Mil tiple Carrier Acknow edgment Signaling TECHNI CAL FI ELD The
present invention relates generally to the comunications arts, and 5 nore
specifically by way of exanple but not limtation, to acknow edgnent
signaling in a nultiple carrier environnment BACKGROUND Many speci al i zed
terns and abbreviations are used in the comuni cations 10 arts. At |east
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
followi ng terms and abbreviations are herewith defined: 3 GPP3rd CGeneration
Part nership Project ACKAcknow edgnent 15ARQ CQ DC- HSDPA DTX HARQ 20HSDPA
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Multiple Carrier Acknowledgment Signaling

TECHNICAL FIELD

The present invention relates generally to the communications arts, and
5 more specifically by way of example but not limitation, to acknowledgment

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



Automati c Retransm ssion reQuest Channel Quality Indicator Dual

Carrier/Dual Cell HSDPA D scontinuous Transm ssion Hybrid Automatic

Ret ransm ssi on reQuest Hi gh- Speed Downl i nk Packet Access Hi gh- Speed

Dedi cat ed Physical Control Channel (in WCDMA) Hi gh- Speed Downl i nk Shared
Channel Hi gh Speed Packet Access Hi gh-Speed Shared Control Channel Miltiple
Carrier/Miultiple Cell HSDPA Multiple Input, Miltiple Qutput Negative
Acknow edgnent ack/nack POSTanble -2- PREack/nack PREanbl e WCDVA W deband
Code Division Multiple Access El ectr@ni ¢ communi cation forns the
backbone of today's information-oriented society. Electronic comunications
are transmtted over 5 wireless or wired channels using el ectromagnetic

radi ati on, such as io fre ne transm ssions, |ight waves, and so
forth. The accessi @ﬁzﬁ’ﬁdty anda%gc?é}?g%ﬁ)@ao“}bléel ectronic communications is
frequently |imtedywyDNAa bandadsdhd Gilde DioRIGAMubtEle Aosesshannel between a

first (e.g., transmtting) device and a second (e.g., receivi r%g) devi ce.
10The avail abl e bafdeitmic of commwrigatiit at fosMs ¢ nehac{%ﬁﬂebe Qtnc MY’

information-oriented society. Electronic communications are transmitted over

5 wireless or wired channels using electromagnetic radiation, such as radio
frequency (RF) transmissions, light waves, and so forth. The accessibility and
capacity of electronic communications is frequently limited by the bandwidth of a
communications channel between a first (e.g., transmitting) device and a second
(e.g., receiving) device.

10 The available bandwidth of a communications channel may be increased
by adopting any of a number of different schemes. One such example scheme is
communicating over multiple carriers. Multiple carrier operations may include
multiple cell operations. High speed packet access (HSPA), including high-speed
downlink packet access (FISDPA), is currently being evolved to include

15  multi-carrier and/or multi-cell operations. An initial step is to support dual-carrier
and/or dual-cell (DC) HSDPA operations (DC-HSDPA). With DC-HSDPA, a
user can receive from two carriers “simultaneously.”  This increases
high-data-rate coverage.

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



by adopting any of a nunber of different schenes. One such exanple schene
is comruni cating over nultiple carriers. Miltiple carrier operations may
include multiple cell operations. H gh speed packet access (HSPA),

i ncl udi ng hi gh-speed downl i nk packet access (HSDPA), is currently being
evolved to include 15 nulti-carrier and/or nulti-cell operations. An
initial step is to support dual-carrier and/or dual-cell (DC) FlISDPA
operations (DC-HSDPA). Wth DC-HSDPA, a user can receive fromtwo carriers
"sinmul taneously." This increases high-datfa-rate coverage. Wth sone
comuni cati on systens, such as those inplenmented in 20 accordance with

W deband Code Division Miultiple Access (WCDMA), conmuni cations between a

sender and a receiv rformed w th A .| 3 M ShYar Hpfuest
(ARD or by br iSEcoRedisrrerHs dpapsmited al%eugflg?%ﬁlg 3%%2% It e U
affirmative ackpawhedgemsiDEACH)is @ansnitedailone This mestlie dyevnmss cENAGS) i s
used to support the HARQ operation on each of the 25 two carriers. nunber

of proposal s s bembileateds tv AGKDACK Hhe spEOdEIERAIORS 388 FOBPEFDP t wo

carriers. Afirst .pro al ' i gnal.j two ACK/ NACK i ndi cations
(one per carri%]?e)nlgg?%%%@;@mé%@%-ﬁ§g§é%&5% I'éat ed Physical Contr ol
Channel s (HS- DPCCHs) .seioe \ebposhl gesraldgesntaity eibnating theictwoarAGRANAG&ED has
a severe 30 coverage inpact when both HS-DPCCHs are transmitte ¢

Furt her mor e, vibdinalions usig jojeticenstingBrbrecH$-DRG s frthis PRIATE; thentve upi ¢

metric is sli I er than whe h i I -lmg@ﬁ' )
al onia. I‘I'hi S ngﬁmﬁ%ﬁ@%?% esc%{\?é?lgaé elgx%gedr? a?iinnlégls e neg%@ %I%@E%%FN(%%%' t he
second carri erTiphoBa eidht ()T kicoddh aRsidges e iislitate ACKAMAGCKMNACK st

carrier alone. 5A second proposal generally entails signaling the two
ACKINACK i ndi ceenidsiesisuisi ng j oi nt codi ng and one HS-DPCCH. In this approach,

the two ACK/ NACK ngssag re .ol ptdy, transmtted using one
HS- DPCCH. CE?{mre are ei gzﬁ%“?éﬁf‘rﬁg’: fr}t‘#‘ﬁ@%gg%glgﬁggssages to indicate the dual
ACKINACK condi tions: 10A@K (&afied Br& NAGKACK{eg@hrier 2) ACK (carrier 1) &

NACK (carrier 2) ACK (carrier 1) & DIX (carrier 2) NACK (carrier 1) & ACK
(carrier 2) NACK (car r AK (yargieNAck QEX(pataer 2)

. NACK (carrier 1) & ACK (carrier 2)

. NACK (carrier 1) & NACK (carrier 2)
15 . NACK (carrier 1) & DTX (carrier 2)

. DTX (carrier 1) & ACK (carrier 2)

. DTX (carrier 1) & NACK (carrier 2)

In the case of “DTX (carrier 1) and DTX (carrier 2)”, a mobile does not need to

transmit any ACK/NACK signaling.

20 One specific proposal for joint encoding is to reuse the existing 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]
DTX/ACK = [1010111101]
DTX/NACK = [1101010111]
ACK/ACK = [0111101011]
ACK/NACK= [1001001000]

30 NACK/ACK = [0010010010]



15NACK (carrier 1) & DTX (carrier 2) DIX (carrier 1) & ACK (carrier 2)
DTX (carrier 1) & NACK (carrier 2) In the case of "DIX (carrier 1) and DTX
(carrier 2)", a nobile does not need to transmt any ACK/ NACK signali ng.
200ne specific proposal for joint encoding is to reuse the existing eight
(8) M MO ACK/ NACK/ PRE/ POST code words that are specified in 3GPP IS 25. 212
Tabl e 15B. One exanpl e codebook in accordance with this specific 25 30 -4-
NACK/NACK = [0 1 0010010 0]. Unfortunately, there are
deficiencies in the existing proposal s fo#d-supporting DC HSDPA. As noted
above, the fornmer proposal with two separate ACK/ NACK indications results

I n a severe coverage inpact when both 5 HS-DPCCHs are transmtted. The

| atter proposal re ' di ffrr eficiencies, which are
descri bed herein by%%mgﬁmns@qlﬁggtlﬁ? lgj;%]?e is a need to address the
deficiencies that afifsttuhatelyhetherer mentdeicineiesf it Hbe aexisting tpropefaid 0o
supporting nultiple carrier_and/or nultjple_cell comunicat.j,ons .

DC- HSDPA) . SUCWpa@ﬂ%iTéﬁ%ﬁ%Qgénd*%%ﬂéﬁ& aﬁ‘g‘é?eléhﬁa‘%oémibl’%% ?gthd Oyge r%gat%r
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is an obj ect of the present i1nvention to renedy or at |east aneliorate one
or nore of 3 heHSEDPCCHRCiresrankmittesl: e Theldattarfpreposabresiults ab @veifterenttsgt Ofier

below. It is 1 n object. of certajn, enbodi nents of the present invention

to achieve an @FHFAHEES, Wﬁ@%ﬁ%ﬁ#ﬁﬂ&@?ﬂﬁ% for a codebook having code

words that jointly @&ﬁ@gl?enﬁgg{ﬂgﬁq% Shemedol iMrdsQthéndbfidih SesCRET &xbtSin the i S
arn 0

anot her object of cert e I ments of the present invention to support
PRE and PCST opeteit satesofiht hriswith regacd tebumporting multiple carrier and/or multiple

cell communications (e.g., DC-HSDPA). Such deficiencies and other needs are

10  addressed by one or more of the various embodiments of the present invention.

SUMMARY
It is an object of the present invention to remedy or at least ameliorate one
or more of the deficiencies that are identified herein above and further below. Itis

15  an object of certain embodiments of the present invention to achieve an enhanced
minimum Hamming distance for a codebook having code words that jointly
encode ACK/NACK signaling for multiple carriers. Itis another object of certain
embodiments of the present invention to support PRE and POST operations with
such a codebook.

