WO 2011/ 116668PCT/ CN2011/ 071944 System and Method for Transm tting and
Recei vi ng Acknow edgenent | nformation [0001] This application clains the
benefits wb 0M1A164880vi si onal Application No. 61/317, 196 pcridnaciivarah 24,

2010, entitled "M ds, a ices of Trangmitti,ng and Recei vin

Acknow edg¥ St¢HIcR [MGE“O‘E%YD&/@“SWIW?@ iri%%ﬂlVﬂ&ﬁ)Aicl‘mV@ﬁ\‘liﬁSﬁlent

13/ 007,302 , filed January 14, 201lnfoematiomd " System and Met hod for
Transmitting and Receiving Acknow edgenent | nformation”, which applications

or cson 0N ent 3R el S EA TR RS TP S el ST EAFrENe PR 1

particul ar| 0. a stem an thod for transmtting and receiving
acknoml%]%ﬁ%%fégﬁwa APUR ﬁﬁ%ﬁl%n%%ﬁ I9ep 0O BTAEME A PR ReGevingsj r el ess
comuni cati ons system such as a Third Generation Partnership Project

( 3GPP) Ackngwirdgerd Hommaiondand UENaseprpyisiena] Apimheanocpi b%ﬁ§07s3f§?t died {dmepe ar e
physi cal data channels and physi cal control channels. The physical control
channelld, @y, caiticdy Sysibmrand Mahod for §saissiittidghad Bowiving daknownsdgardnth occur
over the physical data channels. [0004]Figure 1 illustrates a
COMUNITEREMAH”S W@ AphOaticdhe AFBHH &Rt ih & oadea e rBid BPrdid¥ndke a 3GPP LTE
conpliant commruni cations system Conmuni cations system 100 i ncl udes an
enhanced NodeB (eNB) 105, which may al so be commonly referred to as a base
station, base transceiver station, controller, comunications controller,
and so THSHNICANBIEGE may control communications to and froma user

equi pnent (UE) 110. UE 110 may al so be referred to as a nobile station,
termn ser, i - i ' r e to UE
150 g 2o R PR s e AR MR S ARl MRS, O L
110 to eNB 105 may occur over uplink. (UL) channel . .

2011/ 1f@%@gﬁaéwt@ﬂémm@ﬂ@E@f{%’ébgﬁl}ﬁnﬂv i st %Ckn?‘gg&&?m%q%f@%atmm
mechanismis a nechanismin a 3GPP LTE conpliant comruni cations systemt hat
allows a transmitter of a data packet (e.g., an eNB) to retransmt the data
packet BAcrgreagymer of the data packet (e.g., a UE) fails to decode it.
The eNB nay add a cyclic redundancy code (CRC) to a transport bl ock and
transmt the data packet. Upon receipt, the UE may attenpt to decode the
data pde®3. | Canprelldaing wisdkstcopmaseatioRGysteas kuch dsenlhikbGuRTaEgn f eed back
an acknow edgenment (represented as ACK or A) to the eNB. If the data packet
fail s CREnekiapProjtdtéAGPRELUE Taynh Feddida@k B comgbiit\comaainanbedgerant
(represented as NACK or N) to the eNB. If the eNB receives a NACK, the eNB

nmay I etRa@pard ghybibsl ddet chaRRgkald pHydRdohfrot MRnksEs. fdlelphyiallc0f@d 1@ hdnnels
transm ssion intended for it, the UE may feed back a discontinuous

transm ssi . : fed back
in a man e@ﬂyﬁﬁﬁrﬁ%ﬁﬁﬁﬁﬁee g%ﬁiﬁlﬁlg%%%ﬁ%@&hgﬂ% E‘géﬁ’é éﬁ% g)rl% at1 ggttahe eNB
transm ter1 If the eNB receives a DIX and if the eNB transmtted a data
packet “HH"corresponds to the DTX fromthe UE, the eNB nay retransnit the
data packet. However, if the eNB receives a DIX fromthe UE and it did not

nmake a [desm $34R8 1 itusihes Yeombligitatibes SNBnTE0. CRaSRIM@IBRS sysRePomhp t he
DTX. [0007]Figure 2 illustrates a prior art physical channel "structure of a

3CPP L IE i 1 AL G M%B&%&%ﬁo@’s@rg?ﬁ%a %@%ﬁgﬁ?%%ﬁ)ﬂ’éﬂﬁ% Yes an

communi cat1 ons syste communi cate o wn In Figure 2

as
channel 205 nnel (shgwn in Figure as. channel 210). [0008]In
"5 e epfets RO, S AR D BhSHCot Pt Sl e CAaN RS sBhat) ot

mul ti pl exed over .a single set of physical channel resource(s). Both control
si gnal {'FgsceR@r slatien. saytrellercoppmadcasipas coptiglligyjapd s forgy Bt \Msrray @8t al ces.

As shown in DL channel 205, control signaling may be carried in a first

por t i ogominunetaiionktoraad dipncesset shopmens(LghyldDcHE 1d6wiyiatdo eonferst] te hamnel
(PDCCH)) and data nmay be carried in a second portion of network resources

( shown nashilpRyesibaakrmsiaxnhisenksubdraiber aath am nel Cmi®iit)tjons Tioen EDBTHS tal/H Nol ude

i ndi cations of WD 2011/ 116668PCT/ CN2011/ 071944 networ k resources assi gnhed

t o UES.mdyQiccXeviPh@owh il 08t PdhaRdd, WHYe RfndinitAdins &ohPUENQ0REENBI 105 may
resources 216 assigned to a first UE, and indicator 218 may be an

i ndi cat] s 219 assigned to a second UE, and so forth.
In gengfgnggr%Eﬁﬂ@%ggﬁgéﬁ#@ggDCCH and then determi nes a | ocation of

network resources allocated to it by the eNB and detects data transmtted
toit at the location of the network rasources. [0009]1f the UE fails to
detect its PDCCH, the UE cannot receive a transm ssion since it does not
know where to locate the transm ssion. The UE nay feed back a DIX to the
eNB. In a 3GPP LTE conpliant comuni cations system the DTX state is fed
back froma UE by transmtting nothing on PUCCH which does not distinguish

o o o NSNS 1 o o



SUMMVARY COF THE | NVENTI ON 100121These and ot her problens are generally
sol ved or circunvented, and technical advantages are generally achi eved, by
pref err edworntbudiin@at s of the present invention which precraeaeoa/system and

met hod transm.tting and receivin w edgenent i nf ornmation 013]In
nocor AN i ¢S B RG ARG SRES S AR IHRSIETER < RoBHTTO AT 3GREL hot
for communi cations device operations |s provided. The nethod jncludes

det er miliitheP P IRPbFQramEcHipne system tead pllowy o dapsnilipre)a dada prekeldeigorangdh cc
in a set of configured CCs, thereby producing a set of HARQ responses,

gener ati¢ nagraasmit tlfcotatapacket i e cdcorvef potlre dhie paetet of. 2. HARD) fatsponsexsie iedbodi ng
the information vector, and transmtting the encoded information vector. A
sub- veeN® may adhe carlicreduadbidyscode (ERCeh £ raspodhdlackfand erahdnaintheelataopacka.
assigned a fixed vector val ue i ndependent of HARQ responses for CCs not in

a set @fpor@scaifieme UTema ¢hit&hpt@eRlcbRicNR dRAPANKet. WIRE Bath PEci@ehaifs CRE
conprises at l'east one CC whose HARQ response is equal to DIX. 100141ln

accor GRS, Weh i ADBURR cB BT A ATROMIRAL (BhrcL AR ALORERI NI A,

nmet hod Tor conmuni cati'ons devi ce operations 'S provi

i ncl ud decodi Jeceived encoded infor jon vector, the code

| or it s gderen itk EEk R RIS bR gt Newnshie Bisey
response for each cogPonent carrier (CC _in a set of configured CCs, and
gener at(feREFspHed 95 WO&LK piargortbe pyRs Hdhg oRbBreqsaves aMNor Gt the s YFctrapgait
decodi ng maekes use of a priori information about a subset of CCs froma set
of confthgdategad®Gs used to transnit information fromthe communications

devi ce, thereby producing an information vector. [0015]1n accordance with

anot her ferr i ment of the present jnventipn nmet h for

FF ao il 006 i e SRS B oo PSR e S B VB Baiohses i s
provi ded. The nethod'deternining a first set of coqgonent carrier (CQO),
det er midiicAritoys Hapwnisdqn Gepressniogiss AN gesheqy B X sk mer be fed brskfif r st
set of CC, assigning a set of bits of an information vector to a fixed
vect or avednner thahtbe dithfeedhebdcknething et mrkeenlsiliant) © thash tonsmier fIf theteNgkt  of
CC, assigning remaining bits in the information vector to val ues based on
t he seceuihesatDDX akilif tRNEOBitRAGsthited a\¥ataddtldt 136 0o @EpdNISNS QI DI K1Ddk4 the

i nformation vector, and transmtting the encoded information vector. The

first sgt o oS mhyGhiralRmiQhe U9G paBLE HAWNARE the SRENREeil & IVRX AQRURIUR

accordance with another preferred embodi ment of the present invention, a
conmuni, gg§,! @ﬁotcl%éﬁiecaetr&%nﬂs?q‘ﬂ tg Gt‘@‘e Uﬁh&eﬁ PR &%&'Cﬁ{)‘s% { %ﬁt Fegpdn’a% éﬁ%eﬁTﬁ.
response unit, a mapper coupled to the response unit, and an encoder
coupled to the mapper. The response unit determnes a hybrid automatic
repeat [0@pest HigwdRDilluseareageiof an peaidul thamspaructudé 0CK3GIBYL T copgtiant
conponent carrier (CC) in a set of configured CCs assigned to the

CO”““”%GﬁkhﬂﬂﬁﬁQﬁMﬁﬁﬁnL@@kaﬂ%eH%RR%ﬁwg€B&hﬁhﬁ&a@&mk?&&&geéﬁﬁﬂmkﬁﬁ%ﬁkr£rOm
HARQ r esponses produced by the responsé unit and the set of configured CCs.

A sub- rof Mo i t i atd. tor is
assignggggg?ﬁgé§9vééig?gggﬁﬁgCb%g%?%ﬁgggggﬁi&&%&ﬁﬁ%é%&ﬁ%ﬁ@I?%Eeégg not in a
set of &ﬁ%@ﬁgﬁﬁ the set of CCs is not enpty, where the set of CCs is a set
of CCs € RQ response is equal to a specified value. The encoder
encodes the information vector. [0017]1In accordance with another preferred
embodi pays| Of UAE RIPPSIEIY cdMYIRM LORAMuRICRROTTUNIEAL hdRHIHEHnESs hyPkovi ded.
The conmuni cati ons device includes a decoder, a generator coupléd to the
decoder r t [ I upl ed
to an IEFSAR SlePEETRR oM ERaf Bahil -AS0RERY Motk SRBERRG R A SBE Pie
by the information source. Th ecoder nmke se af riori,.infornmation
Sbout - ABUBSE ORGSR e TR OB BB BH s s ed
to transmt information. The generator produces individual hybrid automatic
repeat skdglirgsmay be prrey it & §pb RABONof Bphvrk BspyGes Ghownes Hasisakdoviding t he
processor processs each of the individual HARQ responses. [0018] An

advant agetrafchamed (RI¥ACHPndidatat hay bacarsedineesecarid partiem o Dokt o AGIS NAGK

vector, such as an eNB, may be able to use a priori information regarding
al | ocat(gbwecspnneitd] doamlihle sisarédhanhel (APSEH))TIhe POCEE adiyrigelpés indlchBaBe

[ 0019] A further advantage of an enbodinent is that a transmtter of an
encoded ACK/ NACK vector, such as a UE, may be able to utilize ACK/ NACK
information in -5- WD 2011/ 116668PCT/ GN2011/ 071944 conjunction with a
configured CC set to encode the ACK/ NACK vector in such a way that nmay help
a receiver (e.g., an eNB) of the encoded ACK/ NACK vector realize inproved
decodi ng performance. [0020] The foregoing has outlined rather broadly the
features and techni cal advantages of the present invention in order that

N Y e 2 1. 1 4. .



conpliant conmuni cations system [0024]Figure 3a is a diagramof a first
technique for transmtting multiple ACK/ NACK feedbacks; [0025]Figure 3b is
a di agramwof2oa/me@8nd t echni que for transmtting nul ti plPeTABK)NATO44

feedbacks; WD 2011/ 116668PCT/ CN2011/ 071944 [0 Figure.4.is. a diagram of
L r el att Ol EaTREHANIEACOR R g PyuPe eacany 2 sy b i utPaBut b o
set, and a schedul ed CC set;ﬁ%fOZ?]Figure 5 is_a diagramof information

pr ocesSPIRYTEH 2 MoK IgReK!q filtst Kb pechindiator O mayde g indjeationdo netwerk | ow

di agram of UE operations in transmtting ACK/ NACK information to an eNB;

[ 0029] Fésgurass 2 Fhassipaed b asesond Bid amdsoforthaningeremh@UE deteetaiit PO Gléendr with
and without a bit set to a fixed value; [0030]Figure 8 is a diagram of

i nf or maliénatetgmoe adodugion o f AEKONAEKOurnésarlivaited o by dre MBand 9314 Ftgure 9 i s
a diagramof a relationship of a whole code space and a reduced code space
based @RndnRiel @ it akieWRHEE o PfheTehRAHk&Bulets; [0032] Figures 10a through 10e
are di agrans of possible conbinati ons of ACK/ NACK i nformation vectors for
one to five CCs; [0033]Figure 11 is a flow diagram of eNB operations in

t ransmil080%g i df et faols thdeted ite M DACKANACKE ¢rnoetmaediona frembnbssadn ginceah eNB
by a UE; [0034]Figure 12 is a diagramof an alternate illustration of a
comunidoad h@nsodeviceeio lacule {H2ABDEmisgion €THSUE Sy dedbichr DT Xao tial dNG.Natae
illustration of a conmunications device. DETAILED DESCRI PTI ON OF

| LLUSTRB&HPVET EMBRGRiENT enTu@R 3G kNS steRK iR PR diabksis el ©fck tifeen RSNt |y

preferred enbodi nents are discusseéd in detail below It should be

appr eci ces N ¢ 4 iiy-ent:i Vi kegbl e
et 1 aE NN L on PRRECH GnEh BOAT o WURRL P RORA S IR BoCH
contexts. . The specifi.c enbqdi nent [,Scus r il rative of
cpect 1 i Ay E PAR Bt AR e e MehBhk RIRQhdodBe Ftoing TRl ope o
the invention. WD 2011/116668PCT/ CN2011/071944 [0037] The present invention
wi || béewesirlf fedNi has nobsgheduled any rassapssiensdptisdy Rethesthers magpridier ¢
context, nanely a 3GPP LTE- Advanced (LTE-A) conpliant conmmunications system
t hat sWpPSct sntemdeddoethe Warri ers. The invention nmay al so be appli ed,
however, to other communi cations systens, such as W MAX conpl i ant

comuni cations . syst ens,,.that su rt the f multiple carriers convey
ransmild@tng” o8 SERR D HuaR BRE o poniGy PR P e one feieRAdiort 18 i e
onto a single channel. [0038]I.n a 3GPP LTE-A conpliant communi cati ons

syst emthf‘s%g%% HEfcompdip ei008mBHerdinng s Y5 lammotrytiabu vith othes ypapa{ionefs pa

provi ded. Cenerally, in carrier aggregation, two or nore conmponent carriers
(CO), wikahpleanttwhaviicsmyress@ah dwiydichised tougpnyey BARMHacknoeyedgemanis frogathe dirst A
maxi mum of five CCs may be aggregated for a total bandw dth of up to 100
MHz.  UE and network resources 226 may be used to convey HARQ acknowledgements from the

second UE.

