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comuni cati on susf@fikc Qﬁ%UMLd@éml%%kQY#ﬁc tAOSIR&E%'}fg% R Y Sue

conmuni cat i on such as v0|ce ta nmessagi ng,
br oadcast, etcﬁﬁ%qgﬁww ds? ystem; nay be nultipl e-access systens
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systems, Ot hogonal“’lﬂbl\?ll? (OHBRAS, syptitted nEDYIAEC SPAYINEINGG r €ARRIER DVA

( SCFDVR) syst eswrdHIOG 44 Adunitr eia SESDPANTERNG GasiNeD: Sisireahmmy Timcl ude a
nunber of Node (B EINkh%edQ SYRARrt communi cation for a nunmber of user
equi prents (UEs). transmt“data to a UE. The-UE may send
channel quality i naf”&‘ tlf%nﬁl(%é’§= i ST e PHEIE nHORALINe BARRIER

downl i nk chann@WItkANG My IUALt CRLLNEIABISINGh @ NudeE BsmegcHale s a
transport forrrmmegeﬂdg l,j(,tagzggigd“|:|nformat| on and may transmt data

i n accordance W|tht ran t to the LIE. The UE
may send acknowl e é’ee"ransn tl‘“%? ?\‘ﬁﬁ{i%]ﬁcgémcﬁﬁt%ﬁs’?%é?%ed from
t he Node B. Thé’%g%Ath%eP@@@imWé whether to retransnit the data
or to transmt newadattse dbeveplaRsibia tb@&ﬂiﬁcaﬂ&hshr@ﬁ‘m@%ultﬂafdﬁ{g%%&&@ It is
desirable to ef,‘{d"%ﬁg}u%m%gwg@and information in order to
achi eve good perforiance 10005] Techni ques for reporting ACK
and CQ information in a wirel ess conmuni cati on system are descri bed
herein. A UE may be able to receBaKeRoUN®M uUp to two cells with
dual -cel |l operation, The UE may send ACK and CQ information for the

two cells in vari od®%vanners.
[0002] The present disclosure relaips generally fo communication, and more

specifieally to fechniques for coporting feedback information in a  wireless
comeaunication systeir
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[ 0006] I n an aspect, ACK and CQ information for two cells may be sent
on a feedback channel with a single channelization code. In one
design, the UE may determne CQ information for a first cell,

det ermi ne WGQ-"H?%%BH on for a second cell, and send tPRE/US2Y09/038281
information for both cells on a feedback channel with a single
channel i zati on code. The UE may process2a control channel from each
cell and, if control information is received fromthat cell, may
further process a data channel fromthe cell to receive data sent to
the UE. The UE may determ ne ACK information for 3 each cell based
on processi ngqyr esg[,,g%rg[g,rd the data and control channels fromthat
cell. The UE may send the ACK information for both cells on the

f eedback char{ﬂ@fg] wi tYirdlese cempghieation gisierhd zitwidely Gi@nlleyed[@(kﬁa\]ld'dwearld&s
may al so receb¥edhtfnCRMIRUE o RBR: [WRC Ach{% daf 91'&5 %l:%a%cast etc.
carriers, nultiple links, etc. The UE may ACK'a

i nf or mati on chhPsenvwrethswsétee@lmay bem‘mll‘!ﬂ%ﬁ(@%@aﬁtqn@rogpab@mfﬁu}moﬁmgendlmmks

in a manner r a T
Send ACK and B0 T ape e RN S RER SELRE, Pk e a R IESs
Vari ous as peéﬁf%e%%dlcbéat%ﬂ@é)lwlotl Réultipls Aasstsr E€DAMA) a¥ssosddans Desoi n

further det aiNibgb OceSRITEMAFS(RLET IF %‘{,T ES&WEME%L%Q%]S!)P%@A

shows a wireless comuni cation System

transm ssi on SFyeR% t Qihogenal FOMLA KGEEBdMN cxstdnms endretinginCamint FR)W A (E¢E
Wi th one and gpMparhiapng! i zation codes, respectively. [0010! FIGS. 4A
to 6B show vari ous "desi gns of sending CQL information. [OO1l1l]FIG 7
shows a procd®®hg dniirclpgreogenaicaipnAeren miyGayiudend oembst obilode Bs that

[0012] FIG 8 mmo@emhm%oﬁﬁforaa M&uepoﬁugyaﬁgﬂ ;{}J‘Egﬁ')@%r&s’%emay

[0013]FIG 9 shows Process for sending feed rmati on
[0014] FI G 10reavishdrtatopy @ e$he VB maysensd ahipmmg! ﬂt@éﬂba«t{z@tm{@amfpmtmn

L0051 FI G Linsihovsomnoubehink! AGaSSali0ly Sl §oafbash: tarllfzgf %&%ﬁ) o

[0016] FIG 12 shows a grocess for sendifng CQ 1 nformation
13 shows a prige®ed fepmappeeden iy QUERMBRMBYH my transgiiclats ia dsbwddace

di agram of a s @pdel @etéﬂogﬁls%ﬁ format to the UE. The UE?E'? &EQ{:%%&I&Q\I

10019] The technlques described herein may be use or vari ous

wirel ess comtfihiKe Bfareation for dpgdats Eﬁéﬁv%ﬁ@m NotipRjn TheBetie B gppidpiermine

SC- FDVA and  qraser @y@&mlt il Qatd BF fBBtran§t¥§tn@\mdaﬁntg tﬂmek\cf}ﬁagéa"on @ en
used mterchangeabl A CDMA systemnay I nplenent a radio tec ogy

such as Uni véiR@ationy fds desitaple I‘féaéﬁﬁéleﬁb’c@% ACBTRA) CQL franedD, lll@nfter to
UTRA i ncl udeacm@%@ SRMACE WCDVA) and ot her variants of CDVA
cdma2000 covers | 2000 | S-95 and | S-856 standards. A TDMA system
may i nplenent a radio technology such as d obal Systemfor Mbile
Communi cations (GSM. An OFDVA systeppfpaR{P! enent a radio
t echnol ogy such

[0005]  Techniques for reporting ACK and CQI information in a wircless

communication system are described herein. A UE may be able to receive data from up
to two cells with dual-cell operation. The UE may send ACK and CQI information for
the two cells in various manners.

(0006} In an aspect, ACK and CQI information for two cells may be sent on a
feedback channel with a single channelization code. In one design, the UE may
determine CQI information for a first cell, determine CQI information for a second cell,
and send the CQI information for both cells on a feedback channel with a single
channelization code. The UE may process a control channel from each cell and, if
control information is received from that cell, may further process a data channel from

the cell to receive data sent to the UE. The UE may determine ACK information for



4 as Evolved UTRA (E-UTRA), U tra Mobil e Broadband (UVB), |EEE 802.11
(W-Fi), I|EEE 802.16 (W MAX), |EEE 802.20, Flash-OFDMO, etc. UTRA and
E-UTFt A are part of Universal Mobile Tel ecomruni cati on System (UMS).
3GPP Long WerM°&¥PTti on (LTE) and LTE- Advanced (LTE- APCIfUSZ¢paias2s1
rel eases of UMIS that use ETJTRA. UTRA, E-UTRA, UMIS, L 1E, LTE-A and
GSM are described in docunents from an @rgani zati on named "3rd
Generation Partnership Project” (3GPP). cdma2000 and UMB are
described in docunents from an organi zati on nanmed "3rd Generation
Pat t ner shi p ﬁag] @‘@rea? d qarepgsading repils frciha Ataed eradel sheensisniagre thet prlly
be used for the Hshewhd aRACTRHOLESIBOIRYEES o RRERABEH BRAVELASthe
wel | as ot her eF&Lem; .and radi o technol ogies. For clarity, certain
aspects of thgélg%l AREiRaEe e descri bed bel ow for WCDMA,  and 3GPP

term nol ogy i[g00rsed Tihe URIGhy Glisot DG eSS BBkl @&ebcﬁixpwo E@[QZQ&rEh&iin}e
shows a wireless co t1on _system 100, which ly i ncl ude a nunber
i thwg tiy

of Node Bs arfd"§thBPIlR b [t rite {Eomay o8 AGKndi (Qltigforpitoy fesaulnglele

B 120 and oneelRehudigNetanbsk Jcomiltié ligks 1€1aNan%ﬁQnﬁﬁletostHQ‘ﬂ&lgnndeEér@ed 1.
A Node B may be a s atlon t hat communicates with the UEs and nmay al so

be referred t%6°%s dA° &ForPEdisotfad g\(leanay CQ piuwatiqnay ofer mATKEedss
poi nt, etc. AleNNodel BidmY VRO Hfch QRIALLAIIFa GRYRLAAR: KIS d@cribed in
parti cul ar ge %{a hi g)rea To i nprove system capacity, the overall
coverage aredVgr MO may be partitioned into multiple (e.g.,
three) smaller areas. Each snaller area may be served by a respective
Node B subsystem In 3GPP, the term"cell" can refer to the small est

coverage area of a NodeREEFHESC SERINJQN ©E TG PRAWENGSg thi s
coverage are pe ] | h the termis used. In
3GPP2, the tgr n@f}seg?én]‘gm%s%nglﬁé-ggé%ﬁ?wﬂgﬁgysgen% er to the small est
cover age aredd¥P] a HHs® %tc@ltilbrshtamd?amr transhyéssien sftraa iten ®U$an;feht émiback
serving this.gaverage. afea i
used in the ciescrltl tlgcgni;)ﬁ PE ﬁﬁl%g{fégxma%g%ggﬁﬁg%(? m%mt V%% Node Bs
and provi de deOi nfﬂ(ﬁ%r‘iAamdB@m vaglous @ﬁsiguh@"ss@ld&mmiBsforqn@ﬁﬁl] A TIE
110 my be ongyqf My, sl @g%ﬁﬁg’mﬁ%o% Whckfa 808 il 110
may be stationary or erre nobi | e
station, a tédPHZhal Fl@rﬁ Sé}@\’f@@@ratﬁen o lgE in éadyslmbe;@wntdmg lt:miet a
station, etc. OMEy 11@}@E9ysh9@s 9 S"ésg B andﬂg?&gbacﬁlrﬁcﬁﬁﬁg&al d' gi tal
assi stant (PDA), a wreless em a W réless conmuni cation device, a
handhel d devil8¥4] IFé@tI@ph@mﬁm@@sS forregabvinl Bedbaghhiofeenatmnwi r el ess
| ocal 1oop ( )5 st:ﬁ@qq, h i Node B 120
via the doml\{\pdr-llk and up |Sn Scanﬂ g-dj]facgf Segaﬁgr%égdrb\%% gfowﬂét ‘refers to
t he comuni cd®t16h | iFifk 1f2|ﬁbﬁwél‘€dt!@065 fOISSe&@@g @l wkrmat®n. and t he uplink
(or reverse lipgk) reh@rs shQed &er‘gé‘ld LGl QRe | i nk from UE 110 to
Node B 120. [0022 3GPP ReS easale}ﬁ% an pe{tg% supports Hi gh- Speed
Downl i nk Pacl{@‘llshcc&@ 161s8rP%) bloakhiiaghn of adlBetd adfiedeBannel s and
procedures that enabl e high-speed packet data transm ssion on the
downl i nk. For HSDPA, a Node B may send data on a H gh Speed Downli nk
Shared Channel (HS- DSCH) , V\hiIEETMI&ZIMMSCRIIP*ﬂ"E@m%port channel that
is shared by oth .t and co The HS- DSCH carry dat a
for one or bfg%U " t@%ﬁ?ﬁ‘”ﬁ é%%cﬁ‘lggcgﬁ’ﬁ’ﬁmt i |bF|t1é9F@2F ¥("I&T‘P)‘ WETLEsS
sharing of t kemhSxiDSGH sﬁambmcdya@arthAaﬁd)MmyFmﬂmnmm&nSd' FOM addll .
[ 0023] Tabl e 1 |ISt ownl.i | i nk, i cal ,channel s, used
for HSDPA and rt%;lealésqﬁ g ?t“ﬁ%‘?cﬂ% eb"ﬁ“éo& ﬁ%ﬂ%ﬁﬁ?@&r’ge@%\rﬂel
Table 1 Link @Mﬂm@dterﬁh&pmﬁbleﬁhﬂm rié6 eschiplidg® RudBoasrdiverds! FSrdARSCkhdid gh
Speed Physic r n HS- DSCH
for differ en?ﬁk Cﬁ'ﬁs%lcgﬁa@%ﬂ@%c@ﬁ% @Cﬁﬁfp%‘ﬁ Tk W&&MA) and
other variants of CDMA. ¢dma2000 covers 18-2000, 1S-95 and 1S-856 standards. A
TDMA system may implement a radio technology such as Global System for Mobile
Communications (GSM). An OFDMA system may implement a radio technology such