20 In an example embodiment, there is a method in a remote terminal for
acknowledgment uplink signaling in a multiple-carrier mode. First, a code word
is determined that jointly encodes acknowledgment signaling for at least two
carriers from a multiple carrier codebook that is stored in at least one memory of
the remote terminal. The multiple carrier codebook includes eight code words

25  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 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.



20l n an exanpl e enbodinent, there is a nethod in a renote termnal for
acknow edgnent uplink signaling in a nultiple-carrier node. First, a code
word is determined that jointly encodes acknow edgnent signaling for at

| east two carriers froma nultiple carrier codebook that is stored in at

| east one menory of the renote termnal. The nultiple carrier codebook

i ncl udes ei ght code words 25 that are defined to have a single carrier
codebook as a sub-codebook of the nultiple carrier codebook, with each code
word of the eight code words having a length of ten. The nultiple carrier
codebook achi eves a m ni nrum Hanm ng di stance of four anong the ei ght code
wor ds. Second, an uplink signaling nmessage that includes the determ ned
code word is transipldhgthel EQMBIARnIRARNER3thelS1TH Altholdnd WirtBbLagwaRE Or k
node. -5- I n anot her exanple enmpodinment, there is a nethod in a

Wi rel ess net womddenfod eckrowledgonantiuptigkrsignalipg imk nuilgplatdarmerimode. First, an

mul tiple-carrier,.node. First, an | i nk.signaling nessage, t.hat, i ncl udes a
code word thatuﬁ’lﬂﬁﬂg}‘a &B‘Ae%sa%eclliﬁ%}vm nf &9 n?ﬂolrigt%%ﬁo ly| 8%%%Q§V\D
carriers is regahyebdohRmt digh8HRS Fordat RASH AR cattiekshR 16EI9LE Foni o Midte node.
Second, the code word s deCoded using a nultiple carrier codebook that is
stored in & |teaninabacthewimsloss obtwdrk neie.eSexadnthe wodk woodlis. deTpdediuging pl e

Chgl 6 carri oot sowen ol BEGesHuRS it °f e e FishRTL aF AL Bis ook,
with each codendpibsk Rbdel MEhcBERpIC QHRMBS BRI N e%%'ﬂ gbde Wbrdsehat a4 The

mul tiple carrier codebook achieves a m ni mum Hanmi n I stance of four anong
t he ei ght codedefioreddo have asingle patrien patehork exasyil-eods oftbamultiplecarties a
renote term nal at, i s .adapted to perform acknow ed nt_uplin i-gnal i ng
ina mltipl e-%oéieBPﬁlf’_“ﬁﬁtﬂge.“:%ﬁf’ger @Itfg‘élﬁfﬁ%rcﬁﬁfﬁ? W&F%ﬁ*’s“%ﬁ gllgﬁ?%ﬁ%‘
menmory st ofg NgTRe MHllipIB! BrifedldolibookPadisiel QokidRfhn® PRhinBRIiStaRécO6 LSRR S.
The multiple carrier codebook includes eight code words that are defined to
have a singl e among the eggidebdowords. a sub- codebook of the nultiple carrier

codebook, with each code rd of the eight code words havjng_a.l h. of
ten. The nultiple g&rﬁ é\n\gﬁ’ﬁﬂgﬁﬁwpea wﬁ)gq&e@ ﬁ‘ﬂﬁ Fuin e Wag'? %Iﬁcclg of
four among t he,@isgt toGREBNAERSowEIEmeREy fnk?s@%xfﬁnﬁ Pk mEEFRLGrAéemode.

configured: to cgdgt er r?i(i%e a code v\V/vor%:nt hatlﬂj ointly gncodes gcknowl edgnent

signaling for Bhe remste tewninehrinilades &t lpast pee memary| odng @i @pltidelcBEER and

to transmj_fro he renmote termnal to a w.rel ess, network d |.i nk
si gnal i ng tess @@%Pﬁéﬁnﬁﬁ Qb E¥TE REOWEIBP i ﬁ'@&n‘g@%’ ROHH. C(f(%gg’?ll{ %Fd@&ejets
anot her exanpl éigﬁf@@&!é RBAs thiXehR efiedMith ShRESa NGAMOT darfR@deoddboblads fas
adapted to perform acknow edgnment uplink signali ngz in a nul tl£| e-carrier

node. The wi r efubseodsboelooktha sudtiplectanderscadeboaka sithorash wede Mprd pbtherrighi
mul tiple carrier, codepgok. and,one, or. .nor rocessors,. The | {i rrier
codebook i ncl uthRée %{Pﬁﬁﬁ‘aﬁ%a \lﬁf@% A e 188?%1’ oGSt ﬁggée%é)ks#%gﬁvgga
carrier codebogniamn? Hadinigdahanke of fdhanBiig thelegif aott For@@dahedne om th

each code word of the eight "30 code words having a length of ten. The
nul tipl e 2 rimorepriebssoks atehoafigured: to determine a code word that jointly encodes

acknowledgment signaling for at least two carriers from the multiple carrier

codebook and to transmit from the remote terminal to a wireless network node an
uplink signaling message that includes the determined code word.

In still yet another example embodiment, there is a wireless network node

25  that is 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



-6- m ni mum Hanm ng di stance of four anong the eight code words. The one or
nore processors are configured: to receive froma renote termnal at the
wirel ess network node an uplink signaling nessage that includes a code word
that jointly encodes acknow edgnent signaling for at |least two carriers and
to decode the code 5 word using a multiple carrier codebook. An

advant age of certain enbodi nents of the present invention is that an
enhanced m ni nrum Hamm ng di stance nay be achi eved for a codebook havi ng
code words that jointly encode ACI QNACK skgnhaling for nultiple carriers.
Anot her advant age of certain enbodinents of the present invention is that
PRE 10 and POST operations nay be supported. Yet another advantage of
certain enbodl feAnPHaAfnURISLL JIMYRRLIBHL ki LBRE oGRAGERRK PRELAILLY TRy
be avoi ded when there Is a m sunderstandi ng %etme narenote termnal and a
Wi r el ess net wanbkrenmdesss@garcdiongiguteet hereceivs ifrogh e ramote itenminaldd the wielesd ti pl e

carrier node is active. Still_ yet another adyant of certaipn.epbodi nments
of the pre_sent’“ei‘go]lr tqndﬂ’hingsf_ NG MER3 ﬁ?%@g‘gfﬂ %C‘é‘g‘d OW&h&{TEDé% ation
may be achi eveg,ch@ss dg%ﬁﬁ&@ﬁ@@ggﬁtgﬁlg}%ﬂg@&%tie%s@t%%%%&?%ﬁde@@@@!h@%de Qt her

advant ages are noted herein Addi ti1 onal enbodi nents are al so
descri bed &nd/wordaisaigweohubigrecarrieEzadgbbek.addi ti onal enbodi nents i nclude, by

f le but pot . limitation,, 20 arr, , i es,. devj
Syt oms, and so 1 orAthadvRee Tz FeBed A b VBT B oaie Belot 87 th i n
part in the deimbh&d AGSGHHPH ﬂﬁhing 1M Sma PR a Sllis ok RadodbBbdIOMsviaand i n

part may be derived fromthe detaifed description and draw ngs, or can be
| ear ned by pramdeceonks that jointtgrdncode ACKINACK Isignaline fet goeltipleacamigrsh t he

f i | d i pti d the foll i detailed d N i 25
exenpl ary and ARYRSrAHGRES AF Foden TRediBEnE OLhs BIRYE IBYCE If AR BN as
di scl osed 1qr %dcbéiswgperafigﬁsf Eﬁ;EEe & dal'l QA Gnoftide dRAMIaDEDF certain A

nore conpl ete understanding o e present invention nay be obtained by
reference to témbddiinkutaioftheqeeseint bxyenidecisitinticodehaobantaguty inay boajoided i on

ith the acco nyi.ng drawi ngs .wherein: . 5FIG 1 is .a block, di agram of an
\éle anpl e comm%@%g Iﬂ?’fg"s 13 )?\ém@é%l“fl?fémﬁgi%bwl?@l Ee:é’é‘)tﬁé‘?mpﬁl ﬁ%@ &/ﬁ@?ess
multipler emt&t&@fﬂ‘ﬁd@ﬁlrﬁ%aédi[nﬁ;vh&h&a ngld RS NMR @ aShatipldiatieamotior

ext ended ACK/ NACK si gnal i t includes PRE and POST operations.
FIG 3 is a bliscktidgé.adStdnyef aexthephdvaitageces certain emtwdoments oufr de presenod

communi cat.e using .a nultiple carrier debook i n accordance, W t.,h
enbodi ment's oY HEB S LB TN Bty €00gvod sehpabion LY AR eredfer
exanpl e mul ti phessG s hfing WBBARK acknowledgment meanings. Other advantages are

noted herein below.

Additional embodiments are also described and/or claimed herein.

Example additional embodiments include, by way of example but not limitation,

20  arrangements, memories, devices, systems, and so forth. Additional aspects of the
invention are set forth in part in the detailed description, drawings, and claims that
follow, and in part may be derived from the detailed description and drawings, or

can be learned by practice of the invention. It is to be understood that both the
foregoing general description and the following detailed description are

25 exemplary and explanatory only and are not restrictive of the invention as

disclosed or as claimed.