[0011] ACK/NACK feedback control signaling may consume a considerable amount of
overhead, especially when higher bandwidth (i.e., more data packets) deployments are utilized,
and may therefore negatively impact the overall performance of the communications system.
Therefore, there is a need for a system and method to reduce the negative impact on performance

due to a larger overhead associated with ACK/NACK control signaling.



[0039] I n a 3GPP LTE conpliant comuni cations system DL spati al
mul tiplexing of up to four nultiple input, multiple output (MM) |ayers is
support edvowhillleasp to ei ght M MO | ayers are supported POTANZGRR7LIRE- A

conpl i i i In case of spatial nultiplexing, up to two
transp ﬁM%fmrsBﬂ(ﬁ%ﬁ@ﬁgﬁcﬁ?ansm tted to a scheduled UE in a subfranme
per DL CC. Correspondingly, for HARQ ACK/ NACK operation in the UL, one UL

ACK/ NAQ ¢ e dbagksd smdngrdefoians il gbierall PAMNJTHEiRuARYNIBE H8Y&haicacases
wherein only one ACK/ NACK feedback exists for one CC. They include, but are

not |imn — i . | smtted
ro o LBk Qurc cBlalty QR b pRfRodMhtlliindhs of b $r AR lfinlisn WHAAST! (10
are scheduled in a first,transm ssion and a.f.irst, TB.is corr.ectlv.received
(decod i85 e DR shod RO RRRL b 410 ToEvindAckno WlgdamPWan kg i hedul os
a retransm ssion, only the incorrectly received TBis retransmtted w thout

rescheqodi3ng ainevoldntOwie atpréeasd thmbsdiMehtof the prEb&it @fvehBon, Athsthed or
ACK/ NACK feedback in response to the WD 2011/ 116]868PCT/ CN2011/ 071944

f:twrniﬂ%?%?ﬂ“a “%?ié‘”"&%&%%ﬁaﬁﬁﬁi ﬂﬁéi?&%é 1e ?ﬁu%h:[dﬁiﬁf‘?‘ﬁ%?ish e aual i,
i Y Al CK T i
men o futpate pER ey PR BN Eieh & b Proniidfeshi ey BRestd | e o

may be an i ndependent HARQ entity for each CC, which enables the HARQ

pr oces PEAUSIESChoIGEARK 15ePqnsey, &RsHlE anHBEFRAIRITacier e thserhelr@AREner e
may be one PDCCH for each PDSCH | ocated on each CC. The PDCCH nmay be

| ocat edespanichecnsading GE iaBrinpdorcwct@spuitinagitPISt cocodedynfoemptipravegiorf Ar ent
CC fromits corresponding PDSCH (refer to Figure 2 for an overview of the
PDCCH aul-vEeiSGH) onc At awirel bingd e ctddnfeo @i iNfCiaiiod asonmtis agsignod aésponecitog t o
the TBs on each CC may be processed independently. If a UE has nmultiple DL

CCs t 0 vaReghdPehdeaNSNMHARE DGR ndes o ETsHYL fnl e 0 SCOYIWhan aRUSt S NAEKt
f eedbacks may be generated and transmtted to the eNB fromthe UE. [0042] As

di scus r. 8Vl YA = QP BARE ' ' t each
CcC my%ﬁ%\% Vﬁl\ékeﬁ%&éts%&ow%sa%oﬁﬁg?%a}g?ﬁﬁere g‘?@%p to ?ﬁ%@:@ﬁ&%@f eedbacks
per CC per UE, and a maxi num of five CCs may be aggregated for a single UE,
t her ef g0@ 4]t herle acmyddnec ujithtanothenpraCicilaciollmedbatiis ptasommiaveniiogl aembihod or
frequency division dupl exed (FDD) operations. Wth tinme division dupl exed

(TDD) gpesomirh@Rsationd 8 Bc@bSeratdnt & roRidACKY INAGKhE ERERAEKSccBEIng @Peceived
corresponding to one DL subframe froma UE, and there are several UL-DL

config i AR i I *. LG I}lglggﬁ
feedbag&@qeﬁqﬁfﬁre cas gveo Ir’g[n%%)n ?g%ﬁg‘%&%ﬁ"yﬁ? (&81% %E@H%La( lg}(})l%drz%grt‘res an oﬁe UL
subfrane for CC. Furthernore, the naxi nunber .of r ted,CCs for
2ol ngrenig (RO Ugsponit ol Raectonaarlt RS RBC S 1 o° 26 SR OES B o Nk
f eedbacks from a single UE. [0043](%For a . single CCwith one TB, there may be
a t ot al2CByrating @éws(%ua? HARY respensep iy trsinforniatioryvegtpdiky daepginggppkes use of
2011/ 116668PCT/ CN2011/ 071944 (DTX). For a single CCwith two TBs, there may
be a t ataioromidrimatiopebaitlalsebsst af €Cs Wont aigsit e cafliguted GGy waed TBransTBR) :  ( ACK,
ACK) (ACK, NACK) (NACK, ACK) (NACK, NACK) and (DTX). [0044]Figure 3a

i |l ust ri@basationt fewh thegtoenmBdiicdt hs Hedas thdrébyngodudingd 4l @ioAGKlibIACKtbeedbacks.
As shown in Figure 3a, technique 300 may reuse the PUCCH format #2 as
described in the 3GPP LTE techni cal standards, wherein the UE separately
modul at@&134 odedn ALSIMAEKWIthRBP hal PISHFIISH CaIbRIINIEZaHEF Presprf-NyEoR giigiees,
and places the nodul ated signals into nmultiple synbols in a single slot
(one sudfranymittiogpriligds hybwel sitomstc repest hierjugste HAGW nigspdmecsab peovidgdt Fansmi t

up to 13 ACK/NACK information bits that are encoded into 20 coded bits.

[ 0045] mheghisdededdarniihihg atiiratsesofaobpohsrit ¢ueicd BOCY, detetrhiaitgid decomPsatul CCplavtaich
ACK/ NACK f eedbacks with DFT-S-OFDM As shown in Figure 3b, technique 350
enpl oy glods ARIcBAAINGhy @C irPthe (Mt Qbt A, assignitg Ksdd If bit® o8 A BESknialign ACHENOCK

information bits. Téchni que 350 may be able to support 48 or nore coded

ot of BREH & kAR TR S ENR s e PR T b ® ™

ACK/ NACK informatign.corresponding tq the TBs gn the nultiple . A nunber
o1} of niCRERITGARR 1 (ST EEoTGI e PR s MRk ares P wediatisnok to
t he eNB) depends on the nunber of CCs, as well as the nunmber of ACK/ NACK

f eedbacks for each CC, as described praviously. The UE needs to map the
ACK/ NACK information (e.g., the joint ACK/ NACK states) of the nultiple CCs
to a plurality of ACK/NACK information bits (i.e., an ACK/ NACK i nformation
vector), and then encode the plurality of ACK/ NACK information bits WD
2011/ 116668PCT/ CN2011/ 071944 by, for exanple, linear block coding to form

T o p— L



information bits is to denote the nunber of all the possible states as X,
where x is an integer; and then use a conbination of k = ceil (1 0g2x) bits
to denot eweacti/gs@Be. If y is an integer, where (y -1) BXT)CN20h@T1d4einct i on

Cose ot ear oy e En ik Mg o feskle® by Sgron o s8lon T sl s OE i FRES o

feed back to the eNB when the UE is schedul ed dual TBs on each the N CCs
(her e, (& ®awhigy 3HARR Hepersed PEXr epresent that nothing will be transnitted
if DITX occurs on all the CCs). On a |lower end case, there will be a total

of (3N possi feed back
when si[(r)ldgﬂ)% TB%II gécg)(r:%e uwgtgéﬁé%g%: (f)eyéta %gﬁ%&%&@gfﬁg gg‘% ?%ﬁ%%ﬁgﬁaﬁg is used
on all CCs. Th?n k, where kEdﬁﬁ? integer..bits .are @@eded to trartlsm't each
ACK/ NACRTETUE 0D A4St BN iioHg RoC YT dGnges 8RVIRS Dowdry { [SPYSEaN-%) ] for
t he upper end case (or k = ceil[l0og2(3N -1)] for the |ower_end case).

[ 0049] IPAPgEnEURledte &teﬁé?'%m%ﬁ wify apghan feePT P upled do Hierknaurex Ths defipapie Witat es
per CC, and q CCs needing three ACK/ NACK feedback states per CC (where p
and q aeermmeegdyl)d agomatiatepodt regics (HegRQ) BRporB¢ for-chyl) wansporbbockdEBedl As
an exanple, consider a situation wth two CCs and two ACK/ NACK f eedbacks
for eachcHongmment daheyt (KCFidlsa bt@FigusnldCKs msipaid (d thg 2ammudeali¢hsayRic24) =
5 bits, which can represent up to 2' =25 = 32 states. A rule may then be

const r Yed et heppeehftatddarCiaiPhndaén Gsordforh Bésponded ptdMb&BBEthE R&pdfke
ACK/ NACK states. WD 2011/ 116668PCT/ CN2011/ 071944 [0058] Table 1 i sPs a

number \gf, offFhe AHTRRH 0L ACUNAELSLBLL ST o AUTRAL saécté;cﬂf»glyﬁgi on wher e

information bits nee to represent e states a co

there are t TBs, per CC per .UE, Table 1. Nunber j Qi nt ACK/ st at es,
and nugberrden et fasrantth iraprelEi b Hrne b Satkotra et PO
variety of CCs wherein there are two TBs per CC per UE. N (nunmber of CCs)
N=1l N=2 SR Gespwhensthrysetnd IC(otis et greptacrhouadic sst %ftp%@s fa sst oLGGs whosp= 53 - 1=
54 -1= 55 -1=the N CCs 4 24 124 624

HARQ response is equal to a specified value. The encoder encodes the information vector.

[0017] In accordance with another preferred embodiment of the present invention, a
communications device is provided. The communications device includes a decoder, a generator
coupled to the decoder, and a processor coupled to the generator. The decoder is coupled to an
information source and decodes an encoded information vector provided by the information
source. The decoder makes use of a priori information about a subset of component carriers (CC)
from a set of configured CCs used to transmit information. The generator produces individual
hybrid automatic repeat requested (HARQ) responses from an output of the decoder, and the

processor processs each of the individual HARQ responses.

[0018] An advantage of an embodiment is that a receiver of an encoded ACK/NACK vector,
such as an eNB, may be able to use a priori information regarding allocated component carriers

(CC) to help improve decoding performance.

[0019] A further advantage of an embodiment is that a transmitter of an encoded

ACK/NACK vector, such as a UE, may be able to utilize ACK/NACK information in

-5-



15624 Number of ACK/ NACK information bits (k = cei/[log2(5N -1)] ) 2 5 7 10
12 [0051] The nunber of ACK/ NACK information bits in a conmunications
syst em opEoavivigeéoR TDD node al so depends on a rati o of pDI/GSubfveanas and UL

subfranes. as di scuss revjously. 2 have nmul.tiple CCs for
data © PARLRf R R SR E LG R Rt ERNATR R iy uit iy
configuration and the nedia access_contraol (MAC) activation. The RRC | ayer
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code.

space based on a priori knowledge of scheduled CCs;

[0032] Figures 10a through 10e are diagrams of possible combinations of ACK/NACK

information vectors for one to five CCs;

[0033] Figure 11 is a flow diagram of eNB operations in transmitting information based on

ACK/NACK information fed back to an eNB by a UE;
[0034] Figure 12 is a diagram of an alternate illustration of a communications device; and

[0035] Figure 13 is a diagram of an alternate illustration of a communications device.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

[0036] The making and using of the presently preferred embodiments are discussed in detail
below. It should be appreciated, however, that the present invention provides many applicable
inventive concepts that can be embodied in a wide variety of specific contexts. The specific
embodiments discussed are merely illustrative of specific ways to make and use the invention,

and do not limit the scope of the invention.
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[0037] The present invention will be described with respect to preferred embodiments in a
specific context, namely a 3GPP LTE-Advanced (LTE-A) compliant communications system
that supports component carriers. The invention may also be applied, however, to other
communications systems, such as WiMAX compliant communications systems, that support the
use of multiple carriers to convey transmissions to a single user and an aggregation of

ACK/NACK responses onto a single channel.

[0038] In a 3GPP LTE-A compliant communications system, support for greater bandwidth
through carrier aggregation is provided. Generally, in carrier aggregation, two or more
component carriers (CC), with each having a bandwidth of up to 20 MHz, may be aggregated. A

maximum of five CCs may be aggregated for a total bandwidth of up to 100 MHz.

[0039] In a 3GPP LTE compliant communications system, DL spatial multiplexing of up to
four multiple input, multiple output (MIMO) layers is supported, while up to eight MIMO layers
are supported in a 3GPP LTE-A compliant communications system. In case of spatial
multiplexing, up to two transport blocks (TB) may be transmitted to a scheduled UE in a
subframe per DL CC. Correspondingly, for HARQ ACK/NACK operation in the UL, one UL

ACK/NACK feedback is needed per DL TB.

[0040] There may be several cases wherein only one ACK/NACK feedback exists for one
CC. They include, but are not limited to:
- Only one TB is sent on the DL

- Only one TB is transmitted to a UE on a CC in an initial transmission
and/or retransmission,

- Two TBs are scheduled in a first transmission and a first TB is correctly
received (decoded) by the UE while a second TB is not. Then, when the eNB schedules a
retransmission, only the incorrectly received TB is retransmitted without rescheduling a new TB

to be transmitted with it. Therefore, only one ACK/NACK feedback in response to the

-8-
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retransmission of the previously incorrectly received TB is needed.
- When spatial ACK/NACK bundling is used due to limited UL channel quality,

there will be only one bundled ACK/NACK feedback for the two TBs in the case of TDD.