Channel for HS-DSCH Carry control information for the HS-PDSCH.
Upl i nk HS- DPCCH Dedi cat ed Physi cal Control Channel for HS-DSCH Carry
feedback information fromthe UEs. [0024]3GPP al so supports
Dual - Cel | V3RBA1ZYR HSDPA) . For DC- HSDPA, up to two celPC3/U5R008/03888e B
may send data on the HS-DSCH to a UE in a given TTl. The two cells
may operate on different carriers. Hencd, the terns "cells" and
‘carriers" may be used interchangeable with regard to DC-HSDPA. In
general, the techniques described herein may be used for data

transm ssi on SFYAEE VPRE ErlhiEsY). WhiadHobisPredstornds(boHR). RSG5 1d H(8VitFD,
cell's, differept 8@ﬁE5tW[h§AX?tIEEE[8@9§@]E'I§%[ﬁE@ & H@R‘?\%nﬁ@ﬂ%ﬁq are

hybr i d automatic retransm ssion (HA HARQ, B may send
a transni ssi gWrtof Bnivereshdydiile H%@mmv@caérom@atnm WT@enaGHhé-O@g T e

addi tional t fl‘%ﬁﬁb& %Lﬂijsdnd 'LfTEr]@tﬁfgx?cgd (LAY ol Jel%&%?gf UMAISARK S E-

decoded correct E, maxi num nunber of transm ssions
has been sentU T]%‘%‘/ E%ﬁfé Etwat@‘iﬁi; ria’lfﬁ SAEchael EPMrrr¢ deserlied dm dacpmdnts A
transport bl f < a

ransport, bl T RliffoR Buch S Bhakipf Pufti PR Ghicar® (SO Uitlazoflo
transni ssi on @f UMB ¢ é%r;ﬂmitm lﬁpﬁi&m@ntﬁofquﬁdh czaeeizoifvathencd t B Geraratipor t
bl ock was de y N BEL J

Phother 6 1o RaEboRel YOk P 1B Bhniqld BelROe IRdiEhad B} Bl Bt |
term nate trademsaidondieftechpelogicamepioned poge ks gl e odver siseemAGKd radio

i nformati on a@@& n
cell in HSDP&%AH%(Eé i) WClgg%d&ﬁﬁq Sad}qhﬁ?d(l)drl{ﬂrjé? ion fS S}ﬁacﬁ %rdog f
i n DC- HSDPA. WEDMHy aWQ%PsW@mlegw&u@éﬁumm@fémdie@@mwﬁewat| on in
an ef 1 ci ent (ganer Ar | DXiSPRA 4 Q02N RA 35302 Gho, AR haY AER! L on

for twocellstC— may be sent on th CCH wth sl ng
channel i zat i MBS NGF[F\@ 2 pthgenqtegrls epigiEpst §0h§m9%qlfblg®fé¥ ewiode B Y20

| S- DPCCH', " sihighEr4dRs QB% Con%ﬁer &?Q@) $iongl ﬁlo%%}?%s lﬁ%eﬁﬁay be

provi de good per for mance for DC [ 0028] F 2 shows a design of

dat a transni $sii@ienithpt pEMSmEAc it thg @Sr@ﬁéﬂw@é@é’e%@m—ﬁs anheyolved
transm ssi on Nddges | &RB), n@&ba&est%nt igh! R84 o 0N EASN(Bﬁe EAGLQ %1%@18@5
and each radio frame nay have a duration of 10 miliisecond )
HSDPA, each reggFRigReOTRIBECHRY donrtichler eioa@piinpsaf Ty BpseMssywere s2paeive h

subframe may hayerd dueakd 88a gfa&das Baﬂxgy ﬁaﬁlagdeuqémtrﬂmﬁc %.% 1 fwectnd
each sl ot nmay have a duration of may be equal“to one

subfrane for SHaiPAahdEIhymBier arra né%?ﬁ Is“é‘§‘%d Wi fesnsptivieiNpde Briubiybten. dn UE
may be schedWapd @B engeke(®dan &@9%%&9%.:&;&%%%%& §fz%pﬂ@9cret3 m&hmo@e

(e.g., three) cells. Each cell may transmit the HS-SCCH and HS-
on the downl i hRUDEStepEseRg (iseopsage e, depprdingrgcthe e@mxt Hayhighsde Eﬁﬁmtf@)
fifteen 16- chisgi. chayurehi dhatd AN scades: ‘Meﬂﬁe@org Qﬁﬁé@ér@Qtﬁe%ﬁﬁQ&t Q(Iveljage
SF =16 ) for the US- PDSCH. Each cel | may al so use go‘% nber of
128-chi p charfffé|af 2deicoiationdadont base stadgy @éﬁﬁsﬁﬁl FREEGRis §PVersEs afeaF For

=128) for theldris, S6Rkconth® ot haln@l dséinl (RNdEQGBSn 8418w ORNEOBARAY couple
vari abl e spreadi ng _factor (OVSF) codes that may be generated in a

structured mahh&st ook QW"@?/S@T@%@WF%@WCW@? thesdede B 16- chip
channel i zat i qmapdess usedohek telge HSm x@iﬁ A9k rdeh enrBRBA th Oy st A8-1GhI P

channel i zati on_codes used for the HS-S may be configurable for

each cel | . [ 00874 ke stasiovap g ntokile psl meyopiso &ﬁdefﬁ@dﬁpmmpme H4aign. 2
cells 1 and Zeraifhl,tah @cde- (BRG] of Qbschiber LR, o sT@n RR. SEES0 ARY bdLcellular

aligned to radio frarre boun ary. The HS- PDSCHs may start two slots
after the HS perggral dig Hh@?A%ﬂt"a‘W‘Fd%’bH’Pé@é‘P el Elgps yormmigigutign

fromthe end dfica aq;aﬁm&pm@b NGlablopREMPEST ©Ro@RsAPhohit--RRARGHs local 100p
[ 0031] Each cewﬂf[ga%ﬁserve one or nore |JEs in each TH. Each cell

send contr ol T 8i5- 5t L 0eeysomenaicats wilkNadn By e V%hgéﬁl‘!ﬂ%éﬁ%y
send data fomplifie Brehieduliedotikswan hbgetss-(PReChnnRiciiatlisk rdhtlede H1E

S



may identify the scheduled UEs and a transport format selected for
each scheduled TIE. A transport format may indicate a nodul ation
schene, a transport block size, and a set of channelization codes
used for d¥PA'PHAHEN ssion to a UE. The HS-PDSCH may c&CA{US3HE/038281
transport block for each TIE schedul ed wit hout multiple-input

mul ti pl e-output (MEMO) and one or two transport bl ocks for each UE
scheduled with M MO, [0032] UE 110 may be configured for DC- HSDPA
operation and nay receive data fromup to two cells in a TTl. In each
TT I, UE 110 WA PEJdBsaditirauniial oosisise disk) ter 1§ the eompupicatpondénkelian ne
whet her cont rog 1ionbepdkijem has been sent to the UE. For each cell
from whi ch caontrol |nformat| on has been received on the HS-SCCH, TIE

110 may procd8®2 he 3UEPPisteess £ ragfhleterauppasts) HighrSpecd Resrnliak (Bagles pseass
bl ock sent t HUEPA;—QVI”IIC-EII:E&I d0r E@Mne%einﬁ %@c&ﬁw@%‘%t bﬂhfbf%rﬂ@ﬁépgé'ﬁ gagifet e

transport bl ocks I received fromthe two cel

i nf or mati on ﬁﬁ?s@éﬁﬁg&rqnstg ¢ gayvnlick Ber RSy Neds Ea@kh%iwi é@f@emﬁilg‘( Rpsek)

for each transpeiihk Qh@@&cn&mélhmhﬁsa‘}%mﬁﬂI;&@Hbmmkhﬁﬁspfoh%h&{n@l“r‘ﬁM£t
bl ock was decoded correctly and t NACK i ndicating t

transport bl oB¥ e‘i‘/\B%UEEE‘olH’étH“‘i“ﬁ d’éjr ?06? Thg ESMHTWY a#rgdid@s@f m(é ngpre

si gnal - t 0- noits@-iandc Rinenfsg6Lnee lﬁt@&zazqﬁrﬁl b shidng Q@A BeI0scRNFay
determine CQ _ infornation based on the SINR estimates for both cel

UE 110 nay séﬁﬂaqléé%ﬁﬁwhﬁ?ﬂeﬁoﬁaTTldﬁTgbnprl Si ng the ACK and CQ

i nformation qooZshe HSHIPRAGH saﬂ@la@a&hzmtaﬁh )dpEYnkg) wi%hinﬁé?%bfeh%r%@i
t he correspondl ng transm ssiQns on t he ACK i nformation

may be sent %4 BR¥IE) Hihort dergriptios @@CWWEF%@@% nay be sent in the
following two slots, as shown in FIG 2. [0033] The ACK i nformati on
for a given TTlI may be represented byTastetof L possible val ues, where
L> 1 In one design, the L possible ACK values may be associated with
L different co@gﬂprﬂs dh@n@elcc deboqiﬁang]@qaggdemrd corrﬁ %Hng to

t he val ue of raforretHt-on ey be—sent—oR-the—HS—PbPECH-to

convey the ACKROVRifb; mpmﬂ[oosﬂ]ghﬁp%?dff’ﬂlr%ttalcodé“k%rdafaémt mthe g

codebook of |ei gt codewor ds_nmPopalitksdgred Ghamek |iFF-BerHbrohferen UBao
celI's in DC HBEbRAN Fach codewor d g eoRkdiSe t grrmQdsntR gl%r{.ﬂgggn maly
be processed ang sent "di“the | HSCRREEHo! Hs DRers! dtror ASHISBBLIDE

bel ow. Each [code—it ey hthep ll%"IFIEI v(??,:L(u:crHrUI} :@b—gg‘%’:ﬂh@kéﬂf g
(or equival gntiyinka | yaloecof et e ISt oigro ot on
sel ect ed nonencl atute). [003%] TaBiEeXosHRSCon oxtompihas-desi gn of |a
codebook wi th eight codewords for ACK information for two cells in

Tabl e 2. The WL, SERPEBLEReRl Pulciiidissibg 0% 1REbAT FRHRC EiBrRe 5
ACK i nf or mat |t@twq‘ @ﬂls e@cﬁoc@dﬁle\a@smd difaennlextiS-DEAHo laiffs agiive TTHe Then
code bits wo \tNQ V(Yger%)tg retno agr?é%) rli A%hes'thom efu“ ’;z;I;i bf:?rgﬁfg p%?jfe

first two co emor S send
bl ock recei véd tibsd)nntclehdngdgb&ndlthhrsmmm mw§Dﬂ’Aan§mn$samn ﬂ(eDt'EM)mcfu@:r
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Cell | Cell Hespgedgorygetlnizy wmomevmxmwmmber of transmissions has been sent,
or some other termination condition is cncountered. A transport block may also be
referred to as a packet, a codeword, a data block, etc. The UE may send ACK

information after each fransmission of the transport block to indicate whether the

transport block was decoded correctly or in error. The Node B may determine whether
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to send another transmission of the transport block or to terminate transmission of the
transport block based on the ACK information.

[0026] UE 110 may send ACK and CQI information for one cell in HSDPA. UE
110 may send ACK and CQI information for two cells in DC-HSDPA. It may be
desirable to send ACK and CQI information in an efficient manner for DC-HSDPA.
[0027] In an aspect, ACK information for two cells in DC-HSDPA may be sent on
the HS-DPCCH with a single channelization code. This may be referred to as “single-
code HS-DPCCH”, “single HS-DPCCH”, etc. The single-code HS-DPCCH may
provide good performance for DC-HSDPA.

