Multiple Carrier Acknow edgnment Signaling TECHNI CAL Fl ELD The
present invention relates generally to the communi cations arts, and 5 nore
specifically by way of exanple but not limtation, to acknow edgment
signaling in a multiple carrier environnent. BACKGROUND Many speci alized
terns and abbreviations are used in the comuni cations 10 arts. At |east
sone of the following are referred to within the text that follows, such as
in this background and/or the subsequent'&éscription sections. Thus, the
followi ng terns and abbreviations are herewith defined: 3GPP3rd CGeneration
Part nershi p Project ACKAcknow edgnent 15ARQAut omati c Retransm ssion reQuest

g‘lgxghgggﬁ!t i %gluist ﬁg f ﬂalgg%%@%ﬂ%&%%ﬁ&aﬁgg&s Qa rg\r eQuest

20HSDPAHI gh- Speed Downl i nk Packet Access HS- DPCCH Hi gh- Speed Dedi cat ed
Physi cal Control Channel (in WCDVA) HS-DSCH Hi gh- Speed Downl i nk Shar ed
Channel HSPA?@F%?&L Access 25HS- SCCH Hi gh- Speed Shared Control
Channel MC-H i ple rrier/Multiple Cell HSDPA M MOMUl tiple Input,
Mil tiple Cutput NAGENa@sdritViavastkanovélety mmerd35incks cantmiiiCationsl arts,-dhd
PREack/ nack PREanbl e W deband Code Division Miltiple Access

El ectroniZ comranipesificatlyf by meay nd exasrplenbutonot dimaijation, riboaskaovdadgmeaht ed

society. Elect ropi C .commln.l ations are transmtted over
signaling in a multiple carrier environment.

BACKGROUND
Many specialized terms and abbreviations are used in the communications
10 arts. At least some of the following are referred to within the text that follows,
such as in this background and/or the subsequent description sections. Thus, the

following terms and abbreviations are herewith defined:

3GPP 3" Generation Partnership Project
ACK Acknowledgment
15 ARQ Automatic Retransmission reQuest
CQI Channel Quality Indicator
DC-HSDPA Dual Carrier/Dual Cell HSDPA
DTX Discontinuous Transmission
HARQ Hybrid Automatic Retransmission reQuest
20 HSDPA High-Speed Downlink Packet Access
HS-DPCCH High-Speed Dedicated Physical Control Channel
(in WCDMA)
HS-DSCH High-Speed Downlink Shared Channel
HSPA High Speed Packet Access
25 HS-SCCH  High-Speed Shared Control Channel

MC-HSDPA Multiple Carrier/Multiple Cell HSDPA
MIMO Multiple Input, Multiple Output
NACK Negative Acknowledgment

POST ack/nack POSTamble



5 wreless or wired channels using el ectromagnetic radi ati on, such as radio
frequency (RP) transm ssions, |light waves, and so forth. The accessibility
and capacity of electronic communications is frequently limted by the
bandw dt h of a communi cati ons channel between a first (e.g., transmtting)
device and a second (e.g., receiving) device. 10The avail abl e bandw dt h of
a communi cati ons channel nmay be increased by adopting any of a nunber of

di fferent schenes. One such exanpl e schenme is comruni cating over nultiple
carriers. Miltiple carrier operations may,include nultiple cell operations.
Hi gh speed packet access (HSPA), including high-speed downlink packet
access (HSDPA), is currently being evolved to include 15 nmnulti-carrier

and/or multi-cell ations. An jnitial .step is to support dual -carrier
and/ or dual - cel | (%ﬁg HSDPA k?’ﬁs’m}% HSDPA). Wth DC 1-1SDPA, a user
can receive from t WoceAAl er WidsHaflldsae esyiioh Multpls Alcbgks eases

hi gh-data-rate coverage. Wth sonme comruni cati on systens, such as those

i npl emented in 20 &ledrahincecommbnivitisbantdrosde B vitgckbemoul 19fpl dodycess

VCDMA) | i cati.ons bet . d d i ; i th
Autonal | o Ret rAHSAPECT-SReRISAROSIE O, ARSCTSPLS BT PO KA A e REied e
Thus, to suppay elgg%— HEDRfe Niéhaﬂﬁélisrﬁ%&é Ve AFJERPHeRE GadREbn,( A6HD 8T raglio

ge

d
negati ve acknow e ment (NACK) is used to support the HARQ operation on
each of the 25re¢quency(RFptrensmissionsydight vayes podaosiorhy el hscatrepmbility god

t the HA i gns, h of t i £r8 . A L
eniails signal REOPRE RS ORI R FoRutilnisks b &8 balioRATEL
separate Hi gh- Anioegb et Enssisal o BRA18.8), tiehannehg) deliS-dRaG epnd

However, it has been noted that such an approach has a severe 30 coverage
i npact when bofelg. HSc@P@ZHdedaee transnitted. Furthernore, when the -3-

second HS-DPCCH is transmited al ope, .the cubic metrihc i L ght ger
t han when ]It%rfe firstlge & 8W}(§ﬁé)ﬁiaﬁ°é%mg?18?i{§&%h%§ﬁeﬁer§%ﬁ és]tnlwrﬁeésmg{ise
coverage when gy Q&H}Jtﬂng A thignREKE e thiRheae0 NOné Alichl anfplosehen®sis

conpared to when 1t needS to ACK/ NACK the first carrier alone. 5A second

proposal generaithpusicating overi mnlipla garrinzs. t Mlidk PRIKEK OPRHHISRS MAYSIGRIARg

j oi nt codi d - DPCCH. t hi
e of nt 1y enBHBIS AT preas. Fleh asta FRBFE A Rsp it A Tndidinb it fReae0ES
j oi ntly- encodegyRBRAGRASKL0 abdddt CHSDRAY  fuurbilly NAGHp comntiidd oo sincl@ACK

(carrier 1) & ACK (carrier 2) ACK (carrier 1) & NACK (carrier ‘%)1 ACK
(carrier 1)5 & DWMi-Carsier amt/ophultindionesatianse Antipitipl pexiste sppRat dul-cargix

(carrier 1) & carri.e ) CK (carri X Ik € TX
(carrier 1) & %@%(r( é“‘aaﬁ'rqegrd)f)z) Héﬁyﬁ( 88%@?11% 5 @C@%( gﬁ?.%%@%ﬁ" ? he
case of "DTX (%s%;ricgﬂ faceRd I €par chglers) “simaltamdoiuble."doe Thivot inowaskst o
transmt any ACK/ NACK signaling. 200ne specific proposal for joint encoding

is to reuse thbkighxlatd-ratgcevegige. (8)
With some communication systems, such as those implemented in

20 accordance with Wideband Code Division Multiple Access (WCDMA),

communications between a sender and a receiver are performed with Automatic
Retransmission reQuest (ARQ) or Hybrid ARQ (HARQ) operations. Thus, to
support DC-HSDPA, an affirmative acknowledgement (ACK) or a negative
acknowledgement (NACK) is used to support the HARQ operation on each of the

25  two carriers. A number of proposals have been made to support the HARQ
operations on each of two carriers.

A first proposal entails signaling the two ACK/NACK indications (one per
carrier) using separate High-Speed Dedicated Physical Control Channels
(HS-DPCCHs). However, it has been noted that such an approach has a severe

30 coverage impact when both HS-DPCCHs are transmitted. Furthermore, when the



M MO ACK/ NACK/ PRE/ PCST code words that are specified in 3GPP TS 25. 212
Tabl e 15B. One exanpl e codebook in accordance with this specific proposal
is given below ACICDIX =[1111111111] 25NACKIDTIX=s[0000O0O0O
000 DIXACK=[1010111101 DIXYN\CK=1101010111]
ACKIACK =[0 1 11101011 ACK/INACK =[1 001 00100 0] 30NACKIACK
=[0 010010010 -4- NACK/NACKI0O 1 00210010 0].

Unfortunately, there are deficiencies in the existing proposals for
supporting DC-HSDPA. As noted above, the fornmer proposal with two separate
ACK/ NACK indications results in a severe coverage inpact when both 5
HS-DPCCHs are transmtted. The latter proposal results in a different set

of deficiencies, j escribed herein, bel ow. .. I t here
is a need to é&&?&@ggﬂgégéﬁséf@ﬁw aﬁﬂ’é‘?’q@ CUpLc metyig 4s %ﬁ@gg?%%a T of
the art with r‘m%q t CPGi ' 8fd.1 BhisaBEl{Rrin Ridrkd pbecragd |
conmuni cati ons e.gliﬂf)tscﬂag%%%:m&%%%%&iﬁc?enci es Sand otlﬂer rneeds a%de 10
addr essed by oweenoa nobile reRds be ACKMNACK ahbd sdéandneasriern alope asre@samred to

i nvention. STIM VI ARY i ohj ect of the present invention to
remedy or at 1'% es"tlt&ﬁ”’éisitBlAéJt‘mgﬁghe 'ﬁ#&@amerlaﬁ%wdefi ciencies that are
i dentifiedsherein g0a%g,@NGrbpshl Pen&BliPVenthils Istznbiin@nthebives ACK/NACKAI n

enbodi ments of the present “invention to achi eve an enhanced m ni mrum Hanmi ng
di st ance for andicdétmobsitgyoingcaboe anbiods HH@PGGHntlnythisnanpaeachoriaNErk
signaling for iple carriers. .It is anpther object. of certagr

enbodi nent s of‘g{i@hg‘r@%Eﬁtgsaigﬁ@%rﬁﬂ?@ﬂyleﬁc%%ﬁﬁ@rtfa egnugn?gc@% %‘%g)r% Chhs
with such a copehogk 28l (8)38ifKARbLEE HRAEHIARE RS indibrE €hd Gudl AEKMNACK a
renote termnal for acknow’édgnment uplink signaling in a nultiple-carrier

mode. First, aconddmmaord is determined that jointly encodes acknow edgnent
signaling for at |east t S, fr a_ nul 51 pl e carrier codebook that

arr.ie
is stored ih at Iedst o %P?r bf&t‘% r(g%xteg ermnal. The multiple

carrier codebook includegcrigdHier e NRCRS(caftidi2gt are defined to have a
single carrier codebook as a sub-codebook of the multiple carrier codebook,

with each code worad of tAEK&eagticr boddTWr(garriga?)} ng a | ength of ten. The

mul tiple carrier codebo hi eves L pmum Hamm ng di st ance of four anong
the eight code words. S ﬁgdcgﬁeﬁﬁf&%&%ﬁgﬁr message that includes the
determ ned code word isNA@RS@hiHced) & NACK Eeatgerd)e 30 terminal to a

w rel ess network node. -5- I n” anot her exanpl e enbodi nent, there is a

met hod in ¥ wirel ess nefNWEK (cadisr p& RERN@aTedgent uplink signaling in a
mul tiple-carrier node. EiLSt, an i si gnal hng nessage that includes a
code word that jointly @@é@lﬁ%bﬁ%&{é&l erg?gnal ing for at |east two
carriers is received freuns EofRt §) & NACK (atric2)t he wirel ess network node.
Second, the code word is decoded using a nultiple carrier. codebook that is

stored in at |lmahe cosmofifdNBEXy(catriet Apand DIl éearriet 0y & mabie dovhBoHREAT 18] e
carrier codebook inﬁl udg;@%code.mr ds that are defined to have a
single carri er TESFELHSK -S},g@alé%ok of the multiple carrier codebook,

wi th each gpde wor dogd spdaerieppbsdl 8L OMY Slpollitigi i0Go edsenigs bxisling eight (8)
MIMO ACK/NACK/PRE/POST code words that are specified in 3GPP TS
25212 Table 15B. One example codebook in accordance with this specific

proposal is given below:

ACK/DTX = [1111111111]
25 NACK/DTX =  [0000000000]
DIX/ACK = [1010111101]
DTX/NACK = [1101010111]
ACK/ACK = [0111101011]
ACK/NACK= [1001001000]