[0041] In a 3GPP LTE-A compliant communications system, there may be an independent
HARQ entity for each CC, which enables the HARQ processes of each CC to be implemented
independently. Furthermore, there may be one PDCCH for each PDSCH located on each CC.
The PDCCH may be located in the same CC as its corresponding PDSCH or may be in a
different CC from its corresponding PDSCH (refer to Figure 2 for an overview of the PDCCH
and PDSCH). Accordingly, the ACK/NACK information corresponding to the TBs on each CC
may be processed independently. If a UE has multiple DL CCs to receive transmitted data, then
multiple simultancous ACK/NACK feedbacks may be generated and transmitted to the eNB

from the UE.

[0042] As discussed previously, in a 3GPP LTE-A compliant communications system, each
CC may have up to two TB, therefore, there are up to two ACK/NACK feedbacks per CC per
UE, and a maximum of five CCs may be aggregated for a single UE, therefore, there may be up
to ten ACK/NACK feedbacks from a single UE for frequency division duplexed (FDD)
operations. With time division duplexed (TDD) operations, there are up to two ACK/NACK
feedbacks per CC corresponding to one DL subframe from a UE, and there are several UL-DL
configurations, among which there may be up to eight (4 * 2) ACK/NACK feedbacks in the case
of a configuration with four DL subframes and one UL subframe for one CC. Furthermore, the
maximum number of aggregated CCs for a single UE is five. Therefore, there may be up to 40 (5

* 4 *2) ACK/NACK feedbacks from a single UE.

[0043] For a single CC with one TB, there may be a total of three states of the form (TB1):
(ACK)

(NACK) and
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(DTX).

For a single CC with two TBs, there may be a total of five possible state two-tuples of the form
(TB1, TB2):

(ACK, ACK)

(ACK, NACK)

(NACK, ACK)

(NACK, NACK) and

(DTX).

[0044] Figure 3a illustrates a technique 300 for transmitting multiple ACK/NACK
feedbacks. As shown in Figure 3a, technique 300 may reuse the PUCCH format #2 as described
in the 3GPP LTE technical standards, wherein the UE separately modulates coded ACK/NACK
information bits with Zadoff-Chu-like sequences, and places the modulated signals into multiple
symbols in a single slot (one subframe comprises two slots). Technique 300 may be able to

transmit up to 13 ACK/NACK information bits that are encoded into 20 coded bits.

[0045] Figure 3b illustrates a technique 350 for transmitting multiple ACK/NACK
feedbacks with DFT-S-OFDM. As shown in Figure 3b, technique 350 employs a spreading
factor {w[0],w[1],...,w[K-1]} to spread the ACK/NACK information bits. Technique 350 may

be able to support 48 or more coded bits for transmission from UE to the eNB.

[0046] If there are multiple DL CCs for a UE data transmission, the UE needs to feed back
to eNB the ACK/NACK information corresponding to the TBs on the multiple CCs. A number
of joint ACK/NACK states (a combination of ACK/NACK states to be fed back to the eNB)
depends on the number of CCs, as well as the number of ACK/NACK feedbacks for each CC, as
described previously. The UE needs to map the ACK/NACK information (e.g., the joint
ACK/NACK states) of the multiple CCs to a plurality of ACK/NACK information bits (i.e., an

ACK/NACK information vector), and then encode the plurality of ACK/NACK information bits

-10-
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by, for example, linear block coding to form code word(s) for transmission purposes. Then the
UE transmits the code word(s) after modulation in a UL channel, such as UL control channel

(PUCCH).

[0047] As an example, a simplest way to map the joint ACK/NACK states to binary digital
information bits is to denote the number of all the possible states as x, where x is an integer; and
then use a combination of k = ceil(log, x) bits to denote each state. If y is an integer, where

(y —1)<x <y, then function ceil(x) = y.

[0048] If there are N (1< N <5) DL CCs for a UE, then an upper end case is that there will

be a total of (5 —1) possible ACK/NACK states to feed back to the eNB when the UE is
scheduled dual TBs on each the N CCs (here, a “-1” term may be used to represent that nothing

will be transmitted if DTX occurs on all the CCs). On a lower end case, there will be a total of

(3" —1) possible ACK/NACK states that need to be encoded and feed back when single TB is
schedule on each of the N CCs or spatial bundling is used on all CCs. Then £, where £ is an

integer, bits are needed to transmit each ACK/NACK state to eNB according to the equation

k = ceil[log,(5" —1)] for the upper end case (or k = ceil[log,(3" —1)] for the lower end case).

[0049] In general if there are p CCs needing five ACK/NACK feedback states per CC, and ¢

CCs needing three ACK/NACK feedback states per CC (where p and ¢ are integers), a total of
ceilllog, (5% -3? —1)]bits are needed. As an example, consider a situation with two CCs and two
ACK/NACK feedbacks for each CC case, then x = 24 states, and

k = ceil(log, x) = ceil(log, 24) =5 bits,
which can represent up to 2 =2° = 32 states. A rule may then be constructed to select 24

combinations of the & bits to indicate the 24 ACK/NACK states.

-11-
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[0050] Table 1 lists a number of CCs, number of ACK/NACK states, and number of

ACK/NACK information bits needed to represent the states for a configuration where there are

two TBs per CC per UE.

Table 1. Number of joint ACK/NACK states, and number of bits needed to represent the joint
ACK/NACK states for a variety of CCs wherein there are two TBs per CC per UE.

N (number of CCs) N=1 N=2 N=3 N=4 N=5
Number of joint ACK/NACK states of | 5' 1= | 52 1= B 1= |5 _-1= | 5-1=
the N CCs 4 24 124 624 15624
Number of ACK/NACK information 2 5 7 10 12

bits

(k = ceilllog, (5" —=1D])

[0051] The number of ACK/NACK information bits in a communications system operating
in TDD mode also depends on a ratio of DL subframes and UL subframes, as discussed

previously.

[0052] A UE may have multiple DL CCs for data transmission depending on the radio
resource control (RRC) configuration and the media access control (MAC) activation. The RRC
layer configures a CC set. The MAC layer may activate or deactivate CC(s) to adapt to a UE’s
real traffic from the perspective of power savings, for example. The UE feeds back the

ACK/NACK information bits for the CC set configured by RRC and/or MAC.

[0053] A scheduler in the eNB performs scheduling within the CC set according to the
channel condition and other factors. For example, in a communications system supporting carrier
aggregation, some of the CCs may be in lower frequency band which provides relatively larger
coverage. The eNB (scheduler) may schedule some UEs only in the CCs in lower frequency
band to gain better channel quality when other CCs in the higher frequency band experience poor
channel quality. A special case may be to schedule a UE only on its DL primary CC which is

linked to the UL CC on which its UL control signaling is transmitted.

-12-
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[0054] When the eNB schedules a CC to transmit data packet(s) to a UE, the UE may fail to

obtain the PDSCH because it misses the corresponding PDCCH. The UE can not distinguish two
situations: (a) there is no data packet scheduled for it in the subframe; or (b) there is data packet
scheduled but it misses the corresponding PDCCH. The UE may respond with DTX in both
situations. Therefore, it may be difficult to make a UE map the ACK/NACK feedbacks based on
the scheduled CC set since it is difficult for a UE to know the scheduled CC set since the
scheduled CC set may be dynamic in nature and continued signaling of the scheduled CC set
may consume a significant amount of overhead. So the UE will map the ACK/NACK feedbacks

based on the configured CC set, as configured by RRC and/or MAC.

[0055] If N DL CCs are configured by MAC and/or RRC for a UE, the ACK/NACK
feedbacks are mapped based on a configured CC set, but if only M CCs are scheduled in a time
transmission interval, where M is an integer and M < N, it may not be efficient to transmit the
ACK/NACK feedbacks using a ACK/NACK transmission scheme generally designed for N
configured CCs. So a problem is how to efficiently transmit the possible ACK/NACK feedbacks
to eNB if multiple DL CCs are activated and/or configured for a UE, but only a subset of the
multiple activated and/or configured DL CCs is scheduled in a certain time transmission interval.
Figure 4 illustrates a relative relationship of a configured CC set, an activated/deactivated CC set,

and a scheduled CC set.

[0056] Similarly, for TDD, there will multiple DL subframes but the ACK/NACK
feedbacks should be fed back in only one single UL subframe, so there will be multiple
ACK/NACK feedbacks for multiple DL suframes. Carrier aggregation is also supported in TDD,
so there will be multiple subframes and/or component carriers to feedback ACK/NACK
feedbacks. For simplicity, the ACK/NACK feedbacks for a CC in multiple subframes in a TDD
system may be regarded as ACK/NACK feedbacks for multiple CCs in a subframe. The

definition may be applicable for the following description for multiple component carriers.
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[0057] Figure 5 illustrates information processing 500 of ACK/NACK information by a UE.

Information processing 500 may be illustrative of processing of ACK/NACK information at a
UE as the UE processes ACK/NACK information of transmissions made by an eNB to the UE

for HARQ operation.

[0058] The UE may begin by performing a state mapping 505 of ACK/NACK feedbacks in
the form of ACK/NACK states generated by the UE based on its error checking of transmissions
from the eNB. Based on the error checkings of transmissions, the UE may designate the
ACK/NACK feedback of a transmission as being an ACK if the UE successfully error checked
the transmission without error, a NACK if the UE unsuccessfully error checked the transmission
with error, or a DTX if the UE did not detect a control channel indication related to the
transmission. State mapping 505 may be performed by a state mapper and may take as input joint
ACK/NACK information (e.g., the ACK/NACK states) and produce an ACK/NACK

information vector(s).

[0059] State mapping 505 may follow mapping rules defined by the UE, the eNB, an
operator of a communications system in which the UE operates, a technical specification, or so
on. According to an embodiment, state mapping 505 may also make use of a configured CC set

in the mapping of the ACK/NACK information into the ACK/NACK information vectors.

[0060] The UE may then perform a channel encoding 510 of the ACK/NACK information
vector(s) to produce a code word(s). According to an embodiment, a linear block code may be
used by a channel encoder to channel encode the ACK/NACK information vector(s). A detailed
description of channel encoding 510 and the linear block code is provided below. The UE may

then perform a modulating on the code word(s) to prepare the code word(s) for transmission to

the eNB.

[0061] As discussed above, a linear block code may be selected to encode the ACK/NACK
information vector(s). A block code of length n and 2 codewords is called a linear (n, k) code if
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and only if its 2* codewords form a k-dimensional subspace of the vector space of all the -

tuples over the field GF(2). It is possible to find & linearly independent generator matrix vectors,
g(; , §[ yeers g—ki , in an (n, k) linear code C such that every codeword v in C'is a linear

combination of these & generator matrix vectors,

e

V=Ug8y T U8yt T U 8o
where u;, =0 or 1 for 0 <i < k. Arrange these k linearly independent generator matrix vectors as

the rows of &k x»n matrix as follows:

—_—

gO g()() g()l... g(),nfl

&1 g1 g1 81
5 = = !
| k1 | _gkfl,O Er11 Er-1n1 ]

where g =(8i0>&i1rr i) fOr 0<i <k If 1= (uy,u,,...u, ;) 1s the information vector to be
encoded, the corresponding codeword can be given as follows:

v=uxG.
Clearly, the rows of G generate the (n, k) linear code C, so the matrix G iscalled a generator

matrix for C.

[0062] The minimum distance is an important parameter of a block code, which determines
the random-error-detecting and random-error-correcting capabilities of a code. The (Hamming)
weight of vectory, denoted by w(;) , 1s defined as the number of nonzero components of v. The

minimum distance of a linear block code is equal to the minimum weight of its nonzero

codewords and vice versa.

[0063] For linear block encoding method, such as Reed-Muller code or modified Reed-
Muller code, the minimum distance is determined by it’s the generator matrix. In 3GPP TS

36.212, there are two block code designs originated from Reed-Muller codes. A first block code
-15-
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is referred to as (20, A) code and is shown in Table 2. Table 3 shows the minimum distance of

(20, A) code with various values of A.

Table 2. Basis sequences for (20, A) code.

1 Mi,l} Mi,l Mi,2 Mi,3 Mi,4 Mi,S Mi,6 Mi,7 Mi,S Mi,9 Mi,ll) Mi,ll Mi,12

2 1 0 0 1 0 0 1 0 1 1 1 1 1
3 1 0 1 1 0 0 0 0 1 0 1 1 1
4 1 1 1 1 0 0 0 1 0 0 1 1 1
5 1 1 0 0 1 0 1 1 1 0 1 1 1
6 1 0 1 0 1 0 1 0 1 1 1 1 1
7 1 0 0 1 1 0 0 1 1 0 1 1 1
8 1 1 0 1 1 0 0 1 0 1 1 1 1
9 1 0 1 1 1 0 1 0 0 1 1 1 1
10 1 0 1 0 0 1 1 1 0 1 1 1 1
11 1 1 1 0 0 1 1 0 1 0 1 1 1
12 1 0 0 1 0 1 0 1 1 1 1 1 1
13 1 1 0 1 0 1 0 1 0 1 1 1 1

14 1 0 0 0 1 1 0 1 0 0 1 0 1

15 1 1 0 0 1 1 1 1 0 1 1 0 1
16 1 1 1 0 1 1 1 0 0 1 0 1 1
17 1 0 0 1 1 1 0 0 1 0 0 1 1

18 1 1 0 1 1 1 1 1 0 0 0 0 0

19 1 0 0 0 0 1 1 0 0 0 0 0 0

n=20 | 20 10 8 8 8 8 6 6 6 6 4 4 4
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A second block code is referred to as (32, O) code and is shown in Table 4. Table 5 shows the

minimum distance of (32, O) code with various values of O.

Table 4. Basis sequences for (32, O) code.
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Table 5. The minimum distance of the (32, O) code of various O.

O 1 2 3 4 5 6 7 8 9 10 11 12 13
n=32 |32 16 16 16 16 16 12 12 12 12 10 10

[0064] If the scheduled CCs are a subset of the configured CC set, and the code words after

channel encoding for the scheduled CCs have the bigger minimum distance than the minimum
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distance of whole code book of the configured CC set, better decoding performance of

ACK/NACK information will be obtained for the scheduled CCs.

[0065] For example, in the (32, O) Reed-Muller code, if O = 1, the codeword generated by
the first vector in the generator matrix has the biggest minimum distance of 32 and if O =2, ...,
6, the codeword generated by the first vector through the sixth vector in the generator matrix
have the bigger minimum distance of 16 than the code words generated by any other O vectors in

the matrix, at least equal. If O > 6, the codeword have relatively smaller minimum distance.

[0066] As shown in Tables 3 and 5, smaller values of A and O result in codewords with a
larger minimum distance, which may yield better decoding performance of codewords encoded

with the linear block code.

[0067] Figure 6 illustrates a flow diagram of UE operations 600 in transmitting
ACK/NACK information to an eNB. UE operations 600 may be indicative of operations
occurring in a UE as the UE generates and transmits ACK/NACK information to an eNB in
response to transmissions made to the UE by the eNB. The transmissions made to the UE may be
over multiple CCs with one or more TBs per CC. UE operations 600 may occur while the UE is

in a normal operation mode.

