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BACKGROUND OF - THE I NVENTION 1. Technical Field 5 The present invention
relates to an algorithmfor optim zing a nunber of spreading codes used
for channelization (channelization-code set) as well as the type of

nmodul ati on a@PTIENZATION OEMCO AN MlinyI-comgw ITMCE CusiesNApINGDdul ating a

physi cal channel transmtted over a radio link in a nobile
t el econmuni cati ons network, as well as signaling the optimzed MCS and

channel i zati on -code set } Sﬁ@bi ﬁ%ﬂ% rticularly, to
ext endi ng adapti ve nodul aBtjAlct%)KnGia{gf coﬁg in |gﬁl@§eed Dat a Packet Access
(HSDPA) amd W Tedimixch]l Eade Di vi sion Multiple Access (WCDMVA). 2. Discussion

of Related Art_15 Schedul i ng and adapti ve. nodul ati on.  and codi ng have been
consi dered in THF PEPeddneahim rldst ogwelgoriths iar optmaiegarnentFi@la comer ci al

Cext. r . - ) Ui O
Nodul at i of ity P88 fo el Slidn kb o R M HERE ) e
2001), it of mopdativreshdigtrot batectiadpquiding dclicaa (BKIS) hesdefos modulatiag aost

[k i | PSR SHPAT G A BkRIET SEPBo RG] £ HOP G ARSATTRYIOT { he Served
appl i cati gBvork tas 'w%llfdérsi@%ﬁn%‘@k%ﬂtiﬁ%%gilﬂt’slaha%géﬁ@]iﬁtio%%%§ ge of the

_ -case gn by adapting as conditions vary.
It i s 18howdornimion andtere pahianularbypicexteiditg adwptinehmovalation areheoding ia

ot onal -t oTHB) SEer Rb PRt i ILepk RLER WibanT CRF TR TMYHRS 3 on page
29 of the sabadewmmianed thesis. For a selected synbol error probability

‘the nodul ation |evel can be adapted according to the variations in the
channel SNR The sanme subject is treated in a thesis by Peter Mhn,

entitled ,"Cha : Lon, phabet Size, and Code Rate in Cellular
Radi o Systz'ems, w&ggs?%gglﬁ—g%l?%gr‘?ﬁlw%. Mal m anal yzes how adj acent channel

separasi on, chaonghlidgasd phptiet npdaRiioRBs edannRivetREe coidrafihect s the
cellular systemls performance. One of the conclusions of the analysis is

that the 3peissseomennicatiensdy beth a academicand gpomarmredakenirst: Forpr ove beyond a
Cor 1 Pl A SRR A LRl PR P,
because t iGanfoedestiony,” bedNik KasthaniEsispun{Jahe20013)i98 minbabetthatby demandi ng
a 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. Malm analyzes how adjacent channel separation, channel
30  alphabet 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




1 D 6 DEC 2005 |l arge cluster size. As the cluster size increases faster
than the throughput, the spectrum efficiency does not benefjit Dffo@{05

| ar ge- channel al phabets. Reference nay al so be had to the current
literature such as "Adaptive Coded Mbdul ation for Fadi ng Channel s" by

Col dsmi t hlgfe alusted L A§ MRIAGI APS iRPeRe SR Hah Md BRMehME! the46, No. 5, May
1998 and "Synbol Rate and Modul ation Level -Controll ed Adaptive

Modul at i oSPEFONRY sfbpensydacs mot loenchl GhmBatge Ranenel Wphehatss Dat a Transni ssi on”

by T. He et al, F Tr.an i n Vehi ar. _Technal,0oqy,. Val . 47, No. 4,
Novenber 1998 g?elf,%q%gn% aefsi%cl% ﬁat%‘ritg?%?u.nqnﬁﬂ{e aéurgtsﬁﬁﬂ?fr &%E&T %Od?‘ﬁe Thi rd
Gener at i oMdldtivarstiFqliny Ohasklst 8 dddith etiaf, TEREEIThRaOHbIR ont udy to
determne the feasjbility for gi -speed downl i nk packet access (HSDPA),

wher e £ ec hormgp@ECatiors Velafft Nee 11998 avd Shanka Ratrandiyipdvlationr)  ( HARQ
and ot her [ J: val d,w he goal to
i ncrease t]'h%?éghg p‘&%@?ﬁté‘g%‘g‘% %8?%15{ 1%@%%2@%41?\}2 Sﬁlstglﬁﬂglé%(gh\r!%{télksafte Seg 3GPP TR
25. 950 vaVielEss(I2A TrashissidhRBy Hi. Ule-<bpk EEBE PavashdtionkPas Rehichtgess, " Rel ease

4. In the_15 foregoi 3GPP docunent, it is explained that in cellular
cehn tXHQ?”

t
conmuni cat'i t Ne- 4.q¥pyembyr Bgf%ﬂ%ﬂﬁs@ﬁ%?ﬁﬁléé@i ved by a UE varies
dependi ng on apnyERen s f@HhOfs Thil@ Gé?fe?étf%ﬂ%ﬁP&Eﬂiﬁ?@o'&&%éﬁ?hﬁﬁd and
interfering base stations, path |'oss exponent, 10g- NOPR&I" Shatowi ng,
shor t -10 er inRataken ghtuflpth dejemnde thei fessibility for High-speed dgwrink paylsdt@ceescapaci ty,

peak data nd coyerage reliability, the signal_ transntted to and by a
20 parti cmgbﬁﬁe‘?'dh%ﬁﬁcb@glﬂﬁﬂﬁﬁ PiYe *ée@&eﬂﬂn ‘Fl‘gilrcofiﬁl& E%Mal ity
variati on (f{ARHGRA BtheP LOLLTE] LAARRMUY dlselRLd & &AnA%dl i tlﬁ%%%t%t I on.
Traditionally, CDVA systens have used fast power control as the preferred
met hod f oindréask thaelzghpat, reduce Helay hed 3GRFedtigldpsakAdizpt §ee3 GRRITRA25.950 and

hat pr o 200 LS EREUTRAMGERIRR Boutlo bl RptakF fenfd Dt Becs the

f1exihbli yrebsingaGeR dobﬁneiﬁgiﬂli@é)dﬁ%ﬂn&ﬂﬂhﬂﬁ SR B ButiPRIAVSERES, ®hannel
conditions for each user. Wth A the power of the transmtted signal is

hel d consUaRlity &f e sigme} easeivedbe i variasdepénsingoeius mumber cdiebtensr-dhe
correction: i (P . tch.the current received signal
ual vy QPR Bekelclh Machie IRNIRFEHRe BRI AT R babBSE, KEC T, he
base st at nomnd]Bi&owdnig sBOrt et Rayikigh Asdihg AaTndlsd Nalor@r 46 impldekadd@n Wit h
hi gher code rates%]%e.g., 64 QAMwi th  R=3/4 turbo codes), but the

modul at i ofeRACHEPeak drgrate sud covragairlisbilitye the sigmahisansputted 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 erfor
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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di stance from BTS increases. AMC is nost effective when conbined with
fat-pi pe scheduling techniques, such as those enabl ed by the b vinl © n205
Shared Channel (DSCH) of the 3GPP. On top of the benefits attributed to
fat-pipe nmultiplexing, AMC 2 06 DEC 2005 conbined with tinme domain
schedul i n : 4 UL . ?Sﬁﬁ - m
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t hat HSDPA transmi ssion 5 might be able to use a fixed spreading factor
and mul ti *COUCHER AP ssi on. See TR 25.950 v4.0.0 (2001-03) at Chapter
6.3.1. The sel @cieQprealiing ¢6lkc @orﬁéﬁﬁ,eﬁhia'ﬁggﬁ‘sué@sﬁaﬁ%e{?gich?pAﬁran%@éign be based
on an eval uation of the I'npact on performance;, UE conplexity, an

f 1 exi bb | i nyghtdeahld tarise g fixad spreadingfagtdr aad hodtacodntrafsmisspaciSeg Tor  HSDPA

ther e couraose a0 QU BobAdmprEsroh Fhs tpan ety e tang &
vari abl e spegads Mtorfvill@be bi¥ed Hﬁ@ﬁ%vﬁﬁamsﬂnow& bn pBGorhRBS U
complexity, etc. See 3G TS 25.213 v4.0.0 (2001-03) "Spreadi ng and

nmodul at i oRoEPIERItY, aaddle3bilits (2@nglagty mah@oerglRalincata®) of @paeitidiong and

Modul ati o " for .a.general overvi.ew of spreadi i n¢ludi.n

clianneli ?ﬁ%?rarésg?lgsﬁ%@i %n @8“%&%#5 %Od’iffm df%%g Vﬂ%{ﬂ%ﬁ eg)gﬁ%qul ing for
adapt ive megtibatld b a@nsidigstia getibRitRhdRAtse BeQHpoRRRS] WeTaBR shfadiier el ess
communi cations, there has been no concrete proposal yet advanced for a

packet s c hstrn P SRPdots commarasavitl heilmpaeiengemnledly, ethr SegbGUiS based on
th I [ : i ' OVSF
Cogesti polss o dd\RoPHIRF s Rladd ARARIAGH (FIE JRREEAEY 9O A5ECLOF, (VSD)

‘codes in conjunction w on an r'or correcting) coding
schene 20 v4IER0DN0a) VEEpbMlimeindoviicduldtisie OMeD)” fohe gendisioveptie®een any

recognition of. the need for signaling an appropriate power |evel based on
such an oﬁ?ﬁeﬂ‘glﬁ%ﬂpﬂﬁm@l‘%@é Wrwmﬁw(é@ﬂdé‘ 108f the present

inventikon is to oM 48 @Rt Mg IV ELIRdN atd; ding and
mul ti-code tr ans% s%l? one?%lrdg;%r g%hpgq?wlgﬁﬁllgg rmgtlsqngghatlﬁrgc ITPY%%I cations
net wor k Acotshdaredfor edteldss communaratios, depsr logrticat ac sognetk prgposal yet gnal t he

optimzatign froma transmtfer to.a receiver. over the radio |ink.
Accor di ng ofifinged i eibascd anhecyting pleSrifhuL e eptiachPe o rigpeiss b
adapt i vel ¥n the selection of the number of Orthogonal Variable Spreading 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.

DISCL.OSURE 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 si gnal'ing 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




30 nodul ating a radio link in a nobile communications system acqpfdibhg 2085a
time varying radio link quality, includes the steps of selecting a nunmber
of channelization codes and a nodul ati on and codi ng schenme (MCS) from
anong a plurality of MCSs for use by a transmitter over the radio |ink

accor di ng qhi8it§2drd sigrZBnyY ﬂfféfﬂrﬁ%oﬁ@ghﬂné i hidBaddpBydly Eel&tgcplgﬁlsqé’@l dald/, and

signaling |nformat|on relating to said adaptively selected MCS and said
nunber of nuimheme] dhamdligatiaouwdss fromrsashirahstniterdon treoeivet of wid mded e, of sai d

radio |link. Fu accqrdi,ng t he first aspect entiqgn, the MCS
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channel i zati on codes associated with "each MCS. NMoreover, the Iook up
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codes are wher or h subsequent ode nnel s
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Furt her st|II in accord with the first aspect of the invention, the nethod

further ﬁiﬁﬁhag%%ls aredistgd that nﬁ%\ééwhrﬂ@ethrémt@ﬂiaa airpaximywdlit ¥e ofid or to t he
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i nvention e receiver I's a user ove-nent i oned step of
measuribng nay Fertharstilled acdstrd wmhshmfirsaa;q&etroftﬁénﬁamiq@lrrﬂﬁtmaﬁéd fgthes t he
recei ver of the radio i nk. . The steps. of adap tlvelﬁ sel ecting and signaling
may be caFP?’@HS"éd’tSt‘?prP {TPEASHTRg, %Ciigﬂmls,quélptg@wﬁé todhe pigp of pdapfiyclyser

equi pnent caetifyg as the receiver of the radio Iink, wherein the nethod
further conprises the step of providing a neasurenent information el enent
or signal fromAcctmlingssil @qhergnﬂnﬁprbmrﬂt hevetitian e ret@verof atke radi o |1 nk,

t he nmeasurenent s orma i on el enent. havi.ng a.magnitude

i ndi cat i vngmteﬂtelrﬂga %V%FIP ’Oﬁ‘ﬁéﬁe?? Rsasngdnay b sarde v ST ¥s6hed st ep

of neasgur 'eﬂﬁ]I)_ -Eﬂteacftlh@'%fHetrE&:'ivéir%Yﬂﬁ%a@ﬂlot]ﬁ&e THe&lchb9Bf Qfapﬁvel&@gle&lﬂée wor k
controller he step of signaling may be carried out by the transmtter

transmi t t iangsighdingthay baedroed ol latﬂneri@msmmtﬂ@r ablaphére elhap is¢heceed MCS and

t he nunber of channel i atlon co rol channel red anong a
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transm t t @emptisdshie siepbf Mlovidhan@basupérh&t 1ﬁf@nﬁﬂﬁmtéléﬂéﬁb} El%ﬁaltﬂ'(ﬁﬂs mtting a
downl i nk shared transport channel to the user equipnent receivers. The

control chbaiteer cqpipment to thydrinsmitter of theandinilink: the measurement signal or

20  information element having a magnitude indicative of the radio link quality measured
m 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 channclization 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




information prior to automatic repeat paraneters also transm ;Qsdggg gmﬁ
control channel. 30 Still further according to the first aspeCt oOf the
invention, for a target radio link quality, said step of adaptively

sel ecting conprises the steps of testing, one after another, increasingly
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sai d channel having said target radio channel quality, and selecting a 4 B6
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chaine qualit Pﬁlﬁﬁrsﬁﬂérr‘ a%ctof(fafﬂc‘i" H’ltggﬁ%ﬁﬁgﬁi?gg\%fﬁ‘? ‘Pﬁﬁnq‘oﬁlrg’tetﬁg‘ﬁ&g’ter of the

i nvent i onjs dder tquapiagtt ter is a user equipnent. 5 Still further in
accordance with the first aspect of the invention, the step of signaling

i s carfied out Stllifwghes in aceardsoee with thefisbaspeetafitlhminvendionatherstep™EC ). Sti | |

in further, agcord with the.fir as t of the j.nvention, a target
radi o ch’g%ﬁ%}ngqlgg TF ‘}/ ,o ugléslm %ﬁ%rbSpgg%g%%tCPW&"ﬁh%Ié{ngbctaf%éTéghpri ses the
steps of start gAY infifrtheBacdofIrth tiy FhET aspact i &id jateraidd, fRditigesalieome  (MCS)

capabl e of achjieving a sgecified_ 10 error neasure according to said tine
varyi ng r semselchialitye paid siepiof pdantively selpctng eomprmss the stypg@f sw®g with & an

. : ; . . odi nal v di £f .
bi ¢ 1 at es Cnt] THoer R EAGNARt ochity AP AT ol AURRREIIRbealiid o o
sai d 16 owesbr medare Mcordingy tofsaid tins vligeguediblcliares tedithitgdige saiddewest MCS

wi t hout causing the channel to fall below. said target radi o _channel
qual ity afder NErSutthap iagteasing punkes of chapnplizgen codesat crssrerdingly onest

higher or dgfe MeBit ratleé{mt'IgdsﬁiEhés?ﬁ\llrﬁt@%r%ffg})%{}%g%atﬁwm&%s itheste(aW%S&i zatio

‘codes wi thout causing t channe ow sald target radio channel
qual ity. FwdashendesMi(S or foracobseduentiyniestbe highesérdasdE€St withiout hausinpvtbat i on,
the step of sj ' I nformatiqon related o said se|l ected. | owest order
MCS or |oﬁ%%wefht33§1ig1?9g‘zo* %@ﬂ*ﬁ%@?ﬂa&wlﬁﬁ tyta,n_ﬁﬁ%qwa B el mearH recei ver .
I'n 1 ugg hefowcesier Mool IR weliEh R DRREMOS 1Hidp Rsts LR BRhed REmBELH Of
signaling is carried out using a transport format conbi"nation indicator
(TFCl) . Ackamndiizagon godesswitiond canspeche ofiannkketoifall belbwaaid targettadod f or

sel ecting 1? r’rpduLiFtion and codi ng scheme (MCS) for use in a nobile
comuni cafToNE %u)? m 25 conprises the steps of selecting an MCS capabl e

of achi eving argir&istitef a@doi@with the first aspect of the invention, the step of
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 station” of 3GPP)/RNC (Radio Network