FIG 5 is a flow diagram of an exanple general nethod for nmultiple carrier
acknow edgnent signaling. 15FIG 6A is a block diagramthat depicts a

Hanm ng di stance analysis that is perforned on an exanple multiple carrier
codebook. FIG 6B is a block diagramthat depicts exanple codeword
pai rs havi ng opposite neani ngs. FIG 7 is a block diagram of
exanpl e devices that may be used to 20 i nplenent enbodinents for nultiple
carrier acknow edgnment signaling. DETAI LED DESCRI PTI ON As descri bed
herei n above, there are drawbacks to the @xi sting approaches to supporting
multiple carrier and/or multiple cell conmmunications (e.g., 25 DC HSDPA).
The first existing proposal would use two separate ACK/ NACK indications. It
woul d result |iBREEFIYESERIPTEOAUOF THEDRWWINGSt h HS- DPCCHs are
transmtted. The second existing proposal would reuse the existing eight
(8) M MD ACK/ NACK/ PREAPOSImpliR siandipg of thecpragant inypntene g1ay| ke ipneEpp.

Al t hough reusi IS4 | I: C . kOl Of: 30
fuo AGK NAGK. 1 RerSar ST W Rl bl S SREBAdE sy FiRE KL elRRCRE
transm ssi ons theacebtapanyaig dratviddehiipé: si gnal ing, a different set of
deficiencies is introduced with this proposal. For exanple, such a codebook
fotmed from the exild Ads eblgek dmm@gmewm CORBURIGRIANTEIFIGHA MAlHENg

5 mthe xS dgel ‘ AT R
di stance 5 1 ort Hndlost BuEbel Fod Sind AR RO BoRBIT T 1) O P A PosT

oper ations cannot FGs2pigaint @&nﬁ;ﬂ@ata%dh%%@&ﬁ&td%&dC@Nﬁ@Kzrstgama]?mgnd 8
("NACK/ACK=[0 0 1 0 0 1 0 0 1 Of and "NACK/ NACK=[0 1 0 0 1 00 10 Q")
have the sane thafineldesPRE andP QS apstAllo™PRE and POST i ndi cati ons. |

n
contrast, exanple e i 4 i e 5'! % ﬂf | ow
have superior m ni %ﬁ%%ﬂ%@g%s%%gs&p%% I f g’?cceé%ttﬂgﬁg%ph ?cli gﬁe

carrier codebamanbiogi it dukipketarfier tddebebloin acBofdanss witk amodimets i pl e

carrier codebook enbodi nent has a m ni nrum Hamm ng di stance of 5, and a
second exanpl e Presemt BYNtoBr codebook enbodi ment has a ni ni mum Hammi ng

di stance of 4. Bot I};Iﬁ)ggqugldtzglési%%%@rot%érﬁkg%ﬁ%oxg%%cagﬁpp&jd’erggégh15 are

capabl e of being configure operations. e second

exanpl e mul tiple c3#lIG. éis £fdentigiaerdiedicxemplddyenil sethoiclondmlitipls carrier
sub- codebook or subset thereof, a single carrier ACK/ NACK signaling
codebook. The %kBowledgwsenbsiansing i pl e carrier codebook enbodi ment may

furth t hat . i : ) ; y _
mmani ngs Mave a rotagt oy EhfeR Bdetari i A AT HRAR daflo PR fatis

them In an exmifor@ed oplaprezaindld @nltipldearfier sédebook.second exanple nmultiple
carrier codebook enbodi nents may entail a codebook that supports ACK/ NACK
si gnal i ng usi ng onélHstBReablogk diagsamaihpiciepicts sgamPpiegiPde ol PehBaYAS ed
comuni cati ons, f%ﬁrteeﬁear%ﬁég addition to HARQ ACK/ NACK signaling, two CQs
may be si gnal ed?’ )

FIG. 7 is a block diagram of example devices that may be used to

20  implement embodiments for multiple carrier acknowledgment signaling.

DETAILED DESCRIPTION
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



during DC-HSDPA operations. An anal ogous problemcan arise with respect to
CQ when an HS- SCCH order deactivating the DC HSDPA operation is not
detected by a renpte termnal. This can create a CQ codebook anbiguity
between a wireless network node and the renote termnal. Exanple

enbodi nents 30 addressing this problemare al so descri bed herein bel ow

-9- Wen a MMO-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) enabli®8g t he 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 comruni cati ons system 100 including a

Wi rel ess net WokrknsRgonk0Zo@ NhallUédriie EACRMAEK edighdliabs al OfifferdhyiSsetass
illustrated, conmunications system 100 includes at |east one wre|ess

net wor k node 1dficiengiesrie introdined wishnhis nreposahalfor raample gugio #hcodsbedlough

only two renotg termdnals 104a and e explicitly sh _

net wor k node 1%’?“1‘6%% t@% ei“ﬁﬁ% r?ﬁﬂ% %mﬁ"% ‘%ﬁkﬁe]@\%sra 3918}@0%"3‘{1%@3@0
such renot e t egigiafad & ol 3, whidhli@fdr Yess &anlips gtirasl ptindmamWsehess diReneer K
node 102 is illustrated in FIG 1, each given renote termnal 104 nay be in

communi cat i%n {Artahcadsbeolp bé lengtth 10 and| B2 8 n iy thernfRe and OF'E qperations g
ltiple-cell de) .. Al t tjvel iy el t
Wt ed networ k FBAS! (ot GRSt hE PR TRIT I i 8 of s

wireline conneciNATK/ACK=[(10T0u0 ©ed I OSard ‘DA WKY/RIAEIS=[0el 00rko 0qdBORyP2 to

a renote termnal 104 are usually terned downlink communi cations.
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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.



WCDMA term nol ogy. However, it should be understood that this is nerely one
exanpl e i npl enentation that nmay be appropriate for a WCDVA- based system In
ot her words, renote terminals may be of any general type, and network nodes
may be a part of the infrastructure of any general wireless (or wred)
network. In 20 wireless inplenentations, other air interface technol ogies
(e.g., that conport with a different wireless network standard) nay be
utilized to inplenment the principles of the present invention. Such other

wi rel ess network standards may or may not9be directed to a cellular-type
wireless network. FIG 2 is an exanple state diagram 200 for extended

ACK/ NACK 25 signaling that includes PRE and POST operations. As
illustrated, state-<gHagr _k0el ) e L yddifec Ot HRDPA,
transm ssi on (EWX)‘g%%?é?g%ggﬁg&ggkgﬁﬁﬁg%?ggé§§§?g?g %04, and an ACK/ NACK
state 206. PREntgehtR@SheoPEFHSDRAs featere and dbieiAdEVIO0 HYRR AvEeamow/anche

detecti f . As il t ed | t af. ' , '
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ACK/ NACK transm ssions. 10Fl G is,a block.di agram 300 of I i ces
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312 in acc dgﬁ%? py ﬁmggﬂ?ﬁ’ﬂbm it@f felBe oP hR5T8 Mhan WS BhEIOFemd® terminals

ev 3 I nc

illustrated, ces lude a transnmitter 304, a receiver 306, a
communi cati on tehfSimibtlypaithonph o8Aneavisslessinstwerkmode 103 iibyskated 1 FlGhd a

[tipl i debook 312. M ifj | 15,.1] i 2
e ubes oot 1 ahesioh espngomate e 0B maoRe D eohmfinitarion Fith MElREsu=s
unit 308a, a siAdl|ss (h@%éérgrné&gemkgéép@m_@E’rﬂllﬁ%lgléﬂeﬂi Rlode) arAlitanatbatigbook

312a. A second device I ncl udes feceiver 3 a transmtter 304b, a
communi cat i on winefess nettviodonads 102308p be a veirdgleswors radsrtheisearpenicaeslithand a

mul tiple carrier codeboo gié%. Each.of devi ces 302a and 302b nmay 20

i ncl ude ok p?em‘&ﬁé?l_n&?ﬁﬁ NS HAHTROEE A ™ are illustrated. In an
exanpl e embodi ment , f)ﬁmﬁﬁ%’xic@ﬁﬁh§§o§p@ﬁel’e§ {61l ITe102365 2 fembleabsinalldvor k
node 102 (of FIG 183, and second device 302b is functioning as a renote

term nal 104, swmcisualy temetlelaverinkneaimmodigationsn eompiuniatigas, fog) 8G9HOEs es
transmtter 304a to.trapsmt a downlink.co ni, gat i.on Vi ce
25 302b, whi chtql@l’:i’aécég ol WEFCsSe QistyRIK g@ngg h@%c%rﬁd “ég@}%gteéﬁ%gng@es

transmtter 3048 10 1daBRd fh Ale4RliIOknbesRANS S dBssiagecdBfuhiation $06 tevi ce
302a, which isérecel %/%g V\,ismtltﬁl recei vﬁer %106& Upl i nk response messaﬂe 108 may

i ncl ude at20 eagtnsmitted 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



one ACK indication, at |east one NACK indication, or at |east one
transitional operation indication for one or nore carriers. |If second
device 302b miss detects -12- the presence of downlink conmunication 106,
it will not transmt an uplink response nessage 108. Such cases, for
exanple, are referred to herein as DTX I n an exanpl e i npl enent ati on,

t hese indications may be communi cated using at | east one code word from one
or nore codebooks. Wien devices 302 are 5 communi cating over a single
carrier, they may determ ne and decode/i ntterpret code words using single
carrier codebook 310. When devices 302 are comuni cating over nultiple
carriers, they may determ ne and decode/interpret code words using nultiple
carrier codebogiid: cMmBHRMRLS 104 TR ReERid EndaRiERAgeIhdickiedtwith
pertains to at least two carriers/cells Is described below wth 10

particul ar referecorcmotednfluded dodeTverdsoden indicdtedaeesprionatonditionsmgebé.dorred by

communi cation confirmation uni.t 308b of ,second device 302b d the code
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device 302a. HeGepithnl S droinfifié SHeBAIRAM £ipofRAn®iAREALBH! sbRle€ c6@binatén
codebook 312. As 15 1lldstrated,” multr pl «g carrier codebook 312 conprises an

exanpl e dudl ctherdo€randcodboubk Dafiferedt rdeoptiamcaditiqus ere dbsedibae furthed igfein
carrier codebopok 312-2 includes ten t | .code words 402. It includes eight
"acknow edgmﬁ?éoww@mﬂgaﬁ ?%qetﬁ&ta[ﬁ" arrier codebook 312-2 may al so

i nclude two "transiWiRRal ndRBEHEhbAL 102088y Wondfisd 96! eaith14 0P Bascdampyes, a
dual carrier codebook 312-2 20 may alternatively include a different nunber
of code words basd/tomseeisatstafong adedicobats stdimn, haVededBf i ragntss msanti AeHe

Ex | ti .condi t.i i th t of ds 402 f dual
CarTier GodencBRnaTaon Hetout: Bal GBoRb oRPTESETRIPY 105 0h dEktey G O
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acknow edgnent (e.'g., for a transport block that is recei ved5 on a first
carrier and nostatéwe pcoomuynécagion cefd er medie,ponte doimbinationrtheresh eoheo Exty.i er .