[0068] UE operations 600 may begin with the UE detecting its PDCCH (block 605). The
UE may detect its PDCCH in order to determine if there are any transmissions scheduled for it
over the associated CCs in the subframe. Furthermore, if there are transmissions scheduled for
the UE, the UE may be able to determine locations of the transmissions, such as frequencies

and/or times, using the information carried by the PDCCH.

[0069] If the UE failed to detect its PDCCH for a certain CC, where a PDCCH may or may
not have been transmitted by the eNB, then the UE may not be able to detect its corresponding
PDSCH and therefore be unable to receive the transmissions scheduled for it. The A/N feedback

for the CC corresponding to the failed PDCCH detection is then DTX.
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[0070] If there are data transmissions scheduled for the UE on a CC, the UE may (at

specified frequencies and/or times) receive the transmissions, which are carried by PDSCH for
3GPP LTE, for example. After receiving the transmissions, the UE may decode the
transmissions (block 610) then check the transmissions for errors, e.g., using a CRC. For each
transmission, the UE may determine an ACK/NACK feedback based on results of the error
check. For example, if the error check passed for a transmission, then the UE may set the
ACK/NACK feedback to an ACK for the transmission. If the error check failed for a
transmission, then the UE may set the ACK/NACK feedback to a NACK for the transmission.
One or more A/N information may exist for a CC, since one or more transmissions may have

been sent simultaneously over a CC.

[0071] Based on the joint ACK/NACK feedback for each of the transmissions over the
configured CC set, the receiver may set bits of an ACK/NACK information vector(s) using
mapping rule(s) (block 615). The setting of the bits of the ACK/NACK information vector(s)

may be set based on state mapping rules.

[0072] According to an embodiment, failure to detect its PDCCH may be represented with
an ACK/NACK feedback of DTX (or a NULL value) for the associated CC. The UE may then
set bits in the ACK/NACK information vector(s) that correspond to CCs in a configured CC set
with the DTX ACK/NACK feedback to a fixed value. The fixed value may be a vector of one or
more bits in length. The fixed value vector may be a known vector value or an otherwise
specified vector value. Parameters such as what bits the first set comprises and the value of the
first set of bits vary depending on scenario, for example, which combination of CCs have DTX,
the number of TBs scheduled on a CC, and so forth. As an example, the values can be predefined
in a technical standard. The ACK/NACK information of the CC(s) with ACK or NACK
responses (i.e., not DTX) may be mapped to the second set of bits in the information vector,

where the second set and the first set do not overlap for a given combination of CCs with DTX.
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[0073] As an example, the bits corresponding to undetected CCs in the CC set may be set to

a binary zero or some other prespecified or predefined value. For discussion purposes, if one bit

in an ACK/NACK information vector corresponds to a CC in the configured CC set with the

DTX state, then the one bit may be set to a fixed value (e.g., either a binary one or a binary zero).

As discussed previously, the fixed value may be a prespecified or predefined value. If two bits in

an ACK/NACK information vector corresponds to a CC in the configured CC set with the DTX

state, then the two bits may be set to a fixed value (e.g., either a ‘00°, ‘01°, “10°, or “11°). If three

bits in an ACK/NACK information vector corresponds to a CC in the configured CC set with the

DTX state, then the three bits may be set to a fixed value (e.g., either a ‘000°, ‘001°, ‘010°, ‘011",

‘100°, ‘1017, °110°, or “111°).

[0074] Although the above examples illustrate situations wherein a single CC in the

configured CC set is determined to be in the DTX state, the embodiments presented herein may

be operable with any number of CCs in the configured CC set being determined to be in the

DTX state as long as the number of CCs in the DTX state is smaller than a total number of CCs

in the configured CC set. Therefore, the discussion of a single CC being determined to be in the

DTX state should not be construed as being limiting to either the scope or the spirit of the

embodiments.

[0075] Furthermore, the above examples illustrate situations wherein one, two, or three bits

of an ACK/NACK information vector corresponds to a CC in the configured CC set with the

DTX state. However, any number of bits less than the total number of information vector bits

may correspond to a set of CCs. Therefore, the discussion of one, two, or three bits should not be

construed as being limiting to either the scope or the spirit of the embodiments.

[0076] As an example, consider a situation wherein there are three CCs in a configured CC

set and two TBs are transmitted on each CC. The ACK/NACK states for two TBs on a single CC

may be {(ACK, ACK), (ACK, NACK), (NACK, ACK), (NACK, NACK), (DTX)}. There is a
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total of 124 joint ACK/NACK states for the three CCs, thereby requiring seven ACK/NACK

information bits, b, bb,b,b,b.b, , to denote the 124 states, as shown in Figure 7a. As shown in

Figure 7a, the seven ACK/NACK information bits may be set to any of the 124 values based on

receiver’s detection of transmissions occurring on the CCs in the configured CC set.

[0077] However, if the ACK/NACK state for one CC is DTX (e.g., CC #3), then the
ACK/NACK feedbacks with at least the ACK/NACK state for CC #3 being DTX may be

mapped to the combination of ACK/NACK information bits b, b,b,b,b,b;b, out of which at least

one of the bits (e.g., be) 1s set to a fixed value ¢, as shown in Figure 7b. As shown in Figure 7b,
bit b is set to the fixed value ¢ (as an example, the fixed value ¢ may be equal to zero or one),
while the remaining bits (bits by through bs) may be set to values dependent on the UE’s
ACK/NACK feedbacks for transmissions occurring on the remaining CCs in the configured CC

set.

[0078] In other words, all ACK/NACK states where the ACK/NACK feedback
corresponding to CC #3 is DTX, but ACK/NACK feedback for other CCs may be or may not be

DTX, are mapped to the ACK/NACK information vector(s) whose bit b, (as an example) is fixed

with value ¢ (e.g., zero). The ACK/NACK feedbacks for CC #1 and CC #2 (which may be
{(ACK, ACK), (ACK, NACK), (NACK, ACK), (NACK, NACK), (DTX)} for each CC) are

represented by bits b, bb,b,b,b; (as an example). The first set of bits comprises { b; }, the fixed

value is b; = 0, and the second set comprises { b, 5,b,b,b,b }.

[0079] Although the illustrative examples shown in Figures 7a and 7b show that the last bit
(be) 1s set to a fixed value in case of the DTX state of ACK/NACK feedback corresponding to
CC #3, any bit position may be set to the fixed value in case of the DTX state of ACK/NACK
feedback corresponding to CC #3. Furthermore, more than one bit may be set to fixed value(s) in
case of the DTX state of ACK/NACK feedback corresponding to CC #3. The actual bit

position(s) set to fixed value(s) in case of the DTX state of ACK/NACK feedback of
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corresponding CC(s) may be dependent on the mapping rules used to map the ACK/NACK

states to the ACK/NACK information vector(s). Therefore, the discussion of the illustrative
examples should not be construed as being limiting to either the scope or the spirit of the

embodiments.

[0080] In general, the joint ACK/NACK states wherein the ACK/NACK feedback for a CC
subset CCprx (a CC set such that the ACK/NACK feedback to the CCs in the CC set is DTX) of
component carrier(s) is DTX, are mapped to a combinations of the information bits with a first
set of bits being assigned fixed value(s). For example, CCprx may be {CC #1}, {CC #1, CC #3},
and so forth. Each different CCprx may correspond to a different first set of bits, and/or a

different fixed value for the first set of bits.

[0081] In another example, the joint ACK/NACK states wherein the ACK/NACK feedback
for at least one CC is DTX, are mapped to the ACK/NACK information vectors whose bit b, is
the fixed value 0. In this example, if ACK/NACK feedback corresponding to CC #1 and/or CC
#2 and/or CC #3 {excluding the case where all CCs are DTX which implies no UL transmission
for ACK/NACK feedback} is DTX, then the joint ACK/NACK states are mapped to the
combinations of ACK/NACK information bits wherein the bit b, is the fixed value c. In general,
the joint ACK/NACK states with ACK/NACK feedback having at least M CCs in the DTX state
are mapped to the combinations of information bits with a first set of bits assigned fixed values.
For example, if 3 CCs are configured and M = 1, then the information vector corresponding to
joint ACK/NACK states of three CCprx sets, {CC1}, {CC2}, {CC3}, share the feature that a
first set of bits are assigned the same fixed value. The three CCprx sets may not be differentiated

by the first set of bits.

[0082] Referring back to the examples shown in Figures 7a and 7b, the number of possible

ACK/NACK states where the ACK/NACK feedback includes at least one of the CCs being
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determined to be DTX, is 60. If b is fixed, there are 64 possible combinations

for {b, b,b,b;b,b.b | b, = c}, which is sufficient to denote the 60 possible ACK/NACK states.

[0083] Returning back to Figure 6, after state mapping, the ACK/NACK information
vector(s) may then be encoded (block 630). Preferably, a linear block code, such as a Reed-
Muller code, a punctured Reed-Muller code, or so on, may be used to encode the ACK/NACK

information vector(s).

[0084] For discussion purposes, let a mother code defined for the configured N CCs be a

(n, k) linear block code. Let the size of a first set of bits be L bits, 0 < L; < k. Fixing the value of
the first set of bits in the information vector may be equivalent to expurgate the (», k) mother
block code to a (n, k - L) block code. The bits in the first set of bits may be arranged such that
the code performance of the resulting (n, k - L;) block code is optimized. For example, the (#, & -
L) code may be optimized to have the highest minimum distance, or the lowest block error rate

at a given SNR in AWGN channel.

[0085] In order to achieve this goal, the first set of bits may be selected to correspond to
arbitrary rows of the generator matrix. Depending on which bits are in the first set of bits, a
different (n, k - L1) code may result. For example, if k=7, L, = 1, different (n, 6) codes are
derived from the same (#, 7) mother code depending on if the first set of bits comprises {bg or b;}
or {b, or b4}, and the fixed values assigned to the first set of bits (e.g., by or by =0 or by or b; =

1}.

[0086] As an example, within the linear block code (20, A) generator matrix, the minimum
distance of the (20, 7) code is smaller than the (20, 6) code due to the addition of a 7™ row of the
generator matrix. However, setting the 7% bit of the ACK/NACK information vector to be a fixed
value, for example, effectively expurgates the (20, 7) code to the (20, 6) code when the

ACK/NACK feedback corresponding to some CCs is DTX. For these ACK/NACK states, a
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larger minimum distance (corresponding to the (20, 6) code) is obtained comparing to using the

(20, 7) code without such structure.

[0087] Suppose that a length-k ACK/NACK information vector is used to represent the joint
ACK/NACK states on N configured CCs. A subset of the N configured CCs may be determined
to have the feedback DTX due to either (a) certain configured CCs are not scheduled with data
packets or (b) the PDCCH on certain configured CCs are missed by the UE. When a subset of
the N configured CCs has the DTX feedback state, there are no longer (5"-1) states to be
presented. Thus it may be sufficient to use a subset of the information vector to represent the
remaining CCs that may or may not have the DTX feedback state. The number of bits with fixed
values (i.e., the size of the first set of bits) out of & bits should not be bigger than an integer x,
where (k - x) bits should be enough to represent the all the joint ACK/NACK states with at least
the ACK/NACK states of CCs in a group CCprx being DTX. In other words, 2“ ™ must be
bigger or equal than the number of all possible joint ACK/NACK states for the remaining CCs

which may or may not have the DTX feedback state.

[0088] As an example, when three CCs are configured (e.g., configured CC set = 3), there is

a need for a total of seven bits to represent all the joint ACK/NACK states. The number of joint
ACK/NACK states when one of the CCs (e.g., CC #1) is DTX is 5° —1 (= 31). Since

2° =32>5%—1, five bits are enough to represent all the joint ACK/NACK states with one of the
CCs having the DTX property (i.e., with CC #1 having the DTX ACK/NACK state). Therefore
all the joint ACK/NACK states with the A/N information of CC #1 being in the DTX

ACK/NACK state can be mapped to the length-7 ACK/NACK information vector with two bits

(e.g., bby) being assigned fixed values.

[0089] Returning back to Figure 6, after encoding the ACK/NACK information vector(s),
the encoded ACK/NACK information vector(s) may then be modulated and transmitted back to
the transmitter (block 635). Receiver operations 600 may then terminate.
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[0090] Figure 8§ illustrates information processing 800 of ACK/NACK information by a

communications device. Information processing 800 may be illustrative of processing of
ACK/NACK information at a communications device, such as an eNB, that originally
transmitted information resulting in the ACK/NACK information as the eNB processes
ACK/NACK information received from a UE (a communications device that received the

transmitted information from the eNB) for HARQ operation.

[0091] The eNB may begin with a received signal received from the UE. According to an
embodiment, the UE may transmit the signal to the eNB over a PUCCH. The received signal
may include an encoded (and modulated) ACK/NACK information vector(s). The eNB may
perform channel decoding 805 on the received signal. However, instead of performing channel
decoding 805 over an entirety of a code space of the received signal, the eNB knows which CCs
it scheduled (out of a configured CC set) and it may be able to potentially reduce the size of the
code space of the received signal. Decoding the received signal in a smaller code space may
simplify the decoding of the received signal. The eNB may make use of probability information
810, which is based on its a priori knowledge of which CCs have been scheduled. Figure 9
illustrates a relationship 900 of a whole code space that is based on the configured CC set and a

reduced code space based on a priori knowledge of scheduled CCs.

[0092] Returning now to Figure 8, expurgating the (n, k) mother block codeto a (n, k- L))
block code implies that the code space is reduced from 2* codewords to 2° " codewords. As L
increases, the number of possible codewords decreases exponentially. A decoder in the eNB may

leverage this property to reduce the decoder complexity and improve decoding performance.

[0093] Since the eNB knows exactly which CCs are scheduled out of the configured CC set,
the eNB can use the CC scheduling information as a priori knowledge for decoding an encoded
ACK/NACK information vector carried on a PUCCH, where the encoded ACK/NACK

information vector includes the joint ACK/NACK states. If the eNB doesn’t transmit TBs to a
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UE on some CCs, a probability is close to one that ACK/NACK feedback corresponding to those

CCs is DTX (or a combination NACK/DTX state). With the a priori information, the eNB may
use an a priori probability of 100%, or slightly less than 100% (e.g., 90% or 95%), in its decoder
implementation. An actual probability used in the decoder is an implementation issue and may
be different depending on design and performance choices. The probability may be adjusted
based on the performance requirement, depending on a false positive probability of the receiver’s
detection of the PDCCH, for example. A detailed description of channel decoding 805 is

provided below.

[0094] After channel decoding 805 and producing a decoded ACK/NACK information
vector, the decoded ACK/NACK information vector may undergo a de-mapping 815 to produce
joint ACK/NACK states. De-mapping 815 may make use of mapping rule(s) that correspond to
mapping rules used by the UE in its mapping of ACK/NACK states to the ACK/NACK
information vector. The mapping rule(s) may be prespecified or predefined. The eNB may then
process the joint ACK/NACK states. For example, if there is a NACK corresponding to a CC

and/or TB, the transmitter may schedule a retransmission on the CC and/or TB.