10028] FIG. 2 shows a design of data transmission in DC-HSDPA with a single-
code HS-DPCCH. The transmission time line may be partitioned into units of radio
frames, and each radio frame may have a duration of 10 millisecond (ms). For FISDPA,
cach radio frame may be partitioned into five subframes, cach subframe may have a
duration of 2 ms and may include three slots, and each slot may have a duration of
0.667 ms. A TTI may be equal to one subframe for HSDPA and may be the smallest
unit of time in which a UE may be scheduled and served.

[0029] Node B 120 may support multiple {e.g., three) cells. Each cell may transmit
the HS-SCCH and HS-PDSCH on the downlink to UEs served by that cell. Each cell
may use up to fifteen 16-chip channelization codes with a spreading factor of 16 (
SF=16) for the HS5-PDSCH. Each cell may also use any number of [28-chip
channelization codes with a spreading factor of 128 (SF =128) for the HS-SCCH. The
channclization codes are orthogonal variable spreading factor (OVSF) codes that may
be generated in a structured manner based on an OVSF code tree. The number of 16-
chip channelization codes used for the HS-PDSCH and the number of 128-chip
channclization codes used for the HS-SCCH may be configurable for each cell.

[0030] FIG. 2 shows the HS-SCCHs and HS-PDSCHs for two cells 1 and 2 and the
HS-DPCCH for UE 110. The HS-SCCHs may be aligned to radio frame boundary.
The HS-PDSCHs may start two slots after the HS-SCCHs. The HS-DPCCH may start
approximately 7.5 slots from the end of a corresponding transmission on an HS-PDSCH.
[0031] Each cell may serve one or more UEs in each TT1. Each cell may send
control information for the scheduled UEs on the HS-SCCH and may send data for the
scheduled UEs on the HS-PDSCH two slots later. The control information may also be

referred to as scheduling information, downlink signaling, etc. The control information



1 NACK DTX ACK ACK 1 -11-1 -1-11-1 ACK ACK ACK NACK -1 -11 -1
1-11 -1-1
WO 2009/120797 PCT/US2009/038281
7

may identify the scheduled UEs and a transport format selected for each scheduled UE.
A transport format may indicate a modulation scheme, a transport block size, and a set
of channelization codes used for data transmission to a UE. The HS-PDSCH may carry
one transport block for each UE scheduled without multiple-input multiple-output
(MIMO) and one or two transport blocks for each UE scheduled with MIMO.

[0032] UE 110 may be configured for DC-HSDPA operation and may receive data
from up to two cells in a TTI, In each TTI, UE 110 may process the HS-SCCHs from
cells 1 and 2 to determine whether control information has been sent to the UE. For
each cell from which control information has been received on the HS-SCCH, UE 110
may process the HS-PDSCH from that cell to recover a transport block sent to UE 110.
UE 110 may determine ACK information for the transport blocks, if any, received from
the two cells, The ACK information may comprise an ACK or a negative
acknowledgement (NACK) for each transport block, with the ACK indicating that the
transport block was decoded correctly and the NACK indicating that the transport block
was decoded in error. UE 110 may also estimate a signal-to-noise-and-interference ratio
(SINR) for each cell and may determine CQI information based on the SINR estimates
for both cells. UE 110 may send feedback information comprising the ACK and CQI
information on the HS-DPCCH approximately 7.5 slots from the end of the
corresponding transmissions on the HS-PDSCHs. The ACK information may be sent in
one slot, and the CQI information may be sent in the following two slots, as shown in
FIG. 2.

[0033] The ACK information for a given TTI may be represented by one of L
possible values, where L>1. In onc design, the L possible ACK valucs may be
associated with L different codewords in a codebook. One codeword corresponding to
the value of the ACK information may be sent on the HS-DPCCH to convey the ACK
information,

[0034]  1In a first codebook design, a codebook of eight codewords may be used for
ACK information for two cells in DC-HSDPA. Each codeword may comprise ten code
bits that may be processed and sent on the HS-DPCCH in one slot, as described below.
Each code bit may have a binary value of either ‘1’ or *-17 (or equivalently, a value of
either *1° or ‘0’, depending on the selected nomenclature).

[0035] Table 2 shows an exemplary design of a codebook with eight codewords for
ACK information for two cells in DC-HSDPA. The eight codewords are given in the
last eight rows of Table 2. The first two columns of Table 2 give the content of the
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ACK information for each codeword. The next ten columns give the ten code bits wq
through wy for cach codeword. As shown in Table 2, the first two codewords may be
used to send ACK or NACK for a transport block received from cell 1 and
discontinuous transmission (DTX) for cell 2. DTX may occur due to (i) cell 2 not
scheduling UE 110 for data transmission or (ii) cell 2 scheduling UE 110 for data
transmission but UE 110 decoding the HS-SCCH from cell 2 in error and thus skipping
the ﬁS—PDSCH. The next four codewords may be used to send ACK or NACK for a
transport block from each of cells 1 and 2. The last two codewords may be used to send
ACK or NACK for a transport block received from cell 2 and DTX for cell 1.

Table 2 — Codebeook for ACK Information for DC-HSDPA

DC-HSDPA Code Bits MIMO

Transport|Transport
block 1 | block 2

ACK | DTX | -1 | -1 |[-1 |-t |-1}-1]-1}{-1]-1]-1| ACK DTX
NACK| DTX {1 |1 |1} 1|t |1 |1f1]|1]1]|NACK| DTX
ACK | ACK [-1| 1 {-1| 1 |-1|-1]|-1]|-1|1]-1| ACK ACK
ACK [NACK |-t -1 1 |-1| 1 |-F]|F|-1|-1]-1| ACK | NACK
NACK | ACK | I f-1]-1|-1}{-1]1/|-1]1]-1}-1]NACK | ACK
NACK |NACK | -1 1 [ 1]|-111]1{-1]1] 1] 1]|NACK | NACK
DIX | ACK | 1 | 1 |- {1 |1 |-l L] 1}-1]1 PRE

DTX {NACK| 1 |-1| 1 {1 |-1]1]1]|-1]1]1 POST
[0036] The first codebook design for DC-HSDPA shown in Table 2 reuses the

codebook used for MIMO. This may simplify implementation of UE 110 and Node B
120. UE 110 may be configured for DC-HSDPA or MIMO operation. The codewords
sent by UE 110 for ACK information may be interpreted differently depending on
whether the UE is configured for DC-HSDPA or MIMO. In particular, the codewords
may be interpreted (i) as shown by the first two column of Table 2 when UE 110 is

Cell 1 | Cell2Z |wo|wy|wWo| ws | wy|ws|ws|ws|ws|wo

configured for DC-HSDPA or (ii) as shown by the last two columns of Table 2 when
UE 110 is configured for MIMO. In Table 2, “PRE” denotes a codeword that may be
sent as a preamble for the HS-DPCCH, and “POST” denotes a codeword that may be
sent as a postamblc for the HS-DPCCH,



NACK DTX ACK11-111-1211-21PREDITXNACK1-111-111-11
1 POST [0036] The first codebook design for DC HSDPA shown in Table 2
reuses the codebook used for MMO. This may sinplify inplenentation
of UE 110 ¥AGMREE®B 120. UE 110 may be configured for POTAUNIDPA381

M MO operation. The codewords sent by LTE 110 for ACK infornation may
be interpreted differently dependi ng on%whether the UE is configured
for DC-HSDPA or MMO. In particular, the codewords may be interpreted
(i) as shown by the first two colum of Table 2 when UE 110 is

confi gured fdPIPBE- HoDPAccoRd gadplool sesimpamodshoakind t4nspotevants ol hermed Bof

Tabl e 2 when Afx 1miasof @M DAWSBB AT OfiacMEMRw ol mI P i bAEIRG €S
a codeword that may .beosent as a pre;rcv;bl e f Sr ?%g @réﬁg&ﬁﬁgﬁg
"POST' denot €&chroddbie ey beve phinaraiplug of eithat '[aer “al’post anbl e for the

HS- DPCCH. {0038] Table 3 shows an exemplary design of a codebook with ten codewords for
ACK information for two cells m DC-HSDPA. The first two codewords may be used to
send ACK or NACK for a transport block received from cell 1 and DTX for cell 2. The
next four codewords may be used to send ACK or NACK for a transport block from
cach of cells 1 and 2. The next two codewords may be used to send ACK or NACK for
a transport block received from cell 2 and DTX for cell 1. The last two codewords may
be used for PRE and POST.

Table 3 — Another Codebook for ACK Information for DC-HSDPA

DC-HSDPA Code Bits MIMO

Transport| Transport
block 1 | block 2

ACK | DTX | -1 ]-1|-1|-I|-1]-1|-1]-1]-1]-1| ACK DTX
NACK| DTX |1 j1 |11 |11 |1)j1]1}]1]|NACK| DTX

ACK | ACK (-1} 1 (-1 1 |-1|-1]-1}-1}{1}-1| ACK ACK

ACK [NACK|-1|-1§1|-1 |1 |-1]1]|-1]-1]-1| ACK | NACK
NACK | ACK T | -1 -1 [~ |-1| 1 ]-1]1]-1]-1]NACK | ACK

Cell I | Cell2 | wo |wy | wa| ws|wy|ws|ws|ws|ws|wo

NACK [ NACK | -1 | 1T |1 |-1} L |1 |-1]1]1}]1]|NACK | NACK
DIX | ACK [ 1 [-1|-1|-1 {1 |{-1{-1|-1]1]1 -
DIX I NACK|-1|-1| 1 {1 |-1|{-1}-1}171-1]1 --
PRE {1 }-1) |1 |-1}pr}1i-1)1 PRE
POST I -1 1y {111 ]-1|1]1 POST

[0039]  The codebook design for DC-HSDPA in Table 3 reuses the cight codewords
in the MIMO codebook and further includes two additional codewords for the case in
which a transport block is received from cell 2 and DTX is obtained for cell 1. This
may simplify implementation of UE 110 and Node B 120.

[0040] Tables 2 and 3 show designs of two exemplary codebooks for ACK
information for two cells in DC-HSDPA. In general, a codebook with any number of
codewords may be used for ACK information for DC-HSDPA. The number of

codewords may be dependent on the number of possible values for the ACK
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the codewords for DC-HSDPA. Different codebooks may thus be used for DC-HSDPA
and MIMO.

In another design, ACK information for two cells in DC-HSDPA may be sent on
different branches of the HS-DPCCH with a single channelization code. ACK
information for each cell may be generated separately, e.g., based on a codebook shown
in
[0041] Table 4 below. The ACK information for cell 1 may be sent on one branch
(either an inphase (I) branch or a quadrature (Q) branch) of the HS-DPCCH with the
single channelization code, The ACK information for cell 2 may be sent on the other
branch of the HS-DPCCH with the same channelization code. The mapping of cells 1
and 2 to the two branches and the selection of a suitable channelization code may be
such that good detection performance can be achieved by Node B 120. In one design,

ACK information for the two cells may be sent as follows:

» Send ACK information for cell 1 on Q branch with channelization code Cch,256,33,

e Send ACK information for cell 2 on I branch with channelization code Cch,236,33,

where ‘256" denotes the spreading factor, and ‘33’ denotes the OVSF code number.
[0042] Channelization codes Cch,256,1, Cch,256,33 and Cch,256,64 are reserved
for the HS-DPCCH. Hence, the design described above uses a channelization code that
may be assigned for the HS-DPCCH, which may then simplify processing at UE 110
and Node B 120. The ACK information for the two cells may also be mapped to I and
QQ branches of the HS-DPCCH in other manners and/or sent with other channelization
codes.

