Multiple Carrier Acknow edgnent Signaling TECHNI CAL FlI ELD The present

I nvention relates generally to the communications arts, and nore

speci f i caVOROWWO3IGHY of exanple but not limtation, to a®khaRIEBGEAHX
signaling in a nmultiple carrier environnment. BACKGROUND Many speci alized
terns and abbreviations are used in the comunications arts. At |east sone
of the following are referred to within fihe text that follows, such as in

t hi s background and/or the subsequent description sections. Thus, the
followi ng ternms and abbreviations are herewith defined: 3GPP 3rd CGeneration
Partnership Project ACK Acknow edgment ARQ Autqmatic Refransnj,ssion reQuest
CQ Channel Qual iMultnp];etGrameBMknﬂW%adgment ignalingra Drx

Di sconti nuous Transm ssion HARQ Hybrid Automatic Retransm ssion reQuest
HSDPA Hi gh- Speed Downl i nk Packet Access HS- DPCCH Hi gh- Speed Dedi cat ed

Physi cal Contr ol Channell:élign WCDVA) HS- DSCH Hi gh- Speed Downl i nk Shar ed
Channel HSPABRCHINKpAEJHELRet Access HS- SCCH Hi gh- Speed Shared Control

Channel MC-HSDPA Multiple .Carrier/ tiple Cell DPA M MO Ml t i ut,
Mul tipl e Qutput %@fﬂg"g‘&t@\y@%@kﬁ e&%‘ﬁ?&ﬁ&}p&ﬁ%g&ﬂg‘gycy aﬁ‘%‘f%e%
ack/ nacks PREagH $pecifically 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
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WCDVA W deband Code Division Miltiple Access El ectronic comuni cation forns
t he backbone of today's information-oriented society. Electronic

communi caVPEAY/ W3t ransmitted over wirel ess or wred cR&HABIEYHYIHy

el ectromagnetic radi ati on, such as radio frequency (RF) transm ssions,

|l i ght waves, and so forth. The accessibility and capacity of electronic
comuni cations is frequently limted by phe bandw dth of a conmuni cati ons
channel between a first (e.g., transmtting) device and a second (e.g.,
recei ving) device. The avail abl e bandw dt h of a communi cati ons channel nmay

be i ncreased by ting any, pf a r, of different schenmes. One such
exanpl e schene i 2’ nmuni céfg]fﬁadf)yw%% ple carriers. Miltiple carrier
operations may i mul ty ibRMultidlOA cegged packet access
(HSPA), includi ngﬁg g -speggﬂigg\%%?i@r?k&% elt ac%e?s (HSDPA), is currently
bei ng evol ved toHlsatdsde mebtimwdcati@r afethor nthet i baekbomwper af i otslayAn

initial step is to support dual-carrier and/or dual-cell (DC) HSDP
oper ati ons (Iformstimajorientech soxietisDEASCtEonie comaHnICatiens, ard HGASHINEC 8VFY er s

"sinmul tapeously." This.increases high-data-rate cover . Wth. s .
communi cat i FArElgEs éﬁs‘,m’éetr‘}c ﬁﬁaa"%neﬁ% dgsgng ﬁ?@%ﬁ?@%ﬂe ' rﬁ@%ﬁpﬂaﬁ%hmﬁﬁamo

W deband Co L V]Sl | C QERUNI ' DHEiea a
sender and g%@%é#i&ﬁ?ﬁ&%%@?#ﬁ%@é%&ﬁ?& u’ton(wlatsgc Ret rtgl?li%&gsbsﬁf%ﬁﬁre@est
(ARQ or HykhphskiARSE dIEKRic epamainieMtonsTe Yeaquentls lippcsd by hetianRAidtof a
affirmati ve acknow edgenent (ACK) or a negative acknow edgenent (NACK) is
used to suppomimuhieatiRQrimmehbetwvecnrn Saiied, ramsmidmgdavies and A sgeesbr of
proposal s have been pade to support the HARQ operations on each of two
carriers. A(gig decev dgVicent ai | s si gnaling the two ACK/ NACK i ndications

(one pey gcarri er )yyis) gy REPRLAGidH 8P a0 RRA5A: ellaRiM SheRlbcGaBiaskd

Channel
by adopting any of a number of different schemes. One such example scheme 18

communicating over multiple carriers. Multiple carrier operations may include
multiple cell operations. High speed packet access (HSPA), including high-speed
downlink packet access (HSDPA), 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



(HS- DPCCHs) . However, it has been noted that such an approach has a severe
coverage i npact when both HS-DPCCHs are transmtted. Furthernore, when

t hesecondVPASIBHNi s transnitted al one, the cubic netr PETIB208P/PARLY y

| arger than when the first HS-DPCCH is transmitted alone. This results in
wor se coverage when a nobile needs to ACKTNACK the second carrier alone, as
conpared to when it needs to ACK/ NACK thg-first carrier alone. A second
proposal generally entails signaling the two ACK/ NACK indications using
joint coding and one HS-DPCCH. In this approach, the two ACK/ NACK nessages
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There are eight (8) jointly-encoded messages to indicate the dual ACK/NACK
conditions:’
10 . ACK (carrier 1) & ACK (carrier 2)

. ACK (carrier 1) & NACK (carrier 2)
. ACK (carrier 1) & DTX (carrier 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
25.212 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]



DIXNACK = 11010210111 ACKIACK=[0111101011] ACK/ NACK
=[1001001000 NACKIACK=[0010010010]-ANACK/I NACK= [0 1
0 01 0 OVO2010§35108nf ort unatel y, there are deficienci es PCHIBHEYRIHO i ng
proposal s for supporting DC-HSDPA. As noted above, the forner proposal wth
two separate ACK/ NACK indications results in a severe coverage inpact when
both HS-DPCCHs are transmtted. The | atter proposal results in a different
set of deficiencies, which are described herein bel ow. Consequently, there
is a need to address the deficiencies that exist in the current state of

the art with reg tﬁ)q@uggo_rti I\ti Rl rier and/or nmultiple cell
cgg’rmni cgt ibons (3580 - A) r[%éunglq fd@f()ﬁcﬁgﬂm es and ot her needs are
addressed by one Stedy, thSreVald O4SiGERAES MBNtthe ObxisHfg PHESTRALs fi
i nvention. SUNW&%%’O?RI?S an oigf\rgct of tr11e pr esent i%ve}r{lltio% Po remasdyof)r at
| east anel | @u@ﬁ@rtmgeD' GrHSDRA ofAd heted @bbeé cthe ifesmehpitopasa wilk iwofseparater ei n

above and further below It _ is an object of certain enbodi nents of th
present i nvehCKNAGK aéndiestionsn resiHtsn dBdanSVEE nCREFFAER gLiapadt a Meweny %’P%%
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In an exanple e in arenote termnal for

acknow edgnment upténseqaémigl theg isna Aceditd hddress tirer deficiemdes that rexist ia thede
word is determned that jointly encodes acknow edgnent signaling for at
| east two casuriest state ofiile amiiwitlpregasdte seppatingiositiple serries apdiranultiplat

| east one ne f ot ) t ] X i . i
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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. It is 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.



that are defined to have a single carrier codebook as a sub-codebook of the
multiple carrier codebook, with each code word of the ei ght code words
havi ng a WeR8tM3803t en. The nultiple carrier codebook a®hTdFEEY8064i%i mum
Hanm ng di stance of four anong the eight code words. Second, an uplink
signaling nmessage that includes the determ ned code word is transmtted
fromthe renpte termnal to a wirel ess ngtwork node. | n anot her exanpl e
enbodi ment, there is a nethod in a wireless network node for acknow edgnent
uplink signaling in a nmultiple-carrier node. First, an uplink signaling

message that includes_,a code rd.that jointly encodes .acknow e n
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words haying a length of. ten. The | ti ple carrier codebook,achi eves a
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acknow edgnen plirnk signalrng 1n a multiple-carrier node: The renote
term nal i nglewgeik Abdd. €BBE nAlleipEEmTikr 8dddboolt iachides eiphe cods words dedeapook

and one or nore processors. The nultiple carrier codebook includes eight
code words tdefinediiehaes & singla cartigweodebopk@s @ subraodebodoabihesiruliiplecarrier
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jointly encogﬁcgng;\%r@ egEenérgsi gnaling for at least two carriers fromthe
multiple carrier codebook and to transmt fromthe renote termnal to a

wi rel ess net wor k Inogiet @mother example embodiment, there is a remote terminal that is

adapted to perform acknowledgment uplink signaling in a multiple-carrier mode.