Code word 402b.i ndicat es.a,”" NACK/ DTX" ception conditio i

corresponds t oCEnlal erample 3%‘12&%%1@85%‘?&%?10{*&05.@ CIS‘?S %%prg%g?v)g:@ets tcllag 128307+ hat
i's not receiVvernff felmidald 1(ard dbddrbed bfdih BEloRNHitl BartieGRP tfBRneSEFIERCONd
carrier. Code word 402c indicates a

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 a 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.



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 i ndicates a "DIX/ NACK"' reception condition, which
corresponds to no reception on a first carrier and a negative

acknow edgnment on a second carrier. Code word 402e indicates a "NACI CACK"
reception condition, which 5 corresponds to a negative acknow edgnent on a
first carrier and an affirmative acknow edgnent on a second carrier. Code
word 402f indicates an "ACK/ NACK" recepti-blrx condition, which corresponds to
an affirmative acknow edgnent on a first carrier and a negative

acknow edgnent on a second carrier. Code word 402g indicates an "ACKJACK"

reception conditi onwheRiaGBmbl: £AGLIMASASRES thOTREh-8pédd SRirbd €oagknOpharyTent
on a first carrier and an affirmati ve acknow edgnent on a second carrier.

Code word 402h(H$GCEHe Som subfang MACK" sands eppreamtlonARE orindigatienn in. the

corresponds t ive know nt...on.a fi [oF | A=Y ative
acknow edgrren'?HgﬁlB g@gﬁc%%l%ﬁrg _ ine'f?g%gﬂu?%ﬁggl Q@%@%aid%uft}?ﬁ%&?%' er
codebook 312 SH_Cth_e Qémdté&brxﬁﬁh&_r H6ds KR RRRPK HBiR- _eB@Y)q@i’rﬂﬁld Steretd @h@m@
words for transitional operations. Code word 402i indicates a reception

condition for EISE¥EHpinsubirama # after tdeetiong 2ESoRICH i subfr@gmbl .dt sandhai t i on
operation. Code word.4Q2}i-Rdi gcates.a recepti C i td 0 f@k%? E%

oper ati on, m%‘FFt?E‘HPd"J%S%Qﬁ su{dgca(}iloﬂb%?gﬁ{ﬁ“% ’?%t%%‘%ggoﬁ%%ﬁé%er SR e

The val ues pl az@slODTXN®AE 202 ThYRESST HrREMBIRRIS Biahits Gndicafiddsidpbblesar i er
codebooks 312. Different nmultiple carrier codebool cs 312 having_different

val ues may gi v@itelese nebvonlsl nodsl to baliteri diffesesdiatso B8 fpomm Aursly
properties. Fi @tsﬁ%ndossecond exanpl e codebook enbodi nents are descri bed
her ei n bel ow. 28 %de word in these two exanpl e codebook enbodi nents

has a | engtdh of terFi@Ilgs Hsclddiagrhth BOC 60 exalﬂgﬂe devieey B0 Xhatiary configured
alternatively be of a different |en or a first exanpl e codebook

enbodi nent, a fulempl@iess sng w@@gﬁv@ camierj epdgbeel iédin pegordanpepwith
D! e o0, VoL S8 S PR Lo REHRRE A T RO S ey aral L o,
code words: - &4nsnBittdhB3 (4, GOQedI08K3 0528 conithiiitativndnrimatich 6418008, £eugle to
5. 10Wth this first exanple codebook enbodi nent, two nore code words that
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



are identical to |l egacy PRE/POST code words nmay be added in order to al so
support PRE/ POST fwictionality. Even with the addition of the | egacy

PRE/ POST code words, the m ni mum Hanm ng di stance can remain equal to 5.
This first exanpl e codebook enbodi ment can achi eve an appreciably better 15
nmessage error rate perfotwance as conpared to a codebook that is based on
the existing 8 M MO ACK/ MACK/ PRE/ POCST code wor ds. However, use of the
first exanple codebook enbodi ment for dual carrier ACK/ NACK signaling
inplies that a renmote termnal will fall -IZack to Rel ease-5 (single carrier)
AC1C/ NACK si gnal i ng when an HS- SCCH order deactivating 20 DC- HSDPA
operation is received. As a result, problens may ari se when a renote

termnal m ssege s&n@@ éalﬂ%o%ﬁiﬂk%&%uﬁ%gn&bqoef @ Rilk @8PIratishfi Gara uplinkt 1SDPA

HARQ acknow edge nt codebook, while the wreless network node starts
decodi ng rece|mepbnsedmsw:ged@Suﬁunh;c%eﬁ,i‘mgXanIdar&rﬁ@fﬁﬂﬁétm@n@sd%ﬁgbook

words for the AK Shrth B ABPEPREFERR SrsaiatnioAeR) BF wghiRudPaee =
indication:  ygingat leas‘c\%e Sodelword 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. A
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
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carrier and an affirmative acknowledgment on a second carrier. Code word 402d
indicates a “DTX/NACK” reception condition, which corresponds to no reception
on a first carrier and a negative acknowledgment on a second carrier.

Code word 402¢ indicates a “NACK/ACK” reception condition, which
corresponds to a negative acknowledgment 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
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.

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
transition 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
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

example values for each of the noted code words:



0]. -15- By way of exanple, the PRE and POST code words may have the
followng two (legacy) values: PRE =[0010010010] POST=[0100100100]. 5To
address the potential anbiguity (e.g., possible codebook m snatches between
a renote termnal and a wireless 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 i s described below, includes a single-Barrier codebook as a sub-codebook
or subset of a nmultiple carrier codebook. For the exanple presented
bel ow, the Hanm ng di stance between each of the code word pairs is also
enhanced so as to ag@keyexa & ni mym fiamj pg dopt ance of 4. Mre
specifically, for a secong'exanple codebook enbodinment, a 15 nmultiple
carrier codebook 3ITRACK/DEXcFi bedlthap Inky Odkl] npl enent ed usi ng one

HS- DPCCH f or DC- HS acknow. e si gnal i ng. The codebook may have

the foll ow ng exanﬁﬁﬁxxéges"forvhaﬂﬁ?gf§ﬁﬁef ﬁﬁt ed code words: ACK/ DTX =

[1111111111] NACK/ @%XNA@@QOOOOQ)Q]O@H)({ AGK F] [ 1111100000] DTX/ NACK =

[ 0000011111]
5

ACK/ACK = [1000011100]
ACK/NACK= [0101010001]
NACK/ACK= [1000100011]
NACK/NACK = [0110001111]

This codebook has a minimum Hamming distance equal to 5.

10 With this first example codebook embodiment, two more code words that
are identical to legacy PRE/POST code words may be added in order to also
support PRE/POST functionality. Even with the addition of the legacy
PRE/POST code words, the minimum Hamming distance can remain equal to 5.
This first example codebook embodiment can achieve an appreciably better

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 = [1T111111111]

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).



NACK/ ACK = [1100110011] ACK/ NACK = [0011001100] ACK/ ACK = [1010101010]
NACKIJNACK = [0101010101]. The m ni mum Hamm ng di stance of this exanple
codebook is 4. Furthernore, this second exanpl e codebook emnbodi nent
may be augnmented with the preanble (PRE) and postanble (POST) | egacy code
words as defined in Releases 5, 6, and 7. These | egacy values for PRE and
POST code 30 words are as foll ows:

-15-

By way of example, the PRE and POST code words may have the following two

(legacy) values:

PRE = [0010010010]
POST = [0100100100].
5 To address the potential ambiguity (e.g., possible codebook mismatches

between a remote terminal and a wireless network node) when a remote terminal
fails to detect an HS-SCCH order, a codebook for the MC-HSDPA HARQ
acknowledgement signaling may contain the single-carrier codebook as a
sub-codebook or subset thereof. A second example codebook embodiment, which

10  isdescribed below, includes a single carrier codebook as a sub-codebook or subset
of a multiple carrier codebook.

For the example presented below, the Hamming distance between each of
the code word pairs is also enhanced so as to achieve a minimum Hamming
distance of 4. More specifically, for a second example codebook embodiment, a

15  muliiple 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 example values for each of the noted code words:

ACK/DTX = [1111111111]
NACK/DTX=  [0000000000]
20 DTX/ACK = [1111100000]
DTX/NACK =  [0000011111]
NACK/ACK= [1100110011]
ACK/NACK= [0011001100]
ACK/ACK = [1010101010]
25 NACK/NACK= [0101010101].