Controller). The step of signaling may be carried out using a transport format



measure for a channel having a tine-varying radi o channel qua |6tp Caz@
selecting a nunber of channelization codes wth said MCS that g u bl e
with the selected MCS w thout falling below a target radi o channel
quality. Further according to the second aspect of the invention, the
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sai d sel ect rom a nsmtter O a receiver of said
system Aregeieer maybeabsdr eulpmeaan fulfill the role of transmtter or

recei ver, depepding on whether the method i.s carried out in the UE or in
the Node B (" s BTdergcepr thespesndrageedt RE e MR BY FItiopothe MEP @RS . The
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or thes rbokiupgrblrmyayde madeseith 8 quinperemitpossihlefcod¢ tleannels assodiawidtwitt he second
aspect of tgﬁ\é@ esent invention, the MCS and the nunber of channelization
codes ar e8| ed froma prestored | ook-up table. The 5 | ook-up table may

be made with asfymhéier &f aRORBWIth & CRESLAZEASK heARPtibAl B 1Mty each MCS.
Still further in accord with the second aspect of the i1nvention, the

| ook-up tablsimayrbymsde smthat, Siosttvwitht g lofessM G, ahoveed dnestlizMD®) cales eed
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code chanterd o SERuEE b FouBRafaenE ShogRbralivns TRt MHEn o et mum
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codes. In still further accord with the second aspect of the present
i nvent i ontushercPt afpwpd ehanpelizatien €edgsr i ses the step of neasuring the radio
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‘nunber of channel1zati on codes. ep su g carried out

i n a user nethoddoRMér.colprisdsahe s@p of nicharkigaBsradio claghd Guilig piiddtesihgnal i ng
maybe carried out in the transmtter or elsewhere than in the wuser
equi prrent Stges piiglegting seMlerand sstechng e membsueirhanpglizaignsepden ThasteRase, t he

tr anslﬁ@ tt ﬁfm@?s\ﬁriggnﬁl SGrradduk ﬂfa 8§errea-§ MheRETARRA SRMHeQld gLy The method
may urt her conprisé the step of providing a neasurement & gnal fromthe
user equi palerting2d sentlvey hrwhs partieé bunih théeansaditer @ kisawhbre thiieinntBasur enent

signal having a nmagni tude _indicati of the.radio channel quality received
ot SThe uotie SadpBiiieing fe titeis ot of QigadPil. dutain egasathon 11 carri og

out by thgakdn@ReMnbhy B a bARtRRNr FBT LRI OfhtRller. The method may
further comprise the step of providing a measurement signal from the user equipment
20 to the transmitter of the radio cha.nnei, 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
control 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




control channel shared anong a plurality of user equi pnent rec@i® &itd: 280

I nformation nay be transmtted on the control channel prior to the
transmtter 25 transmitting a downlink shared transport channel to the user
equi prent receiver. The control channel may be organized to transmt the
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automati c repeat paraneters Pal'so transmtt he cont annel
Accor di ngchannal qualityd textipg sdid ddwdsherdenVEiR with incacasivighobirded humbearsiofi a mobi | e

30 comunicatiens. system havi n radj. nnel with a tjnme-varying radio
channel ﬁ%ﬂt“ ﬁ%ﬁ%ogéP Sﬁéf%ﬁpg’&& ﬁlgéibf??r\‘?’éqa@t ’?Eqsé‘étlr?'lﬁla&%ﬂﬂﬁ%‘{?%n and
codi ng schgmBerdffeRhnnelit AMBnAERABIoAH iY il ddtiér ﬁﬁd%%%t&ﬁeﬂuﬁs%'f&ga orders of

conpl exity, wherein for a given adaptation based on a target radio channel
qual i t¥, éwhmue@és tastad lsglwps’rdﬂr ME$ avithoneansing the ﬂaMHmml ¢tefa11|‘lzt§$v~and

thereafter rde 5.6 0 DEC 2 capabl e of
achi evi ng %{82&5% Iggh%q,n'ﬁ 9“ grtfjr e%?@@?)rwcf $5Hng Ba“ﬁf@”etsf Mg radio
channel q U@bdting,a Hi glﬁést MdeSRICE ANESIE 1R tats AERidhdaRinhiia raﬁ@’v%bd‘ﬂtluﬁbérar ger
nunbers of channe ation codes at correspondingly different bit rates

until a nekelivanslgatieneedes o semitbpuichasing tezadioshamwtitsfalibelovethei s t est ed
for said i(\ﬁé for a 5 subsequently tested hi gher order MCS
wi t hout cgu %dl ﬁﬂﬁ{ne I iannel to fall below said target radi o channel

qual i iy and thenﬂaértaecoraellgectﬂatglraais;d:ct ovas invehsle, iNme@bd fisfleecting a
hi ghest order MCS avail able that tests for said maxi num all owed nunber of
channel i z SPTBHSSE Sfctenyet sigwlinginfppationgglateddo srid selgefied laveshorder MES al |

ool ot ! heor hRhEEbIPNIES BIRNNEhARL bk red v YELAS T AERILN h byt e 111 1

aspect of t I nvention further rises
si gnal i ngegqupoentatandulfilldhatddof pasaiitderselrachet Thewesp obDsigedlinklaty tr  hi ghest
order MCS froma transmtter to a receiver. of said radi o channel. A user

equi prent WA PHS Ysiitg 2 EpsPPid ifyt combimation t"é‘tcatﬂr(TEQEt ver. The step of

si gnaksng may hefreef 5dcefh hth 1ShRg o 81A ﬂ{vtentfl t
i ndicator (TFCl). 15 In further acc the aspect o the

i nvent i onforttertinfbsgssacietiaivwith alid chanhelizatios mdmg fnom ap&stbreai lookrupitdbite. t he
e made. wilh RTaEe T RronB P uR p St er ehaan: et chavels Stitidfleach MCS.
The | ook- upthteak M@mmtbelom? te hd§the thddeSh ! frsPwltRWaSHeMiEs all  out
channel i zation codes are |isted and wherein for each subsequent 'MCS only
code 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 maximum bit rate of a previous
MCS with a maximum number of allowed channelization codes.
* In stiil 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.




20 channels are listed that provide a higher bit rate than a mapiﬁp?p@ih
rate of a previous MCS with a maxi num nunber of all owed channelizati @95
codes. In still further accord with the third aspect of the invention, the
met hod further conprises the step of neasuring the radio channel quality

prior to the SigROfd oBfkeh -ﬂgfeafﬁ?%sﬁﬁieaﬁv%ta%%%g*ﬁew?&eﬁpﬁﬁv%é}ﬁ%ifli ed out

in a user equipnent. In that case, he ste esting and selecting
are carri becopug mbre dpiperent mrighi of the dotailed desshiptien dfwalesi modé babodiarent

equi pnent Alqio i.ﬂ t hat .caﬁe, the trangmtter may be a base station or
radio neff@¥ BdHPsENdR the jacampanying AEYAR&p of signaling may be carried
out by the transmtter transmtting the information on a control channel

shared anong a plurality of user equipnent receivers. The information nmay
be trahsmtted on the dBHEFIPEIORBEAMEOFHIDDRAIVINGSt ransnitter

transmtting a,do i nk ared transpart chanpel.t.o .th ser equi pnent
receiver. The Eb%ﬁ%?‘f’&ﬁ Wé’ﬁarﬁﬁéab"ég’gpﬁ%f% Ripgaigt it e?sﬁé& i nf or mat i on
rel ating haifiedacaphiiativn Saheakst JdYeQhantbnt £ Rerbstecthe ch&ARG | zat i on
codes prior to automati c repeat paraneters also transmtted on"the control

channel . velhlg matic sygems, Areerdingrid tt presendbijventien. f eat ures and advant ages of

the present inyention W.ll hec re apparent. in.].ight .of the detailed
descrtption of ' pelpv i gt BB TR BF Ao B ine Py om T e
acconpany ofAghahemanign c5ddBREdde (IR PE (hir @ hHESIDRAMhNGEindf of theshows a
flowchart of a two-dinensional optimzation of the use of nulti-code
channel i zBISS&H W HORdapt i ve nodul ati on and error correcting coding in

cellular radio t G i r i nventd.on: Fig. 2 shows

The average. DL Brpor I ROREREL PhCI ol 1ot PR IRl M A Btion e,

channel i zataxonuoodabef chebde chanrE ) upgrfotithe abdermamtiddsOPA W odi ment  of
iinvention. Fig. 3 shows the average DSCH bit rate per

t he presernn%
connect i o™ Ynction of the maxi mum nunber of code channel s per user

for the above- mRNUI ARG HdSRBACe %&H&?fﬁ%ﬁ %egjcgpﬁlic on &s 3 AMMEoh Bietrtrggver age

transfer delay per connection-as a e maxi num nunber of code
channel s peximsemufrder oHedalbbammehsgrer usarddr HEBRYY c-maitachedBIRDPAI g. 5 shows
the inter L%%gditl)neeg]\(/feen hi gher | ayers and the physical |ayer for
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.
O 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.



mappi ng transport channél s onto physical channels and physi cal Gr%ng%l;sz
onto 20 transport channels. Fig. 6 shows a HARQ ti m ng diagram f 005

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 HSDPARE5MO ?Q‘Q%E\Wmé?@?ﬁfw@ﬂ o)¢hannel codi ng and

physi cal segnentation for des of e 2. Fig. 11 shows
a second exanpFee. d)fshmaa\ﬂew cdmdlfngcm')dng)dnysumfatdlmemmapmmmatlébmof t he QPSK
3/4, 5 code ofTbe2 8 0 66, DEC 20Q5 BEST FOR CARRYI NG OQUT THE

| NVENTI OV igeode izgtien gl amiYe Poruiation digTeuEoreHiRB) eidigasi onal

opti m zat hRrdhg tdHkk bkés@&qﬁvé?ﬁ%ﬁ n ﬁl ik 2&hfRA uRR ghﬁﬁ@?;%ﬂe&i%hﬁi?ﬁ‘@nﬂﬂé}%ﬁ ?2 d

(error-correction) coding, according to the present Inventi
assunedl t huthe bhckeneundge ecturatchrpredicetip IrftL‘y:Bidd 5ad1<m lithgowerkygiatomd t o

accur at el redi.ct th V. radi ol i ower variations ver al
milli seco%%%“ﬁ 1@15{3%0(%1 g H’?ﬁﬁbe ﬁg\?%r?vf)’%forf ﬁsét“F‘) B s o nﬁ’?’é‘?s of
nobi | et ellgpbaae For hetanca st ﬁr}@l@wn'tﬁat's%nﬁﬁb%bﬁé‘iﬁ&as%f&%ks $forafighs e
measurement s of various channels can perfornmed continuously and

esti mat i opkanhely crmnb@qu%meﬁaontlmmslywdteemmstms fehitpabafer. afe used by a

h I I
The pri of ebin SLekRafel e e bh EnPli B RE R M bRl S ca e

used togetteahatid] huﬂltyaﬂ‘ﬁebnazfﬁ&hiﬁh@&@tﬂaﬂ shéepreBidibi dPr @R Rikexi ty in
order to |ncrease the transfer of data over the wireless link w thout error

and at a DRiIgFAYDeed oaahse watha thregt %réétcvsaSélrgn ithe mpdiHatioroenrenietityin
part 1 ¢l PabiffdiReicise 8 fahdls of AR ANE e WRAL L 1B Auify ey b ot N L DEST S

‘by N. K. Ericsson an he pu |on ower i on on
Br oadbandhighenred. sA sﬁ;ede@ﬁ@:liSmdlsehera]brohdbaktl:_t&@al‘t'ﬁtﬁaﬁng asers. Toghopl ogy
es, (G eece, 6-9, 2001. In

Conf S VTC 2 S
adgl 1(:a |r gzcgﬁ aFIFF)?r’IIf‘:F %{)‘ %l%%lﬁjr%éto?g’(eé}‘?%%w B KOHHE%%F*@(?]’FW}}W@ icgioBor di ng t o
the propogals,ady drlifictitd &f BARlLAR! @Y as’teyﬁﬂes%ﬂqé{c?etfﬁ?ﬂm? ﬁﬂgr codi ng,

Fig. 1 shows a way to select nmultiple channelization or use with a
sel ect ed Hedulokigydrord@enanfpeng 2§01 @VEC 2001 SHRivgptes nGreck, May @GP AIH1wi t h

selectlng an apploRfibl it Afippropie Modtlahos Completity el eordeia>® ' "

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

20 - complexity level 1n 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 (Y]) 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*log10 (3.84e6/12.2¢3) 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




Referring nowto Fig. 1, after entering in a start step 10, a beﬁr@ﬁzti%
- executed to obtain the actual radio |ink or channel quality a ez,ﬂ
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 (nodul ati on and codi ng

schere meﬁﬁitg}ﬁa&%@aﬁ-b@@@&sﬁmbesulg%mggé.mma%fft:@fan ces WENR fsefers to the

rati o between the energy or power density per the interference and
noi se powessunhed$¢ mgan Wadebgpbaup ceegy peeintdifesenca(imiied ambEbAI (pr oword he

order of 5 dB. ch vice.with a bit rate of 12 2 kbps has a processing
gai n of | 28y IRTRO BB 0RT ishseuS! Bubst g banE At RY 8¢ 3. B4 Nbpe.
For such speeGB3Q+a85Y ce the required wi deband signal to interference
ratio is therefore 5 db mnus the processing gain = -20 db. In other

wor ds, 5t he si githis gigewehmcam alse be @setbtoufimierut theeoptinm zak MéiSemdauarbgr ohie WCDVA
receiver can still detect..the signal. lnstead.aof F SO other simlar
error rreag?f?eecshgl?neﬂ%leg 5pza§WEhOgSSp§?ﬂ%lﬁ CS&?%?“&‘EEMGPFP €or BLER (Bl ock
Error Rat i@)tiglouhg akenge@d. The keddsI6 wikHEhe DYEIH & H 84 bé slided® O 6 DEC
2005 qual ity paraneter besides Eb/No coul d be used. rmally references to

Echo is hei¥igreysarsinhoilnthgiceds domaiaing thhémgylopein. iInthis tareengethernoi se) and
Eb/ NO (or tl I r,. Eb/ {1 o+Na). .i S, ass 0 a ar r onband
bit ener g?glg&eﬁsﬁ(%ﬁ%@?%/ﬁgg{ e(cgrqgfgael?l.eﬁ%c a?ﬁ?l?sla]g[s%eo‘?l?'%%géwegheo e used to
find owt i iDpeipoiveed dWiSed Aduakiybalucforretdingtamie i/idedghvarned zat i on”
or "spreadi ng" codes). for_ a UE when code multiplexing anong UEs. The codes
to whi ch Praseddeihs etimizsion dgerthe rpsenisd In Hus eepbaisiedstarmiisdhe t he code

.domai n angd..& i . i j CH power
‘and/ or thgp%ﬁg%galgﬁglﬁ%g S caarrlldirhﬁ% ?él)o}lﬁq?ﬁ%els’gf‘%llf 85—}%;},3{,{ \/‘\%éﬁfl? e UEs 10 and,
i f the povkannek ati aslictedd aheglyabiahytheaUteit has toaspaltd ing dcooirhj wheh vi ded
power can .be used ip the optimnm zation algorithmpresented in this

i nvent | onUFiB8 st g?ﬁtﬂl@ %ﬁ@e%ﬂl’rﬁ%‘%%elfé@e prultigieing goyld e dgprc-8hannel s,
and Ifzssog@tmyﬁﬁ%aﬁ&u&qqﬁnbéeﬁw@s%o@mﬁ%Bea&ﬁq At hgadn ABcARpt her  UE,

it has to be taken into account, when wusing the algorithmftor the UE In
addi t i on, farwsotheriéor mdntyiotherk g haobded doee.dadsome goddchagoels het“l¢the maxi num

nunber of codes for U an f ound out .aft.er | ocation . for another
(or many 8Y‘?{erer§°nb%§ Oﬁlg%&qd Ur"l;ec,ang’ﬁdm% Wéoﬁﬁay%gh%ﬁ%ﬁ? allogationdpy oy er "
from the SHIGE idEmeaith il obBodks ekt bR 1eALBEL YdESlockBEIT thdig il | ocation

for the UE is done with this nunber of codes that are left yet to be
al | ocat eds¢mic pipsg power available in the Node B that could be allocated for the DSCH for

20  the use of the UE.
Ome way to carry out the algorithm of Fig. 1 is to have the various UEs report
the DSCH Eb/N0 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

25  inthe Node B). However, it can also be that the algorithm is running in the UE
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

30  that requested by UE. It can also be done so that the Node B or the RNC reports the
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, €.g., if this invention were used for code multiplexing

10




sonme nore power available in the Node B that could be allocate € Enr_. 5@5
DSCH for 20 the use of the HEE One way to carry out the al gor tsh g‘f
1 is to have the various UEs report the DSCH Eb/NO or correspondi ng
(possi bly wi deband) value (e.g. Comon Pilot Channel (CPICH Ec/lo) to the

acket schgdy t nmed for
PaDbA. t hat i gt resofircs blifhebh i fEhCn AorbR Sniiah (LA He Greh o PBHIE T

However , irate (A ncuat bostbs stthatantlmelahvagunf i Thenddftiticms oif thg mnatximﬂdﬁlesl nst ead of
the RNC or, Node L ca}s . _the UE decides on the best MCS and the
nunber of SROERTHEN @Teshs 8@%‘?’%5 t hese sel ected val ues to the network.
Based on that 3 afam@iELbayy Node-B or RNC then does scheduling. The
schedul ed nunber of code channels (channelization-code set) and their
power Pevel s cafl bEargetfBleNe fior a dpanifisd FERadf thefhdé€®d by HE. It can al so be

done so that the t.he RNC reports the power available for that UE
and the naxi nuh"nﬁ%ﬁﬁ}ﬁgggc}aé—% nnel s anong which the al gorithm running

in the UE can g¢eagkcenhighewmenyisépde channels it can support. The UE
reports the selected MCS and t he nunmber of code channels to the network.
These situati ohsneptMegspornunebeyof MESt his i nvention were used for code
mul tiplexing 10 | 5 th code resources between different users,
as nentioned a Sele@te?hgsecgzéﬁr?e%gvn 854 bit rate (R curr best) is set to an

initiab val ue. Rfhesidglbicoiid it ofthé jie MES i ous variables shown in Fig. 1
are listed as follows: X = DSCH Eb/No 5 Yj = Target Eb/NO for a specified
FER of the jtbR\lES‘T‘jcme’Fh@h]af% MCS (I to j max) j best = highest MCS used

j - max = Maxi nuR ppgber, 0 cu%be%tﬁﬁ%ﬁ ed = selected value for j 10 R =

\Si ngl e code bltr‘at —of the | R-curr = current bitrate R-curr-bes
= current best Roistleatd =Relecledditele = sel ected bitrate N = Nunber of
channel i zat i (f\lod%? %sed/ ser .. .
= Number of channelization codes used/user
15 N_best = highest N used
N_max = Maximum value for N
N_curr = Current value for N

N_selected = selected value for N

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

25 and the current value of N (N_curr) as well as the highest N used (N_best) are also set
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_cusr and N_curr best are set to this value.

