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adaptivity on all levels is the most important means for achieving high bandwidth
20 efficiency in the wireless link while satisfying the required communication quality for
the served applications. It is further noted that utilization of knowledge of the channel
state avoids a worst-case design by adapting as conditions vary. It is shown that
rather than coping with channel variations in a worse-case manner, the modulation
format can be changed as the channel signal-to-noise ratio (SNR) varies. See, for
25  instance, Fig. 5.3 on page 29 of the above-mentioned thesis. For a selected symbol
error probability the modulation level can be adapted according to the variations in
the channel SNR. The same subject is treated in a thesis by Peter Malm, entitled
‘Channel Separation, Alphabet Size, and Code Rate in Cellular Radio Systems;’ dated
February 1999. Maim analyzes how adjacent channel separation, channel alphabet
30 size, and channel code rate affects the cellular system’s performance. One of the
conclusions of the analysis is that the spectrum efficiency of a cellular system does
not improve beyond a certain point with increasing channel alphabet size. Instead,

small-to-medium alphabet sizes exhibit the best performance. This is because the

frequency reuse mechanism punishes large alphabets by demanding a large cluster
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capacity, peak data rate and coverage reliability, the signal transmitted to and by a

20  particular user can be modified to account for the signal quality variation through a
process commonly referred to as link adaptation. Traditionally, CDMA systems have
used fast power control as the preferred method for link adaptation.

In the 3GPP study, Adaptive Modulation and Coding (AMC) have been
envisioned as an alternative link adaptation method that promises to raise the overall

25  system capacity. AMC provides the flexibility to match the modulation-coding
scheme to the average channel conditions for each user. With AMC, the power of the
transmitted signal is held constant over a frame interval, and the modulation and error
correction coding format is changed to match the current received signal quality or
channel conditions. In a system with AMC, users close to the base station (BTS) are

30 typically assigned higher order modulation with higher code rates (e.g., 64 QAM with
R=3/4 turbo codes), but the modulation-order and/or code rate will decrease as the
distance from BTS increases. AMC is most effective when combined with fat-pipe
scheduling techniques, such as those enabled by the Downlink Shared Channel
(DSCH) of the 3GPP. On top of the benefits attributed to fat-pipe multiplexing, AMC
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on the selection of the number of Orthogonal Variable Spreadmg Factor (OVSF)

codes in conjunction with the modulation and (error correcting) coding scheme
20  (MCS) in a WCDMA network. Moreover, there has not been any recognition of the

need for signaling an appropriate power level based on such an optimization.

DISCLOSURE OF INVENTION
An object of the present invention is to provide optimized adaptive modulation
25  and coding and multi-code transmission for a radio link in a mobile
telecommunications network
Another object is to provide appropriate signaling to signal the optimization
from a transmitter to a receiver over the radio link.
According to a first aspect of the invention, a method for use in adaptively
30  modulating a radio link in a mobile communications system according to a time
varying radio link quality, includes the steps of selecting a number of channelization
codes and a modulation and coding scheme (MCS) from among a plurality of MCSs

for use by a transmitter over the radio link according to said time varying radio link
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transmit t e usenepupentrig the mamitiariof dieandic linkatheporasuremaninggnal or t he user
20 information element having a magnitude indicative of the radio link quality measured
in the above-mentioned step of measuring. The transmitter may be a base station or a
radio network controller. The step of signaling may be carried out by the transmitter
transmitting the information relating to the adaptively selected MCS and the number
of channelization codes on a control channel shared among a plurality of user

25  equipment receivers. The information may be transmitted on the control channel
prior to the transmitter transmitting a downlink shared transport channel to the user
equipment receivers. The control channel may be organized to transmit the
information prior to automatic repeat parameters also transmitted on the control
channel.

30 Still further according to the first aspect of the invention, for a target radio link
quality, said step of adaptively selecting comprises the steps of testing, one after
another, increasingly higher order MCSs each capable of achieving a specified error

measure for said channel having said target radio channel quality, and selecting a
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signaling information related to said selected lowest order MCS or lowest higher
20  order MCS from said transmitter to said receiver.
In further accord with the first aspect of the invention, the step of signaling is
carried out using a transport format combination indicator (TFCI).
According to a second aspect of the invention, a method for selecting a
modulation and coding scheme (MCS) for use in a mobile communications system,
25  comprises the steps of selecting an MCS capable of achieving a specified error
measure for a channel having a time-varying radio channel quality, and selecting a
number of channelization codes with said MCS that is useable with the selected MCS
without falling below a target radio channel quality.
Further according to the second aspect of the invention, the method further
30  comprises the step of signaling information relating to said selected MCS from a
transmitter of said system to a receiver of said system. A user equipment (UE) can
fulfill the role of transmitter or receiver, depending on whether the method is carried
out in the UE or in the Node B (base statiori’of 3GPP)/RNC (Radio Network

Controller). The step of signaling may be carried out using a transport format
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further comprise the step of providing a measurement signal from the user equipment
20  to the transmitter of the radio channel, the measurement signal having a magnitude
indicative of the radio channel quality received at the user equipment. The step of
signaling said information, if carried out by the transmitter, may be transmitted on a
control channel shared among a plurality of user equipment receivers. The
information may be transmitted on the control channel prior to the transmitter
25  transmitting a downlink shared transport channel to the user equipment receiver. The
conirol channel may be organized to transmit the information relating to the selected
MCS and channelization codes prior to automatic repeat parameters also transmitted
on the control channel.
According to a third aspect of the invention, a method for use in a mobile
30 communications system having a radio channel with a time-varying radio channel
quality, said method for adaptively selecting a modulation and coding scheme (MCS)
from among a plurality of MCSs of differing orders of complexity, wherein for a
given adaptation based on a target radio channel quality, comprises the steps of

starting with a lowest order MCS and thereafter continuing with higher order MCSs
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sel ecting a nodulation and codi ng schene ( fromanong a plurality of
MCSs of dktifsequendy o¢stelid glodr oederMER itithoundresimis nhd adicachagnal et fADdwat i on
based on a target radio channel quality, conprises the steps of starting
wi th a | oftSEuErdRtiophegh au el PR b BB ETHecHD g I st AGRMCDPer MCSs 6
VO 03/ 001880AC T/ i BAR{ HRAPVICHIilSRB B oo toP EJIA e PBREA bk T 0T
measure accordi'ng to the time-varying radio channel quality, testing said
| owest or déchaufiSizstivh codesroe sk mylhyutl angeg theuatierchawdel tafadlireddw #wt | on codes
at corresgat?n%i ngl y dierr nt bit rates until a maxi num all owed nunber of
channel i z f'#GA 85%““8 T4ESE is tested for said |owest order MCS or for a 5
subsegyent | y t gakRe LRI 101EEhirYasHedt bNRLINnRANS, Tk nbloli3stirchannel to

fall below said target radio channel quality and thereafter selecting said
| owest or demnpnses e stesef Bgnaling zformyinagelatadde sailissleated lovagst erdehMCS est s f or

sai d maxi nu | |, owed er channel i zat.i on.codes,.or. | es i t hout

cauai not BEMeRi SHER AT o RleAANG b B A DR hnariRh bl 1.
10 Furt heeqépgenidiafdulfidl théeolé bf frehs@8REUr rédeitdie Thoviep b SignalingemaEbdod
further conprises the step of signali ng information related to said

sel ect ed p@%@éeuwwampoﬁrfowgﬁ@@bm@ l%%l}dmrf(fﬁﬁﬂa transmtter to a
recei yer of sapdsradi Qcc%Ft?FﬁﬂﬁLd%e fﬁiﬂf%%ect S%Emﬂﬁoﬁ% A6t ahd %&aﬂﬁ?lreo' e of
transmtter or recelver. e step of 'signaling nay 'be carried out using a
t ransport féraestiap ig agsoriatidn aithithdtlandizatidkCdes fbm 4 prektorédook-apaaslel Wit h

the third_aspect of the invention, the MCSs are available for testing in
associ at | SRS IO HBleARHPRINAYEV It A TUBIES Ok o5 lﬁ?ﬁ@g el sWskYD t abl e.

The | ook- ypimtabl RICRYTREIBRAG tAIE ha HAYARE 50 YhatPESEWRE G 169E% MEGMIE! S
associ ate wth each I\/C§. ‘?'lﬁe Iool??up tablstca> naa’y e mage SO tl\ﬁafg@rfei rst
with a | owesthaMiSizatdd codes are listed and wherein for each subsequent MCS only code

20  channels are listed that provide a higher bit rate than a maximum bit rate of a previous
MCS with a maximum number of allowed channelization codes.

In still further accord with the third aspect of the invention, the method further
comprises the step of measuring the radio channel quality prior to the step of
selecting. The step of measuring may be carried out in a user equipment. In that case,

25  the steps of testing and selecting are carried out in the transmitter or elsewhere than in
the user equipment. Also in that case, the transmitter may be a base station or radio
network controller. Likewise, the step of signaling may be carried out by the
transmitter transmitting the information on a control channel shared among a plurality
of user equipment receivers. The information may be transmitted on the control

30  channel prior to the transmitter transmitting a downlink shared transport channel to
the user equipment receiver. The control channel may be organized to transmit the
information relating to the adaptively selected MCS and the number of channelization

codes prior to automatic repeat parameters also transmitted on the control channel.



out channelization codes are |listed and wherein for each subsequent MCS
only code 20 channels are listed that provide a higher bit rate than a
maxi nrum bWwo osamowspf a previous MCS with a maxi mum nunber Pofi/IBOd/@2werd
channel i zati on codes. In still further accord with the third aspect of the
 nvent ion, the felnod dbif MRk FAMRL SRSALNR. 2L ER IR IRAPHELAG G Tadi o
channel quality prior to the step o sel ecting. step of neasuri ng may
be carri edesie inbrefappaht BiHhD bR delafled Hedcripasiof 2best v ds k@psdiafent est i ng
and selecting are carried out in the transmtter or elsewhere than in the
user equi PHEFRE asAllagrated iprthe accqawanying df"dRS i t ter may be a base station or
radio network controller. Likew se, the step of signaling may be carried
out by the transmtter transmtting the information on a control channel
sharedsanong a pl ural i BRIESTDESERIFEEJONOEMHE BRAWEN&GS The i nformati on may
be transmtted_on the control 30 _channel priof to the trapnsmtter
transmitting aftowihPAR ag‘fﬁ’é{‘fc@ﬂ“f)?éﬂ’g‘ﬁ F{lergf%‘ﬁ ‘?-’Rtm'tuéathnrn‘éfaﬁ;%B?‘e Hqui prrent

recei ver . e 6HaRheILARBR Rith MpiRe R EARI AL dterol EaRASMRE cBJiiﬁ% iff nf ormation
relating to the adaptively selected MCS and the nunber of “chanhelization

codes pri oellitlar radibeysitins, acepalatg todhapresat savahsan.t r ansni tted on the control
channel . 7 WO Q3/Q01681 .PCT/ | BO 7 These and ot.her objects, features
and agvant ages Tt JCHEVHESIEEE RURA PR F THUCORA N e dBaE O n || gh
of thegydebailRdcdRteh cbldsQPodf chanked pefREe (IR IEAlembolfh&RbF (RS
illustrated in the acconpanying draw ng. 5 BRI EF DESCRI PTI ON OF THE

DRAW NGS Pregentineméigs. a fl owchart of a two-di mensional optimzation of the

f lti-god h | i i i dul ati on.
soe of T LS RO AT gt b BTSRRI AR R 0

i nvent i onmakirfum2ugtbenst ¢dde cameleigrer WaHbbiht ab&teemastichell LHIBDRPAON of the
maxi mum nunber, 10 of chammeli zati on codes (code channels) per user for an
HSDPA enb&@bREEINbGf the present invention. Fig. 3 shows the average DSCH

bit r "i‘% e per C%g.‘@f‘shin% tl?esavgrafgg %héfgf‘de‘ﬁeydﬁﬁgggg@ﬁéﬁg%ﬂ%%ﬁo ecode

channel s per us for the above-nention I ment. Fig. 4
shows t he nexanageuhtbensf erdedhbmelyyer veafoetht aboveameatidned GISIEA of t he
maxi mum nunber. of code channels per user for the above-nenti oned HSDPA
enbodi menfmbodiment.

Fig. 5 shows the interface between higher layers and the physical layer for
mapping transport channels onto physical channels and physical channels onto
20  transport channels.
Fig. 6 shows a HARQ timing diagram for six HSDPA channels (N=6).
Fig. 7 shows a first HSDPA DL structure.
Fig. 8 shows a second HSDPA DL structure.
Fig. 9 shows a transport channel coding structure for HSDPA.
25 Fig. 10 shows a first example of channel coding and physical segmentation for
the QSPK %, 5 codes of Table 2.
Fig. 11 shows a second example of channel coding and physical segmentation
for the QPSK %, 5 codes of Table 2.



Fig. 5 shows the interface between higher |ayers and the physical |ayer for
mappi ng transport channels onto physical channels and physical channels
onto 20 twengpersl channels. Fig. 6 shows a HARQ ti m ng di agraBe¥anorsi x
HSDPA channels (N=6). Fig. 7 shows a first HSDPA DL structure. Fig. 8

shows a second HS t channel coding
structure for HSDPE%%N{,iS Weﬁ(ﬁ% a(?orﬁs)f arrpl e 0 hannel codi ng and
physi cal Segnemgatllsﬁawﬁarﬂo“xdlﬁrt%P&rﬂgﬁﬂg ol aaedesimehsidigd bptidizafib@of 11 shows

a second exanpl e of channel codi ng and physical segnentation _for the QPSK
3/ 4, 5 co#Bdti-gederghgnaclization yyd wlp v BRdUIREY FBEODAgTeBEEOHDE FOR

CARRYI NG out a
O di menSrOraTE St prerstt tnfdidon. 159 AR AW ERR! brehiof M iR 2
nodul asi o ﬂm%ﬂ@mm&t@@mm@tﬂm&d&ﬁﬂe ngeivedcatio ihk gotver tahitipesent

i nventi on. i s . assuned that_ channel prediction i s enployed 5. in the
backgr oun ae\te@l Hullispepnds yntpg thegfogpre tayegn f‘gééﬁt\?’éwllﬁ%ﬁ?lﬁcﬁfﬂ e‘ﬁcﬁf/é‘?“’b%lﬁr i ations

sever al mtéléﬂh]%ﬁésﬁ%? ihdMRe PR KB lriRat sf‘éﬁ%ﬂtof Wisd Iﬁéz}] sufEYdnfo ﬁb&é" ar users
of nobile ones. For 1nstance, it known at signal - to noi se
measur enenhasmels cwabe pwfonmﬁdmn&hmmhfmnﬂ@smaammrfedllm@afouffeno ey and

hannel  pROPES 8f Mepudit HedSed P07 EBE| HARFBRE SfImog LG SAAE! Stual ) (5.
The prj or 1R dhah@d SRR B?ﬁoﬁé&@ﬁaﬁh@%‘%ﬁét%ﬂéh PRdRtibRMPa HHdinPasi s can be
used toget her W|th a targ area to assign the nodul ation conplexity in

order to bmm@eeﬂsl@umétqgeawsmtﬂl aghrgdharga tovassign flee mpd@la@@scqmpikmw lnhout error
and at a _hj rate ci.sian isSs.then broadc

i o et B tngtoBl g o S el S B A B P ERERS o D i

by N. K Efgh@ﬁﬁaﬁ @lcheahﬁ@g aébesmuiglth@ﬁﬁm@dbaéﬁo phrtRRpating REaeli $dd fop on
Br oadband Channel s' by M Sternad et al in | EEE Vehicul ar Technol ogy

Conf er enc&stagge Chgptg@@_@ i3 eb thedhesisiiotiek; Edpwser and ﬂlﬁ‘g/ﬂ@ myblicegign | n
addi tijpn {,@ Bx!v&%@%cﬁ&‘n 88%9&%5@& ?hiﬂ?lgfél MO eﬁq@ﬁ% 3%1313%% cupgcording to
e prio I've no

t he proposa of t rart ating to adap ation and codi ng,
Fig 1 sha‘ashnoaaogya@oﬂfexeﬁm Spﬁngrﬂ(l)(lll OI'EC cOGIrY) FRhades | Grrecn sy 6-972008e With a
sel ect ed nodul I exity level i g an optinm zed y along with

sel ecting an ag‘p?&g&ﬂ xgg aryappropriate modulation complexity level according to

the proposals of the prior art relating to adaptive modulation and coding, Fig. 1 shows
a way to select multiple channelization codes for use with a selected modulation

20 complexity level in an optimized way along with selecting an appropriate bit rate
selected according to the increase in channelization.