The remote terminal includes at least one memory storing a multiple carrier

15  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

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

minimum Hamming distance of four among the eight code words. The one or

20  more processors are configured: 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



uplink signaling nessage that includes the determ ned code word. In stil

yet anot her exanple enbodinent, there is a wreless network node that is
adapt ed tWOP8HWEPWSacknow edgnent uplink signaling in aPkB{IB?O§P/REHY ri er
node. The wirel ess network node includes at | east one nenory storing a

mul tiple carrier codebook and one or nore processors. The multiple carrier
codebook includes eight code words that &e defined to have a single
carrier codebook as a sub-codebook of the multiple carrier codebook, wth
each code word of the eight code words having a | ength of ten. The nultiple

carrier cod%%gk chi_eves am ni numAHamm_n ' four g4 e _ei ght
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codebook. An advantage of_ certain enbodi nents of the present invegti on is

that an enh&ReeeesAcknawhedsmentsenaliseiacd laes) twe cagiire gad tq decodedheieddiok

havi ng cpde wor.ds.that j,eintly.enco NACK signaling for multiple
carrier s.8 Aﬁ%?rﬂépl%@mlﬁgg Q%Tlglé?‘?(gﬁi%ﬁo nbodi nents of the present invention
I's that PRE and RQBRipRRLEL bP BodtRRRE bEhe YRIseAN M VenkioRdY apAage Of
certain enbodi nent SEg? thgé prgggﬁtﬁly?rﬁvgntl on is t?‘lgt Sgodgf)ookloanbi g%i ty may
be avoi ded whaandddeméninsura Hamnine ditamai mgy et sshéeved foermtaldbeokilmzingind a
wi rel ess network node regardi ng whether _a single carrier node or a nultiple
carrier nod€ods werdsyehatJointly eacode AGKYN, n$iggeling feermultiple Resdeisent s
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way of exanpthdditnenttofl theptadbhinveatioRiodabeddebotk BRIbigsity dew esioided
systens, and so forth. Additional aspects of the ) _
when there is a misunderstanding between a remote terminal and a wireless

network node regarding whether a single carrier mode or a multiple carrier mode

is active. Still yet another advantage of certain embodiments of the present

15 invention is that a maximum possible code word separation may be achieved for

messages having opposite 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.



I nvention are set forth in part in the detail ed description, draw ngs, and
clainms that follow, and in part may be derived fromthe detail ed

descri pt i ¥R 28HP3804wi ngs, or can be | earned by practi cePST/IBHEPMIENt i on.
It is to be understood that both the foregoing general description and the
followi ng detail ed description are exenplary and explanatory only and are
not restrictive of the invention as disctbesed or as cl ai med. BRI EF

DESCRI PTI ON OF THE DRAW NGS A nore conpl ete understandi ng of the present

i nvention may be obtained by reference to the follow ng detail ed

descri ption t ' ' ty \ cconpanyi ng dr awi ngs

wher ei n: Fl [ ?‘ggg&l‘g’m:g@gn;lgﬁ Wz}r}%}g conmmuni cati ons system
including a w re|A2mﬁ@dﬁ%l&tdﬂdﬁrﬁ&ﬁ’diﬁ%:gﬂtﬁ%jizrés%ﬁt)ﬁﬁfehﬁbﬁim@ Be obtdme® i s
an exanpl e state diagramfor extended ACK/ NACK signaling that includes PRE
and POST opédyaeferasce @ the fallpwing detailéd descgingionorhex talph én denjunetion hveith ar e
configured %ﬁq]commni cate using a nmultiple carrier codebook in accordance

wi th enbodi pecoInpanyang dEARINEs WhRERi on. FIG 4 is a bl ock di agram of I an
| D] A E . ;
general Tethod fanCiiis pHESCER St bk o shabBlfedrh AR RARMRIRE  ©,

bl ock di agr anyireRks HeRsikShodcHaathilipl fdAsRaeAndaksSi S that is performed on
an exanple multiple carrier codebook. FIG 6B is a block diagramthat

depi ct s exanpl e ddfevibisdap aikemplaviatg dmgpasi foe exbentdedgd CKFNACK signalitg ock
di agram of exanpl e devices that may be used to inplenent enbodi ments for
nul tiple cat Eiltém]éﬂéﬁﬁ%ﬁ?ea@(i@@cs%vmaﬁlm?g. DETAI LED DESCRI PTI ON As

described herein ﬁE}O V$is tah%'igckaﬁ?aggarlrﬁwgﬁ %l)<<gn{[p?e tdre]{e/icee%(itﬁ% Atk %Bgfigaf:e%e%
10  communicate using a multiple carrier codebook in accordance with embodiments
of the present invention.
FIG. 4 is.a block diagram of an example multiple carrier codebook.
FIG. 5 15 a flow diagram of an example general method for multiple carrier
acknowledgment signaling.
15 FIG. 6A is ablock diagram that depicts a Hamming distance analysis that is
performed on an example multiple carrier codebook.
FIG. 6B is a block diagram that depicts example codeword pairs having
opposite meanings.
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



to supporting multiple carrier and/or multiple cell conmunications (e.qg.,
DC- HSDPA). The first existing proposal would use two separate ACK/ NACK

i ndi cat i OX9.2010/033881 d result in a severe coverage i npacPCRABHOYBROALS
HS-DPCCHs are transmtted. The second existing proposal would reuse the
exi sting eight (8 M MO ACK/ NACK/ PRE/ POST code words that are already
specified in 3GPP. Al though reusing the &«isting eight M MO code words can
jointly encode two ACK/ NACK i ndications to thereby avoid necessitating
separatetransm ssions for dual carrier ACK/ NACK signaling, a different set

of deficiengj .S, LNt radu ] hi al ex chia
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Hamm ng di st@fieferRiesOR! htdduobd Ghith &hfsa;?rob%aﬁ. t Fap ekhpddt &bkl a Hodebook
Hanmm ng di stance for a codebook of |ength”10 and size 8. Also, the PRE and
POST oper at iformsed dromt thbeexdstig eight MEWEY sede heondsNidsda mhinguhuoo dannming 7
and 8 ("NACK/ACK=[0.0 1 0Q.1L 0 g." and "NACK/NACK=[0.1 0 0 1.00 10
") have t HHstaneroRenlySs vauchis ft%ﬁies&hwhﬁ@pm%/mm@eﬂr ARUNing distaace | n
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codebook enbodi ment has“ a m ni num Hanm ng di stance of 5, and a second
exanpl e mul t(FNACKAACKerd 0ot 8bdI0 6= ir§d amak fIN ACK/ NHAGKF U0t (hg 0dd1S) ance
of 4. Both exanple nultiple carrier codebook enbodi nents are capabl e of

bei ng conf i qwvedhe same yphies apdp tha exptisg Moy eadiPénsT indisati@sond exanpl e
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word pairs having code rds wth opposite neanings have a relatively |arge

Hammi ng di Strﬁﬁlllt'%w epaiat ¢adeboekvaabodinemts bre aex fordbelw.npAefimntexbinple t he
first and second exanple nultiple carrier codebook . .
multiple carrier codebook embodiment has a minimum Hamming distance of 5,

o

and a second example multiple carrier codebook embodiment has a minimum
Hamming distance of 4. Both example multiple carrier codebook embodiments

15 are capable of being configured to support PRE and POST operations. The
second example multiple carrier codebook embodiment may also include, as a
sub-codebook or subset thereof, a single carrier ACK/NACK signaling codebook.
The second example multiple carrier codebook embodiment may further ensure
that code word pairs having code words with opposite meanings have a relatively

20 large Hamming distance separation between them. In an example
implementation, the first and second example multiple carrier codebook
embodiments may entail a codebook that supports ACK/NACK signaling using
one HS-DPCCH for the DC-HSDPA operation in a WCDMA-based
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.



enbodi nents nmay entail a codebook that supports ACK/ NACK signaling using
one HS-DPCCH for the DC HSDPA operation in a WCDMA- based communi cati ons
system |WOZHHYEBPYA t o HARQ ACK/ NACK signaling, two CQ $CHER2MEYPHhal ed
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 ©oreate a CQ codebook anbiguity
between a wireless network node and the renote terminal. Exanple

enbodi ments addressing this problemare al so described herein bel ow Wen a
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multiple renote termnals 104. Thus, as illustrated, conmunjcations system
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remot e t er mRaiudiddedBsohRunitationsvidteat 160ninoides rmyllédspbae sticdless netvesls
network nodes 102 (e.g., in a multiple-cell node). Alternatively, wreless

?et wor kI ?o;:lmloggﬂ O?am@enaom?n@d remobotarminale 10Aaandokidbni Altheughonly Feont e
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enbodi nment , g0 aykiRly, SRAGEEH 63l R WRBlebsnetwork 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 mode). 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



transmtted fromwreless network node 102 to renote termnal 104a. Renote
termnal 104a recei ves downlink comuni cation 106 and processes it. In
response WO 2PHEBF B ng downl i nk communi cati on 106 and/ or PEA4BYOYAP He
processing thereof, renote term nal 104a fornul ates an uplink response
nmessage 108. As descri bed herein below, uplink response nessage 108 may

I ncl ude at | east one code word. Renote tggiinal 104a transmts uplink
response nessage 108 to wirel ess network node 102. Wrel ess network node
102 may process uplink response nmessage 108 appropriately, such as by

decodi ng the included code rd(s).. 44 the context.of certain £x I

enbodi nent s %29§V lﬁ]é’i(c?q%gﬁmff@ﬁgpﬂ 1%))9 pl i‘]ﬁef( Y ﬁ8ﬂ £ nﬂgko%ﬂgyl%mdﬁ%%%g@@ a
reception c | L ] r n &‘,btg)lt" ' L eati 106.
The recepti %ﬁgc&gr@?{eﬂg%mrgggg%ggi‘%l%dgé?&elgh\lmd{tpﬁggge rllb%l;crogﬁl nc it}fc? dﬂégggre
words. An i rghfpl€daf eaffrmativec ackihdwRdgint,be, nbgitiex auhewlatgmdit] rmmt i ve
acknowl edgnent, "a negative acknow edgnent, no reception, a preanble |
operation, aegapicants epropwblet ioparatiosper qwstinblei operatione sPMen ¢@IEBNANTG h.
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station, a an access poi nt, sonme conbi nation thereof, and so forth.