The minimum Hamming distance of this example codebook is 4.

Furthermore, this second example codebook embodiment may be
augmented with the preamble (PRE) and postamble (POST) legacy code words as
defined in Releases 5, 6, and 7. These legacy values for PRE and POST code

30  words are as follows:
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-16-
PRE = [0010010010]
POST = [0100100100].

With this second example codebook embodiment, when a remote terminal
misses an order to cease multiple carrier operation (e.g., misses an HS-SCCH
order) and remains in multiple carrier operation (e.g., remains in DC-HSDPA
operation), it will signal an ACK/DTX code word indication or a NACK/DTX
code word indication when it acknowledges receipt 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) signaling, there is no ambiguity problem at the
wireless network node.

Moreover, given the codebook configuration of the second example
codebook embodiment, messages having opposite meanings are assigned the
largest (pair-wise) code word separation. For example, messages DTX/ACK and
DTX/NACK have opposite meaning. The messages ACK/DTX and NACK/DTX
also have opposite meaning, Additionally, the messages ACK/ACK and
NACK/NACK have (double) opposite meaning. The messages ACK/NACK and
NACK/ACK also have (double) opposite meaning. It can be seen that the
proposed codebook has a Hamming distance of 10 for each pair of the above
opposite-meaning cases.

Code word remapping (e.g., changing the definition of a code word), bit
permutation, bit-wise masking, combinations thereof, and so forth result in
codebooks having the enumerated properties. Consequently, codebooks that can
be obtained through one or more of these and/or similar or analogous operations
(e.g., when starting from a codebook as described herein) comprise equivalent
code books. Example implementations of these operations are provided below.

As a first example, one can remap the definition of two or more pairs of
code words. For instance, these two code words[1100110011jJand[0011
001100] (for NACK/ACK and ACK/NACK) may be switched to produce the
following equivalent codebook:

ACK/DTX = [111111111171]



0010 0]. Wth this second exanpl e codebook enbodi nent, when a
renote termnal m sses an order to cease nmultiple carrier operation (e.g.,
m sses an HS-SCCH 5 order) and renmains in nultiple carrier operation (e.g.,
remai ns in DC-HSDPA operation), it will signal an ACI C/ DTX code word

i ndi cation or a NACK/ DTX code word indication when it acknow edges recei pt
of HS-DSCH data. Because these two code words are the sane as the ACK and
NACK code words for single carrier (including single cell) signaling, there
is no ambiguity problemat the 10 wirel esE-network node. Mor eover,

gi ven the codebook configuration of the second exanpl e codebook enbodi nent,
nmessages havi ng opposite neanings are assigned the | argest (pair-w se) code
word separation. FMNAEKADPXer nesEe@es OIXOACK and DTX/ NACK have opposite
meani ng. The nessages. ACK/ DTX and CK/ DT X 15 al so have opposite neaning.
Additionally, the 3% ACK/ Adl%'\ﬁ dll\%@loé) CK have (doubl e) opposite
nmeani ng. The nessagepxAFA so have (doubl e) opposite
meani ng. It can be seen t thea@boposed code ook has a Hanm ng di stance
of 10 for each pai rNACKT/AéIK’;lbove @opddit@1teddf ng cases. 20Code word
remappi ng (e.g., chan i n e def] ion of a code word), bit pernutation,
bit-w se n£ki ng, p&%ns th r{eé ]aﬁ(ﬁ) ]sb]cforth result in codebooks
havi ng t he enumerat[g@Kp eRerties C@rp@elq@l r@t“j codebooks that can be

obt ai ned t hrough one or nore of tliﬁ ese and/ or s m | ar or anal ogous
operations (e.g., WAGKINAGKrg fflbhDd cbldbdk as described herein)

conpri se equi val ent_25 code books i enent ati ons of these
operations are pI’O\P d bel ow. [OF@E Sorg{ﬂ exanpl e, one can remap the
definition of two gPLe pairs o Iy For instance, these two code
words [1 100 11 810 1 1] and [OEOOP?‘]@_BQIOMVg Clk?Ll) (for NACK/ ACK and

ACl C/ NACK) 10rayThie csié tvond cerhapping doesendthieovieier cnhange duphasixl endie proprybenk :
30ACIC/DTX =[1 21 111111

such as the minimum }ammmg distance of 4, of the code book. Also, the

(pair-wise) maximum Hamming distance of 10 is preserved between code pairs

having opposite meanings. In other words, the Hamming distance of 10 is

preserved between code pairs DTX/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 another example, permuting the columns in an “original” code book

does not change the basic code properties. For instance, switching the first and

last columns of the “original” second example codebook embodiment results in an

20  equivalent code book as follows:

ACK/DTX = [1111111111]
NACK/DTX =  [0000000000]
DTX/ACK = [0111100001]
DTX/NACK =  [1000011110]
25 NACK/ACK=  [1100110011]
ACK/NACK =  [0011001100]
ACK/ACK = [0010101011]
NACK/NACK= [1101010100]
PRE = [0010010010]

30 POST = [0100100100].



NACK/ DTX DTX/ ACK DTX/ NACK = NACK/ ACK = ACK/ NACK = ACK/ ACK = NACK/ NACK PRE=
POST = [0000000000] [1111100000] [0000011111] [0011001100] [1100110011]

[ 1010101010] [0101010101] [0010010010] [0100100100]. 10 This code word
remappi ng does not, however, change the basic code properties, such as the
m ni mrum Hamm ng di stance of 4, of the code book. Also, the @ir-w se)

maxi mum Hamm ng di stance of 10 is preserved between code pairs having
opposite meanings. In other words, the Hamm ng di stance of 10 is preserved
bet ween code pairs DTXJACK and DTX/ NACK, -b&tween code pairs 15 ACK/ DTX and
NACK/ DTX, between code pairs ACK/ NACK and NACK/ ACK, and between code pairs
ACK/ ACK and NACKJNACK. As anot her exanple, pernuting the colums in an
"original" codéhiidokpaomsednatdebbaloprestves tiranmimoneHpmapeg tistace ledrd for

i nstance, switghin he fjrst and | ast col umm f the "original" second
exanpl e codeboﬁ%@ CQa%%%ﬁmo’rt%ﬁWH dét‘_ﬁa@é Ogﬁ(?@(i’res-ei‘ée-d Ehiqeepartut ed
codebook pr eseb\t@@g@?@ affl m:)%mfg@gfsfb&gvegh %&@flagir@kc‘iqw%taﬁe w&éﬁqﬁd

Al so, the Hamm ng di st ance preserved®bet ween code pairs DT
and DTX/ NACK, beftveer vode dmingai CK/NAKIHOTda N CHRACKIT Xnd Heetwesn codel @apai r s

ACKINACK and NA a b en._code pairs 5 ACK/ ACK and NACK/ NACK.
As yet anotﬁerm?n‘ggﬁ}mégommn mask to the "original" second
exanpl e codebook enko tgﬁ%@g%ﬂg’tﬁ?ﬁgﬁﬁﬁc%‘gﬁ‘f%@%tgﬁgeebﬁ?fg?'gﬁﬁ td8ad For

i nstance, one can apply a common S each of the
code words in exmmplecodiboak entwdémbtaloes mop clorhge e¢he hasié obdopiapgrieguibioal ent

code book: AC 1%/5 T?:<e:, ogn(e) c%n apply a common mask of [1 00100 1 00 0] to each of the code

words in the “original” code book to produce the following equivalent code book:

10 ACK/DTX = [0110110111]
NACK/DTX = [1001001000]
DTX/ACK = [0110101000]
DTX/NACK = [1001010111]
NACK/ACK = [0101111011]

15 ACK/NACK = [1010000100]
ACK/ACK = [0011100010]
NACK/NACK= [1100011101]
PRE = [1011011010]
POST = [1101101100].

20  This code book resulting from application of a common mask preserves the
minimum Hamming distance of 4 for the code book. Also, the Hamming distance
of 10 is preserved between code pairs DTX/ACK and DTX/NACK, between code
pairs ACK/DTX and NACK/DTX, between code pairs ACK/NACK and
NACK/ACK, and between code pairs ACK/ACK and NACK/NACK.

25 FIG. 5 is a flow diagram 500 of an example general method for multiple
carrier acknowledgment signaling. As illustrated, flow diagram 500 includes
eight blocks 502-516. Flow diagram 500 may be implemented by two
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,
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514, and 516 as a wireless network node 102. Second device 302b implements
steps 506-512 as a remote terminal 104.
The steps of flow diagram 500 may be effectuated with
processor-executable instructions. Processor-executable instructions may be
5 embodied as hardware, firmware, software, fixed logic circuitry, combinations
thereof, and so forth. Example operational implementations of
processor-executable instructions include, but are not limited to, a memory
coupled to a processor, an application-specific integrated circuit (ASIC), a digital
signal processor and associated code, some combination thereof, and so forth.