Referring now to Fig. 1, after entering in a start step 10, a step 12 is executed

to obtain the actual radio link or channel quality parameter, e.g., DSCH Eb/No (X)
and the target quality, e.g., Eb/NO (Yj) for a specified Frame Error Ratio (FER) of the

25  jth MCS (modulation and coding scheme where“coding’ means error correcting
coding). Eb/No refers to the ratio between the energy or power density per bit and the
interference and noise power density. For speech service this ratio is normally on the
order of 5 dB. Speech service with a bit rate of 12.2 kbps has a processing gain of 25
db = 10*log; o (3.84e6/12.2e3) using a chip rate of 3.84 Mbps. For such speech

30  service the required wideband signal to interference ratio is therefore 5 db minus the
processing gain = -20 db. In other words, the signal power can be 20 db under the
interference and the WCDMA receiver can still detect the signal. Instead of FER,
some other similar error measure or parameter such as symbol error probability or

BLER (Block Error Ratio) could be used. Likewise some other channel or link



sel ected according to the increase in channelization. Referring nowto Fig.
1, after entering in a start step 10, a step 12 is executed to obtain the
act ual rawDm®3lodwekl or channel quality paraneter, e.g., DSCHCEblB&240) and
the target quality, e.g., Eb/NO (Yj) for a specified Frame Error Ratio

(FER) of - ' - ' n N C ere’codi ng' neans
error corbgag{cgﬁall agn%})e&i n%@%&rﬁgp gru se(f%{got gufﬁq?%g %e\éﬁc\?vgg/r%&{she energy or
power densgisihefes niehd wadebahdiehip ienérgy ber BRefraitd (AWisH apORON@Ngioky . For
speech service this ratio is normally on the order of 5 dB. Speech service
with a bi eoreatly Bylopy Bp/(lGpN0) paassymest todasas pagraydhiand bit epgrgy @sr =10*1 ogl o

(3.84e6/ 17 i,ng.a chip rate of 3.84 Myps. For such speech 30 service
t he requi r?ne%ef%\n&(lj%gaﬁ%@ignal to interference ratio is therefore 5 db m nus

t he psocessi nGhgalgorihm2@n diso bemsat toeindvant ts opttingizal PIGH ardaweibecah be 20
db under the .interference an he WCDVA receiver can still detect the
signal . | A% ee“e]{’&n%??s ﬁ%ﬂei@%d@%‘qﬂéqadgﬁgrﬁoﬁﬁss f%rrq,ﬁ‘ﬁ "i‘h?&scﬁfi‘énﬁllm @Bdet er such
as symbol ,ehhOUH' aihgRbldsty vich tﬁlﬁgﬁéﬁﬂsqgg}pgg o bBéﬁdr@ b&@yérﬂusle% igsed.

Li kew se sone ot her channel WO 1681 PCT/1B02/02407 quality
par anet er bothshel exdetdnitmn ewlithd tioe desgrdn. Mothisedakes; ergeftbe ErRe®BSCH feovdro i s

assuned to an w deband chi p. ener er, interfere +noi se) and Eb/ No
Cor “hore. P Behde Bings g iaih Pediyiord PeSbenind (5 fnda Bedwigand bi
ener gyo Pehividdat @hﬁ;ﬁ[t?%ﬁe(:dﬂéﬁgéﬁdin %o thid SivRled PbivbhEantRNis8l &Pmbe used to
find out the optim zed MCS and nunber of code channels

(* channel ppiémizetipn algorifhnepigbentedcindeis inveption taieienmane the dptimidedivpluesi ng

Goers in ObM GREEE s bl Ao R AR RER Al RO 870" (e

fi xed DSChirgawes anéthel OF, it hes 16 Od@alehantoekSoudd whdni dsingl thy aleerithnvided bet ween
the UEs and, if_the power is 10 divided, %p%;ality val ue corresponding to

this divi ged/Bolibrdditien, the qpde anuliiplerag spild B¢ 68 0 Hatthe mexprREsent ed i n
this ipventi i | m . I\({E&E code
channé?s, Hétllrllig&i c%f%g g?rsteﬁau er o tggltédemgf\azt%ﬁéﬁéﬁ@ragogﬁroca gg@r }a}*}?gady to
anot her Ubthei)tUBslsastb@eid doriea kmdsand codeahamrds arefiefhovediffogn theetledr @si t hm f or

o rum 168 B ueed s U b Uiadhie BB ibrate DBt erneihfiibcat i on
o 2oL WipbSl oI LIS LR oSy 61 i S0 SOTERQURGRANTS) < oo
al | ocat i om theiNaded gt ¢ildionalosatel] fotths DSCH for the use of the UE.
20 One way to carry out the algorithm of Fig. 1 is to have the various UEs report
the DSCH Eb/No or corresponding (possibly wideband) value (e.g. Common Pilot
Channel (CPICH) Ec/Io) to the packet scheduler, e.g. in the RNC or Node B
(currently it is assumed for HSDPA that the packet scheduler is in the MAC-hs entity
in the Node B). However, it can also be that the algorithm is running in the UE
25  instead of the RNC or Node B. In that case, the UE decides on the best MCS and the
number of code channels and reports these selected values to the network. Based on
that information Node-B or RNC then does scheduling. The scheduled number of
code channels (channelization-code set) and their power levels can be different than
that requested by UE. It can also be done so that the Node B or the RNC reports the
30  power available for that UE and the maximum number of code channels among which
the algorithm running in the UE can decide, how many code channels it can support.
The UE reports the selected MCS and the number of code channels to the network.
_ These situations could occur, e.g., if this invention were used for code multiplexing

the code resources between different users, as mentioned above. The current best bit

10



nunber of codes that are left yet to be allocated if there is sone nore
power available in the Node B that could be allocated for the DSCH for the
use of thwWOWB00®B1 One way to carry out the al gorithm of FiPgI/IROY®4470 have
the various UEs report the DSCH Eb/No or correspondi ng (possibly w deband)

val ue (e. g, nmon, Pi| .ot anel I /10) te.the .packet schedul er,
02 oS Fe R ool 8 sy RIS e iR B SR BESR PR L he
packet scheshi 8/Figs] hré lishd aWi€lidvss:entity in the Node B). However, it can
al so be that the al gorithmis running in the UE 25 instead of the RNC or

Node B. In thaX TRSEH ERNOUE deci des on the best MCS and the nunber of
code channel s ﬁ@&agga?bzlﬁé&%%%P%&hggbgﬁoﬁ%%]%]ﬁ&the net wor k. Based on

that informatio en does sc ng. The schedul ed nunber
of cosle channgk:Shegthavids! (il za§ inmax)code set) and their power |evels can be
different than, that requested by HE. It can al so be done so that the Node
B or the RNC rb{b@?ttihltgh%gtwg&}% avai | abl e for that UE and the naxinum

nunber of code; Wﬂﬁﬁﬁ%qﬁmggm(@w al gorithmrunning in the UE can
e c

deci de, how rraﬁy cod annels It can support. The UE reports the sel ected

MCS and t he nujrselectefl =cstbetedhvaluedbs) t o t he network. These situations could
occur, e.g., if.th.s.invent.io re.u for code multiplexing the code
resour ces bet V\ééﬁ ?glPé?‘gen mﬁgeo\r@}e@%ﬁ/ﬁg%ti oned above. The current best bit
10 WO;93/ 00168k PGFL BoRhOAA%E rate (R curr best) is set to an initial

val ue. The definitions of the various variables shown in Fig. 1 are listed
as follows: X R _pschesbit Marert bestbarajet Eb/ No for a specified FER of the jth

MCS 5 | =The kt%%%%@%%ﬁ%ﬁ%@ j _best = highest MCS used | max =

Maxi mum numnber ~ o = selected value for j R = Single code

bitrate of theN+NuMber ofléhabnélisatiorcodisugsd/udettrate R curr best = current
best bitrate R -selected = selected bitrate N = Nunber of channelization

codes used/ useN_bsst JughestNHisghest N used

15 N_max = Maximum value for N
N_curr = Current value for N

N_selected = selected value for N

In addition to setting an initial value for the current best bit rate (R_curr_best), the

20  value of the current bit rate (R_curr) is also set to an initial value. This initial value
can be, e.g. the bitrate corresponding to the Rj (single code bitrate) corresponding to
the lowest MCS (j = 1) or, e.g., zero. The j variable (jth MCS) is set to one along with
the highest MCS used (j_best). The number of channelization codes used per user (N)
and the current value of N (N_curr) as well as the highest N used (N_best) are also set

25  to the smallest allowed number of code channels (channelization codes)
corresponding to the lowest MCS (j = 1), e.g. 1, in the step 12. If the smallest allowed
number of code channels corresponding to the lowest MCS (j = 1) is different from
one, the initial values of N, N_curr and N_curr_best are set to this value.
Furthermore, if the smallest value of N differs between different MCSs, then later if

30 testing another MCS (j) for a given X, N will be set to the smallest number of
channelization codes corresponding to that MCS. Also, the maximum number of
channelization codes corresponding to different MCSs could differ, and this can be

taken into account in the flow of the optimization algorithm by setting the N_max

11



15 N -max = Maxi mumvalue for N N curr = Current value for N N -selected =
sel ected value for NIn addition to setting an initial value for the
current bwetosdtesrate (R curr best), the 20 value of thePcunBex24iyit rate
(Rcurr) is also set to an initial value. This initial value can be, e.g.
the bitrat orrespondi L e Qag onding to
t he Iomesflﬁxf\?%étc(fo esli?ndnt% the C&r.re?lt z@a(r:“(g)ﬁmlj?':?iteSt va(r?llta %% }ﬁ%%elfs?s set to

one al ongthyfdlfferehmdssgae@gw&@bmﬁmé {Qgst) The nunber of channeli zati on
codes used per user and the current value of N (N curr) as well as the

hi ghest N used W%@t pse(Ya) eedberecshingle floyw chat §%1hle@§§la§4‘tl‘1’5‘vbé’éf’vﬁunber of

S99 o208 B ANARAE o 1Bh il ROSThulaiOh EROREHDE bR G MERI S (=
Chamnet® “Feiei?%i@"a“f‘%m&t"?ﬁ?'mndtaNWcurdﬁd“mgmea“r‘%g‘;"zfﬂlem?ﬁ’.ﬂé “3@1
Furt her rm%é t isjryotedy, thak he|expeienged ﬁ%Raﬁorrq %ﬁlf%gﬁé SEFOR %%dlgfgﬂ%ﬁ@mtﬁ
et bablict ! B 0,800 BBk M il o BV SR, bt D S v

the smal | codes correspondi ng to that MCS.
Al so, theBﬂtﬁﬂ)aneaHmn&ﬂaerndm‘ompat’fairtnelha giaen valucwatbsY jcHrgremddRiamy t o

Tl o or "t Fasged itk ittt b mn P Bt SRl s B FRECR et B s 00 1 001

PCT/ | BO2/ @264in tRd d@&¥%ed FERGRFH BRRENRGIH MED And HihB &l o ¥ode BRGGEISt €St, Wwhen
testing the chance to use the different MCSs for a given Eb/No val ue (X).

The tar ge(cmmmethw?qdes)eﬂéms@dent@am he stepwigeciban Yamorrh@efé&@raﬁmw i on

bel ow, be aghi eved ink.level s tIO results from

Dol oo ey ARELEYS O fafhes (BB oA pe ftFies®l n Seh AnE SRS R 1T
during the 4boagheahrgbhaddkivasdd byea gep (thit dah bk Samiebediffetdhd thah RéEttexper i enced
FERs (or e.g. BLERs) seemto be differing fromthe targgted ones. This is

made so t Aditstenent wyvarAe 1€ BgddR istbelpw theltargeh Alyopmtherpdiustrgent sghoppes | s
neasured and

rreasurgd E%Ezbdl 'erj,eﬁilt %geEgﬁ@%%é%%og%%ﬁ%%gmge%he%hﬁ%]:faggadj usted. The
target i ssépardiovabésadomespenditesineie dadiBrvitdnmentse sel ect ed MCS and nunber of

code channel s hannellzatlo codes). Adj ust nent e ste wi se, when Yj
is corrected aiAt(f@F nglyaliAgtion gl sigp 1§f?%t!3p léh!ése‘ixeﬁ‘f‘te‘g?‘&ﬁg firsy H % can be

I ncr eased dl(%’t)é ing Eiecﬁe th M€§ (ﬁ‘?@éﬂéﬁt%?th':aﬁﬁle VEx@ReY ﬂ]uiﬂ%“ér bRV j afgkydgcr eased

by a step at can esarre or“different than wt
not. Ifnot, a step 16 is executed to determine if the number of codes used per user

-L‘J

20  (N) is greater than the Maximum value for N (N_max). Ifnot, a step 18 is executed
for the first time to determine if the DSCH Eb/No (X) obtained previously in step 12
is greater than the target Eb/No (Yj) corresponding to the MCS under test (j) or not. If
s0, the possibility of using more codes with higher bit rates is indicated. Therefore, a
step 20 is executed. In this step 20, the current bit rate (R_curr) is changed to equal N

25  (the number of codes used per user) times the single code bit rate of the jth MCS
(Rj). The transition from step 18 to step 20 is part of an‘outer loopg’illustrated in Fig. 1
which may be executed several times, once for each incremented value of N. This is
because the value of N is increased in the step 20 by one or more increments as
indicated (N++). For instance, the step could be to set N to N+1 (N-> N+1). The

30  power is also divided between the N channels depending on the number of codes.
Upon further repetition of this outer loop, if the divided DSCH Eb/No does not go
below the target in step 18 first, eventually the value of N will be found in the step 16
to be greater than N_max. In that case an‘inner loop’comprising steps 22, 24 will be

executed wherein N is reset to equal the smallest possible value of multicodes

12



adj ustment upwards) if the FER is below the target. Al so other adjustnent
schenes 15 can be used. Y] may be a commopn val ue for several UEs or each UE
may have woepadmBe val ues corresponding their radi o envi r eCFER0202405f t er
initialization in the step 12, a step 14 is executed for the first tine to

determ ne cb es&apﬁdihé Po %[e:%e{(tj P)/Idfz r ?%W u% 1Q§f%géela§8¥g)t% {Hdp]r&#l??%the of MS (]

max) or S ’exe rmne nunber of
codes usedemévexsEM@cdrhblemy glr(ﬁ*aéﬁb ntyhﬁmpbstsﬂalé/abffemmnmﬁmdé or N (N_nax).
If not, a step 18 is _executed _faor to determine if the DSCH

Eb/ No (X) C%Pmaﬂ@ép Witle theaigst igher 1‘4@§;§6122teii é‘lrﬁjr E&% ithe erer Jopr of YeRfet Eb/ No
(Yj) corr fiﬁpﬂi"% % i btehﬁe\b@a ﬂgtrlﬁ&ﬁ%ﬁ&m Y)a?'{oug fH‘(ﬂtchofdes e éesttéaeon

possi bi lity of 'Using noré codes Wt rates 1's I ndicated.

Ther ef or e individsdlEC30in @rdens mﬂhttthSOH EM\E) redvepd R@e btlbey) dupropattionits rate (R
curr) is changed tg e ualbeﬁ the Ir\ll,kjig;oer of cod s used per user) tines
the singl & Pt cPdef des 1{1%6}1%%«?5 Y OOITFFé ?Hlﬁw@@%ﬁslpwolﬁ%tep 18

to step 2QuiGap %t&fM@@ tht'ﬁaeﬁexlt Rhar dribUsd iy Eﬂgius fjrn whi ch may be

execut ed severa i mes, once for €each incre d val ue o This is
because t limaxiatizieg)othe Nossibilier @asgchds betvren $1neeMCSOmoiyr wsieandrtheror e

increnments_a i ndi.ca + For instan t ep,.could be to set Nto
N+l (N Nﬂ‘}lfab dlé‘@ 8&0&?110‘1&2‘%%11%%%}}6\}11‘&8’& Béﬁrﬁgiﬁﬁlﬁe‘ﬁ% nnel s dependi ng
on t hgo NuEBEhiAtiof AAESplacdJRNsubsdubl stéRRR! e deBEritl teltivd) selébethe bRop, if the
di vi ded DSCH Eb/ No does not go below the target in step 18 first,

event ual | yate fag v wiid tb¢ O}NIHWZIqu layeest endaciof MCStibatgs alje 1@301@@61%11@?1@& er than

N -max. | [ Q st be
execut ed Otetlr}1 g%aeﬁg%ﬁ? Zﬂ ?Béreogltfgflgs xﬂ}a{ou?rgeﬁﬁn ‘t’&g‘g%}iig%if yl\itdé of

mul ti codes 12 \I@f@ﬁﬁ@%&&& tiRCskep BORS Big40 /aftet HercRBROIHE g O cliltpisrext MCS,
e.g. 1, and j is _increased so as to increnent to the next IeveI of MCS

conpl exi t ¥ ?W“@F@@Pfﬂ@ Single erpre hibats ofithe th My dhe corrant valseda N conbi nat i ons
wi th t?e XL i 9feh sé\fqgl\??\? %Ctp@rﬁnfz chst: %F%’ ol s E in 1? rlenft €PS 14,
g we e I CO

16, 1 tan ‘be vie as a rast oop TnoVari-ous es are
tested on ob1i Adieythdtiahe pleGously obtaiked, vaietdt DSCEH BSCH £D) Bdlanodéfikdcsd (see
bel ow) in &Po ortion to the nunber of codes tested in each pass. The inner
loop is tH "ewed as a slow loop for changing the MCS to the next higher
order conplexity after exhausting (maxim zing) the possibilities of
mat ches between the MCS under test and the available nulticodes w thout
havi ng gone under tBe=t%108ogkitNNo.. . After. .t he .10. optirtilzati on takes pl ace,
t he s%)sequent steps (to be described below) select the bit

Equation 1 as carried out in step 20 takes into account the fact that the increase in the

value of N represents an increase in the number of channels or channelization

branches being utilized prior to modulation, one for each increase in the number of

spreading codes used. Therefore, the power level will have to be decreased

25  proportionately for each such increase of channelization codes and X' represents this

reduced power level. It should be realized that the sum of the powers at level X' of

the individual channels will equal the original X value. This is a straightforward way

to take into account the needed decrease in power so as to enable the algorithm of Fig.