30 Furtherm_ore, if the smallest value of N differs between different MCSs, then later if
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-best = highest N used N-max = Maxi num value for N N—gtg hEE ﬁﬁrrent
value for N N-selected = selected value for N 20 In additi g
an initial value for the current best bit rate (]JR _curr best), the val ue
of the current bit rate (Rcurr) is also set to an initial value. This

initial valgs 16 88rdBondodhe Elﬂ'?ent M@S%@eﬁ rﬁﬁdﬁ%&inggqhé &&bgtopﬁse( single

code bitrate) corresponding to [ owest MCS zero. The |
vari abl e thdﬁlﬂf@SﬁtW%éOragmeb&ﬂ@wguWXh t he hi ghest MCS used 0O best).
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Vatue of N (N IER Ipec P RSt R e i B R But oS Ries St ot t o
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correspondi ng to the | owest in the ste If the
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N di f f er s tdrgétae ofesd iThiik etide MoBsat duiBR tHedloBfseiof a chigShé RERABLE.Rer MCS 6) for
a given X, Nwill be set to the smallest nunber of charnelizatio n codes

cor r espon@LERtis mepgrcdvnd, comnased toribe gwgn Nﬁﬂm? e lgivencighaed i zat i on

codes cor d|f t can,be taken
into accoﬁ}ﬁet%%g?ﬁﬁ c#xff el fﬁ{/ﬁg gﬁm'); At "%ng]%{r f|sta‘r%1jr%]1 ef/}hg%f ttarg%lst he N-max
11 06 1DECt@00hinahydysiretl FEROWtR siipodttbcted MOS @l husber MeSdyaiemnelsest, when

testing the chapnce to use the different MCSs for_a. given Eb/No value (X).
The t ar gefchEBpaigatipnpqdes)s Adhystigentcap fe stoppiscchen YhisForseed RReTHYSEY on

bel ow,  can e,y Fi@f?é’&%f%‘aﬂmﬁfﬂ{%ﬁ‘ ik vk Eeé%\?géa ggk@{egqqhg L&ré pRR from

‘real experinental data ese t rget e adj ust ed
duri ng t hes alwagéheathrgehandndsteraasdd bea gtep (ihht dan heSametOEdJ,ffdrdflﬁthdnhﬁﬂEXperI enced

FERs (or e. BLERS e | ffering fro th et ed ones This is
made go ¢ AL R tHe,%%r ) ?HWOF&% b*rdbeéo‘f&é!vq ar vaﬁ%eroqda jesTigent SERGERS |
neasured %QﬁjbgQ%aW%ag%eta%nﬁﬁéi?@alﬂ@fdx'%e\)@rﬁlhJ'E@ or éafh @E\’zﬁ%’ fER and

nmeasured FER differ e Eb/No target (Yj) for a given FER I's adjusted. The
t ar get |sS@mlmt@V@lbtéamﬂﬂswmmﬁedaﬁﬁlénvmmmnm sel ected MCS and number of

code ehamels. AGPRRNGH KRk R 950) LSS IRBoiRG BE PR G oD,
i ncr eased deprmingtiSejith MOS8 (JBaskaRE tHalERhe Maximum Number of MCS (j_max) or
not. Ifnot, a step 16 is executed to determine if the number of codes used per user
20 (N) 1s 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 (Y]) corresponding to the MCS under test (j) or not. If
so, 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 trapsition from step 18 to step 20 is part of an “outer loop” 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



i s above the target and decreased by a step (that can be sa O(ErAPgrcfg
than with adjustnent upwards) if the FER is bel ow the target

adj ust mrent schenmes 15 can be used. Y] nmay be a common val ue for several UEs
or each UE may have separate values corresponding their radio
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for the first time to determne if the jt h MCS (j) greater than the

Maxi mum Nﬂﬂﬁﬁé?"%pfh@ merm))lt}om orfgrtto tiyfouh pessitde étf&penl enilig-cedeecut ed to

determ ne reat er t han t he

e mum v P AR fne ey AR P S dofElea 3795 ThEs S el BdoS B fénsha 1 1 o1

tinme to dez;erfmmeqo éantﬂienm-hsibfabﬂoéﬁ(ivh@&hﬁbd}%s ROBNAYS b tésfedsdiep 12 i s

greater than the target Eb/No (1\]{ })Scorres ondi ng to the MCS under test (j)
®

or not$ fndlgléualtmgsf)ﬁs@fi% I“iﬁthy pduce @Qbﬁlom llhp@lﬁ@ﬂlobrf@ r at es

“current bit rate curr o equa e nu odes

used per tﬁae:rh)angmgﬁ& MOSs tsiﬂlitgheat higgler dyider doaiexdfy dﬂwekﬁdihgt&ifgs (R] ). The
transition fromstep 18 to step. 20 is part of an "outer loop” illustrated
in Fig. mr\ﬁrferrn&)a'@e pessehtbuen A anateles batwacn tresM ehender kst aldhe i ncr enent ed

val ue of %lvaﬂaﬂyrﬁufnﬁo&%%ﬂﬁﬁthl Ca%lgll) SMe'll_ﬁ'gél ns/ﬁgsgﬁlt }{Eht he step 20 by

one or nore Increnents as in nce e step could be
t o seti0 N bptulizbtiOiNtakedhplhje, tH'dm:b@@qupﬂNﬂepsr(m tad deacrdivod tebbev laelcaethn bithe N

channel s dependin n, the.nu of code on further repetit.i of this
outer | oop® g?r‘lsﬁ ithe Blét&imﬁg%ﬁ?"@f REstety C}$0tgat915a I5dp BWI?‘P?@Q“%?P@'@P in step
18 first, &yeebdadrdy N %xxﬁhﬂsemfc'bldw Wihdg filHHg'Qelb& th@?argért] to be

\greater than N - max. at case an "inner [oop" conprising steps 22, 24
will be execuﬂ?@ﬁermh@b@krtomfr sep é@efFlgolmﬂmathEtdmaeshmfaefsrtR_pos;rsb:he val ue

of rrultlc des 0 C 2005 L he next g. 1, and |
is increa %81“3“ E{S E&D%ﬁ%gﬁ%ﬁ%‘?ﬁ ]E?%t‘ﬁtotﬂ Hg%&g’etbﬁw%ff NEQC?%TH% exity in

order 150 {(Ryc#itis BRESEMbN. 0 fsfBEEHerdbld (0989, fos MERinbatih @A Sactirhdnit he next
hi gher MCS selected first. Thus, the outer [odp of steps 14,16,18, 20 can

be vi ewed 0&3. Aftensat, Itb%?femgﬁléfld?wm\@@s? QﬁlPE’tQH@dlﬁéHOéX)elStfe@hé@ﬂ@n 5

i ndi vi dualg, in order, with the DSCH Eb/ NO reduced (see below) in
proportion to 'the nunber of codes tested in each pass. The inner loop is
then viewed as a slow [oop for changing the MCS to the next higher order
conplexity after exhausti ng (nmaxim zing) the possibilities of natches
bet ween the MCS undef “t%30" w8 Nhe- - -avai | -abl e- multi codds wit hout havi ng
gone ypder the target Eb/No. After the

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 mcrease 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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io optimzation takes place, the subsequent steps (to be descriﬂnﬁ/g@glél{%
select the bit rate for use with the optim zed | owest order of h i's

able to achieve a maximal (not necessarily N nmax) nunber of codes wi thout
falling below the target Eb/No. Referring back to the step 20 of Fig. 1,
after the,gur:tes J ( I i Singl e
code bit ??{ée&g@?ﬁég{ﬁrt&]ﬁa&] @Esﬁefs Kégr %Ouivf%%te}e\%‘%cgteeafgo%&%vﬁg%f %;_Cé%:irgrg‘; is then
set to N agdim ® ihbrense the neabach{(chidas) udoyt pef wier snasd tarfod, out if sach amcr enent  of

_ : ) D e ) i e
2s "ol olibrcase canspdaBued g ierpyas Geentiinedin teps 16, 15, respeervely: 3B5<Equat | on
| as carr iigdaficd ot S WAl bekERs b iACIAUBN L 188y AT be thatyddhe | ncr ease
in the value of Nrepresents an increase in the nunber of channels or
chami ci i zeepcasedly Borngives MISS nofilieither Weslgpaicothan N mpdu(hat dllwedpoethtor each

i ncrease in the punmber  of r ead] codes used. Therefore, the power |evel
Wil | havectitsm Rat eeatd thass PELisITENapeiep 1R neliEr A0yeRts frepailse of

char mel i zphisGd: e£Rd@& pRAxX represents this reduced power level. It

shoul d be realized that the sumof the powers at |level X of the individual
channel s wi || Hgafigr onher sorgiapatitionsvaditheoutdibiogp wathadN sicreapghf sem@@d way to

take into, account th eded decrease in_po 0 .,as.,to enabl.e e

argort ¢ ntebF SRR & Fe RGN mAE RS Be pPBa sl sefuorfied B dode and
MCS aso di s@tasgbehatagdidaieMas, &aidtaihddintsidpd oMVaE pokaBillityZdiDexidts Watl d be
done in another way. After execution of the step 50 the step 14 is

r eexecut ed highegender Mliecanije usgd Therefoss deetivrerjlogmasers22ndtarel f this is the

first exe ' ] ) t b er, than |j
e and {oFha o riere e Sl Elerb AR e el o IAILXR oE UGELER | o ahe
t her ef or efdund, isd. epshd Makbndi8 velukel fobl (Ne g cuireghonding usritagMd®yal ue 13 06

DEC 2005 of X, is still greater_.than Y|, the step 20 will be reexecuted,
and N wi | s tersipgls sede Bikgis i 6 IMMESARY. (e hitheiV CSrases febesidad per

user $0 agehQetf dgid tg%ltée bV C4uBs | #]j\;‘%lrsg{ﬁ% ;ﬂ?eclgegt aﬁ:{eﬁ{ éﬁ‘ﬁ?ﬁt(ﬂff[dﬁ% erated, as

determ ned 1 n steps , 18, respec e vari abl'es of step 20
wi || be adeuttydsfagaisinciBhedontlerndxostpp @it Mhilbat theasmt ¢éicheshe hizhastédll y for a

given MCS unti] either N eater than N (not all owed) or the
condi t i onu%ﬁ (Nsbﬁﬁl)_e‘zﬁtsﬁtreqflﬁétﬂq{%‘i s 8&@?5&%W¥’ﬁa@t $’S§L UV et
anynor e aggiEithdlasi MOSSw P the X EESERLIMBERSf codes 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 resct 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 fransition can occur if either the M_CS maximum 1s reached, as
determined in the step 14, or the power level of the different channelizations has
fallen below the target Eb/No (Yj) 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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If, after one or nore repetitions of the outer loop with' N increg@%ﬂfj{}/
step 20 to a nunber greater than N -nmax where the nunber of codés has gg@gh
maxi m zed for a 10 currently best candidate MCS, as determined in step 16,
the possibility still exists that a higher order MCS can be used.

Therefore extgﬁgged: ('esﬂzgglrﬁl& l(ano &%;chglﬁ{ge%%zlzt%zo%}pgfwgar ?r R ?c%)t 1%9\7) (tstcac)eg %J%E; ent tan best

current can a curr est ound,

i.e., as bpemdaKomumhealowest@dedMON Witk theorH@SRONMEE of ehdnRdlizabie® (j))
times the Single_code bit rate of the jth MCS (R ). The highest MCS used 0
best) is tedasianfinaly kespdetarmnedeaccaidigghio thapissersfinyenfipy. to store t he best

current candid Vo ' J: f hod S 4 Je t step 24
while at the sgﬁr%ghti n%’sat ﬁéﬁj%?gﬁ%gqeg%e%lsjg%déed(ﬁ’l_dggbsé § ﬁgﬁlgec'{ﬁnlggﬁoaﬁg E) t he
maxi musn vadte ER fomer_bedtNasnk n stdhi s feefiliegmevivas MCSisapresertthar dragjualMeS wi t h t he
maxi mum nunber of ,codea%v\,hi Be the next MCS is tested to see if it can do

as wel | . 2t ARt LA YD) 8 Sdinpiep 20 4y the ket Miey teatsdv elf thi@mshbun i n
Fig 1, tRe%iehetéephd) ﬁg‘?&%refﬁ]aﬂtﬂ Hﬁ%rg%ﬁer 1 (gtje"f 20), M ¢hi nﬁeglﬁg{haw to
&l [owe fFcode ch s ¢ I'n

equal the small est nunmber o anne orrespon g to the
next val uéhegireyipueMy:S Undet fesj shiosld tar gértedh Aibejefomrexif dheesttp2 ¢ Baeinnnese ment

(j++), an us there is. not MCS. correspondi ng to that value of j, the
val ue for(gli\?tt rFquﬂtal?# ﬁlﬁg‘tggﬁ&u b?s[?) ?fsstgpo@c‘é "eatetrf?éﬁq‘l‘f’éilfm’ttﬁ?m when step
14 i's 1925 caxerwhiate (NCsu WP I0aRc PR RERE IBﬁQate%ﬁgsetl&‘t’eﬂl) Lhe vekaps 16,

18, 20, 22 and 24 wilI" not be executed anynore. The outer foop wll then be

repeat ed favalihderaxent besghieratefRS chor best) setinlsigp22otheelaeied valse foré¥ N

(ot or m nof e iR ek el et Bl E o P ED Bl 2P e

transiti oan@ue sefectel&aiveTer j (j QRRCRUY) i1l bOSR BRI ktb B2 RErchitest howghart of 30
Fig. 1. Such a transition can occur if either the MCS maxi mumis reached,

as det er fi_hed) fromiskre % eyse fhae step 3¢ REFigohed fierdhe step B0+ the exggutien efithe

channeli za{ | . fall tar Eb/ Na (Y] or ;the. under
hor 5L SbEg: ety | A ERL0E] MO 35 SN o o O 5 P
t he i nner Awiytier tht opfisuxidien ef jhisiwelas toead. 14 0 6 DEC 2005 exceeded (step

14) or the channelization power has fallen too |low (step 18), then the
opti mi zat i on R e oRsHESH o G FeRBS deierRInen St e GvienterbeH Fagh

T S S e e
current belst prbvous MCS under test is not optimal and that the last tested MCS should be
20  used. In that 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 support 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 (§_max). Ifj
15 smaller than or equal to j_max, then in step 36 the selected bitrate (R_selected) is
25  set to be the current bitrate (R_curr) and the selected numbér 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). Afier 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 of j 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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5 rate (Rcurr_best ) as set in step 22 for the previous MS iszuggq?g@r@%
than or equal to the current bit rate (R curr) as set in step 20 for 't
| ast MCS tested . If the current best bit rate (step 22) is greater than
the current bit rate (step 20), then this neans that the previous MCS

d t t hat
Phe® cur r o RRSE PR SToBAYER it FHSHIRG s bl e SRBRLEAT "0 ot "Fhan
the 10 cumaennurblMCSah@t}(uRﬂmMCS)toOj‘e s&teé@-dliﬂth'elﬁmlrhhm @ehﬁqtﬁﬂerbhis rate (R

selected) wll S to. the current best bit rate (R curr best)
setin steH’efE‘ec‘ftWé‘ c%@%ﬁ@@%‘%@égfloﬁs cRppletgds andan erf) ongefurn ianadstinequal to

t he curre S sel ected val ue
for | %ngiéengvtﬁﬁ% ggngg%yggﬁgf)’?‘gﬁ‘?%%ﬁﬁp gsﬁ%w%gfsag ti@' U best) from
step 22 " See tlz%exoﬁteewagmo afrr)Fmg thik kin®f ¢fdmktddeptati@pis30 nsd loek-epedhitd. on of t he
15 flowchar} .of Fi iS co ted and an end or_return . is made in step 34,
and this P 3?39‘}%&0% QD ineabis ' GteegHed RAAAPRIYTEHY {oPIBRE.  n ¢ he
ot her hangsc$ fimd REnB:F 38 &ehﬁame%ytt@g&nér&es&meek q&ﬁleetw@te (R

curr best) is not greater than or equal {o the current rate (gR curr)

then it mimadgorithe deseibied abowWCS henldek-up éattle calbﬂ)nadq:mthmﬂ, ﬁaamwnthhat the | ast

execut od TS Sl L Ao Gtimoel of ¢es G Shot MiafE peRMCSEANY nan or

equal 10 HhLe BRXWELMINEES of BodiSEhalndTB %de, 11s&%%ﬁ§ﬁo¢1ﬁehh?gh%ﬁ$1@%te thagan support
t he maxi num nunber of codes and maxi nrum MCS, then in step 24 the value of

j had al r dyayieam bigrate of the vmvwsME@ewth tﬂiamatxneumm’n@npr@ee Thex) . I f |
|1 b| trate
I(SR zrenliectered?gl?l% g@rggﬁﬁ%d %eg%eq%eﬁﬁm S%? tslﬁjéstoceln?jﬁ&%r ‘F 526 e Hle sel ected

nunber of qodlilgdyubingaheptietin nwhbdr dieodethahfelt g el MOR. InAlsdballowdf codes (N
curr) and_sel ected MCS 6-sel ectedL}waI be set to current MCS (j). After
this, thebek@&muiRtyif comwarqdiaenty esing thepgpxmupguntbhsipf eadsg wittnd an end or
returnsis [ optlmzatlon
of thi3 i SuearCEER (H g dheoSilb Enleso DS e PEbRS, o e, The
30 condition i lm&mewaﬁﬁtws-dnnenslmial opthreization strapltid@®dehad M(D@cst ed bitrate
(R _sel ecte%%i wi || tbé 0 bhe the current bitrate (Rcurr), the selected
number of 2EYEwd v(Nl Hhalgptefprgete b@cceeimwtbﬁereémtﬁ@@tlﬂer&%r of codes
(N_curr) @%@u%g@uﬁﬁbﬁ(ﬁe@ﬂl %%@M@%ﬁ%ﬁ: e'c}lgcﬁ'ltﬁﬁltcah%ehﬁneqjle maxi mm
MCS max), since this step can be reac IT71n step 24 the val ue of |
was al rea@ylongdrféfa{séqbossmblbé/l@&sgeh sbﬂuamx;ludexk(,i.ewbycs]mppmgn:srtaiha‘g'” ¢the 15 0 6
017: S N e@:t d value X is so good that it can support the maxi num
nunbe od&Y°