30 NACK/ACK = [0010010010]



10 The nultiple carrier codebook achi eves a m ni nrum Hanm ng di st ance of
four anong the eight code words. In yet another exanple enbodi nent,
there is a renote termnal that is adapted to perform acknow edgnment uplink
signaling in a nultiple-carrier node. The renpote term nal includes at |east
one nenory storing a nultiple carrier 15 codebook and one or nore
processors. The nultiple carrier codebook includes eight code words that
are defined to have a single carrier codebook as a sub-codebook of the

mul tiple carrier codebook, w th each codegword of the eight code words
having a length of ten. The nultiple carrier codebook achieves a m ni num
Hamm ng di stance of four anong the eight code words. The one or 20 nore

processors are confy : _determ word that jointly encodes
acknow edgnent si g&g‘g‘i@qf%‘ﬁeat I@a@ Bﬁvgoccigjrj@i‘ers fromthe nmultiple
carrier codebook anthfbfuhatalys thbrel ragdn ddiRidneioet & tthe netising qrapsdatelfess
networ k node an uplink signaling nessage that includes the deteitained code

word. In stillsupportagddGASIaRAmAEntad 8beVRe the former propasad Witly J{eiePares wor k
node 25 that i tq. perfor kn e nt k. S j jof, a

mul tiple-carri %P%%eﬁgﬂgl \ﬁlﬁ%ﬁ ersg'gslﬁ%etlﬂér k&%o e cloﬁ%% %ﬁgﬂggpﬁgﬂé@g Hc?%e
menory st orj ngH8-DPCCHR! Re QﬁhﬁﬂlﬁfedCOTFﬁbQﬂ&rgﬁdmer@Iultﬂﬁma diffecas set f The
mul tiple carrier_ codebook includes_ei ght. code words that are defined to
have a singl e deficignsiescwhishaskdessribed herebokd®Bok of the nultiple carrier
codebook, w th each~cod rd he. ejght ds.. | & th of
ten. The multiple 2% ?‘i‘%e\f\@gtit ](;)eo 4 %%%dg@easd%gesg %d%ﬁ%ﬁ%ﬂﬁ%ﬁ%@gﬁ?ﬁ%t ance

of four anong &leents@t oft@e it fegald @ QP oingMuRipks careiss and'onmmtiple
configured: to receive froma renote termnal at the w rel(ffssgi net wpr kK node

an uplink si gnegli epumpsisaiienst(f. PRIIEHES) a Sushdefigicaciehand PREhLPSHSMBodes
know edgpent _si anal | . Y e code 5
wor 0 usi nols nRETSFL bR PErle HERSptibEs SRbSECTGUE G SreSaf HenliR, code

enbodi nents of the present invention is that an enhanced m ni mrum Hanm ng

di stance may be achi eved for a codebook having code words that jointly
encode ACYJNACKUMMARYng for nultiple carriers. Another advantage of

certai n enbodi ment f t r i i i R
operations may be ?ﬁ%p%lr&z%‘g O@Zlféﬁlé{r?%ﬁg&eggg%ﬁ%éé%@ fd?(l:gg%etjagﬁ {ﬁl@éeilrrt])fg%i rrrl_gnt S
of the present of MyRNfitENddficidntals thadebidelti ebhgtintaponayndfarteobelew. Whisn
there is a m sunderstandi ng between a renote termnal and.a wrel

s r SS
net wor k nobfe rayebigsted cRfainisarbogdimeny oé theppseat invgadonsio achiayP AN snBancsfl i o
nmode is active, .St] | oiher t aGe i Bt SoRbiyt he
present 15 invIénrllrﬁ|}I{c1)lr1%[L iﬁsla?érﬁg& gﬁ%lfg%?n%posspgﬁ%%%g@g g%dr%g%g%ar at ?](c))n %ay be
achi eved for nesesdgdCKANAOK stppliagpifer makipdvtartigne it is arathenogect@flvertain
advant ages are noted herejin bel ow., . Additi ong&ﬁm%nt‘s are a}so
descri bed and/ enbedigierisPiitbe BrajenipREeHtion tadHPRITHA REQUPREVle, by
way of exanple t (yjnitation, 20 arrangenents, nenories, devices,
systens, and S%LP (?r({hﬁ%b%égiti onal aspects of the invention are set forth in
part in theodetail €l gleegdmpiei @ibodimamd, nisre iandmethaidnia 4 hahotedetroinal ford i n

part may be derived fromthe detail ed description and d a\é@,n S, o({ can be

| earned by pr ageknewleskemens uplinle pignaing ’Intaméﬂtﬁﬂeﬁérrt?ﬁé@?‘iet OBLhERICHBLH t he
f oregoi ng geneyra { pti.on. and ]%&w', ;L ed: rdtAEL@NwAN € 25
exenpl ary and {esx%?t%%g@%dr ?fﬁ%ﬂﬁlﬁﬁgn%ﬁ%ragg (r%g relg |§ljtit?§\}g§%fn%?ﬁ)g é|' ﬂventi on as
di scl osed or agarfib@iff®E a mulfipte GitiEFcddeb68 bt (INtaled Tirkt BRAWNNGEmory ofA

nore conpl ete understanding of the present, invention may be obtai ned
reference to tHe EBotoErmgadet Bie @Hﬁﬂé%éﬁﬁfﬁf icegékmgﬂHFQﬁ%sneﬁg L €03 WSS on

wth the age 0n&%g%%@geﬁﬁe@"’%&%ﬁvé{wllegigél%caﬁﬁélﬁcoéebioﬁkaasbé QEH-cHHAH RO fheAD

exanpl e corimuni cations system I hcl u ‘
multiple carrier codebook, with each code word of the eight code words having a

length of ten. The multiple carrier codebook achieves a minimum Hamming
distance of four among the eight code words. Second, an uplink signaling
message that includes the determined code word is transmitted from the remote

30 terminal to a wireless network node.



a wreless network node and nmultiple renote term nals. FIG 2 is an
exanpl e state diagram for extended ACK/ NACK signaling that includes PRE and
POST operati ons. FIG 3 is a block diagram of exanpl e devices that
are configured to 10 conmuni cate using a nultiple carrier codebook in
accordance wth enbodi nents of the present invention. FIG 4 is .a block

di agram of an exanple multiple carrier codebook. FIG 5is a flow

di agram of an exanpl e general nethod for multiple carrier acknow edgnent
signaling. 15FIG 6A is a block diagramthkat depicts a Hamm ng di stance
analysis that is perfornmed on an exanple nultiple cattier codebook.

FIG 613 is a block diagramthat depicts exanple codeword pairs having

opposi te meani ngs. I 7.5.a hlack diagr Q e jices
that may be used tgnfﬁoﬁhﬁ{)%{%ﬁf’ e@?ﬁ?@ﬂﬁf@h&lgrq‘ B8P ’%ﬁﬁ%ﬂid‘{‘ gex?gg%@%ser}&%&-
acknow edgnent n&iedaa kéki@wlddshidnt Bl SR Ny multiplésaft@s ahodee dFines &i n
above, there are drawbacks to the existing approaches to suyppartin

. dr anbac . g
mul ti pl e carri&Minknaieoplicgmesspee dbatl insdudesnd cepdeowsrd ethat joingy penqadesa) .

The first existin r . Jl d i.ndi ens. It
voul d rosul t ;O BERERE AL (T8 NS RETHELR AoShgl ol R
transmtted ThensaraiHe @hckss RetviviRRodal Syould dhe ebgewblibiseiecodddgirg ght

(8) M MO ACK/ NACK/ PRE/ POST code words that are already specified in 3GPP.

Al 't hough reusi Myltiphe caxies codrbpoek ghat imstared suat leestoenecamiosy pt (e wigkse 30
two ACKNACK i ndj ' t Ao] [ ' -
transm ssi ons '?é(;& ggéulg(frh%cgfnrei ’gﬁftﬁg&%ﬁ%ﬁsﬁﬁ‘g?ﬁg@%%@ ? é’c?eéﬁ%ﬁss éc?ﬁo ©

deficiencies i@eﬂﬂ@ﬂ&@ﬂ&%&ﬂsiﬂ%& Baricie Sodeboslosed subFeudebacindt the nailiipie aawiedebook
formed fromthe existin_ghei M MO code words has a mninu

i
di stance of on¢agdeBoolupvihes é%i@ werdsoftthe gighk eodpWords haying %%gﬂ'ﬁﬁ?%

di st | : ' : oST
oper at 1 onal bt AREEHE Bt <oBRRdk A RS anpbfilln MoRfniak etiile APHUETET o

(" MACK/ ACK=1 0 £mdngtt® elgt cBddwordsand "NACK/ NACK=[0 1 0 0 1 0 0 1 00]") have

the sane values as do the existing PRE and POST indications. In contrast,
exanpl e codebook erBotft aather examply embedismenh dierselse rernotepterminah Rat 1s

superior mni i i 3 . ol 1 rier
codebook enbo |n8$rs¥g]§’§%0§%t% ooﬁfﬁd%%p@v‘ﬁl%?’?@s%ngg%@@glétafrg%rgllg‘gc;ri er
codebook enbodTheMmb@stetnitiahinaliddsaamicag ehies oy atorng andukipde canitr
exanple nultiple carrier codebook enbodi nent has .a m ni_.num Hanm ng_dj st ance

of 4. Bot hl%exasfsiebooluprd pne of ar0re rocesHEhodike anttinlersariar quslehpek Fe of
bei fi T t] The..
ol { St e cacr s ent SaRe RRA6E AT R SELEA Aie TaATEABoBKAISC,

subset t her eof subacRlebgdleolthie mndtipB@sdMNAGS dsh@kalithgach dedooiord dhthesegitnd
exanple multiple carrier _codebooE enbodi nent may_ further rh%ui(e }lhat code
word pairs haveasl§ wods hagingsa Jength @b e ﬂélermalﬁplﬁggarﬁawéoge QK ACRIFNFS 820
| ar ge Hamm ng di epar af. | I

i npl enment at i on&@#@ﬁfﬁra %ﬁgﬁgﬁétg@%eggé @S%deéﬁ%? telrgph?g O@é?ﬁ}gg ggﬁé’%‘gooﬁ
embodi mentx) ”&ﬁoﬁl%ﬁcbssarscﬁé%ﬁﬁguidﬂato deppnints A6 WHALCKas ijgindy iengodesi ng
one HS-DPCCH for the DC-HSDPA gperation in a WCDVA- based co i,cati ons
system 25| n atfdnewiadsmenHamRDaiag oNAEReast dal ?%?fstﬁﬂmcﬁes%lﬁé’aﬁednal ed
duri ng DC- HSDP, I . obl e i A t to
Ca when an M REPEHER i FRRRE e A RRERT SREIER A RS
detected by a ysiggiadinginiakagehbsincrdes thealetrmined codededrdok anbi guity
between a wireless network node and the renpte termnal. Exanp

] ) | e
enbodi ments 30 addrlaséiligt erpthenrmmpleembadimens thersds prrelews SOl

25  thatis adapted to perform acknowledgment uplink signaling in a multiple-carrier

-

mode. The wireless network node includes at least one memory storing a multiple
carrier codebook and one or more processors, The multiple carrier codebook
includes eight code words that are defined to have a single carrier codebook as a
sub-codebook of the multiple carrier codebook, with each code word of the eight

30 code words having a length of ten. The multiple carrier codebook achieves a



-9- Wen a M MO style HS-DPCCH format is used for DC- HSDPA,
integrating the DC HSDPA feature and the M MO HSDPA feature can be

probl emati c. Exanpl e enbodi nent(s) enabling the DC-HSDPA feature and the

M MO HSDPA feature to be conbined are al so described herein below. 5 FIG 1
is a block diagram of an exanple conmuni cations system 100 i ncluding a

W reless network node 102 and nultiple renote termnals 104. Thus, as
illustrated, comunications system 100 i ncludes at | east one wirel ess
networ k node 102 and one or nore renote t.grmnals 104a and 104b. Al though
only two renote termnals 104a and 104b are explicitly shown, wreless
networ k node 102 10 may be in comuni cation with fewer or nore than two
such renote t%{ﬂ}' %ﬁ%]in 40 | M, 0, hig! rk
node 102 is ilTus r{EHéIJtSIéI I'n gldgté@% (}efggﬂll %@%%%ee& %{te&{}%rer%fncgl el1?%45’&\rstag‘/yobe in
conmmuni cat i on mbtetproedstorplaes cndigurdd: e mesiva étonna kematd éarndifd af ¢hegwireless a

mul tiple-cell node). ternatively, wreless network node 102 . be. a
wired network Gf58et IPPQIF H@d@ﬁki%@%\mqsﬁﬁgféh?téﬂ\?ﬁ@est %P?ff%‘gp’(ds’;ﬁg{lﬁ’ﬁrﬁbﬂler a
w reline connegl.h@n. I Sk o' deodd?2 to
2 Temote ¢ or mosgg el AR A LON e RIS PR fadeee
Conmuni cat iSonswémdamig a muitipde tatier oedebdold to wirel ess network node 102 are

usual Iy terned uplink comuni cations. Jn_.an ex | e enbodi nent, . a,downl i nk
cormuni cati on 106 4 ?%VW%S%W%@ smperiens) Zfdhe RETSRBT IVABHRR ?F%?aft?)n

remote term nalydda mReHRhPH ST A Aot dRdnd POLLURS/ARR ol QiBRTHARL | on
106 and processes It. n response to recel ving downlink comuni cation
106 and/ or basmdeowotdsethpt jaintlgi engotid kERINACKsignating fonahulfipkeacdroersul at es
an uplink response nessage 108. As described herein bel.ow _upl.i ktr onse
nmessage 108 Fther qtyantage 9% cpialg e IRERE AhdpgPre EERIon I8 a
transmts jpl | P@g@()?%&aﬁ@r?ssﬁﬂx BO&ubPord’ &3 Sarfd@iefOidvaliade JfOeertain
Wrel ess network node 2 may process I nk response nmessage 108

appr opri at el y, ershighimensts by thbaredtinhijnvevion ischatgdedetmoltembogultsinay be avoided | n
t he context of certain exanpl e enbodi mepnts as described herein, {{Pl 'ink 30
response messalaet HETe it misvadersiandme: PeeER RaTRYR 1 ’ﬁaf é’é‘grad 15" She or
more - 10- doviuh Bl RIS 'My indIBRafRE $IdeQ? CATRIId OdtriBPMoBE
indicated with ongllkor m)rgérla%?: u eléérgag%%gv\o?gge? An ei nc?i cat gd reception
condi tion may ibectiter Skhiypt enother advdantaget of/ eertadk remviiosliinoeintof herprgsamtve

acknow ed nt., no, reception, .a preamhl.e operatjon, ost | e .operation,
some conbirat i e%lopﬂéﬁgéﬁm%’ﬁﬂmg‘bp?%aﬂﬁf’o P Wrﬁ-@géﬁ?fgba%ﬁ%%tﬁ%&s
are descri bed &lgsfs%%bg;gé\%g'd#géﬁk&%m&ﬁe&g}ﬁéﬂt%ﬁingsef RHBBC 8d{htige® are-