1 to determine the proper optimization of multicode and MCS as disclosed herein in a

30  non-limiting way, realizing it would be done in another way.
After execution of the step 20, the step 14 is reexecuted to determine if j has
yet exceeded j_max or not. If this is the first execution of the outer loop, then j will
not yet be greater than j_max and furthermore the value of N will not be greater than

N_max yet and therefore the steps 14, 16, 18 will be reexecuted. Assuming the value
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rate for use with the optim zed | owest order of MCS that is able to achieve
a maxi mal (not necessarily N _max) nunber of codes wi thout falling bel ow

t he t ar gewOHEBAONBS81 Ref erring back to the step 20 of Fig. 1pcafiBeyozudve
current bit rate (Rcurr) is set to a multiple of the Single code bit rate

?Le;hienjc f, gg %Cﬁ F\Ig%a?elé‘ I'ia%rn%’_}, Y}?el s!’fﬁ) 5(9 5v1li\loe1‘ 15661%&196 r Eﬂd N%Nlﬁll%?: 1_nLcrgz}§F oN Nis

ance, In an 1 ncrenent er that,

the previ agshyo mlafeasmé nﬁﬂbﬂﬁoﬁod%@dd@bfﬁﬁéd@s fosfintoslitif®dhas fol l ows: X
= X-10*logio (N) ... Equation 1 as carried out

in step 2dreReE bt Plogted s beleratrd, ﬁ%@qtewaéd l%aw&epﬁa& bhgesopeiivehe Ifsal ue of N
represent g Afdy %éﬁ g%wv)&ﬁ%e gjﬁ%g%ugé P*ﬂﬁt@&&%ﬂopg“ﬁﬁ%@%%d&eﬁ“ on

branches bei ng rior t i on, one r each 1ncrease in the
nunber 5 of repepedydbng given MCSl slatil e1fﬁlaeNe£ greater thaa ) auex (nbealédwed) bt theave to be

decr eased 25 rtionat el uch |ncrease of channeli zati on codes
and Xrepr e@eﬂ%{) 1Qn %ﬁaweaﬁ%a RN &9 erﬁts >e1|nstqpt SJR B0t MEEYOLE ASWHMEhat ¢ he

sum of th;hm%ﬁce%edf}&%& X of the individual channels will equal the
ori gi nal value. ThisTis a straightforward way to take into account the
needed decr easd, aﬂerpmsmm ngye agpetivoriiheottteloap gothiN morakedbystep 20t 0

det er m ne the er .o ati o nmul t as di scl psed herein
oo mshd bt b NE Bk el nE MBS o d B B B RGr e g Al st
executp Oncﬁtfreﬂtﬁﬁ)e'étt QBdGe MUOS, §§@%rﬂrﬂné@nrs&m%cufe%ssr,l@m@;eétﬁr Midetaf | has
yet exceeded j ‘'max or not. If this is the first execution of the outer

| oop, t hed highgt prder NIS qastbeisedyr Sherefore, faaiinneans sisns 2urres scatedhe val ue
of N wll n eref t he 14, 16,
0 i 11 bt e} BT BT Cm‘laty"%lgg Yorfi o Bile (R e8] BEDLA SR 03 0007

of X' is $tihd thgmlmumtm férN@\henes:t@preafbmﬂgltobleatmewqpﬂimebthand N will
be increased again to increase the nu codes used ? user so as to

find out PR Rt ra’ﬁer@ﬂléf‘alé]él\%aﬁé Ehff ]é‘ﬁh%ﬁt MCS vsedrGatbset) isdhenygster mi ned i n
steps 116, ¢ %@4 Qﬁfr&ﬁt\@lﬂé of &)?&ftPrettﬂgbgs@ chﬁ@é%ﬁmﬁﬁa@ﬁ\?@%’%ﬂe o&l be

adj usted a he outer be execute repea a given
MCS unti | beﬁordyes nNreasecgnﬂhe ﬁexttslt@rizleNhMat thesimentithe teed)iglosst NhEed condition

K e OB 0 o B i B B iy BRI, S o
the outer ylaeg MES il o al&AS&H niibaf 8f0d8s while the next MCS is tested to see
if it can do as well.

20 After execution of step 22 as described above, and shown in Fig. 1, the step 24
is executed to increase j (j++) and to reset N to equal the smallest allowed number of
code channels corresponding to the next value of j, e.g. 1. Ifj is larger than j_max
due to the increment (j++), and thus there is not a MCS corresponding to that value of
j» the value for N can remain the same as it is, because then next time when step 14 is

25  executed, MCS maximum has been reached, and thus the steps 16? 18,20, 22 and 24
will not be executed anymore. The outer loop will then be repeated for the next
higher MCS for all values of N until either N exceeds N_max (meaning there is now a
new best candidate MCS), as determined in the step 16 or one of the decision blocks
14, 18 forces a transition out of the inner loop/outer loop portion of the flowchart of

30 Fig. 1.

Such a transition can occur if either the MCS maximum is reached, as
determined in the step 14, or the power level of the different channelizations has
fallen below the target Eb/No (Y]j) for the MCS under test, as determined in the step

18. If, after one or more repetitions of the inner/outer loops where j_max has been
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to a nunber greater than N -nmax where the nunber of codes has been

maxi m zed for a 10 currently best candidate MCS, as determned in step 16,
t he possiwDloBwy168ti || exists that a higher order MCS can IpeTaB&d2407
Therefore, the nner 10013 steps 22, 24 are executed to store the best

t d I f the bit rate rr best) as st nd,
AR R F R ﬂgcﬁlé?‘?%Z!(‘W{%W%g‘?ﬁ‘ Elishimn Ry as@ptl‘ﬁitth ”( i)

times theogt%hﬂ& i6n 698 B%s{frheﬁtst&%mebnma Eﬂlﬂb fr-B!?@lzé?gn e St nMCS used

(j best) en set 15 equal to the current value o ore the
best currendesdamﬂnaﬂb)tbemtmrwdnaawgdmg)@fthc prgsentsnventipeased i n t he next

t 24 whi h t { | t
e’ maxi mim val (ERGROE TR AR et Skt o Brgmitan 26 Cw St vis i ¢
t he maxi map % nher bedh) M@ﬁl ey i;efcirmf‘e ﬂe%lbu&%s & ér@a?téﬁﬁaﬁ & &@8ltol T it can

do as well. Af fer execution of step 22 as described above, and shown in
Fig. 1, t e ausptPifrate R oo s el in step a@rf@athelqst Mc&)esaadd Héha agesnt N t o

ot val ey ERsGp AR EAIIER & qublRiioR a0 Hen TR el ven

(j ++), an@letﬂwﬁmwmes Tfden @st ﬁlomaaaes:@wcasﬁpqnefdir&etmﬁémp Y@Hétemethes ] . the
value for Ncan remain the same as it is, because then next tine when step

14 is 25 thetdepument hastbifeate RuAiiaSesloelstonellcl escatersy capal shanibe steps 16,
18, 2Q, 2 | L0t th
be regoeat élé&%}gl‘b%ﬁ‘ﬁ V&I}Efxl%rp 0 P?@E@éﬁ @g g.]]@%(tgghﬁlﬁaé{sye e:# WHBG N o

exceeds Negidixo ﬂlmmmngoetsﬁﬁt mte R row _best)etin biep sz@edeldetee vAIﬁB}.”or Nis
determ nele n the Stﬁ% 16 or one of the decision_blocks. 14, 18 forces a
P

transi ti ofNotrlectHd) v SFGAuRlds Shoehresnt beshpalpe far N ANGpesD o pigRehart of 30
Fig. 1. Syghy sEfe@ﬂ%ﬁ'vralu%'Toﬁa@s@EEféﬁ i 6 {dve uetﬂeftﬂxte'ﬁnlaﬁeeade@?;gle "8 reached,

as determned in the step : e power eve of the ent
channel i z4t bestsfrdrastepf22l. | Sea thetten3® bEFigat .gefierfEhé Mop BF] the ExecutiieoMBE under

test, . as te i N i.n the e 18. If fter one. re repetitions of
the | Aher Aotre PEEisd niames S an Wsotisi sfiopids waOs 3 boH S RER 1H0) 02407
exceeded g@ q*grtﬁébp%lgaﬁgnghwﬁ%ﬁ%tg@n@ower has fallen too | ow (step
18), then t optim zation of the | owest order MCS with the maxi mal nunber

of channel i zat iQoxthe @mehandasf thf: ptap 29 deseminge that themetren@m@bbldramg to the
hat enc uted to

et or mi ne (e 800 Prish ERpisE iy f 86870 8 hen i B BE o BT E R iR, cp 22
for the phievirevisudiiB s endik st Bmot BBnarant dd khd 1@st tested MCS should be
20 used. Inthat event, first a step 32 will be executed in order to find out, is the value of
j still smaller than or equal to the maximum MCS in use (j_max), because if the value
X can suppert the maximum number of codes and maximum MCS, then in step 24 the
value of j had already been set to a value larger than the maximum MCS (j_max). Ifj
is smaller than or equal to j_mazx, then in step 36 the selected bitrate (R_selected) is
25  set to be the current bitrate (R_curr) and the selected number of codes (N_selected)
will be set to the current number of codes (N_curr) and selected MCS (j_selected) will
be set to current MCS (j). After this, the execution of the flowchart of Fig. 1 is
completed, and an end or return is made in step 40, and thus this is one way for the
optimization of this invention to end. If the value ofj is larger than j max, i.e. the
30  condition in step 32 is not met, then in step 38 the selected bitrate (R_selected) will be
set to be the current bitrate (R_curr), the selected number of codes (N_selected) will
be set to the current number of codes (N_curr) and the selected MCS (j_selected) will
be set to be the maximum MCS (j_max), since this step can be reached only if in step

24 the value of j was already increased to be larger than j_max, which means that the
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the current bit rate (Rcurr) as set in step 20 for the last MCS tested .
If the current best bit rate (step 22) is greater than the current bit
rate (stewoaBpoie8hen this nmeans that the previous MCS uneem/Bes4ehoul d be
sel ected. Therefore, if the step 26 determ nes that the current best bit

: | b
ot (R ol Dy Bsoo Rs f G taR e a R n BIRRoLARAME LT be

set  equakmakimith@ICOnNe MushEsMAS fo eatRcleRiChE mdx@atin ($ ehdx). Afteahid2, the
selected value for N (N selected) will be set equal to the current best

val ue f or the ReBEFof the devehasiriZie. 1 igcamplrteds anden gyl Farien fsgpade in
(j _select 2)4% Aﬁidst &sbt?lfst -I gggﬂayxﬁthgggtﬁgfzﬁﬁ&{ oglgl,?stin%oﬁjto Qx?&;t ) fromstep

22. See the ste FLS er step the execution of the 15
flowchart of FiAgofher svagoorpiret et this dirainofdmit adeptagdniisrio use lwaklapitablet ep 34,

and this is_one for the optim zation of this invenfion to end. On the
ot her handh s Casp EDRIOL comesRanariE (EE if ARESHPLaR MAER Q5ety 19 Rop: e ( R

curt best ME$ aAPhuAb&ERIRbAS ORAnOE. KMo bohdiRtE & 4 ﬁ@k}@iﬁbm%t@ u& curr)
then it neans the previous MCS under "test 1s not optimal and that the |ast

t est ed MCBestignritimites@ibedsibave. | Thet lhalt-up vabi canfiermadeasosthatp i@ withl | be
executed in o o find . out, is.t val j.still s er . than or
equal to h%esfrggit%tﬁl?ﬁ ﬁ\l)féveidTPuﬁJébgr of C%%Sﬁmﬁ _ci[]%lé Wlﬁ‘ tllhﬁélevg_ﬁl&g only can
suppornd t BRsoBROWIHMBHFRT code SRERSSs aRdistBthapidoWESs hidherbit fusigR 24 the
val ue of j had already been set to a value l|arger than the maxi num MCS

(j _max). Hfe maxipynshihiates! th arevirusdduaivithohy mpgsmumpiwmbienoseadps. Jbet he
sel ect ed Dj { e t i . 1 r itrate (R curr)
and the sgé}néécﬁé)geén@e Sellrjg‘%) j%g%)u esgq%%t @gseéce? Se'g*)% 18 Cvl%ll‘g Ibf%H%eu%@%elF laieOCh%}]iln%elf:ur rent

nunber of qaglitedy uNnguhoptiaiich swhbstofdodddhahihels reatleCIMI dlso iwaet to
current MCS (j). After_this, the execution of the flowhart of Fig. 1 is
conpl et ed betigs Eraylasiy inomnstad t opky yrrgdhe maximapmpymbshat ¢adesWithi s i s one
way f t Ir 13 [ kS L Vet value of j is

| ar ge?gt htaiﬁfe]ré_mrrg\il(,@s %'@tgl(&?r@%%%%ﬁ%g% %hgﬁpé@gg{]g?}ﬁgsbﬂg‘?)'net , then in
step 38 the seletiedapntwatdenéiRicrl eniredition éflmblé-cosletand MERist he current
bitrate (R.curr),. the sel ected numher of. code N sel.ected) will be set to

the curreATIRTFHTEM BF bCYRISAENREGIF) ARG BePETPR IR ASel ect ed) wil |
be set togReydsbeinTRSiBmiMeR) hEBA0Ss BUBEGy i SoctliRR GABeREideached only

if in step 24 the value of | was already ihcreased to be |arger than j
_pax, whi emongdifferetigossible MTSs with 686 e188dedRCT/ bBERPPDLOFtain &30 val ue X
is so.good that it can support the maxi mnum nunber of codes and maxi mum MCS
and tﬁgs Fﬁlgesl?/CS to be selected is the maxi mum (j nmax). After this,

Some test cases of the network level simulations have been done to evaluate
the performance of the present invention. The simulations are done based on the
macro scenario defined in ETSI TR 101 112 v3.2.0 (1998-04),“Selection procedures
for the choice of radio transmission technologies of the UMTS’(UMTS 30.03 v3.2.0).

25 A single fixed power DSCH is used and is time-shared among the qualified users in a
cell. Also, areference case is simulated with closed-loop power control but without
AMC and multi-code scheduling. The available DSCH bit rates for the reference case
is designed to match the same bit rates as in one of the test cases with a maximum of
10 multi-codes. In all cases, the mobile speed is 3 km/hr, and the Hybrid ARQ type I

30  with soft combining is used. Also, only a single tap channel is assumed.

Fig. 2 shows the average DSCH network bit rate (kbps/cel/MHz) as a
function of the maximum number of code channels per user. The results show that it
is possible to provide a multi-fold improvement on the throughput using the algorithm

of the present invention. Fig. 3 shows the average DSCH bit rate per connection as a
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t he execution of the flowhart of Fig. 1 is conpleted, and an end or return
is made in step 42, and thus this is one way for the optim zation of this
i nventi orwD®3®m@81 5 Anot her way to carry out this kind of PCIrnRozagt at i on
is to use |look-up tables. In this case Eb/No or corresponding value is

nmeasured and.na d direc and nunber of .cqde. channels. A
o e o R B e R el B PHE chaiigh e s by it it e | b
above. ThegpdiRak clipt-FARBpAABmBSE: JFRYE ogs)er&ézpés,coiﬂpraﬁéd t¥ithdsin 19\66‘@3 MCS, the
al | oned nunber of codes |s listed. Then, with the next only 10 those

al | oned nosgeFip# sbode amagmmf@ﬁelab’lpst euhnetizm gsraonedienofihgher bit rate

than the_maxi mum bi t revio nunber of
codes. Th&#EAHH W@S’é‘?ﬂﬁ@ge% %gp F Byt E‘b@%? tﬁ&a%%?r&éa’?lma can better
utilize thetheAsRpee thuhel%%eménmsIomaleafan%igsﬁumnw@mé idhvigege channel s

for each MCS. It also allows etter@%ranul arity if conpared to only using
t he maxi miasketsnderdogtmendwsr (e ia Biteligopapnd thuspiogiagsttbe ysse queuiirs her

opt i m zat Lo 894 i PRBRRAER GRlY e P inert e TP w0 R R0, 07

t ar get ed, s@leqdhdchgnd eant gni AERSIGIEUCE YR Gvietdll traﬁ@ferdlle&ws)mdo loweror e det ai |
bel ow, the MCSs tested by the algorithmcan be varied anpng different

pOSSi bI e Wesdalfjof thesdplay b sinsls C(’iie gase. By aermaripRy. dis Ak l]et'WQﬂN 20
val ueg §Rg§t to rER5ERe Os tlé‘ﬁnl?%éﬁ\@crslf) 1§ XEQIIM}@}‘L% ed 3@y Peen done to

eval uat e or rance of resent nventl on he sinulations are
done bas eﬁbpmbeﬂlﬁﬁHzmﬁhml();cc&h&eatoamﬁn weidh itie hfr&les TaR thObweiord&:. 2. 0

(1998-04),"Sel ecti proced s, for the choice of radio {ransn ssion
{echnol oy M B PRIV RSSTERIRS G Dtbmmaa T5sSarathgte) 1 THate Joner DSCH
is used a%@%n&kﬂ@pr@ﬁ@%@%ﬁ%ﬂ&e §cB€dLﬂH1%|sbﬁér§91nki§r6{’re°s th@p&creel | . Also, a
reference case is sinulated with closed-1oop power control but w thout AMC

and mul t i coutetiertheeighpwiger Tbar up\fednh &40 kbdBGEr Geferanat ease) wr2.6the ref erence
i i t t th t est
wth & ol ERAre e, [t SEpRE By b pf A Eader s isRiest dfimia " 450"

knmi hr, ang4@mswmommg\RQ type I 30 with soft conbining is used. Al so,

only a single ta&nﬁhannel is assuned. Fig. 2 shows the average DSCH network
bit rate (kbpsRe mm‘yt@ElgaS ﬁwﬂébemnéhattah@ems@rfmﬁw eof code