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

25 v3.2.0). A single fixed power DSCH is used and is time-shared among the qualified
users in a cell. Also, a reference 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

30  Hybrid ARQ type I with soft combining is used. Also, only a single tap channel is
assumed. 7

Fig. 2 shows the average DSCH network bit rate (kbps/cell/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

16




maxi rum MCS and thus the MCS to be selected is the maxi rrum(j_rgag)gggﬁg gr
this, the execution of the flowhart of Fig. 1 is conpleted, and an en
return is made in ~step 42, and thus this is one way for the optlmzatlon
of this invention to end. 5 Another way to carry out this kind of |ink

adapt at i 08fihe prRemSAvERRK: W BalbRS the ARrdRITSS CADH LR/ 'épc&fne&ﬂ{nr £spondi ng

val ue i s neasured and mapped directly to proper MS nunber of code
channel s. fymctigy of e ganemamensulh of codsotbaumels pttrluseu Ag shoumen tlnd”[ﬂegtab,gorl t hm
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bit rate than the naximumbit rate of the previous MCS wth the maxi mum
nunber 3 of TAsHBYMN nyFber @weﬁh@u@bﬁneéuw i thes figuresihb seuyferdelyosieet s.  Thi s

can bette i a usmn ti nunber of code
channel s %@Eggica %%g)ethl%t al g{)ceg eOfthé/tﬁaer%é{nésfsmdjr gﬂﬁPgﬁﬁet‘ wlF‘lu%iorrpar ed to

only usi ngadkes imaxiootnemveethe@hdio GiteFacd dnld i cbnfdeytBetisdigoesift s (see
further discussiogn of this %p&yoach further bel (l\)/['i)Q' In this way a
t wo- di men&fignand Bstiapsnissios el avar the redia antarereMideivse oﬁ@hmﬂé@o@ﬁ th the

best bit di scussed
in nore déiag(? oh%E?&E@Qm}]ﬁﬁﬁ&ﬂh{}&S{l&gttE§o i?g%%érﬁ/ E can @S\\‘/'arl ed anong
di f f enent t}pmémlfbif&d\d%sy ol thélsmgmoéxchsedeﬂd; 4 confpanisbyy, (bkDERMGtRekt ain "j "
or 20" NI') gsl{? g nme test. c%yer?g of _the network | evel sinulations have
been done ft5at8\9 MG pierench gassds p Al Lkopstrellpidz aneomparehia Y1, The

simul at | ORBpM A/ MPDHIRIRS QR tEQ%asé@?%ﬂ;cﬁgtﬁQ trta?esq&fljh %jwéspmﬁgtg TR 101

1112 v3.2.0 (1998-04), "Sel ection procedu t he c ol ce of radio
transm ssMnS ta@crhnghlmgomsar@bletthﬂlWSés {rUMESn 1R 0reB:3eri2b cus®).2THY usebfsi ngl e

f d SCH d t h th d i
cel |+ A S QMG A s HE e od BBMt o8& i B poRr R "EPOY B ORS Thower cont rol |
but Wkt heskncAia Mgmpmtper@@aqlpsmﬁ@ubkﬁgg/usléh(freﬁe\fé}icle%m p@%&* bit rates

for the reference case is designed to nma the sane bit rates as in one
of the teMbrsaserdtast edseh Comsspondingly, the onedatlitransfdedelay decatdsechioms, t he

nobil e sp , and the 30 Hybrid ARQ type I with soft conbi ni ng
i s used. ilgé?o}n%ééri %ﬁﬁaﬁs’l ngle tap channel is assunmed. Fig. 2 shows the

aver age DSCH nmef@ﬁﬁgbwms Higesﬁﬁb@ﬁ/b@@éér{tha tiRSinfrfabépgivcanel the maxi mum
nunber of code channel S user. The results show that it is possible to

provi de aPhymesl layer and %r\léY?émhemStamammgﬁfgh;mﬁonnsd by trehepor] gori t hm

20 channels to physical channels in the transmitter and vice versa in the receiver. This
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

25 transport channels in the downlink, as well as one or more transport channels in the
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

30 UE can be designated to fulfill the role of carrying out the algorithm of Fig. 1 or its
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.
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16 0 6 DEC 2005 of the present invention. Fig. 3 shows the avfrfadgé (D205 bi t
rate per connection as a function of the nmaxi mum nunber of code channel s
per user. As shown in the figure, about an eight-fold inprovenent can be
observed as conpared to the single code case. Fig. 4 shows average
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aspect of .t sent invention. It should be appreciated that a UE can
have si nuf}’teg'ﬁ%ﬁ I%CWH@tWet&}éI%éSm{br@@86?(}3?6 ahider$-1-A MRERoWN! i nk,
as wehl asuRRAIMY a PSBPAIRNSRNOFL: BARIRE 3id @ﬁ@proalﬂ%m%ddig f: thereShows only

one link, either uplink or downlink, i.e ort annel's are
defi ned asregmpriiselsdol wmablealitl. dite lengtipaf suchehortdrt HSDBAITTIahsudd be

appreciatedq th t U n fulfill the role of ,either.a transmtter or of

a recei veFéigcfte(?lf'ﬂ%lqﬁffﬁgi{&gﬁﬂﬁh‘%hXsié]"’e]c{’éh S“agcgsﬁf' getiog of jgee tesent

i nvent i onghdrier GISTEFA WK disd @é@ﬂﬂﬁ@v&%ﬁm@m%@d@%b gRbed dhQvhmhfidd b the role

of carrying out the algorithmof Fig. 1 or its equivalent and signaling as

a transni thedmpeeionpesigrmanaeodelanimgdevak and Ucasplaxiheod Naxibility
20 (HSDPA payload granularity). The TTI length in HSDPA we prefer as of the filing
date hereof is 3 slots = 2 ms.

According to the teachings hercof, a TTI=1 slot is too short in the sense that it
is very difficult to fit uplink or downlink related HSDPA signaling for eacil TTI. In
the uplink, already ack/nack will reserve 1 slot, since there has to be proper coding for

25 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
of certain parameters in downlink, as taught herein, it would be more difficult with a
TTI=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

30  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
as the 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
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(feed back direction). If the algorithmis carried out in the N
B, then the Node B wll act as transmtter and the UE as receﬁye%r%(fd:gg%
forward) direction. 17 0 6 DEC 2005 A transport block is the basic unit

exchanged between the physical layer and layer 2 (MAC). A transport block

typi cal | yoffefed @ sical RPertb &1 RPYafd wce%fs@m@nfymvwéfa tfRSpdrp added
for each transport block by the physical |ayer. transport bl'ock set

(TBS) is bmmetfcbmngéttwnﬁmesﬁ@pémme iwkeaved o attranspprt dalmsplo thhec'[hratmpett 52in

Fig. 5, ocks [ ach set S i s exchanged
bet ween t Bﬁl}ﬁ t%gﬁ%%'lgt%?h‘tm a%‘"ﬁ%&g‘“a?‘“f% 5T aH%Pﬁ t using the same
transport c harme lservahﬁpf&)R/ﬁl&S DYTthe Phy@sl El!yélembﬁdél gldnegsh Bemifiethavager of
transport bits in a transport block and is always fixed within a given

TBS. The %eigned;to anghadefbe pbryg-raentionsd dymarmie s sfelliss semi-satic attrangsorkhepl ock
set. As s Bgﬂ%}lﬂ%%#)l&lu&aglf n%%a’t-rbzlo&{’ %é)%l‘ fl%aor?se?s&e %thtgansgllgs%ont I’ t r ans m SSI on

time inter S e I'n -arriva ansport

bI ock set steraald optored) dghantio atttibutp €61 DIIDanly). See whdit Fig@ 61B3G S E302f erred
the ph is always a nmultiple of

h d f
t he ni ni nﬁ%’?’lqcépg(ﬁ aﬁ%}tﬁg&g@%‘f?y&g aé)l"gdédné(e)‘%ﬁ%g)efﬁl?ﬁé Liagergt ﬁt@%utﬁﬁ@ fradio
frame. |t ggheplidipe 'pQIQta?éj tH?l@ﬁnssHﬁehrﬁg‘BE Q%HE&BQW ﬁ%xﬂéﬁ v4.0.0

(2001-03) at Chapte 2 ment1ons upporting orter than
one radi otHerdymem{ciarnef) TDDmoacdalttinnn(NR Tigbearers); err@rmprsddssdhemevar i abl e

TTI. The Ie th of rter ,HSDPA TTI sho sel ct ed fromthe set
{Ttot, 3 ?p t%“td S1zg Q%Céké {gorl@oimﬂ‘frb‘[md}md‘?’rget%‘ég?aé‘?ﬁ ‘Fhé‘ﬁn - B%ch a shorter
HSDPA TTI navadiaes sk @tﬂ@ﬁﬁ@bdr@lsﬂbd @Qﬁsfg&;ﬁtﬁm@f&é&aﬂ et ﬁ\é%hyat i on of

‘t he inmpact on perfornmance, delay, network corrp exity an lexibility
20 (HSDPAsii@ayla@mBr@pamlwww) .ot hlganEEd ﬁioanmmmlmdﬂsmﬁmmervp} €8 taas of the
filing d theteacqfi shereof a

T 119 SRR PE BSaByel aRehd naud e it ShPQbSK N Endf e |

upli nksor downlAcokrdigl t@tt]@éjsig‘.lﬂﬂﬁé aShadh af ihe Prdsenit iBAGHon, lif the! thmBerupl i nk,
al ready ack/nack will reserve 1 slot, since there has to be proper coding

for 25 | t channglization sartsiikarisd togpthr witls theddES avpertho MEHeaaiicade downl i nk
control %iﬂaﬂgna Etléjftg 1%5511? 1%%11 18 %ﬁ‘ts? céla%vr&rrg %?glselpﬁav&a\%%@f?ﬁgﬁl ly it is

desired to mze"*t cer

t aught her;ealmchanﬁelmwdd tdbe laiﬁlfval By tHel IE}EJJ dspwl:ilt}f fr mbiti-febeBQalM Case. ThUS
according to \E,ﬁﬁe present invention, the TTl should be 3 slots, where both
upl i nk an®PYYHHER Ebegies fassTmiedan exanmle thag theragoliemiof Fgliis sargied gut

20 inthe RNC or Node B). Therefore, the power level could be signaled to the UE:
either as a separate 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

25 submitted to layer I but only a subset, the Transport Format Combination. This is
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

30  equivalent were carried out in the UE.

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
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30 optimzing the timng of certain DL paraneters so that UE ijgpoéj 3‘<i% S
mnimzed. It should be understood that another size or size d 5
standardi zed, such as the 1 slot or 5 slots that have been suggested as
wel | as conceivably even 10 ns. In any event, the MAC delivers one

transport tﬁit@l@dq‘ls@loﬁlq%tf‘@axﬂg&’zﬁia Rl 16 B¥BRleyS@BMatioll rela@fdf 8iigd according to a
Transport Format. The Transport Format is defined as a format 18 0 6 DEC

2005 of f eroptimigation of Breypsessal inventon asovalls thaakbveinentipped eatébpowdre del i very

of a tran rt .-bl ogk during a transmission tine interval on a
transportqgﬁgxﬁar‘\%q?'.' Oﬁrﬁeﬁfﬁlalﬁgﬁ? ?Senf‘?&)]?ﬂﬂ? ocﬁgrteptttﬁagﬁjof%rﬂ’ﬁﬁs-one dynami ¢
part and mmﬁaﬂons(m.cm@huayeﬂenﬁamé!x@@&ep;rr@,wéjﬁdraagpdm@aﬂhm,l cal layer
i nclude Transport Formats that are 5 defined to include the

above- frentth®aadll i s apmbenef gispora forgwts avatlahle forareh irpasper chams! whighani ¢

part incl lfg@slt I ' ran t set size and transm ssion
time inter ae%%@%ﬁgﬁ%%%g}é%gwgﬁ eﬁfﬁ%)oafssofﬁéedo‘ﬁﬁg)egc g’ém%e ain Fig. 6
of 3G TS MevafiReless3asimbnt{c2@0 QlrEaldy, etviniytdiesh pofgrii tigRs ndrdMdogdesindnt he

Physi cal Layer." Attrjbutes of the sem -stat in%épart are: transmssion tine
i nterval (RRMRERERYIEde leyey ], Byonbnapulseicalled theel rayspariforpat t of TDD
non-real td : r : s ] t d size
i A R B D e e
schensoof dfkerrgrtiyoval@ Trangpoft Beethas @RBxn dadubirhigted siignsaikBN® lhyersem -
static, as. nmentioned aboye, j.e., not_ changed fraom ) .

transm ssi OnTYASHESSIOH U Pa&(%‘i’rflp?%te Rﬂspogﬁg‘aﬁ%ﬁé’f Al dee- GORETHE have to
be si gnal efle Toirld56r PBHKatiffork BASErHR L1, 10uAGHORY .5l gnal i ng
‘aspect of tﬁe prgsent_ i rfvention, if%h‘?}%ﬁﬂnge}ég gﬁ?ﬁ‘ﬁ%ﬁ@?&%ﬂ%odes S
vari ed t odéFaeel sliEmighe fMCSaawligpdnave theecadeSloatadtchemeds dedipied ndithat i on aspect
of the pr nt i nvention hi.s fact || .as th ower |evel of the code
channel & uadEnteERARSRFbIBSE eine e VedCiat ey yanee fifleert Vower
modul atsi odpGRaPErt| ASSUWIASehPEta8X ATPi9c, tddaingtliise Mt Rfchihg. 1 i
carried out 20 in the C or Node B). Therefore, the power |evel could be

si gnal ed tharanppsergfor caglh.t hes Chapier 7hpaf 36T Har- 30k veR. 0de0EPl nets as part of a

Transport J ' ' FC). Layer.l nmulti.pl exes .one. or several

Tr anspor t @lﬁﬁé g aalﬁ)gf"a[L ?oﬁple(éé%e%rgﬁ%IBé%ChméﬁngSf?ﬁ‘él 1Catifly METERAER | i st of
transport ohekoméspohdees bp@rden BREAEH vaRk)ol Wit THCEAHR 2 @RRld TRO! €he

Neverthel ess, .at a given point in tine, not all conbinations my be 25

subnmi t t ed HESlinyead it opler toimfgmuths sereating e of figrspenty-FodrBrangsibi nat i on.
T2 e, , ol R hARGIE I w B TREAR hauRbid 1 FRITRL TR FO8veS
data on the appropriate transport channels.

The Transport Format Indicator (TFI) is a label for a specific transport format
within a transport format set, as defined in Chapters 7.1;6 énd 7.1.7, respectively, of
3G TS 25.302 v3.3.0 (2000-01). It is used in the inter-layer communication between

25 MAC and L1 each time a transport block set, as defined in Chapter 7.1.2 of 3G TS
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.

30 MAC indicates the TFI to layer 1 at each delivery of transport block sets on
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
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Formats that can be submtted sinultaneously to layer 1 for t nﬁg}szﬂggn on
a Coded Conposite Transport Channel of a UE, i.e., containi nq; onev
Transport Format from each Transport Channel. The reverse would be true if
the algorithmof Fig. 1 or 30 equivalent were carried out in the UE

Assum ng i i i and XANR = i codes
such as tgjr;:f dcsg(;i esﬁﬁfﬁ’ﬁ%}t %@g%%lg%o§0§e|§b| e %gﬁe ggfﬁg”é]ﬁwg%{’ﬂg’%p/x use on
a Node BitrEpdsste deoetleshe infomentioormd isnsieed t¢ MAG en UE appropgiatdieantpanspor t

For mat’ C%gbl I’lf;lti on Indicator (TFCl) of Fig. 5, for exanple. It wll
therefore aémﬁﬁpreci ated 19 0 6 DEC 2005 that the TFCl of Fig. 5 can be

adapted to conv@yrefdit,at Wl bOApr6diAee tha 9f thBTFCORNIHTTZZRE] PMcBlani il esent
invention as well as the above-nentioned related power information. The

TFC i 8 asiapingsEemaks Gensofittngesidede teamecaivimgsplsrfor Sgnatiag thorhbarafi on

(TFC). W -1 | tinpl exes one qr veral .tran rt channels, 5 there
will be a%ﬁ%dr]rjg%?atlgp ngrf easnaélgél Fe?Pc?PﬁEﬁM@gﬂc’gB agoy ﬁds‘goglérﬁg TPEEPSr t channel
which M€ (sdipeot addiladon and ERNSHOHe JoWeRBivelSstthd ddde)chasideéaat ed with
each channel. Nevertheless, as nentioned already, at any given point in

time, not alpbesighpled s poirsbe kapydey bali fareppropriptgpeecessingageontingtoa subset
called th r i } oIS 15 defi.ned as an
aut hori Ze?eﬁ%rﬁ%ﬁﬁ%{b %Igir?%(bf eﬁegg I%glrlf%ialﬁlﬁa(ﬁ%g@_g ?03 hg?ltaé)l?rurn ent Oi‘?g Vartd Trans port

For matig t fitstration bitths pHot irt edhpsddnaslcbangoms bigtititzaliay Biformatioglof tHeansm ssi on
on a Coded Conposite Transport Channel of a UE, i.e., containing one
Tr anspor t PESFHEBY9HER each Transport Channel. A transport format

conbi nati on (E%%id%nfﬁ?ﬁﬂgkgﬁg;it el bgféﬁ}ftgéiﬁted V! %?Iggpéa%q}ged

‘channel s defined wi possi Ies o ck sizes and bl ock. set
si zes avaisigableé ekplicittawith chanpeket] 6.g(, dpnberitargbron)robdlangelyiidite $given st at i ¢
TTI size, coding..type static rate matchipng . paraneters for each. See
Chapt er 7%?@“0&%%9‘1'??1%? ﬁ@‘i‘e’i/lﬁ‘.’%f(ﬁr ths@evepieye! cag be_%ﬁ&,i BadbEy i Chapt er

7. 1. 13s50f nk@iendt®eepahRd ot HHNni cal specification, there is a one-to- one
correspondence between a certain value of the TFCI and a certain TFC. The

TFCl is used i Ahgidpers toointinflon prwhelevedeiotrangpei femef candenatio; eat foy- val i d
Transport . For na i nat j nd hence how.to decode, denultiplex and
deriver i PER S ots T MO PO e o0 e rn BANEIRE The
Transport cb@d ¢rahndindherticah be prddefihed ?qdv@he{zeﬁ Qhich tSRBr it MC&N@Rert format
within a transport format set, as defined in Chapters 7.1.6 and 7.1.7, o
respect i v&Pge chgpnel info) form the transport format combination and TFCI or TFCI type of
20  signaling is used to indicate the format to be used. The transport format would then
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 mmportant consideration is the processing time available in the UE.
We have previously publicly proposed processing time requirements as per Table 1
25 below. The proposal for processing time requirement for the UE was derived as a
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=6and TTE=3 slots.