Wrel ess networ y conprise, for exanple, a base station, a
base transcei wetedhatindelow. radi o base station, a Node B, an access point,

sone conbination thereof, .and. so forth. Renote ternjnals 104 .nma onpri se,
for 10 exanple, a %{ﬂ?ﬁl@ﬁle?ﬁpﬂ PIents i ‘T‘eléo s‘?eéﬁlg?fa a&‘d?&rer‘:faéﬁ‘ﬁe{p_ %P" a
subscri ber st ati e ﬁd&i‘ﬂ@ﬁ&l@rﬁ@é&h’i’z@nﬁ%ﬁu@é, H%%’}l 61 exoh¥le HafRb@hitARon,

t hereof, and so rth. General exanple device inplenentations for wreless
net wor k n@fes atRRgemditsymemonits; deeicas, spstems,Ghdap dortlesAdditiedalrspedtnofibe ow

ith particular reference to FIG 7. 1 rtain exanple technol.o t hat |
\rMef er rped It 0 ) h éF“é‘?nr‘ilOP,éf‘_r"eie_S f%’gg Hpatindhe %@Fﬂﬁﬁ‘% il 1%@%@ {t]hast h oa | d
be understood gigl &tﬂiﬁl%azts B {8k YieADE! B¥AIMRL GelaiBl aoRRHALL ARd Wpating®)orbe

appropriate for a WCDVA- system In other words, renote term nals nmay
be of any genemalbetlypmed dydraeticsorichadoentiony Ibs ta heantdeostoachthat both the
infrastructure,  of an eneral, wireless (or w.red). ne r.k n 20.wirel ess
i npl ement at i O,fg{eggmérggegp;aﬁi fiessFipteR ¢ htﬁ?BI Sﬂfoéf‘)é‘n%eaé%,leq héﬁscggﬂ%lbrqrem th
a differenkt w ngigmve Y. t gk t&F | RRBHRéN ke
princi pl eé%-of egcﬁig%gdr%}e’sent |§1\E}135ntteﬁg%?®sggﬁ a(gl?ﬁne# l:/%ikﬂrr%lﬁggs&nteﬂt%pv\i)r k standards
may or nay notdismdosdidioe@s ethimed.a cel l ul ar-type wireless network. FIG 2 is
an exanpl e state diagram 200 for extended ACK/ NACK 25 signaling that

i ncl udes PRE and POST operations. As illustrated, state diagram 200

i ncludes three states: a discontinuous transm ssion (DTX) state 202, a
preanble (PRE) state 204, and an ACK/ NACK state 206. PRE and POST
operations are introduced to inprove ACKINACK detection performance. As
illustrated in state diagram 200, a trellis structure is added to the
ACKINACK 30 signaling channel. Wien a renote term nal detects the
H gh- Speed Shared Control Channel (HS-SCCH) for subfranme n, it sends a
preanble "PRE" indication in the HS-DPCCH in subframe n-1 to transition
fromDIX state 202 to PRE state 204. If the renote term nal does not detect
a Hi gh- Speed Downl i nk Shared Channel 5 (HS-DSCH) in subframe n after
receiving a HS-DSCH in subfrane n-1, it sends a post-anble "POST"

Y~ o~ o~ [



to communi cate using a nultiple carrier codebook 312 in accordance with
enbodi nents of the present invention. As illustrated, devices 302 include a
transmtter 304, a receiver 306, a comunication confirmation unit 308, a
single carrier codebook 310, and a multiple carrier codebook 312. More
specifically, a 15 first device 302a includes a transmtter 304a, a

recei ver 306a, a commrunication confirmation unit 308a, a single carrier
codebook 310a, and a nultiple carrier codebook 312a. A second device 302b
includes a receiver 306b, a transmtter 3Q4b, a communi cation confirmation
unit 308b, a single carrier codebook 310b, and a nultiple carrier codebook
312b. Each of devices 302a and 302b may 20 include nore or fewer conponents
than those thaprip e pESERIPEION OFTHE RRIQGRbodi ment, first device
302a is functioning as a wreless network node 102 (of FIG 1), and second
devi ce 302b is funch noorecgmpicta understhrding ofitheaprededd mventibn amyrbenettained

term nal 104a., Hence, fjrst vi.ce ,302a . uses transmtter .304a tg.transmt a
downl i k. cormt Chrbse toRe FaTbuEE Al e feetpuoSHBER Wikh bt undia 8 i « o
recei ver 306b.thSQ6ERHp AR ERradRLE: WikRSnt ransm tter 304b to transmit an
uplink response nessage 108 to first device 302a, which is received with
recei ver 30%6a. Upl iflk.1dspbhwk dassangéad etmply commiundeatians bystem inohedingK

i ndi cation, at Ieag} one NQCK ind'cafiin or, ?t . east one transitional
operation i ndi%YFISS REvosk dods anthmultpls femate terninals, . ong “devi ce 302b ni ss
detects -12- the FFI€§@”ﬁ%?éxéi‘ﬁ’ﬁl@'sta?é(dﬁgfﬁiﬁ'%xcé’étbﬁﬁbdlﬁ@mwﬁ|sign!&ﬁhg
transmt an uplink response nessage 108. "Such cases, for exanple, are
referred to hehalinclude?RE and PO$Toperaiomsapl e i npl enent ation, these

i ndi cat i b ] i t .| east .cod d f
ot 6 codebooks, WhdiCHey it <b6s G bt AP At ovel A SPHUECLaR (1 or
they may drjf erdoniflumicstedRERALHMRE Birfibr SR8 oM Ilccufdanbe HithntboddhEnts

codebook 310. When devices 302 are communi cating over nultiple carriers,
t hey may det erdfithepesentdoverdioni nt erpret code words using multiple carrier

codebook 312. An e l,.e tipl.e carrier codebook. 312 t.hat rt,ains to at
| east two carri ersﬁ?gj{?ﬁs}s'%&%&%‘?‘?m 5815 etlﬁuﬁ iﬁ)‘éﬁ"?ﬂ:fﬂ‘%ﬁ‘)?l&ference to
FIG 4. The code W‘FIG.Q%@ﬂmgéﬁ&dﬁn%é&glé%eﬂnﬁé@%&%&ﬁﬁﬂﬂi 8 carrier

confirmation unit 308b of secon evi ce 302 and the code word decoding is

performed by csknewledgnieohsigoaling. mation unit 308a of first device 302a.

15111 ust B e, mutlaPe el RSB G MR s SR SRSty

carrier codebgifopdd dn dnxafiplSHANHIS ARBPEIBBBSK. dual carrier codebook
312-2 includes ten total code words 402. It includes eight "acknow edgnment"”

code words 402a- h. RiGal6Bcisra blackcheramokatadepicts sugmplesepdemord gairs heving
"transitional %%er. tion'. code words 402i and 402j. However, a dual carrier
codebook 312- PPPESi A& nat i vel y include a different number of code

words and/or a set MEG.Co4e ABIRE Eiglan) Y CexdhipiSRMceIBRR ABS- bERBPIE
reception condition nmeanings for the set of code words 402 for dual carrier

codebook 02- dmplementembnsdmpets dor malsigde eavrier adpawiletgnsat signaling. ACK/ DTX"
reception condition, which corresponds to an affirmative 25 acknow edgnent
(e.g., for a transport block that is received) on a first carrier and no

reception (e. PETATLED DESCRIPTRORCK) on a second carrier. Code word 402b
As described herein above, there are drawbacks to the existing approaches
to supporting multiple carrier and/or multiple cell communications (e.g.,
25 DC-HSDPA). The first existing proposal would use two separate ACK/NACK
indications. It would result in a severe coverage impact when both HS-DPCCHs
are transmitted. The second existing proposal would reuse the existing eight (8)
MIMO ACK/NACK/PRE/POST code words that are already specified in 3GPP.
Although reusing the existing eight MIMO code words can jointly encode
30 two ACK/NACK indications to thereby avoid necessitating separate



i ndi cates a "NACK/ DTX" reception condition, which corresponds to a negative
acknow edgnent (e.g., for a transport block that is not received correctly)
on a first carrier and no reception on a second carrier. Code word 402c

i ndi cates a 30 "DTX/ ACK" reception condition, which corresponds to no
reception on a first -13- carrier and an affirmative acknow edgnent on a
second carrier. Code word 402d indicates a "DTX/ NACK" reception condition,
whi ch corresponds to no reception on a first carrier and a negative

acknow edgnment on a second carrier. Code 8ord 402e indicates a "NACK/ ACK"
reception condition, which 5 corresponds to a negative acknow edgnent on a
first carrier and an affirmati ve acknow edgnent on a second cani er. Code
word 402f i ndi galessdths AN MF<carki e&@K@I@A@ﬂ@dﬁ%ﬁQﬁr , Wi Gl T &gPepds to
an affirmative acknow edgnent on a first carrier and § negative

acknow edgnent defiviencsscis nidtroduceidewith Goid eproposdl.4FRy axadipbgtsesh ancodaBROMCK"

reception condiption,. which 10 corres to,an affjrnative acknow edgment
on apfi rst car (}r@F‘_iefFﬂPaéﬁe m%m%&gﬁgg\%ﬁ%bnﬁwee&@ﬁ%nbaspﬁ@n%%_ g er .
Code word 402hgikpdicst &y 3, Mg}f gﬂgg%gé tHa%QE@Bbt?fﬂaHﬁﬂﬁhlthHanMiég Bistance

corresponds to a negative ackn ment on a first carrier and a negative
acknow edgnent fasra eodebookaf dength 60, anti5dzen 8t edllsaptheePRE andl ROBT eoperationer

codebook 312 such dual carrier codepoo -2 .may al so inglude cod
words for tr an%anPg %‘ﬁ@?ﬁf‘i olPﬁc?‘us_éocfge \Aﬁﬂ%@?’f"?%d?%%t E0Igs rzc @‘b‘?i g n
condi tion for @‘NLARE@A@KQ:'[@UHQPO 1% ‘F'@]’Céﬁd WR@WN&@K@{(FT ganbh 9"1}36(%1?_’?' tion

operation. Code word 402 "indicates a feception condition for a
oper ati on, whibdvesbe saspualdss endatheesisting PRE24a PafiTiindiostianser at i on.

The val laced an th d d dj f t . oultipl i
Codebooks 312 D f B SIS EANYHOOR SHARHORE S0 SHagIEOH] AFEPRnt
val ues mayj@i VBolbdSRaveOsiBériol Rhfifa’ Hamnting eo@kcedl 2 THAY diBereht! &amasle

properties. First and second exanpl e codebook enbodiments are described
herei n bel ow. Babiplesarizdecodebebki embddigentswreeses fpite bebureb b Kirsthexsanment s

s 2 ner 9L, e Lee SodSicient et os M nii 95 MBS Btnee afdsbook
enbodi nent, a jad §isBtdCatd b HAGRROG iG] CodebobR 2 JAB AR MBMinfuim
i npl ement ed usi ng one HS-DP f or " DC- HSDPA HARQ aci cnowl edgenent

si gnal i ng. TheHawdehgdistarwyp dfal eBothexboiplomutiipls Caricaeptiebopdl amhwdimentsac h

of the not code rds:.,-.14- 5 _Thig codebo S R-mum Hanmi n
di st ance eﬁal arg Oca\égblfoqﬁkﬁng Hi f’\gll'iegttoew&?ﬂﬁgp Egd@%ogb%mggﬁ%‘m , %Pﬁo
more code wor dgchiifibxAhflel MRS BhrrieP cb&dRGK TRt ARYeIWPTERdIERYs Re
added in order to al so support PRE/ POST functionality. Even with t he

addi ti on of t hablesgabgolPmEubes Tharodk a singtissartitreA GRKANAGK bignatingraficbeelnce

i | to 5. This, first pl d mbodi hi
n appr ect ably e eeaRt SRl BBIRLS FEFRT Sl oRR e o e B ST B
codebook that thst R &fbrabaih BafhbTotid §oBdsMy IMPoPEEL NARKIEE IRV L reladgelyor ds.

However, use of the first exanpl e codebook enbodi ment for dual carrier
ACK/ NACK s3lgnaleigeg Haphiiag tdigfence rseportion ebaiween wihem. f al In barck example

Rel ease-5 (single carrj.er) NACK si gnal.ing when an HS- SCCH or der
deacti vati ng ﬁ%%ﬁ%mé@%’i%n@% S?‘é"@@i \?gﬁmp% Iﬁ%lgfeulcta,m%r 88&%’@8krray
arise when a reIRYEMbELTRAnlISS 8Sicbysn AR stisporleChCR/NRAICIaRk RS ebdEe
keeps usi ng a DC- HSDPA HARQ acknow g;:gemant codebook, while the wreless

networ k node samgr tHSd¥ROEGHhgfaredbe v L -USIP Awogsrationngna a( sVEgPM Achaseider )
Rel ease-5 codebook. . .
communications system.
25 In addition to HARQ ACK/NACK signaling, two CQIs may be signaled
during DC-HSDPA operations. An analogous problem can arise with respect to
CQI when an HS-SCCH order deactivating the DC-HSDPA operation is not

detected by a remote terminal. This can create a CQI codebook ambiguity

between a wireless network node and the remote terminal. Example embodiments

30  addressing this problem are also described herein below.



The Rel ease-5 single carrier codebook contains the follow ng tw code 25
words for the ACK single carrier indication and the NACK single carrier
i ndi cati on: ACK=171111111111] NACK-=]O0

9.

When a MIMO-style HS-DPCCH format is used for DC-HSDPA,
integrating the DC-HSDPA feature and the MIMO HSDPA feature can be
problematic. Example embodiment(s) enabling the DC-HSDPA feature and the
MIMO HSDPA feature to be combined are also described herein below.

5 FIG. 1 is a block diagram of an example communications system 100
including a wireless network node 102 and multiple remote terminals 104. Thus,
as illustrated, communications system 100 includes at least one wireless network
node 102 and one or more remote terminals 104a and 104b. Although only two
remote terminals 104a and 104b are explicitly shown, wireless network node 102

10 may be in communication with fewer or more than two such remote terminals
104, Similarly, although only one wireless network node 102 is illustrated in FIG.
1, each given remote terminal 104 may be in communication with multiple such
wireless network nodes 102 (e.g., in a. multiple-cell modé). Alternatively,
wireless network node 102 may be a wired network node that communicates with
15  remote terminal(s) 104 over a wireline connection.