11 of BV BugranthibSits BT hRibolr ot BB Rl o1 Che”

present i oh@imtisad physigl cRanmbRWS tHelienaméteagad HSEMeBh in thatrecep@f. Thignect i on as

a 16
20  figure was taken from the text“WCDMA for UMTS by H. Holma et al at Fig. 6.1.

thereof, John Wiley & Sons, Ltd., revised and updated Spring 2001 and has been

modified slightly to illustrate one way to carry out the signaling aspect of the present
invention. It should be appreciated that a UE can have simultaneously one or several
transport channels in the downlink, as well as one or more transport channels in the
25  uplink. Fig. 5 shows only one link, either uplink or downlink, i.e., all transport
channels are defined as unidirectional and are in parallel. It should also be
appreciated that the UE can fulfill the role of either a transmitter or of a receiver of
the MCS information selected according to the present invention. In other words, the
UE can be designated to fulfill the role of carrying out the algorithm of Fig. 1 or its
30  equivalent and signaling as a transmitter the results to a Node B acting as a receiver
(feed back direction). If the algorithm is carried out in the RNC or Node B, then the
Node B will act as transmitter and the UE as receiver (feed forward) direction.
A transport block is the basic unit exchanged between the physical layer and
layer 2 (MAC). A transport block typically corresponds to an RLC PDU or
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WO 03/ 001681 PCT/1B02/ 02407 function of the maxi num nunber of code

channel s per user. As shown in the figure, about an eight-fold inprovenent
can be obweroseaicds conpared to the single code case. Fig. PEATAB@AR4@VEr age
transfer delay per connection as a function of the maxi mnum nunber of code
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appreci at ehbrtehélSDBﬁT[DEamﬂapos‘leyawnaﬂh@Tﬂ‘bhxe tobe badelden aa cdvalaaison 6fft er or of

of the i nfornation se rdin th resent
vent | on e RPaFHEYPRFHIEICS fRey: deovt 256 e g B Tr iRl | “the rof e of
carrying @{SDPJZ\E‘pa%ioQQ éxﬁiﬁrﬁ{r) M- TH l%gth {SHSPPAGKE i()f’éfé‘r”is o it

g]g I%nal ing as
a transmtter the'results to'a Node B acting as a receliver (feed back
directi on)iatelhfsrepﬁg JdlglsiZtmm i s carried out in the RNC or Node B, then the

yiogg CE’? Wil ackcggrd}nrg o%ﬁg tea&ungs%ereo ¥ ’HEI P%1565§ Folovs E)rt(m ﬁledsefls%rt 9 )
is very difficult to fit uplink or downlink related HSDPA signaling for each TTL. In
the uplink, already ack/nack will reserve 1 slot, since there has to be proper coding for
it. And in downlink, it will also mean more overhead, if downlink control signaling
would have to be repeated in each slot. Especially it is desired to optimize the timing
25  of certain parameters in downlink, as taught herein, it would be more difficult with a
TTE=1 slot case. Thus, according to the present invention, the TTI should be 3 slots,
where both uplink and downlink signaling can be fit quite nicely, while also
optimizing the timing of certain DL parameters so that UE complexity is minimized.
It should be understood that another size or sizes could be standardized, such
30 asthe 1 slot or 5 slots that have been suggested as well as conceivably even 10 ms. In
any event, the MAC delivers one transport block set to the physical layer every TTI
offered according to a Transport Format. The Transport Format is defined as a format

offered by the physical layer to MAC (and vice versa) for the delivery of a transport
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A transport block is the basic unit exchanged between the physical |ayer
and layer 2 (MAC). A transport block typically corresponds to an RLC PDU
or 17 WO WB/60u881L PCT/ | B02/ 02407 correspondi ng unit. CREcrgBexed f or
each transport bl ock by the physical layer. A transport block set (TBS) is
shown for 3 : t I i .g. 5,
conpri si nBR{H\/{\ES%drug{ri]%Bdggém@%g%gh?%}n%gg%lr?ﬁlgzgltmgg&qg@@gfeahceﬁ%ﬂﬁ%ggh bet ween

t he physi Fatmitapastitates tid\artt-at dpnaaiopattiang one sémindtaticspanlg t he sane

transport 5 chapnel .. The tt port plock. size js defined_as the nunber of
transport Dbi ts_%'rlﬁﬁ SEVIqer Hf?é’&%gtsbyﬁ#%eﬁy%%ﬁlqygr @Piﬁgﬁ&rﬂsk%F oS thabatgi ven
TBS. The FBm& t%‘?ndlﬁdéjtglfe gfﬂ&%éﬁéntiéﬂéﬁ d éﬁaﬁras%u?izsgsgrgg-gtfac L @BRAOERD! OCK

set. As shown in Fig. TS 25.302 v3.3.0 (. , @ transm ssion
time ift edysdmicPart)ndlsdeddfanpmut bleck biee,itraneportsat sivabnd {ramsmigsiont timaspor t

bl ock set i | to the periadici which.a TBS i ferred
by 10"t nettpRaLopEr S it B aBuR It BPS: e BathiE 630 Baps ™ 11 pi
of the m ﬂb.mzbt)@@n} 8aHcdBePAREdsAovidedby thePHBical N el eAgtButed oRe radi 0
franme. It should be noted that the HSDPA docunent 3GPP TR 25.950 v4.0.0

(2001- 03) semi-gthtappast a: Jrapsmission dims integyb Onendatprs dforHIPPLoptPnakiedtheer t han

one radio frane 0 L n Lt there. are pr.onosals for variable
. She AR obr b T abr @ e D IR, & RSB AcRerblo Bl 1) e
set {T6i otnd siz¥ of SRC. tFor motulgioAtand Soding $orhaged chivheietiRGhodatdh such a
shorter HSDPA TTl and possibly a variable TTl are to be based on an

eval uat i ofchsme afiilee prorast is dixep £RP 8K rand e cadingypchams iseRIi-8AHC. BE conpl exity
3 T exibi Li. ;o _ . "
ref or *as Lspibiled OV, RRYLORRC O AR Bisyfior, dE el AN B 1Y, BIFA TE

t eachi ngs pbeeelei gl dvedidiHhve tobe signdled) saleoFPSKnistphesesroddatidiat it is very

difficult to fit uplink or .downlink related HSDPA signaling for each TTI.
In the uplinkAaPaEey thesiznalog W?qw%@@@mﬁénﬁmg?rw?n dibcdntespE has to be

Pr open s CoGhitheliPtion!chdes 18 Fatiél &lgméﬂ Wt el M| ds 3t 88 MBS AniIRERIOVEr head, i1 f
downl ink control signaling would have to be repeated i n each slot.

Especi al | ppiimizagionl especieef thopwptrit mivestiomdhisifadt ag w28 asthegemteailavepefitheet ers in
downl i nk, as taught herei it ul.d more di £ficul | TTlI =1 sl ot
case. | ThugSTesraneh pecess Pkl Beie VR BRETeh o T LRAa be 3 stots,
wher e bot hddRiakivk setitsh A PRunDie B BXtahp1D ehat e Deorfihh AW @ B sy outthi | €

al so optim zi certain DL paraneters so that UE conplexity

] ng the tim n% 0 S
is mnim Zethe RI?C ohdedd Bhe Thergtretibopowerdevel souldde sidnatedde theilZes coul d be
st and%di

%&He}r a3 lé{céte]parate parameter or defined as part of a Transport Format Combination
(TFC). Layer 1 multiplexes one or several Transport Channels, and for each Transport
Channel, there exists a list of transport formats (Transport Format Set) which are
applicable. Nevertheless, at a given point in time, not all combinations may be
submitted to layer 1 but only a subset, the Transport Format Combination. This is
25  defined as an authorized combination of the combination of currently valid Transport
Formats that can be submitted simultaneously to layer 1 for transmission on a Coded
Composite Transport Channel of a UE, i.e., containing one Transport Format from
each Transport Channel. The reverse would be true if the algorithm of Fig. 1 or
equivalent were carried out in the UE.
30 Assuming a fixed spreading factor of, for example, SF=16, multiple codes
such as ten codes out of the sixteen available can be used for HSDPA use on a Node
B. These codes can be communicated to the UE using the Transport Format
Combination Indicator (TFCI) of Fig. 5, for example. It will therefore be appreciated
that the TFCI of Fig. 5 can be adapted to convey information related to the
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30 as the 1 slot or 5 slots that have been suggested as well as conceivably
even 10 ns. In any event, the MAC delivers one transport block set to the
physi cal wayawowsery TTl offered according to a Transpor PCEaBoRaR2407The
Transport Format is defined as a format off.ered by the physical |ayer to
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nmodul ation. According to the signaling aspect of the present invention, if

t he nunbeonefransgort Remmed [fopnedchn rawspes Ghenyelr iAclganspejé forarat gprabingtien MCS as
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fact as annel’s nee 0 be known by

the UE, edpfegemlpoysibititiesroff Block sxea|an@bMckoilizatavaitabicfoe sish dhamsadm ng f or
exanple that the algorithmof Fig. 1 is carried out in the RNC or Node B).
Ther ef or e (d¥maBIGPRFBralong with sepi-Hatie Tl $pmcading dynermad sfatic sge gjaidhérg as a
separate IR i BPSPOS et nmbi nati on
(TFC) %Lagglia 1 nﬁfotr%%?lfe!%égr@%g?%gpigéeé%%tglﬁ‘lz;%nspor’t'b@aﬁr(\)@)'s,g@and for each
Tr anspor t me@tiamstieh,Chapter .1ekl afithe forbgang tbhiica speufitations thiatess § dnespor t

Format Set) which are | i cabl e.. Nevert.hel , at a dgi int in tine,
ot al | oo FBEPoRET RO EBEot & bt ek pbieAi and e BRI G Bibset |t he

Transpor t el iBfscFATBideRtd Bformthb SecViPsifEbS 18 Quﬁéﬁ@ﬂva@iﬁtﬁ%éeéﬁd
conbi nation of the conbination of currently valid Transport ormats that

can be suffeimatdcbnshinatianamedbeicy how tb dyendelddnaultiplemmsdilelsieotheorceavedoded

Corrposjlote Tr ans, ort Cha ng!msof cont ai ni ng one Transport For mat

from data on'the appropriate port%heltJn%elsi. €
The Transport Format Indicator (TFI) is allabel for a specific transport format
within a transport format set, as defined in Chapters 7.1.6 and 7.1.7, respectively, of
3G TS 25.302 v3.3.0 (2000-01). It is used in the inter-layer communication between
MAC and L1 each time a transport block set, as defined in Chapter 7.1.2 of 3G TS
25  25.302, is exchanged between the two layers on a transport channel. MAC decides
which transport format to use from among the choices in the TFS. When DSCH is
associated with a DCH, the TFI of the DSCH also indicates the physical channel (i.e.,
the channelization code) of the DSCH that has to be listened to by the UE.
MAC indicates the TFI to layer 1 at each delivery of transport block sets on
30  each transport channel. Layer 1 then builds the TFCI from the TFIs of all parallel
transport channels of the UE, processes the transport blocks appropriately and
appends the TFCI to the physical control signaling. Through the detection of the
TFCI, the receiving side is able to identify the transport format combination. From

the assigned transport format combinations, the receiving side has all the information
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each Transport Channel. The reverse would be true if the algorithmof Fig.
1 or equivalent were carried out in the UEL 30 Assum ng a fixed spreadi ng
fact or ofwofienowganpl e, SF=16, nultiple codes such as temCrasexoeut of the
si xteen avail abl e can be used for HSDPA use on a Node B. These codes can

be comuni t fblll%h' t ; #Iﬁf@ gp(g;ﬂ' | ndi cat or
(TFCl) of Hté}?e%@éjtgd%%; %%e[ggglrrp eﬁﬁ)fltaggwtﬁ-gﬁ t 12?% or egggﬁeaag r C|a%ftg%88?ljrt1at t he
TFCl of Fichannbiscan be adapted to convey information related to the 19 WO
03/001681 PCT/ | B02/.024 i nventjon aforwell as
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not all carbivealidnamra so BRI Rekowaibyt the WE Rrlapp@pridte phitesPiy decarditbeet cal | ed

the Transport Format Conbination (TFC). This is defined as an authorized
conbi nat i & wEsenhimvea. ndwerdore, Bk 1dlogiig. p-shavlddepodersipod @s Bor mat s t hat

can be subm Faul t.ane ly t.0 | o transm.ssi on a Coded
Conposi te%%%@%b‘?ﬁtﬁuﬁﬁéﬁﬂaé’?g%@&g t%@?g?/e.%’rem%oétorﬁ{%ll%l lr?g‘”%“% n?? ansport For mat
f rom eachpfgsamispamtioghannel . A transport format conbination (TFC) of a UE
m ght, for exanple, have three dedi cated channels defined with different

possi bi lities &Pongdeae e feeseing hytRe gpreastsd thahihginosst velgandsch channel
q ! . a . e ; . ot ot ;
i o ng TEnskd EARG il SATIRELES of e Sl opfig01 MR GN LR LC T 51 €

(2000- 01) nudber ofehitsito tedldhe po€hlpt@ (or/thd paieofevelivan be fizgdiand theadhni cal

speci fi catigp, her e fg a ane-to- one correspondence between a certain
val ue of ff Fsighged stk ain TFC. The TFCl is used in order to inform

the rggei ving ideieafis idicraue E?B%Jyrevaliﬁt@ ton L PRhat doRiIRoEOTR! RAL 1 on,
and hence how to decode, denultiplex and deli'ver the received 20 data on

t he appr oprstance, areadhadsbtionat W(CSrewhich Thigailrlessspdestandoseators patvaateor (TFl) is
ol 0 RSB 1 LARRROLL 01 MRl ;AN B U IRPURH G SURE °Ct 75
(2000- 01) codd chafind1$€/) Fdint A6 trandpRit-fbANAcofMIIMOA 6Ad TPCI BE’TF@P@Fe MAC and LI
each time a transport block set, as defined in Chapter 7.1.2 of 3G TS
signaling is used to indicate the format to be used. The transport format would then
20  include the power level. Another possibility is to extend the MCS to include also the
number of code channels and/or power level to be used.
Another important consideration is the processing time available in the UE.
We have previously publicly proposed processing time requirements as per Table 1
below. The proposal for processing time requirement for the UE was derived as a
25  combined optimization of buffer sizes and processing times. The proposal was based
on the assumption of the timing shown in Fig. 6 and the following assumptions:
e N=6 and TTI=3 slots.
e Associated DPCH would contain one time slot which we call pointer. Tpointer = 1
slot. This is containing;:
30 e UEid
e MCS
e starting point in the code tree.
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25 25.302, is exchanged between the two | ayers on a transport channel. MAC
decides which transport format to use from anong the choices in the TFS
When DSCHvD93/0eis8Dci ated with a DCH, the TFI of the DSCH @CsaBixmu@at es t he
physi cal channel (i.e., the channelization code) of the DSCH that has to
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the TFCl froaontdiengd:Fls of all parallel transport channels of the UE
processes the transport bl ocks appropriately and appends the TFCl to the
physi cal QormdREIPa&IRGHESI ng. Through the detection of the TFCl, the
receiving,si Béw&%h@:?%mhg ntify the transport format conbination. From
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mechani sm_f m:ggpgg{in 1ifgq(omthe transmtting side to the receiving side
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(rmodul ation and codi ng schene) in AMC (adaptive nodul ati on and codi ng),
the power | evel of the code channels can also be signaled so as to be

known by r r iate progcessing .accordin 0 e present

i nvent i on&haﬁkelf e@gf’%&wﬂﬁ% %} ?ngiﬁﬁl.es Ea oodﬂclg_g’é’ogﬁ%g}giogbd as an
illustration of the prior art adapted to convey the optim zation

i nf or mat | @arahetehe 103 goeTdW; N+=6vent i on.| Consi dering the foregoing, it wll
be appreL'aLedALhat t he power |evel canbe signaled explicitly with each
packet , élﬁm& on thel shanesd2damfitol channel, using a given nunber of bits

to tell the power level (or the power |lgvel can be fixed, and then it need
not be sidred ed at al233nk5 The idea is|to include a power level into

transport_formt c ination i e _ for | instance, create additional MCSs

whi chl@ontain | ess codes and use nore power per code channel. There can be
redefi ne . L.eyel s _whic t her W .(;and .cade channel info)
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20 include the power level. Another possibility iis to extend the MCS to

i ncl ude afhabneads to bemigspssed. Awaedinglxmverecoanardationisdhatthy PL channgd ysed.

structure should be designed so that at least Tuep=>5ms will be available for UE

15  processing time, otherwise it needs to be reconsidered what would be an alternative
proposal for N, TTI pair.

Of course we could increase N=6 to N=7, but it would then also mean that
required buffer size for the UE would be increased (for the highest class UE
supporting 10Mbit/s), which is not very desirable. Thus, we propose the requirement

20  be that Tuep=>5 ms be available for UE processing time. This means that the
maximum time over which the DL channel structure is spread over is TDL control= 6
slots, taking already into account that the UEs have unsynchronised timing, spread
over 1 slot, in associated DPCH. TDL_control= 6 slots has been the value used in our
earlier DL structure proposal, and that is to what we target also in our new alternative

25  proposal.