[0095] For Reed-Muller code or other codes related to first order Reed-Muller code, a Fast
Hadamard Transform (FHT) may be used to reduce the complexity of decoding. The received
signal may first be multiplied by one mask out of all masks which are all linear combinations of
the last several rows of the generator matrix for the code. Then the FHT may be applied to the
received signal to get the correlation values. A different mask may then be chosen and the same
procedure reapplied, thereby producing the correlation values. The correlation values may then

be compared to produce results of the channel decoding.

[0096] Therefore for a linear block code, if the information bits include M bits that are
selected to have fixed values, then there may be fewer masks. Hence the complexity of decoding

1s reduced.

26-



1101111025110001110012610110100110 27

WO 2011/116668 PCT/CN2011/071944
[0097] Considering a linear block code of different lengths, for example a Reed-Muller code,

the addition of vectors into the generator matrix causes a decrease in the minimum distance. It
can be seen that there are several levels of minimum distances as the size of the generator matrix
grows. Referencing Table 2 as an example, when there is only a first vector in the generator
matrix, the minimum distance is 20, while with the addition of extra vectors, the minimum

distance decreases monotonically from 20 to 10, 8, 6, and 4.

[0098] As discussed previously, selecting (k - L) bits from the length-k ACK/NACK
information vector to build a second set of bits (the set of bits that optimizes the resulting (#, & -
L) code) is based on a mother code. If there are multiple levels of expurgation built into the
information vector, e.g., L11> L12> L, 3, and so forth, the mother code may be progressively
reduced toatoa (k- L ) code,a (k- Li,) code, a(k-Li3)code, and so on. In this case, the
second set may be grown progressively, which corresponds to a progressive shrinking of the first
set. For example, if a criteria that the minimum distance of the block code should be maximized,
then the following procedure may be used. It is straightforward to substitute other performance
criteria other than maximizing dmin.

1. Selecting (k - Ly 1) bits from the ACK/NACK information vector as the second set
of bits. The second set of bits are selected to maximize the dyi, of the (n, & - L1 1) code from the
(n, k) mother code. Let the L;; bits not selected be the first set of bits and assign them a fixed
value;

2. Selecting (L1,; — L1 ;1) bits from the first set of bits and move them to the second
set of bits, where the dyin of the (n, &k - Ly j.1) code derived from the (#n, k) mother code is
maximized. Let the remaining L, ;.1 bits be the first set and assigned it a fixed value; and

3. Repeat step 2 until desired levels are obtained.

[0099] According to the binomial theorem:

N o 4 !
(l+b)N =ZC]’lef’b’ , where C, =L.
i=0 (N -l
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Let positive integer N be the number of CCs in the configured CC set. Denote the combination of
the possible ACK/NACK states for two TBs on one CC as {(ACK, ACK), (ACK, NACK),
(NACK, ACK), (NACK, NACK), (DTX)}. Set b =4, then for i CCs with ACK or NACK

feedback (i.e., N - i CCs have the ACK/NACK state DTX ), where 0 <i < N, the total number of

possible joint ACK/NACK states, is Cy 1" b =CL 4.

[0100] If i =0, N-i= N, which means ACK/NACK feedback states for all the CCs is DTX,
nothing will be transmitted by the UE, and there is no need to denote this state. If i = N, N-i=0,

no DTX occurs, and ACK/NACK states feedback corresponding to TBs on all CCs is needed.

Table 6. The number of CC for a UE is 2, N=2.

N=2 Number of ACK/NACK | Total number of Number of bits needed
states that the ACK/NACK to denote the scenario:
ACK/NACK feedback to | states(statenum): ceil(log, statenum)
(N-1) CCs 1s DTX: C} 4 ch{fél'j_l the
=0
ACK/NACK feedback to

{(N-1),(N-2),...,(N-1)| 0
<i<=N }CCs is DTX

=1 (N-i=1, 8 3
ACK/NACK feedback to
1 CC out of total 2 CCs
is DTX)

8

1=2 (N-1=0, 24 = (8+16) 5
no DTX occurs)
16

Table 7. The number of active CC for a UE is 3, N=3.

N=3 Number of ACK/NACK Total number of Number of bits
states that the ACK/NACK | ACK/NACK needed to denote the
feedback to (N-1) CCs is states(statenum); scenario:

DTX: C, 4 ZC§4j 1the ceil(log, statenum)
=0
ACK/NACK feedback to
{(N_l)a(N_z)a v a(N_1)| 0<i
<=N }CCs is DTX
=1 (N—i1=2, 12 4
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DTX to 2 CCs out of total 3
CCs)
12

=2 (N-1i=1, 60 6
DTX to 1 CC out of total 3
CCs)
48

i=3 (N-i=0, 124 7
no DTX to any CCs occurs)

64
Table 8. The number of active CC for a UE is 4, N=4,

N=4, Number of ACK/NACK | Total number of ACK/NACK | Number of bits needed
states that the states(statenumy): to denote the scenario:
é)(éﬁ/l_li\)légls(igeedback ZC]]Q‘V —1the ACK/NACK ceil(log, statenum)

iqi =0
prx: Cvé feedback to {(N-1),(N-
2),...,(N-1)| 0 <i <=N }CCs is
DTX

i=1 (N—-1=3, 16 4
DTX to 3 CCs out of
total 4 CCs)

16

i=2 (N-1=2, 112 7
DTX to 2 CCs out of
total 4 CCs)

96

i=3 (N-1i=1, 368 9
DTX to 1 CC out of
total 4 CCs)

256

i=4 (N-1=0, 624 10
no DTX to any CCs
occurs)

256
Table 9. The number of active CC for a UE is 5, N=5.

N =15, Number of ACK/NACK Total number of Number of bits needed to
states that the ACK/NACK denote the scenario:
ACK/NACK feedback to | states(statenumy): ceil(log, statenum)
(N-1) CCs is DTX: C,, 4 Z’:C]]ﬂj 1 the

=0
ACK/NACK feedback to
{(N-1),(N-2),...,(N-1)] 0 <i
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di st anee—thanthe—mnmm W20 11 6663PEH-EN2041/- 6741944 —di-stance——of
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ACK/ NAGKL i nf or[d&t7bridwi || be obta %Qed for the schedul bdl CCs. [ 0065] For
exanplle, in theDTE20 1GCrueal Al pr code, if 0 = 1, the codeword generatjed
by the first vett6s) in the generator matrix has the bj ggest mininmm
distance of 322nd if 0 =2, ...,[|6, the codeword generated by the first
vect o1l ithr ough (NheisiBxt h vector i n1ghe generator matr| & have the bigger
m ni mym di st angeTRfto 3@ A& ot tgalcpde words generated py any other 0 vectjors
inthe matrix, atcleast equal. I1f|0 > 6, the codeword have relatively
smal | er m ni my 6@' st ance. [0066] As shown in Tables 3 pnd 5, smaller val ues
of A cI-I 0—res ||| L.UUUV\IUI os—w I%OJ Farger—mninum 1@L ance, which—ay
yield et t er d%ﬁ% CrRNGe| O codewords encoded With the |inear
bl ock |code. RE SRR

5 CCs)

640

=4 (N-1=1, 2100 12

DTX to 1 CC out of total

5 CCs)

1280

i=5 (N-1=0, 3124 12

no DTX to any CCs

occurs)

1024

[0101] Consider a situation with three CCs in the configured CC set for a single UE. A total

of seven bits is needed to represent all possible joint ACK/NACK states. The seven bits may be

denoted as b,b,b,b,0,b.b,. Suppose that d,d,d,d,d d.d, is a permutation of b,b,b,b,b,b.b,, if the

block code shown in Table 2 is used for channel coding, then the first six vectors have the

minimum distance of eight. If the seventh vector is included, the minimum distance is reduced to

SIX.

[0102] Wheni=N-1=2, ZC3j4j ~1=C; 2> +C; -2%.2° =60, then a total of six bits
j=0

are needed to represent all states as shown in Table 7, which means the number of ACK/NACK

states in the case that ACK/NACK feedback includes at least one CC with the ACK/NACK state

of DTX. So set an information bit, e.g., d., to be a fixed binary value, either 0 or 1, denoted by
¢, . There are a total of 64 combinations left when {d,d,d,d,d,d;d, |ds = c,}, hence there are

enough combinations to denote each of the ACK/NACK states in the case that ACK/NACK

feedback includes at least one CC that is DTX.
30-



[0067]Figure 6 illustrates a fl ow diagram of UE operations 600 in
transmtting ACK/NACK information to an eNB. UE operations 600 may be

i ndi cat i weoab11opedeat i ons occurring in a UE as the UE gemeTAINS1140TI044
transm ACK/ NACK i nf or mat i .to, an eNB in response to tr m.ssi ons nmade
Lo tne DRyt Y Hese B vepGhinfrich o5 rRaHBlelon s (PR SR iy b ECdYar mul ¢ 1 pl e
CCs with one or nore TBs per CC. UE operations 600 may occur while the UE

i s in ACKNACKcepeesatontaming the. DTX 0EBiruEionpan &t idems e B therpnibegiinnefthe t he
UE detecting its PDCCH (bl ock 605). The UE nmay detect its PDCCH in order to
det er mfig sixf bitshelieh 8reespdiyd fortBd SubseiSi M@gesEmedumelistie withi®uRrgehfi@tor
associated CCs in the subfrane. Furthernore, if there are transm ssions
schedulyegrif e5w L&t oupsh ehiindPdhnB.caht BedoBind§lefibAhdlRe! OCations of the
transm ssions, such as frequencies and/or times, using the information
carried by the PDCCH. [0069]If the UE failed to detect its PDCCH for a
certai f0183] whéf moe tRDOCH nfethic AIC KA (IO stateawethipeadhof thapenti ACKIN A Kt fieeeNB,
then the UE may not be able to detect its correspondi ng PDSCH and t herefore
be unakbgtatnoD TEGRioYRatidiendet AN Shvr ﬂs&dblﬁt? sehedbh@enhoicehdent, Thexdmblef faeback
for the CC corresponding to the failed PDCCH detection is then DTX. WO
2011/ 116668PCT/ CN2011/ 071944 [0070] If there are data transm ssions
schedulied!, DO #the 1LEC b2’ a- 10C,a tbtakolUEbineiy npededspaciidatetic hnmhuenici es and/ or
times) recevbve the transm ssions, which are carried by PDSCH for 3GPP LTE,
for exanple. After receiving the transm ssions, the UE may decode the

t r ans mAASKONSCK BEgkn BHOSitub i whde ACKMNA CK ansibhdsinehded @tward@y s the. J. ,
using a CRC. For each transm ssion, the UE may determ ne an ACK/ NACK

f eedba f r 4¢h r i f e.error
check g§§§§%E%§§H%®§?gE§§$Zs?%%gbﬁﬁgﬁ ? egﬁésgggrggﬁa‘heq%%§7¥$$§g%eedback
to an ACK for the transm ssio |f.the eryor check failed for a

£ anomASGHBR (0 FHERTES e (B TGP OTAGHs NACK T COUPBEKTES Do AR TPES ¢ he
transm ssion. One or nore A/N informati on may exist for a CC, since one or

nor e t haksyiaeé a8mteEYy NAVE 1DeeimdsEMhaySieNUbl B Meerssdry a @telrofa*GCy 6 [ 0071] Based
on the joint ACK/ NACK feedback for each of the transm ssions over the

configured. CC set, the receiver set bits of an ACK/ NACK i nformation
vect or 695‘1?’%?1%9 lﬁﬁdﬁleﬁédoﬂlfﬁé(ag%wmi%’%ﬂ%fz’dérﬁél%sé‘ﬁl’t‘qeﬁ CISArG HRUBR t s of t he
ACK/ NACK i nformation vector(s) may be set based on state mapping rules.
100721 Acadimiiogs toalcaste gothioACRENACKS aitesithat ACKANAEH fokllisa PRSI0 IT8s
represented with an ACK/ NACK feedback of DTX (or a NULL value) for the
associ @84 G-thd PExURifBYy then set bits in the ACK/ NACK i nformation
vector(s) that correspond to CCs in a configured CC set wwth the DTX

ACK/ NACK feedback to a fixed value. The fixed value may be a vector of one
or nor g0y s i rFol ergdchwithltver €Cx @dthe abnfeguraet COrsetyayotbleo fdiverbian W elcd @l areal ue
or an otherw se specified vector value. Paraneters such as what bits the

first ' | LSt ' v, i ng
on' scensrd S PS8 ATBo: ROV ACR SiEShs BRI, B Bt s RADE. "0¢
TBs schedul ed on a .. and so forth. .an exanmple, the val ues can be

pr edef icﬁ dMay by S?tete%giﬁé‘éii valigihen e comBinabraNpc¥dich ot FRRISSON ailfth% wéteo s)

wi th ACK or NACK responses (i.e., not DIX) may be mapped to the second set
of bi t ACK/NAEKIstfte@rwindre iz AEKMNACKWh&Itack elses ondCs ehatanih thbBTHN state. set

do not overlap for a given conbination of CCs with DTX. WO

2011/ 116668PCT/ CN2011/ 071944 [0Q73] As an exanple, the bits corresponding to
undet edP ] ccs Fopacas voth ur Chagyn Bis coatigyred Q@eha@rtytak@ﬁ B ¥ts some ot her
prespecified or predefined value. For discussion purposes, if one bit in an
ACK/ NACGKd|ahtlaf, ored Hodh dy &e tnoeded ao tapsgpontdie possiblCoint ACKEN ACKTstages ad skitvis et
with the DIX state, then the one bit may be set to a fixed value (e.qg.,

ei ther .a.bji,nar ne or inary zero). . As di scussed .preyi ousl the fixed
vl e oy BB R, e TRE aBE o RHOR hufiTiahn heSe h e R8T o Bl JHer e el forse Nacx
i nformation vector corresponds to a CCin the configured CC set with the
DTX st oA g,d,d oehdihd, danalchott all nieypdseibkea CKANACKI statds saltaieing engCC thattihar a
00", "01', "10', or '"11'). If three bits in an ACK/ NACK information vector

0 0
corres a in t nfi qured set . W t.h the DIX state,.thep the
Chree. TS Ry B0t s FREEHAYAR S G LI PR I G isiyigh S, 516,
*o11', '100', '101', '110', or "111'). [0074] Al though the above exanpl es
illustrate situations wherein a single3C in the configured CC set is
determ ned to be in the DIX state, the enbodi nents presented herein may be
operable with any nunmber of CCs in the configured CC set being determ ned
to be in the DIX state as long as the nunber of CCs in the DIX state is
smal ler than a total nunber of CCs in the configured CC set. Therefore, the

Y o o B N - ~T\7 1 a2 I



value is b6 = 0, and the second set conprises { bo blb2b3b4b5}.
[ 0079] Al t hough the illustrative exanples shown in Figures 7a and 7b show
t hat the wa=011bi16668b6) is set to a fixed value in case eCTi D19 at e of