Communications from wireless network node 102 to a remote terminal 104
are usually termed downlink communications. Communications from a remote
terminal 104 to wireless network node 102 are usually termed uplink
communications. In an example embodiment, a downlink communication 106 is

20  transmitted from wireless network node 102 to remote terminal 104a. Remote
terminal 104a receives downlink communication 106 and processes it.

In response to receiving downlink communication 106 and/or based on the
processing thereof, remote terminal 104a formulates an uplink response message
108. As described herein below, uplink response message 108 may include at

25  least one code word. Remote terminal 104a transmits uplink response message
108 to wireless network node 102, Wireless network node 102 may process
uplink response message 108 appropriately, such as by decoding the included
code word(s).

In the context of certain example embodiments as described herein, uplink

30  response message 108 indicates a reception condition with regard to one or more



0O0000O00O0O0QO0O]. -15- By way of exanple, the PRE and POST code words
may have the following two (legacy) values: PRE =[0010010010]

POST=[ 0100100100] . 5To address the potential anmbiguity (e.g., possible
codebook m snmat ches between a renote termnal and a wi rel ess network node)
when a renote termnal fails to detect an HS-SCCH order, a codebook for the
MC- HSDPA HARQ acknow edgenent signaling may contain the single-carrier
codebook as a sub-codebook or subset thereof. A second exanpl e codebook
enbodi nent, which 10 is described bel ow, jgncl udes a single carrier codebook
as a sub-codebook or subset of a multiple carrier codebook. For the
exanpl e presented bel ow, the Hamm ng di stance between each of the code word

airs is also gnh ed so as to I eye di;

Vor ¢ spec 11 cARGPrRedEyits aPamte BotBuci R iag o iRAeREe i &,
carrier codebqgk &%ﬂe%@l@&é‘d sdmRavdiat Aﬁ\ﬁﬁdie@tedrr‘sé@meﬁtceddmn mgpyobee for

HS- DPCCH f or DC- HSDP. HARngcknova edgenent signaling. The cad book ma have

the fol | owi ng mmiﬁ,ealvaaf affver aclaadwledgment, foMeaEd SRS
T R o OOR DI ] AASHNO O M

5  thereof, and so forth. Different reception conditions are described further herein
below with particular reference to FIG. 2.

Wireless network nodes 102 may comprise, for example, a base station, a
base transceiver station, a radio base station, a Node B, an access point, some
combination thereof, and so forth. Remote terminals 104 may comprise, for

10 example, a mobile terminal, a mobile station, a user equipment, a subscriber
station, a communication card or module, some combination thereof, and so forth.
General example device implementations for wireless network nodes 102 and/or
remote terminals 104 are described herein below with particular reference to FIG.
7.

15 Certain example technology that is referred to herein is expressed using
WCDMA terminology. However, it should be understood that this is merely one
example implementation that may be appropriate for 2 WCDMA-based system.
In other words, remote terminals may be of any general type, and network nodes
may be a part of the infrastructure of any general wireless (or wired) network, In

20  wireless implementations, other air interface technologies (e.g., that comport with
a different wireless network standard) may be utilized to implement the principles
of the present invention. Such other wireless network standards may or may not
be directed to a cellular-type wireless network.

FIG. 2 is an example state diagram 200 for extended ACK/NACK

25  signaling that includes PRE and POST operations. As illustrated, state diagram
200 includes three states: a discontinuous transmission (DTX) state 202, a
preamble (PRE) state 204, and an ACK/NACK state 206. PRE and POST
operations are introduced to improve ACK/NACK detection performance. As
illustrated in state diagram 200, a trellis structure is added to the ACK/NACK

30 signaling channel.



[0000011111] NACK/ ACK = [1100110011] ACK/ NACK [0011001100] ACLC/ ACK =

[ 1010101010] NACK/ NACK = [0101010101]. The m ni rum Hanm ng di st ance of
this exanpl e codebook is 4. Furthernore, this second exanpl e codebook
enbodi mrent may be augnented with the preanble (PRE) and postanbl e (POST)

| egacy code words as defined in Releases 5, 6, and 7. These | egacy val ues
for PRE and POST code 30 words are as foll ows: -16- PRE =

-11-

When a remote terminal detects the High-Speed Shared Control Channel
(HS-SCCH) for subframe n, it sends a preamble “PRE” indication in the
HS-DPCCH in subframe n-1 to transition from DTX state 202 to PRE state 204.
If the remote terminal does not detect a High-Speed Downlink Shared Channel

5 (HS-DSCH) in subframe 7 after receiving a HS-DSCH in subframe n-1, it sends a
post-amble “POST” indication in subframe # to transition from ACK/NACK state
206 to DTX state 202. The use of preamble and postamble indications enables a
wireless network node to better differentiate DTX from bursty ACK/NACK
transmissions.

10 FIG. 3 is a block diagram 300 of example devices 302 that are configured
to communicate using a multiple carrier codebook 312 in accordance with
embodiments of the present invention. As illustrated, devices 302 include a
transmitter 304, a receiver 306, a communication confirmation unit 308, a single
carrier codebook 310, and a multiple carrier codebook 312, More specifically, a

15  first device 302a includes a transmitter 304a, a receiver 306a, a communication
confirmation unit 308a, a single carrier codebook 310a, and a multiple carrier
codebook 312a. A second device 302b includes a receiver 306b, a transmitter
304b, a communication confirmation unit 308b, a single carrier codebook 310b,
and a multiple carrier codebook 312b. Each of devices 302a and 302b may

20 include more or fewer components than those that are illustrated.

In an example embodiment, first device 302a is functioning as a wireless
network node 102 (of FIG. 1), and second device 302b is functioning as a remote
terminal 104, such as remote terminal 104a. Hence, first device 302a uses
transmitter 304a to transmit a downlink communication 106 to second device

25  302b, which is received with receiver 306b. Second device 302b uses transmitter
304b to transmit an uplink response message 108 to first device 302a, which is
received with receiver 306a. Uplink response message 108 may include at least
one ACK indication, at least one NACK indication, or at least one transitional

operation indication for one or more carriers. If second device 302b miss detects



[0010010010] POST=[01 0010010 0]. Wth this second
exanpl e codebook enbodi nent, when a renote termnal m sses an order to
cease multiple carrier operation (e.g., msses an HS-SCCH 5 order) and
remains in nultiple carrier operation (e.g., remains in DC HSDPA
operation), it will signal an ACK/ DTX code word indication or a NACI C/ DTX
code word indication when it acknow edges recei pt of HS-DSCH data. Because
these two code words are the same as the ACK and NACK code words for single
carrier (including single cell) signalingi2-there is no anbiguity problem at
the 10 wi rel ess network node. Mor eover, given the codebook
configuration of the second exanpl e codebook embodinent, nmessages having

opposi te neani %g - W o8l n9P9enWRitiSE tion.
For exanpl e, tjﬁg arggeeglc%%% and %{?@M@%{?rﬁge oppo)sflte mralanl ng. The
nmessages ACKJ EI'EB@cmsel ndAGIgeID]. Such cases, for example, are referred to herein as DTX.

In an example implementation, these indications may be communicated

using at least one code word from one or more codebooks. When devices 302 are

5 communicating over a single carrier, they may determine and decode/interpret

code words using single carrier codebook 310. When devices 302 are

communicating. over multiple carriers, they may determine and decode/interpret

code words using multiple carrier codebook 312. An example multiple carrier

codebook 312 that pertains to at least two carriers/cells is described below with

10  particular reference to FIG. 4. The code word determination is performed by

communication confirmation unit 308b of second device 302b, and the code word

decoding is performed by communication confirmation unit 308a of first device

302a. .

FIG. 4 is a block diagram of an example multiple carrier codebook 312. As

15  illustrated, multiple carrier codebook 312 comprises an example dual carrier

codebook 312-2. For an example embodiment, dual carrier codebook 312-2

includes ten total code words 402. It includes eight “acknowledgment” code

words 402a-h. Dual carrier codebook 312-2 may also include two “transitional

operation” code words 402i and 402j. However, a dual carrier codebook 312-2

20 may alternatively include a different number of code words and/or a set of code
words that have different meanings.

Example reception condition meanings for the set of code words 402 for
dual carrier codebook 312-2 are provided below. Code word 402a indicates an
“ACK/DTX” reception condition, which corresponds to an affirmative

25  acknowledgment (e.g., for a transport block that is received) on a first carrier and
no reception (e.g., of a transport block) on a second carrier. Code word 402b
indicates a “NACK/DTX” reception condition, which corresponds to a negative
acknowledgment (e.g., for a transport block that is not received correctly) on a
first carrier and no reception on a second carrier. Code word 402¢ indicates a

30 “DTX/ACK?” reception condition, which corresponds to no reception on a first



15 al so have opposite neaning Additionally, the messages ACK/ ACK and

NACK/ NACK have (doubl e) opposite neaning. The nmessages ACKIJNACK and

NACK/ ACK al so have (double) opposite neaning. It can be seen that the
proposed codebook has a Hamm ng di stance of 10 for each pair of the above
opposi t e- meani ng cases. 20Code word remapping (e.g., changing the
definition of a code word), bit pernutation, bit-w se maski ng, conbi nations
thereof, and so forth result in codebooks having the enunerated properties.
Consequent |y, codebooks that can be obtai-t@d t hrough one or nore of these
and/or simlar or anal ogous operations (e.g., when starting froma codebook
as described herein) conprise equival ent 25 code books. Exanple

i mpl ement at i ongy Bty AfESLArIRRAERYd RS oRRRIeAY bl dedd@Mrier. CodeAvord 4024 st
exanpl e, one can remap the definition of two or nore pairs of code words.

For instance, inidsitestat®IOOMAGK? deception c@alitian, Gvhdchicarfespomtls[tono raception 11 0
o (Tor NG Ak, sad ACC MO0, T s St Sl o, ot Lie o ow 0o
000000000 BT M L eSO Y St LRI Ml
[010101010 1% PREItespoRisOio10 0dgitiveeeimewledgment on a first carrier and an affirmative
acknowledgment on a second carrier. Code word 402f indicates an
“ACK/NACK” reception condition, which corresponds to an affirmative
acknowledgment on a first carrier and a negative acknowledgment on a second
carrier. Code word 402g indicates an “ACK/ACK” reception condition, which

10 corresponds to an affirmative acknowledgment on a first carrier and an
affirmative acknowledgment on a second carrier. Code word 402h indicates a
“NACK/NACK” reception condition, which corresponds to a negative
acknowledgment on a first carrier and a negative acknowledgment on a second
carrier.

15 AS$ noted above, a multiple carrier codebook 312 such as dual carrier
codebook 312-2 may also include code words for transitional operations. Code
word 402i indicates a reception condition for a “PRE” operation, which
corresponds to a preamble transition operation. Code word 402j indicates a
reception condition for a “POST” operation, which corresponds to a postamble

20  ftransition operation.

The values placed on these code words can create different multiple carrier
codebooks 312. Different multiple carrier codebooks 312 having different values
may give rise to multiple carrier codebook 312 having different properties. First
and second example codebook embodiments are described herein below. Each

25  code word in these two example codebook embodiments has a length of ten values
(e.g., 10 bits), but code words may alternatively be of a different length.

For a first example codebook embodiment, a multiple carrier codebook
312 is described that may be implemented using one HS-DPCCH for DC-HSDPA
HARQ acknowledgement signaling. The codebook may have the following

30  example values for each of the noted code words:



[0100100100]. 10 This code word renmappi ng does not, however, change the
basi ¢ code properties, such as the m ni nrum Hamm ng di stance of 4, of the
code book. Also, the (pair-w se) maxi mum Hamm ng di stance of 10 is
preserved between code pairs having opposite neanings. In other words, the
Hat mi ng di stance of 10 is preserved between code pairs DIX/ ACK and

DTX/ NACK, between code pairs 15 ACK/ DTX and NACK/ DTX, between code pairs
ACK/ NACK and NACK/ ACK, and between code pairs ACK/ ACK and NACK/ NACK.

As anot her exanple, permuting the columsi4n an "original" code book does
not change the basic code properties. For instance, switching the first and
| ast columms of the "original" second exanpl e codebook enbodi nent results
inan 20 25 30 -18 ks bit-p ok preserves the m ni mum
Hamm ng di st ance onQK%%Fﬁahe coagqg%gﬂlfgﬁ?gg t he Hanm ng di stance of 10
is preserved bet weeNACHdARTRarr s OTX AGH hahd OIX/ NACK, between code pairs
ACK/ DTX and NACK/ DTX, between code pairs A‘IC%NMCK and NACK/ ACK, and

bet ween code pairslgTX@NgﬁACR and INAGK/ONhER 1 U] As yet anot her exanpl e,
appl yi ng a common 'kﬂigckhg "orioggd §al1'1 $9¢ ﬂP exanpl e codebook enbodi nent
does not change the basic code properties. For instance, one can apply a
common nasks of [1 QRCK/AOK1 € O O]l @ 0 0éath 1d7 0 he code words in the

"original" code book to _produce the fol]low ng equivalent code book:
10ACK/ DTX NACK/ DTX ACKRIAaEK== DE{QI\MQ:Il( 0P HRAREIACK = 15ACKI NAGK ACK] ACK =

NACK/ NACK= PRE = PQEI % _11 1001001000] [011 0
101000] [1 ooq?{gKiAnghl O[[ltj)ﬁlqgoﬁ%ﬁﬂl 1 1] [1 0 1 0000 ]1[0 0] [0

0 111 00 0 1 0] [NACKONACKL11 #H 1] [p1 DOOO D101 0] [11 0110110
0]. 20 This cgde book sulting fr application of . a common mask
preserves the ’Hlillﬁicﬁ%?hoﬂg%ﬁ? ﬁ@llmf%‘f%ﬁ'gén’g&%ﬁ? Peg 2l book. Also, the
Hamm ng di gt ance of i i that

W}tg eﬂn% g?%t?%@?f%%@gﬁgﬁ Brrb0§En R thd MY A s tha

DTX/ NACI C,” bet ween co NACI CI'DTX, between code pairs
ACK/ NACK and NA€liGénids] taiugaby PREROSTdecdeavosisABRT/bACGK dad dnNaGYI tndRo 25

carrior acknoviBRgieRRESGNR RnsHoNgnt | USERaral e diot i B0BSRE! udes

gg%ﬁLnPLgfrgnSg%€ﬁ§2%¥Eéuc gggggég%gggmgggﬁce.3%g§%g%g%§E£§%§%§QS§JPéE 302b

(of FIG 3). |Thianfiekasmhpleeodudrdbonkdmbddimsnt daviackie80Za appreaklyt bettareps

>02, 504, 15 message error rate performance as compared to a codebook that is based on the
existing 8 MIMO ACK/NACK/PRE/POST code words.