10 In an example embodiment, flow diagram 500 depicts a method for using a
multiple carrier codebook 312 to implement acknowledgment signaling in a
multiple carrier environment. Although particular example elements from other
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
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the carrier(s) that are expected based on the indicated carrier mode and downlink
schedule.
At step 508, a reception scenario is determined. For example, in a dual
carrier situation, communication confirmation unit 308b of remote terminal 104a
5 may determine the reception scenario. The reception scenario corresponds to
whether a communication was or was not correctly received on the expected
carrier(s) and whether a communication was expected on the carrier(s). Thus,
determining the reception scenario determines whether an ACK, NACK, DTX,
etc. indication is appropriate for each of the assigned carrier(s). For a specific
10 example, if a communication is expected on both a first and a second carrier, and
if one is correctly received only on the first carrier, the reception scenario
corresponds to an ACK for the first carrier and a NACK for the second 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.
Atstep 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
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may decode the received code word 402. The decoding transforms or extracts the
acknowledgment meaning from the value of the received code word 402.
Continuing with the specific example, communication confirmation unit 308a of
wireless network node 102 decodes the value of the received code word 402f to

5 extract the intended ACK/NACK meaning that acknowledges the reception
scenario on the first and second carriers.

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 606¢cd 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



[1011 011010 POST=11101101100]. 20 This code book
resulting fromapplication of a comobn nask preserves the m ni num Hamm ng
di stance of 4 for the code book. Al so, the Hanm ng distance of 10 is
preserved between code pairs DIX/ ACK and DTX/ NACI C, between code pairs
ACKIDTX and NACI C/ DTX, between code pairs ACKINACK and NACK/ ACK, and

bet ween code pairs ACK/ ACK and NACK/ NACK. 25 FIG 5 is a flow diagram 500
of an exanpl e general nmethod for nmultiple carrier acknow edgnent signaling.
As illustrated, flow diagram 500 includes2%i ght bl ocks 502-516. Fl ow

di agram 500 nmay be inplenented by two communi cation devices, such as a
first device 302a and a second device 302b (of FIG 3). In an exanple
enbodi ment, fipst Gghcnchida todd evedt $0% €pCIOALKPUhd 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 402e 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.



-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 (#IC), 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 codebook 31gchd, tBlEERS: Reknevtasisr Bl B Sppkicddwict & Grdet i@l €

carrier environment. Although particular exanple el enments from other FIGS.
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scenario. For
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



15 exanple, froma multiple carrier codebook 312 that is stored in a nenory
of renote term nal 104a, conmunication confirmation unit 308b of renote
term nal 104a may determ ne a code word having a nmeani ng corresponding to
the determ ned reception scenario. Continuing with the specific exanple in
a dual carrier context, renote term nal 104a determ nes the value of the
code word 402f 20 in dual carrier codebook 312-2 that corresponds to the
ACK/ NACK rnreani ng. At step 512, a nessage having the determ ned code
word is transmitted. For exanple, an upli-nk response nessage 108 having the
determ ned code word 402 may be transmitted using transmtter 304b from
renpte termnal 104a to wirel ess network node 102 At step 514, a nessage

havi ng t he det u
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di stance of fofpm device 7okG 6B is a bl ock diagram 600B that depicts exanple

code word pairs 606 having opposite neanings. As illustrated, block diagram
600B i ncl udes four Goueallyprogsors 7646 @p@hhﬂ oﬁ@eecmm§ peofrmingd zadieaxi mum

code word separatian indj i.on 608. Each cod rd, 606 includes two
code words 402°tﬁﬁ'%f‘f %avghggtu%tﬁgoy PEOCHESRRCAES %aslio tl\%?d Pt 608ab
| ncl udes code wetelsdedok bl iRlcind 7600812485:9 782 c6NORIITBne Gaggevor d
pair 606cd includes code word 402c (DTX/ ACK) and code word 402d ( DDUNACK) .

Code wor d 2ai rpreomor-ammhiesnmmaemr&mmm@ WRABK/ MEXPrya @6 c oy inghde402f

(ACK/NACK) . CO}%‘%CQ:Asgtr)rqexecutable instructions 710 that are executable by processor 704 to

effectuate the Iﬁerformance 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).



-22- pair 606gh includes code word 402g (ACK/ ACK) and code word 402h

( NACK/ NACK) . For at |east the second exanpl e codebook enbodi nent, the
code word separation is configured to be a maxi num codeword separati on 608
between any 5 two code words 402 of a code word pair 606 in which the

i ncl uded code words have opposite neanings. For exanple, there is a maxi num
code word separation 608 between code words 402a and 402b. Simlarly, there
is a maxi num code word separation 608 between code words 402e and 4021. For
codebooks havi ng code words 402 of |engthz3-en, the maxi num code word
separation 608 is ten. 10 Wth the second exanpl e codebook enbodi nent, a
renote termnal is enabled to signal MC-HSDPA HARQ affirmative

acknow edgene | j d i h
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carrier (incluchmgomenis bpd/er oritd of RIGSbSokt, okt and $Bt feeg.¢ adedmmkinicstidn f or

single carrier (including si e cell) 15 HA acgo e ment . si ling as
a sub- codebookCYHEFEHPRF ‘thg e Mylfiple, crtrisy; &8 eﬁ?é’\fé\?% ggf’diegt')ance Dt he
new codebook | sroealanetube indihiRiishD-TOMERO AtorRBa BRI ibeessdini7a4anRE 0ach

can be extended to cover the case o extension to iple carrier (or
mul tiple cell)fumptom ithatsare | desanteihbererx amyl be eaffeotiiateeint Exainple fesbioos t o

CQ reporting.in dual 20 carrcier environnent r te termnal_js to use
AT TN AT R ML L P
deactivating tm.@c):_'a'ﬁ'f@lagd%e(ﬁ?ﬁ%?éf%n%ﬂleﬁ%%ﬁ?%@?arﬁﬁ%%ﬂ’lﬁ o oA} cBHSHDORE that

enbodi nent, there Wl e superfluous or-a second CQ field. These
super f | uous bi 4re dasctibal beindb@@, abivedltl avahodre thas ede iembadiedoby sheothser of

di fferent ways, 25Ex | e use t he superfluous bits of the second CQ
e ek pg el beiedt,

field are desc the CQ for the second carrier can

be measur efh and r engjitethieUBOLAL) L8 tht T BhERT!YaHOLKEAO: Wil Imtet

currently schedule the renote term on the second carrier. These
report ed neasuadaetagss.neyemeealby, tdeghims smbedinsends byhiehe ani endlessl meninonk

node. For instgnce,. a W reless net k node.may 30 determ npe whet her .or not
't s appropr i QREHiaE, Jieirs 30k o heeBEoREG FORa Vots abgointy siiedBong.
the CQ for thﬁcMcKaﬁgha%fgn?af b1t AP dad-Rekst WaGRD AfydRfagh CoRelitaHe a
kind of repetition coding of the CQ. "This repetition coding nmay inprove

t he uplink covenbegdnfeats ishthaCPRE rahd-rRﬁS"_fomperaﬁxinsdmmrbm supgesied n@dl. uhysed
0Q value (£ G Sty LY ANE Yl e 2 Lo ot ko mN B 2 Leparkad >0
e A S A e AR et
for each carri&fitgedxample 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.



Certain inplementations may i nvolve a conbination of the DC-Fl SDPA feature
and the MEMO HSDPA feature. In such inplenentations, a new format 10 may be
utilized. For an exanpl e enbodi nent of such a format, the information
corresponding to the first MMO stream may be mapped to a first HS- DPCCH
code, and the information corresponding to the second M MO stream nmay be
mapped to a second HS-DPCCH code. The first HS-DPCCH code may be simlar to
t he DC- HSDPA HS- DPCCH founat descri bed above. The second HS- DPCCH 15 code

may be transmitted in parallel with the #26st HS- DPCCH code. FIG 7 is
a bl ock diagram 700 of exanple devices 702 that may be used to inpl enment
enbodi nents for nmultiple carrier acknow edgnent signaling. As illustrated,

bl ock di agram 700 iTHel ddases! ReERY iEREod) AftBotl, F0gd) schs&Ndale ktrattures,

interface equi pment 712, and one or nore networks 716. As explicitly shown
20 wi th devi ceprpoliurese aompdesitsectz0of FHYSi hdl ugdllustratedisn dingeamy dvéssor

704, one or noge.enpries {0 e, or re input/out put,interfaces 708, and
at | east one i‘%?gfggoﬁﬁgcmuiwq?lﬁgcmrﬁi@g% ﬁgeglnq icl U%Iepwevel, © ordet,
processor - execigterimebiiGds! iénQfonéAs, LS WOt () wHith FIBSPET dpydweyibed
exanple but_not limtation, an internet, an intranet, an Ethernet, a public

networ k, a Jridule shewnmrk nokintadeé tbe aonsirued ag Bndting. tiar ansubwabérdrthe i ne

(DSL) network,,.a .tel ephone network Wi I etwork, .a wirel ess network,
Soms’ conbi nat | HARHERRS Ptes priegts e pe et B e e S
comuni cat e ov&hitRE] ¥ ik(s) nder to impldrAént K8 IBR nfore BRdstheBRdtBodsdaaviess, 702
may represent any processing-capabl e device. Processor 704 may be

i npl ement ed usPAOEH EPPariusegetrErtgemenispetre for nultplecsaatiepikpowiedsnaéssor .
Exanpl es inclqggmiggt are not limted to, a central processing unit (CPU)
a digital signa 6r tessor (DSP), a m croprocessor, sone conbination

thereof, arg so forAlfhoudBNEitiple SeriBodiR@nBNYT akai praftng iPsMion hiwd beén
included as part of and/or is accessible by device 5 702. It includes

vol atile and nifustasedhin the apeovapanyingdimvangscandrieseidhedria tos fostgoingRsteiled

har d- coded | ogd . i pati o t hereo d forth. . s tion
714 !nterconng%§§m§ﬁ§8b§ 5WB§P§]8F§H%UFQQM$SQ?lﬁﬁ?gpg&ﬁﬁggﬁﬁ%ﬁ&%%ﬁqﬁgy be
realized as a disgoRd 6ibedinGaN)efkii0Ms fm&h%ﬁ%:éﬁlé agTdnimyrodk resringedients,
indirectly interconnect various conponents. 1/O interfaces 708 10 may

include (i) a Hedifisationsandsthstdutions wishout deparging hcpro thessapriel thainvegtiger oss
network 716& (] i spl i Lt erface.for displaying information on
a di spl ay @%ré@ﬁ%t?¥&ﬁIggﬁﬁmgg%xgr%hﬂﬁﬁﬁﬁgg@HF%e interfaces, and so forth.
Exanpl e network interfaces include, but are not limted to, a radio or
transceiver (e.g., atransmtter and/or a receiver), a nodem a network
card, sone conbination thereof, and so 15 forth. Human-device interface
equi pnent 712 nay be integrated with or discrete fromdevice 702.