ACK/ NACK feedback corres ing t y bit Sit] be set to
The 11 bl oo fRaseel it STH B ek 0B PSRt efsespondi ng
to CC #3. Furthernore, nore than one bit nay be set to fixed value(s) in

case ofcohfamiddTdhostat ehabire AHNIK sfaeg dh@bits eQf He $Pe Belinfde)tBaybe &8to 4 he
actual bit position(s) set to fixed value(s) in case of the DIX state of

ACK/ NACK f eedback of WD.2011/116668PCT/ CN2011/ 071944 r di n S)
may be THEDIAHE: eswn?lﬁ@mw%i%édp% @gc(ﬁg%ta aﬁ%m%@ﬁ@ﬁ&ﬁ&%%@% 0
the ACK/ NACK information vector(s). Therefore, the discussion of the

i 11 ust ratKANAEK doqibesk sditihidg niote O€s clanate ivekk BIXowatag | imting to either
the scope or the spirit of the enbodinents. [0080]1n general, the joint
ACK/ NACK st ates wherein the ACK/NACK feedback for a CC subset CCDTx (a CC
set sudMl®hat HElad/mpacserebyBuckCe & thasodiaurpqChist.dgbdst is DTX) of
conponent carrier(s) is DIX, are mapped to a conbinations of the

i nf or med,id@hd o, d 8 dhilidyd ad fare stedseto miprdsentsilloditimgpaasiblogh@l/ N AL Edstated. Ues( s) .
For exanple, CCDTx may be {CC #1}, {CC #1, CC #3}, and so forth. Each

differ Y,..COLT €S iffe t.fir et of bits. and/or a
differ gﬁwﬁﬂi 1‘521 bulfe\S %@)‘ﬁl ﬁﬁ{e]g’?a:in&)s@ ngéé]t ];eo%e?g)l qngse.d V%Eﬁ?%% ?r(rglieraltno Cﬁfeeyé’j‘exarrpl e,
the joint ACK/ NACK states wherein the ACK/ NACK feedback for at |east one CC
i s DTXdeeadengpgsfrethanes anhancaCkhNAGH thapossitde F6K/Nédilosigtaatharsbe BIGK/DAGK t he
fixed value 0. In this exanple, if ACK/ NACK feedback corresponding to CC #1
and/ or f€@b#k @ndfining GCo €8 s{ thixe! 04, ng [dun € Gaba andirtee BITIX Gals. BureheBhorenwhi ch
inplies no UL transm ssion for ACK/ NACK feedback} is DTX, then the joint

ACK/ NA t i i p i Lon bits
R e A S B e
states with ACK/ NACK feedback having at least M CCs in the DIX state are
mapped ShRANCRBCREHBI A PO IACKAN A Ratttish [aithasAGKINAL K fepdhack spntgining ¢ s
assigned fixed values. For exanple, if 3 CCs are configured and M= 1, then
t he i nftlmeertiCs@n foerci(Gr thatorre estho i gratepadobvitst J 4K/ NGikasipat) esmydfe sehitoee
CCDTx sets, {CCl}, {CC2}, {CC3}, share the feature that a first set of bits

i f 1 Z‘FZ’%??S?‘&%J‘@@%ZO PHISEE: bRy P%f.??%ﬁaﬁ‘%%%ﬁ%f%ﬁ ?F%&Lﬁ%ﬁ’@%ﬁﬁ%t’? ne
in Fi b, ! [ .
ohor o PR AT KAty BEIE BB s et s BT g R R W N W

2011/ 116668PCT/ CN2011/ 071944 determ ned to be DTX, is 60. If b6 is fixed,
there 3oRshd Pasabile oDl et ARGy (PRILZDSRIDRRGHORSE, Bl v il 1o
suf fi ciqent@to g’?ﬁ%tg t’he 60 possi e ACK/ NMACK &t af es. 00883¥Re§t uf di'ng "' back
to Figure 6, after state mappi ng, t he ACK/ NACK information vector(s) may

t hen béweieaded nplyrad akmbaond )P &F @it gbihe & bits) theevartioylap gklue ofle depandh or gheg
Reed- Mul l er code, a punctured Reed-Miller code, or so on, may be used to
encode nuh®eASKA NREKACRS witsaiol lerindeatd( ( Sceil[l O34l iFeanindli) seid 8¢ @dcputcphses,

| et a nother code defined for the configured N CCs be a (n, k) linear block
code. KNECRI - fi kst - ' . j <l.1,< k.. Fixing the
val ue I(?feét he‘@??rsga?esggaete &‘18% h@}dse%:c?%ng hgtﬁ% n 8?%3‘?&6%%2%?%?“1%@ %gb%g;ui val ent
to expurgate the (n, k) t her bl ock code to .a (n,. k - L1) block code. The
bits | ribChefi 1 4 %E@%f&'éﬁwg{u%v %%rea&iertﬁﬁglé@n@abwst@ﬂ% the code
performance of the resulting (n, k - L1) block code is optim zed. For
exanpl the (n, k - L1) code may b optin‘i&gﬂ\b% have the hjghest mnini mum
di st and®10%; ¢ 1aaSeqnaBp WRECReE A BRnY AtleY dt GK 3t B € CR&Hiel .
[0085]In order to achieve this goal, the first set of bits may be sel ected
t o cor AdsiyOMCKaniarmatiqnathpuldquevige highalcgedieg perérmanes: such deywndhtqig on whi ch
bits are in the first set of bits, a different (n, k - L1) code may result.
For exa@K@&NACK fkedbadk cdriesporidingdiofaf @rtemt C( mvhilé thecAGKINACK fdedbackd from t he
sanme (n, 7) nother code depending on if the first set of bits conprises {bo

or bl} cefredpdRdiag thdther @08 istthe DT @tV Aamdass bome ACIONAEK fitddphciset  of
bits (e.g., 1)0 or bi =0 or bo or bi =1} . [0086] As an exanple, wthin
the Ii - ' tk i: N [ t he
(20, 7) RSRNAEE (PR O HERTHE R MR R PR ShRED &1
row of the generator matrix. However, -3etting the 7th bit of the ACK/ NACK
information vector to be a fixed value, for exanple, effectively expurgates
the (20, 7) code to the (20, 6) code when the ACK/ NACK feedback
corresponding to sone CCs is DTX. For these ACK/ NACK states, a WO

2011/ 116668PCT/ CN2011/ 071944 | arger m ni num di stance (corresponding to the

~ N I o S



a need for a total

states.

#1)

represent

proper
t he

Fih ifte é:és

of seven bits to represent al

Si nce

25

=32 > 52 -1,

R Dy TEN, e T P

j oi nt ACK/NACK states with the A/N infornmation of CC #1 being in the

the joi nt ACK/ NACK

The nunber of joint ACK/ NACK states when one of the CCs (e.g.,
i s DIWO0i281152666§ (- 31).

CcC

fivePbWKBnanﬂwenough to

DTX ACK/ NaaKlag, 6 e bawr Be= raifilogd3f o ) hevhicenky st atuaiiuider) bitsfase needicd ko

vector with two bits (e.qg.,

b5b6 ) being assigned fixed val ues.

ng the DTX
fore al |

[ 0089] Reffrdci NOtHRACKKNAEK W&, 6, after encoding the ACK/ NACK information

vect or

(s),

Recei ver

oper at i ons

t he encoded ACK/ NACK information vector(s) may then be nodul at ed
and transmtted back to the transmtter (block 635).

600 may0tHen t &f thicveaare threRL COyRsgignad thlcaaadetT, aNpG7 Ote. Senthe@OYOPPI gur e
8 illustrates information processing 800 of ACK/ NACK information by a
communibiatd gne diavictits ACRIATKE §taids tHa0GRESrd thr&OO0CHRYthB@ohflidutsd Catsevgutof

processi ng of ACK/NACK i nformation at a communi cations devi ce,

G Rk R e il A b

eNB, t

i nf or n’é’fliyo%ﬁlﬁg b?ﬁ L

ha

|y trans

connunlcatlons devi ce t hat

eNB) f &)

DYGAReN Hiseliral ¢ 6ris sycorrsytyristesion: thatpbhayplyng that the ASKNEK &

TEREProt BYSaY

m t.t ed

received fromthe UE. According to an enbodi nent, !
si gnal ferthe htheeN® 6¢eis RTRUSSHMITY that edled grglis sﬁngzhﬁK amdyalugkradie farNARKoeded

(and nodul ated) ACK/ NACK i nformation vector(s).

such as an
n the Al

ervey P@ﬁ?& UE (a

received the transmtted information fromthe

%ﬂﬁﬁk

the UE may transmt the

The eNB nmay perform channel

decodi nigzn80& ranmiting Sr(ecel 2)aiks snagrtalsct tdowkree(c.gl 0610aEn®IN pathfbgrediBigndchannel

decodi ng 805 over an entirety of a code space of the received signal,

ﬁ?réﬁﬁnm%duce t

Decodlng the received S|gnal

eNB kn

able t
si gnal .

Whi ¢
0 poten

e diaf Qi

sl ze’ o

%ﬁ&ﬁQ26

nfd g
dg S

Lil’

pac

est)

e

RRIACRNGtbd

of 'the recelve
in a smaller code space may sinplify

th
i

the ded¥Prgiohe s (T ézceﬂvé@%l@ﬂepommﬁét@mas%?twma%ef (B TEPEBABI | ity

information 810, which is based on its a prior

been schadulagons iFilaygerghan the nugibemeidghe eenraging AGHENALCO 80GLesf evaryiatksac ode

space

t hat

on a phaws a ckidapbrdigebotombheded. dbed9. di§f1H82] mieiher 6f pessibACKH/RAGKr e 8,

expurgating the (n,

codewor ds.

As L1 i

k) not her block code to a (n,
i mpl i espfbhadtidangt &ReEnsiRase i S reduced from 2k codewords to 2k-11

t he nunber of possible codewords decreases
exponentially. A decoder in the eNB nay | everage this property to reduce
t he decoder conpl eXibly 16nRpsibisr AVK/NACKdinfigmpeer bit renbiwatigr3093] Si nce t he

NCr eases,

k -

L1) bl ock code

e
be

know edge of which CCs have

is based on the configured CC set and a reduced code space based

eNB knows exactly which CCs are schedul ed out of the configured CC set, the
eNB can-use+the—Ec—secheduht 3] HferrrattonTas—a pll Ot Ir\llk'ﬁi CdUC
decodl@éﬁ@@qeéﬁfded—ACK/hwdk |nfor9at|on vector carried gn a PUO:Q, wher e
t he er NACK i nforjmati on yector includes [the joint ACK/ NACK statfes.
| f the RRENHEENM! t| transnift TBs t¢ a WO 2011/ 116668PCT/ C\N2011/ 0711944 UE |on
sone nbawbp@bab lity is close o one that ACK/INACK feedback
corregpdwudi ng to thdse CCs Is DTX|@Oor a cphbi natijdh NACK/|DTX staf8). Wtk
t he a |MGCKMNACKS or ration, [the eNB|lnmay use|an a prliori probability of 10002
or sl i|ghtblnaticesst t han 100% (e. g., |90% or P5%, in its degoder

i mpl eneph@tdagln 2AN| act ual |probabiljity used in the decoden is an

i nmpl e %ation ' SS and n be difff erent| gependi on degi gn ang
perfor |ceST The probabilijty may pe adjusted based on the
perfor rement, depending on a false positive probability of the
recei vé In%&?e on of the PDCCH| for exanple. A detail ed descr|ption of
channepouvH@g?h 8 5 is priovided below [D094] Aftler channel decofing 805
and prddbci ng a dekbded AQKLNACK i[#f or mat | 8n vect|d?, the |decoded| AcK/ NAGK
inforrmﬁ@%ﬂN&@K{or may undergo a de-mappi hg 815 tlo produde j oi nt | ACK/ NAGK
st at es.infoenstegppiing| 815 nmay] make use of mapping rul e(s) that correspond tjo
mappi ngombinasonged| by the [UE in its mappi hg of ACK/ NACK gtates tp the

ACK/ NAGHel nformati pR vectdrx The nmapping ru e(s) |may be prespecifixed or
predeflixe/NAOR eNB may then process the | oint AQK/ NACK states. For
exanplieyfolhatiddedi€ | S @ NAQK corregponding|to a CG and/or |TB, the
transnmitter may schedute retransm sSTom onm the CCand/or 1B {1

Reed- Mul | er code or other codes relates-to first order

Reed- Mul | er code,

Fast Hadamard Transform (FHT) nay be used to reduce the conplexity of

decodi ng. The received signa
masks which are all

al |

" M

o,

A N

r r

oy

I 1

may first be nultiplied by one nask out of
| i near conbi nations of the |ast several
generator natrlx for the code Then the FHT may be applled to the recelved

a

rows of the



3. Repeat step 2 until desired levels are obtained. [0099] According to the

bi nomal theorem N (1+ b)N = Ecivl N, where GN =1 =O(N- i)l il WO
2011/ 1166\869@'1//1@5@911/ 071944 Let positive integer N be the/auobériegh CCs in
t he conf —Penote—t+herecormbinatton—of—the pGS"i bl-e—ACKIHNACK

st at eq mﬁmaﬁgnmc on—one ICC as {/IAN ACK)— (ACK,— NACK)- L ( NACK, ,AQI(\)1 |

( NACK, NACK), (DTX)}. Set b =4, then for i CCs vm'th ACK or NACK f eedback
(i.e., N- i CCs have the ACK/ NACK state DIX ), where 0 < ithe total nunber

of posspbde | ol I

N o OO o SRR e h L S B e Rl bbb Y g =

w | bet nsm.tt UE, and .t edtodnote tate
FRE I NS T (S S S G T R NG S
correspondl ng to TBs on all CCs is needed. Table 6. The nurrber of CC for a

UE i s sNBaal thyUE. SoRgirgwic, gp RSN 1 eskon RGP oA, ACRRNETRARLdback ¢ o
(N-i) CCs is DIX: 41 Total nunmber of ACK/ NACK statesé\}tatenurr) xL, 2., ck
4" -1 tiedex, 26l wARINATKs inpé bt tiane te(GEsLnay ke dynoted CEN-OAB CENafN } CCs is
DTX Nunmber of bits needed to denote the scenario: ceil (log2statenun) i=1 (N
- | = Dbrdodadl/ NACK feedback to 1 CC out of total 2 CCs is DIX) 8 8 31 = 2
(N- 1 =0, no DTX occurs) 16 24 = (8+16) 5

[0112] In order to improve the decoding performance of the ACK/NACK states when the
ACK/NACK states are for i CCs, i <N, a priority may be set such that the smaller values of i
correspond to higher ACK/NACK state priority. In other words, the joint ACK/NACK states
corresponding to larger sized CCprx (a CC set such that the ACK/NACK feedback for the CCs
in the CC set is DTX) should correspond to a block code with better decoding performance when
deriving the block code from the mother code. In fact, any ACK/NACK state needing high
decoding performance has a high priority to map in the former space. An example is shown in

Table 11 below.