Further considerations pertaining to the use a TFCI type mapping philosophy
for transport format parameters follow. It has been previously pointed out by others

that certain parameters that could be seen as parameters that define the transport
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Anot her inportant consideration is the processing tine available in the UE.
We have previously publicly proposed processing tine requirenents as per
Tabl e 1 Wweloemo168he proposal for processing tine requirenmea/iBaro2tétte UE was
derived as a 25 conbi ned optin zation of buffer sizes and processing tines.
The pr 00§ty VBeHBIREASCHN bl AtSHIRLIOR Glnshiited Bk ghawn in Fig. 6 and
the foll ow ng assunptions: and TTIl = slots. “Associated DPCH woul d
contain operatnetm:s &1e011a1mlfyt ch We caII poi nter Tpointer =1 slot. This is

containin g]} ge starting point in the code tree. 21 WO

03/ 001681 P eé@ igExee MIOEMAHeY control channel is assumed to be sent in
paral | el Té chngcont aining: ARQ paraneters Nunber of code
channel s 5 contro ci This is the tine that UE will need for

decodi ng bhelisaﬁmtcedeschamﬁatpomrm&ibﬂmfamkamh sl ot in upI ink. Table 1. UE
and Node B proce55| ng. times based on N=6,  pointer Par aneter 3 sl ot

TTI, N=6 TUEP Fhpeamg kpd @xdeﬂcPul&ﬂNBpe@ ags %@nqéfchrF%%%ele@Sq%afhaﬁ he
required E’f&&ﬁ‘%&b@q_cfehﬁ?ﬁ hBimbe E&tﬂgﬁdéfﬁhg% all BEYEmEYJlERGLR9 the UE
ta at the highe

conpl exity, I'ng into account t data rate€ is around 10
Miits/s theatt is@essblegolnetipeotakdiad moie ednek fogkye, c@lermulapmmgndat ion is

that the channel __structur uld _be designed s t Tuep=5ns
will be a%\fPP%Pé‘ aPérleS@Eaﬁ‘S A@ES S‘ff}l?fgnesd%lﬂ@r‘(ﬂﬁ?é oM ﬁgé eés be

r econgj dergeediR bod oMb Biph&i e\,@Iternatlve proposal for N, TTI pair. O
course we could increaseé N=6to N=7, but it would then al so nean that

requi red buffefdf winreeo fthesetTRepAgEnviows| werb eeritnepasaiskyde.gf lpaforelibe HSPECSH cl ass
UE TTI in associated DCH and some of them in parallel to HS-DSCH TTI in a shared

control channel, then a certain amount of flexibility in playing around with these

parameter values would be wasted. This is an important point, and it is recommended
15  that one requirement for the HSDPA DL structure would be that it should support the

TFCI concept in such way, that sufficient flexibility for TF parameters is maintained.

Preferably, this would be accomplished by sending most of these parameters in the

same bunch. On the other hand, e.g., ARQ related parameters are not such kind of

parameters that need to be combined with TF parameters, so those can, if desired, be
20  sent so that they are not sent in the same bunch with the TF parameters.

We have already publicly raised the issue that certain parameters should be
sent before the corresponding HS-DSCH TTI. HSDPA terminals will anyway require
very fast processing, which we see as the major complexity issue for the UE. Thus the
specification should be defined so that the complexity is minimized for the UE

25  wherever possible. There seems to be consensus that the UE id should be sent
beforehand, so that at least continuous processing of HS-DSCH can be avoided.

In addition to that, our proposal is that the TF parameters mentioned above,
1e.,

o Code multiplexing information
30 e Modulation and coding
e HS-DSCH code channel power related information
should be sent beforehand. One benefit of this is that the UE can do the demodulation

on the fly and consequently having UE buffers in more than one place can be avoided.
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supporting | Owit/s), which is not very desirable. Thus, we propose the
requi rement 20 be that Tuep=5 ns be avail able for UE processing tine. This
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par anet ers that need to be conbined with TF paraneters, so those can, if

desired, bmealtdenreendhashatrapieteys andsHRDSCEERT], ifor Etlllcpwnwhmelﬁamﬁcho@mgh the TF
par amet er W have already publicly raised the issue that certain

par amet er SCEHRAPHCE-

Two alternative HSDPA DL structures will now be presented. First, an earlier
proposal of ours is shown in Fig. 7, based on which we have derived the processing
20 time requirements for the UE described above. This earlier proposal of ours fulfils the

following requirements listed abve:
1) TTI length=3 slots

2) Results in Tuep=>5ms, meaning that TDL,_control, which is the maximum time

over which the DL channel structure is spread over, is 6 slots.

25  3) Those TF parameters which allow the demodulation on the fly (MCS, starting
point of the code tree) are all sent before the corresponding HSDSCH TTI. There
is 1 slot time to process that information before HSDSCH TTT reception starts.

The requirement that it does not completely fulfill is the following:
30
4) Full flexibility for TFCI type of mapping is not ensured for TF parameters. The

reason for this is that the number of code channels is sent separately from MCS.
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sent before the corresponding HS-DSCH TTlI. HSDPA term nals w |l anyway
require very fast processing, which we see as the nmjor conplexity issue
for the UEOOI0us8t he specification should be defined so PhatiBee407
conplexity is minimzed for the UE 25 wherever possible. There seens to be

consensus t halwd e ihlifs ?tgul_%@% gﬂ Cllg-i| irggos'?,ﬁﬁ'é to R4 chijxﬁbmwoﬁé’ chkis 3 meeast o

conti nuous processing o n be avoided. In addition to that, our
proposal i s stmatbuhtiewith M@s aamtedhee nemiticooegh rabovie DPCH evithin Goedsdot

mul tiplexing.information 30 Mdulation and coding HS-DSCH code channel
power rel at étfi5 Y tion should be sent beforehand. One benefit of this is
that the UE can do the denodul ation on the fly and consequently havi ng UE
buffers in nore than one place can be avoided. 23 WD 03/001681

PCT/ | BD2/ 624Ger drambsclouf thisstruetvre, isdhatotiisipaencased thahesle chewsll powier be avoi ded,

since the, UE .does .no have t it for the end.of the SCH. TTl, in order
Co get ¢ hiETPH Bpnaiero Sbbhe TRIRE BT Pute bR RIS should be
not ed t hatndulghtrbém @€ hRdtibRE TPTH Mithiteond 41yt tinse piodaestiidkiad of he buffer

sizes at the nodul ati on synbol |evel could al so be gglte 5 large, since the

nunber of pPpmsteadar g ol weihaeg besa spwing il 400 QP ead 8PSKH&e nodul at i on
synbol |e t bt ] i . r. r... .he ot her
enet it 1 oSO ctahndtaf he Vil U0 1 Beid RERDUIBREHREAR o i

opti migat Upn of the UE processing tine. If the UE can start doing the
denodul ation on the fl t he procegsipﬁ tine available for the UE before

sendi ng the ackhgasropé aﬁ@“ﬁb‘ﬁﬂ@&@ﬁ cAeDiltSt‘a‘ﬁB%e wder ﬁ&\ﬁéﬁtﬁémf! rst wait
for the e%gﬂ{ri#ﬁ‘ig.e% i icfilés%flf?%ffi]s'tﬂat? h%feﬁrc%ntrgl%h?ﬂl%ﬂgseseﬂmltﬁél on. Since

t he propose ots, the saving o processing tinme at
t hi s ti mecacapendisg EISEWUAH) TUErand dies (TiFagtakanctdh asd FHARQ gerantetero@iei m ze t he

UE processing tinme, qur_proposal is_that one requirement for DL structure
s Ehat . oepdedapanei Pl ehes Sou ruBRa D Reree S o FisgBindi ng
HSDSCirk TThy 1 18eferesyg mean that there should be at |east one time slot
bet ween these paraneters and HSDSCH TTl, for allowing tinme for decoding

t hese par ers.. Two alternative HSDPA.DL structures |l .now be
pr esent ed0) RTFERS inge sng TR Spisgs GURFF TSP SReRER Ty §oML based on
whi ch we havgnigiefd e thakhuh tideSRt Allich the DL channel structure is spread over, is

still 6 slots.

3) Full flexibility for TFCI type of mapping is ensured for TF parameters, meaning
20 that all three parameters: code multiplexing information, MCS and code channel

power are sent in the same bunch

4) All TF parameters are sent before the corresponding HSDSCH TT], to allow UE
to do the demodulation on the fly. There is 1 slot time to process that information
before HSDSCH TTI reception starts.

25  The new implication from this new structure is that UE has to receive an SHCCH or
several SHCCHs all the time. In case there is code multiplexing of several UEs, there
should anyway be a limitation of e.g. that only max K UEs can be code multiplexed to
the same TTI. K could be e.g. 2-4. The value of K defines how many SHCCHs the
network would send in parallel. It needs, however, further consideration as to whether

30 it would be acceptable for all UEs to receive 4 SHCCHs all the time, since this will
increase the number of multicodes that the UE has to receive. One compromise could

be to have some kind of predefined mapping of UEs to SHCCHs, and define e.g. that
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20 time requirenents for the UE described above. This earlier proposal of
ours fulfils the following requirenents |isted abve: 1) TTlI |ength=3 slots
2) Resul twoion/oTisep=5ns, neani ng that TDL control, which i CrhBox&Eté7TUM ti e
over which the DL channel structure is spread over, is 6 slots. 25 3) Those
TF par ane | g point
of the coggérft%ﬂé\i{e%)&é}rlgbg%gent @g%@?%%ﬁé%%%%é%gﬁ%%oé%ﬁ ‘PTU@ There
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i s sent s&SRRA Bllystfuctre MoB1d fukdll mwymmnmmebmammmo oplimezeer , in

t hi t t t. t unb de. ch el n the
salmfz Eﬁ%g&%rgﬁsﬂﬁg%ln@nﬁéﬁﬁlﬁg@e@ﬁn&ﬁ 6615{%01%%’6‘#?1{1515[59%@&9\? ?Sur?hﬁ‘ one sl ot
tine periQfd &sﬁﬂ&hf&ha@h?m ARiB18h TFEU kbt poSsiblBafeltavé S Proposed

that code channel power evel is not signaled on a per TTl basis. The
reason fopreserited pgrimgal sarkidipronosels whes mest of hediigperamoters ave agd ovi at ed DPCH

within one sl.o f or thi ter. er hand
ne. have basReSlegtPEIREL:? asgf@%ﬁalgé%@%g&ﬁh@ﬁr SHEhEL woRphdfothils
channel cat@udwe\i@ﬂiaeﬂ spiets tﬂ'erode@ﬁﬂﬁ Mmgwbnmmrlﬁwa pehatwiich whe 10 UE
The second al ternative ﬁgcﬁosed HS structure is for the first tine

shown 19 n Hug nogsuppre they @rnéeptgntthﬁamomf@xshﬁww Bermthes| drembask i it s sent
before the th&QEéﬁﬁPﬂggdgﬁgf@%Q@%fraH&ﬂ? ?1ﬁft}&[&at113'ﬁ 18%@45@@&?(1 E@

paranmeters are cod new structure four
requi r emensiag thﬁfsﬂnlitﬁﬁte&bﬂ)lﬁnewl;ﬁoﬁdsal’[ﬂe preput ho-sendll alit BF ﬁe)rallﬁe&td 1h31 in the

same Tuep=5ms_as o ear r oposal ani at TDL troI which is
Che. maxi maTEd SRITEY gha 1@#%@%1699“&%% I?%f&:HJ%Té %15% &arethel | i s
still 6 skot I f redfor
I par st ey Bost Bt Lrt Soopl cab b bk, EE%%? R B B B 0

i nf or nait i bapptiSzednla thmdtru@thmnhe&lvever it still needs further discussion how many

shared control channels the UE would have to receive all the time.

The following further considerations relate to multiplexing and channel coding
issues for HSDPA. Some open issues are revisited and some proposals are made.
Regarding multiplexing of transport channels, the first consideration is the number of

20 transport channels. Different logical channels can be multiplexed at MAC-d into one
transport channel, meaning that even a single HS-DSCH transport channel can
support several logical channels. However, if different logical channels have very
different requirements, e.g., for QoS, then several transport channels for one UE may
be needed. This would, e.g., allow higher priority channels to be scheduled first.

25  The current working assumption is that only one transport channel in one TTI would
be supported on HS-DSCH. However, it could be possible to have several transport
channels time multiplexed into different TTIs. This would have some implications:

o different transport channels should have separate HARQ processes (the ARQ

processes could have different parameters, e.g., max number of transmissions)

30 e different HARQ processes should be numbered or otherwise separable

(synchronous HARQ and asynchronous HARQ with explicit process numbers
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power are sent in the same bunch 4) Al TF paraneters are sent before the
correspondi ng HSDSCH TTl, to allow UE to do the denodul ation on the fly.
There i s WOIBO0168i me to process that information before HEDIBHL/ODIG7
reception starts. 25 The new inplication fromthis new structure is that UE
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wher e st .of th F r ters e .sent on , associ at ed before the

cor r o&Poncing el AN B et 5 Tlh aBReos R ARG S SErGReEER o that i
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of it iscerdbepnssildeisdefineraenmablsRled®d e nign i UMaheecepsarvridgt i on in the
associ ate I | . | opose to
sond a1 TEUs P bR Ral Pl Rlohs TR s PR alEMARE ARTRGAe ol

cor r espongtiongl #HBSEHbUgH to idditste Wel thangpstife@miatipding tided. ThStradidpexibbick TFCl

o o8 ooale e B et bt ob et S Eoem SRR OROR oot on
how nmany i l.¢t he
time The o Bl Mid RledahPE Qe U8, Hier il Ao SRNAVES e MiroL
channel codicnghannals orly chengekiBioRAmis wE trapsportitdenle perf El arehths irtepoeind sone
made. . Regardi | ti fotr ort. chapnnels, the

proposal s Eﬁ{ﬂg sizeneed not Cgﬁ%gen g‘he&\({%'ses)é@ should be sefeciad such thafthe most

first con
robust MCS contains a single transport block and all other MCS's an integer number

20  of'transport blocks. Examples are given below.

A third consideration pertaining to multiplexing of transport channels, the
number of transport blocks transmitted per TTI, depends on the selected MCS as well
as the number of code channels. See the tables below. Based on the selected MCS and
the number of codes, MAC-hs will send a known number of transport blocks to the

25  physical layer. Therefore, normally the number of transport blocks need not be
signaled separately. However, at the end of a packet call/session there can be an
arbitrary number of MAC-PDUs to be transmitted.

If there is a single MAC-PDU to be transmitted, then the most robust MCS
and the minimum number of codes should be used, even if the channel conditions

30  would allow the use of less robust MCS. This simply implies that the block will go
through with higher probability.

If there are many MAC-PDUs to be transmitted such that no combination of

MCS and number of codes has that number of transport blocks, there are several
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20 transport channels. Different |ogical channels can be multipl exed at
MAC-d into one transport channel, neaning that even a single HS-DSCH

t ranspor twolvameeBl can support several |ogical channels. FoEaBex(2467
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bl ock sizes). This inplies that the MAC-PDU and the RLC-PDU al so have to
have sem - stat] j 0 oo ' his is true
al ready in a%g%gﬁft&é}sgﬁgg%%?sz%f(#(%lnxad?[g%%gge, &ﬁg@é@aﬁ@%ﬁ%%&e S'ed node

(UM can havihysicublay@bheuliRtreatRbld as 8dockk tind dRWId (bks ipaksidotigidgendef i ne a
vari able RLC-PDU size for, UMif necessary. This _would, however, require
addi ti onal TSheuldsemere thedugray hlosberhinouldgwt ssquie exa Pusigdlayet be enough

to indicate Lhe k. RAkLes & ing used. The transport block 15 size
shoul d be seﬁtl%?:dt edgqﬁ'gseé gn&%ﬁgﬁeﬁgzt robust MCS and the m ni mum nunber of
code channel s al | ocated for a specific UE. Then_ changing the MCS and the
nunberS of codé@H&ﬁﬁ@’[@d‘?ﬁ?ﬂl@ﬂ@%&?@é%lmﬁ@l%%@f“@ﬁp?ﬁtﬁﬁ@ﬁéh bl ocks per

TTI and thgatd; é&%rcth mgélag Sh &S S aE0RBESF=14 SR bek ?@édset shoul d
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bl ock and fai standbtlératiMCehd thahmiuitipdeyevden bernsad for high data rates. It has been

suggested that, e.g., 10 codes could be reserved for HSDPA use on a Node B. Even if

there were 10 codes available on a given Node B for HSDPA, not all codes need to be
20  used for a given user within a TTI. There are several reasons not to transmit all the

codes to a user:

Code multiplexing of several ‘medium’ bit rate users within a TTI, e.g., 2 to 4 users

could be multiplexed.

e Transmit less codes with higher power to a user at bad conditions, say, at cell
25 edge. Here the total Node B power allocated for HSDPA is assumed to be divided
between the code channels thus giving higher power per code channel. This would
typically use QPSK with low rate code and therefore, code channel power needs

not be signalled.

e Using higher MCS with full number of codes may not be possible (quality target
30 not met), and lower MCS with full number of codes may significantly exceed the
target. In this case it might be good to use the higher MCS with less codes (and
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20 of transport bl ocks. Exanples are given below. A third consideration
pertaining to nmultiplexing of transport channels, the nunber of transport
bl ocks t rapggicoteed per TTI, depends on the sel ected MCS a®ChaBé2/02ae7 t he
nunber of code channels. See the tables below Based on the selected MCS
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relating to nultiplexing of. transport channels, regarding code channel
usage, a fh?@@@ﬁr@ﬂ?ﬁgtqB’@P@rrlalﬁrs-SF:w has been proposed for

standar di zat i of ;204 dr{k 28l tRh tnd ARESREr S5 bREk B Araich 4RL es- It has

been
code block segmentation as in previous releases will be used for HSDPA. The

maximum code block size for turbo coding is 5114.