However, use of the first example codebook embodiment for dual carrier
ACK/NACK signaling implies that a remote terminal will fall back to Release-5
(single carrier) ACK/NACK signaling when an HS-SCCH order deactivating

20 DC-HSDPA operation is received. As aresult, problems may arise when a remote
terminal misses such an HS-SCCH order and therefore keeps using a DC-HSDPA
HARQ acknowledgement codebook, while the wireless network node starts
decoding received code words using a (single carrier) Release-5 codebook.

The Release-5 single carrier codebook contains the following two code

25 words for the ACK single carrier indication and the NACK single carrier
indication:

ACK = [T111111111]

NACK = [0000000000].

The acknowledgement signaling may be preceded by PRE and POST

30 transitional operation indicators, as represented in state diagram 200 (of FIG. 2).



-19- 514, and 516 as a wireless network node 102. Second device 302b

i npl ements steps 506-512 as a renote term nal 104. The steps of flow
di agram 500 nay be effectuated with processor-executable instructions.
Processor-executabl e instructions may be 5 enbodi ed as hardware, firmare,
software, fixed logic circuitry, conbinations thereof, and so forth.
Exanpl e operational inplenentations of processor-executable instructions

i nclude, but are not limted to, a nmenory coupled to a processor, an
application-specific integrated circuit (ASIC), a digital signal processor
and associ ated code, some conbi nation thereof, and so forth. 10 In an
exanpl e enbodi nent, flow diagram 500 depicts a nethod for using a nmultiple

carrier codeb g%%t Ll ggrr]; ' ' ' | pl e
carrier envi rgﬁﬁen . fﬁg?‘ﬁg}&g% ?ﬁ%?g)\rgvlg%glrrp edghjggg{#{gg}ér%% ot e{r&olgl GS.
are referencedl¢gcdesdidsbe the steps of FIG 5, the steps may alternatively
be performed with qther elenments. 15At step 502, an indication of carrier
nmode and a downl i n€RENEdul el Q1O WAOR 1 PEd. For exanpl e, w reless network
node 102 may transmaictndi cagd f arrier node and a downl i nk
schedule to renoterg(ﬁesri;ﬁ nal gdoggba]?sp(r?gl ?ro insm tter 304a. The carrier node
may be, for5instanck addredsniik @otantial embimidiy @(g. apassiblé pdbdeboak rmismatohede

(e.g., a dual carrier node). A downlink schedule ty Bcally 20 inforps_ the
renote terni napetyeena mtmn%l@@ﬂ@nwﬁkweéw&@% whep 8JseInts t@‘s’nfl%‘ﬁL_EI/ or
ime s10t(S). s 1o AhecttEPHCCHONRIANG SORDUIL 98 HENRD. TRYSPATARRD t ted
on one or nore carriers. For exanple, w reless network node 102 may
transmt usi ngadkhawkadigbment 3iphaligpwnby nkontginmtini smileorers}r Hodemrokone or

nore carriers to renpte termnal 25 104a in accqQrdance wt he indi.cat ed
carrier node -GRIRPPIKAR subsed thereor. ASCCO]FQEW?? & H%lfengﬁ‘;‘meé‘&é’Y ek or

at | east agge i i i i 3 i

metvor k nade 109 tibel BEBY: gy eI CRRIHL GBS 0. IPMAN GaLeet
downl i nk comuel caltiphd sgrriar edeboei.ved on expected carrier(s). For exanple,
a communi cation confirmation unit 308b of renmpte 30 term nal 104a nay
deternine if downl itifk t%?ﬁ?ﬁ?ﬁl%aquwggem tl%ﬁ”glaﬁg’é'&lég\‘ri&ﬁatﬁﬁ%e%n eiaﬁng‘)f
carrier(s) th : i.ngdi e AR

downl i nk sche%ﬁgoae%&%Zéﬁfétlggﬁgg§%&c?gég;% %ﬁa%gee‘%gé ir%lﬁ?nslﬁﬁgftqgr m n%d.
For exanpl e, idistancual 4.chfore epecHfidalizt fars secombrewrnagt codebookfembrdiment, ani t

Fecept i on ISeeraH % GTiEs Sedrbook 8 TAHE LR dBFhTOR BaTTBIP RS DI RS ot
correct]y 1 coohuasbops PTRXPRHIAEEAG RN ANSINGlng. ATEUNLESL On

was expected on the carrier( , term ni tion scenario
det er m nes whenhghawnthAGlowAEKxampk vates. for agihoatthenoted cagpwopds: at e f or

each of the assigned carrier(s). Fo speci fic 10 exanple, if' a
comuni cation is exap%?]épﬁxon—bot hﬁa“ﬁr]sﬁaln{ilﬁ second carrier, and if one
is correctly recei ch T){ﬁﬂ the[sd‘é ()%tOG@rd(i)%’ the reception scenario

or t r a

corresponds to an e first carrier an NACK for the second
carrier. 20 At StPXRAOK from a[lnulltlip0é c@dfi er codebook, a code word is
determ ned that ha ning correspondin the determ ned reception
scenario. For 15 ehﬁ%ﬁgcﬁﬁm a MBiOpQélg'ai ?} er codebook 312 that is
stored in a menory @ =t ei tgipgly 4943 1 §pmruni cati on confirnmation
unit 308b of renote %Ce:ﬁlﬂga 104a[qngy et grn%n a code word having a

meani ng corr espondiAQGKINACKe=det ei0nd hddd OdclepO]j on scenario. Continuing with
the specific exanple in dual carrjer contex renote termnal 104a
determ nes the val U%C%fAéﬁe Code%ﬁ#i%bgg Ozb%)in dual carrier codebook
312-2 thatpscorresp =ACKIINAEK i At step 512, a nessage
havi ng the determ %Egégzﬁé%r dCiK(s tran(g?n'@[[tgg]' For exanpl e, an uplink
response nessdfje hifmbhavHagniihg diktdreerafikid exmdplewodebetdZisday be transmitted

using transmtter 304b fromrenote termnal . 104a.to wrel|ess networ k. node
102. At step 514, &UsWSERYE: WA fgcomd eramanled fode e%ee@goaﬂ?e@%i maye bgj ved.
For exanpl e, |1 ] i I rd
I R e e D S T
usi ng recei verdeB6d.in Relakeps5d,6and fie Theseilsmady caties for HREsardeEOdddcodeor
exanpl e, Li@: ng a copy of nultiple carrier eodebook 312 that is stored in a
menory of “Wi r SV¥ES aFFAsOHRWS0 node 102, communi cation confirmation unit
308a of wireless network node 102



-21- may decode the received code word 402. The decoding transforns or
extracts the acknow edgnent neaning fromthe value of the received code
word 402. Continuing with the specific exanple, conmunication confirnmation
unit 308a of wireless network node 102 decodes the value of the received
code word 402f to 5 extract the intended ACKNACK neani ng that acknow edges

the reception scenario on the first and second carriers. FIG 6Ais a
bl ock di agram 600A that depicts a Hanmm ng di stance analysis 602 that is
performed on an exanple multiple carrier .¢ggdebook 312. As illustrated,

bl ock di agram 600A includes nultiple carrier codebook 312, 10 Hanmm ng

di stance anal ysis 602, and a m ni nrum Hamm ng di stance 604. Generally, a
Hanm ng di stance a si-s 602y ph§ (%’ﬁ"d(?f'o o a multiple carrier codebook
312. The result of the analysis’is a m nimm Hanm ng di stance 604. As
descri bed herein abRO8T =a mul@ 1 0Ik1 0drY 0€]. codebook 312 in accordance with
the first exanple c book embodi nent achi eves, a_m ni nym Hanm ng, 15,

di stance 604 equal \%gt rihig segapd expmpis cadeheokembediment. srhengrrempts teggiah o ok

i kew se mai nt aj; } iﬂ&”fé‘a ! i five. i rier

codebook 312 iﬁhggigﬁggzril%e W t%;@. he s%?gﬁgd&er}%%%{og @%e%@g%é%b}%-?ncgﬁg

achi ev?as a i an;dBrDlh&Mhramegn_ ) " 'bs:lirihmﬂqﬂl i k e Gadierpprlation (fe%J,r refeblins EqD'GﬁH!Sé)RAO

mani pul ati ons of this codebqo i kewi se mmi nt ai n e. m.ni mum

di st gnce of fog,pe_ratmnﬁ, ttpyid sigppliag ACKYBEK ﬁ‘i"%gwa’f?f BeinBtion Qf adﬁ%i%arrpl e

code word pair | : i i : t I Lagram
p o&%oﬂ&?ﬁﬂf&@tu%&’%éﬁ ﬁteaé:ggé'\glee{agﬁs re@ﬁg‘c bt ng}g@gggd,at% ng%alﬂé g

600B i ncludes tour code word palrs t code wor a maxi num
code word sepathasé ovp cotdiveartds are the8am&as thecAGK amdrNIAQE! codeGBoride Conrdeglet wo

oo o . 4D SLTTRCHR B AIERDRe v oty DY BE ey
pair 606cdig nc 402c (DTX/ ACK) and code word 402d (DTX/ NACK).
Code word %)%i rwgggg?ﬁ?ﬂ?r%é‘%'code word 402e (NACK/ ACK) and code word 402f
(ACK/ NACK) . Code wdvidreove:?- gipen rthé Ofaglebosic |codfisuratioe ofotted d@2nd( SAMPHAEK)

and code word 40 NACK/ NACK) . For at |east the second exanpl.e
codebook enbod‘?‘?iégtx,gk Fﬁ@ogﬁﬁ@ztmﬁ?eﬁs@éﬁj?ﬁﬁgoﬁpﬁ’c@tﬁ(fﬁ?arngﬁ%ﬂﬂseﬁlret #ssied Hexi num
codeword separgtd g ] C 2RdeK d
ai T 606 | n aneeter ar aE} MR AP eparblith LRI i fert IR EC AR
exanpl e, ther eDIX/HAGK havenoppodite meaning e ffae atdsmge AL KB TEC emd BlAdeK ABFN s

402a and 402b. Simlarly, there is a maxj.num code word separ at,i 608

bet ween cobfe WHFYSIANE280R5He 4BSANINg %E%&est%ﬁawwggﬁwﬁg 589 of

| ength ten, t mngm -af 50871 G A econd
exanpl e codebglglé enbodi rn::ql(r%tg ?(%&{bgeﬁﬁ) 28% g%ﬂrnngélha{?gi Ehiﬁfgﬁ%&gﬁé@o Si gnéaﬁedlna

MC- HSDPA HARQ MHAGK/#EEK vadscahlvo\(iaddenmeppasite omemeggat | M ecaacka cebre doenibat s)

usi ng a codebook that djffers fr a single carriger . codepook for the sane
system The mufeP 955116{99@% ieﬁ A Wﬁiﬁtwswﬁ ]é)efqr)eang’é‘Ho theoth%Pns

t he codebook ugﬁg ) S hig! rrier (including single cell) 15 HARQ
acknow edgenent sisgﬁa %%%glgacgsgsasub- codebook thereof Furthernore, the
pai r-w se ammi ng diateawmorl windppemgn@evg. cdebmigopkthie sle@inttamceth nodiewotd)e bit
sub- codebook constrajnts., This approach can be extended to cover t case
of " NEW oxt ens| IATEBAIR HoV B ERRRER. COMCGHORpIoTEer | 31dob Ao oresut

anot her exanpl &q4epbadi i e i ldBb&b18UBAt A9
carrier envi ro%ng nt, aﬂﬁggﬁnﬁﬂ%ﬁgﬁﬁ%ﬁﬁ@ Eﬁbegquedh 1? eﬁgﬂéw%&)%%@%s_ DPCCH

f or mat r egar dlscbtaimedtiabhgl one onatora ofifheSECaht]/or sierilal ®aahalogousnoperitéons

DC- HSDPA oper ati on _has been received.. Wth such_ ap_ enbadi nent, ther il
be superfl uous(letﬁ"t E’H?%Ftagl%gr@ﬁﬂa@ael?‘?‘%q % aqsr%‘?%‘??ﬁ’ﬁ?ér} ?%W%Seb?ci‘%vﬁﬁnvgt he
second CQosf i el Wk@eEyaiﬁ@ I tichs D TRE bhd SeGRbyived Below.
25Exanpl e uses 0123 t he super ed@lggé?%?n?éslofs t he Eg@%rr?ﬂ Cal e?)i?eYld ar%ow

descri bed as fol | owss a Firstsdxantphe i@ cahaenmiahehs defimition axf tiveroraaorehmirseafs ur ed

d ted th th i I t k d il t t
SChedul e t he rERBEOT I, Hoiarabte dhiae Sucats £ards dr O pres BB Ebpl 01
Teasur enent s npy IneYe) (e hxﬁﬁéﬁ?%gi{fr%{,h RER/RA K] £LS3S sRRLH0 | prodBee FRY

i nstance, a wireless t wor
following equivalent codebook:

30 ACKDTIX = [1111111111]




30 determ ne whether or not it is appropriate to reactivate the DC- HSDPA
operation. -23- Second, the CQ for the first carrier may be
reported twice in order to achieve a kind of repetition coding of the CQ.
This repetition coding may inprove the uplink coverage for the CQ
information. Third, an un-assigned/ unused CQ value (e.g., currently the
value 31 is not used) may be 5 reported so as to indicate to the wrel ess
network node that the renote term nal assunes that the DC HSDPA operation
is currently deactivated. Alternatively, -tao (10,5) codes nay be used for
coding the CQs (i.e., one for each carrier/cell). Certain

i npl enentations may involve a conbination of the DC HSDPA feature and the
M MO HSDPA f eat ure. Lnpl eqrq;w@ J , new format 10 may be
utilized. For an eg}r&rg@ﬁzgﬁ)odi ment o?tds(ggﬁ) Oa@]f ormat, the information
correspondi ng to t HBTXiAGK M-MO sflriehmln®@ OdeOhrapped to a first HS- DPCCH
code, and the infor i or r espandi the second M MO stream nay be
mapped to a second%éode.%@gﬁig@ ]I-@DPCCI-I code nay be simlar to
t he DC- HSDPA HS- DPQEEICKOA :desc[{oi(ppq P9V gjfhe second HS-DPCCH 15 code
may be transmitted in parallel with the first - DPCCH code. FIG 7
is a block di agr am AOK/ACKzanp! e[1deQi0cdek 00211 hat may be used to inpl enent

bl ock i agr am 700 IACRIEEE o aelh 660 TSI ERE S09b. humandevice o
interface equi prrentNgéfQéﬁgd@g%iggg %lzgqroel 0atyver ks 716. As explicitly shown

20 with device 702a, ea may i nclude at | east one processor
704, one or nore ndREiFes 706, onk® ®t Orfbl 8 O hPlit / out put interfaces 708, and

at | east one intercgunection 714. r 6, pry include

processor - execut ab&égﬁstructi o_ns[ol;ﬁg?) K@é\%oq 's) 716 may be, by way of

exampl e bujo NOYikicBh Yok FemAingEE R, Wyl vk @ik tAMASINRIE Propattiedsb! | c
network, a private network, cable network, a 25 digital subscriber |ine
(DSL) net wor k, suhtasl thphmivenmet Wankming distaade roét4yootkthe acodiertdoks s Adea.vibek

mbi nati on. t hereof, . and .so forth. Devige 702a and.devi ce 702h
Comunt cat o ovRITEAOTEE T FRBGE SaRET B SHoANTeNT POHLGn P07 g8 Nmy

[ epresent any RiAGESBhOCARAMNES oM Gier HAREESARMH AR ifndF qUERI ed
usi ng any 30 applicabte processing-capabl e technol ogy, and one may be

real i zed as a pre®tvedjbetsreah cpde pase DIX/A G eod DTN HOKe betvsn. patrs
Exanpl es inclu ar i ted to, centr Ssi i U,
o digital B gtk AR et st oK ALRER AR B
thereof, and sghd@tlben MiEHatrs ZAGKIREKDAIAIXCRYRIA@HD! € menory that is
included as part of and/or “i's accessible by device 5 702. It includes

vol atil e and non- vohsawidthemermple, panoiiagl the abimaesninr antierigine” mods ripok

har d- coded | ogi,c, ¢ i nat i ons .t hereof, and forth, . 1.l nt tion
714 i nt er conned¥es “ﬂ%gg%rlﬁ‘?pt RORBIS cofe EQHeEtées?glgo.r lpﬁt?]é(fecBW%l&lp%ﬁé %l(f)%nﬁr%gy be
realized as a fdSolmM Hahe SONARLE sOEbIIRSHAM SEBRBSOIHbSHifRAT fe¥ull in an
indirectly interconnect various conponents. I/Ointerfaces 708 10 may

i nclude (90 a eptivadek code bodkaaefdllomwsnoni t ori ng and/ or conmuni cati ng across

network 716, (ii) a,d] y deviceg |nte ce,f.or displaying infoimtion on
a display screen, (‘?*&k?ﬁi%e or rmflei ﬁt}niai-aldg%ilge interfaces, and so forth.
Exanpl e network i ntgst®opgx BCl udgyobuwoarpoey limted to, a radio or
transceiver (e.g., atransmtter and/or a receiver), a nodem a network

card, sonme conbi natDBK/AGKr esf, aftildd 18 F®Ptlh. Human- devi ce interface
equi prent 712 may L ted w (S e from device 702.
Cenerally, pr ocessgsT%‘gggé‘apab QBQ?d%gécﬁﬁ?’;g perform ng, and/or

ot herwi se gf f ect uatifagrpAeIESSOr - exeQu ableep ingt ructions, such as
processor-executable instructions 710. Menory 706 is conprised of one or

nmore 20 processor - AACKENAGRIK =menof@ €4.1 00 ot AéY words, nenory 706 may

i ncl ude processor-e e_inst i 0 7 hat are executabl e by
processor 704 to ef‘%@gy‘%gge the pé&ﬁhr%ﬂﬁée&gfﬁfuncti ons by device 702.
Processor - execut abliga CRYNAUSK =0NS[171Q @Y Peo@ybodi ed as sof tware,

firmvare, hardware, fixed logic circuitry, some conbination thereof; and so
forth. Processor 7BREANG 25 procef®0rl-kRddud dWlle i nstructions 710 of menory

706 b | i tel , R ti d
Mntegratedderg. . ROSEA “of an' apbr OG0B LS T i nleoratbd ci reui

(ASIC)). In exanple inplenentations, one device 702 may conprise a first
device 302a (e.g., a wireless network node 102), and anot her device 702 may
conprise a



30 second device 302b (e.g., a renote termnal 104) (of FIGS. 1 and 3).
-25- Processor-executable instructions 710 nmay conprise, for exanple, the
conponents and/or units of FIGS. 3, 4, 6A and 6B (e.g., a comunication
confirmation unit 308, a nultiple carrier codebook 312, etc.). Wen
processor-executable instructions 710 are executed by processor 704, the 5
functions that are described herein may be effectuated. Exanple functions '
i nclude, but are not limted to, those that are illustrated by flow di agram
500 (of FIG 5) and those that are enabl etB-by the exanple nultiple carrier
codebooks that are described herein above, as well as those that are
enbodi ed by the other features that are descri bed herein. 10D fferent
e”bOd!”Eﬂt(S)_@BEQﬂ@p&ﬁﬁﬁ&E&ﬂﬁb&ﬁ@pﬁ%&%@sﬂﬁ%nﬁﬁnﬁﬁ?ﬁ@@ﬂﬁ%@ﬁ%&%%eo@ﬂﬂ%fa||y,
certai n enbodi nents ‘achi eve an enhanced m ni mum Hanm ng di stance for_ a
codebook havi nthecodebowk. dilsothe Hapiming distance 0 1 AGKI berCreddiegwiedn qoglepairs

multiple carri th ge of certain. e ] ts,i and
POST oper at i on@ﬁ%@ a PMI&EW%%W&%%%% _ apd Z@%@@I&E
word and a posk@kbe ©adSaler ACKIRIAGK AndONRK N EK Wahd) 8¥BRed cOBE Pairs
previous rel eases of a wireless standard). Mre specifically, for a first

exanpl e codebodkKeAbddamkNACK/NACK: pl e carri er codebook having ten total
code words achi eves, a_mi ni gum Hanmi n i.stance of fi cross.the ten.total
code words, with fi%‘/%ﬂﬂ@%W@W@%@@B?ﬂ%ég?%nﬁ#ﬁﬁﬂ?wmﬂgse&%ance
20 for any codgh@gie RBNdUIRL EBoREBe S not chapetthe bisic code pfoPbrtiksS Fepnd
exanpl e codebook enbodinent, a nultiple carrier codebook having ei ght code

wor ds achi evesinataneeiona ai-epply agotingmemask aff{ 1 0Lt 010t he Ohtagagh Ohtherode wor d
pairs (e.g., excludi pbreaml e d stanpl e .code words). Furtherjmorne,
anot her advant‘é’ﬁﬁ&éd?a%‘neo@ﬁb%%g@ﬁg PR gfhecfgﬁgm}@xecﬁlﬁﬁf icf@eg(gokrmy be

avoi ded whpn a rempAexypr nal fajd s1t001 detiepyjan HS- SCCH order because a

mul tiple carrier codebook can be configured to include a single carrier
codebook as a sub- IS4EKIDHZXoF subBle® 0tlH0dd¥0 0Bt i || yet anot her advant age

of certain enbodi A hat a S rd separation for nessages
havi ng opposite neng[ﬁ#%ééégy‘be at:(ﬁ gg)e]éo(iqy@gf{‘n The devi ces, features,
functions, methods, DsKeNACKSeENenep) o dat@1 otr ugjures, procedures,

conponents, etc. of FIGS. 1-7 are illustrated 1n diagrans that are divided

into nultiple bl ockSA&KdASTEhET el EhkAtlsl 1dheder, the order,

i nterconnegtions, i |-at Lonship t tc. in which FIGS. 1-7 are
descri bed and/ or gﬁ%ﬁgﬁé“not t%(?ardd@é%ﬁoeg construed as limting, for
any nunber of the bAggkacgndEor ofden iel emepnt 9] may be nodified, conbined,

rearranged, augnented, omtted, etc. in any nmanner to inplenment one or nore

y
systens, nethods, JdS4CEKENAGKETRDry[l hPFR atlus@d] arrangenents, etc. for
multiple carrier a wi_edgnent sj li ng. t hough mul ti pl e enbodi nents
of the present invmoﬁ" have beengg?llu(Zﬂ&t&g fn the acconpanyi ng Draw ngs
and described in theogpregoi ng Defri bgd; Pascopption, it should be
understood that the invention is not limted to the disclosed enbodi nents,
for it is 2 solkiamadecbask resnbsingufiomeapnlivatierrsfta compeiinf mask ipaseresdthe

substitutions wt.hout .. departimng fromthe,sco of t iny i : set
forth and def i HEHEBY F%%B‘PBE Oiiss oLt 4P By Al ?]%&n&%ﬁe]ﬁﬁ%gce
perforned by aof ®MWipeeskREAHBAlednIdAR bair DI XVAICKULR DIX/RR@RHRaéd €itle
network for preventing a codebook m snatch between the renote termn nal and

a base stati orPaiB02:0K/INRYr endh NACKERDK e betwernn gbdanpritsaSLCE/NACHK: i and
sel ectively opgr i-either a nmulii-caryi de L -z

mul ti-carrier W&%{%ﬁ%e%@?&aﬂfé %@éﬂ%ﬁ@ﬁ%ﬁwﬁ%ﬁ

Request - Acisnowl edgeaments) is GOeR aRkerbB 130 o34 Blarile FehéraDhR {1 for efultiplée
utilizing a single-carrier HARQ ACK codebook (310a, 310b), the nethod

conpri si ng t hecastiepacksiowledgreenti signadiogn| Aa kllagratedhi flew i dagrermo A0 Heclpdese

stat i on; 10detgp) Ahdigs 2802 SKROMS99° oIRRRRS0] 28} S s Ehaniad o

communication devices, such as a first device 302a and a second device 302b (of

FIG. 3). In an example embodiment, first device 302a implements steps 502, 504,



codebook (312b) in response to receiving and processing of the downlink
communi cation, wherein the nulti-carrier HARQ ACK codebook includes eight
code words that jointly encode a set of acknow edgenent nessages for two
carriers, and wherein the single-carrier HARQ ACK codebook is a subset of
the 15 nultiple-carrier HARQ ACK codebook, one of the eight code words in
the multiple-carrier HARQ ACK codebook, ACK/ DTX (Positive

Acknow edgnent/ Di sconti nuous Transm ssion), is the same as an ACK code word
in the single-carrier HARQ ACK codebook, .and anot her of the ei ght code
words in the nmultiple-carrier HARQ ACK codebook, NACK/ DTX (Negative 20
Acknow edgnent/ Di sconti nuous Transm ssion), is the sane as a NACK code word

in the single- ri rlgﬁ%gq QQQ ; r 4 51 F :
acknow edgenentg?iﬁedélgésgle o] ?%eggge s?lgp P%?OQ'ZS %ﬁﬂéi c#e@%o%d%slm el?:rln%net in
cl ai m 0, wher estapHs0dr51Des adnhdte ¢andingtrl 025 HARQ ACK codebook (312a, 312b)

and the single-carrier HARQ ACK codebgok (310a, 310b) .inclyde a cslame, RE
(preanbl ) code worEb@angters sfife PogT @’ﬁé@ﬂf‘ar’r@log) ¥ad¥e Bfor gifectuated awithpe

nmet hod as reci i i . Lot ) . T
code wor 3 cor Irglg)ggér? Qr% Jé@dtuhmg% W&ﬁhgs' rrehlgrs? gggg%ﬁg’ge%k‘wegh@&fﬁg’%og%ég %]
POST=[ 010019016&fbodiéd B chandtdrodfiaawaes isbftdrate) fixledilogi, cifauitty)evonthdngiionsi ng

the step of: 5receiving_a nessage fromthe base station, that deactivates
the multipl e- cHeFGoEr BBde st dodhr enobsampleni qaeratigpal  implemgyjations n@ft o

the single- Car%f éﬁbﬁ%dﬁ%lé‘?ﬂs@r&hﬁ??é}ﬁd@tﬁtt%ﬁ”ﬁ&aimﬁ@ﬁ Etaeh{?[uﬁlﬁki ‘i’”

of a next ackn v(\)A%e genent nessage. e neth as recited’ in clal
wher ei n each otouphsl ® ghocessoie anapplscdiian-spedifio dgithgratedtdreulti(ASICaadligie t en
bits are defined to provide a mninum Hanm ng dj stance of four. .6, The
method as r eci DERRLEROGSPEATANG assgsate Pdon IR Fempimatiea arest FLRD fodtha 15

el o B o, RGO A nd 90, RSO S e AN g
to the foll ow myltipds sages: coliEKHEK 8 12 thlimdldmheat hchiGKEMM et 8E0G0G0a]
2007 ACK_:[ 11%&%000 'e?-gx)f\lzilr\lcf\ncr:}n(en:t.[ %Olgc)h%%l Mé.lltlcuﬁcrxelxggc}l(e ;[eéljégt% rgrg]bt er
NACK/ ACK =[ 001 6% gnp 1Y
FIGS. are referenced to describe the steps of FIG. 5, the steps may alternatively be
performed with other elements.