Table 11. Exemplary Priority Configuration for various V.

i : natural number | CC combination i0s Number of states in a
0<i<N considering DTX state i is the CC CC combination
the number of combination group group: 4’
CC(s) to which number; s indicates
the ACK/NACK thes” {0 <s<C' |}
feedback is not CC combination in the
DTX out of N S
CCs CC com‘pmaﬂon group
number i

1 C1 (ACK/NACK 1:1 4

feedback to C2,...CN is

DTX)
1 C2 (ACK/NACK 1:2 4

feedback to C1,C3,...CN

is DTX)
1: s 4
1 CN (ACK/NACK 1:C), 4

feedback to C1,...CN-1 is

DTX)

-34-



Table 7. The nunber of active CC for a UE is 3, N=3. N = 3 Nunber of
ACK/ NACK states that the ACK/ NACK feedback to (N-i) CCs is DIX: C41 Total

nunber ofWQ(ZKilNA&Msstat es(statenur‘r) |-Ithe lc k 41 ,—(PCZ&LCINme%eedback
to } 4\,IN-2 ; ; N is—PXNurber——of ts—needed—+o
dengg ezt}he\sce}nari o] q ¢¢§$G§§\%‘f“%§enumziﬁ:1 (N- i =2, I1162
2011/ 116668PCT/ CN201%/3 DT CCs out of total| 3 CCS) 12 =2 (N
- i =[1, DIX to 1 qPd of total 3 Ck) 48 60 6 i =3 [ N- i = Q_ no OTX
to any2CCs occurs) p4l, C3 (ACK/NACK 2:2 16
feedback to C2,C4,...CN
is DTX)
2.8 16
2 CN-1,CN (ACK/NACK | 2: ¢2 16
feedback to C1,C2,...CN-
2 is DTX)
4!
N C1,C2,...CN (No DTX N:1 4N
occurs)

[0113] Assume the ACK/NACK feedback for multiple CCs is in the same order as an
ordering of CCs in the set CCyop-prx (2 CC set such that the ACK/NACK feedback to the CCs in
the CC set is not DTX), for example, ACK/NACK information for two CC, CCponprx ={CCI1,
CC2}, if (ACK, NACK) is for the CC1, and (ACK, ACK) for CC2, then the ACK/NACK

feedback of the two CCs is (ACK, NACK, ACK, ACK).

[0114] Assume value 0 corresponds to ACK and value 1 corresponds to NACK, then it is
ecasy to denote a set of ACK/NACK by a set of binary bits of 0 and 1. For example (ACK,
NACK, ACK, ACK) may be denoted by set (0100). Although the preceding uses the notation

ACK =0 and NACK = 1, it is equivalent to use ACK = 1 and NACK = 0.

[0115] Generally, if there are N CCs configured for a UE (i.e., there are N CCs in the
configured CC set), in the scenario of ACK/NACK feedback corresponding to i (0<i < N ) CCs,
the CC combination is the s” (s is a positive integer, s < Cj, ) combination in its CC
combination group i, and the ACK/NACK feedback for the i-th CCs is (/o 1o 1,,---1; o1, ,), then

for the ACK/NACK information, the index Ijyin; of the joint ACK/NACK state in decimal

notation is expressible as (where the index numbering starts from number zero)
Tjoint = (ZC] A =D+ (s=DA + Ugloiolyy- Lo oli) - (1)

With the index calculated as above, the ACK/NACK information vector representing the joint

ACK/NACK states may simply be the binary representation of the index Ligin.
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124 7 Table 8. The nunber of active CC for a UEis 4, N=4. N =4, Nunber of
ACK/ NACK states that the ACK/ NACK feedback to (N-i) CCs is G 41 DTX: N
Tot al nurWerzoanMBK/ NACK states(statenum): i | Ck 4' -1PCiENACK/ONAGK 1=0

o dend0b e Jihisnhohonafiont B rareRIy o Shleny Feh s, THIRIPEREC out

of total 4 CCs) 16 16 4 i=2 (N- i =2, DIXto 2 CCs out of total 4 CCs) 96
112 7 ive@of M,d did,# dld, , NRXcH © tHe iBFuabthlinchpértoddr, 685 )be 206p1368tathetl a5 4 (N -
| =

d, =b,,,0<1<k,if b,is the Most Significant Bit (MSB). The vector d,d,...d, , may be
obtained by d, =5,,0 </ <k, if b, is the Least Significant Bit (LSB). If desired, b,b,...5, , may be

converted to the ACK/NACK information vector with bit manipulation. The bit manipulation
may be designed to achieve better coding performance, €.g., by mapping joint ACK/NACK
states corresponding to larger-size CCprx (i.€., smaller i in Equation (1)) to a block code with
better decoding performance where the block code is expurgated from a mother code by

assigning a fixed value to a first set.

[0117] Consider a situation with three CCs assigned to a single UE and a priority ordering
of the CCs for ACK/NACK feedback purposes may be as follows: C1, C2, and C3, with the
priority ordering of the CCs known by both the UE and the eNB. The order of the ACK/NACK

feedback is shown in Table 12.

Table 12. Exemplary Ordering of ACK/NACK Feedback.

i : positive integer | CC combination i s Number of states in a
0<i<3 considering DTX state i is the CC CC combination
the number of combination group group: 4
CC(s) to which number; thes” CC
the ACK/NACK D
. combination in the
feedback is not CC combination
DTX out of 3 .
CCs group number i
1 Cl1 (DTX to C2,C3) 1:1 4
1 C2 (DTX to C1,C3) 1:2 4
1 C3 (DTX to C1,C2) 1:3 4
2 Cl1, C2 (DTX to C3) 2:1 16
2 Cl, C3 (DTX to C2) 2:2 16
2 C2,C3 (DTX to C1) 2:3 16
3 Cl1, C2, C3 (no DTX) 3:1 64

[0118] For example, referencing Table 12, in the scenario with three CCs per UE, and

ACK/NACK feedback for one CC, the UE has the ACK/NACK feedback (NACK, ACK) to
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no DTX to any CCs occurs) 256 624 10 Table 9. The nunber of active CC for
a UEis 5 N=5. N=5 Nunber of ACK/I NACK states that the Total nunber of
ACK/ NACK Worzhari1edésbi t s needed to denote the scenari o: PACKINAGK7imedback

e i -TCRD, ik 1aBRpaLR CKoromoipt i) Ereegynitatns Bef o

2011/ 116668PCT/ CN2011/ 071944 . o
according to the order and number of states in Table 12, the combination number of the

ACK/NACK information bits in decimal notation is expressible as (starting from number 0)

i-1
(LG =D+ (s =D4 +2(10) =1-1+2*4"+2=10.

=0
Denote the decimal 10 using seven binary bits as byb,b,b,b,b:b, = 0001010 (with b, being the
MSB) or 0101000 (with b, being the LSB). If b, is the MSB, d,d,d,d,d, d.d, may be found by
d, =b,,,0<1<7,while if b, is the LSB, d,d,d,d,d,dd, = 0101000 may be found by
d,=b,,0<[<7. Whenusing d, =b,,0</<7,the ACK/NACK feedback is concentrated into

the first four bits of the ACK/NACK information vector, and the last three bits of the information
vector is fixed regardless of the actual ACK/NACK feedback {(ACK, ACK), (ACK, NACK),
(NACK, ACK), or (NACK, NACK)} of C3. Thus, it can be viewed as the (n, 7) mother code
being expurgated to a (n, 4) block code. The four information bits of the (#, 4) code is located at
the beginning of the information vector so that the (», 4) code has the largest possible dyi, by

properly designing the generator matrix of the mother code.

[0119] Similarly, in another scenario with three CCs per UE, ACK/NACK feedback is for i
=2 CCs, the UE has the ACK/NACK feedback {ACK, ACK, NACK, NACK} of CCyuon-nTx =
{CC2, CC3}, then according to the order in the table 12, combination of CCponprx = {C2, C3} i
the s = 3™ one in the CC combination group 2, the combination number of ACK/NACK

information vector in decimal notation is expressible as (starting from number 0)

i—1=1
(D CL4 =D +(s—D4 +3(001) =1+ Cy *4' —1+(3-1)4* +3=47.

j=0
Denote the decimal 47 using seven binary bits as b,b,6,b,b,b:b,= 00101111 (with b, being the
MSB) or 11110100 (with b, being the LSB). If b,is the MSB, d,d,d,d,d,d;d, may be found by

d =b,,,0<1<7, while if b, is the LSB, d,d.d,d,d,d.d, = 11110100 may be found by
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<=N }CCs is DIX i=1 (N- i =4, DIXto 4 CCs out of total 5 CCs) 20 20 5
1=2 (N- i =3, DIXto 3 CCs out of total 5 CCs) 160 180 8 i=3 (N - i = 2,
DTX to 2 waxonutie@B total 5 CCS) 640 820 10 i=4 (N - i PCTCN2IN/wo4l CC out

252205102 i ligcs I) < ‘}2%61% %glgg 10? b, _,,05< ;< 7, the ACIQ/N£8K[% e)Eibagk 1sr2:¥)ncentrat (Elgrlljtgs)

the first six bits of the ACK/NACK information vector, the last one bit of the information vector
is fixed regardless of the actual ACK/NACK feedback to CCyonnrx = {CC2, CC3}. Thus it can
be viewed as the (n, 7) mother code being expurgated to a (n, 6) block code. The six information
bits of the (n, 6) code are located at the beginning of the information vector so that the (#, 6)

code has the largest possible dmin by properly designing the generator matrix of the mother code.
[0120] According to an alternative embodiment, the labeling of the ACK/NACK states
based on Table 11 may be as follows:

ZI:CJ4J—1

Liint = 4' x ceil] Z2——— — +(s=DA" + ULy Lol yy - 1o1) . (2)

The labeling of the ACK/NACK states as shown in Equation (2) has a property that for CCyon-
prx set of size 1 CCs, the ACK/NACK information bits can be viewed as two parts:

- A first part indicating CC combination.

- A second part indicating the ACK/NACK feedback on each CC within the i CCs.
The ACK/NACK feedback for each CC directly corresponds to a bit. Therefore, the
ACK/NACK results from a CRC check may be directly assigned to the ACK/NACK information
bits.
Since the ACK/NACK feedback of each TB is directly mapped to a bit of the ACK/NACK
information vector, it may be simple to indicate the ACK/NACK feedback if a single TB is
transmitted on a CC instead of two TBs. For example, it may be defined that the ACK/NACK

feedback for one TB maps to the first TB if only one TB is transmitted on a CC.

[0121] Figures 10a through 10e illustrate possible combinations of ACK/NACK
information vectors for one to five CCs, according to the embodiment expressed as Equation (2).

In Figures 10d, 10e-1, and 10e-2, there are shown boxes representing different combinations of
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[0101] Consider a situation wth three CCs in the configured CC set for a
single UE. Atotal of seven bits is needed to represent all possible joint
ACK/ NACK wDavusLi6ébe seven bits nay be denoted as bOblbPo3eN2bliB718uppose
that d d2d3d4d5d t f BbObl b4 if. th I code
Shown' g Sraiiy 950 Bl S OHh e roedastRee ToRaA e ROy imtde b gh 2EHs5E
have the m ni mum di stance qf eight. If the seventh vector is |ncluded t he
mi ni PR ReTspreEe Rt ve @ a dEéFTe Y cgmbma fon 00t GeGRKINACK statgs: For pgmpie, boyes 31
22 C32 22 .22 =60, then a total of six bits J=0 are needed to

r epr esdffs and 1 @l0ere fabalsd Shtviabdlerd TABL &/, COMBShORIAREE K6 Siubeevass box

ACK/ NACK states in the case that ACK/ NACK feedback includes at |east one CC
wi t h t HOOAGKK NACKspehdtea Gfst PastiblScorsigihation ¢ Mhee Witsi(omg., lMiA#%1=a/N, CCAB-AMNY be
a fixed binary value, either 0 or 1, denoted by cl. There are a total of 64

conbi natdna/Nefdd eben-HoRALLRMIB riSspohtlto BAR%Ad hB&itle 85:BbRAGHIN

conmbi nations to denote each of the A NACK states in the case that

’28’&??%58%%%@%2&0??t%%’?i%i%ﬁ{%%%%Q“tdhe & %”%Ph@%%‘tsuf%?’f for

exanple, to.be fix val ue ¢ t he tates containing the
DX | rebr T DR el DGR A0 B i R e FGHLCTOR A AFe EOMETR I ¢ s
whi ch carrespond to the subset of l|arger mninmmdistance within the
gener atob COBEK/NALKWE8t or groups. This may enhance the decoding
performance. [0104]1f nore than one of the ACK/NACK states wthin all of

the joi MzziCK/ %%dﬁﬁﬁt%ea% a‘ﬁgﬁlﬁﬁb@eﬂ%lﬁﬂpfﬁ%i%@%&% fék;é Re? t?@figéﬂf

perfor enhanc for exa

a total tS|sn . nunber . of NMKstmes
"' he @flofd Phifodiat i@ﬁi&%@g&ﬁ?a@ Pd&%gr %%d}bﬂ%&%ﬁe the DIX
state as shown in Table 7. Therefore, bits may possibly be
fixed. AGNAGK nfgametiohvactr seeHandige F((t>< ! <tZ\F|bCpﬁ>ftB‘? ﬁﬁy Gogpipitiog 1§ thg4 d,
}, for exanple, may be set to a fixed binary val ue denoted by { c¢3,c2}, c3
and C2 srthyombinatior inQits 06 epmbartomgtonpainddhe ALKANA GO hﬁi)lrmmtioorvsctbefctr tlwhien
{d0d1d2d3d4d5d61d4 = c3,d5= c2, d6 = c,} , hence there are enough

conbi natda8¢ /Lo /denoyers| Pidh (AGHE NSt fForinidion ACKO NI infR8ENGE Kits

i ncl udes two ©C5"that™’adfe in the DTX state. [0105]For a case with two CCs
in the configured CC set, a total of five bits d0d1d2d3d4 are needed to

r epr es SHMbEKGE 1HEELMB] OGNS ACK/ NACK states. As shown in Table 6, the | ast
two bits d3d4 may be set to be fixed value, then the conbinations of d0dld2
can represent al’l-t-hejigink, ACK, NAGKnst-alveandwher e t he ACK/ NACK f eedback
includes one CC that is in the DIX state. [0106] For a case with four CCs in
the configured CC set, a total of 10 bits d0dld2d3d4d5d6d7d8dOare needed to
represent the ss_b Nﬁ@K <Iable 8, the |ast
one bit do9 fo?gxéhp §§¥%2ﬂ56§@§ét to ‘qu?xéHA€5§ggwmfﬁgn‘?he combi nat i ons
of d0d1d2d3d4d5d6d7d8 can denote all the possible ACK/ NACK st ates
cont ai ni ng one CC that is in the DIX state. Also bits d2d8 (for exanple)

may be |xe ;nat| i

2011/ 1186 peT ) OO e IR iR o6 Y defobedafio/uris? -

possi bl e ACK/NACK statés for the ACK/NACK states contalnlng two CCs that
are in the DIX state, and bits ¢ 1,cl 6 (for exanple) may be set to a
fixed VB AEKNACK Bismasion a?réoréfhamalfmﬂdéhﬁta@n@?@ agg |n thd Psde ppfized
ACK/ NACK states for the ACK/ NACK feedback containing three CCs that are in
t he DTXabikatadd J-0b¢h& virledvhyes torepresas ehet't ACKINACRGafdrmatibie veoosmk) gur ed
CC set, 12 bits d0d1d2d3d4d5d6d7d8d9d10d1l are needed to represent all of
the pOS[&HePgl e AKORATHK c§ﬁlﬁ5§e?1t csﬁ'%elsﬁ'lq}‘i@ csB o &b Re@back teadh @@ iif {hbRYis only

exanple) may be set  to fixed values in order to achleve decodi ng

R‘gﬂ NACR 5%%5%? o st tvf%%ﬁtfté‘%%%é eI R el ™, i
DTX 8d9

vat ues Figpaeel b AERTB6E Bt 0BT a1t BB BRMIRE DR AT NAGR  he

possi bl e ACK/ NACK states for the ACK/ NACK feedback contalnln%
information vector causing less reduction in the minimum distance. The one feedback case
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three CCs or four CCs that are in the DIX state, and bits d5d6d7 (for
exanple) may be set to fixed values in order to achi eve decodi ng
per f or mrarwo 2entian@8ment of all the possi bl e ACK/ NACK st @CELCN2011/07 a4

ACK/ NACK f eedback cop tar u t hat [ e DIX state.