Associated DPCH would contain one time slot which we call pointer. Tpointer = 1
30 slot. This is containing:

e UEid

¢ MCS

¢ starting point in the code tree.
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3G TS 25.302 v3.3.0 (2000-01). It is used in the inter-layer co ni cation
between 25 MAC and LI each tinme a transport bl ock set, as define §DEC 2005
Chapter 7.1.2 of 3G TS 25.302, is exchanged between the two |ayers on a
transport channel. MAC decides which transport format to use from anong

t he choi cgs ¢ j i f: s e TFl of the
DSCH al so i n%@é%%g-&?ﬁéhﬁgg? E%ﬁﬂgﬁz%lﬁ‘i?&?g %Q%IWﬁ%hg%%% ];T;Igti on code)
of the DSCH domsinihgs to be |istened to by the HE. 30 MAC indicates the TFI
to layer 1 aj_each delivery of transport block sets on each transport
channel . an‘g?‘ PAHRFSUi | ds the TFCI fromthe TFIs of all parallel
transport cmﬂ | processes the transport bl ocks appropriately
and apper.lds t gér'sloléglt)d%gﬁtﬁ?gsphysi cal control signaling. Through the

det ect § on eof Tddneol=TFat, Thivés the aigiethBOUE il nesd b ldecdding We phiabietdrie
transport format conbination. From 20 0 6 DEC 2005 the assigned transport
format conbi$Bt1dMRCHt he recei vi ng side has all the information it needs

t o decodet i nf i nd transfer it to MAC on the appropriate
transport ‘¢ %knefélg%h‘%;ﬁggbre, it will be appreciated that if the TFCl is
utilized as a nechanismfor 5 signaling fromthe transmtting side to the
recei ving side for signaling the nunber of channelization codes and

correspondi | aty codi ng _scheng) .in. daptive

nodul at i o?ag%j@i%ﬁgwdt%t% %hoc\%%?ng gg’@? g8§e %nﬁEg’dém'é'ﬁgﬁ:ﬁi‘%s can also be
signal ed soas to be known by the UE for appropriate processing according
to the piPasmameternven’ slohTITN+=€f ore, the TFCl of Fig. 5 should be
understopgd-as-an 10 jllustration of the prior art adapted to convey the
‘opt i m zaf ifoge i nf or mat 5.60 mef(2tSKETDpr esent} i nventi on. Considering the
foregoing,—it will be appreciated that tlhe power |evel can be signaled
explicithyns th eachl pdket, e.g., on the shared control channel, using a
given nunber of bitk to tell the power il evel (or the power |evel can be
fixedlland then it 15 need not be signaled at all). The idea is to include

a power | . f X roat conbjnatien,. j.e. . f.or .instance,
crbate adglf vish Wb RN Bk ing PRI i 28 s s vty e DB HERE

code chanisl UE theprxigtabiag pite deddunethap@ee gHegvikSrad s albuh@d o tvasits/vi t h MCS
(and code channel info) formthe transport format conbination and TFCl or

TEC t ype thet nosis 4¢ haBracayed Acsortngly, ousdecommendation trtheitthe Blishapradd. The
transport of iRt ¥RHI dbliBRed 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, 1n 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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I nclude the power |evel. Another possibility is to extend the [E)/FS to
I ncl ude al so the nunber of code channels and/or power |evel t Dbl Ls2h
Anot her inportant consideration is the processing tine available in the UE
We have previously publicly proposed processing tine requirenments as per

Table 1 2§nhebpite IINOSOIPRASRishEM s}ﬁhﬁﬁﬁéﬁéﬂgﬂxi&édrfﬁ%étﬁéwﬁ&%em for the UE

was derived as a conbi ned optim zation of buffer sizes and processing

ti mes. Theapreposale maslybased on the assunption of the timng shown in
Fig. 6 and the folf.o i ng .assunptions: N= 6 and TTlI= 3 slots. Associated
DPCH woul d ¢ %qeépﬁtﬁxgélr%lﬂg’r@ﬁ ?2 whi ch we call pointer. Tpointer = 1 30
slot. This igoa@Riah Md&dindEld MSS starting point in the code tree. 21
0 6 DEC 2005 Shared control channel is assunmed to be sent in parallel with
HSDSCHs TTle, HBdMGEHrbdgchanARlQopar seldted iifornMisher of code channels 5

Tcontrol =l slot, This is the ting that TIE will need for decodi hg the
par anet er s seh‘lheis?‘imﬁ)b@ﬂ OfT‘§‘@IP°‘—*ld|bes1F56f] ag 1 definedifor THAH i Releaggd% tet Node B

: . i . i . . I, N=6
T e R Ry il 9 A 3 b,

pr ocessi ngheniits possiblelsemtlinestot dedinmmjoe valasufor epf tadenaininglexidyge UE

conpl exi t taking into coun a he highest data rate is around 10

Vo L/ o | Fihiisgat s Bl ﬁe@‘é@gd&i@,@m@vwgﬁe vates fadbhmeAuhieson i s

t hat the BhluehfRReHe muilth -ﬁg@m.shoul d be designed so that at |east Tuep=Sns

will be available for UE 15 processing tinme, otherwse it needs to be
reconsi der ed whisonooel thessd Faprrathetersrvutie vent sppaygelyat. gf loaford tha MS-PSCH.

TT1in 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 rsupport 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, 1f 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 sce 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,
e, |
* 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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O course we could increase N=6 to N=7, but it would then al so @ap 5; Z@
requi red buffer size for the UE would be i ncreased (for the hig ¢l u>5
UE supporting 1 Owoit/s), which is not very desirable. Thus; we propose
the requirement 20 be that Tuep=5 ns be available for UE processi ng tine.

Thi s nmeanghhbgdrdds: thgﬁiﬂdmé@fbﬁ 'sﬁﬁb&\ﬁ@&el\ggﬁ Bé‘a&d?&adng%ﬁl@'l@é dSdsisgture is

spread over is TDL control=6 Slots al reddy i nto account that the
UEs have ll:la‘sqmoo*mbfmr secentliofitheglISBFCERTT, arvendeﬂto%eothe 1nfmna8l$cm:a’mmed DPCH.

TDL contr | ot s has be he_val used.in o earl i er ructure
proposal , MG wispove Fre g cods Jt3hoyill bgnetsdithat e c ABRPaFar R Poe

proposal . fys h&q{osﬁﬁlésih@%h%f A0S R el RbMIMr s%&ﬂ&?lé-&éleco%ldTﬁQ bd qlﬁfe rrappl ng
phllosophy for transport format parameters follow It has been’previously

poi nt el olargdhpinge H@rrsmlheh af bitengedidh fqr;aguanmaaps 1stp1abab&y)mocb #dhseen as

hat. def | t C 00 t of th
F. DocH 1 PO S ShPG bR B R s FrpvicyTesar® e par amr or s ar e

mai nly: Code mak btk BXiaf id, mﬁhmé @k is thPaiebahipenafnshue @ieN the HS- DSCH
code channel power rel ated i nformati on. The sanme k| nd of idea could be used

as i s def opdaiZagen vFibe Uhpresessingdime If tlwalﬂE c#1f stoys dpiag dhederzodsdationion maxi num

Comot i mos PR RERRRe g HABRRS KO UIRARR g SR s bh of i on - and

| ess val uestifnided e 1Aa@lass@trﬁi\rerfasirﬁa;vaet foa kheamd i@ thdVIESS bafaek it empstartO val ues
for code multi IeX| n efc. |If sone of these TF pararreters wer e sent

separ at el oing the dionp Sinpsstisgpposyd T T fengduis 8ishate dhopmingof tBome of t hem
in parall %hcte%iﬁsﬁugl?%h}"r %:E'ca‘]’ei%r?:?eraﬁgfge ('El%fr jechannel , then a certain

amount  of exi| Ity In ay| ng arou &se par anet er val ues woul d
be wasted. Thi Shus, mnrdenp:msptmmtzenmlﬂmprcmedsmgtlms, s pevpoeiidethaldbnd hat one

requirement for th DPA DL st woul d be that it should support the
TFCl  concé&ptUicHes ﬁﬁa chpgts tg%ﬁ%é‘f it TF pasamsters g sppgbefgre gﬁ‘ramaters is
mai nt gkne ev?e‘:nﬁ t of
t hes quar g?rgte%?g&?% @ﬁ%scﬁsl g'nig %\gﬁ%%og hﬁﬂ&@ Sﬁ%ma goat EgStg%é rel ated

par anet er smafrséotﬁmtwmndheﬂelpamntdters pad HSBSQHT‘EF[}&M albedng tmteet"ondncbdmgd with

TF paranet Ehose can, if desired, be
ebarame ers

Two alternative HSDPA DL structures will now be presented. First, an earlier
proposal of ours i1s 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) TTIlength=3 slots

2) Results in Tuep=5ms, meaning that TDL._conirol, 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
15 1 slot time to process that information before HSDSCH TTI 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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20 sent so that they are not sent in the sanme bunch with the TE gaéinﬁé@gs
We have already publicly raised the issue that certain parameteﬂ she be
sent before the corresponding HS-DSCH TTI. HSDPA term nals will anyway
require very fast processing, which we see as the najor conplexity issue

for the UE Hdéwsvetig this pasinire ¢k irapossimiilotheh nalabérnEdodOchnntis ihde
conplexity is mnimzed for the UE 25 wherever possible. There seens to be

consensus t HametyaclUEith ¥MGhdincg there denat enpeghoioeman PP &S within ongsloteast

cont i nuous q{,ﬁg?&ﬁgng of HS-DSCH can be avoided. In addition to that, our
proposal is tha e TF paraneters nentioned above, i.e., Code

mul tiplexing informati on 30 Modul ati on and coding HS-DSCH code channel
power rel %FES i nf ormatj on. shoul d be sent beforehand. One benefit of this is

that the FOopin AR SHUFtHES Sribaighisprepased thahepdeshamelBAVEy havi ng UE
buf f i . | hiep | ng
ot 1 he oyl ol AN PHACrTIRRls PhENAGr 1t dai i yEOR bLS P ve

tion nc does not have
to wait femougheoanadn aefsotihted BENICKthid ond slotairdeperiod fgethid kied ofif or mat i on

about MCS, code power |eyel and codes. It should be noted that if the
demodul at PagAmgIrT (o thcraBer hand, B hge ?eﬁiséymgﬁ%at%‘arf(%%@p e5SBythene
nodul at i 0fow¥BR of BYR chaﬂaﬁléaﬁbéemg&b FH§ basib %Etﬂﬁuet iﬁ{% aﬁtﬂ% tg'ggoer of

bits needed for quantization is probably nore at t at1 on synbol
| evel 10t hbiE.what it is at the input of the turbo decoder. The other benefit

is, which we think is.the npst inpor | ssue here, is.t optim zation
of the UE proc@bgis‘:ﬁ:&flil ?ﬁ@?atﬁeffrﬂ%@%%@#éﬁiﬁmﬂﬁrﬁﬁ tjf’ﬁ@eg’gﬂﬁ tf ation on
the fly, bREvPIGGESSTRE iddaRreid dhdtaRd Maf@rcohts] chhfnd1 8 Qhebasndhpg the ack
lcan be 10 optim zed, since it does not have to first wait for the end of

the TTI, peTepending ESPSSHRTTT, andithay Thhnaraaetonwnd FHARQ Barsowtarherepr oposed
TTI length, | | ' f ing.ti this ti
scale o erdeled ooy AR hlio BLEERIRGAH (ol eidele ™

processi ng) tTTEHen@hle3 glogposal is that one requirenent for DL structure is
that UE id and TF paraneters are sent before the 15 correspondi ng HSDSCH

TTI. By "bhef T n. that there shoul d be at |east i me sl ot
bet ween t gslgésggsr }gfr%ggr g° :glrlle I§I§5§éﬁuﬁ'ﬁr IelfoPp%ﬁaf’ aﬂlélgttﬁ#gqlttﬁn‘wag@odi ng
t hese par anetlgch is the maximum time over which the DL channel structure is spread over, is

st1ll 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 TT1 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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Two alternative HSDPA DL structures will now be presented. Fi\rNit ﬁ[}
earlier proposal of ours is shown in Fig. 7, based on which B 2005
derived the processing 20 time requirenents for the UE descri bed above.
This earlier proposal of ours fulfils the follow ng requirenents |isted
abve: 1) dvkh th@BeidurPosithsidhmReSHICCHS s@n‘fﬁﬂ%@m’ﬂ@ﬁ»y FR Wk tdask UEDL
control, which is the maximumtine over which the DL channel structure is
spread ovepuldihavetasiceeise e.g5ordy v SEECHES phthametlithe tiwe ch al | ow t he

denodul ation on the fly (MCS, starting point of the code tree) are all
sent before thg ®ersesRendid cd The redtidifentd thatlws ifhk fHafhet O Process
that information before ASDSCH TTI reception starts. The requirenent that
it does nHSDc?MLétfetl}lrefﬂlﬂpﬂldl fulfilk Qrigeyefypinpmmianigasp&a wi) thindd ik tof dpddaaibe | ity for

< et 8 AR EhE e s bLTRIHE PG n8° ol PRiBRL Bty s M Bl Ss 0 6 pEC

2005 Homemﬂ,ofumudtmeshﬁtsﬁmrae flekiblsa TROPSHRIAIS a§ ol wepRRr of code
channels in the sane bunch with MCS, since there 1s not enough roomin

DPCH wi t hPiss@vid agaiy ourteprhist peaposad, wheramsshef thel TH\plazsarreters arddest @t ruct ure, is
that it i aiite no d on a per
TTI basi S§SS gtggeasﬁg%re t?l g?gﬁgsgggggg%qu%h% RSN a“sdea%gug room I n

associ at esnfoRGH:shbthit splanthesbaé multifBeigg indskniadion ihiveo garbdwafch waar ameter. On
t he ot her hand we have been saying that for QPSK and 8PSK, the power |evel

of code ciamRel S“@EWH@TF&(?IF@HC%%FD WImWéﬁP%lbWW%Jﬂleloﬂ?%ﬁFﬁ“ﬂ@CKﬁ to the
lo HE. Th ,‘,Iépﬁl? t, the first
tinme shoi\j\slr;tﬁiﬁgﬁélgglsalll&I(%)E)i?]ﬂisok &Sd ere st a@"ghc}ﬁ%glr%e ogbalrtlet%rﬁfé}c{hannel i's
‘sent Dbef onsing thet stumhnes[pmmdnmgpﬂ@ib&ﬂl—w&"ﬁfqpoamtﬂa dehatll TF mﬁzﬁﬁﬂﬂtsems and FHARQ
par amet er r ded s r at el The, new str re fulfl s al| four

r equi remeghag de‘if’é'%f’ﬁa@nﬁﬂo oret %C%ITGS??’F 1?%5‘&%& bt Bisyilkensyrethat n ¢ he
sane TuepfeiBosafeilc 'ﬁé('fli doﬁEelﬁ.chrpgéﬁéed MM‘@;&H}B@@ETEDC%B tfhe canWhi Ch i's
the maxi mumtinme over which the DL channel structure is spr over, is

still 1% sboegimized. In this structure however, it still needs further discussion how many

shared control channels the UE would have {o receive all the time.