Renot e term nal s Wad1d e netROIK hddes 102 may opiRiseafedNangplee4 bhsastation,wbi | e
station, a user equipnent, a subscriber station, a communication card or

nodul e, sombasethinsetivenstatiencafradianbhssostaton, s NosieeBahn excgnssl poiab\domae

i npl ement ations .for w el ess network nodes 102 and/ or note termnals 104
are descri b&@uHapgiion réﬁﬁvﬁ%s%#@cuﬁ&mqi%ft%% llégFl?l@/ CPTIRELSC, ;fs”h
exanpl e rec | . ed herel:n.. i r [ BACERMB,
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exanpl e i npls@aR aldogintidhti R Y¥aidoraReme! dthe cd@birmtidERErdoasid soyfetthm

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 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.



In other words, renote termnals may be of any general type, and network
nodes nay be a part of the infrastructure of any general wireless (or

wi red) neWQRBPK/OFW3wi rel ess i npl enentations, other air PRITABFI4YR06I18

technol ogies (e.g., that conmport with a different wirel ess network
standard) may be utilized to inplenent the principles of the present

I nvention. Such other wireless network standards may or may not be directed
to a cellular-type wireless network. FIG 2 is an exanple state di agram 200
for extended ACK/ NACK si gnal i ng that includes PRE and POST operations.

Il lustrated, stat d|a m,2 e t

transm ssion (DT 8{1 QerguB?ieg%Bth tF‘E’%E)gﬁ' et%g %ﬂgﬁ 31@%)% @R}ACK
state 206. %8 %%ﬁ%hieo'?zs BRI &nldot 4 QstesRB1d CPRIT QH@icAGsh MClthe
det ection per ormance lustrated I n state diagram 200, a trellis

structure | HSDROCHirn hﬁ)fﬁ(ﬂfé MACK shitibn ficpm MTKedtatei?d? ta PREwtae 28 nal
detects the _Hi gh-Speed Shared Control Channel (HS-SCCH) for_ subfr It
sends a predhithererpae terminad sloes mot detegt aﬁ@&hﬁéﬁﬁ’q P%ﬂ%ﬁ%ﬁ@rﬁd\&wel

ot et eat PRI DY CACr RS RSt medt epa s Y E e ARl el ol P 9,

after receiy o@ﬁangmf T@“ﬁ@@'ﬁ”'lﬁdﬁb‘mﬁ HSubk ¥2{me ko §aRssioR fRAAACRIAVAC

i ndication i'n subframe n'to transition from ACK/ NACK state 206 to D'gié state
202. The use(oftodDEXndthie 2020 Pastsdf mreambleaid paﬁamb@éalmdlcaums enabdas a
network node to better differentiate DITX from bursty

transm ssi orirelesGnesvork aoge d@kb@t@g&ﬂﬁfﬂrmtéfDEXaﬁﬂm W&Wc MWA%t
are configured ta conmunicate using a nmultiple carrier codebook 312 in
accor dance WaSTHSHGR-nents of the present invention. As illustrated,

devi ces 1§02 el ey o 1/ PORRLId RirariOf0 B¢ EEARBICIerTOR 302 AATEMNL ARt RA

confi rmatlon uni a single<arrier codeb and a nult
carrier COdQBOQ&nﬁﬁlc%r@lﬁg)%lnﬁmﬁpld )(:an@erf co@dbodkvi B¢E ﬁﬂ%accbrdahwemﬂa
transmtter 304a, a receiver 306a, a conmuni cation

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



confirmation unit 308a, a single carrier codebook 310a, and a nultiple
carrier codebook 312a. A second device 302b includes a receiver 306b, a
transmi t tWP 280485104 conmuni cation confirmation unit 308BCTABZOKHI6EIE arri er
codebook 310b, and a nultiple carrier codebook 312b. Each of devices 302a
and 302b may include nore or fewer conponents than those that are
illustrated. I n an exanpl e enbodi nent, f-i2st device 302a is functioning as
a wreless network node 102 (of FIG 1), and second device 302b is
functioning as a renote term nal 104 such as renote term nal 104a. ance,

first devic 302a uses 3044 1.0 t S

comuni catl ° PO LEC eftgﬁ‘g%g)g% Ccoé“'f-sju ia&h&ﬂ' L(zéjl @V&gggg\?\ggg 1k,
306b. Seconﬁle%% KEAR0ZR 1O SShERBARE opbx3Ple, tafe Fdfaedid h@l%nﬁ:'@é mb(
response message 108 to first device 302a, ich is received with receiver
306a. Uplink res ﬂnrmeemphgﬁnﬁl@&lenmﬂannehwéemahcdtmstmmylé)em:dm:mmmd on,
at |l east one NACK. indicatign, or at |least one transitiaqn gper at i

i ndi cation ﬂkSIng(%ée@rt OREICe @Wﬁé?%n ope %Wﬁ&oééb‘?@@ EnﬁLP§1§eﬂ§8£@f%t he
presence of down .conmmuni cat i fn 106

response rre§§§ﬂ'8mi]6§tm%l?é’ﬁr 3a§18§ G FICL ;‘ﬁ?ﬂ\lﬁ%‘l‘"}b ?g:}%gladetcgaﬁ)gﬁégwéas
DTX. 1n an %agp{x%r&ms%g% n%lﬂgleo RarridieREALBBHIC 3 100NS Wiheh ReevQEM30DC 3ked

usi ng at | east one cod romone or nore codebooks. \Wen devi ces 302
are conmuni gahimgnieuting aver nglltpkacariiers, thidyeyayedeterehiae randedevode/interpret
decode/interpret code words using single carrier codebook 310. Wen devices

302 are commdieomndﬁglmmumplq parsier gpdelack 312e Amrsyamplepmltipleagrrier
decode/ i nt t | d k,312.. An |
L1l e cacighodoadn b erbinn th Ablerebnva ST or IS dRbad Bricf o B T ©
'S descrlbbe%aﬁ’ﬁémf fefbn%grtg Fith 2l "EIELE6AC Sl ddt&imihatidRSs ?%3 K ggﬁﬁdby

determnation 1s pe orne comuni catron confirmtion uni

second devi ¢®nafdRicatiofl cbﬂﬁrrﬁ@tﬁl@n weit 4088 ofdedthd devides 302bRed ke code word
communi cation confirmation unit 308a of first device 302a. FIG 4 is a

bl ock di agr atecodlingris eeafgrinedrby comhamicaticneconfimestiinnkugi 308aef 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



illustrated, multiple carrier codebook 312 conprises an exanpl e dual
carrier codebook 312-2. For an exanpl e enbodi nent, dual carrier codebook
312-2 i ncVOJ8Y/ B33t ot al code words 402. It includes ei §RT/IBHOKAWMSedgnent "
code words 402a-h. Dual carrier codebook 312-2 nmay al so include two
"transitional operation"” code words 402i and 402j. However, a dual carrier
codebook 312-2 may alternatively includel? different nunber of code words
and/or a set of code words that have different neani ngs. Exanpl e reception
condition nmeanings for the set of code words 402 for dual carrier codebook