[0043] In another aspect, ACK information for two cells in DC-HSDPA may be
sent on the HS-DPCCH with one channelization code for each cell. This may be
referred to as “dual-code HS-DPCCH?”, “dual HS-DPCCHs”, “two HS-DPCCHSs”, etc
The dual-code HS-DPCCH may simplify operation of UE 110 and Node B 120.
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[0044] FIG. 3 shows a design of data transmission in DC-HSDPA with dual-code
HS-DPCCH. UE 110 may be configured for DC-HSDPA operation and may be
assigned a first channelization code C1 for the HS-DPCCH for cell 1 and a second
channelization code C2 for cell 2, UE 110 may receive data from up to two cells in a
TTI. In each TTI, UE 110 may process the HS-SCCHs from cells 1 and 2 to determine
whether control information has been sent to the UE. If UE 110 receives control

information from cell m, where m {1, 2}, then UE 110 may process the HS-PDSCH

from cell m to recover the transport block sent to UE 110, determine ACK information
for the transport block, and send the ACK information on the HS-DPCCH with
channelization code Cm. The ACK information for each cell may comprise ACK,
NACK, or DTX, depending on the decoding results for the HS-SCCH and HS-PDSCH
from that ccll. UE 110 may also send CQI information for cach ccll on the HS-DPCCH
with the channelization code for the cell. UE 110 may thus send the ACK and CQI
information for each cell independently on the HS-DPCCH with the channelization code
for the cell. Each cell may deteet for ACK and CQT information from UE 110 bascd on

the channelization code for the cell.

[0045]  Table 4 shows an exemplary design of a codebook with five codewords for
ACK information for one cell. The first two codewords may be used to send ACK or
NACK for a transport block received from the cell. The third codeword may be used to
denote DTX for the cell. The last two codewords may be used for PRE and POST.

Table 4 — Codebook for ACK Information for One Cell in DC-HSDPA

ACK Code Bits
Information wo |wi | wa| walwa|ws|ws|ws| welws
ACK S I T U A I A N A I T (O S |
NACK I N A A W A I O A |
DTX ojlojojo0ojo0)lO0f(0flOojoOo]oO
PRE | T U S S A T O A O A |
POST 1y-1) 110 |-1{ 01 4{-1]11f1
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The codebook design shown in

[0046] Table 4 may allow UE 110 and the cell to distingnish between NACK and
DTX. The cell may resend a prior transmission of a transport block if DTX is received
from UE 110 and may send another transmission of the transport block if a NACK is
received. This may improve decoding performance at UE 110. In another codebook
design, DTX is not supported, and UE 110 may send a NACK if control information is
not received on the HS-SCCH and also if a transport block is decoded in error. The cell
may either resend the prior transmission or send another transmission of the transport
block if a NACK is received.

[0047] In one design, ACK information for the two cells may be sent as follows:

» Send ACK information for cell 1 on Q branch with channelization code Cch,256,64
» Send ACK information for cell 2 on Q branch with channelization code Cch,256,1.

*

The ACK information for the two celis may also be sent on the I and/or Q branches of
the HS-DPCCH in other manners and/or sent with other channelization codes.

{0048] The dual-code HS-DPCCH may be used for DC-HSDPA, as described
above. The dual-code HS-DPCCH may also be used for a combination of DC-HSDPA
and MIMO. In this case, each cell may transmit up to two transport blocks with MIMO
to UE 110. UE 110 may generate ACK information for each cell based on the mapping
shown in Table 2 or 3 and may send the ACK information on the HS-DPCCH with the
channelization code for that cell.

[0049] In yet another aspect, CQI information for two cells in DC-HSDPA may be
sent on the HS-DPCCH with a single channelization code. In one design, CQI
information for each cell may comprise five bits, which may convey one of 31 CQI
levels 0 through 30. Ten bits of CQI information for two cells may be encoded with a
(20, 10) block code to obtain 20 code bits, which may be sent on the HS-DPCCH in two
slots.

[0050] Table 5 shows a first CQI mapping design. Ten information bits may be sent
on the HS-DPCCH and may be denoted as ag through as. Five bits of CQI information
for cell 1 may be denoted as cqile through cqils and may be mapped to information bits
ap through aq4, respectively. Five bits of CQI information for cell 2 may be denoted as
cqi2, through ¢qi24 and may be mapped to information bits as through ao, respectively.
cqilo and cqi2y may be the least significant bits (LSBs) of the CQI information, and
cqils and cqi2s may be the most significant bits (MSBs).
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Table 5 — First Mapping of CQI Information to Information Bits

Info bits for HS-DPCCH | ag a az a: a4 as ag a7 ag a9

CQl info bits for cell 1 |cqilo|cqili|cqila|eqila|cqily

CQI info bits for cell 2 cqiZp|cqi2y|cqi2y}eqi2s|cqi2y

PCI/CQI info for MIMO | peio | peiy | eqio | cqis | cqiz | cqis | cqis | cqis | eqis | cqiz

[0051]  Table 5 also shows the mapping of precoding control indication (PCI) and
CQI information for MIMO to the ten information bits. The PCI information may
comprise two bits pcip and peij, and the CQI information for MIMO may comprise eight
bits cqip through cqis.

[0052] The ten information bits ay through ay for CQI information for two cells may

be encoded with a (20, 10) block code to obtain a codeword, as follows:
9
b, = f{a;-M,;,) mod 2, fori=0,..,19, Eq (1)
k=0

where a; denotes the k-th information bit,
bi denotes the i-th code bit in the codeword,
M denotes the i-th bit in a basis sequence for the k-th information bit, and

“mod” denotes a modulo operation.

[0053] The ten information bits may be associated with ten different basis
sequences, with each basis sequence including 20 bits. Each information bit a; may be
encoded by multiplying a, with each bit M;y of the basis sequence for that information
bit to obtain an encoded basis sequence. Ten encoded basis sequences for the ten
information bits may then be combined with modulo-2 addition to obtain a codeword
composed of 20 code bits by through bys.

[0054] In one design, the block code used for PCI and CQI information for MIMO
may be reused for CQI information for two cells in DC-HSDPA in order to simplify
implementation. The basis sequences for the block code for MIMO are given in 3GPP
TS 25.211, entitled “Physical channels and mapping of transport channels onto physical
channels (FDD),” which is publicly available, Ideally, a block code should provide
equal protection (e.g., equal bit error rate (BER)) for all information bits. However,

computer simulations indicate that the block code for MIMO provides unequal
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protection for the ten information bits, with information bits a, and ag having the highest
BERs and the other eight information bits having lower BERs.

[0855] Table 6 shows a second CQI mapping design. The second row of Table 6
shows the protection rank of each information bit, where rank 1 denotes the best
protection and rank 10 denotes the worst protection. The five bits of CQI information
for cell 1 may be mapped to the last five information bits as through ag, and the five bits
of CQI information for cell 2 may be mapped to the first five information bits a, through
as. For each cell, the five CQI bits may be mapped to five information bits such that
progressively lesser significant CQI bits are mapped to information bits with
progressively less protection. This may improve performance since more significant
CQI bits may be more valuable in selecting a suitable transport format. For cell 1, the
MSB cqils may be mapped to bit ag having the best protection, and the LSB ¢qil,y may
be mapped to bit as having the worst protection. For cell 2, the MSB ¢qi24 may be
mapped to bit a4 having the best protection, and the L.SB ¢qi2e may be mapped to bit a;

having the worst protection.

Table 6 — Second Mapping of CQI Information to Information Bits

Info bits for HS-DPCCH | a4 4 a3 a3 a4 as a5 as ag 3

Protection Rank 8 7 9 6 5 4 10 3 2 1

CQI info bits for cell 1 cqili|eqila|cqgilz|cqilsfeqils

CQI info bits for cell 2 |cqi2;|cqi22|cqi2e]cqi2a|cqi2s

[0056]  In general, the bits of CQI information for each cell may be mapped to the
information bits in natural order (e.g., cqix may be mapped to ax, as shown in Table 5)
or in permuted order (e.g., as shown in Table 6). Mapping in natural order may simplify
implementation. Mapping in permuted order may improve performance when the block
code provides unequal protection for different information bits.

[0057] In another design, CQI information for two cells in DC-HSDPA may be sent
on the HS-DPCCH with one channelization code for each cell. In this design, the five
bits of CQI information for each cell may be encoded with a (20, 5) block code to obtain
20 code bits, which may then be sent on the HS-DPCCH in two slots with the

channelization code for that cell.
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CQI information for two cclls T and 2 may be multiplexed and sent on the HS-DPCCH
with a single channelization code in each of the two TTIs. The CQI information may
thus be repeated to improve reliability.
[0062] FIG. 5B shows a design of sending CQI information for two cells with the
dual-code HS-DPCCH for feedback cycle = 2. In each feedback cycle of two TTIs,
CQI information for cell 1 may be sent on the HS-DPCCH with a channelization code
(e.g., C1) in the first TTI, and CQI information for cell 2 may be sent on the HS-
DPCCH with the same channelization code in the next TTI. The CQI information for
cells 1 and 2 may thus be sent in different TTIs with only one channelization code.
[0063] FI1G. 6A shows a design of sending CQI information for two cells with the
single-code HS-DPCCH for feedback cycle = 4. In each feedback cycle of four TTIs,
CQI information for two cells 1 and 2 may be multiplexed and sent on the HS-DPCCH
with a single channelization code in each of the first two TTIs, and no information may
be sent in the last two TTIs. The CQI information may thus be repeated to improve
reliability.
[0064] FIG. 6B shows a design of sending CQI information for two cells with the
dual-code HS-DPCCH for feedback cycle = 4. In each feedback cycle of four TTIs,
CQ1 information for cell | may be sent on the HS-DPCCH with a chamnelization code
(e.g., C1) 1n the first TT1, CQI information for cell Z may be sent on the HS-DPCCH
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mapping unit 714 may spread the ten code bits with the channclization code for the HS-
DPCCH to obtain spread symbols. Unit 714 may then scale the spread symbols based
on the transmit power for the HS-DPCCH and may send the scaled symbols in the first
slot of the TTIL.

[0069] For CQI information, a CQI mapping unit 722 may receive and map CQI
information (e.g., an SINR estimate) for cell 1 to five CQI information bits cqil,
through cqils. A CQI mapping unit 724 may receive and map CQI information for cell
2 to five CQI information bits ¢qi2o through cqiZs. A concatenation unit 726 may
concatenate the CQI information bits for cells 1 and 2 (e.g., as shown in Table 5) and
provide ten information bits ag through as. A channel coding unit 728 may encode the
ten information bits from unit 726, e.g., as shown in equation (1), and generate 20 code

bits by through bys. A physical channel mapping unit 730 may spread the 20 code bits
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with the channelization code for the HS-DPCCH to obtain spread symbols. Unit 730
may then scale the spread symbols and send the scaled symbols in the second and third
slots of the TTI.

[0070] In general, any number of ACK information bits and any number of CQI
information bits may be sent on the HS-DPCCH. A suitable block code may be used
for ACK information based on the number of ACK information bits (or levels L). A
suitable block code may also be used for CQI information based on the number of CQI
information bits. The transmit power of the HS-DPCCH may be scaled based on the
amount of ACK and CQI information to send in order to achieve the desired decoding
performance at Node B 120.

[0071] In yet another aspect, a dynamic switching mode of operation may be used,
e.g., when UE 110 is operating in a power headroom limited region. In such a scenario,
UE 110 may not have sufficient transmit power to send feedback information for two
cells in DC-HSDPA. UE 110 may be configured with a CQI feedback cycle greater
than one, e.g., a feedback cycle of 2, 4, etc. Node B 120 may send an HS-SCCH order
to direct UE 110 to enter the dynamic switching mode. In response to the HS-SCCH
order, UE 110 may send feedback information for two cells on the HS-DPCCH with
one channelization code. If UE 110 was operating with the single-code HS-DPCCH,
then UE 110 may continue to use the single channelization code for the HS-DPCCH, If
UE 110 was opcrating with the dual-code HS-DPCCH, then UE 110 may sclcet onc
channelization code (e.g., Cl) for the HS-DPCCH and may disable the other
channelization code (e.g., C2).

[0072]  FIG. 8 shows operation of UE 110 in the dynamic switching mode in
accordance with one design. UE 110 may periodically measure the downlink of both
cells 1 and 2. UE 110 may send CQI information for at most one cell in each TTI, and
may alternate between the two cells in different TTIs. In the example shown in FIG. 8,
the feedback cycle is 2, and UE 110 may send CQI information for one cell in even-
numbered TTls and may send CQI information for the other cell in odd-numbered TTIs.
A CQI time offset may be signaled to indicate which TTIs to use to send the CQI
information for each cell.