The following further considerations relate to multiplexing and channel coding
1ssues 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 onc 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:

» different transport channels should have separate HARQ processes {the ARQ |

processes could have different parameters, ¢.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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3) Full flexibility for TFCI type of mapping is ensured for TFnﬁggry&tErs,
nmeaning 20 that all three paraneters: code multiplexing infor A,

and code channel power are sent in the same bunch 4) Al TF paraneters are
sent before the corresponding HSDSCH TTl, to allow UE to do the

denodul at | : ' ' | !
enmodul at i onygRqtshsydr Wis, I%Eﬁoh&sjﬂ%@r\ﬁgh cﬁe?rr#l%‘ﬁ?%gtalﬁlg;\ﬁﬂ]% ir'ﬁQ][fuﬂ'E: mat i on

before HSDSCH TTI reception starts. ew | 'S new
structure i ssoneaaddistenabsumioermggei ve an SHCCH or several SHCCHs all the
time. In case there is code nultiplexing of several UEs, there should

anyway be,a kg ] f | e l'tipl exed
fo” the sane PRt fnioftshiulis SRt B ot RERAREEESAT, b
SHCCHs t he MéiSmeidetopul d send in parallel. It needs, however, further
consideration as to whether 30 it would be acceptable for all UEs to

receiv 4 SHCCHs - ] i i i L incr h er of

mul ti cgdes t hat %ﬁ%éh%g}ﬁ%eﬁt{%n %@%\%&thﬁuﬁ%%%ﬁlggﬁﬁ%ﬁs%ﬁgu*é& eg%lg?o have
some ki nd tahsportddedk sisd. magmpingatiof trddsport bloSHGztsvithanaltraiebbnehanngl ist hat 25
06 DEC 2005 even .there would be at maxi mum 4 SHCCHs sent in parallel by the
net wor k, Q&B’I‘PS@E(‘ hets de Frygerl fransnegleshganeds time gilyplexgd iniqatttiercat TTkem aj |

the ti . I | | t hat we
think et o R TR RaRonaNbo e RERSARER: fReb R SRS, Tty ¢

aspect we inhligsthatshe MAGHINT zed thetRieCPDAE elss hage tbihaee sanaiidtath szet Hot he UE.
The ot her inportant thj S to define such a. kind of structure that
supporits & Wé?{?gﬁflén%i#gé@ W?ﬁﬁ’ﬂﬁ’ét%%8@@115Iaé?°%3tﬁ%‘iﬁé&zﬂic@sent ed again

our earli gfleeORASRnadi8HEdgBS oGk (UNB A hRAI APRIBISR BEDTHE Rize O
‘associ ated DPCH before the c%?(?esopor(ldi ng;: HSDSCH T'Ial. The r?r}?n 8r awback of

that st r geeldhe possiblaae definespyariablet ReCdBE sixa lfor PMaf neggssany.dftimt i on in two

parts, whi K1l 10 thus net...su t he | concept din.the st flexible
way. The éﬁgleat{’mhg‘rvg‘vf\%a{:eﬁug? aﬁltlori\agH’?Iﬁgtsxwﬁg}(ggﬁggwgng%&ﬁ@g?a&% Schannel
pover i nf evdiiid hétrbelchobditiodnsiost eaeardafliriforHail Pang Badd. The HERIPHR bIddR our new
proposal, we propose to send all TF paraneters in a shared control

channdf, sErsheld be selesiedBisd an tep HSHSCbRsTMCS Td deypinimensumber ¢fat  t he

nost fl exi t d n S0 .t th E_processi ng
ime can PROgbhels SHOGEA Rt B ThaaRLaR s brpinfEgs
further dicsduisminaels boly oitamyes tisdwaurabbr @@ fiafiplortWedks s TThend dhe Wandpdrthave to

recei ve all ti(he time. The followi ng further considerations relate to
mul ti pl exibllf{r SHE r@ﬁ%ﬁﬁ@haggfdﬂﬁ, the MCS set should be selected such that the most

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 TTY, depends on the selected MCS as well
as the number of code channels. Sce 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 1s 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

36 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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i ssues for HSDPA. Sone open issues are revisited and sone proDB?@?&’??ﬂU‘i
made. Regarding multiplexing of transport channels, the first=" "~
consideration is the nunber of 20 transport channels. Different |ogical
channel s can be multiplexed at MAGC-d into one transport channel, neaning

t hat evenpassﬂbxnﬁése}?b&xlaﬁ@t C6ANSRE MUTPRAR TAAD3 :SWBRAF (BREahrel 0 cal
channel s. "However, if different | ogi cal channel s have very different

requi r emeANACEPRUSs (ranspaxs Blocksidn be @‘aemi‘rted andhSpehtnieh eomblionstoruldne UE may

be needed, t to be schedul ed
et o5 IS s vl RSB g P €0kt ) A RERE! SebReagBid “channci

in one TTbeMﬂérﬂﬁte@@nﬁMﬁﬂQﬁé@ﬂTﬁél‘e'ﬂ& @SQHSD ﬁ@&@ﬂ&%lblliﬁescom d be possible to
have several transport channels tine nmultiplexed into different TTls. This

woul d have seand firadt iransppis lpcks withf@QRYlerretet Y2 ab6 codashad theind Whdul d have
separate HA { rQcesSes ould have diffe ent araneters,
Rgtgtﬂ% ;ﬁ% 1£4 SSI 5@5? ?ﬁsf“f) TR ARREY Y houl d be

e.g. max nu rans

number ed or wﬁdm@rsmﬁae:a’g@c@@r@@causeéﬁﬂﬁnféﬁ@ﬁlﬂélﬁ HARQ and asynchronous HARQ
with explicit process nunbers 26 0 fi DEC 2005 woul d support this,

asynchrongus ers, onl addi ti onal
nu?/merl ng) %‘?%Rgry\ﬁﬁ?nsf’g@ﬁtoﬁ%? (:Eb‘t‘isﬁr{ﬁtgllga%laﬁ$ﬁ’ &% qﬂt# &E’rs FESEr anspor t
formats (bl oghutinzesm peltbranamet ﬁoi%% 6f View it ?ﬁ%ﬁ@@eﬁ&@%{ﬂ TRt . Qntthr taini ng
to mul tiplexing of transport channels is transport ck sizes.

seni -dfatic mﬂf@bﬁgﬁéﬁﬂﬂﬂvpﬁdﬁllooifﬁzbowbhsm@llqdrtanéfpﬁdntton@h’ﬁFﬁ)al is pr oposed
(if there are several transport channels tine nultiplexed into different

TTI's,  thesesdidffier eitspbit BARRObd HDANEGARI GOH B ranspor t
‘bl ock si zes) . Thal S II’?B lies that the MAC PDU Jrrﬁlc}ﬁ %E%ngt\)ﬁﬂglﬁgo have to

have sem - stBh)iswalsiaz@‘ W@ldﬂ HE@ thtslaﬁ(ﬁvbﬂ@d@edd thedd ACAM) insthe mcemngnm;l is true
already in a nt st rel e wher e kno ed node
(UM can havS d\g}ﬁ?]iog% b@tﬂ gnygs WIOP?dSIP(Sﬁ?CHMBé’XEﬁagY%‘T "’WB define a
vari abl e RLGigulisd #e Wdtes sbhtbndtegessary. This woul d, however, require
addi tional TFCs since MCS and number of code channels would not be enough

toinlcateth or.t forma bein d Th transp | ock 15 size
shoul d°be sel e% %’3%§§§8%d%ﬁh?qf§ Frogdo ?’B“E@F’"R/&g EW&P@H&B?HJW Smum nunber of
code - chanpglagdiag tetadhaandl @kagd, 5 BREd firadile ERRBF Shanghfdbetherddese@nd the
nunber of code channels only changes the nunber of transport bl ocks per
TTI and t A& stynslasdiention and that multiple codes be used 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 TTIL 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 2 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 signalied.

¢ 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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bl ock size need not change. Al so, the MCS set should be sel ect ﬁqi ﬁgch'g%at
the nost robust MCS contains a single transport block and all ™o S
an integer nunber 20 of transport bl ocks. Exanples are given below A third
consideration pertaining to nmultiplexing of transport channels, the nunber

of transpor tiohl gSkP A &ﬂé{rﬂiﬁﬁé‘(ﬂbﬁﬁ{eeﬂ- Hese ARRONAS iﬂ&aﬁé@us@@i}%‘g&ﬁg MCS as

well as the nunber of code channels. See the tables bel ow £ed on the
sel ect ed MCS/4mdth & ¢ralenimyisad 06QPSEdexte 1AGHINE codds|(fideHEDR Akpoovan usedhber  of
transport blt%ﬁkﬁstronhhtg %SSG ?hysi cal layer. Therefore, normally the nunber
of transport ocks” REEF* ISt be signal ed separately. However, at the end
of a packet call/session there can be an arbitrary nunmber of MAC-PDUs to
be transm tt edRegérdingdhephwsical byengtlaniviCo®Dy chainlfer HEBRApTig 8dgepictsen t he

nost rpbu d_the mni rum nu codes shoul d be used, even if
the chgnngfé%aon%qr?&oaﬁggcgglwmuﬁmﬁ fggﬁstrﬁ;éq‘use of less robust MCS. This
si nply i npli esFohétortdetechib®alic Wirhd CRE 1ehBROMAr P!ebibu@'sﬁﬁéérdﬂﬁt@&?b' lity. If
there are nany MAC-PDUs to be transmtted such that no conbination of MCS

and numbefelemseryEpronsed forn BISORADEE arent wodkigr assihplodsis thaéreeCREds sever al

27 0 0 DE For, anmpl,e, ..c pder the. set, in Table 3
and assuméc'r‘d(t?e%g)t%r B%??éﬂp gjrryllh?ﬁﬁ&&g 5‘5%1;“8?? %ﬁh%%@lr%%jm@%gﬁ?kansm tted
and the chdiifthereandirtdrefisanyaifltble trahdpeiv bldtks SEhidMaScbdiic &ikeadl Thisy ate 1/2
and 8 cod .e., 8 transport blocks could be transmtted with that node.

S, i.e., . KS Ccoul i
Ther e 1%r eﬁ?‘ﬁﬁ"qre‘%’thfs that e nyast of bits Wik diffprencddSs andsdiffercnt mmshmsof bl ocks
Wi th QPSKeodcdlhanddi2ar@ Mt Be&RPRRuANE §A165 &h@nll zl%%‘&at %%t@higa‘ﬁ'(s 1o @hRed/ 4 and 2
codes. This does not require any extra signalling but  Wastes Sofe capacity
“and cause$o 8lirgld frand. The B @yould Sodealdied for kanisipaikporbbloek 3s ansh daslgerr at e

matching tq fill,.the TT|. This is best solution from perfornmance point of
vi ew but F%?ﬁiFTﬁES FepidfadiipieMGSghangesgsomepyhat (ralg malehing 1sart peedad for t

bl ocks sheulide hems]. ol ked Aloryéag ARG %% r r

bl ocks and an aq%lli_jti onal dum*ryyblﬁggﬁba%@gt%)y %§ﬁyshglétt§/@?%xa ager woul d
treat 1% hi of Gansigiaskeachad), sdvee dMNBe RLG-RDI henighchibvgnbe encbet shbedutt r enove

t he dumwght%lé%cﬂ%.bggiingg%%&ﬂgréarequi re extra physical |ayer signalling

but waste Y¥% consideration relating to multiplexing
of transport chapa®lcFking assumption that the same transport block concatenation and

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 repctition.
Altematively, a new lower rate encoder can be specificd.

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:
¢ Dufferent code rates for different MCS’s can be generated with rate matching

(puncturing or repetition)

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

30 filling 1s 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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regardi ng code channel usage, a fixed spreading factor of SF=16 has_ been
proposed for standardi zation and that multiple codes be used fdlﬁﬁﬁ%& 2085 a
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 avail able on a given

Node B f ofatdhidgis nooiieedtd todiase ARSSErfoPmbfceXd diF@ent tRhspordthsaieiyser W thin
a TTl. There are several reasons not to transmt all the codes to a user:

Code nul t FipFeXRly@nefragwee chpnnelisdrangmittgd par SORAITE within a T;I;I, e.g., 2
to 4 users co i d Tr 1f.]less codes w.th higher power to
a user at bad gg’%ﬁ?ﬁ%ﬁ@?@%@?&ggﬁ e%’@nwgeg%}é%ldlgq%ﬁglp glﬁf]ﬁegdfﬁc]it al Node B power

al | ocat ed for HSBPADTX wib highdr @ﬁebﬂodﬁl‘ﬂii&eii ﬁlobﬁiM&?%ltioh@m@Q@ﬁiﬁlhanneL;SK
t hus gi vi i gher, power per code channel. This would _ typically use
with [dw E&ﬁg:%&d@%@ 33 EuppY sequsaec wihone i pemeyediaedd QMY ~ be

signal | ed i i it possi bl e
(qgal ity tc %I%Sgkée!taﬂg%g* v%g 5Srsret ; ,I%%W{e%wg%%\{ﬁd? ﬁ aﬁg%%%g%n%(eé} 8%?£§odes may
si gni fi cadnlajiemateeth DX it &y gpetratenmatthing r@@&'ﬁ%ﬂ to fil giletﬁl—idggp %ﬁa@lihlo). g_se_ Ei hg

hi gher AW, codes (and.28 0 5 DEC 2005 tota A power divide
betg ween %ﬁ%ﬁg%ﬁé@ thig o5 quglgpeasﬁ%f@ Qg ORHEHISPRth channgy pervl s @PE%I%_% i nst ead
of QPSK, Eﬁdﬁeﬂdf@re)’!‘aﬁé}n&cﬁﬁg@ssnc(tfﬂégthedw§@%énf?9%@.eﬁ§ of O afretag’ | " bot h
cases). Regarding the physical |ayer channel coding chain for DPA, Fig. 9

depi ctl® 8Ganpdpertichammesporfia CHENMME| Note dhat ghespovus tiewcd sicaild iWSDRAhadgzd er r or

detection, the.sane .| engt as for. previous standardi.zat.io rel eases
are propoStd f §F rﬁ@ﬁglﬁ'ﬁ%gc %'é‘mfom%fﬁgna% tlf Gypeiaon ﬂHlP%f he CRC is
added per rddQE¥RARd Block TH6r faasRIthéRfork RidhctsStht Rahbbuy HIPRRHIQIdndRaN ts the
‘whole TTI if there are errors in any of the transport blocks. This saves

sone over HeaW. OPRPEPOsA ihiowse eate Matghingrepetitien (ohtesnpurtsbming) thfill $hewi t h

di fferent i ££fer er .of ode channel s are not .integer
nul tiples 0 Z%%%go&ﬁlfg]frn%ang ‘rlg e rreﬁtlg}‘ﬁbﬁg%%?scﬁpgsegge ﬁ@%sc?ontb °°1kisﬁe t he
f r ame 15 TheudBRRatGRWxta &6 Reeadtded for each transport block as in an

earlier release. This would facilitate MCS changes sonewhat (rate natching
is not needed % o¥RYSicakhanpel sapping, the bijsicanhemagped toidifierentendet corr ect

. . i S&i d), f th
e el eSS S A AR A o) sore of he

To summarize the foregoing consideration: (1) the number of transport

- chanmels 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 1s 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 TTL It should be noted that
in the tables several alternatives aré given for some data rates. This doesn’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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HSDPA

AR e BsBRRA e

)f Iot% transport

i's fixed, only

second i nesthplgWiQg of Jableéded. Use of EWX wi th hi gher order modul ation is
not as straightforward as with 5 QPSK: e.g.,

sequence with one bit
alternatives were presented in an earlier

renoved i nto 16QAM

‘\DTX is to use rate mat ching repetition to fil

HS-DSCH this is possible since only one transport channel

supported

power

pr oposal
t he

| evel

and t herefore,

transport bl ock size

how to map a four bit

constel |l ati on.
DTX proposal .

the frame (cf uplink).

per TTI
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15 such that no extra filling is needed. As for physical
the bits can be mapped to different code

earlier

st andar di zati on rel eases.