312-2 are proyi %ea:hdb L%\gfgﬁl%@g a‘éﬁﬁngﬁgi%?xnééa? %hcaaéepcﬁn&\%{ar%gq (%@g('w&gtf don

condi ti on, I'Ch corre “toan a mative acknow edgiment (e.g., for a
transport bliggicatelat“DEXNEACTK et eplioR cohdifibn Cahidh&orfRfonds toareRbeston
(e.g., of a transport block) on a second carrier. Code word 402b indicates
a " NACK/ DTX"omr & fiegstcarnercmdd hégativewicknowiasignas emdssacond cagett i ve

acknow edgnent (e.g.,, for transport bl J,S not, receiyed correctly)
on a first carri rodgnWord ‘&}g@e‘éﬁi‘%ﬁe%ﬁ ﬁé@@@ arrF’F‘%imonCﬁ‘a%a/lRBPdW%é%

i ndi categ a "DIX/ ACK" K recepti.on {100, I.C r :
receptio orfoﬁrqsp?@(scté’r%ng%téﬁ% aglﬁ{]ogyl%ldgﬁ;gp I \(/)é %gﬁﬁo{ﬂ?@%%@\? ﬁgérgﬂgn%té‘é%nd
carrier. Coda%ld&@&@edg%}n! i At §cofd” REMANACK CH@S eRRok®@N 4020 dirddi@les Witk Ch
corresponds to no reception on a first carrier and a negative

acknow edgneACKANAEC oreteption i eondifode which 402eespoudsc abesina dffAGKI K"

reception condition, which corresponds to a negative acknow edgnent on_a
first carri eackaawleggnagmtiomaditsecareivn st eupaaitverkaosdedgmerion Asecorbde

an af f1 7 mat (\PEckORF QUETeHL S auCR B “BRPEPR Fep il EPpoh7wasER o
acknow qgg”‘i{bgrégﬁoﬁdss\%ﬁpﬂ GffirARive g@ﬁﬁo\)()’&rd%n‘,@ﬁgohngi EigdteSaditr AR ACK'
condi tton, whic s to an-al

reception correspon Ffirmative acknow edgnent on

a first car riféikmative ackedwisdgaieny @nag kecoddedgrient Codavwsed dif@hciadidasss. a Code
word 402h indicates a "NACK/ NACK" reception condition, which correspaonds to
a negative “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 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

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:



acknow edgnent on a first carrier and a negative acknow edgnent on a second
carrier. As noted above, a nultiple carrier codebook 312 such as dual
carrier CUESBHIRSYE2-2 may al so include code words for PEAABINOP/BHEL]S
operations. Code word 402i indicates a reception condition for a "PRE"
operation, which corresponds to a preanble transition operation. Code word
402) indicates a reception condition for-14 "POST" operation, which
corresponds to a postanble transition operation. The val ues placed on these
code words can create different nultiple carrier codebooks 312. Different

multiple carrier s 312 hayv, t values may give rise to
multiple carrier @@%@g{ 312 h;@ 1nig]qdll eren properti esy I%i rst and second
exanpl e codebook ¢ ts arqidesori pqdy pearei n bel ow. Each code word in
these two exanple code enbo |rrents has a ength often values (e.g., 10
bits), but code \/]DITBEA@Ky at t er fatl QQIQ/OHGO of0]la different Iength. For a

first exanple codebook enbodlnent a nultiple_carrier codebook 312 is
descri bed t hat Akd{ emrent d8 QJ@|1n]gldn£1ﬂ§ DPCCH f or DC- HSDPA HARQ

Z%E‘E%fi ?e[eﬁghliﬁgi% elhﬁoiid(ﬁﬁﬁﬁilﬂri%ﬁ—t 11T 10T o)
= {*JCM l[b][m')f/d\g@(yo[% 1010010 10] DIX NACK

= [0 001 00O 1100] ACKINACK =[0101
11

0 1000 1] NACKWACK/AGKG=0 O [1®00 DOD AN IJACK/NACK = [0 11000 1
]Ic] Thi s codebook has a m ni num Hamm ng di stance equal to 5. Wth this
ir

st exanpl e cod¥BEHMNAREEi nerE, twd hble0 8ddk lwdr ds t hat

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 = [1111111111]

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).



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

PRE/ POST WORBIMBP WS, t he mi ni mum Hanmi ng di st ance can r EFAIR208Y0KP1% o0 5.
This first exanpl e codebook enbodi nent can achi eve an appreciably better
nmessage error rate performance as conpared to a codebook that is based on
the existing 8 M MO ACK/ NACK/ PRE/ POST codg words. However, use of the first
exanpl e codebook enbodi nent for dual carrier ACK/ NACK signaling inplies
that a renote terminal will fall back to Release-5 (single carrier)

ACK/ NACK si ghal i ng mwhen an 5 deactivatin - ration is
recei ved. KW Ietx,amé’i% 6’5%#\?%{98 2 gﬁ% cgﬁ%ﬂzog@s% gﬁ%t%? E&???@A&Bﬁ]lgsa@os
such an HS-?e Cﬁgﬁgeﬁnd therefore keeps using a DC HSDPA HARQ

acknow edge odebook, while the wireless network node starts decoding
recei ved code worRREust ng 40(s1 0d) €0akidjer) Rel ease-5 codebook. The

Rel ease-5 single carrier codebook contains the follow ng two code words for
the ACK single cHOPETindil@atOn BAdl PWE- NACK singl e carrier indication:

K b Bh L o MG, 00000800 T, P T SHRE TR Sy SAR AR TEY
in state di %mg%%&??%@ﬁie fehffinalhn Béx)e'ﬁ)éle)% o ues!r?olg%@eﬁ%ﬁréﬂ&e'?%h‘épde

wor ds nmay have ow ng two (legacy 001001001

0] POST = [ (ails QoOdeteét 8n IHS-STCHTordeddnessddbvekpfiretiicl MCAHISDPA HJARE g. ,
possi bl e codebook m smatches between a renpte term nal and a wreless
net wor k nodecknbeiedgemenbt sighaling nahyf epntgin dheesiogle-cairips- @dehoek das 2 a

K ¢ oo b Earicr: abeal orker ALaITTRAp R ANRbLOR B iRt Wil ®

10 is described 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 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:

ACK/DTX = [1T111111111}
NACK/DTX = [000000000 0]
20 DTX/ACK = [1111100000]
DTX/NACK = [0000011111]
NACK/ACK = (11001100113
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:



sub- codebook or subset thereof. A second exanpl e codebook enbodi ment, which
I s described bel ow, includes a single carrier codebook as a sub-codebook or
subset ofWa&2MWBFWBe carri er codebook. For the exanpl e BFEIBHOYBOBHE ow, the
Hanm ng di stance between each of the code word pairs is al so enhanced so as
to achieve a m ni num Hanm ng di stance of 4. More specifically, for a second
exanpl e codebook enbodi nent, a nmultiple-dtarrier codebook 312 is described
that may be inpl enented using one HS-DPCCH for DC-HSDPA HARQ

acknow edgenent signaling. The codebook may have the foll owi ng exanple

val ues for each he_ not r ACK/DTX—[ 1111111111
NAO(/DTX-[OO?%EOOOgéO&g%%%AaQ] [ 111110000 0] DTX NACK
=[0000011dodTH NAGYAGW Folol1 (9.0 1 1 0 0 1 1] ACK/INACK = [0 0 1

1001100 ACK/ACK—[lOlOlOl "1 0] NACKINACK=[01010101
0 1]. The ni ni nuiVithrthisnsgcdid ezampleododebibek exdhrpliment ddizmokransoté . terminal

{he. pr eanbi ATPREF GHGCT 8 CaM %uﬁm%s%%@ég”ﬁ%%g”ﬁ&éﬁ%g@% eroneacH "
b O TR N VRSN T T B
2 S5O0t el vge oo o
and renmai ns dodembddi ipdecatianrviksn npekadwisidges r@ceﬁptrcﬁhﬁSFESCH OaHIERRAUSE
OPETAI O ese'two codeWords are the same as the ACK nd NACR. code words for single
carrier (including single cell) signaling, there is no ambiguity problem at the

10  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

15 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.

20 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

25  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 [1 10011001 1]and[001 1
00110 0] (for NACK/ACK and ACK/NACK) may be switched to produce the

following equivalent codebook:
30 ACK/DTX = 1111111111



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 (WREWIBAW3single cell) signaling, there is no Z&BIBUOYYBIbI em at
the wirel ess network node. Moreover, given the codebook configuration of

t he second exanpl e codebook enbodi nent, nessages havi ng opposite mneani ngs
are assigned the largest (pair-w se) codé&/-wrd separation. For exanple,
messages DTX/ ACK and DTX/ NACK have opposite neaning. The nessages ACK/ DTX
and NACK/ DTX al so have opposite neaning. Additionally, the nessages ACK/ ACK

and NACK/ NACK ha )= 0ppgsi [ The messages ACKMACK and
NACK/ ACK al so haﬁAé: oubl}g) oppggidt(zomgi(ﬁng.o]lt can be seen that the

proposed codeboolpyjReA@kHam ng [dilst anc@oaf 009 for each pair of the above
opposi te-meani ng cases. Code word remapping (e.g., changing the definition

of a code word), DEX/MNACKiFat i o0 00 0-0M del hddki ng, conbi nati ons t hereof,
and so forth result in codebook avi he uner ated properties.
Consequent |y, COM@KQ at caﬁog)ei/égfgitlrﬂegﬁﬁhrough one or nore of these
and/ or simlar or S operm@t;i .®1,17when starting froma codebook
as described her éﬁ%%%%gl se ec@ilvgpzlng %c(g?iel]books. Exanpl e

i mpl enent ati ons ofckhgex oper atifers] @reoAr@yioded bel ow. As a first exanple,
one can renmap the definition of two or nore pairs of code words. For

i nstance, these NACKNAGKrds [[01 Q0100011010 0 1 1] and [0 0 1 1 00 1 1

0 0] (for NACK/ ACK and ACK/ NACK) mai/ be sv&tlctjed to produce the follow ng

equi val ent codebd®E =ack/DTX = [PU1PG1IPG1IP] 1 1yNacDTX = [0 000 0 O
11

0000 DIXACK grl1111 NACK = [0 0000111
NAGK ACK 10 6 FaSER 1t o ot 801 Bl BB [ ]

10  This code word remapping does not, however, change the basic code properties,
such as the minimum Hamming 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].