[0073]  In the design shown in FIG. 8, UE 110 may be scheduled for data
transmission by at most one cell (which is referred to as the active cell) in any given
TTI. The active cell may send control information on the HS-SCCH and may send data
on the HS-PDSCH to UE 110. UE 110 may process the HS-SCCHSs from both cells in
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each TTI and may process the HS-PDSCH from the cell whose control information is
detected. UE 110 may then determine ACK information for the active cell and may
send the ACK information on the HS-DPCCH with the selected channelization code. In
the example shown in FIG. §, cell 1 may send data to UE 110 in downlink TTI n+1, and
UE 110 may send ACK information for the data from cell 1 in uplink TTI n+5. Cell 2
may send data to UE 110 in downlink TTIs n+2 and n+3, and UE 110 may send ACK
information for the data from cell 2 in uplink TTIs n+6 and n+7, respectively.

[0074]  The dynamic switching mode may allow UE 110 to receive downlink data
transmission from the cell with a better downlink while constraining uplink
transmission to one channelization code, which may improve link budget when UE 110
is operating in a power headroom limited region.

[0075] In another design of the dynamic switching mode, UE 110 may send CQI
information for two cells in different TTIs, e.g., as shown in FIG. 8. However, UE 110
may be scheduled for data transmission by up to two cells in a given TTI. Each active
cell may send control information on the HS-SCCH and may send data on the HS-
PDSCH to UE 110. UE 110 may process the HS-SCCHs from both cells in each TTI
and may process the HS-PDSCH from each cell whose control information is detected.
UE 110 may determine ACK information for the two cells. In one design, UE 110 may
send the ACK information for both celis on the HS-DPCCH with one channelization
code. In this design, the ACK information for both cells may be encoded, c.g., as
shown in Table 2 or 3. In another design, the ACK information for each cell may be
sent on the HS-DPCCH with the channelization code for that cell. In this design, the
ACK information for cach ccll may be encoded, c.g., as shown in Table 4. Each ccll
may tetransmit pending data or transmit new data based on the ACK information for
that cell. If both cells transmit data to UE 110 but UE 110 receives data from only one
cell (c.g., the data from the other cell was missed), then both cells may retransmit data
to UE 110.

[0076] FIG. 9 shows a design of a process 900 for sending feedback information
with a single channelization code. Process 900 may be performed by a UE (as
described below) or by some other entity. The UE may determine CQI information for
a first cell (block 912) and may determine CQI information for a second cell (block
914). The UE may send the CQI information for the first and second cells on a
feedback channel (e.g., HS-DPCCH) with a single channelization code (e.g., an QVSF
code) (block 916). The UE may send the CQI information for the two cells in a single
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comprising (i) two codewords for ACK or NACK for the first cell and DTX for the
second cell, (it) four codewords for four combinations of ACK and NACK for the first
and second cells, and (iii) two codewords for ACK or NACK for the second cell and
DTX for the first cell, e.g., as shown in Table 2 or 3. The codebook may further
comprise two codcwords for a preamble and a postamble for the feedback channel, e.g.,
as shown in Table 3. The codebook may comprise all or a subset of the codewords used
for sending ACK information for a MIMO transmission. The UE may send the
codeword on the feedback channel with the single channelization code.
[0080] In one design, the UE may send the ACK information for the first and
second cells on one branch of the feedback channel with the single channelization code.

In another design, the UE may send the ACK information for the first cell on the I

branch of the feedback channel with the channelization code and may send the ACK
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information for the second cell on the Q branch of the feedback channel with the same
channelization code.

(0081} F1G. 10 shows a design of a process 1000 for receiving feedback
information sent with a single channelization code. Process 1000 may be performed by
a Node B (as described below) and/or by some other network entity. The Node B may
receive CQI information for first and second cells sent by a UE on a feedback channel
with a single channelization code (block 1012). The Node B may schedule the UE for
data transmission from at least one cell among the first and second cells (block 1014).
The Node B may send control information from the at least one cell to the UE (block
1016). The Node B may also send data from the at least one cell to the UE (block
1018). The Node B may select a transport format for each cell based on the CQI
information for that cell. The Node B may send data from each cell in accordance with
the transport format selected for that cell.

[0082]  The Node B may receive ACK information for the first and second cells sent
by the UE on the feedback channel with the single channelization code (block 1020). In
one design, the Node B may decode a transmission received on the feedback channel
based on a block code to obtain a codeword sent by the UE for the ACK information.
The Node B may then obtain ACK, NACK, or DTX for each cell based on the
codeword.

[0083] FIG. 11 shows a design of a process 1100 for scnding feedback information
with multiple channelization codes. Process 1100 may be performed by a UE (as
described below) or by some other entity. The UE may determine CQI information for
a first cell (block 1112) and may determine CQI information for a second cell (block
1114). The UE may send the CQI information for the first and second cells on a
feedback channel (block 1116). In one design, the UE may send the CQI information
for the first and sccond cells on the feedback channcl with first and sccond
channelization codes, respectively, in a single TTI, e.g., as shown in FIG. 4B. In
another design, the UE may send the CQI information for the first and second cells on
the feedback channel with one channelization code in different TTls, e.g., as shown in
FIG. 5B or 6B.

[0084]  The UE may process a first control channel from the first cell to detect for
control information sent to the UE (block 1118). If control information is received from
the first cell, then the UE may process a first data channel from the first cell to receive

data sent to the UE (block 1120). The UE may process a second control channel from
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az2 a3 a4 ab in Table 5) or in permuted order (c.g., as shown in Table 6). The UE may encode the
first and second sets of information bits to obtain a codeword (block 1220) and may
send the codeword on a feedback channel with a single channelization code (block
1222).
[0088]  The UE may receive data sent by the first cell in accordance with a first
transport format selected based on the CQI information for the first cell (block 1224),
The UE may receive data sent by the second cell in accordance with a second transport
format selected based on the CQI information for the second cell (block 1226). The UE

may determine ACK information for the first and second cells (block 1228) and may



ab a, as a9
cell 1
cqi 24 eqi 22

Protection Rank 8 7 9 6 54 10 3 2 1 CQ info bits for
cqil, cqgilo cqil2 cqil3 cqil4d CQ info bits for cell 2

WO 2009/120797 PCT/US20609/038281

[
(S

send the ACK information on the feedback channel with the single channelization code
(block 1230).

[0089] FIG. 13 shows a design of a process 1300 for operating a UE. The UE may
determine CQI information for a first cell (block 1312) and may determine CQI
information for a second cell (block 1314). The UE may send the CQI information for
the first cell in a first TTI (block 1316) and may send the CQI information for the
second cell in a second TTI after the first TTI (block 1318). The UE may send the CQI
information for the two cells on a feedback channel with a single channelization code.
[0090] The UE may receive data from the first cell or the second cell in a third TTI
after the second TTI (block 1320). The UE may receive an order to operate in a
dynamic switching mode and may then receive data from at most one cell in any given
TTI while operating in the dynamic switching mode. The UE may determine ACK
information for the data received from the first cell or the second cell (block 1322) and
may send the ACK information on the feedback channel with the single channelization
code (block 1324).

[0091} For clarity, much of the description above covers two cells. The techniques
described herein may also be used for more than two cells. The techniques may further
be used for data transmission on multiple carriers from a single cell or different cells. In
general, the techniques may be used for data transmission on any number of links,
where a link may correspond to a ccll, a carricr, or some other channcl.

[0092] FIG. 14 shows a block diagram of a design of UE 110 and Node B 120 in
FIG. 1. Node B 120 may be equipped with T antennas 1432a through 1432t, and UE
110 may be equipped with R antennas 1452a through 1452r, where in general T>1 and
Rz1. Node B 120 may support multiple cells, and each cell may send data to one or
more UEs in each TTI.

[0093] At Node B 120, a transmit processor 1420 may receive data for onc or morc
UEs from a data source 1412, process (e.g., encode and modulate) the data for each UE,
and provide data symbols for all UEs. Transmit processor 1420 may also receive
control information from a controller/processor 1440, process the control information,
and provide control symbols. Transmit processor 1420 may also generate pilot symbols
and may multiplex the pilot symbols with the data symbols and the control symbols. A
MIMO processor 1422 may process (e.g., precode) the symbols from transmit processor
1420 (if applicable) and provide T output symbol streams to T modulators (MOD)
1430a through 1430t. Each modulator 1430 may process its output symbol stream (e.g.,



cqi 20 cqi 23 cqi 24 [ 0056] I n general, the bits of CQ information
for each ceII may be mapped to the information bits in natural order
(e.g., cqi be mapped to ak, as shown in Table 5) or in pernuted
order (e. gwo2 N3N in Table 6). Mapping in natural &CTAIS2HaPI828I
sinplify inplenmentation. Mapping in pernmuted order may inprove

per f ormance when the bl ock code provi deg unequal protection for
different information bits. [0057] 1 n another design, CQL information
for two cells.in _DCHSDPA may be sent on the HS-DPCCH with one
channel i zat i dfif ?9&@% 19robiast R BIPRE samRplet Hfeam elqel modplgier 1 mgy tfurthet

CQ i nf or mat i @Adified (6%20&11@@% ko Q%Yogb%t@rn%%ﬁﬂfb\éh& ﬂp&n&e@@uts@u |g?llt 9%

code to obtain 20 co bits, which e sent

in two slots SHFA™ @ BECERAOr I ?ISWIC%QO‘F@W%WISC@W mOd‘i]BtO['SOb@QT UE

110 may be CQHﬁ‘thUM@dt rﬁa@ Ve@Rtittddhia T Qrflt&(ngﬁiéti@@th'r RYEDY, résﬁ@c@b&? k
cycle coveri where in general 1 5 sen e

i nfor mati on [ﬁ”g ffe#té}ﬁ Hwiines dafrethem 1<b5r2r wméfqﬁ@re ﬁé%@%@s&ng@?de
HS- DPCCH or dital Ne@de 1663 @R@@ﬁkehﬁa llﬁg(i'na@%om EH%EPV%d sEgQQlﬁg]aE |ag‘001ﬁ‘l@d

shows a deS|F§ of sendi on for two cel

singl e- code HMETEEHEY f%‘srﬁ(f)gédﬂ%k EGEPCFi%m"duld’forl 458 dedy qvnﬂltlorcaj;g ﬁlter

information fa@f l]i‘y\/\@mﬁ&bﬁ@rtlalﬂﬂﬁkl@ze reb@vdidldhhiRb X6 if Rt ﬂimplé@%ﬂ@@lgym
in Table 5) af_J;l sent on the HSDP with a_single channelization
m(n)

code. hBT05ESS ¢ty inpuh paspnistip GhtagReelsf pymbaln A MIMPO detet@of e G
413 ShOWS a desigifosd Nﬂﬁﬂﬁd%n&gn thé fREi IR dyABols Gom! MOR 8&hddR1aWrd Myskbe
dual - code HS-QP%I;L{?T f eedhack cycle = 1. In each TTI C%

i nf or mat i on fEPUETa AL Pivge htecled smbelS t HerorpbPeRsRoRil# 3 mieprocess
channcl i zat i gaggadeodudrc etnhaitecdaej the ddQRQIL b6, REViENQNSICA d88 THi00E @l o
sending CQ information f wo . cells wth the single-code HS- DPCCH

for feedback '®§&pta simkoa6q, ri‘n‘é %’H‘df’ é‘é‘t?ﬁ%?@“&rgﬂc‘F@nB'f“(’P\ﬁﬁ) a pqptepllerdrpeessor
information flaro.two cells 1 and 2 may be multipl exed and sent on the
HS- DPCCH wi t i ngl h etization code in each of the two TTIs.
The CQ i nf oﬂﬂ@éf %ﬁii)féﬁla B p AP SEED L1 4 eedbraki aformatioy (e.2-
[0062] FI G 5B.@EhenGoraCOesignatih) ﬁeﬂwoﬂ@ot@%mbm& NA%s meP bé Bfocds e 18ed | s
with the dual code HS- DPﬁ%H 1;%{{ feed@g cle = 2. In each feedback
cycle of two FFUL PYOEFSSqrF 8t ARft PISFPdE M‘i’ THRSPSIE 1466k T pligable) 1o

