol required, and the BS simply
sends faol paging mescages wo allocale slots.

7141 Resowrce AMocolbom

A key clement in the ATDMA system which is used by all comrol
techniques is the resource allocator. This bass station centered entity is
the key arbitrator in the ATDMA sysiem and has the sk of diaributing
the limited radic resources beiwesn varous co ing traffic sources
(within the zame MS and BS link}, batwesn difterent mobile stations
(within the same cell} and bedwesn diffzrent base satons (within the
same ¢lusier andfor between cell gypes located in the same region )

The rescurce allocation functions can be divided imo two broad classes
assignment of physical time-=zlols on & shon term basis (channel
assignmeni} and acceplance of a call inlo an individual cel| {admizzion
coniral}.

7.1.% Lagical Channele

The ATDMA control channel sirucwre is based on the CCITT
classification |11], with refinements o accommaodals the mized use of
both packet and circuit switched chamnels.

The conrol chamzls d=fined are:
Packe! access commaon coniral channels (CCCHs)

A cx of Fasi channels using single burst meszapes o provide the
gperialized common channel < for PRMA«+ accecs

Leash Cantral Channel (LOCH)

A permancml control chamnel is used 1o kesp commol of cach mobile that
has =4 up & comection, syven when no wraffic iz being camiod. W suppons
a “walchdog” procezs (hence itz name} and offers 2 low bul guaramie=d
bandwidth. In 2 TDMA ked accecs scheme this channe| i eccemial
since it mainging Lime advance for Request slol burals even afler a long
period of im-acti vity from the mobile.
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Associated Conirol Channels { A7CH}

Thesz control chamnels are anctly associated with sach unidirectional
bzarer . A separste pair (forward and retum} exizis with sach
unidirectional component of 2 TCH or DOCH. The forward ACCH
(ACCHF} i used for commands suwch as downlink mods changes. The
retum ACCH (ACCHr} camries mainly meamurement information. This
ascoriation with cach undirsctional bearer allow flezibility in supponiing
unbalanced or unidirectional waffic.

This azsociation i illusrated in figure 7.1 6.

TCH )
ACCHE 'y
< ACCHr

Figure 7.1.6 : Relationship between Trmaffic and Azsocialed channels

TJ 6 Evabmalbom amd Teimmesmd ol borms

The ATDMA cysiem describzd has besn exiensively evaluated. Thic has
provided resulis on the operation of cach technique and the overall
sysiem, and led w0 8 ==t of recommendations on the design of UMTS.

System Evalualion

The performancs of the sysiem has been evalualed by analysis, and using
the Tlﬁfu:ls simulation =abeds. The resulis are rﬁ:u‘dﬂrin a publicly
avai lable deliverable [12].

The main conclusion is that the sysiem fully mests the requircmenis
which were sei, and is henee a suitable candidate for the UMTS air
imterfacs. In panticular it =u = all the required service, doss mot
require frequency planning, and can provide a high qual ity of serviee.

The evaluation of capacity is nol =asy Lo summar ==, a< the remuli=

greally on the scenari oz ussd for each test. For example link adapiation

flivca the largest improyemenis where higher coverage is required.
oweyer resulis generally show a significant improvement over existing

gysiem. |12] should be consulied for details.

Recommendations an UMTS Design

Bated on the experience of ATDMA , recommendations for the design of
UMTS have been made. The adoplion of these would enqure that the
lessons |carmed can be applied, even if UMTS ic finally quite di ffzremt
from the ATDMA proposal. These recommendations are described in
|d], and hawve also been sutmined o ETS1 [13]. These cover mosl agperis
of UMTS including services, access network and air imlerface design.