ACKINACK =[1 100110011 ACKIACK=[ 101010101 0] NACKMACK
=[0101010101 PRE=[001002120010 PST=[]01001001
0 Q. Thi¥O28Hd3¥WEd remappi ng does not, however, chang&CTAB20§%8R681%0de
properties, such as the mni num Hamm ng di stance of 4, of the code book.

Al so, the (pair-w se) maxi mum Hamm ng di stance of 10 is preserved between
code pairs having opposite neanings. |In-d8her words, the Hanmi ng di stance
of 10 is preserved between code pairs DTX/ ACK and DTX/ NACK, between code
pai rs ACK/ DTX and NACK/ DTX, between code pairs ACK/ NACK and NACK/ ACK, and
bet ween cod %%W& I [ t he
columms in :ﬂﬂglgﬁtls% nat cod d%ﬂggg( Htl)é‘tbﬁlé glﬁm]gqgﬁﬁﬁa Ic%stg%?eéﬁ’f‘ﬁ o

properties. thotodsibdellcAlsostiel amngng déstindessf 14nd preseivabbatwiesn obdé pairs
"original" second exanpl e codebook enbodi nent results in an e U|valent code
book as fol IDWS/AGEKamT DEX{NACK 1batween cpde prirg]A

0 0 0] DTX Al 111 1 10
NACK] ACR = (DeRvger cgle Balty o GRAVARE MRNALFAS S, i‘n%O‘Ef’(%Yeinoc m% ACK
=[0 0 1z0 [ 1101010100 PRE=[0O0O01O00O
1001 8] é%g@é%ﬂ% I}&W "0 Q.This bit-permut eL codebogk
preserves the m mAgRien dridmiBregatiplé, apptying a4ohthoh htaskad ehdasligindl secotde

Hanm ng di stance of 10 is preserved et ween code pairs
example codebook embodiment does not change the basic code properties. For

instance, one can apply a common mask of [1 001001 0 0 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,



DTX/ ACK and DTX/ NACK, between code pairs ACK/ DTX and NACK/ DTX, between code
pai rs ACK/ NACK and NACK7ACK, and between code pairs ACK/ ACK and NACK/ NACK.
As yet an¥PREI/BXWapl e, applying a comon nmask to the " 8ETEBHAP/B068Eond
exanpl e codebook enbodi nent does not change the basic code properties. For

I nstance, one can apply a common mask of [1 0 01 00100 0] to each of
the code words in the "original" code bodR-to produce the foll ow ng

equi val ent code book: ACK/DTX =[0 110110111 NACK/DIX=[ 1001
001000 DIXACK=[0110101000] DIXNACK=[ 100101011

1] NACK/ ACK

A Ack = 1018 10 3 ep ki gt PRARRE T2, [ae“caﬁs%&%ce 3oy bniedpgres |
01101 1gpkslle-POB3sarbmbteltePminal 1041 1 0 G . This code book resulting
from application of a conmmon mask preserves the m ni num Hanm ng di stance of

4 for the code bdlie Algps, ofie fléanmi diggriinst affie ohayl0 bies piiestratel betlween
code pairs DTX/ ACK and DTX/ NACK het ween code pairs ACK/ DTX and NACK/ DTX,
bet ween codeTPeFSEeI-AXEIUEIR MsHURAENG. ACKLOCSHOIFEeGHa hec@asér%awng mex/ bex

For ot St a8 Hebaal, GHfokAY kg ool 16H1E MARPEISRAbIRRRS L,

500 i ncl udegpgieght Bhackso SO,  FEONHAIGHHARGARYirSIchiSRtAIBRA! ot by

two communication devices, such as a firSst de i ce 302a and a second device

302b (of FI C@roée)ssoi—axmtﬂ;danmbﬁru%&@umﬁude, but ste deti kimitd3d2t, i aphemeny s

SUeps 202, S04 P14, a0d 216 a5 & wirel ess mel oLk node 0% aiesdats o
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



steps 506-512 as a renote termnal 104. The steps of flow di agram 500 may
be effectuated with processor-executable instructions. Processor-executable
i nstruct iSAVHEPSWE enbodi ed as hardware, firmware, sof PhEAB2009/086818 | ogi c
circuitry, conbinations thereof, and so forth. Exanple operational

I mpl enent ati ons of processor-executable instructions include, but are not
limted to, a nmenory coupled to a procesg@, an application-specific
integrated circuit (ASIC), a digital signal processor and associ ated code,
sonme conbi nation thereof, and so forth. In an exanpl e enbodi nent, flow

di agram 500 depi cts t hod. for ing a l.t Lpl e carrier codehopk 312 to
ol ement Al 2t gresars e st hiRafa e mold ng i

Al t hough pagticii@r exanple el enments fromother FIGS are referenced to
describe the steps of FIG 5, the steps nmay alternatively be perforned with
other elenents. At steep0803, reagptiondscenbiionis afeteratinedr Hopdxaaipde,aindodabl nk
schedule is transmtted. For exanple, wreless network node 102 ma

transmt i n@puiarstptipnogomamyaiation oppismatien andoiifh @&remqi@m@nagw%m e

t erm nal _104a usi transmtter. 304a. The . gcarrier .node may be, for
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a bandwi dt h assi gnnen requenci es amd/or tine's

step 504, dowtidr(® aehwheileatd oadhdictionawasickbectedomthe carridB(sR dafus) er s.
For exanple, wreless network node 102 may transmt using transmtter 304a
downl i nk cosetarindamigothe seca@®mscenadoaietemnines svheitlersan AGCKADIACKe D Xal
104a in accordanée&gioth t he indicat ed atr)f er node .and .do Lnk schedul e.

|
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step 506, term comruni ca are recelved on
expect ed 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.
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



carrier(s). For exanple, a comunication confirmation unit 308b of renote
termnal 104a nay determne if downlink comrunication”) 106 are received
ont he carVPePIUBSWRat are expected based on the indi cat B§TAB0P/RYIHbde and
downl i nk schedule. At step 508, a reception scenario is determ ned. For
exanple, in a dual carrier situation, comunication confirmation unit 308b
of renote term nal 104a may determ ne theilreception scenario. The reception
scenari o corresponds to whet her a conmunication was or was not correctly
recei ved on the expected carrier(s) and whether a communi cati on was

expected on_the.carrier(s). Thus, det ) NN hey. 1 e tdon scepari

ot or m nes. MY AEebdsi 5 e va sl RO D SRR PEERAALS they,
each of the ,ags &mn&egftrhﬁaﬁ ffoRh heSPRtk! bf 18X afRbRed! Eode GREILIORAL i ON
I s expected on both™a first and a second carrier, and If one is correctly
recei ved onlGominuife wiith gl spatcificexanigie, caaamicichceomdirhationrumtpofuef t o
an ACK for the first carrier and a NACK for the second carrier. At step

510, from a Witi¢lesspnetweakmode 130desodrs the value aldhel reasivrd eoda wend ¢A3f thas a
[ ' { ] d t i.0 FE | e,

R AR N I R

t er m nal 1Q%€‘en rﬁjlé:ﬁ; f%ﬂd%@@éﬂdé@ﬁ%&f‘ unit 308b of renote term nal 104a

may determine a code word having a nmeani hg corresponding to the deternined

reception scenariiIG. 62nisiablotk dwgrdmtd0e Ashac dépictsexddaminginp nlistastecdnabydis | er
context, renote termnal 104a determ nes the value of the code word 402f in
dual carri er602otistoisk peferiped hon anoekampbndsultiple marmaxkcndehoake di2ng. Ant

Step 912, 2 [eseags NaNL00,Lhe Selgrn Bed, Gote it ! Suiansmled oL
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wi rel ess 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 402c
(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



networ k node 102 using receiver 306a. At step 516, the received code word

I s decoded. For exanple, using a copy of nmultiple carrier codebook 312 that
is storedVPROW/BEWBry of wirel ess network node 102, conBGR{IBEOP/B}$918
confirmation unit 308a of wireless network node 102may decode the received
code word 402. The decoding transfornms or extracts the acknow edgnent
meaning fromthe value of the received c28e word 402. Continuing wth the
speci fic exanple, comunication confirmation unit 308a of w rel ess network
node 102 decodes the value of the received code word 402f to extract the