General |l y, processor 704 is capable of executing, performng, and/or

ot herwi se effectuating processor-executable instructions, such as
processor-executable instructions 710. Menory 706 is conprised of one or
nore 20 processor-accessible nenories. In other words, nenory 706 nay

i ncl ude processor-executable instructions 710 that are executable by
processor 704 to effectuate the performance of functions by device 702.
Processor-executabl e instructions 710 may be enbodi ed as software,

firmvare, hardware, fixed logic circuitry, some conbination thereof, and so
forth. Processor 704 and 25 processor-executable instructions 710 of menory
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 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 613 (e.g., a conmuni cation
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
"“include, but are not limted to, those that are illustrated by flow

di agram 500 (q% FIS% 5) and those that are enabled by the exanple nultiple
carrier codebdokdIMSt are described herein above, as well as those that
are enbodi ed by the other features that are described herein. 10D fferent
enbodi ment (s) of the invention can offer one or nore advantages. Generally,
certain enbodi nents achi eve an enhanced m ni nrum Hanmm ng di stance for a
codebook havinf codd wsthrd tihat ¢adlnen yelepBEBIARKINACRIEPHN | PgVERNE 2
mul tiple carriers. Another advantage of certain enbodinents is that PRE and
POST oper at i onmdebyolbenismptubr hawetr agemoby tetminaldB0Ab handia pasastiotion €302a),
word and a postanble code word that are conpatible with one or nore

previ ous r &l easksre tide wemeke ssrnsihahdad dMase Mingors pebictivebl loperatorin acithersa
exanpl e codebook enbodi nent, a nultiple carrier codebook having ten total

code words achh@kpie-daffidh Hbae BaNHINR0a dhdtiplcaaraitr HARQRAIKS Totibifodle(B 19} al
code words, with five being the | argest possible m ni mum Hamm ng di stance

20 for any 00%91%2%?2%{ 'ﬁ%é@gﬁ%ﬁw ﬁﬁiﬂﬁg L g8 chftier HARFNCR 2aeBsk

exanpl e codebook I pl e carTier todebook having eight code

wor ds achi eve N i ' f .bet ween any two code word
pairs (e.g., %?P%ﬁ@%@%ggggﬁggyéﬁlSééﬁgs(t)gé wor ds) . Furthernore,
anot her advantage of these enbodi . 1.5 that codebo i gul 5 be
avoi ded when a renot¥R&HF H};ﬁm‘?ré’ir%ﬁggfgl tﬁ*&%‘@@%ﬁ?“ﬁ@%@@r%ﬁk&lﬁ8%a%ﬁ%5
mul tiple carrier codebook can be configured to inglude a singl arrier
codebook 38 a HABQadeho f‘choogub%l&bgth?é@%fa. pb%raﬁiy et OY"E?@&S i%é{ﬁfl%%
of certain enbodinments is that a |argest code word separatjon for nmessages
havi ng opposi tteessagacogdinaipnsdhaidhe evmgte term@al sends, Trizergiaving €ede megqd Jpks,
functions, nmethods, steps, schenes, data structures, procedures, )
component s, etan. AdknewdSdgrheiit, andCK) Imessage eahd rthdi agdanwotdalior ap e Ngigaiived
into multiple blocks and other el enents. However, the order,

i nt er connect i Asknowltégmehat NASIK psmedsagoutin  elie. multiplercdiribt GHARQ7AGKe
described 5 and/ or shown are not intended to be construed as limting, for

any nunber of Jdlgbddio¢B 2N AUOhOtARe Ak MBNAE KB NATH fcbad, werisbimele
rearranged, augnented, omtted, etc. in any manner to inplenment one or nore

it ipr e Garr OSSR IRCK, o RRPBCETYERR) ¢ELian mul 11 pi o erbod ment s
and desr bed i n ¢ Ko R B RgresrualdSRagL ittt i ErFECRR Y fiac iabos
For it 1s al s430balal VR, fheh IS ulilisiaien piote, e SREHIsRERER, MO
Fubst L ons Lot dopalS TG CEOT AR SSRRE Lokl UTRY) 99 16 SRRt

terminal to transmit uplink ACK or NACK messages in response to single-carrier
20 transmissions from the base station (302a);
wherein, since the code words for the ACK and NACK messages are the
same in both the multiple-carrier HARQ-ACK codebook (312a) and the
single-carrier HARQ-ACK codebook (310a), a codebook mismatch at the base
station (302a) is avoided.

25



-27- CLAIMS: 1. A nethod in a cellular tel econmunication network of
preventing a codebook m smatch between a renpote term nal (302b) and a base
station (302a), 5 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 singge-carrier node utilizing a
singl e-carrier HARQ ACK codebook (310a, 310b), the nethod conprising the
steps of storing in a nmenory (706) in the renote termnal (302b), a

mul tiple-carri r 1 A codeb 312b) havi.ng, a | it de
hor 1 or Cunt iBus  aHeRea s RSB ST 8@%3%?«5‘9‘{1@??% witicf e s a
wherein the code word for .an Acknow edgnent ssage.and the code word
for a Negati véid%mwre@@ﬁ%rﬁperw Onn%&ta@%d SeCah CALI fequengies, gqnd the
HARQ ACK codebook (312b) are the sane as the ACK and NACK code words in the
15 si ngl e- car mleialibagCrodewverstdpdbg nudtplsycardaigH AR Q- AGReepdaheok egprespond

termnal (302b) m sses an order fromthe base station (302a) to switch from
the nul tipl e- dathé &llawide messapes:si ngl e-carrier node, utilizing the

mul ti pl e-carrier HARQ ACK codebook (312b) by the renote termnal to

transmt uplink ACKAcknoMACHgmessBRentinusespansmidstorsiAgKebdas;ri er 20
transm ssions fromthe base station (302a); wherein, since the code

words for the ACK AR dBRAEESMBAEDIRenE AlGUY I\rala@ﬁhssﬁdste NACK/DTX;
mul ti pl e-carrier HARQ ACK codebook (312a) and the single-carrier HARQ ACK

codebook (310a), a[ﬁ@@&ﬁﬁﬁi&u@ﬁﬁﬁéﬁﬁsﬂﬂA&&&ﬂ%éﬁ&%ﬁﬁ IPPX(R0%2) 1 s avoided.

-28- 2. The method as recited in claiml, wherein thé multiplé-carrier node
is a dual-carrier S agng

and the plurality gﬁggorgfe}lq\?g%(}qgnﬁﬂ{sﬁ ?gﬁgieeﬁcarrllgraéﬁ&ﬁgﬁg g‘gﬁ%ook
correspond to the es ment nuous

Transm ssi on, Ngrg%g(‘tlﬁr\?éfa g&‘ﬂS{}ﬁ g?r%‘meﬁég?&&r#m%% ansm ssi on,
NACK/ DTX; scontl uQu i on/ Acknowl edgnent Di sconti nuous
T ans 65480 Negat .Aﬁ@mﬂe\liﬁ@&ws@@ﬁea% W%‘?ﬁ%lmcfe gﬂ@@&t%@ﬁ%K'

Acknowl edgnent/ Acknova edgirrent NACL1C/ ACK; 10Acknow eollgrrent/ Negati ve

Acknow edgnent , qlgnoreledgment/Acknowledgment, ACK/AC

Negative Acknowledgment/Negative Acknowledgment, NACK/NACK.

3. The method as recited in claim 2, wherein each code word has a length of

15  ten bits, and the bits are defined to provide a minimum Hamming distance of four.

4, The method as recited in claim 3, wherein code words corresponding to

pairs of messages having opposite meanings have a Hamming distance of ten.

20 5. The method as recited in claim 4 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
25 ACK/NACK and NACK/ACK.



Acknow edgnent / Acknow edgnment, ACKJACK; and Negative ‘

Acknow edgnent / Negati ve Acknow edgnent, NACK/ NACK, 3. The nethod as
recited in claim2, wherein each code word has a length of 15 ten bits, and
the bits are defined to provide a m ni num Hamm ng di stance of four. 4. The
nmethod as recited in claim3, wherein code,yords corresponding to pairs of
nmessages havi ng opposite neani ngs have a Hamm ng di stance of ten. 20 5. The
nmet hod as recited in claim4 wherein the pairs of nmessages having opposite
meani ngs i nclude: DTX/ ACK and DTX/ NACK; ACK/ DTX and NACKJDTX; ACK/ ACK and
NACK/ NACK; and 25ACKNACK and NACK/ ACK. -29- 6. The nethod as recited in
claim1, wherein the nultiple-carrier HARQ ACK codebook al so includes a
preanbl e code 6aor d, THREnetod aspastided| @ cddanwdy dwhe@dd, thdamudtiple-carrier
conpatible with the PRE and POST code 5words in the single-carrier

codebook. 7. TARQWACK cadeborski b iificlaled M preahibleeicod¢ hword; mBRE, t sdrianal
transmts the uplink ACK and NACK nessages on a hi gh-speed dedi cated

physi cal ~cont r)stehgBR8e fvPbrdHPOCHhat SreDRSAFhtibIO with thPRIBANPEOBT code

recited in claim1, further conprising the renote termnal transmtting at

least a figst an.a HECANGIC H@F{;%%b%lfgy indicator, CQ, field when

mul tiple-carrier node 1s deactiva 9. The nmethod as recited in claim
8, wherein the second CQ field conprises a CQ for a second carrier.