FI S- DPCCH Wi tdbtath mhapmeymzcatsn&mscmﬁoc(umgs 145@h Jhrd htlhlﬁlrﬁi'aﬁ%focg § khe RN
CQ information for c sent on the HSDPCCH with the sane

| 2 may b
channel i zat i (S’H%Bb%f@bf’lr?t"f”ﬂ%s tﬁé’é?‘“%’?“tp‘*ﬁ@“wtrqaﬁlﬁ SRy Brher gpnditign the 1
and 2 may thustphessent stdamslitd beaank uplkhis sf@heﬂsh vﬂﬁlclhmefl 8c ¢haRnRdd watd on

code. [0063]FI G 6A h %? of, C% information for two
cells with t K8 tegriaﬁé?é ﬂ'ég?ll—]i %P%éﬁofl%g??% RFPRURk sgnafsdrom YE 119 may pe,
f eedback cycleeivid f)ijr[terﬂiﬂ'd B’-BZ&CZQ(ougﬁIfI@IZEI&bh@trbnfe@ bnd M@ce‘és%h b§ ddm@nthtots
may be nultlggd(g q‘h%ﬁ (gglr{hhe HS- DP W|th ?
channel i zat i o €od@"% ERn FePtpeepse é thﬁ‘ﬁﬂ g Gralisthiel on
nmay be sent iand & hecivagioctswa 1§34 & reddver fldiath aricptre%tactl@iﬁfoﬁﬁé/aohfaé&ﬁ ReE
repeated to IIIW ve, rel i abi I1 %% )[ oag%\ﬁf Ga 613 sh WS%@el esi gn of
sending CQL i o TFALT BIPCHEH b RerPedoiehied nate it diie! RS Heeyits or
f eedback cycldecodedifecdbaciciafbmitiondbagkoltygtoacsedr hour 111s,
[0096] Controllers/processors 1440 and 1470 may direct the operation at Node B
120 and UE 110, respectively. Processor 1440 and/or other processors and modules at
Node B 120 may perform or direct process 1000 in FIG. 10 and/or other processes for
the techniques described herein. Processor 1470 and/or other processors and modules at
UE 110 may perform or direct process 900 in FIG. 9, process 1100 in FIG. 11, process
1200 m FIG. 12, process 1300 in FIG. 13, and/or other processes for the techniques
described herein. Memories 1442 and 1472 may store data and program codes for Node
B 120 and UE 110, respectively. A scheduler 1444 may schedule UEs for data



CQ information for cell 1 nay be sent on the HS-DPCCH with a
channel i zation code (e.g., ) inthe first 1-11, CQ information for
cell 2 ma be sent on the HS-DPCCH 16 with the sanme charnelization

code in tNEOAERM27H] | and no information may be sent i ACTHE2408818281,\0

TTls. The CQ |nforrrat|on for cells 1 and 2 may thus be sent in
different TTIs with only one channeliza#t on code. [0065] UE 110 may
send the HS- DPCCH at transmt power of P for HSDPA from a singl e

cell. UE 110 sendt e HS- h her transmt power (e.

2P) for DG SRR P i 98 1}[@@@%%&% Poraglk g PO ESRGRRE D

i nformation bleagagedaeaUE@n the HS- DPCCH and provi de the desired

reliability ontro i.nformat i 006 uter sinulations

wer e perfor mggdg” %”roé Jﬁgruf @Fﬁﬁn"&c@:’? ‘f“dklﬁfé‘n‘ﬂhﬁb‘igg)rm@%é’nﬁ§gw

and the dual -tﬁﬁﬁﬁedéﬁe@ﬁ%any'rbﬂa YR bE Bifsteteaio®Rfes |aﬂ&di|te@ﬁﬁlﬁje§ E%r
roved with the

decodi ng performance for ACK informatio be i
si ngl e- code ﬁ@@%@ﬁta FHITCIRRY cHamARds ‘Pg’“flﬂé s PR D dempeds. mpdbelips
usi ng si gnal ity M@l ueFefofenced’ thﬁﬂglﬁﬂd theh @bt Alesckiptléh Iy DRCEIpred&itdagby

si gnal i ng valusof '] 0'. The conpuyter slrrulatlor} also
il cat 6t harOREED PG EEFGTHENTE R BEFehi PR PO eGP Hoce o

i mproved W t hakthRs,%r fgl @nbigdeorHirEB#?CCH due to joi nt encodi ng of CQT

infornmation f eIIs 006 shows a desi a . ,
processi ng ur‘ﬁlfgsgoomfﬁﬁ ﬂ:@lr&e%ﬂ’cﬁ’f‘"‘i‘?&ﬁ B "OP’ar%ﬂL‘é‘Fﬁtg’eii%mal
DC- HSDPA. | n biocs, vasduler) ,cmé\@s, iafif QIgdEihino @teﬁ@we@ﬁb@em coihebth Hith Sthe

sl ot of the TITI an?l C(g in%egrng@tion may, be seF in the second and
third slots S¥SClORESPFFT PHORRIRRITICAER o feBiroriR Bware, CORRRSEFIRGE /Y
unit 712 may cembinandAGK bothf orwteia@yn 1lf1@ﬂi’at@€ﬂii sntékcldngkalilifyeoDhard s @ad on
t he codebook shown in Tabl e R r songl&ot her cod boog‘d and

gener at e t en *BoUESHITS® UbfrﬁfVSS%p%mb £S: B P YiePethhi t
714 may spr eadscibal dbere g@deliybinttsm&metrfﬁﬁmcﬁ&anﬂc |Wisiet Qith (ftﬂﬂﬁorfaﬁﬂ‘y it he
HSDPCCH t o obt sprea nbols. .Unit 714 may then scale t read

synbol s based™® alﬁ Iﬁg 1 Wg%ﬁ“ie BotREP e ¢ Iqénlf)%(ﬁ-?ﬂﬁ Caé‘ 4"t he
scal ed synboldssigmednbieaifits igfosal @i thobvdrilesyfith, J0R6 Attkads r@ implement the

i nformati on, ing unit 722 nma ecei.ve an

nformat 1 on (Bsegd TREEVOR: Frkine) VPo PL R Frig | Glggpn, buc such

i nformation bmp]smelqationt decviogh siegldldbt bA ifiddpra@pR (gsibih b tdegatthrdTBYm the

recei ve and %C&h etglnc ion for cell 2 to five CQ information
bits cqi 20 t KF 36 E(Iifeﬂl ¥YHecat enation unit 726 may concat enate

the CQ i nf or[6@9i on Thi tvsnciusnllmhﬂn& [bgiaal chlgtks, en@lucs, a&dsdmwfs do8cribad lire
5) and provide ten in

/ thE’ 12 its aoghrogHe (?T? fc ne cod|r|
AR i o MR e L T R e O e
shown in equqmtp(ose fridessonnddigien afgatlepr@@sso0 (BSH)] EtnS&pbﬂcahbtf endgific dtSaratéd

hysi cal ch l. de bits 7.
Wih the chaner RREhAebubeine i LERRRERA] arer Hoedpade i
synmbol s.  Uni tdeviB) dimyett hgare scatagsitibre l@p:r eﬁ.d:rcﬁty Maaharca oo gats,t &e any

scal ed synbols in the.s d and t 0070
coneral - any STRBEINGHESEARE s aite Bielieuty SNGOR bivah of shegte
i nfor mati on bmtp@scrmycchner me:mbc aom;ctdmeocbﬁexDthAltcsmti\ra,bhce.arbémkm@pd@
may be used for

i nformation bi ¥§° Veml \Pe?cessﬁﬁ corﬁmﬁei’ &b acb?Comﬁcl’lﬁrcz’I?r étatﬁ r?@)')ea Sl o1: el
used for CQ mayfatsbrhsaummemdumle\d a@mblhrmonufrh:emuaﬁg EQced, n@oamﬁblﬂmiobbfs
The transm t PR 91d mwr mces 1¥1 aFt fl based on the anount
of ACK and CA T éfmatid c{p 3Pd P OFaer oma@{ﬂl?f"é%‘ﬁé""f h& geTi M
decodi ng per frocwprocesad mNoxrjemﬂoriﬁfﬁhaDﬂBidﬂeJmay;eothars@cthlwnﬁ@m@ﬁ.t a
dynamc swt < Oper ., when UE. IS
operating i nqu BWE oogm I”?e#%o ed %%Orﬁ%rﬂ aeefdﬁlbg glh Cgmg’gteoﬁaﬁt%,]tgﬁ-lE
110 may not Wwftbswclhérmummtbetmhmm dlreptmmaltlwaxseend sbidedbaokule executed

by a processor, or in a combination of the two. A software module may reside in

RAM memory, flash memory, ROM memory, EPROM memory, EEPROM memory,



on the FIS-PDSCH to UE 110. UE 110 rmay process the HS-SCCHs from both
cells in 18 each TTlI and may process the HS-PDSCH fromthe cell
whose control information is detected. UE 110 may then determ ne ACK
i nf or mat i OXORHPIRHY active cell and may send the ACK i RCOHFRIOE3828N
the HS-DPCCH with the sel ected channelization code. In the exanple
shown in FIG 8, cell 1 may send data t& UE 110 in downlink TTI n+1,
and UE 110 may send ACK information for the data fromcell 1 in
uplink I'TT n+5. Cell 2 may send data to UE 110 in downlink Ills n+2
and n+3, and TOESTLOAFRSLIAIORSE Tl 8 CRERPYROT Y SiEFRPES REEEIT 2

in uplink TThgoRd & @O dtN AR, cxERSIRE Gldrate mediuhDR ¢alpldeo @B cSsos Wich Gk Ng
node may al l gﬁé UE 110 to rec%iﬁ%/le, downl i nk data transni ssion fromthe

cel | with a B&TRRFESHEGN Fakin{ormpon EaEs eRGVHICAROTRAPR IO: the 410838 S¥HER- t o
one channel i ZathicoteHeEle, theRiotRe FRYiuMTRL0BEnteERK o IS B essth ehd froded@r | S
operating in ower headroom |imted regjon. | n anot her design

a. p 007
of the dynami®ddlfi PRRENFeHYBemOUES g ﬁaw%lgndjfws gy estdeon & gyer
two cells in tehnfife@r @Atthel Th&mati®e,Othe pASceSHOWN {HB delrfe BediliRRML esidis
110 may be schedul ed for data transmission by up to tw cells in a

given TTI. EdtHCLASOMpaeats|T 2 Higy E@AY- control i nformation on the

HS- SCCH and may10$endn date 8010 ndid &xiRitipClibsteds, Ue 14MctiddE dbd@ibBBYmay be
process the HS-SCCHs from both cells in each TTI and may process the

| TS- PDSCH f r oRPERENE dit | DGR ol TRy it 7180 Conabiption cthergof. ydf

110 may det erifpREIcAédinl oFt@aiPiht Bhchidl R de tsitPedCl dr Srandmit QNG ARSIng Br
UE 110 may send the ACK i nformation for b(;) G cells on the HS-DPCCH
with one chariBF PERGISR Pt OF f PRPYCHE aé mgdem. AemnytesF et omedipr

both cel | s mayctiRs Bth o6l@shter Stofhge ma8ia SROWMnhhichadH Beda PEISng Ady Ad@iher
design, the Athfj _for‘rra‘ti‘%n or each cell gra% be sent on t%e HS- DPCCH
with the charfEI LUt FORESHET # SPmRYEEPrgET ronpie piage (uajofdist 14 slomex

i nformation fregdicaghbeal laviiayle bedankndathe Re@sed LS ShOWPuipBselRRb&iat.
Each cell may retransmt pendi ng datalor ransm t. new data based on
the ACK i nf orfEPOIPHRIC t Ht WEBPT SXMPI% Gbh Mete I TAOR oS Eomppitracadable )
110 but UE 1lkfkediceqaicom@righait aM{ ROMLEBEPROMECDEOM (08 ofher oftRe! da Aorhgom
t he other cel|l S %\%ie_gg), tl’l!gn both cells may retransmt data to UE
110. [ 0076] FIEEGICRBRECTSE R QIGhmBIcUC HPaeedicBoaT iy Othss merivg: that can

f eedback i nf ayenmdditopar drfdtore Sdsingl RoghraneR! hezad inahe ©afl6f inkFREas r 949
may be perfornmed b as descriped bel or by so ot her

et Cy. " The GETGY 4 B (B ERPSHh PO AEETORUPOE S PRSPU B IFoPB ok
912) and nay ddetgherhmrfdRd of BicolRRIP®RE pfatssér. SABE My Gehdcc{ddl ©Goplid) .
The UE may send the informati.on for the first and second cells on
a feedback cﬁ%{ﬁlﬁ F‘C(Cr%gé‘?rfeﬁqélﬁ)ﬁé@*ﬁl FRemPlg; ih B SOLWERIS RPSPETS AP B de
(e].c g., an Ox/?%b&i@ﬂ&)'ve(r,b:lr@ﬁ%er Bhfpte solifre uki?@a Wia‘ﬁ@i&b,ﬁb&dﬁ@:?able, twiéted
information for f{. t ells i singl e 9 TTI en configure