I nt ended A anj o S tj.on nar.i he
first and s caong8 gg?l r :ﬁjtladrﬂigdé“la—laé&d%ﬁ;b ?QA ggggog&keg/égr dk’)ngio,&%? ﬁata}’0 gp?@%ﬂé a
Hammi ng di st@ncekaNalorg).s 602 that is performed on an exanple nultiple
carrier codebook 312. As illustrated, block diagram 600A includes multiple
carrier codebook Bi2at ldastihegsatiostl saxample alogdebeole @2nbativheat, nthai ¢nde Wendn ng
di stance 604. GCenerally, .a nm_ng di st ance anal ysis 602 is plied to a
mul tipl e carﬁep@ﬁaﬁead%s%ﬁg@g.wﬁ%a m@&wmcﬁm{ébv@raﬁgpay@tlgn 698 Petammny
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mani pul ati ons of I s codebook |ikew se maintain the m ni num Hanm ng

di stance of 608betwemudddepiverdsad02aeand d02bodkinil21y, therecisr al amamdmon bodde
second exanpl e codebook enbodi nent achi eves a m ni num Hanm ng di st ance 604
equal to fourordsepariion 0% hetwashiGode ave1a L08e andi 40280 dwssokeboqishasing
mai ntai n the nd ni nrum 1.N i,stance of four. FIG 6B is.a ¢k, di agram
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code word panabRd6 tbneigndbsSMOWBISIOBEA IDARS) 48 irtiivehacknowledgements (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.



opposi te nmeani ngs. Code word pair 606ab includes code word 402a (ACK/ DTX)
and code word 402b (NACK/ DTX). Code word pair 606cd includes code word 402c
( DTX/ ACK)WARA10BEW3wor d 402d ( DTX/ NACK). Code word pai r PEBBBI00PPPIfdes code
word 402e (NACK/ ACK) and code word 402f (ACK/ NACK). Code wordpair 606gh

I ncl udes code word 402g (ACK/ ACK) and code word 402h ( NACK/ NACK). For at

| east the second exanpl e codebook enbodi-#8nt, the code word separation is
configured to be a maxi num codeword separati on 608 between any two code
words 402 of a code word pair 606 in which the included code words have

bbveen code wor GoRfh, HEATRCins! HE [ s} SaftidtEaTHE FARGialChAcS 1Rk 85 10
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the second 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
mterface 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



CQ field my be used in any of a nunber of different ways. Exanple uses of
the superfluous bits of the second CQ field are described as foll ows.
First, tHh¥OEI0/BW3t he second carrier can be neasured aR8THABHEPP®A1%ven

t hough the wirel ess network node will not currently schedule the renote
term nal on the second carrier. These reported nmeasurenents may

nevert hel ess be used by the wirel ess net-@ k node. For instance, a wreless
net work node nay determ ne whether or not it is appropriate to reactivate

t he DC- HSDPA operation Second, the CQ for the first carrier may be

reported twi p .
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DC- HSDPA HS-Iniocppestinnt/ 1daey beseplimsd s a bascorssbengpmascipragchadisnmand be
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bl ock diagra I nc es two devi ces evi ce

interface eqmt\pﬁﬂm 16, 11) a disglayndevie insréadedordishiayd@inféaneticn on adisplghown
wi th device 702a, each device 702 may include at | east one processor 704,

one or nor e SEEeDs (it} one er mene hamanedayi¢minterfanes pand sofasts. Bxampleaietaark at

| east one
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 performance 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).



I nterconnection 714. Menory 706 may include processor-executabl e

I nstructions 710. Network(s) 716 nmay be, by way of exanple but not

limtati o®O28HW/B3pt0&r net, an intranet, an Ethernet, a puBCTABHENYIE a
private network, a cable network, a digital subscriber Iine (DSL) network,
a tel ephone network, a wired network, a wireless netwrk, some conbination
thereof, and so forth. Device 702a and deyi ce 702b may commruni cate over
network(s) 716. For exanpl e enbodi nents, device 702 may represent any -
processi ng- capabl e devi ce. Processor 704 may be inplenented using any

applicabl e ocessi ng- ¢ bl e technol ogy,, and _one may be.realiz as

agener al - pu%%eéssgl}-e e%‘gﬁg?a@%ﬂ%@&é %rylgce%gr .Co%ﬁﬁ &% n%’f%ﬁ&e’ bhe are
not limted n espei und tg (ERUandaeBi @ g aly g ipsamessor
(DSP), a mi cctrog1 roglgggss%é%ggfnrg&cgﬁ |%§t’ irydn4’t ﬁgf ea(%g, 6§n§4%6 % o&r)t . nI\I/lermry 706
may be any aweafit@btion menitr B0Bhaa nsuliiplel udedemscquebbokf 38Dd/ate.)i s When

accessi bl e by device 702. It _includes volatile and non-vol atile nenory,
renovabl e amgoesssor-exasustiile irshueiionnatld cseeexe@irdt b dEreseT ondd.t Heg eof |

and so fort | nt erconnecti,on .714 .i nt er connect e c ents of devi
0. Tt 81 e e B 1 A bed At SLEURL B BrtkiBatell h ARGl P ©
mechani sm a LT |y 1:ar:. | i I ' t ' S.
o it ort adiellBY BUE B ot i S dhat AeSNIBORARA by ROk WAL GRATBONTOE
and/ or coMMRAIGE 3Y and tiesseahst dretenabled bythe Eikhmple divdtplayattsri codebodley thace

for displaying information on a displa¥ screen, (iii) one or nore
human- devi caré ritesefibedk heraindboyef os twiell Reathose that arer Rmbetieds by cthei otbeude,

but are not Jimted to, radi o or. transceiver (e.g., a transmtter and/or
a recei ver),ge%mFﬁ?cfg?ﬁarﬁ %é?ﬁi“%?dgh%rsm some combi nation thereof, and so
forth. man- devi L.Qt.er . | 2-1%@ I.nL e e |

di scret g‘Hf rom devlﬁlggér%tz.e%ﬁielﬁ%ﬁ( ) (E)iirotcg;léséor gﬁ i"gﬁcgf}% gn%v:‘ Bﬂx@%ﬂ?i ng,

perform ng, sARdAREeOt hEENEERYE LERSIUBibOAIMERE Ofhidvee ¥ CatiaBbed minimum
i nstructions, such as processor-executable instructions 710. Menory 706 is

conpri sed ofHamming distamce 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.



processor-accessi ble nenories. In other words, nenory 706 may incl ude
processor-executabl e instructions 710 that are executable by processor 704
to ef f ectQ281% &1 er f or mance of functions by devi ce 70ZCT/IB2009/006918
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 processor-execuébl e instructions 710 of nenory
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)). | § i ot deyi i ]
tovi cb 302a (oo THe Ao BRI iberiBRE JBEHRSS, 8 "B rRetlsSs vy
conprise a SREQKrEe \onshoteals, (e .Jof FRGREND! @rd eliltRddd H4ladrisHheBard and

3). Processor-executabl e instructions 710 may conprise, for exanple, the
conponent s ahvided intbt snudfiplel Gocld ahd GhahemnelemBn(se. g Hoveeveomthai oaddrpn
confirmation unit 308, a.nultiple carrjier codehook 312. et cg). en.

pr ocessor - exBieiromeetipRs intgaelaionshing, layeul gtc i sedhieh FpSc bdsue g%sm bgdhe
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codebooks that are descri be ove, as well as thos€ that are

enbodi ed by dnhigted} éter inf @at massert todinpderacnissicr ol@drdieyrsesms, methbds,alevices,
enbodi nent (s) of the invention can offer one or nore advantages. Cenerally,
certai n enbdBement sApperatases, Airangpmetisd ob. nforump ke cagrien aeknydedgment
codebook havi ng..code words that jointly encode ACK/ NACK signaling for

mul tiple carSW“%thg' Anot her advantage of certain enbodinments is that PRE and
POST opegpati ons gﬂm iengl udi : d rd
and a pggt anbl e cr%lgé&%oﬁrs tﬁ?%ee%rngﬁ%%ﬁ?ﬁgﬁlgf emv% ? é%ﬁg 1%?&%@1(3%&?8\“5%%2

rel eases of jHuytdted asthesicaoapadyingbiviagesnd desdribed ih die forégsiag Drtailed e

codebook enbodi ment, a nultiple carrier codebook having ten
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.