15 At step 502, an indication of carrier mode and a downlink schedule is
transmitted. For example, wireless network node 102 may transmit indication(s)
of a carrier mode and a downlink schedule to remote terminal 104a using
transmitter 304a. The carrier mode may be, for instance, a single-carrier mode or
a multiple-carrier mode (e.g., a dual carrier mode). A downlink schedule typically

20  informs the remote terminal of a bandwidth assignment block (e.g., frequencies
and/or time slot(s)).

At step 504, downlink communication(s) are transmitted on one or more
carriers. For example, wireless network node 102 may transmit using transmitter
304a downlink communication(s) 106 on one or more carriers to remote terminal

25  104a in accordance with the indicated carrier mode and downlink schedule.

Remote terminal 104a receives or at least attempts to receive downlink
communications 106 from wireless network node 102 using receiver 306b. At
step 506, it is determined if downlink communication(s) are received on expected
carrier(s). For example, a communication confirmation unit 308b of remote

30 terminal 104a may determine if downlink communication(s) 106 are received on



ACK/ ACK =[1010101010] 25NACK/ NACK =[0101010101]. 7. The nethod as recited
in claimO, wherein the eight code words in the nmultiple-carrier HARQ ACK
codebook are equivalent to code words resulting fromone or nore of the
foll ow ng operations: code word remapping, bit 30 pernutation, bit-w se
maski ng, and conbi nati ons thereof. -29- 8.The nethod as recited in claim
1, wherein the eight code words corresponding to pairs of nessages having
opposi te meani ngs have a Hanm ng di stance often, wherein the pairs of
messages havi ng opposite nmeani ngs incl ude;g.5DTX/ ACK and DTX/ NACK; ACK/ DTX
and NACK/ DTX; ACK/ ACK and NACK/ NACK; and ACK/ NACK and NAC1C/ ACK. 10 9. The
nmethod as recited in claimO0, further conprising: transmtting the

acknow edgenent ness fromthe r te termnal tpo the base station
Socordi ng to. ABOTREAIELAR Sxairrf e oA e B oaNh IR Packet
Access) HS- DPGhedite gh- Speed Dedi cat ed Physical Control Channel) format

regardl ess of whether a HS-SCCH (Hi gh-Speed Shared Control 15 ChanneIL
order deactivati ng BCEISEPR »preeptivoeenhns ibdearmised oy egmplee it erdve

inal. 10. ited ineclaimO.. h i sing:
{ranom tii ng. A ETRedSF Phph i e Ry Ty g0t el Rk 204 cona
20 CQ field whep delemifd tHePleBeRRinl §c@hari® d G he Srefihl 6@h&Go coddspohlBie taret hod

as recited in claim10 wherein the second CQ} field conprises a CQ for a
second carri erWhether g¢ammeiestion wetler s 1t Tvereetly Heerised padhe edpedted| ai m

10 wherein the_ f|. i.eld and t he secaond isel d.both. rd a CQ
for a first cacrarnll1 éer?st)ia:]ﬁgawgﬁglag%ﬁ?'%%%?%@g.w¥3%8{e%?%t ‘%‘é’“%g@?tt%%r n
claim 10 wher eddterififingetio Rebepbibn fstetatho ¥ it Swhethéeste WETKY NAC K abTX, t 0
indicate that the nultiple-carrier node is deactivated. -30- 14. A renote
term nal (302mtcfigicptieny inepnrgrraate derepasbkofihe matigrechearieds)- t Her ¢ spesilic

term nal o] 3024a) .| | 1yl icati wor k,
wnerein 1 r eraibe & FehaREoBL Suleon ol e TER T SR REk R 18 e
a nul tiple-carifige BDEGTedtly Feteivgdaodiyldd Mee fiear Earfiér, HARQedéPtionostehank
(312a, 5 312b) or in a single-carrier node utilizing a single-carrjer

HARQ ACK codelf@stespanms o ag rdbi for the firstpatrier aad mhﬁé&e‘éﬂﬁﬁm ssicpgd carrier.

At step 510, from a multiple carrier codebook, a code word is determined

that has a meaning corresponding to the determined reception scenario. For
15 example, from a multiple carrier codebook 312 that is stored in a memory of
remote terminal 104a, communication confirmation unit 308b of remote terminal
104a may determine a code word having a meaning corresponding to the
determined reception scenario. Continuing with the specific example in a dual
carrier context, remote terminal 104a determines the value of the code word 402f
20 in dual carrier codebook 312-2 that corresponds to the ACK/NACK meaning.
At step 512, a message having the determined code word is transmitted.
For example, an uplink response message 108 having the determined code word
402 may be transmitted using transmitter 304b from remote terminal 104a to
wireless network node 102. At step 514, a message having the determined code
25 word is received. For example, uplink response message 108 having the
determined code word 402 may be received from remote terminal 104a at wireless
network node 102 using receiver 306a.
At step 516, the received code word is decoded. For example, using a copy
of multiple carrier codebook 312 that is stored in a memory of wireless network

30 node 102, communication confirmation unit 308a of wireless network node 102



a nenory (706), having stored therein the multiple-carrier HARQ ACK
codebook having ei ght code words that jointly encode a set of

acknow edgenent nessages for two carriers, wherein a subset of the

mul ti ple-carrier HARQ ACK 10 codebook is the single-carrier HARQ ACK
codebook, one of the eight code words in the nultiple-carrier HARQ ACK
codebook, ACK/ DTX (Positive Acknow edgnent/ D scontinuous Transm ssion), is
the sane as an ACK code word in the single-carrier HARQ ACK codebook, and
anot her of the eight code words in the muhiiple-carrier HARQ ACK codebook,
NACK/ DTX (Negative 15 Acknow edgnent/Di sconti nuous Transm ssion), is the
sane as a NACK code word in the single-carrier HARQ ACK codebook; neans for

B8 B o | e S - A f
or ocessi ng. ¢ he HORTNAE sea e eant Btd 412, YR%h Rl s AL sty
acknow edge nesdaglddpaint Nacdtiihg | frGAr theealdd dHARR AKiveddedmRokyord 1)) in

response to receiving and EFOCGSSI ng of the downlink communication; and
means for tranSAMERYIRg witheha srRerifif expyepieommysiggtion eonfirmatian anif398p 6.

15. The renote_t 1 nal reci i ai m,04 erei.n_both th

i 1 -carri o TRSSRARE ebiER0E Re( RS R sk o TRl L0 e
HARQ ACK coflebextiact 30dnte3dED)ACRANNAR. ancaafly BREE dcRhewldabey teodeceptiosl and
a sanme POST (postanble) code word, which correspond to the foll ow ng

nmessages: PRE=Sqeano on thepfirst gndseronqd cavdgrs= [0 1 0 0-1 0

FIG. 6A is a block diagram 600A that depicts a Hamming distance analysis
602 that is performed on an example multiple carrier codebook 312. As
illustrated, block diagram 600A includes multiple carrier codebook 312,

10 Hamming distance analysis 602, and a minimum Hamming distance 604.
Generally, a Hamming distance analysis 602 is applied to a multiple carrier
codebook 312. The result of the analysis is a minimum Hamming distance 604.

As described herein above, a multiple carrier codebook 312 in accordance

with the first example codebook embodiment achieves a minimum Hamming
15 distance 604 equal to five (5). Equivalent manipulations of this codebook

likewise maintain the minimum Hamming distance of five. A multiple carrier

codebook 312 in accordance with the second example codebook embodiment

achieves a minimum Hamming distance 604 equal to four (4). Equivalent

manipulations of this codebook likewise maintain the minimum Hamming
20  distance of four,

FIG. 6B is a block diagram 600B that depicts example code word pairs 606
having opposite meanings. As illustrated, block diagram 600B includes four code
word pairs 606, eight code words 402, and a maximum code word separation
indication 608. Each code word pair 606 includes two code words 402 that have

25  opposite meanings.

Code word pair 606ab includes code word 402a (ACK/DTX) and code
word 402b (NACK/DTX). Code word pair 606cd includes code word 402¢
(DTX/ACK) and code word 402d (DTX/NACK). Code word pair 606ef includes
code word 402e (NACK/ACK) and code word 402f (ACK/NACK). Code word



0100. -31- 16. The renote termnal as recited in claimO04, wherein
the multiple-carrier node is a dual-carrier node operating on first and
second carrier frequencies, and the eight code words in the

mul ti pl e-carrier HARQ ACK codebook correspond to the foll owi ng nessages:
ACK/IDTX =1 11111

29.

pair 606gh includes code word 402g (ACK/ACK) and code word 402h
(NACK/NACK).
For at least the second example codebook embodiment, the code word
separation is configured to be a maximum codeword separation 608 between any
5 two code words 402 of a code word pair 606 in which the included code words
have opposite meanings. For example, there is a maximum code word separation
608 between code words 402a and 402b. Similarly, there is a maximum code
word separation 608 between code words 402¢ and 402f. For codebooks having
code words 402 of length ten, the maximum code word separation 608 is ten.

10 With the second example codebook embodiment, a remote terminal is
enabled to signal MC-HSDPA HARQ affirmative acknowledgements (or
negative acknowledgements) using a codebook that differs from a single carrier
codebook for the same system. The multiple carrier (including multiple cell)
codebook contains the codebook used for single carrier (including single cell)

15 HARQ acknowledgement signaling as a sub-codebook thereof. Furthermore, the
pair-wise Hamming distance of the new codebook is enhanced under the
sub-codebook constraints. This approach can be extended to cover the case of
MIMO extension to multiple carrier (or multiple cell) operations.

In another example embodiment, with respect to CQI reporting in a dual

20  carrier environment, a remote terminal is to use the DC-HSDPA HS-DPCCH
format regardless of whether or not a HS-SCCH order deactivating the
DC-HSDPA operation has been received. With such an embodiment, there will
be superfluous bits for a second CQI field. These superfluous bits in the second
CQI field may be used in any of a number of different ways.

25 Example uses of the superfluous bits of the second CQI field are described
as follows. First, the CQI for the second carrier can be measured and reported
even though the wireless network node will not currently schedule the remote
terminal on the second carrier. These reported measurements may nevertheless be
used by the wireless network node. For instance, a wireless network node may

30  determine whether or not it is appropriate to reactivate the DC-HSDPA operation.
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Second, the CQI for the first carrier may be reported twice in order to
achieve a kind of repetition coding of the CQI. This repetition coding may
improve the uplink coverage for the CQI information. Third, an
un-assigned/unused CQI value (e.g., currently the value 31 is not used) may be

5 reported so as to indicate to the wireless network node that the remote terminal
assumes that the DC-HSDPA operation is currently deactivated. Alternatively,
two (10,5) codes may be used for coding the CQIs (i.e., one for each carrier/cell).

Certain implementations may involve a combination of the DC-HSDPA
feature and the MIMO HSDPA feature. In such implementations, a new format

10 may be utilized. For an example embodiment of such a format, the information
corresponding to the first MIMO stream may be mapped to a first HS-DPCCH
code, and the information corresponding to the second MIMO stream may be
mapped to a second HS-DPCCH code. The first HS-DPCCH code may be similar
to the DC-HSDPA HS-DPCCH format described above. The second HS-DPCCH

15 code may be transmitted in parallel with the first HS-DPCCH code.

FIG. 7 is a block diagram 700 of example devices 702 that may be used to
implement embodiments for multiple carrier acknowledgment signaling. As
illustrated, block diagram 700 includes two devices 702a and 702b, human-device
interface equipment 712, and one or more networks 716. As explicitly shown

20 with device 702a, each device 702 may include at least one processor 704, one or
more memories 706, one or more input/output interfaces 708, and at least one
interconnection 714, Memory 706 may include processor-executable instructions
710. Network(s) 716 may be, by way of example but not limitation, an internet, an
intranet, an Ethernet, a public network, a private network, a cable network, a

25  digital subscriber line (DSL) network, a telephone network, a wired network, a
wireless network, some combination thereof, and so forth. Device 702a and
device 702b may communicate over network(s) 716,

For example embodiments, device 702 may represent any
processing-capable device. Processor 704 may be implemented using any

30  applicable processing-capable technology, and one may be realized as a
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general-purpose or a special-purpose processor. Examples include, but are not
limited to, a central processing unit (CPU), a digital signal processor (DSP), a
microprocessor, some combination thereof, and so forth. Memory 706 may be
any available memory that is included as part of and/or is accessible by device

5 702, Itincludes volatile and non-volatile memory, removable and non-removable
memory, hard-coded logic, combinations thereof, and so forth.

Interconnection 714 interconnects the components of device 702.
Interconnection 714 may be realized as a bus or other connection mechanism and
may directly or indirectly interconnect various components. I/O interfaces 708

10 may include (i) a network interface for monitoring and/or communicating across
network 716, (ii) a display device interface for displaying information on a display
screen, (iii) one or more human-device interfaces, and so forth. Example network
interfaces include, but are not limited to, a radio or transceiver (e.g., a transmitter
and/or a receiver), a modem, a network card, some combination thereof, and so

15  forth. Human-device interface equipment 712 may be integrated with or discrete
from device 702.