(1) the nunber of transport

channel mappi

ng,

channels in the sanme way as in

channel s supported by HSDPA needs to be

To summari ze the foregoi ng consideration:

deci ded; (2) transport bl ock size should be 20 sem -static and based on
t he nost robust 3) MCS shoul d be such that only one transport bl ock
size is n@éb]@cﬁwm ¢r¢tf6ﬂlf®mé2\P§IK l/éségwdﬂsilaﬂudmg 8PSK) the nunber of
transport KRS bIIL 9 IIU A € Oll afreter y J| —€ |vm alld Ruhoer
of code akr#’r‘iér £ T(’c #94 ‘Sémflffrygt%&@ al so the number of transport
bl ocks (p)SSI bility t D2 exdleh dumry bragleks i f neédeles at MAC BSOdSShOU| d be
studi ed) ; [{fek addi Ng CRG O] BAGIT 22 (hikd! BROL LORK %Ré?ﬂ* Bk Fﬁg@*‘ jer ed;
and (6) rate matching shoulé be useg]lr(nstea of DIX'to | F {19 .
Possi bl e MCS sets based on &l!sem |stati¢!transport blfock size af® presented
bel ow. Bi{ QP§E€[kateg1|/4/es the nymver of infopsmtion bitsiper I'II . I 1gboulld be
not ed t ha tapres—se rat Hern VES_afre A—for—sofre—dat-4
rates. Th gPéerralteﬁt a%n t ha %‘&) all th=g¢e2bal grnatlbg,g pr oy ggsd'gd. They
are sinpl yQ5Howiteid t hat t her &448r e |Sever aP880way8 of @ei20i nqmi ff ¢pwat dat a
rates. In gm RRd;z an| appr opilsat €[ gubsel,gh thegsSe s¢hgges [;shoulg;pe
sel ect ed based on pb. orrenrce—andH pnt-atiioncomplexi-ty.—Table 2 NMCS
set derivel FrBiersk|1/4. 51%8des830 0]64PEC| 305 HESD6. ¢ anspd®P bllock
size 1200 imSKsra(emicl uzls ng CR@)OOS (a)@lesl()c;&mdesslf\/CS# trool k3B t s/ Tddot code
Code bl k 1 bl iTi# e Cgdebi htkssizebtt A hnSh, ne
1/ 411200112 5 z nllia?m QPSK. ,ﬁ?at 4@1/?9 %‘FW 448 8?62 Ik S&%a
\3/ 4336001 3H6DER FH0PR60D 16 QAR af &0 1 / 2489800 | P14800 8@60024(800 l 66AM |r at e
3/ 4672002364002 1AAND34800 | 2830 |12 5760 |18 8640 |24 11520

64QAM, rate 3/4 | 9 4320 18 8640 27 12960 |36 17280

5  Table 4 MCS set derived from QPSK 3/8, 5 codes
SF=16, transport block size 1800 bits (including CRC)
5 codes 10 codes
MCS # Bits/ | # Code # tr Bits/ i Code
' trblk |TTI code |blk blks |TTI code |blk
s blks gize blks size

QPSK, rate 1 1800 1 1800 2 3600 1 3600
N OPSK, rate 2 3600 |1 3600 |4 7200 |2 3600

3/4

8PSK, rate 2 3600 1 3600 4 7200 2 3600

1/2

8P35K, rate 3 5400 2 2700 6 10800 |3 3600

3/4

16Q0AM, rate 3 5400 2 2700 & 10800 |3 3600

9/16

16QAM, rate 4 7200 2 3600 8 14400 [ 3 4800

3/4

64QAM, rate 6 10800 |3 3600 iz 21600 |5 4320

3/4
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64QAM rate 31491080033600182160054320 Figs. 10 and 11 show chalbgﬁlgﬁe%ﬁg
and physi cal channel segnentation for two exanple MCS of Tabl e*2 e
3 MCS set derived from QPSK 1/4, 2 codes, including 8PSK SF=16, transport

bl ock size 480 bits (including CRC) 2 codes4 codes6 codes8 codes MCS#
trblksBits/ rT # trblksBits/TT # trblksBits/ TT # trblksBits/ TT 1111 QPSK,
rate 1/4148029603144041920 QPSK, rate 1/22960419206288083840 QPSK, rate

3/ 431440628B894925 152506 ed Bidkn QPEKel/3/ 261d406288094320125760 8PSK, rate

2/ 34192088840t257601 67680 BRSIG-rat e 5+ 6524001.04800457200209600-316QAM, rate
1/ 24192088401 >=760" 71%8%1%(")%\1!\? Fale e B0 AOD 0480015 7200209600 160AM
rate 3/4628801257601886492891520 64QAM rate 310.9432918864027129603617280 5
Table 4 sset deri vegl Troms{REIK B/ 8, bcedesy Sh=16gidd/angpor t | Bbfckisi ze

1800 bits| (including :tl'«;%kS ,E,pldes lgocfeod??]kkg/gs;igb%ji/ Jz%)Ide# E(:r) el t:séig Codgle
C S i 3

trbl KTTI cpdebl kbl ksTT| codeb bl kS§S1ze 7 e SK;
rat e11800[118002360013690 3/ 8 QPSK| bkt e2856301860047200236001181 4| 8PS8K,

r at e23600 [Fx) 4742023600 1600 1 1600 |2 3200 |1 3200
1/3
OPSK, rate 2 3200 |1 3200 |4 6400 |2 3200
2/3
16QAM, rate |3 4800 |1 4800 |6 9600 |2 4800
1/2
160AM, rate |4 6400 |2 3200 |8 12800 |3 4266.
2/3 66
16QAM, rate |5 8000 |2 4000 |10 16000 |4 4000
5/6
640AM, rate 6 9600 |2 4800 |12 15200 |4 4800
2/3

1t should be mentioned again, with reference to Fig. 1, that not all possible MCSs
5  have to be tested. Some MCSs can be selected for testing and others skipped. In other

words,

[ 1045 4
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

10 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,
€.g8., one or two intermediate MCSs could be between cach ‘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,

15  we could have a MCS set:

MCSO0: no transmission

MCS1: QPSK 1/4 (where 1/4 means rate 1/4 turbo code)
MCS2
20  MCS3: QPSK 1/2
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1/2 8PSK, rate354002270061080033600 3/4 16QAM rat e35400227006GB0FI300%,
9/16 16QAM rate472002360081440034800 3/4 64QAM

rat e61080033600122160054320 3/4 32 06 DEC 2005 Table 5 MCS set derived from
QPSK 1/3, 5 codes SF=16, transport block size 1600 bits (including CRC) 5
codes10 cogdesqa MCSHBI t s/ #Code# trBits/#Code trbl KTTI codebl kbl ksTTI codebl k
sbl kssi zebl kssi ze QPSK, ratell1600116002320013200 1/ 3 QPSK,

rat e23200ME6546290 38200 2/ 3 16QAM rat e34800148006960024800 1/2 16QAM

r at e46400%§§gg81280034266 2/ 366 16QAM rat e5800024000101600044000 5/6
64QAM rate6960024800121920044800 2/3 It should be nentioned again, wth
ref erence MOSH BQAM I/hat not all possible MCSs 5 have to be tested. Sone
MCSs can be selected for testing and others skipped. In other words, "j"
does nbt M¢88to step through every value 1, 2, 3, 4, 5 6,... etc. Another
seqguence WS?%@M&I One possibility is that the UE will, based on the

Here MCSs with even number represent the intermediate MCSs and UE could also
use them when signalling the measurements in the uplink, i.e., if the channel is such

10 that MCS?7 is not possible with full number of codes but could be possible with less
codes (giving higher data rate than MCSS5 with full number of codes), then the UE can
ask for MCS6.

Typicaily (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 MCS?7. 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 (MCS1
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 MCSO0: 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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measurenents, report the MCS it wants instead of SIR This can 9% EEC 2005
considered as a coarse SIR neasurenent or request. In this case the
correspondi ng SIR val ues can be 10 as far as 6 dB from each ot her.
Therefore, it may be possible define some ‘'internediate MCSs' between the

actual MCSgIOS00T6(8BAM D4NpVEd¥Rr € accurate SIR, e.g., one or two
internedi ate MCSs coul d be between each 'real' MCS, thus getting 3 or 2 dB

granul ari tMGSA11 MY dr @eedes. I n practice, these internediate MCSs woul d
r epr esent XISt §th less (or nore) channelization codes. For
i nst ance, M@‘%é@%%/mc‘%gem set: MCSO no transm ssion MCS1: QPSK 1/4
(where 1/4 neans rate 1/4 turbo code) MCS2 20 MCS3: QPSK 1/2 33 A 6 DEC

2005 MCS4  MCS5: QPSK 3/4  MCS6 MCS7: 16QAM 3/4 5 MCS8 MCS9: 64QAM 3/ 4
Her e MESs Nut¢ thabthe pumbsbel cadgppseednted theachiVeS e baadimsse. an¥MTH Icoul d

al so use i L4 asurenents..in.the upli i.e., if the
channel igﬁ%ﬁ&%%v%ét% %rﬁg&%{ =na§6§%‘%t‘8fl%&$&rl‘%ﬂ¥‘ﬁr‘i“ WL??F%B@BC&WI des but
coul d be passbddsahwiltpré@ssa hipheedatd gity/ibag e @b roblak MTCRhethtcha® MCS5 wi th
full nunber of codes), then the UE can ask for MCS6. Typically (e.g., it

the MCS sé&Pdedyviey dath riesens thasasas, Ha meeromosdGr svoplt 2ikieketiam) 15
mul tipl es Qxffoﬂﬂﬁc?lgnﬁmry)!\@ﬂetﬁagsg,g%gﬁ aqfstiﬁgiaﬁﬁ%ﬁﬁé%léépé&?%e are for

i nst ance x 12 channeli"zati on S ava e for en MCS1 with
12 codes &hdSs NoG3watht hiléweddesitigodes miychsaoeiddata sehtton, Hosediag to t he nore

robust MCS g I idl.this case) should give better performance (if the
total HS- BORNANIDS,| | ocated for a UE). Therefore, the 'internediate

MCS' should contain nore than half of the 20 codes in order to have higher
‘data rate. To be nore specific, the MCS should actually also contain the
nunber of Witlleg., 4Rois 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 carlier.
Although the invention has been shown and described with respect to a best
30  mode embodiment thereof, it shonld 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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i nstance 25 MCSO no transm ssion MCS1: QPSK 1/4, 3 codes (?3%@ %4
6 codes MCS3: QPSK 1/4, 9 codes MCS4: QPSK 1/4, 12 codes 30 gl §
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 34 0 6 DEC 2005 MCS10: 16QAM 3/ 4,
12 codes MCS11l: 64QAM 3/4, 9 codescIMpgk2: 64QAM 3/ 4, 12 codes 5 Note that
t he nunber of codes associated to each MCS can be arbitrary, e.g., MCSI 1
above coul d have 10 codes However, as nentioned earlier the |ess robust

MCS with ;I ess he rate than the nore robust
MCS with rlmre Mqud‘?dsfo? dadQ :la)gj ?%1319 ?éaﬂ‘tj?lé%% t"ﬁe nore robust MCS
woul d gi VGOMh&htlomyﬁt@ﬁfmﬂﬁlﬂlw\/ﬂﬂe vM@ﬂ@rﬁ&bQﬁlﬁ,quﬁh@hc&nﬂ)ﬂﬁﬁ g or

table with varjous possible i o MCSs along with "all owed" nulti codes may be

provi déd F6Psekl ection, according to radio Iink condltlons Wth e.g., 4

O ot DO TR AREL gl I S AR ook S BRI BRSO, S
t he qual i tyding s¢Heend (MRS Xfirorn haong la msuma@acsmair utsﬁbyﬁltﬂahsﬂﬂﬁa:’d dvepowner hl S
all ocated to t UE. The packet scheduling gorithm_ in Node B can then
al | ocate fh?éaﬁ&)E%H!ksaﬁc‘PrQ% teéﬂéém(ee"adymglr‘fd‘i)tlm]o'vﬂH%IStY»t%’dcode nul tiplex nore
users at the s ddfa are code
20 mul ti pl exedg{%%llilﬁ%ﬁ}% ngin iEfséh?:to B?ald gaﬁglgﬁ%g&é&k%g S?%l(ra kﬁSS and UE2
want s 10 MC88mbeihafrehhiotkdizB1ianoanidds boaat eandhlittpRSK rddeBrenof tnidradodbsk. (and hal f
HSDPA power) and for UE2 QPSK 3/4 with 6 codes (and hal f HSDPA power).

K . 2. The method of claim 1, wherein said MCS and said number of channelization

codes are selected from a prestored look-up table.

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 satd 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

36




In the downlink, the Node B has to finally decide and tell the gtswﬂgé
actual 25 MCS is, the nunber of codes and whi ch codes, as well t r

| evel used. (UE does not know whether | ess codes are allocated with full
power or because of code multiplexing with | ess power). In the downlink,
TFCl  t yperdaio BilgRal hdagureARnOReS Bivind 8 ndBsabidRdicerd 6 Bhid Alifaikgh the
invention has been shown and described with respect to a best 30 node
enbodi nenfualiepeafured n sgioteiofyacashdeg.st ood by those skilled in the art
that the foregoing and various other changes, om ssions and additions in
the formand detail thereof may be nade therein w thout departing fromthe
spirit ang. scophe fletHoldef claivies) firtier chpAsify PleGtepd @ s6l AbdyRqlipnivat,hod f or
use in adaptively nodulating a radio link in a nobile comunications

syst em? acP#FAPORFoasrgmentyanags iy said step of srappuringgsaiedting andMePendi ng the 5

steps of: ivel | t i Wsla e si.and a
nodul at i oﬁe%gﬁgltglscodsl)é %%%Smgﬁg‘gEW%?%%%%@H%%S‘lz]@ﬁ.ﬁ{ f/alggl g‘i\}fgs for use
by a transaid trassmiteein adhjtévchashodulaiink sAd eatidlinlg to said time varying radio

link quality, and signaling information relating to said adaptively
sel ected MCS and said i n nunber of channelization codes from said

transmttgr torfe frfacgﬁ)g\aﬁ?rgla% 8?%%(3?1?%@346%'3%5 aliny'iggo Loog l%t sggaiml,

wherein said MCS an nunber o anneli zdati o es are selected from
a pr et or gandnotkr- trgmsinatbkg said Snf8rmathe ored bodrod thainal dimizd aniveiped N sai d

| ook- up tapu%\ﬁ.ti s.made with a nunber of possible channelization codes
associ at eBUHHH OEUIEH SUBRMEN (e9ql¥e et hod of claim 2, wherein said | ook-up

table is nade so that, first with a lower MS, all allowed channelization
~codes are |listed and wherein for each 20 subsequent MCS only code channel s
are |i st ed0t hafthprgitiodeofglatndh &rrther comptiging Heerstep ofrsaidi trammmiier, afsre of a
previous MCS wit chancpel i zation . codes. 5.

i 0o

h. & _maxi er .qf allowed...
The ot notrear e ey T SR e e B FierBPRalaiots r ac
link 125 guald idapAvél9kele@ed BICE siERi@huATaIichMtlisRlRGdag. 6. The nmet hod
of claimb5, wherein said step of nmeasuring is carried out in a user
11.  The method of claim 10, wherein said step of said user equipment selecting an
MCS includes sclecting a number of channelization codes and wherein said step of

reporting said selected MCS includes reporting said selected number of

20  chamnelization 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 mformation 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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equi pnent acting as said receiver of said radio link. 30 7. The rfnBdlo2005
claim6, wherein said steps of adaptively selecting and signaling are
carried out in said transnmitter or el sewhere than in said user equiprent
acting as said receiver of said radio link, said nmethod further conprising
the step of providing a nmeasurenent signal from said user equipnent to
said transmtter of said 36 0 GO E C 2005 radio link, said measurenent

si gnal hal®ng Ehermgiiod edelamdi2cwhercin othesar bbth adil dovinhitk slgoe ¢hayneteasur ed

steps of o R TR Be o W plBa R n el Ch I o HaE s ol d st 2p of
measur i ngmiliedceadd Rghae sMeS and reporting said selected MCS to said

transmtter as a requested MCS for said use by said transmtter in
adaptively nodul ating said radio link. 9. The nmethod of claim8, wherein

sai d step;pf S'l“g@ﬂllehﬂg og‘ﬁ%a?rﬁrlgitﬁger%ij tall,':l) er %%8@5%1%65%%Q§%%ﬁﬁpéﬁ)g$§ mtting

said informati on on a contr ol annel ” sha user

equi pment respaelivetos patlet id berwired aslaaf thededi T8, further conprising the step
of said transmtter, after receiving said requested MCS from said
recei ver, deciding said information relating 15 to said adaptively

o a e 50, Vi 2Tt ARUSGUTRG, 18] wEBAANGI 73 Ailof MAGniddpn 1A IREDS ©f

claim 10, wherein sald step o user equi prrent selecting
i ncl udes slkeneeltfong gavenUifief sad dowalinlebliazal ¢hanneldooeaniaedtoeieittakiai d st ep

of reporting said sel.ected i ncludes reporting said sel ected nunber of
20 channelf% ?ricglﬁﬁl%‘g’& é%tl%f.qu%@dﬁﬂpﬁgﬁw 0@16&?]}?9@}3%%1 &icAntsel d

infornmati gRnhe TTERETHS beRrODiE e FILE Yid ] i sai d
transnitter transm ttiéng ar dO\INn?li g‘ﬁ sEar ed gﬁgﬁ]&gﬁhggdsal e(P'adapti vely
nodul ated radio link to said user equipnment receivers. 25 13. The net hod of

claim9, erei.n saij,d.control, channel .is organi zed tp. transmt . said
infornajti:gg'_ rellrﬁ?ﬂ‘? °f‘é’?§iﬁ“a 7a3’§5ﬁ%$“§/m§§? coey s P 'ér‘l’&‘%%aéﬁ‘? Rdnber of
channes i zaﬁﬁ@ﬁh@eggyo@sﬁblgmaiaqa@% Rt b GarfAPARS HERYUARY. paraneters al so
transmtted on said control channel. 30" 14. The nethod of claim 12,

wherein said control channel is organized to transmt
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 TTI.

22.  The method of claim 18, wherein said measurement signal includes a
possibility of signaling (MCS0) 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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said information relating to said adaptively selected MCS and sai § bhiyitie2005
of channelization codes prior to automatic repeat request paraneters al so
transmtted on said control channel. 37 P6 DEC 2005 15. The nethod of
claim12, wherein either or both said downlink shared channel and said
control channelrhBakehdd dfTcRRHM3S ¥herid ézﬂ@higﬁ%ﬁﬁ%@iblé ddth ate Wbk RaHYO
mlliseconds or three slots. 5 16. The method of claim15, wherein a user
equi pment apighestggilergMCSvaith Whish sailddarger mdpdmdi quglityds mepacket i s bet ween two
and three TTls. 17. The nethod of claim 15, wherein said information
transmtted on said control 10 channel for a given TTlI of said downlink
shared chapgnel Ths nRtIANZREmI2Y, WheRsikdid M colimheheHunasnel i zation codes
and MCS before other information in a control channel TTI starting before
sai d gf veshameligition gpdesd hrmdvlationscheme rthnedde rag of Therrpeedirsgtiof claim 7,
wherein sg&%mﬂpasurenent signal is indicative of a 15 current highest
possible data rate to neet a target radio link quality. 19. The nethod of
claim 18, wherein said highest possible data rate is indicated by a

hi ghest order MCS with which said target radio link quality is nmet. 20 20.