total code words achi eves a m ni nrum Hamm ng di stance of five across the ten
total code words, with five being the | argest possible m ni nrum Hanm ng

di st ance WER20MM¥SWddebook having 10 code words of | engt RCTAB208}P064185econd
exanpl e codebook enbodi nent, a multiple carrier codebook having ei ght code
wor ds achi eves a m ni rum Hamm ng di stance of four between any two code word
pairs (e.g., excluding preanble and post-d/bl e code words). Furthernore,

anot her advant age of these enbodi nents is that codebook anbiguity may be
avoi ded when a renote termnal fails to detect an HS- SCCH order because a
mul tiple caqﬁtgﬁ%ﬁgdebook can be configured to include a single carrier
codebook as a sub-codebook or subset thereof. Still yet another advantage
of certain dnbodiAemthod $n hhemnote tangaslt fof adknowlad gt uplinkvigilingemsages
havi ng opposite neani ngs nay be achi eved. The devi ces, features, functions,
met hods, st epsltiptepamss maile, themethadewsprigingdkelsices of:conponent s, etc. of

and ot her ol ementGrgNEEH ol daRdBA NS BshI tgredament sifndlirg °°1°
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bl ocks and/ @nedhbgIore lof ThE rémaey tpdinalfiid atbitislendiried codebvokaingrding at
augnented, omtted, etc. in any nanner to inplenent one or nore systens,

met hods, deJeassjightecasieywondspthastane elefinad rtarkpawensiglecarridrorodebbok pisea
recert et SRERSIGo B et e ST St
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al so capgbl q{%nﬂﬂgﬂfs@eﬂfcercﬁqbﬁﬁﬂﬂl%ﬁgﬂhé at 1PASH dibkAdddengorRdagdibst i t utions
w t hout departing fromthe scope of 'the invention as set forth and defined

by the foll ow ng trnaimting fhdtBhe tematertetthindl tna sircdesstretwerkmaodd arf wplink

acknow edgnent uplink signaling in a .
J signali%g messagg that includes the determined code word.

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

15  comprises a dual-carrier mode; and wherein the at least eight code words have the
following eight meanings: Acknowledgment, ACK/Discontinuous Transmission,
DTX; Negative Acknowledgment, NACK/DTX; DTX/ACK; DTX/NACK;
NACK/ACK; ACK/NACK; ACK/ACK; and NACK/NACK.

20 3. The method as recited in claim 2, wherein the at least two carriers comprise
a first carrier and a second carrier; and wherein the ACK/DTX corresponds to an
affirmative acknowledgment for the first carrier and no reception for the second
carrier, the NACK/DTX corresponds to a negative acknowledgment for the first
carrier and no reception for the second carrier, the DTX/ACK corresponds to no

25  reception for the first carrier and an affirmative acknowledgment for the second
carrier, the DTX/NACK corresponds to no reception for the first carrier and a
negative acknowledgment for the second carrier, the NACK/ACK corresponds to
a negative acknowledgment for the first carrier and an affirmative
acknowledgment for the second carrier, the ACK/NACK corresponds to an

30  affirmative acknowledgment for the first carrier and a negative acknowledgment



mul tiple-carrier node, the nethod conprising the steps of: determ ning a
code word that jointly encodes acknow edgnent signaling for at |east two
carriers WPGMOU3MIBt i pl e carrier codebook that is storedCIABHOIPWILK one
menory of the renote termnal; the nultiple carrier codebook including at

| east eight code words that are defined to have a single carrier codebook
as a sub-codebook of the nultiple carrieR8codebook, each code word of the
ei ght code words having a length often; the nmultiple carrier codebook
achieving a nininunlkbnning distance of four anong the at Ieast ei ght code

wor ds; and, a e qg_l QE;

node an upl |fh{< @fe g ?13%1 @I&/é‘égns esbggﬁ &H{;/éé 2.
The net hod éh%kfl@&rlé@%érﬂ fEif ﬁ:le”ﬁﬂst cORereind A ffivahdtivial %@M&@m@iﬁd@r the
conprises a dual-carrier node; and wherein the at |east eight” code words

have t he folsbwﬁ&\gpraegmmdrthaNA@K/NA(ﬁkTﬁ@Mmdmﬂhtto aAteighiive acitawledgment
Transm ssi on X, Negati ve Acknow edgnent, NACK/ DTX;, DTX/ ACK; DTX/ NACK;

o7
NACK/ ACK; AdRY fhediest pakienerd asirgaiixereaexledgment forfhe 860 CaTEET-t ed i n
claim?2, .wherein the at least two carriers conprise a first carrier and a
second cgrrl er; and wherein the ACK/DTX corresponds to an affirmative

acknow edgment f ofpd ARtHJd 5 ré‘éﬁrgﬁ' 8l claind 1N HPGRRME %uﬁ%g%@ﬁle?%%ﬂook

carrier, the NACK/'DIX corresponds to a nedative acknow ment for the
first carri enazindzew ar paepyisen Hanimipe distanced peapertyerfor t dueleDWOrdCkhaving
corresponds to no reception for the first carrier and an affirmative
acknow edgnﬁmpo‘ﬁﬁ@mqﬂél@écond carrier, the DITX/ NACK corresponds to no
reception for the first carrier and a negative acknow edgnent for the
second carrier, the NACK/ ACK corresponds to a negative acknowl edgrrent for

the fir cajrier f \ 0 ty ier,
t he ACK}Sl RAC%V ‘cor rlélgég%}]%@o?ogsaﬁﬁp i @ngﬁf@ewam% gér)r%rrl]ﬁl ggflfﬁrég%
carrier and cdnfgdrsivd@iAcinon eddepmd dhetdig the Collsivi m@rwot&paw@ﬁbﬁw.

corresponds to an affirmative acknow edgnment for the first carrier and an
af fi rmati ve the k mowltiplig mearrief orcodpleook have opposite meanings: Discontinuous

Transmission, DTX/Acknowledgment, ACK, and DTX/Negative
Acknowledgment, NACK; ACK/DTX and NACK/DTX; ACK/ACK and
15 NACK/NACK; and ACK/NACK and NACK/ACK.

6. The method as recited in claim 1, wherein the multiple carrier codebook
further includes a preamble code word and a postamble code word that are
compatible with at least one legacy single-carrier version of preamble and

20  postamble code words.

7. The method as recited in claim 1, wherein the multiple carrier codebook,
having the single carrier codebook as a sub-codebook thereof, enables accurate
uplink signaling even when a device receiving the uplink signaling message and a
25  device transmitting the uplink signaling message are mismatched with regard to

the single carrier codebook versus the multiple carrier codebook.

8. The method as recited in claim 1, wherein the sub-codebook of the multiple
carrier codebook that corresponds to the single carrier codebook comprises (i) an

30  Acknowledgment, ACK/Discontinuous Transmission, DTX code word that



second carrier, and the NACK/ NACK corresponds to a negative acknow edgnent
for the first carrier and a negative acknow edgnent for the second carrier.
4. The meWVRAAIY3S518cited in claim 1, wherein the nulti pPETABP/EIIodebook
maxi m zes a pair-w se Hanm ng di stance property for code words having
opposite nmeanings. 5. The nethod as recited in claim4, wherein the

mul tiple-carrier node conprises a dual -c29+ier node; and wherein the
foll owi ng code word pairs fromthe multiple carrier codebook have opposite
meani ngs: Di scontinuous Transm ssion, DTX/ Acknow edgnent, ACK, and

R SRR CRARE AP A o, S ARG s,

wher ei n t he NINCK/DITEX €866 indid ¢ieseleprispbitdst el NIATTK wdds vwordl eanbl e code word
and a postanbl e code word that are corrpatl ble with at | east one | egacy

single-carrier version of preanble and postanble code words. 7. The net hod

as recited |n cl erein the nultiple carrier codebook, . having.the
single carrider c%@d@?@@vgﬁée"éwl@d%@%bw]ﬁ?f@%%@ﬁs tearpifransmitting an wolindf i nk

signaling e t nd a
devi ce t?an\sé?é]}a\tmgr}n%?gg %&Flﬁ{g Pe% M@g@ﬁaﬁggﬁ E‘kﬁ?@ﬁ@&g\ﬂgﬁsﬁ geegard
to the singlRatCadlhd®S ﬂ@daé&%ﬂe% %H& tx{a@rdwhtam SpEEd sicdl The
met hod as reC|tedC|nSc l'aim 1, \l/vherel nethe sub- cod1 k oﬁetﬁéeﬂ@n(g t:§,1

carri er codebatkl thaiet,d8-dI3POAHE to the single carrl er codebook conprises
(i) an Acknow edgnment, ACK/Di scontinuous Transm ssion, DIX code word

t hat corresponds to an ACK code word and (ii) a Negative Acknow edgnent,

oot tod i n dla mine JRPETAL RESER oo eTibh s nfiiherg CRPERINg AOG] HRI Pho
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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.

15
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.

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

20  avalue to indicate that the multiple-carrier mode is deactivated.

14.  The method as recited in claim 1, further comprising the steps of:
mapping information corresponding to a first multiple-input
multiple-output, MIMO, stream to a code word from the multiple carrier
25  codebook for a first code word message; and,
mapping information corresponding to a second MIMO stream to a code
word from the multiple carrier codebook for a second code word message;
wherein the step of transmitting an uplink signaling message comprises the
step of transmitting the first code word message in parallel with the second code

30  word message.



control channel, HS-DPCCH. 10. The nethod as recited in claim1, further
conprising the step of transmtting at least a first and a second channel
qual ity iWHNi28HYBEP103CQ , field when nultiple-carrier nmod@CT4BYEYBZat ed.