Generally, processor 704 is capable of executing, performing, and/or
otherwise  effectuating  processor-executable instructions, such as
processor-executable instructions 710. Memory 706 is comprised of one or more

20  processor-accessible memories. In other words, memory 706 may include
processor-executable instructions 710 that are executable by processor 704 to
effectuate the lﬁerformance of functions by device 702. Processor-executable
instructions 710 may be embodied as software, firmware, hardware, fixed logic
circuitry, some combination thereof, and so forth. Processor 704 and

25  processor-executable instructions 710 of memory 706 may be realized separately
(e.g., as a DSP executing code) or integrated (e.g., as part of an
application-specific integrated circuit (ASIC)).

In example implementations, one device 702 may comprise a first device
302a (e.g., a wireless network node 102), and another device 702 may comprise a

30  second device 302b (e.g., a remote terminal 104) (of FIGS. 1 and 3).
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Processor-executable instructions 710 may comprise, for example, the
components and/or units of FIGS. 3, 4, 6A, and 6B (e.g., a communication
confirmation unit 308, a multiple carrier codebook 312, etc.). When
processor-executable instructions 710 are executed by processor 704, the

5 functions that are described herein may be effectuated. Example functions
‘include, but are not limited to, those that are illustrated by flow diagram 500 (of
FIG. 5) and those that are enabled by the example multiple carrier codebooks that
are described herein above, as well as those that are embodied by the other
features that are described herein.

10 Different embodiment(s) of the invention can offer one or more
advantages. Generally, certain embodiments achieve an enhanced minimum
Hamming distance for a codebook having code words that jointly encode
ACK/NACK signaling for multiple carriers. Another advantage of certain
embodiments is that PRE and POST operations may be supported (e.g., by

15 including a preamble code word and a postamble code word that are compatible
with one or more previous releases of a wireless standard). More specifically, for
a first example codebook embodiment, a multiple carrier codebook having ten
total code words achieves a minimum Hamming distance of five across the ten
total code words, with five being the largest possible minimum Hamming distance

20  for any codebook having 10 code words of length 10.

For a second example codebook embodiment, a multiple carrier codebook
having eight code words achieves a minimum Hamming distance of four between
any two code word pairs (e.g., excluding preamble and postamble code words).
Furthermore, another advantage of these embodiments is that codebook ambiguity

25  may be avoided when a remote terminal fails to detect an HS-SCCH order because
a multiple carrier codebook can be configured to include a single carrier codebook
as a sub-codebook or subset thereof. Still yet another advantage of certain
embodiments is that a largest code word separation for messages having opposite

meanings may be achieved.



10 1]. 17. A base station (302a) in a cellular teleconmrunication network
for 15 preventing a codebook m snatch between a renote term nal (302b) and
the base station, wherein the renote term nal and base station selectively
operate in either a multiple-carrier node utilizing a nultiple-carrier
HARQ ACK codebook (312a, 312b) or in a single-carrier node utilizing a
singl e-carrier HARQ ACK codebook (310a, 310b), the base station conprising:
20a nmenory (706) having stored thereon the multiple-carrier HARQ ACK
codebook having eight code words that joi.pd-ly encode a set of

acknow edgenent nessages for two carriers, wherein a subset of the

mul tiple-carrier HARQ ACK codebook is the single-carrier HARQ ACK codebook,
one of the eight c : i tiples ri ARG ,

ACK/ DTX (Positive g%%Adc%%\% %ﬂgﬁrrgebﬁﬁ%hé%%n ?t%%ﬂgt% ransm éﬁg%%%?{ﬁ?@?%‘she
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NACK/ DTX ( Negagliv%f% A&tl%ﬂomui@blﬁehlqcb? s tthoﬁge%s mFHé%'Y A, %<es FEL> sane
as a NACK code; (NaPES & o FOEMC-Y 5 i ,EA@Q- ; oK or
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means for receind/ongshomarare net indenaleéd t¢ be nomsatued as Aakiting) fer gemenhberestthe e
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codebook. 15. ThaitRaS&e Sithahk | I |l rel ok
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HARQ ACK codeboemofi3 14pparadiseh) atrangdenstetsa egarfer BREiflpr@arndd adknowdeigneemd and

a sanme POST (post | e) code word, which correspond to the foll ow ng
nmessages: PREZ'§HE0 1 0 0
10 Although multiple embodiments of the present invention have been

illustrated in the accompanying Drawings and described in the foregoing Detailed
Description, it should be understood that the invention is not limited to the
disclosed embodiments, for it is also capable of numerous rearrangements,
modifications and substitutions without departing from the scope of the invention

15 as set forth and defined by the following claims.



10010] POST= 01 00100100]. 19. The base station as recited
in claimOQ07, wherein the multiple-carrier node 15 is a dual-carrier node
operating on first and second carrier frequencies, and the eight code
words in the nultiple-carrier HARQ ACK codebook correspond to the

27.

CLAIMS:
1. A method performed by a remote terminal (302b) in a cellular
telecommunication network for preventing a codebook mismatch between the
remote terminal and a base station (302a), wherein the remote terminal and base
5  station selectively operate in either a multi-carrier mode utilizing a multi-carrier
HARQ-ACK (Hybrid Automatic Retransmission Request-Acknowledgement)
codebook (312a, 312b) or a single-carrier mode utilizing a single-carrier
HARQ-ACK codebook (310a, 310b), the method comprising the steps of:
receiving downlink communication from the base station;

10 determining an acknowledge message from the multi-carrier HARQ-ACK
codebook (312b) in response to receiving and processing of the downlink
communication, wherein the multi-carrier HARQ-ACK codebook includes eight
code words that jointly encode a set of acknowledgement messages for two
carriers, and wherein the single-carrier HARQ-ACK codebook is a subset of the

15 multiple-carrier HARQ-ACK codebook, one of the eight code words in the
multiple-carrier HARQ-ACK codebook, ACK/DTX (Positive
Acknowledgment/Discontinuous Transmission), is the same as an ACK code
word in the single-carrier HARQ-ACK codebook, and another of the eight code
words in the multiple-carrier HARQ-ACK codebook, NACK/DTX (Negative

20 Acknowledgment/Discontinuous Transmission), is the same as a NACK code
word in the single-carrier HARQ-ACK codebook; and

transmitting the acknowledgement message to the base station.

2. The method as recited in claim 0, wherein both the multi-carrier

25 HARQ-ACK codebook (312a, 312b) and the single-carrier HARQ-ACK
codebook (310a, 310b) include a same PRE (preamble) code word and a same
POST (postamble) code word.

3. The method as recited in claim 2, wherein the PRE code word and the

30 POST code word correspond to the following messages:
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PRE = (001001001 0]
POST= (0100100100}

4, The method as recited in claim 0, further comprising the step of:

receiving a message from the base station that deactivates the
multiple-carrier mode at the remote terminal; and

switching to the single-carrier HARQ-ACK mode at the remote terminal

for determination of a next acknowledgement message.

5. The method as recited in claim 1, wherein each of the eight code words has
a length of ten bits, and the ten bits are defined to provide a minimum Hamming

distance of four.

6. The method as recited in claim 0, wherein the multiple-carrier mode is a
dual-carrier mode operating on first and second carrier frequencies, and the eight
code words in the multiple-carrier HARQ-ACK codebook correspond to the

following messages:

ACK/DTX = [1111111111]
NACK/DTX = [0000000000]
DTX/ACK = [1111100000]
DTX/NACK =  [0000011111]
ACK/NACK =  [1100110011]
NACK/ACK=  [0011001100]
ACK/ACK = [1010101010]

NACK/NACK= [0101010101].

7. The method as recited in claim 0, wherein the eight code words in the
multiple-carrier HARQ-ACK codebook are equivalent to code words resulting
from one or more of the following operations: code word remapping, bit

permutation, bit-wise masking, and combinations thereof.
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8. The method as recited in claim 1, wherein the eight code words
corresponding to pairs of messages having opposite meanings have a Hamming
distance of ten, wherein the pairs of messages having opposite meanings include:

DTX/ACK and DTX/NACK;

ACK/DTX and NACK/DTX;

ACK/ACK and NACK/NACK; and

ACK/NACK and NACK/ACK.

9. The method as recited in claim 0, further comprising:

transmitting the acknowledgement message from the remote terminal to
the base station according to a DC-HSDPA (Dual Carrier/Dual Cell High-Speed
Downlink Packet Access) HS-DPCCH (High-Speed Dedicated Physical Control
Channel) format regardless of whether a HS-SCCH (High-Speed Shared Control
Channel) order deactivating DC-HSDPA operations has been received by the

remote terminal.

10.  The method as recited in claim 0, further comprising:
transmitting at least a first CQI (channel quality indicator) and a second

CQI field when the multiple-carrier mode is deactivated.

11.  The method as recited in claim 10 wherein the second CQI field comprises

a CQI for a second carrier in a dual-carrier mode.

12. The method as recited in claim 10 wherein the first CQI field and the

second CQI field both comprise a CQI for a first carrier in a dual-carrier mode.

13, The method as recited in claim 10 wherein the second CQI field comprises

a predetermined value to indicate that the multiple-carrier mode is deactivated.
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14. A remote terminal (302b) for preventing a codebook mismatch between the
remote terminal and a base station (302a) in a cellular telecommunication
network, wherein the remote terminal and base station selectively operate in either
a multiple-carrier mode utilizing a multiple-carrier HARQ-ACK codebook (312a,
312b) or in a single-carrier mode utilizing a single-carrier HARQ-ACK codebook
(310a, 310b), the remote terminal comprising:

a memory (706), having stored therein the multiple-carrier HARQ-ACK
codebook having eight code words that jointly encode a set of acknowledgement
messages for two carriers, wherein a subset of the multiple-carrier HARQ-ACK
codebook is the single-carrier HARQ-ACK codebook, one of the eight code
words in the multiple-carrier HARQ-ACK codebook, ACK/DTX (Positive
Acknowledgment/Discontinuous Transmission), is the same as an ACK code
word in the single-carrier HARQ-ACK codebook, and another of the eight code
words in the multiple-carrier HARQ-ACK codebook, NACK/DTX (Negative
Acknowledgment/Discontinuous Transmission), is the same as a NACK code
word in the single-carrier HARQ-ACK codebook;

means for receiving downlink communication from the base station;

means for processing the downlink communication;

means for determining an acknowledge message from the multi-carrier
HARQ-ACK codebook (312b) in response to receiving and processing of the
downlink communication; and

means for transmitting the acknowledgement message to the base station.

15.  The remote terminal as recited in claim 04, wherein both the multi-carrier
HARQ-ACK codebook (312a, 312b) and the single-carrier HARQ-ACK
codebook (310a, 310b) include a same PRE (preamble) code word and a same
POST (postamble) code word, which correspond to the following messages:

PRE = [0010010010]

POST= [0100100100].
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16.  The remote terminal as recited in claim 04, wherein the multiple-carrier
mode is a dual-carrier mode operating on first and second carrier frequencies, and
the eight code words in the multiple-carrier HARQ-ACK codebook correspond to

the following messages:

ACK/DTX = [T111111111]}
NACK/DTX = [0000000000]
DTX/ACK = (111110000 0]
DTX/NACK = [0000011111]
ACK/NACK = [110011001 1]
NACK/ACK = [0011001100]
ACK/ACK = [1010101010]

NACK/NACK= [010101010T1].

17. A base station (302a) in a cellular telecommunication network for
preventing a codebook mismatch between a remote terminal (302b) and the base
station, wherein the remote terminal and base station selectively operate in either a
multiple-carrier mode utilizing a multiple-carrier HARQ-ACK codebook (312a,
312b) or in a single-carrier mode utilizing a single-carrier HARQ-ACK codebook
(310a, 310b), the base station comprising:

a memory (706) having stored thereon the multiple-carrier HARQ-ACK
codebook having eight code words that jointly encode a set of acknowledgement
messages for two carriers, wherein a subset of the multiple-carrier HARQ-ACK
codebook is the single-carrier HARQ-ACK codebook, one of the eight code
words in the multiple-carrier HARQ-ACK codebook, ACK/DTX (Positive
Acknowledgment/Discontinuous Transmission), is the same as an ACK code
word in the single-carrier HARQ-ACK codebook, and another of the eight code
words in the multiple-carrier HARQ-ACK codebook, NACK/DTX (Negative
Acknowledgment/Discontinuous Transmission), is the same as a NACK code
word in the single-carrier HARQ-ACK codebook;

means for sending (304a) downlink communication to the remote terminal;
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means for receiving from the remote terminal an acknowledgement
message corresponding to code words in the multi-carrier HARQ-ACK
codebook; and

means for decoding received code words utilizing the multi-carrier

HARQ-ACK codebook.

15. The base station as recited in claim 07, wherein both the multi-carrier
HARQ-ACK codebook (312a, 312b) and the single-carrier HARQ-ACK
codebook (310a, 310b) include a same PRE (preamble) code word and a same
POST (postamble) code word, which correspond to the following messages:

PRE = [0010010010]

POST= [0100100100].

19.  The base station as recited in claim 07, wherein the multiple-carrier mode
is a dual-carrier mode operating on first and second carrier frequencies, and the
eight code words in the multiple-carrier HARQ-ACK codebook correspond to the

following messages:

ACK/DTX = (1111111111}
NACK/DTX = [0000000000]
DTX/ACK = [1111100000]
DTX/NACK = [0000011111]
ACK/NACK = [1100110011]
NACK/ACK = [0011001100]
ACK/ACK = [1010101010]

NACK/NACK= [0101010101].