The met hod%of ditgimathagl ofiglameldy wharein sapsMeheentpias fheaumbebel of

channel i zat, | . _ h i [ of an error
correctingh&ggﬁéﬁ§ﬁ§eg%%?ﬁgRﬂgﬁﬁ%ﬁqg?aﬁggﬁﬁ#i@gmﬁﬁgﬁgﬁﬁmgg?& MCS cont ai ns

t he nuober of 25 channelization codes, the nodul ati on schene, and a nunber

of bits per TTl, 22. The nethod of claim 18, wherein said neasurenent
signal i n?ﬁudeﬁﬁmeﬂ&‘g‘?fﬁlqlﬁ%}»&%e@@%@ rRgSYRPS)siAbnciges # ansni ssion i s
possi bl e whem g &%tdma id ol | YOS The

‘imet hod ofﬁelafnﬁg, f%%?%%g@gngﬂggﬁéﬁgg%nﬁ%%g?§b%%%?%%t|v%egggg%%ﬂrrent

hi ghest pes®wnpbadghtralityafdCes.meet a target radio link quality. 38 0 6 DEC

2005 24. The nethod of claim 23, wherein said highest possible data rate is
i ndi cated by

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.
23
30.  The method of claim 1, wherein said receiver is a user equipment.
31.  Themethod of claim 1, wherein said step of signaling is carried out using a
transport format combination indicator (TFCI).
30

32.  Themethod 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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a highest order MCS with which said target radio link quality is mbk§ [0 2005
The nmet hod of claim 24, wherein said MCS contains the nunber of 5

channel i zati on codes, the nodul ati on schenme and a code rate of an error
correcting schenme. 26. The nethod of claim 24, wherein said MCS contains

t he nunber, Qlfity, ﬁﬁﬂgh‘%ﬁrh%t hd&%@% with §n HR%&lﬂ%h%b&c mdPish nunber of

bits per od of claim 23, whéreln said neasurenent
signal i n@Dd@eﬁt C@Hems@mbiyldlffyremfblsr@%amnhgh(gkiEIS@)m‘ﬂalaaof crhannaf]izlaﬁmﬁ ssion is

ot hod of CERCHEdRET s ok St Bl sl e 16T st ep o

adapti vel M@s lvﬁﬂiouﬂgu@m@nné SRanéing 5 Bélﬁw%fald t£ atﬂa@ig ch@ffel ﬁfx&lﬁﬂ/ afifpot her,
i ncr easi ng]ﬂy hi gher order MCSs each capabl achieving a specified error

neasur & f dkereafied channel having said tar get radl o channel quality, and 20

sel ecting a hi fo nunber of
channel i zat i on%g%‘c%iﬁnsg Gie Oww%d?rw SlPWﬁﬂ hbt-’éﬁ%wd&am Qﬂ%%?ts i o

channel qanalhlgnest laﬁn@@ of Shanhbkzat®h kedesolititdubtfsihg tHO Bl 193kl béibRNSM tt er
is a user equipnent, 30. The nethod of claim1l, wherein said receiver is a

user equif§ ﬁ%l’ge@fdlo'lﬂrli'ém?ﬁéﬂh@i&ym claim1, wherein said step of signaling
is carried out using a transport fornat conbl nation indicator (TFCl). 32.
The nethod of claim1, wherein for a target radi o channel quality, said

step ab &@dapt iThelnyetbed eldlhing3X; dumlidreemptibing Heapsp O sigialing inforidtion a | owest
order nodul at| on and codlg) schene (MCS) capabl e of achieving a specified
error neadtipledde sad aslrgieq lovest pdey Sv%rIW’ﬁfé higher erdenMinefromgagl 6 DEC 2005

Aquality, testhi@r &k feugst order MCS with an increasing nunber of
‘channel i zation codes at correspondingly different bit rates until a

hi ghest nunber of channelization codes is tested for said | owest order MCS
or for a bsequent | este or der
%'2{ C!Hle metKog{ ois élal ?3’ %\qurem Sa(.jl step of signaling is carried out using a

15  transport format combination indicator (TECI).

35.  Method for selecting a modulation and coding scheme (MCS) for use in a
mobile communications system, comprising the steps ofs
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 setected 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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MCS wi t hout causing the channel to fall below said target radio cl&h &l 2005
quality and 5 thereafter selecting said | owest order MCS or a | owest

hi gher order MCS that tests for said highest nunber of channelization
codes wi thout causing the channel to fall below said target radi o channel

qual ity. 30. 337hd HRuRldTethiffsschlblindid MUY BRI sfONRbE ofehduielishien of
signaling information related to said selected | owest order or | owest
hi gher or dedes pESelactad foan d prestand inoktwprtable. sai d recei ver. 34. The net hod of
claim 33, wherein said step of signaling is carried out using a 15
transport format conbination indicator (TFCl). 35. Method for selecting a

modul at i on and TaedieftbdsTResim AOMwRtreliPéaid RRkIUP t8ble TORAIEWRAR ITUMLERSS ONS
system conprising the steps of selecti ng an MCS capabl e of achieving a

speci f§ edpreysitde cofschanrels associated anthedach MChHavi ng a ti ne-varying radio
channel quality, and selecting a nunber of channelization codes that are
useable with said selected MCS without falling below a target radio

channel q42l i t The 2fethole cliinl B30 wakbret] iidodR-upftiblE REhadOMhhS FRE withe step of
signaling information 25 relating to said selected MCS froma transmtter

of said s¢deeH ML alledlergd chamelzatign coges asedisted andrivbeneist fovdadkf cl ai m 36,

wher ei n sai i i j r4E | out using. ransport fornmat
Conbi nat | SroeRidAENs SygRR Byhds SRR nAoaL Aicher b BRERG, S o
transnot t eraxirsua bityete o€ gupriRBtMCSIvitilh earthiio dupbecdilindd, wherein said
receiver is a yuser equipment. 40 0 6 DD C 2005 40. The nethod of claim 35,
wher ei n s SAPOREEBLGRAOASS d number of channelization codes are sel ected from
;a prestored | ook-up table. 41. The nmethod of claim40, wherein said |ook-up
‘table is made with a nunber of 5 possible code channels associated with
each MCS. 432. The muthiddod ctfimdoatinthgbcomindsieg theSaipchfingrakuriiy dafbtadid s nade so

that, firs vm']ih E Iowést gCS al.l ~allowed channelization codes are listed
and wher eF¥gHAELDRPTIT (B S3E SiERE OMSE YRy code channel's are listed that
provi de a higher bit rate than a

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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10 maximum bit rate of a previous MCS with a maxi mum nunber g% %glzgﬁf
channel i zati on codes. 43. The nethod of claim 36, further cg_ pi i Ag’ he
step of neasuring said radio channel quality prior to said steps of
selecting. 15 44. The nethod of claim43, wherein said step of measuring is
carried out in a wuser equipnent. 45. The nmethod of claim44, wherein said
steps of selecting and signaling are 20 carried out in said transmtter or
el sewher e49-hanThenmstiiod ofi slerm dquiuptirenconsprisimgtha step aif dhid treosniter, afér sai d

radio link 46. The meth aim.44, further. conpri.sing the steps of said
Loer Cequi BREVE TELEEEOR MESIUMe R teechithe Aminegryad shop SHELGE: ng

sel ect i ngsAadMESaaNshi2Puh BRYTchameiAtbneliect ed MCS to said transmtter as
a requested MCS. 47. The nethod of claimd45, further conprising the step of

providing a measurenent signal from said user equipnent to said

transmtt of id.radi.o, .channel , . sai d nmeasurenment signal having a

rmon ¢ udesynai 58 FowedPt Qi MR Reren eSS GHR begpHERee bRIPER 2 o
user equi PIESHncludds sclttingainfbeObf HanhdlizAflon YHRE hd\whalcth Si@&Repbf Si gnal i ng
is carried out by said transmtter transmtting said information on a

control cHRARBIE salaselsgted bR iaclugssueparting sayd seleded rupuby@ént receivers. 41 0
6 DEC 2009, 4831i-k06n @E&e@%ga% u%!;t%!ighél%er (tfucﬁat nek: gLzl N9 the step of said
transmtter, arter rece|V|ﬁb sai d reques e TYOM%ai d recei ver,
carryimg out said steps of selecting said MCS and said nunber of
channelizgtion ﬁ%de%? 5 50. The nethod of claim4l, wherein said step of

sai d user”Equi pheRethodiof elaim ¢ Sawhergmsaidyaformation & Emsmifledoniattber of

channel | 2 GRAEPHRNdo WNEHEHANARE aihfifindfa a0l Shitdy Bahdhonel ected MCS

includes reporting sald selecte er of “channelization codes as a

r equest edchmmmblgp saifl vstramgpginmenatdcoivesodes. 10 51. The net hod of cl ai m 48,
wherein said information is transmtted on said control channel prior to
said transmitter transmtting a downlink shared transport

15 52.  The method of claim 48, wherein said control channel is organized to transmit
said information relating to said selected MCS 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 refating 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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channel to said user equipnent receivers. 15 52. The net hod of c‘jﬂaﬁ r;BE4,’,8,20(]5
wherein said control channel is organized to transmt said information
relating to said selected MCS and channel i zati on codes prior to

acknow edgenent request paraneters also transmtted on said control
channel . 53. The nethod of claim51, wherein said control channel is

organi zed to transmt 20 said information relating to said selected MCS
and sai d éRanndhi methawipictadast 7pmihorein said aehamatént sigapeiatindiegivesf apar anet er s
also transmtted o i,.d cantrol channel. 54. The nethqd of . cl.aim 51,

wher ei n e?jigt‘g?t 0(5?‘31'@6{%5 tg%iago‘%g%ailﬂﬁmgﬁlfﬁ} @@V@qmm ﬁ?ﬁ‘n%%llzﬁu%nt r ol
channel hay@esarlidsa RathbsiaMgteRy b Mre&\adio CRdink! §A%a). to two 25
mlliseconds or three slots.” 55. The nethod of claimb54, wherein a user

equi pneént processing tine (Tuep) for responding to a packet is between two

and threeJTls 6., The. od of cl.aim54 erein. sai.d information

t r ansni ttgg' onngi(Pnae%?:Ogn?tjr%gqlm %hgglﬁ%elm ?%Slnﬁaﬂif%%f‘ﬁ"aﬁf‘@&w&laom i nk
shared chaossliliiyofeiganhZ 8dt idtridsanssid isydkdble (MUNe). of channelization
codes and MCS before other information i%ﬁg control ° channel TTI starting

three slots before said given TTlI of said downlink shared channel. 42 0 6

CEC 2005 . T clai.m 47, wherein said,neasurement signal is

i ndi cati vgabf I(}? etﬁ?‘%ﬁ%@? %ra e?ﬁligcgl?lﬁa e qngﬁg&?%pagnﬁggﬁ(%ﬁb%e wed nunber
of channehithad ima-vagdtesidir chai®d qualityossid fmathol Bgr ddabevlpsdladtidgta radi o
channel qual'i%i. 5 58. The nethod of claimb57, wherein said neasurenent

si gnal i n@?%’lé‘ oppid corag peiemielyIe?) fEomg arons g plwralkity b MESseidifsiem i s

Jpossi bl e (MeQ) j ' : ' .Sfem
‘having a E)adl 0 fcct?a rllee){yslt’ %grve\;r{){?r g%ﬁellr%e%d %%&n%ﬁsggﬁgy%ggﬁée@@g%%ﬁ ty, said
met hod f omaid dagthéd/einyprses thetstapgoft nmodul ati on and codi ng scheme (MCS) from
anong a plurality.of MCSs of differing rders of .canpl exity, wherein for a
gi ven adapt at i 3{?}{‘8%‘@&}’ BEO%GSF %F’Bm%&e@ééﬁWt,m“@&i‘”dthrlr’é%}r%ﬁr‘%f’énpr! ses
the stigps MESs Sl &dpabRGIWERiBviAg h QWi LG mMsm AR tiRg 6 Afd fihecONt i NUi Ng

wi th higher order 15 MCSs alT capable of achieving a specified error
measur e aceoinl rndiotchanid quality- testongysaigiomast awdaMEGE evithoneatensiyglytlaged ng sai d
| owest or %fenrnb!yr%%f %éﬁeii?ﬁfoﬁ%ﬁ&&%t )éo}rgsrpggcriingly 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

areceiver 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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nunbers of channelization codes at correspondingly different bit g@tﬁ%g 2905
until a rmaxi mum al |l owed nunber of channelization codes or less i's teste
for said |lowest order MCS or for a subsequently tested hi gher order MCS
wi t hout causing the radio 20 channel to fall below said target radio

channel q@al i t ThemskthdiesRAdifes2, $eleRah k08 IGALE hPWeShads dah aMamief o€l ecting
a highest order MCS available that tests for said maxi mum all owed nunber

of channelPPgalp epdecduarclpasspagisdwiitthensh MGSusi ng the radi o channel to fall
bel ow the target radio channel quality. 25 60. The nethod of claim59,
further conprising the step of signaling information related to said

sel ect ed loawesThemeteliod\dIs]€im 61, $eedin 4id dbokMpIableinadd sallifdtefiti 0 a
recei ver of said radio channel. 61. The nethod of claim®60, wherein said

step of sidasst MCP sllallopicd shapneligatiangpodes g lisied aadwhereinforgactc onbi nat i on

i ndi cat or gﬁgs f.clal [el | are

avai | abl eS %;Jré%%{llt tegtl?g:aai?%m%g@g{ﬁcg%@rﬁp r?ﬁfaggﬁloéhgﬁgﬁg%tg@%ﬁ on codes
froma prestximed Hitoele-affa gredibes MES Wih RDRGx2G06 gbed bEailidiod of cl ai m 62,
wherein saLd Iﬁok_- up table is made with a nunber of possible code channels
associ at e§HMERZRRBIONRSS. 64. The nethod of claim 62, wherein said | ook-up
table is made so that, first with 5 a lowest MCS, all allowed

channel i zati on codes are |isted and wherein for each subsequent MCS only
code dhan®él s dihe ndtkaded dhiat 60 fiottied eomphibigl ere shipt ofimadasutimasidradicaxi num bi t
rate of a Er ev i rraqy)fJ;S m.nunber of allowed channelization

jous. MCS with a
codes. 10° @?nelrﬂ‘éﬁ%]ﬁ”ﬁ?fgoéfﬂdcgf% CURZ)rt her conprising the step of

measuring said radio channel quality prior to said step of selecting. 66.

‘The nethod of claim 65, wherein said step of neasuring is carried out in a

user equi frent Themetiod aftrdeimeh odhersfin sdid step 66 menhengiincaaedosttinps  of

testing arag%seﬁh@%ipg are carried out in said transmtter or el sewhere
Ser

than in sai eé]q'ui pment acting as said receiver of said radio link. 20

68. The nethod of claim67, wherein said transnmtter is a base station or

radio network controller. o
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.

206 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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69. The nethod of claim67, wherein said step of signaling is carrg qg{g 2005
by said transmtter transmtting said informati on on a control chdnhel”
shared anong a 25 plurality of user equi pnent receivers. 70. The net hod of
claim 69, wherein said information is transmtted on said control channel
prior to said transmtter transmtting a downlink shared channel to said
user equi pnent receiver. 30 71. The nmethod of claim69, wherein said

control ghannghe hRtRIIGARIARY 0! FhékhNEM LondRLhnh Bl 0 biRK L8 1 #hRkiNg to said
adaptively selected MCS and sai d nunber of channelization codes prior to

aut omat i gaid égempationgeleting pesaithastaptivelpbelocted MSSrind witl mmbsatfd cont r ol
channel . 44 0.D .DEC 2005. 72. The thod of claim70, erein sai.d control
channel * FgRiRioh adetdrief & ackenFBriten Srubnacbsi b gl S0 ng
adapt i vekald sehtesltcBshMCS and sai d nunber of channelization codes prior to
acknow edgenent request paraneters also transmtted on s said control
channel . 73. The nethod of claim 62, further conprising the steps of said

user equikpren . S ments_made,.in said step of .measuring,
carryt g Dot Shs RS RS KA oo e R F sl R B PERR! 1t on on
sai d recbiasedion nlddsurémenidenditinggld efep O aieavulihg, EdtriiResutGARMNdpS oY t he steps
of said receiver, after receiving said information signaled from said user
equi prentestipiselgrting and;sienahing premiation opgaigeenival t ar get radi o channel

qual ity and signaling sane to said user equipnent. is 75. The nethod of
claim 70, wherein either or both said downlink shared channel and said
control @Ghannéhe hetwdafictamsi3i Asthencdmprisingithe sieph of Sald Jeceigerabfiéro t wo
mlliseconds. or .gfhree slots 76, .The t hod qf clai m%S, wherein a user

equi prenfeFVERY NPrehen sigpapy e sadpser eqypmantndeciding sgid ifermationp et ween
two and bhye@®n hihiget rhdio chagndIghilag aﬁ(ﬁ sish&iP shrre t&‘@rﬁlﬂﬁis& eggi;pg-L pf ormati on

transmtted on said control channel foOr a given TTI of ownl i nk
shared channel is organized to transmt said nunber of channelization

cades and.MCS bef or.e ,other informatiop in a control annel .~ .25 TTI
stlgrti ngq%'ef oirge %ﬁﬁ)dgqf&gaﬁm rwh?reg’aefl eﬁl%?ﬂtﬁ ﬁﬁ‘édéﬂ%?@% @wé%@apne and
said control channel have a transmission time interval (TTI) equal to two milliseconds or

three slots

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

20 résponding 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
number of channelization codes and MCS before other information in a control channel

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

78.  Device for carrying out the steps of claim 1 in adaptively modulating said radio
link in said mobile communications system according to said time varying radio link
quality.

30

79.  Device for carrying out the steps of claim 35 in selecting said modulation and

coding scheme for use in said mobile communications system.
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78. Device for carrying out the steps of claim1l in adaptively nodulating
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in said nobile communication system
complexity in said mobile communication system.,
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