Wt h ot eodndte Sof BGEEHER BT of yB¥eR snhineiieie S B et S St
of multiple Tlitewahemheaant coptiaddade,tfibe optecHdrC kvisty Ipgir, DG @ rwitdkan
one (e.g., a hown in FIG _5A or 6A). [0077] The U Y. progess. a
first contr olsteci‘ﬂcgﬂg’iﬁsl sugly, ay Infrage radie, TPy ?na’feHEE‘F‘%Eé’E‘ ﬂ?:ee‘ﬁ; injfign of
detect for camddival Diskf oudnitsc] Brussedcis,dndlitks bizfabl cigk( DY Bhser tifsc, optdal Ol
information is recei.ved fromt ipst cell, then the UE ma rocess
Lot dat a DG EEee e BY. Rt bk #Fs et an pgay
recei ve dat a repoduct odateh endghetichilyo ckhi®2 @)ses Theoddce ntys R§A@E$ Swah Sleeand
control chaaneOI segond C detegt for. c

fromt Il .t . nt r ol
i nformation sén bmtagorfsh% B2 %Weo%lﬁﬁgfﬁ%cl el ?‘iﬂthﬁli‘mitﬁef SPRRCT Spmpuer-
recei ved fronedlade sediend cel |, then the UE may process a second data
Cha™e! b oy SR S bR AR 1R PR S e 60
e.g., based ohillpd mcbsat tognake uhieshd discldshe. Marisis rkadifcating t€ dwidisolosure ,

will be readily apparent to those skilled in the art, and the generic principles defined

herein may be applied to other variations without departing from the spirit or scope of



by the UE on the feedback channel with the single channelization code
(bl ock 1020). In one design, the Node B nay decode a transm ssion
recei ved qQn_the feedback channel based on a block code to obtain a
codeword sERE'BY2YRe UE for the ACK information. The NEGE/US20p83%2Hen
obtain ACK, NACK, or DTX for each cell based on the codeword.

[0083] FIG 11 shows a design of a proceds 1100 for scnding feedback
information with nultiple channelization codes. Process 1100 nay be

per formed by E.(as scrj bed bel ow) aor by sone other entity. The
UE may deter ﬁ?%ilﬁs%ﬁ“i %ﬁ%‘-‘tﬁﬁ&ﬁ@%rls aoWlPtF%‘igdé%P? lipgedlortha gepiples gpd

may det er m neleffls deBdiidEdTRELBMUE & todbs 8EOREd %hbidéd@lsag)ls C%llqﬁllﬁf)nt witiendP
n ce S on a

may send the CO. infarmation for the first and seco

f eedback char?ﬂ('l{gflplﬁ)?“gélﬁwiief%‘ﬁsdfsﬁlofﬁqé’eﬁg‘si gn, the UE may send the CQ
information for the first and second cells on the feedback channel
with first a cOo | i i codes, respectively, in a single
TTI, e.qg., agayﬁghnQ?ﬁggﬁ%%iﬁﬁﬁg%ﬂgnother design, the UE may send
the CQ information for the first and second cells on the feedback
channel with one channefization code in different TTls, e.g., as
shown in FIG 5B or 6B. [0084] The UP may process a first control
channel fromthe first cell to detect for control information sent to
the TIE (block 1118). If control information is received fromthe
first cell, then the LIE may process a first data channel fromthe
first cell to receive data sent to the UE (block 1120). The TIE may
process a second control channel from 21 the second cell to detect
for control information sent to the UE (block 1122). If control
information is received fromthe second cell, then the HE nay process
a second data channel fromthe second cell to receive data sent to
the HE (bl ock 1124) [0085] The UE may determ ne ACK information for

the first cell, e.g., based on processing results for the first data
and control channels fromthe first cell (block 1126). The UE may
determ ne ACK information for the second cell, e.g., based on

processing results for the second data and control channels fromthe
second cell (block 1128). The UE may send the ACK information for the
first cell on the feedback channel wth a first channelization code
(block 1130). The UE may send the ACK information for the second cel
on the feedback channel with a second channelization code (bl ock
1132). [0086] In one design, the HE nay obtain ACK, NACK, or DTX for
each cell based on the processing results for the data and channel s
fromthat cell. The UE may encode the ACK information for each cel
based on a block code to obtain a codeword for the cell. The bl ock
code may i nplenent a codebook conprising a first codeword for ACK, a
second codeword for NACK, and a third codeword for DTX, e.g., as
shown in Table 4. The UE may send the codewords for the first and
second cells on the feedback channel with the first and second
channel i zati on codes, respectively. [0087]FIG 12 shows a design of a
process 1200 for sending CQ information with a single channelization
code. Process 1200 may be perforned by a LIE (as descri bed bel ow) or
by sonme other entity. The UE may determne CQ information for a
first cell (block 1212) and may determne CQ information for a
second cell (block 1214). The UE may map the CQ information for the
first cell to a first set of information bits, e.g., bits a5 to as
(block 1216) and may map the CQ information for the second cell to a
second set of information bits, e.g., bits ao to a4 (block 1218). The
UE may map the bits of the CQ information for each cell to
information bits in natural order (e.g., as shown in Table 5) or in
permuted order (e.g., as shown in Table 6). The UE may encode the



for COMA) to obtain an output sanple stream Each nodul ator 1430 may
further condition (e.g., convert to analog, filter, anplify, and
upconvert) its output sanple stream%.]o generate a downlink signal. T
downl i nk signals from nodul ators 1430a t hrough 1430t may be
transmtted via T antennas 1432a through 1432t, respectively. [0094]
At UE 110, antennas 1452a through 1452r may receive the downlink
signals from Node B 120. Each ant €?In®IM852 nmay provide a received
signal to an associ ated denodul ator (DEMOD) 1454. Each denodul at or
1454 may condition (e.g., filter, anplify, downconvert, and digitize)

its received signal tOAQl%tHédlfoirﬂ@ﬂéles§&iﬂ@in@§icﬁﬂ5‘n,réﬁi§/18ﬁ§fngher process
the i nput sanples to obtain received synbols. A NEMO detector 1456

may perform M MO HeleBinigg(98h) akaovisdasment. AGkosfgmpignien datr

denodul at or s . J4R4arl b LHEh Al . @RgRpRvhdedet ected synbols. A
recei vegprocressor 1458 (raycpl:]%,ce%s (%8 denddul ate and decode) the
det ect ed synbol s, dgtenvingag (He8bAEH infarmatior for Bathi@cdiwddratata si nk
1460, and prgé/cioggcgiago%leigjé;ontrol information to a

control |l er/ processor 1 s ’ﬁ8895] At UE 110, data from a data source
1462 and f eedback sénihgy (@b the ACK BhfornAGéndmothe fir&E@hdisedopdmelld on) from
control | er/ processpor 1470 .. .be processed by a transmt processor
1464 and pre@Bag?FﬁgﬁckaC%Wﬂga‘%ﬂb%@EQSFhﬂw Z%tYOFw&ﬁfﬂ i cable) to obtain
R out pyy synmbol styheaitheRhaREHAH odtdPAPoldRuaNidBler may process
the R output synbol streans to obtain R output sanple streans and nay
further condbpieahing Frst@wogeitandanpl e streams to obtain R uplink
signals, which ma ] i t hrough 1452r.
A “Nodo B/ 120, tniuar HeR Otk faluhlh GRRRT HERER Ll Ved by

ant ennas 1432dothatoughr 3Rt andeachnd celecbrapdsepr ocessed by

denodul ators 1430a_thro 430t nd .f urt her ocessed by _a M MO
detector 1434 (if? %@‘gg%m_gq{@a OP@?&%@@%F@L%@%P@&%’%I&O recover
the datg andbffeHbagk feddbecio@ianasl wieithekihgléchhhfeliZRE6 R LR, REDCESSOr
1436 may provide decode%@dat a to a dat aetill nk 1438 and provi de decoded
f eedback i nf or mat PEHIRENESE BITBRLEPR S8 spcord 4¢ll on a quadrature,

[ 0096] Cont r ogi, BfacRbPER T8RS AnAnd il e QPR e hhaGhtibigodaper ati on
at Node B 120 and UE 110, respectively. ProcCessor 1440 and/or ot her
processors and nodul es at Node B 120 nmay perform or direct process
1000 in FIG 10 and/or r sses. for the techni ques descri bed
herei n. Processor B147OTE%%%%}}O%&?%@}HIg’rfgﬁtglgrs%orm AN nodul es at TIE 110
may peeform or di pegksgg©essa DR0comrdftkann?] frpmabefist2dlD® in FIG 11,
process 1200 .in tE{J G 12,1. rocess 1300 in IGHlS I/ or ot her
processes f oRCEREOF eRtrl GifeanaiaiciepbRpthrdirgicgll t ‘es 1442 and 1472
may store data angdrReoMa@e6P48 A8t Ul Nefg:] Boldtheate MK itdhirol

respectively. A schedul er 1444 may schedule UEs for data ,4

transm ssi oniarmaionds igeeivak frapuihe dirsisell iR resivedarseatby thedgstmay
assign resougggﬁ)t}lg ne schedul ed UEs. [0097] Those of skill in the
art woul d understand that information and signals nmay be represented
usi ng apy of a vaprerssing (9di} 4 sscend cargoi kbiowl femahd s¢centineltjives. For
exanpl e, dat instructio onmman i nfornation l.gnal.s, bits,
synbol s, and ERFHET fHO! RIGTBETPLRET B bsaemigeh Kot U dbove
description may berdcegims@alpasdiynd htaabesnel Guhi ®Bkecondlcelt if omagneti c

waves, magnetic fields or particles, qptical fjelds or particles, or

any conbi nat FOHTelRRieEBRIoT §aes] A dn Bre sekqnd celloigireceis nt

appreci ate t Bathd aeoBlel1QY the UE USRdrahi e ACRThfoRhaBoPfK She fiRAUI €5,

circuits, and algorithm steps described in connection wth the

di scl o8@r e hetlbisneirmpingd Hapgs emprecessinggesilisdor baificsticantdolar e, conput er

sof tware, or ﬁﬂ{g ' t il hi s

i nter changeaﬁl? I %/&g‘{‘{hlggﬁ %%Fﬁ&gﬁaelgg?rﬁvh\%?%@%egf %ﬁﬁ%ﬁ%&ﬁ&sg rative
ACK information for the second cell is determined based on processing



determ ning (928) ACK information for data received froma second
cell by the UE, and sending (930) the ACK information for the
first and second cells on a feedback%é:hannel with a single
channel i zati on code; iowherein the channelization code is an