7. The method as recited in claim 1, wherein the remote terminal transmits the
uplink ACK and NACK messages on a high-speed dedicated physical control
channel for HS-DSCH, HS-DPCCH.

10
8. The method as recited in claim 1, further comprising the remote terminal
transmitting at least a first and a second channel quality indicator, CQI, field when

multiple-carrier mode is deactivated.

15 9. The method as recited in claim 8, wherein the second CQI field comprises a

CQI for a second carrier.

10.  The method as recited in claim 8, wherein the first CQI field and the second
CQI field both comprise a CQI for a first carrier.

20
11.  The method as recited in claim 8, wherein the second CQI field comprises a

value to indicate that the multiple-carrier mode is deactivated.

12. The method as recited in claim 1, wherein the remote terminal utilizes

25  hybrid automatic repeat request, HARQ, uplink signaling.



10. The nmethod as recited in claim8, wherein the first CQ field and the
second CQ field both conprise a CQL for a first carrier. 20 11. The

nmet hod as recited in claim8, wherein the second CQ field conprises a
value to indicate that the multiple-carrier node is deactivated. 12.
The nethod as recited in claim1l, wherein the renote termnal utilizes 25
hybrid automatic repeat request, HARQ wuplink signaling. -30- 13. The

nmet hod as recited in claiml1l, wherein the nultiple-carrier node conprises a
multiple-cell node in which a first carrier of the at |least two carriers is
associated with a first cell and a second carrier of the at |east two
carriers is Sassociated with a second cell. 14. The nmethod as recited in
claim1, furtH& cdiprnsithed taseresitegsinotlaiiat &y mheireig fhic ondtiple-eaprier mode
downl i nk communi cations are recei ved on one or nore expected carriers;

10det er mi ni ng dniRERPhindItiIpEEoE! iodeds eticha fins canteraf thoatd cakiwwbicakriers is
communi cations and the one or nore expected carriers; and det er m ni ng

a code word frRmdiedmihiPkestClr bl HoRGnAKareief@Pank i Nadsthas darRaning
corresponding to the determ ned reception scenario. 1515. The net hod as

compr  ses: >actBef 1884 5 Hhad brx 20 6 0 0 6 0 0 00 0] DTX AK
=[1111100000] 20DTXNACK =s[0 00001111 1]
14.  The method as recited in claim 1, further comprising the steps of:
determining if one or more downlink communications are received on one
or more expected carriers;
10 determining a reception scenario based on the one or more downlink
communications and the one or more expected carriers; and

determining a code word from the multiple-carrier HARQ-ACK codebook

that has a meaning corresponding to the determined reception scenario.

15 15. The method as recited in claim 1, wherein the multiple-carrier

HARQ-ACK codebook comprises:

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

NACK/NACK= [0101010101].

25



NACK/ACK =[0 01 1 001 1 00] ACKINACK =[I 100110011 ACKACK =[1
0101 01010 NACK/NACK=[01010101011. -31- 16. The nethod
as recited in claim15, wherein the nultiple-carrier HARQ ACK codebook
further conprises: PREE [0 01 00100 10] PCST=

31-

16. The method as recited in claim 15, wherein the multiple-carrier
HARQ-ACK codebook further comprises:

PRE = [0010010010]

POST= [0100100100].

17. 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,
10 312b) or in a single-carrier mode utilizing a single-carrier HARQ-ACK codebook
(310a, 310b), the remote terminal comprising:
a memory (706) for storing a multiple-carrier HARQ-ACK codebook
(312b) having a plurality of code words for various message combinations that the
remote terminal sends, wherein the code word for an Acknowledgment, ACK,
15 message and the code word for a Negative Acknowledgment, NACK, message in
the multiple-carrier HARQ-ACK codebook are the same as the ACK and NACK
code words in the single-carrier HARQ-ACK codebook (310b); and
means for transmitting (304b) uplink ACK or NACK messages utilizing
the multiple-carrier HARQ-ACK codebook (312b) in response to single-carrier
70  transmissions from the base station (302a), when the remote terminal (302b)
misses an order from the base station to switch from the multiple-carrier mode to

the single-carrier mode;



[0100100100]. S17. Arenpte termnal (302b) for preventing a
codebook m smatch between the renote term nal and a base station (302a) in
a cellular tel ecommunication network, wherein the renote terninal and base
station selectively operate in either a nultiple-carrier node utilizing a
mul tiple-carrier HARQ ACK codebook (312a, % 312b) or in a single-carrier
nmode utilizing a single-carrier HARQ ACK codebook (310a, 310b), the renote
term nal conpri sing: a nmenory (706) for storing a nultiple-carrier
HARQ ACK codebook (312b) having a plurality of code words for various
message combi nat i onghéreat, sife therotle wadsifoathesAfds andieA EKnmersages dée West d

for an Acknow edgnent. ACK, 15 nessage d.th f '
:{Aﬁknowl edganS,alTNé?(, bﬁ’élssthgelﬁuﬁiltlﬁ@%ﬁﬁiug{]i%ﬁ%ﬁéﬁe%&&ﬁ@%g 1 gg%lg\(;%%rc
e sane as the and c WOr ds_ i n At sin - [
codebook (3_10_1)5‘?598??@“1“ m%?fgg%f 8?5%08??5(1%1?&’%C%@%fb%?r%%ﬁ%ﬁaﬁwgg{t or "NACK
nmessages uti | !sﬁtﬂ%é a?}ggdéoghgd_carri er HARQ ACK codebook (312b) in
e- er

response to si'ng arr transm ssions fromthe base station (302a),
when the rgnote termnal (302b) misses an order fromthe base station to
switch fromthe nultiple-carrier node to the single-carrier pode;
18. 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,
10 312b) or in a single-carrier mode utilizing a single-carrier HARQ-ACK codebook
(310a, 310b), the base station comprising:
a memory (706) for storing a multiple-carrier HARQ-ACK codebook
(312a) having a plurality of code words for various message combinations that the
base station receives from the remote terminal (302b), wherein the code word for
15 an Acknowledgment, ACK, message and the code word for a Negative
Acknowledgment, NACK, message in the multiple-carrier HARQ-ACK
codebook (312a) are the same as the ACK and NACK code words in the
single-carrier HARQ-ACK codebook (310a);
means for sending (304a) an order from the base station (302a) to the
20 remote terminal (302b) to switch from the multiple-carrier mode to the
single-carrier mode;
means for receiving from the remote terminal (302b), an uplink ACK or
NACK message including a code word from the multiple-carrier HARQ-ACK
codebook (312b) in response to a single-carrier transmission from the base
25  station; and

a processor (704) for decoding the code word for the ACK and NACK
message utilizing the single-carrier HARQ-ACK codebook (3 10a);



- 32- wherein, since the code words for the ACK and NACK nessages are
the same in both the multiple-carrier HARQ ACK codebook (312a) and the
single-carrier HARQ ACK codebook (310a), a codebook m smatch at the base
station (302a) is avoided. 5 18. A base station (302a) in a cellular

t el ecomuni cation network for preventing aszgodebook m smatch between a
renote termnal (302b) and the base station, wherein the renote term na
and base station selectively operate in either a nultiple-carrier nDde
utilizing a nultiple-carrier HARQ ACK codebookz&@12a 10 312b) or in

si ngl e-carrier nodeviereln gingg the §D%M@Ié&f¢r die @%@Ni‘é@gem?éﬁag@éf@%t the
310b), the base station conprising a nenory (706) for storing a
mul ti pl e- car r isemeHARObAIK thodehididile(@nle) %&Q@élﬁplcgd@bqqky (81 2@ dadwdiels
for various nmessage conbinations that the base station receives fromthe
renmot e terni naingl3Qabjier AR @i ACKheodsidekwsr 0af,ar cadetmokAnismoattle dgtbatase
ACK, nessage and the code word for a Negative Acknow edgnent, NACK, nessage
in the nul tiplgattaH 1si®oiddIRQ ACK codebook (312a) are the same as the ACK
and NACK code words in the single-carrier HARQ ACK codebook (310a);

means for gending (304a) an order fromthe base station (302a) to the 20
renote termnal (302b) to switch fromthe nmultiple-carrier node to the
single-carrier node; means for receiving fromthe renote term nal
(302b), an uplink ACK or NACK nessage including a code word fromthe

mul tipl e-carrier HARQ ACK codebook (312b) in response to a single-carrier

transm ssion fromthe base 25station; and a processor (704) for
decodi ng the code word for the ACK and NACK nessage utilizing the
singl e-carrier HARQ ACK codebook (310a); -33- wherein since the code

words for the ACK and NACK nessages are the sane in both the
mul tiple-carrier HARQ ACK codebook (312a) and the single-carrier |I1ARQ ACK
codebook (310a), a codebook m smatch at the base station is avoi ded.