11. The method as recited in claim 10, wherein the second CQ field
conprises a CQ for a second carrier. 12. The nethod as recited in claim
10, wherein the first CQ field and the -8&cond CQ field both conprise a
CQ for a first carrier. 13. The nethod as recited in claim10, wherein the
second CQ field conprises a value to indicate that the nultiple-carrier

node i s deaglki va . T od . reci ! laim1...further

conpri si ng 'gl ﬁé sltilg%smoﬁ?()dng%fn %Ial i gﬁ%sﬁo‘&ﬁgrg?rpgiepg}%@ﬂjﬁ 14 Bepgafﬁast}est

mul ti pl e-i npwlinfulichRlife 8mptisesMhiPhYid Shdi8 AR OrépesP 46 u&&dc}iim tflink

mul tiple car ?i er cggebo%k for a fi?@1 code word e%essag%; and, ngc’)pliﬁ%b

i nf or mat i onstgmatisgpondi ng to a second M MO streamto a code word fromthe
multiple carrier codebook for a second code word nessage; wherein the step

of transmtting an uplink signaling nessage conprises the step of

transmttingg he-first code [ ssage | ral.l el, with.the second code
wor d m&*sssagg.6 15. ’ﬁh?e%%ﬁ%cgc?s\g%cﬂggs e‘gl%flﬂ E’I g‘fe}’r‘?{elm e%qﬂp]teh@r’élﬁlf 5%1(?? c
repeat reque { b i j b i s equest
ARG Upl 1 B e D Lo R S e
mul ti pl e- camssaeiatetddeith anfirstsed] andnal $egohnd-cetibr obdRe ian ledst abvoacirricss is
carrier of the at least two carriers is associated with a first cell and a
second car r pasocited natlhe seeaakcallvo carriers is associated with a second
cell. 17. The nethod as recited in claiml1, further conprising the steps
of : determning if one or nore downlink comuni cations are received on one

10 17.  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; and,
determining a reception scenario based on the one or more downlink
communications and the one or more expected carriers;
15 wherein the step of determining a code word comprises the step of
determining the code word from the multiple carrier codebook that has a meaning

corresponding to the determined reception scenario.

18.  Aremote terminal adapted to perform acknowledgment uplink signaling in
20  a multiple-carrier mode, the remote terminal comprising:
at least one memory storing a multiple carrier codebook; the multiple
carrier codebook including at least eight code words that are defined to have a
single carrier codebook as a sub-codebook of the multiple carrier codebook, each
code word of the eight code words having a length of ten; the multiple carrier
25  codebook achieving a minimum Hamming distance of four among the at least
eight code words; and
one or more processors to:
determine a code word that jointly encodes acknowledgment

signaling for at least two carriers from the multiple carrier codebook; and,



or nore expected carriers; and, determning a reception scenario based on
the one or nore downlink comruni cations and the one or nore expected

carri ers;WRRBHEPBABhe step of determining a code word cBFPABXEYORARE st ep of
determ ning the code word fromthe nultiple carrier codebook that has a
meani ng corresponding to the determ ned reception scenario. 18. A renote
term nal adapted to perform acknow edgneft- uplink signaling in a

mul tiple-carrier node, the renote ternm nal conprising: at |east one nenory
storing a nultiple carrier codebook; the nultiple carrier codebook

i ncluding at_| t v [:

carrier codeangﬁﬁgggggg%ﬁggg)eﬁpalmﬂHg%ﬁgﬁ:ﬁfgﬁgbgﬁ%§¥g?2? 1§m§%gg$ﬁg%ch
code word ofmddIge@itphindadss heldterhaNsdSods {V@Mt h of ten; the nultiple
carrier codebook achi eving a m ni nrum Hanm ng di stance of four anong the at
| east eight code words; and one or nobre processors to: deternlne a code

word that jaintl encodes acknow edgnent SI nal or . at t. two
carriers frdﬁrth %IW@F&CE& 8p r@@&?ébﬁbﬁ al@n@t‘ﬁ’éﬁ@iﬁi hg 1P]ﬁe‘33}1'€ﬁbte

termnal t K | Lhg e hat

i ncl udes t héﬁl%%ét ‘é&ﬂﬁﬁ@%ﬁ %5{1\2{ I&geg%i@& gﬁ%flggﬁee?#ﬁaﬁ gigﬁgg%(i ?Vé)adsf n

cl aim 18, i a de;
and wher ei 1 Ehe B° ToagHi CHEnE Eﬁ?ﬁﬁ%ﬂ‘;‘a‘%{é@%@ﬁﬁ S
meani ngs: AéHramﬂafsdg:mnDT}@;GNdigmtventAlcﬂmouéed@aﬂﬁm NaCK/DTXX, DIegAGCK e
Acknow edgrrent NACK/ DTX; DTX/ ACK; DIX/ NACK: ACK; . ACK/ NACK; ACK/ ACK;
and NACK/ NAGKIXAJA CiaNACHB{AC &MW%J@@W@@K&@@M@W@& n the
mul tiple carrier codebook nmaxim zes a pair-w se Hamm ng di stance property
for code words having opposite neanings. 21. The renote termnal as recited

in clai qp20gnhergdrdihiste Meithid s $8ifd®m claim 18, wherein the multiple carrier

codebook maximizes a pair-wise Hamming distance property for code words

—

having opposite meanings.

21.  The remote terminal as recited in claim 20, wherein the multiple-carrier

15 mode comprises a dual-carrier mode; and wherein the following code word pairs
from the multiple carrier codebook have opposite meanings: Discontinuous
Transmission, DTX/Acknowledgment, ACK and DTX/Negative
Acknowledgment, NACK; ACK/DTX and NACK/DTX; ACK/ACK and
NACK/NACK; and ACK/NACK and NACK/ACK.

20
22. The remote terminal as recited in claim 18, wherein the multiple carrier
codebook further includes a preamble code word and a postamble code word that
are compatible with at least one legacy single-carrier version of preamble and
postamble code words.

25

23.  The remote terminal as recited in claim 18, wherein the multiple-carrier
mode comprises a multiple-cell mode in which a first carrier of the at least two
carriers is associated with a first cell and a second carrier of the at least two
carriers is associated with a second cell.

30



node conprises a dual -carrier node; and wherein the foll ow ng code word
pairs fromthe nmultiple carrier codebook have opposite neanings:

Di scont i NOF8101BAW3 M ssi on, DTX/ Acknow edgnent, ACK and PETXBIEYEP 1%
Acknow edgnent, NACK; ACK/ DTX and NACK/ DTX; ACK/ ACK and NACK/ NACK; and

ACK/ NACK and NACK/ ACK. 22. The renote termnal as recited in claim18,
wherein the multiple carrier codebook fuB2her includes a preanble code word
and a postanble code word that are conpatible with at | east one | egacy
single-carrier version of preanble and postanble code words. 23. The renpte

termnal assyecit J | W\?\ﬁ; j i I el .
conpri ses aZ#ﬁI ti&gﬁg‘:‘l@%ﬂﬂn{;{oﬁc}% |Srs1 I%@lgﬁ??})@?&@ﬁlﬁ%@ (%ﬂﬁ]lgﬁg%g? %lclinﬁ t wo
carriers isinasnghipledamidrmedd, thisnearid ccﬁﬁﬁriﬁing&ﬁ@@tégﬁ@lff ier of the at

| east two carriers is associated with a second cell.24. A nmethod in a

wi rel ess net wor k reesieingofronck nembtedignisinal u Ithe wist] gssanétmprk mode an uplink

ot o tor nEHERRIRE FRsagF g BLIORSARSE HRATEHOURD FICOOPE RGO CHEReBhe |
t hat inckud . t . J.QLat encodes acknow edgnent signaling for
at | eastljtmgﬁgglﬁgg&%%%f%e%ggkﬁg%ﬁe code word using a nmultiple carrier

codebook that is detediag the code w8 usRBe MRIMPHN @AbriéMedebbEk 8% i8N h
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25. A wireless network node adapted to perform acknowledgment uplink
15  signaling in a multiple-carrier mode, the wireless network node comprising:
at least one memory storing a multiple carrier codebook; the multiple
carrier codebook including at least eight code words that are defined to have a
single carrier codebook as a sub-codebook of the multiple carrier codebook, each
code word of the eight code words having a length of ten; the multiple carrier
20 codebook achieving a minimum Hamming distance of four among the at least
eight code words; and
one or more processors to:
receive from a remote terminal at the wireless network node an
uplink signaling message that includes a code word that jointly encodes
25  acknowledgment signaling for at least two carriers; and,

decode the code word using a multiple carrier codebook.
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10  achieving a minimum Hamming distance of five across the eight code words and
the preamble and postamble code words; and,
transmitting from the remote terminal to a wireless network node an uplink

signaling message that includes the determined code word.