ort hogonal vari abl e spreading factor code; and t he net hod
characteri sed wherein the sending the ACK information for the first
and second cedslilis fonipr seeesd aamal tigarinkEantiGKe kevoad Mata canhdfronhe first
cell on an iﬂf)hase, I11 15branch of the feedback channel with the -
singl e chann858M455!lcode, and sending the ACK i nformation for the
second cell on a quadrature, Q branch of the feedback channel wth
the single channelization code. ) 2. The nethod of claiml,
further conprising: 20prowedwidedclain g)whereinthe detorminins bhakfel from
the first ce t f ‘o -t i Py the first
cel | to§t he Hé?ﬁl?atgﬁ fsf)?lgéggstsci%ggé%gga%srgg%ﬂﬁ?%f& @g(éfi gé]‘%]ﬁgnnel fromthe
first cell, adknovhdgeinentyNa(iaor discandinnegeiryethifsiomDTiE féithet cel |,

to receive dat nt the first |l to the UE; 25processing (922)
a second con ?Sglca@%aé?ﬁ%ép pf?c(??ﬁlli‘%r@s@ c%ﬁﬁat&é"‘flg C?lgTﬂégg%rEe(fﬁ‘%?mcont rol

i nformati on gemirstxellf vl weaomdhe bterhiid e WEK iafthmation forth@Cessi ng
(924) a second d@'é%l channel fromthe second cell, if control

i nformation F&OR CPERPISED) H?@%?%%@%MAGEJ e, D%fqréé%wemaaqﬂa sent by
the segpnd Cphdedlon ptr&%séijﬁ% raARS R ﬁaﬁa@%d’%%rbﬂ{hﬁﬁﬁ%g frgﬁlhtilgr the first

i on processing results tor the first

30cell is determ néd base
control changrsbn@dpell.t he first data channel fromthe first cell, and
wherein the ACK information for the second cell is determ ned based
on processing 28 results for the second control channel and the
second data channgl frtie mbthodef claihn ¢ehitther compristng: The met hod of

claim1l1, wherein the . determ.nni.ng the A ipformation_ fqQr the first
cel | conprises ob?%oﬁiﬁi&glﬂgﬁgﬂl%ggéﬁﬁﬁw eend ?e?]ﬁIR@@,d or

di scontg nuougsn h bRjek Bb&SioWbiaild Xoddvird! 181 fhdreih tBeLddehAsEH soft
processing results for. data and control channels fromthe first cell,

and wher ei n ehihedeedbagk phangel with desingle gramaciistionspde he second cel |
conpri ses obtaining ACK, NACK, or DTX for the second cell 10based on
processing results for data and control channels fromthe second
cell. 4. The net hpd of Thkd miethod of tlainh hewhereimphi bloek rode encodi ng

the ACK inf olrm E:rin%r?t fa(%d(t3 hekfi rst. .an seccgnd @g{ﬁézg%ased 50n a bl ock
code to obtaliP a coaéwor e Ard RHEVE O FREVES i€ P§eHtVeon t he
f eedbagk chamk@bwiddbmehte NJIORQF®R thdarnedll At distdonaatsus

transmission, DTX, for the second cell, four codewords for four
combinations of ACK and NACK for the first and second cells, and two
codewords for ACK or NACK for the second cell and DTX for the first

cell.
25
6. The method of claim 5, wherein the codebook further
comprises two codewords for a preamble and a postamble for the
feedback channel.
30 7. The method of claim 4, wherein the block code

implements a codebook comprising at least a subset of a plurality of
codewords used for sending ACK information for a multiple-input

multiple-output, MIMO, transmission.



5. The method of claim4, wherein the block code inplenents a
codebook conprising two codewords for ACK or negative

20acknow edgenent, NACK, for the fir ? cell and discontinuous

transm ssion, DTX, for the second cefl, four codewords for four

conbi nations of ACK and NACK for the first and second cells, and two
codewords for ACK or MACK for the second cell and DTX for the first
cell. 25 6. 8The Amtabpatatfs (cladifonvhrelsdenmimmdida¢ioapdebook furt her
conprises two codewords for a preanble and a postanble for the

f eedback chafiff8P™8&7. The nethod of claim4, wherein the block code

i npl ements a codelnaks GQPY fos HagrmminLakhorledsdisal, &fka plurality of
codewords used. for sending ACK i.nformation for a nultiple-input

nul ti pl e- out Prermajondor data regeived ifxpmn a fipsy cell by a uspr egwipgisphilius (no)
for wirgless commyp [ LS NA CREaH /] ! rmning
acknow gdgerrent, A&ggglﬁ?%fr?g?%%m?%@%%ta rélééetlgoéleig) g%tgrlﬁ%ﬁ%lgr st cell
by a user eqtiopnestcondill yrbahiE; @ad70) for determ ni ng ACK

information for data_received from nd cel.l h E: ,and nmeans
(14900 % or s omti it ERERBRR IR R ARRIMRRlbn R hORrPandang Tor s
on a feedbackeohdoés onvd febdisack chgl el whAaRBlgaatanaslizaa6he code;

wherein the channelization code is an orthogonal variable 10spreadi ng
factor code; and Whereinfhechappelizatiopcqdgds appeithosoaal \ariablsi n t he

sendi ngpt he @%éagiﬂ%%@@tgog& dn@r the first and second cells conprises
sendi ng the Al information for the first cell on an inphase, I,

branch of the feetirariparianeieracigrised mwherein il ssndinanieACRat i on code,
and 15sendin ' gp‘E E d cell on a

qguadr at ur e, %ff&g[r?%tﬁéﬁo%weﬁe gg’gﬁ%ﬁcegggonﬁéﬁ&%th the single

channel i zati on codending the AGK infdrenztippdorathel Sirstfeelt babmirthhasayit her
conpri si ng: an 470)..f or .encodi.ng,t he information for the
first and _2%??&@8%. eé%%qbgabﬁ?@ag]o‘ﬂﬂgﬂ’gls _%@BEEI{ZGF%%F %a}é&codemrd
for tragsm ssion @éhdﬂﬁtﬂe@gﬂ@ﬁhﬁknfdﬁ@ﬂwth%é@nabal@Qqh@irature,
channel i zati gn_ code, erein the block code implenents a codebook

conpri sing t K PEEGRREHEdesdbrcldnge]l Wiyheisingledwenpilizatigerds | NACK,
for the first cell and di scontinuous transm ssion, DTX, for the
second cell, four codewords for four 25conbinati ons of ACK and NACK
for the first and9secohbe aptaratus ahdainwd, fogHenworatwising: ACK or NACK f or

W rel ess communi catrBn48Hst Pesl e dEkdrfpmetion by Bed b m at
| east one of sédongelwidhssbowatloekbbde th@bain a codeword for transmission

on the feedback channel with the single channelization code, wherein the

block code implements a codebook comprising two codewords for ACK

or negative acknowledgement, NACK, for the first cell and discontinuous

transmission, DTX, for the second cell, four codewords for four

25 combinations of ACK and NACK for the first and second cells, and two
codewords for ACK or NACK for the second cell and DTX for the first

cell.

10. A method for wireless communication, comprising:
30 sending (1018) data from at least one of first and second cells to a

user equipment (UE); and



user equi prent (UE); and 30 receiving (1020) acknow edgenent,
ACK, information for the sent data fromthe first and second cells

sent by the UE on a feedback channel,sth a single channelization
code; wherein the channell zation code is an orthogonal
vari abl e 5spreadi ng factor code; and t he met hod characterised

wherein the receiving the ACK information for the first and second
cells conprises receivingdcezojiankndvwledga@iént, KCK, mefbiroatidrofor thee i r st

cell on an inphase,. |, branch of th eedhack, channel, wi.t h the single
Channel i oot S RO ity G Ereat i orlS SHE DRGE PRRBARHR f or ¢ he
second cel |l eimnaehwitlls sindle@hafdcliicipbdef the feedback channel with
the single channel |zation code, The nethod of claim 10, further

conmpri sing: 15schagieihgechanngtizatinn code is an gRageaalivahableom at | east

one cel% amopgei {8 fctorlo@dngecond cell's; and sending control
information on a control channel fromeach cell scheduled to send

data to the UE, atht métbpeiharatierisadnvhargindbe receivingthed€Ksendi ng dat a

on a data ch a cel,l schedul ed to 20send data to the UE.
0D e ot nolarch M B3R e RRRATIE ShdReg00end qata 1o

t ransm ssi on r eceteceidingnhé A€Kfirfodinatién it alnnfist bdlsathroifphade] Hck code

to obtain a godewo e the UE for the ACK 25i nfornmation; and
obt ai ni ng A ,anﬁ]éﬁgﬁdhfg@%ﬁ%ﬁﬁ?}d@%ﬁ%ﬁ$ F‘mﬂﬁ%lzaﬁl‘%‘bﬁfﬁi us
transmgsi on, DT Xpeckidng@BE ACK infob@afibd & tRNGeseFQMCE! | S based on
t he codeword. 3013. The net hod of claim 10, further conprising:

recei vi ng chawfsrtuge &, branchdfhedeedhack demnel withhthesingdn for the first
and second c he UE on the feedback channel with the
single chann%a{@g??agiﬁn%%%; 31 scheduling the UE for data
transm ssion fromat |east one cell anong the first and second cells;

and selecting a transport format f each of the at |east one
cel | based on CQ ¥ nfof He ﬁ‘r?dfoigFla{rﬂéo’égﬁF‘?QOPr%ei n the sending

data cespri ses S5seddiiighgdiit &H fod Mut@acthsifissiondrah at Raglonesdl cel | to
the UE in accordance with the transpart format selected for the cell.

14. An appar af@eng iedirstand sgeond @H% agnmuni cati on, conpri si ng:

sending control information on a control channel from each cell
scheduled to send data to the UE, and wherein the sending data
comprises sending data on a data channel from each cell scheduled to

20 send data to the UE.

12.  The method of claim 10, further comprising:
decoding a transmission received on the feedback channel based
on a block code to obtain a codeword sent by the UE for the ACK
25 information; and
obtaining ACK, negative acknowledgement, NACK, or
discontinuous transmission, DTX, for each of the first and second cells

based on the codeword.

30 13.  The method of claim 10, further comprising:
receiving channel quality indication, CQI, information for the
first and second cells sent by the UE on the feedback channel with the

single channelization code;



means (1440) for sending data fromat |east one of first and second
cells to a user equipnent, UE, and means (1440) for receiving
acknow edgenent, ACK, information fog) the sent data fromthe first
and second cells sent by the UE on a feedback channel with a single
channel i zati on code; 15wherein the channelization code is an

ort hogonal vari able spreading factor code; and t he apparat us
characteri sed whepdiedulingethe vﬂﬁ@ttﬂﬁ!émmmfmmﬁhhﬁt@ﬁeﬁdf the first

d d ' |.Ml.ng st he ACK i nf ti f th
and secon Cg&hﬁgﬁﬁgﬁgﬂsﬁz@sﬁe?&%&g& r?aglﬁ e i nformation for e

first cell onan®In anch of the feedback channel with
t he singl e channekbdledinganrawspet fandt for each ofthe avieag ohb eelBGtsed

I nformation for, the second. cell on uadrature,,. Q, branch. of the
f eedback chaﬂﬂgp&ﬁ%fﬁni‘tf@d@fﬁﬁlcgﬁ reinhe sphd ta SERBIISES conput er
pr ogr any c onpdrlin}gddtd Fofdakh ofthetab RbhsR Rl ¥ G URinkY cardeEput er
system causes the conmputer systemto performthe nmethod of any of

clainms ito 7Wih thetrppsppnt format selected for the cell.

14.  An apparatus (120) for wireless communication,
comprising:
10 means (1440) for sending data from at least one of first and
second cells to a user equipment, UE; and
means (1440) for receiving acknowledgement, ACK, information
for the sent data from the first and second cells sent by the UE on a
feedback channel with a single channelization code;
15 wherein the channelization code is an orthogonal variable
spreading factor code; and
the apparatus characterised wherein the receiving the ACK
information for the first and second cells comprises
receiving the ACK information for the first cell on an inphase, I,
20 branch of the feedback channel with the single channelization code, and
receiving the ACK information for the second cell on a
quadrature, Q, branch of the feedback channel with the single

channelization code.

25 i5. A computer program comprising instructions that when
executed by a computer system causes the computer system to perform

the method of any of claims 1 to 7 or 10 to 13.