20 Only turbo coding is supported on HS-DSCH. The existing rate 1/3 coding
and puncturing with the existing rate matching can be used to get other code rates
such as 3/4, 1/2, 3/8. Even rate 1/4 could be generated from rate 1/3 with repetition.
Alternatively, a new lower rate encoder can be specified.

The same rate matching algorithm as in previous releases should be used for

25  HSDPA. The rate matching in HSDPA is used for several purposes:

e Different code rates for different MCS’s can be generated with rate matching

(puncturing or repetition)

e Repetition (or less puncturing) can be used to fill the frame (to avoid DTX) like in
uplink. However, it is better to choose the transport block size such that no extra

30 filling is needed. This is possible as shown in the Annex A.

No extra signalling is needed for rate matching: MCS and the fixed transport block

size (configured at call setup) define the amount of rate matching. Note that rate
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suggested that, e.g., 10 codes could be reserved for HSDPA use on a Node B.
Even if there were 10 codes avail able on a given Node B for HSDPA, not all
codes neewotos/obws0 used for a given user within a TTl. TRergBey@4eever al
reasons not to transmit all the codes to a user: Code multiplexing of
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To summarize the foregoing consideration: (1) the number of transport
channels supported by HSDPA needs to be decided; (2) transport block size should be
20  semi-static and based on the most robust MCS; (3) MCS should be such that only one
transport block size is needed (to avoid RLC level resegmentation); (4) the number of
transport blocks should not be a separate parameter, i.e., MCS and number of code
channels should implicitly tell also the number of transport blocks (possibility to add
dummy blocks if needed at MAC-hs should be studied); (5) adding CRC to each
25  transport block should be reconsidered; and (6) rate matching should be used instead
of DTX to fill the TTL
Possible MCS sets based on a semi static transport block size are presented
below. Bits/TTI gives the number of information bits per TTI. It should be noted that
in the tables several alternatives are given for some data rates. This doesi’t mean that
30  all these alternatives are proposed. They are simply showing that there are several
ways of getting different data rates. In the end, an appropriate subset of these schemes

should be selected based on performance and implementation complexity.

Table 2 MCS set derived from QPSK 1/4, 5 codes
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code bl ock segnentation as in previous rel eases wl|

be used for

HSDPA. The

maxi mum code bl ock size for turbo coding is 5114. 20 Only turbo coding is

support edwon3B6BSCH. The existing rate 1/3 coding
existing rate natching can be used to get other code rates

and peQTBe2/02goMWi t h t he
such as 3/4,

1/ 2, 3/8.

C\JIII

ad - The-
e

@%m&ﬂﬂﬁ%ﬁﬁm&&@&@@wwuarwomrme.Uﬁwwﬁﬁmmwlu

Ay Al
JQIIB T A

on.
e

Alternati

vcry a—+he
hl adorithm

5 c‘!oaJ

¥ I(J.LC C'II\.:UUW cahi—o
1 N--_Pr D\II ous I"DI DQ“DQ Qh_l

e
ﬂJI

CU
sed for

’)RJ—IQ

mat chi ng
The rate
rates for

T%?vhlngl
different

#
MCS' s

N

fl%bﬂﬁ?“f’ Hl ysed

can be q

4" 5
bker

$ 8%%|
at 89 wi t

BELTL

2 nmat cf

tiofer
1Peg

1 6 blic ¢
pnct

el

A.
bde
ring

or repeti|

QRSKyrate IRe P

bt i ti o

n2@or | es

55 pung

1200 1 Nng

B0 usd

bdl to

fi 40tk

ne

frame (to

QR 1DT

211 ke

p. 210

upl i

nk.

$adoet t

el to

oS e

t he

transport

@Wﬁ@%ﬁﬁ'z

53 SUCH

4+ I~

fatr o

EXtTa

i72§Q ne

reted:

"'560@ 3

possi bl e
mat chi ng:

TR

T T 1NE
4 .
he fi x
L

Angex—A
trans

[N} o f
NU  TAT

hor-t
O+

b

'blso ;

S|

od-a

raandarr
IEUUCU

v&te

setup) de

6% trj_mth

hhunt

foorjﬂt e I

r%t chi i

S T, O

X

681

PCT/ 1 BO2/

DFRGT edht

ching i

1€8%ot n¢

baded { &0

aﬁte t

nelPer f

or mang

different transport channels

Cransm o4 06§ HSPPA Tk SL0GR,!

i 3 eede
strai ght f exsapid MSS wif TableD. QPSK: e.g.

i nterl eavi

one bit

presented in an earlier
mat ching repetition to fil
possi bl e since only one transport channel
rate matching i s not needed to bal ance the perfornmance of
different 10 transport channels of a CCIrCH Note that the power
even if the repetition is used. The inproved

t her ef or e,

shoul d not be changed

h d pﬁ?ﬁp‘al chann

renmoved into 16QAM constell ation.
DTX proposal .
the frame (cf uplink).
per TTI

performance due to repetition sinply

t herefore reduces the nunber of

is to use rate matching repetition (or
is better to choose the transport bl ock

i nstead of using DTX. However,
15 such that no extra filling is needed. As for physical
the bits can be mapped to different code

si ze
mappi ng,

it

|gher 0

fixe

T e
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BioR2e e

is
second

N is not as
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channels in the same way as in earlier standardization rel eases.

summari ze the foregoi ng consideration:

channel s woppooteed by HSDPA needs to be deci ded;
20 sem -static and based on the nost

shoul d be

r obust MCS;

To

(1) the nunber of transport
(2) traneponsodueck size
(3) MCS should

be such that only one transport block size is needed (to avoid RLC | evel

resegnent ati on);

(4) the nunber of

transport bl ocks should not be a

separ at e [Table3aV€sS, sei derived ¥oE @PSKnLidjcodet, inddéing8R8KNnel s shoul d

i rrp| i Ci t| j'_nl - aJ SO Lhn nunrhnr nLJ_r;qunnr_t JQI Q{;ﬁlzﬁSALnQSS|J3|ﬁ! 1_L¥ to & d
durmy bl oEH¥ET$: frangposicplogk sife 4R Hacledipg GRY) be st udi ed): (5) addi ng CRC tp each
25 trfanspbrt bl ock shp;u&odesbe recoh&todar ed; .and6(cﬁ3s rate mat&bhésng shoul| d be
used i nst egte—of —BFX o £t Bi‘t?/‘fTr it PRI T bk ?‘ts "2 fblks - 'Bi%ﬁﬁ"b
static transport bl ock SizZe|are present bel ow. Tl 0l veF e hunber
of information bits per TTI|I11t s1ou|d be not gd tha. in the tapl es several
al ternati Vegsskar.e 1@ veh; for meﬁaia rates. This doesnpgt fean thaby 30| al l
t hese aIt““a{“'T ar£—proepoes; .i‘.ey a*eg st-Aply—shpwi-ng—that—there—af e
sever al J\BSE< i Zzgtt %q dif ?1 ren data| Al es|®in t he*®8nd|® an aﬁ‘?ﬁ‘%pr ate
subset of | Qs etestthenes shpuldd bes sel ecissd bp&ed on43aer f prarances7and
i npl ement a§g prexity. Taghe 2-MCS ved 1.5 cpdes
30 WD 03/0 T grﬁ‘tgg@%| K}’012/09 b 6Jﬁ %?)mcp ér'r bl wjri‘@SnQi ?19nﬂﬁu
(i ncl udi ngBRERCpe®3codes 10 cbdes MS # ¥4 ks| Bits/TY60# CHde CO#&ODbl k # tr
bl ks Bi t s/ gpkk, Iiaftes/ade Code bl koo bl (ﬁ) Si z=4gbd) ks| &8 ze | 30K, | s;at e [dslp 1 1200 1
1200 2 24B9-12460 SK— HP—224 12400448001 4800 PSK— rate
3/4 3 360Q° %8&1& b00 2 BEEL  15Qam -’F%?Le 4 hg0® 1| #eoo 5"8%00] 2
4800 16QANKQAMatae SBY 4|5 72002420 3600 12 148400 314800| 7264 QANO r at 29680 4 >
10800 3 3PRGAIE #LA00] & 432[ads} OS] 1310 At om Chgnel 500t o
physi cal ghannel pt-at--on—f-or-two 0 MCS-of Table 2.
03/ 001681 @@aﬁM B@?ﬂoz 4%)7 4320 18 8640 27 12960 36 r17280
5  Table 4 MCS set derived from QPSK 3/8, 5 codes
SF=16, transport block size 1800 bits (including CRQC)
5 codes 10 codes
MCS # Rits/ | # Code # tr Bits/ | # Code
trblk | TTI code blk blks TTI code blk
] blks size blks size
QPSK, rate 1 1800 1 1800 2 3600 1 3600
3/8
QPSK, rate 2 3600 1 3600 4 7200 2 3600
3/4
8PSK, rate 2 3600 1 3600 4 7200 2 3600
1/2
8PSK, rate 3 5400 2 2700 6 10800 3 3600
3/4
160AM, rate 3 5400 |2 2700 |6 10800 |3 3600
9/16
16QAM, rate 4 7200 2 3600 8 14400 3 4800
3/4
64QAM, rate 6 10800 3 3600 12 21600 5 4320
3/4
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Table 3 MCS set derived from QPSK 1/4, 2 codes, including SPSK SF=16,

transport

bl ock size 480 bits (including CRC) 2 codes 4 codes 6 codes 8

codes MCSwvH osiotdeRs Bits/ TT # trbl ks Bits/ TT # trbl ks Bi t sSPTT/IBOY27KS

Bits/TT | | | | QPSK rate 1/4 1 480 2 960 3 1440 4 1920 QPSK, rate 1/2
2 960 4 1920 6 2880 8 3840 QPSK, rate 3/4 3 1440 6 2880 9 4320 12 5760
8PSK, rate 1/2 3 1440 6 2880 9 4320 12 5760 8PSK, rate 2/3 4 1920 8 3840
12 5760 1G:f68Q0MC8REKerhvall o QP5K214905 ddied800 15 7200 20 9600 16QAM rate
1/2 4 192 50 50AM e 5/ 8 40010480015 7200
20 9600 %FQ&RA AP 4P 565 8 1BBH99 FF520 64Q0AM rate|3/4 9
4320 18 8B40 27 12960] 36:047980 5 Tabl e 4 MCS ket cdéed ved from QPSK 3/B, 5
codes SF=ffystTansportybi ULFPC@ 1800t ﬂEEsY"‘“# S—etes 10
codes MCS| # Bits/ # Cpde # t E?L # Code t+%l K TT1 code bl k blks TTI
code blk |s blks sizel BIKE éT’%Te rabE 1 1888 1) T800 p°%b00| 43600 3/ 8
QPSK, ratp 2 3600 1 3p90 4 [7200 2 BB@O Bk SDSK, rate 2 B6OG 1|860 4 7200
2 3600 1}258PSK -tate3—54P02 27006 ORAO—B, 3600 s 3{A 6OAMT1ate—3 5400
2 2700 6 1 85% $5600] ~ 0/ 16| TA0AM Srate| % Y2002 2 360578 14400 3| 4500 |3/ 4

QPSK, rate 2 3200 1 3200 4 6400 2 3200

2/3

16QAM, rate 3 4800 1 4800 6 9600 2 4800

1/2

16QAM, rate 4 6400 2 3200 8 12800 3 4266.

2/3 166

16QAM, rate 5 8000 2 4000 10 16000 4 4000

5/6

64QAM, rate 6 9600 2 4800 12 19200 4 4800

2/3

5

10

15

20

It should be mentioned again, with reference to Fig. 1, that not all possible MCSs
have to be tested. Some MCSs can be selected for testing and others skipped. In other
words,‘J’does not have to step through every value 1, 2, 3, 4, 5, 6, .etc. Another
sequence can be chosen. One possibility is that the UE will, based on the
measurements, report the MCS it wants instead of SIR. This can be considered as a
coarse SIR measurement or request. In this case the corresponding SIR values can be
as far as 6 dB from each other. Therefore, it may be possible define some
intermediate MCSs' between the actual MCSs in order to have more accurate SIR,
e.g., one or two intermediate MCSs could be between each 'real' MCS, thus getting 3
or 2 dB granularity in the measurement. In practice, these intermediate MCSs would
represent the existing MCSs with less (or more) channelization codes. For instance,

we could have a M(CS set:

MCSO0: no transmission

MCS1: QPSK 1/4 (where 1/4 means rate 1/4 turbo code)
MCS2

MCS3: QPSK 1/2
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64QAM rate 6 10800 3 3600 12 21600 5 4320 3/4 32 WO 03/001681

PCT/ 1 B02/ 02407 Table 5 MCS set derived from QPSK 1/3, 5 codes SF=16,

t ranspor twblosokiesi ze 1600 bits (including CRC) 5 codes 1@CTasBes02MiS #
Bits/ # Code # tr Bits/ # Code +trblk TTI code blk bl ks TTI code bik s

bl ks si ze g%i size QPSK, rate 1 1600 1 1600 2 3200 1 3200 1/3 QPSK, rate
2 3200 1 4 6400 2 3200 2/3 16QAM rate 3 4800 1 4800 6 9600 2 4800
1/ 2 16QAMMCSE5eQRSB40NO 2 3200 8 12800 3 4266. 2/3 66 16QAM rate 5 8000 2
4000 10 16000 4 4000 5/6 64QAM rate 6 9600 2 4800 12 19200 4 4800 2/3 It
shoul d be MErfi oned again, with reference to Fig. 1, that not all possible
MCSs 5 hawgdse. Hﬁg lgd Sone MCSs can be selected for testing and others
ski pped. I'n ot her™ wor ‘does not have to step through every value 1, 2,
3, 4, 5 &yICG88c. Anot her sequence can be chosen. One possibility is that
the UE w || a measurenents, report the MCS it wants instead of
SIR Thls]ggﬁg éﬁgéﬁgﬁéered as a coarse SIR neasurenent or request. In
this case the corresponding SIR values can be 10 as far as 6 dB from each
other. Therefore, it may be possible define sone 'internedi ate MCSs'

bet ween tH@rcaMGSaIwimnimnﬁxedmpretsgnthhvmtmeéia@@:lv}iﬂsataad S]H?@oulcéalgo one or

two internediate MCSs c uI be betvvee hus ting 3 or
208 or andral Py SREO ARG PSR mars S PP B, - Hets hAPEH Ratith: o Nose
woul d 1o epi@ 3087 st pAdsHlé Wath ibaumbédvflceass rcoﬂﬁ'b@)po@shlﬁ@ rwaihl 1gation
codes. For instance,

codes (giving higher data rate than MCS5 with full number of codes), then the UE can

ask for MCS6.

Typically (e.g., it the MCS set above), the data rates between MCSs are (at maximum)

15  multiples of two, e.g., MCS1 and MCS3 or MCS5 and MCS7. If there are for instance
max 12 channelization codes available for HS-DSCH, then MCS1 with 12 codes and
MCS3 with 6 codes give the same data rate. However, the more robust MCS (MCS|1
in this case) should give better performance (if the total HS-DSCH power is allocated
for a UE). Therefore, the 'intermediate MCS' should contain more than half of the

20  codes in order to have higher data rate.

To be more specific, the MCS should actually also contain the number of codes. For

instance

25  MCSO: no transmission
MCS1: QPSK 1/4, 3 codes
MCS2: QPSK 1/4, 6 codes
MCS3: QPSK 1/4, 9 codes
MCS4: QPSK 1/4, 12 codes

30 MCS5: QPSK 1/2, 9 codes
MCS6: QPSK 1/2, 12 codes
MCS7: QPSK 3/4, 9 codes
MCS8: QPSK 3/4, 12 codes
MCS9: 16QAM 3/4, 9 codes
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15 we could have a MCS set: MCSO no transm ssion MCS 1: QPSK 1/4 (where
1/4 nmeans rate 1/4 turbo code) MCS2 20 MCS3: QPSK 1/2 33 WO 03/001681

PCT/ | BO2/WD4B/M016RACSA MCS5: QPSK 3/4 MCS6 MCS7: 16QAM 3/ 4 PCIH/IRBR4NICSI:
64QAM 3/ 4 Here MCSs with even nunber represent the internediate MCSs and UE
could als N, S| | 1ing the measurenments in the uplink, i.e.

I f the chg\r/llggﬁg {é‘tguc g’ll&géqrq]%? MCS7 is not possible with full nunber of
codes but MoShd: & APEFH eodsst h | ess codes (giving higher data rate than
MCS5 with full nunber of codes), then the UE can ask for MCS6. Typically
(e.g., it MF@IW@%M%@O%@“% he data rates between MCSs are (at naxi mum
15 nmultiples of two, e.g., MCS 1 and MCS3 or MCS5 and MCS7. If there are
for instance max 12 channelization codes available for HS- DSCH, then MCS 1
with 12 codésthahithe nhiiBar Mﬁdokiesﬁassmdelsdgj th@Ssam’ee ehbitea:ry,aetg, Ml&ﬂ/l&ver t he

nore robus s case) should ter ce (|f
the total @ eﬁm \ﬁéP CP@ Hﬁ%%édis njegfioned geyller lfeéﬁflab with
“intermedigt @o&@%hoﬁﬁ%%v‘i'dec gﬁéﬁha@faﬁ‘e oh@meabt r%us% Mt@@:nﬁ%lﬁé i n order
to have higher data rate. e more specific, the M should actually al so

cont ai n t kedesuifiies da ratcﬁd&&@e tieogame, thetmoregoR 5t l\monld gweabﬂwr ssion MCSL:
gg? EIL_; j p% COdeSg awqﬁg Seg\;é%‘sl,ﬁugh 331 E%grswcé?é ng:) Vanous p6551 1§ odes  MCS4:
10  MCSs along with“allowed’multicodes may be provided for selection, according to

radio link conditions.

With e.g., 4 bits it is possible to signal 16 different MCSs, i.e., combinations of MCS
and number of code channels.

15
The UE would use these to tell the Node B the quality of the link or channel assuming
that the full HSDPA power is allocated to that UE. The packet scheduling algorithm
in Node B can then allocate the UE also less codes (e.g., if it wants to code multiplex
more users at the same time). For instance if two users (UE1 and UE2) are code

20  multiplexed both with max 6 codes, and UE1 has asked for MCS5 and UE2 wants
MCSS8, then Node B could allocate UE1 QPSK 1/2 with 4 codes (and half HSDPA
power) and for UE2 QPSK 3/4 with 6 codes (and half HSDPA power).

In the downlink, the Node B has to finally decide and tell the UE what the actual
25  MCS is, the number of codes and which codes, as well as the power level used. (UE
does not know whether less codes are allocated with full power or because of code
multiplexing with less power). In the downlink, TFCI type of signalling can be used
as described earlier.
Although the invention has been shown and described with respect to a best
30  mode embodiment thereof, it should be understood by those skilled in the art that the
foregoing and various other changes, omissions and additions in the form and detail
thereof may be made therein without departing from the spirit and scope of the

invention.
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MCS6: QPSK 1/2, 12 codes MCS7: (QPSK 3/4, 9 codes MCS8: QPSK 3/4, 12 codes
MCS9: 16QAM 3/ 4, 9 codes 34 WO 03/001681 PCT/1B02/ 02407 MCS 10: 16QAM 3/ 4,
12 codes WO930d16864QAM 3/ 4, 9 codes MCS 12: 64QAM 3/ 4, 12CTrades02%07Not e
that the nunber of codes associated to each MCS can be arbitrary, e.g., MS
11 above could have 10 codes. Howegeln; mentioned earlier the |ess
robust MCS with |ess codes should provide a higher data rate than the nore
robust MCS with nore codes (if the data rates were the sane, the nore

! f . hel , h
P o o 0 e BELLRGTENGS: SRAS Yy ashls! eos suen @
wi th" al | opgeiiM ichﬁvgl%%%eg%ec%%%@@\éﬂtﬁﬁgvéﬁfngsfsails%k%au@?@&ﬁﬁis the radio

link conditions. e.g., its it is possible to signal 16 different
MCSs, §.estepgofrbi nati ons of MCS and nunber of code channels. 15 The UE

woul d use these,to tell.the Node, B t uality of, the |ink .or channel
assuming that a‘ila_rPgw? Is!ele - Rgrodggm%eﬁ%%ﬁ%‘@&d?soa@rﬁ?‘o aUGR NG - | ot
schedul i ngod@hg dhiehRNMES) MNaEamBne aplibeR ANOSaiR ukdey Meaddfi@el &8s codes

(e.g., if it wants to code nmultiplex nore users at the sanme tine). For
i nstance i radio linkapeordivE Lo sid tiorEyarpipg radoel inle quatiiy.tangl exed both with max 6

codes, and UE1.. . a5 f . , de B could

al l ocate UE1 E}agz‘ﬁ?ﬁ oo %ﬁ%@@%ﬁ%ﬁ?’%&ﬁ&%ﬁé&é%ﬁgﬁﬁ for UE2 QPSK
3/ 4 wip h auebeas chanttlibaidn dd3EPAOIMGART fransinfittdr e a avelviet 6Ksaid hdidNake B has to
finally decide and tell the UE what the actual 25 MCS is, the nunber of
codes and which codes, as well as the power |evel used. (UE does not know
whet her | gss ¢ t i+ b : 14 . e

MUt pl oxtng wit b 1o Bel B, Shelin 2 MCS RS Ripha B Rl att® | ) can
be used asdadescyeldotd fieam laipeestoréd idolughtablee | nventi on has been shown and
described with respect to a best 30 npbde enbodi nent thereof, it should be
understood by those skilled in the art that the

15 3. The method of claim 2, wherein said look-up table is made with a number of

possible channelization codes associated with each MCS.

4. The method of claim 2, wherein said look-up table is made so that, first with a
lower MCS, all allowed channelization codes are listed and wherein for each

20  subsequent MCS only code channels are listed that provide a higher bit rate than a
maximum bit rate of a previous MCS with a maximum number of allowed

channelization codes.

5. The method of claim 1, further comprising a step of measuring said radio link

25  quality prior to said step of adaptively selecting.

6. The method of claim 5, wherein said step of measuring is carried out in a user

equipment acting as said receiver of said radio link.

30 7. The method of claim 6, wherein said steps of adaptively selecting and
signaling are carried out in said transmitter or elsewhere than in said user equipment
acting as said receiver of said radio link, said method further comprising the step of

providing a measurement signal from said user equipment to said transmitter of said
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foregoi ng and various ot her changes, om ssions and additions in the form
and detail thereof may be nmade therein wi thout departing fromthe spirit
and scopewofo3besi nventi on. 35 WO 03/001681 PCT/ | BO2/ 0240 PCTABS/(YB7L.

Met hod for use in adaptively nodulating a radio link in a nobile

comuni cat.] ] ﬁﬁ%gf i I I ng: Ladl k ity,
conpri si ngddﬁﬂgnlé%&??g%s .egfa g%%llﬂia/eflg'asrﬁga[%g??én%agaﬁgé eéra!.l 0 dgﬂglrl#nel i zation
codes andqaalitpdithatredin sanbistegofinagusogenre (MCS) from anong a plurality of
MCSs for use by a transmtter over the radio link according to said tine
varying radio link quality, and signaling information relating to said
adapt i vel y sel gt gl aMaSrR0emSRingtep cOpRghs Bl FhHRMRSkiH %L Qliprpaes from
said transmitter to a receiver of said radio link. 2. The r’rgthod of claim
1, whef ei basdiod ndaSaments anaflenn sdid stepfof oleasuralg, seedting anddd8sndr e sel ect ed

froma prestored | ook- table. .15 3. The nethod o L m 2 rein said
ook up ¢ SBPEEERRE R TS 1 arE et pi e SR a e el S odes
associ at eghihRsRiReNinMdaptivbly HdGuEBhHOMAd edicliat m 2, wherein said | ook-up
table is made so that, first - with a |ower MCS, all allowed channelization

codes are listed and wherein for each 20 subsequent MCS only code channels

are |ist e%[:tshsm-tl“pﬁ {r%ﬁjlr?é% %aqgngéq%{?egiﬁ 1s£i§ %ﬁ%g%?%%n@hn%{%é%n%@ ogf- by 58 © of a

previ ous m nanber o we tzalron €8des. 5. The
met hodo of trehsthitferltrarsthittiRg aid Qffrh&iditorta sdref] Ghanielgdkfddgnd@iad radi o |ink
25 quality prior to said step of adaptively selecting. 6. The nethod of
claimb5, Rhesldy af yser gIuPBsorCHEdSUring is carried out in a user equi pnent
acting as said receiver of said radio link. 30 7. The nethod of claim 6,
wherein said steps of adaptively selecting and signaling are carried out
in said tiensnilht efethmd oflickemise figthehaomprisisgiie stepeof segjitrqmemitter, Atk ng as

e I B SR TR G e g 1 o
transnitt g . af a$Rlidely 36404 NE: O HESa RirhhdBE2L A48 ation codes.

11.  The method of claim 10, wherein said step of said user equipment selecting an
MCS includes selecting a number of channelization codes and wherein said step of
reporting said selected MCS includes reporting said selected number of

20 channelization codes.

12. The method of claim 9, wherein said information is transmitted on said control
channel prior to said transmitter transmitting a downlink shared channel of said

adaptively modulated radio link to said user equipment receivers.

25
13.  The method of claim 9, wherein said control channel is organized to transmit
said information relating to said adaptively selected MCS and said number of
channelization codes prior to automatic repeat request parameters also transmitted on
said control channel.

30

14.  The method of claim 12, wherein said control channel is organized to transmit
said information relating to said adaptively selected MCS and said number of
channelization codes prior to automatic repeat request parameters also transmitted on

said control channel.
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radio link, said nmeasurenent signal having a magnitude indicative of said
radio link quality nmeasured in said step of neasuring. 8. The nethod of

cl ai m 6, worBlherssconpri sing the steps of said user equi pmeo/IBoZ02bersed on
measurenents nade in said step of neasuring, selecting an MCS and
reporting said selected MCS to said transmtter as a requested MCS for said
use by said transmtter in adaptively nodulating said radio link. 9. The
met hod of 18! ai Th8 metirelr ofi alaimal 2 whieesm eithes bgbethismig dosvndiak shadd chennkly sai d

10 transm tter..trgnsmtti said informgtion. on ntrol, ¢channel shared
Svong- o i g bR iyl sk st tolin S Br Va3 g kel hBa of ol s,
further cemMist&nAgot fheecSdigp, of said transmitter, after receiving said

requested MCS from said receiver, deciding said information relating 15 to
sai d abdlaptively selected MCS and sai d nunber of channelization codes. 11.

h h f ' \ ' e f. sai . [ I [
an. ves A uadtC Bt SR BRI T MR aleR R G bR HRRE: o7

sai d st eprépondiPR 4 parlteSidibeiwieeh &wbd afd Wese TTR| udes reporting said sel ected
nunber of 20 channelizati on codes. 12. The nethod of claim9, wherein said

information is transmtted on said control channel prior to said

transmtt tr 1 Lt 1N . I . . Sal jvely
nodul at edﬁ'adi gﬂ? ?lnttﬁdtdo&s%fngﬂggg,rh@gea%%%eﬁ%?&@ég%ag%%ﬁgg%fgﬁ%ﬁéblmt hod of
cl ai m®, vhamel for 8 &ivdnClTitofchidcloamiiak shacdclganelde drdagized engmisinit sigd d
information relating to said adapiively selected MCS and sai d nunber of
channel i z 8088 fsdadnelizatipm %qsiem%m Reforgpthar mfggnalian 1B 9REPer s al so

transm tt%ﬂaaﬁel TPR igg%Ef09+ sﬁ@gﬁ@ﬁﬁx%@a&édowﬁmamﬁ ql ai m 12,

wherein said contro annel 1s organized to transmt said information
relating to said adaptively selected MCS and sai d nunber of channelization

codes pri to.,automatic.re t .reques araneters alsa transm tted on
sai d cont ?& cﬂgﬁﬁkﬂt.O@WWE%%F@EE%&FE%FWAWE 1ng%ilc$thv§q§€t hod of
claimiz, cM&ft%&%eﬁ'ﬂd@ﬁblleaté&ﬁieﬁp&@ée@_a%@gét'rhcﬂls liaRugstychannel  and said
control channel have a transm ssion time interval (TTl) equal to two
19.  The method of claim 18, wherein said highest possible data rate is indicated by
a highest order MCS with which said target radio link quality is met.

20  20. The method of claim 19, wherein said MCS contains the number of
channelization codes, the modulation scheme and a code rate of an error correcting

scheme.

21. The method of claim 19, wherein said MCS contains the number of

25  channelization codes, the modulation scheme, and a number of bits per TTL

22.  The method of claim 18, wherein said measurement signal includes a
possibility of signaling (MCSO0) that no transmission is possible when selecting from
among said plurality of MCSs.

30
23. The method of claim 8, wherein said selected MCS is indicative of a current

highest possible data rate to meet a target radio link quality.
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mlliseconds or three slots. 5 16. The nethod of claim 15, wherein a user
equi pnent processing tine (Tuep) for responding to a packet is between two
and t hreew®TB®016877. The net hod of claim 15, wherein said iPefraBoRat2it@N
transmtted on said control 10 channel for a given TTlI of said downlink
shared chapnel [ t 1.t 53] 3 & I ion
codes andé%\)/CS g‘g (%%}%?t féc?ﬂ?ln (’)?Vinlg%?{c‘)@naﬁ(ll ﬁl%g%égg#ﬁgggaatg%%%@&%fle&g%arti ng
bef or e sakdighiestemnder MCSfwithawhict emidltangkt rathiariandt quihtyneinet.18. The net hod of
claim7, wherein said nmeasurenment signal is indicative of a 15 current

hi ghest possible data rate to neet a target radio link quality. 19. The

et hod of 58] ai Tyl &enthaes i), dnblanond MO shbhifs dRbntbRf 6r 1 5 1 ndi cat ed by

a highest order MCS with which'said target radio [ink quality is net. 20
20. The mehdnpdlizationlcades, the madwatmnrsclancadeScaionaigionsn etrer enureoting of

channel i zat,i on codes, the nodul ati on schene and a code rate of an error
correcti ng’®heme. 21. The method of claim 19, wherein said MCS contai ns
t he nunber of 25 channelization codes, the nodul ati on schene, and a nunber
of bits per TTI. 22. The nmethod of claim 18, wherein said nmeasurenent

si gnal i nébudedhe megusisifisidint s, pherimsrad MigS ¢mt8D) themambgpot r ansmi ssion is
possi bl e en _selectin rom ng said plurali of ... 30 23. The

met hod of © arnglelrslnzaél,o nv(\:ﬁ%%é&r? r%%{ﬁl Ser%scted a%%&n%%a%gbégﬁﬁgngf a current

hi ghesy possible data rate to neet a target radio link quality. 38 WO

03/ 001681 PCT/1B02/02407. 24. The nethod of claim 23, wherein said highest
possi bl e dat a mhe@&ethod ofplaim S whereinsad meaurerpen signphisclidess whi ch sai d

target radpQ:d:i: i: i . : i nog; ei n said
MCS cont a h%lﬂtlhﬁ%rgg%@gﬁ%wgsgﬁ%ﬁtnﬁaz%?ﬁ%snﬁlilggggs?glte Wg%ng%;}%% on schene
and a codemoag eaidpluaalitgrof MCSDrrecti ng schene. 26. The nethod of claim 24,

wherein said MCS contai ns the nunber of channelization codes, the
nodul ati on schene, and a nunber of bits per TTI. 10

15 28.  The method of claim 1, wherein for a target radio link quality, said step of

adaptively selecting comprises the steps of:
testing, one after another, increasingly higher order MCSs each
capable of achieving a specified error measure for said channel having said target
radio channel quality, and
20 selecting a highest order MCS that tests for a maximum allowed
number of channelization codes or less without falling below said target radio channel

quality.

29.  The method of claim 1, wherein said transmitter is a user equipment.

25
30.  The method of claim 1, wherein said receiver is a user equipment.
31.  The method of claim 1, wherein said step of signaling is carried out using a
transport format combination indicator (TFCI).

30

32.  The method of claim 1, wherein for a target radio channel quality, said step of
adaptively selecting comprises the steps of:
starting with a lowest order modulation and coding scheme (MCS) capable of

achieving a specified error measure according to said time varying radio channel
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27. The nethod of claim 23, wherein said neasurenent signal includes a
possibility of signaling (MCSO that no transm ssion is possible when

sel ecti ngwbrostwi6gdnong said plurality of MCSs. 15 28. The merhBe/@fiorcl ai m 1,
wherein for a target radio link quality, said step of adaptively selecting

conpri ses i | Ng; -af Wplexs j hi gher
ordbr NSty bR 1ok ER A MO bl o B b VAR | ITC
channel havdasgt sarapddiggy diffachtbitab@snetil ghighést yumbad2Baselieatidnng a

hi ghest order MCS that tests for xi mum al | owed. nu [ of
channel i z594esds 'E?éfﬁégoroﬁalq legvgstvar@%?\é? 0% {19} %ﬁlbﬁ%luéwl%?ﬁfgg Eaha%?rdﬁ%ldi 0

channel  quad fidoytRusihB hd BLARY i@ falH W haid P& 840 Ad] fiARsmd ter is a
user equi pmen'?vTl 0%5 %S(')1 ET e met hod aof claim1, vvﬁerleicn sallﬁ rg}?zgliver is a
user efjui preegafter 31. The nethod of claim 1, wherein said step of signaling

is carried out using a.,transpor rmat conbi nati gn jndicator (TFCl). 30

35, “The. met hodsHretbarid e WelEReMCR oF HoF ST Blebr P MESHARP g oy sai d
step of  afapidns@!iniRl 8EEHNHIHANON LGRS WilhdublaBHg We aphdlithhivbdidva | onest
order nodul ation and codi ng schene (MCS) capable of achieving a specified
error measad éargefcadidichgnmebqeadityl ti me varying radi o channel 39 WO 03/ 001681

PCT/ 1 B02/ 02407 quality, testing said | owest order MCS with an increasing
nunber of channelization codes at correspondingly different bit rates

until 1@ hBghestrhpwisaad ffclahanneliheatddprisie@thestdpSofisishRik @Fmdbd | owest
order MCS or for a subsequently tested higher order MCS w thout causing

t he channé&ilatedtq said saheatedowgstprdades or devest bigharederM&lS fym spid 5

thereafte ecting. sal owest order MCS or a | owest higher order MCS

t hat testgra %#ﬁgégﬁgmﬁ?% g%t nunber of channeli zation codes w t hout causing
the channel to fall below said target radio channel quality. 10 33. The
met hod of claim 32, further caonprising.the step of signaling information
rel ated té8*sai dngaIhAdR] JHReSy VOPTSEL S %P%wswg%lwgﬁe?%%«gm from

said |5 transport format combination indicator (TFCI).

35.  Method for selecting a modulation and coding scheme (MCS) for use in a
mobile communications system, comprising the steps of:
selecting an MCS capable of achieving a specified error measure for a channel
20 having a time-varying radio channel quality, and
selecting a number of channelization codes that are useable with said selected

MCS without falling below a target radio channel quality.

36.  The method of claim 35, further comprising the step of signaling information
25  relating to said selected MCS from a transmitter of said system to a receiver of said

system.
37.  The method of claim 36, wherein said step of signaling is carried out using a
transport format combination indicator (TFCI).

30

38.  The method of claim 36, wherein said transmitter is a user equipment.

39.  The method of claim 36, wherein said receiver is a user equipment.
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transmtter to said receiver. 34. The nmethod of claim 33, wherein said step
of signaling is carried out using a 15 transport format conbi nation

i ndi cat orwQDB@1681 35. Met hod for sel ecting a nodul ati on amrdTaBed/rgo’schene
(MCS) for use in a nobile conmunications system conprising the steps of.

sel ect | nggan MoRe GaRal & Blm BN LBl SROCIJ Stk BRAOL JTRASMERASN 2

channel having a time-varying radio ¢ e rty, a electing a
nunber of codeanredelectdd foom apdessortd ktokarpetabiseabl e with said sel ected MCS

wi thout falling below a target radio channel quality. 36. The nethod of
claim 35, further conprising the step of signaling information 25 relating

to said sglect e Methddr G An40ARRERL &d Ibfok%itgblélfssﬁlﬁﬁ@ ¥8ha duBfbel yer of
said system 37. The method of claim36, wherein said step of signaling is

carriefl onossidé pefeachannednassoisied witegacke ES.nat i on i ndi cator (TFCl). 30 38.
The met hod of claim 36, wherein said transmtter is a user equipnent. 39.
The method of claim 36, wherein said receiver is a user equi pnent. 40 WO

03/00168142CT/ ITBO 2{BRAVE clAR-35Thdcrdat fdlidek-1pl @biBliBmaddbtehal, Ars &lith MCS and

sai d nunber of channelization codes are selected froma g;estored | ook-up
tabl e. 412lowest MEhed aipwed ghanngbzatigheedésare lbtgd padrhaisin wiskech s nade with

a nunber of 5 i e +C nel s. as i.at h ¢ h . 42. The
ret hod of Wisaisn B il SR LB ARP st B R s Hilehet BE ek o o i e
a | owest MaBimahbitahte@iarahamvCSzaith 9mhaedEes nafidet dBdREvednd wherein for
each subsequent MCS only code channels are listed that provide a higher
bit rate ehawelizalionsadssnum bit rate of a previous MCS with a nmaxi num nunber
of allowed channelization codes. 43. The nmethod of claim 36, further
conprising the step of neasuring said radio channel quality prior to said
steps of 42l ecThametlid of4laithid®, fietheo doroprisih@thestep, ofwherswing séd chdst ep of
nmeasuri ng f’js C rril.ed out in.a usgr equi pnent .

channel quality prior to said steps of selecting

15
44.  The method of claim 43, wherein said step of measuring is carried out in a

user equipment.

45.  The method of claim 44, wherein said steps of selecting and signaling are
20 carried out in said transmitter or elsewhere than in said user equipment acting as said

receiver of said radio link.

46. The method of claim 44, further comprising the steps of said user equipment,
based on measurements made in said step of measuring, selecting an MCS and

25  reporting said selected MCS to said transmitter as a requested MCS.

47.  The method of claim 45, further comprising the step of providing a
measurement signal from said user equipment to said transmitter of said radio
channel, said measurement signal having a magnitude indicative of said radio channel

30  quality received at said user equipment.

48.  The method of claim 46, wherein said step of signaling is carried out by said
transmitter transmitting said information on a control channel shared among a

plurality of user equipment receivers.
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45. The nethod of claim44, wherein said steps of selecting and signaling
are 20 carried out in said transmtter or el sewhere than in said user

equi pnrentwedBiongsas said receiver of said radio |ink. 46PCThBozetévod of
claimd44, further conprising the steps of said user equipnent, based on
measurenents nmade in said step of nmeasuring, selecting an MCS and 25
reporting said selected MCS to said transmtter as a requested MCS. 47. The
met hod of 48] ai Thd methodrdfledtimcdinfurtier nognplieng theptapfofsridralsmgten afteeasur ement
si gnal fron1sa|d er e to said.transmtter of said r?dlo channel ,
sard measiieEEH ST AHFS ﬁm&%ﬁﬁ gt SaRaiteaRYt saidsters f selveliigo channel
S0 qual it YoiiRAES Y5l nitb: SISPan Rk RIFNcs 48, The method of claim 46,
wherein said step of signaling Is carried out by said transmtter
transnﬁttlng sald |nfornat|on on a control channel shared anong a
plurality ceivers 03/001681 P [ 02407 49.
The et hodCor - aRariRR rlain By gt s fgP Oh G by COFPEEPPT ARG AR (1 er
after remmﬂ@%@@sae&ﬁfgmﬁ@&r WEShdnhelRasigh dod RGN liereif il ¥iep@fout sai d
steps of selecting said MCS and said nunber of channelization codes. 5 50.
The nethodqmwhng%mdﬁek@wdmmﬁsanduééﬂap@ﬂegS@ﬂSé@ﬂ@dug@bmédhlpnent sel ecti ng
an MCS inglud ting .a nu f nneli zati on, codes and wherein
said step %?nneﬁ%a&? ﬁé)gass |r8q%egfgc]tug§) NE%I ncffhZ fg%n roedp%rtl ng said sel ected
nunbeno of channellzation codes as a requested nunber of channelization
codes. 10 51. The nethod of c|aim48, wherein said |nfornat|on IS

transmitt &8 onToampthadpficlaim 45 asesin prid gromgptioniistransanted o1 8id t r ansni tt| ng

52 “The mevRnd -roe] BN (FERANE a4 AR R B o BEE Do (o

transmt chaind! forshiruset ¢qprpmedtatdeigrd.o sai d sel ected MCS and channel i zation
codes prior to acknow edgenent request paraneters also transmtted on said
control channel. 53. The nethod of claim51, wherein said control channel
i's organizgd tQ“IhErirfyﬁ?d@cgfclagﬂl@a'v@efe'fﬁQ:ﬁc'i@&ﬂtﬂﬂcﬁ@ihﬁ“s'@ﬂgﬁ@zeﬁ%gaﬁs%l@m ed MCS
and said channelization codes prior to automatic repeat request paraneters
al so tr ansailtinfednaivnsalating bmsaidkelediedhMglS and channelization codes prior to

acknowledgement request parameters also transmitted on said control channel.

53.  The method of claim 51, wherein said control channel is organized to transmit
20  said information relating to said selected MCS and said channelization codes prior to

automatic repeat request parameters also transmitted on said control channel.

54. The method of claim 51, wherein either or both said downlink shared channel
and said control channel have a transmission time interval (TTI) equal to two

25  milliseconds or three slots.

55.  The method of claim 54, wherein a user equipment processing time (Tuep) for

responding to a packet is between two and three TTIs.

30  56. The method of claim 54, wherein said information transmitted on said control
channel for a given TTI of said downlink shared channel is organized to transmit said
number of channelization codes and MCS before other information in a control
channel TTI starting three slots before said given TTI of said downlink shared

channel.
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54. The nethod of claim51, wherein either or both said downlink shared
channel and said control channel have a transm ssion tinme interval (TTl)
equal to waw3aelesi | | i seconds or three slots. 55. The met hedTaBoxi2ai’m 54,
wherein a user equi pnment processing tinme (Tuep) for responding to a packet
is between two and three TTls. 30 56. The nethod of claim54, wherein said
information transmtted on said control channel for a given TTl of said

downl i nk $far ed’hemeatines of cdainy 4/amiheretn saad measisementsignal ispudipasive of a

channel i zat i,on cod bef ore_ot her .information.i.n a.control channel
T star Ao SR £ Rl a e PR P BofRERRRE ohar eq
channel .  43d80r Okt KO8 faRmE Heliw 4 02 4& £adib ChanbRequaityiod of claim 47,
wherein said neasurenent signal is indicative of a highest order MCS that
al l ows>5for a nmaxi num al | oned nunber of channelization codes or |ess

wi thout faklin e, | i he met hod of
claim57, %\?/ner g]hg?ljée%%d? ?riiacg{élglrggﬁe%ﬁ‘[ }eglll gﬁn‘gﬁ@iﬁ“&%%ss%ﬁﬁle&%gg%@;& lity of

si gnal i ng pbbsilivoftsigniing gait oo trssnfiesed Blpes(BIETICSHS. Method for use in a
nmobi | e comruni cati ons system having a radio channel 10 with a tine-varying
radi o channel quality, said nmethod for adaptively selecting a nodul ation
and _codi ngoSChfRndd/fovhis! -fHBHRY CorfimBhibhiflrs sYoth IS oGhaidichiifel N orders
of conplexity, erern for a gl ven adaptation based ofi ‘a radio channel

qual i tiy, vati adtimetvhgidngmdpr cheesel ignelityt spdmefhod Soradaptigelykdléctmglaowest or der

MCS and thereafter cont.inui.ng w hi gher orde 5 al | ..capabl e of
ohi ovi ng B EREAoURE SIS bidE aranhg HyatWe! MTss oV fiERig radi o
channel  quaddrd ¥f confiéig wheteth 1P WeStendSatidOsasWll bR airilhb eR&inBOGALLAT ger
nunbers of channelizati'on codes at correspondingly different bit rates

until a meidioeihed¢dnammings therstaps o6f channel i zati on codes or less is tested

for said | owest, order or for ub uent | .est ed .hi.gher order MCS
wi t hout causi nﬁta{cﬂg ‘F/gla:ggos‘ﬁfft 8%%5@§%dsﬁgﬁe R%%‘%B%AP%% g @gﬁ t © (% io
channak quaCss mi ﬁ%blehﬁ'fa@ﬁ%ﬁﬁg aﬁ‘sﬁécﬁﬁéd AoraaéBuleqioestingrd @ie thhs or sel ecting
a hi ghest order avai l abl e that tests for said maxi mrum al |l owed nunber

of channeVratg waiocbaarel gpalitystsstinia aisiowegpiderg CBvatly iagncasioghideiesr to fal |
bel ow t he 1 288t ARG EHe M Bhirbdondingly different bit rates until a

maximum allowed number of channelization codes or less is tested for said lowest

order MCS or for a subsequently tested higher order MCS without causing the radio
20  channel to fall below said target radio channel quality and thereafter
selecting said lowest order MCS or selecting a highest order MCS available
that tests for said maximum allowed number of channelization codes or less without

causing the radio channel to fall below the target radio channel quality.
25 60.  The method of claim 59, further comprising the step of signaling information
related to said selected lowest order MCS or highest order MCS from a transmitter to

a receiver of said radio channel.

61.  The method of claim 60, wherein said step of signaling is carried out using a

30 transport format combination indicator (TFCI).

62.  The method of claim 59, wherein said MCSs are available for said testing in

association with said channelization codes from a prestored look-up table.
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25 60. The nethod of claimb59, further conprising the step of signaling
information related to said selected | owest order MCS or highest order MCS
froma trwpsioteer to a receiver of said radi o channel. @CI/IBox2net hod of
claim 60, wherein said step of signaling is carried out using a 30

transport g8 or mgy, GRERIANGAIAM 62”%91@195211(( i[)'c:)gugpl tab1€ is hBGe WRh A nBEr 6F @l M 59,

wherein said MCSs are avail abl @ for said ng in association with said
channel i zabsste cattahahnadnsmopated thothedch MEES.up t abl e. 43 WO 03/ 001681

PCT/ 1 B0O2/ 02407 63. The net hod of claim 62, wherein said | ook-up table is
made with a nunber of possible code channels associated with each MCS. 64.

The net hodqof ghabigka of\MllﬁﬁaEHan%&‘eﬁn $aRPIoRRpitaARE & naddRABaS Ardi Rath, first
with 5 a lowest MCS, all allowed channel |zatp| on codes are [isted and

wher ei feﬂomMC%wﬂiyélqwdtchmshmﬁm codeserre histnd end whersit foseaah t hat provi de

umbor - of “araRREMT AR T ITH il Fiy e Mo BR BB el e e m 6o,

further cefRighbg rhit>Fatped/iafs MESsH Hehagmingn hagiber ofdiRral qual ity prior
to said step of selecting. 66. The method of claim65, wherein said step of

nmeasur i ngchameligativcagodsst in a user equi pment. 15 67. The method of claim
66, wherein said steps of testing and selecting are carried out in said
transmitter or el sewhere than in said user equi pnent acting as said

recei ver 66f sdhelnfedtttidooflcidik. 602Qithdr cohigrising thediopfofehakimip/saidagioei n sai d
transmtter is a base station or radio network controller. 69. The nethod
of cl ai m ghennghEREhPricyite sy sisP S selpit i ng is carried out by said
transmitter transmtting said informati on on a control channel shared anong
a 25 plurality of user equi pment receivers. 70. The nethod of claim 69,
wherei n séabd iﬁh@mvdtddmfcﬂeémtﬁawhnﬁein@wstﬂp sfindasuciopis clrriechartmeb prior to
said transm tter transmttl ng a downlink shared channel to said user

equi prent & ESpent. 59
15

67.  The method of claim 66, wherein said steps of testing and selecting are carried

out in said transmitter or elsewhere than in said user equipment acting as said receiver

of said radio link.

20 68. The method of claim 67, wherein said transmitter is a base station or radio

network controller.

69.  The method of claim 67, wherein said step of signaling is carried out by said
transmitter transmitting said information on a control channel shared among a

25  plurality of user equipment receivers.

70. The method of claim 69, wherein said information is transmitted on said
control channel prior to said transmitter transmitting a downlink shared channel to
said user equipment receiver.

30
71.  The method of claim 69, wherein said control channel is organized to transmit
said information relating to said adaptively selected MCS and said number of
channelization codes prior to automatic repeat request parameters also transmitted on

said control channel.
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71. The nmethod of claim69, wherein said control channel is organized to
transmt said infornmation relating to said adaptively selected MCS and

sai d nunbwp oefo168hannel i zati on codes prior to automati c r @oeaBIY@EgWest
paranmeters also transmtted on said control channel. 44 WO 03/001681
PCT/ | BO2/ 02407 72. The met hod of claim 70, wherein said control channel is
organi zed to transmt said information relating to said adaptively

sel ected WES afitic switibdwiiddem 4, whlenmelid zaitid chaoges gginzedtto transmit

acknow edge eques ar ame s..al.so a on,said contro
channel . g§g%%% ﬂQFHEEm" t%f%éﬁ&%@VdVﬁP Eaiﬁéﬁﬁ?$§¥aa- eps of said
user equi Eﬁﬁﬁ%hzaﬂ%ﬁ%@de%dﬁ?@§M&1%WHg§m€ﬁiQ%qﬁé%t ﬁﬁhﬁe@%&ﬂs@ﬁaﬂﬁﬁﬁé& I ng,
carrying out said steps of testing, selecting and signaling information to

sai d r éceonend cootrglachampad. met hod of claim 73, further conprising the steps
of said receiver, after receiving said information signaled fromsaid user
equi prent, deciding said information based on a target radi o channel

qual ity and. si gmahhdiighEaBaitn0625 firthed SStprisiflb k¥ @eHs of $8d (er efipnidat,nod of
claim 70, wherein either or both said dovvnl ink shared channel and said

control chaseden TheapBresnensanacte i8 SR rtepi ahEnsatERy SATYIE PY WELEPS A t wo
m Il secogecéan sefem;lﬁ ?r?d ﬁéx?a.].mé@gfzgnatm%eto@ﬁq &n%fr claim75, wherein a user

equi pnent processi responding to a packet is between two
and thpoee TTls. 77. The nethod of claim75, wherein said information

transmtted on a| d contr channel for a given TTl aof said downlink
shared chdfinel T et mt@ @%ﬁ?lppg%lpﬂt epteng B reRelveRhaHSEI | zat i on

Eg?ﬁfeaQS.%%%%a9‘5r% O TR e o <RI, pramauaTTl Starting

1nformat1on based on a target radio channel quality and signaling same to said user
equipment.

15
75. The method of claim 70, wherein either or both said downlink shared channel
and said control channel have a transmission time interval (TTI) equal to two

milliseconds or three slots.

20 76.  The method of claim 75, wherein a user equipment processing time (Tuep) for

responding to a packet is between two and three TTIs.

77. The method of claim 75, wherein said information transmitted on said control
channel for a given TTI of said downlink shared channel is organized to transmit said
25  number of channelization codes and MCS before other information in a control

channel TTT starting before said given TTI of said downlink shared channel.
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