(o10s] SpBSERTREG SrLE ?ﬁrgdgc oo Rtat Botr SeRpuBrk Bipiia Rufiforse ¢ e
first y bits dod, ere y is a natural nunber and y < k) out of the
k b|tsnuﬁﬁér%%I@ﬁ%ﬁﬁﬁ@1@§mﬂﬁigr 'y depends on the nunber of ACK/ NACK st ates
to be indicated ( y = ceil[log2(statenun)]), and are to denote the ACK/ NACK

stat es 1peadi ng AR o ‘i‘@ﬁg%‘l‘bﬂé {2“5‘6&195 RGs affdldr@isd BFs aﬁﬁaduﬂﬂﬂ% (e Y) bits

dydy+1"..cl'k-1 are set i xed val ues to I ncrease the mum di st ance.

[0109]In a .sc e w. ACK/ NACK st

back  antePHE SRARARERIARS HEER RE8 SRk ST Spoitiotk drobts BB Fice,
such as when the ACK/ NACK feedback corresponding. to a certarn CC while the
ACK/ NACKPRIEgHBElR 18R 255 dREIHGE trans mispiopes upsok spatidipyndling assugie there
bundl i ng of the ACK/ NACK feedback corresponding to one or nore CCs, or a
si ngl e aBp (snatetabeiumtesr) CCnoluefi MG Ch oredieg thaersttitss feodbacl and YO natural number)
2011/ 116668PCT/ CN2011/ 071944 nultiple CCs, and so forth, if there are a
total @CsNHUCCEM@Ts reedingdive stdtes feddbacla ftoyal Nof k = ceil [1 0g2(5N -1)] or k
= ceil[log2(3N -1)] (where k is a natural nunber) bits are needed to
represent all the ACK/ NACK s [0110]If there are three DL CCS assi gned
to a silfA% UeO I{erp@%{zlemerhqff @g higkger O RBANCR 1% ACSURING 3 dedippmiphthgiii e t he
ACK/NACK states that there are three CCs in the confrgured CC set but only

Gor reagbnd ng ﬁ@@”%garemwr@—@ i< SREL et PALrBREET | her by

|nply|ng that The ACK/ NACK feedb or the other two CCs is DTX Assunrng

(=7 VW[Q@ i fsﬁéfc@gﬁf?@ﬁvéﬂa@s@%@SNK%&OWW@@%&%@&39

UEs. t he renaini ACK/ NACK states, totalin 120 53 - 1 -
ACK/ NA@Kd éW%ﬂ@%CKaNéCgﬁb{ﬁ@cﬁet 6—t4r%1d1224689%twly szg i ™ @b, Nélthhons

Si nce the nunber of the remaining conbinations is Iarger t han t he nunber of
t he r emmians AG KASKWNACGK dbacktfesall e (s is THE nodnnhenlkbafeddacleby dredilhgobi t
conbi nati on. Table 10 di splays a nunber of possible ACK/ NACK information

bit conkdreatdoomsd td adote thd. stdt@SHich! € ACK/ NACK i nformati on bit conbi nati ons.
The 0 0 O O O 0 0 ACK/NACK infornation bit conbination 1 The 0

Totalstatemum = (1+2)" (1+4)? —1

b g

_(Zcxz )(ZCW) 1= Cy2"Cr4’ -

¥=0 y=0
The index sum of (x + y) denotes the number of CC(s) to which the ACK/NACK feedback is not
DTX out of N CCs, similarly as the previous examples show: &k = ﬂog2 totalstatenum—|;

Total number of states (statenum) means ACK/NACK feedback to {(N-1),(N-2),...,(N-1)| i = (x +

y),0<i< N} CCsis DTX, is equal to a sum of all the coefficients satisfying (x +y) = i;

and x< p,y<gq.
[0126] The information bit vectors can be represented in decimal notation by
> Cr2Cr4 -1+ D IVAZ S
0<x+y<i,x<p,y<q X+Y=i, X$P,YSG,C; 15 Cy 255Cs, -1 '

where ¢, ;is the j-th case that the ACK/NACK feedback for each of the i CCs is not DTX, and
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1 00000 ACKINACK information bit combi nation 2 The 1 000000
ACK/ NACK i nfornmation bit conmbination 3 The 1 1
WO 2011/116668 PCT/CN2011/071944

ACK/NACK feedback to N - i CC is DTX. x and y depend on that how many CCs are with two

feedback and how many CC are with 1 feedback for the case ¢, ;.

[0127] These embodiments described herein may be sorted by some specified ordering. For

example, assume N component carriers, a vector of N elements (a,,a,,..., @, ;) may be defined, if
the ACK/NACK feedback to component carrier j is DTX, thena; =0, otherwise a,=1. Then for
each case there will one vector of N elements. There will be a natural ordering to sort the all the

vectors of NV elements to those cases, for example, by the values in decimal.

[0128] I is the bit of the ACK/NACK information vector that represents the ACK/NACK

feedbacks for the i component carriers without DTX. The bit number is x(c; ) +2y(c;,) . For x
component carriers, each CC has one feedback, hence one bit. For y CCs, each CC has two
feedbacks, hence two bits.

[0129] The principle of labeling the ACK/NACK states is similar to those said in the
embodiment examples, those ACK/NACK states needing high decoding performance have the

higher priority to map in the former part. And then the same combination number calculation and

permutation method is used.

[0130] To maintain the ACK/NACK information vector’s property that only

x(¢; ) +2y(c;,) bits are varied to represent the ACK/NACK states of the case ¢, ;. The

following modification mapping of information vector is needed

>4 -1+ PIPALY
2k . Ceil 0<x+y<i,x<p,y<q 2k x+y:i,x§p,y§q,ci'1, CiaseeCi o1 i [Ci .
where kis x(c; ) +2y(c;,).
[0131] Another simple method that offers sub-par performance compared to the first one

may be described as: Map the set {ACK, NACK} to the set {(ACK, ACK), (ACK, NACK),
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0 00O O ACK/INACK information bit conbination 4 The X X X X X X X
ACK/ NACK i nformation bit WD 2011/ 116668PCT/ CN2011/ 071944
conbi nat iw.2011/166681] I n a situation with N CCs assi gnedPCo/(aN28i1gla4 UE,

wher e %\JIA%I&QA&IQ}, E(lﬂEArCK/,%XEK)}% for example, ACK/NACK state ACK is mapped to state
(ACK, ACK); ACK/NACK state NACK is mapped to state (NACK, NACK), afterwards, though
three ACK/NACK states occur in some CCs, the implementation algorithm is same as five states
occurs in all the CCs. Note that the mapping between set {ACK, NACK} and the set {(ACK,

ACK), (ACK, NACK), (NACK, ACK), (NACK, NACK)} may have other mapping choices.

[0132] In a scenario that ACK/NACK bundling occurs to » CCs (r is a natural

number, 0 < < N'), the bundling of ACK/NACK feedback for the CCs may be deemed as
ACK/NACK feedback to one CC, the CC can be a CC within the bundling CC group of size r,
for example, the CC with the highest priority within the bundling CC group, or the CC can be a
new CC by redefining CC order in a reduced CC set of size (N - r + 1), or the CC can be a new
CC replacing a CC in the CC set by redefining the CC order in a CC set of size N, or so forth.
Currently, the CC combination when ACK/NACK bundling occurs among CCs can overlap with
those without ACK/NACK bundling among CCs. The principle of labeling the ACK/NACK
states is similar to those described in the embodiment examples, those states needing to gain high
decoding performance have the higher priority to map in the former part. And then the same

combination number calculation and permutation method is used.

[0133] Figure 11 illustrates a flow diagram of eNB operations 1100 in transmitting
information based on ACK/NACK information fed back to an eNB by a UE. eNB operations
1100 may be indicative of operations occurring in an eNB as the eNB receives ACK/NACK
information fed back to the eNB by a UE, and processes the ACK/NACK information. The
ACK/NACK information received from the UE may have been encoded to help improve
decoding performance. Additionally, the eNB may make use of a priori information to also help
improve decoding performance. The eNB may transmit information to the UE based on the
contents of the ACK/NACK information. eNB operations 1100 may occur while the eNB is in a

normal operating mode.
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speci fied order of all

by both the eNB and the UE. For exanple, an ordering may be based on CC
pri ority,wbreguamney band, CC index, and so forth. To si mplridN20nIaX7&d4it ON,

the deﬁaﬁﬂge?&hﬁ"m@g‘:ﬁm S i h B e QA A Bl TRV

are for i i <N apriority n&i‘gébe set such that the snaller val ues of

corr é@ﬁ&ﬁla thegranprytision Apgtudgacer cag

N CCs for purpose of ACK/ NACK feedback may be known

t he

Ao EY. mfpﬁn@me\fe%ﬂagc HHB)j oi nt

ACK/ NACK states corresponding to larger sized CCDTx (a CC set such that the
ACK/ NAGchrskihlacin ehghodirhent 0lts AGK/NAE KoM feratios VBT mefibalcdcasied iessbrad to a

bl ock code with better decodi ng performance when deriving the bl ock code

from t hreymthaclp dogerve e deeoding panforhEENACKe sNB. Asnaedamglchifgic decodi ng

performance has a high priority to map in the forner space.

shown iACKaM ek klathat@®Wacklia BheoNB indRRERIENWit P NdE KN AOR 84 DAt aienfodb
various N. i : natural number 0< iN the number of CC(s) to which the

ACK/ NA!
Kok FERA AR PR R Mo eEhe ST AL GERTAASMRRTY
CNi 1 i} CC conbination in the CC conbl nation group nunber i Nunber of

state

stat es [01853 CC TtorbiBnahy trenglkeste:thddnchd€d ACKIKARACHK ffreadbackctbo(blRk. . .

DTX) 1:1 4 1 ... C2 (ACK/NACK feedback to C1 ,C3, ... CNis DTX) 1:2 4
l:s 4 I .(MM%@ Hacdech@nEherforntaed thesem)fﬂay]ma@ Wedf aWiori

2011/ 116668PCT/ CN201

1944
information based on a configured CC set that it used to transmit information to the UE (block

1115). For example, if the eNB did not use all CCs of the configured CC set to transmit
information to the UE, the eNB may make use of information related to unused CCs to help

improve decoding performance.

[0136] After decoding the encoded ACK/NACK information vector in block 1110, the eNB
may process ACK/NACK information contained in the decoded ACK/NACK information vector
(block 1120). As an example, if the eNB received a NACK corresponding to a CC wherein the
eNB transmitted information to the UE, then an error occurred and the eNB may need to
retransmit the information. If the eNB received a NACK corresponding to a CC wherein the eNB
did not transmit any information to the UE, then the UE likely determined that the CC had a
DTX state. If the eNB received an ACK corresponding to a CC that it used to transmit to the UE,
then the UE was able to correctly receive and error check the transmission. eNB operations 1100

may then terminate.

[0137] Figure 12 provides an alternate illustration of a communications device 1200.
Communications device 1200 may be an implementation of an eNB. Communications device
1200 may be used to implement various ones of the embodiments discussed herein. As shown in

Figure 12, a receiver 1205 is configured to receive information (such as an encoded ACK/NACK
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2 O, C (ACK/INACK feedback to C3,...CNis DIX) 2:1 16 2 O, C3 (ACK/ NACK
feedback to C2,C4,...CNis DIX) ... 2:2 16 2 s 16 2 CN-1, CN (ACK/ NACK
f eedback wo 2€/1@2e68. . . CN2 is DITX) 2:Cl172," PRITEN202/07194€EN ( No

DTX occ 14 113] As NA eedback for. multipl.e S
R *’%321@ ; q‘éwe?% i rEERCahsiaog } AR BG oh
t hat the ACK/ NACK feedback to the in the CC set is not DIX), for

exanpl 8 conbigrigadr dpeerg thrat - EMNAGK Wﬁsn@éon eSO TROE=mEks use OENPTIgE  ( ACK,
NACK) is for the CCl, and (ACK, ACK) for CC2, then the ACK/ NACK feedback of
t he twenfcsation, yaliks am@(,pr@@hﬂithm)qviqedbmpmgumépmabiétwmb}%wsbomi@r to
ACK and value 1 corresponds to NACK, then it is easy to denote a set of
ACK/ NACGR2bys @wnfighiredfio Becode ysibg b $inedr Blocknddd dedoder. exdplappdrAGK, 12RAGK,  ACK|
ACK) may be denoted by set (0100). Al though the preceding uses the notation

ACK = Qof ppl RulQAYIaRE S ACKBSLCRGfoBabllit QQC‘[M% o
[0115] nggérhal I y | fﬂ?ﬁ%é%g are NaCCs configured gg(r) tJE rt heree are N

CCs in g Sgdtggsefg {?&sﬁﬁﬁszo&snﬁh ﬁg RS r%a?loﬁ{ dé%%é/ 1%[%1 p?l%ﬂlqﬁ?gl}%blhtg

correspon in Inatiron i's the

positive. I.nation | nat.i r |, ~.and

the Aokﬁm@ﬁf ReBBRRY foforfiRge Mo i probul Bibehpn b et g aoBarkd 1o
use (i.e., a configured CC set) and actual CCs scheduled for use, which may be a subset of the

configured CC set. A memory 1235 is configured to store information, as well as mapping rules,

a priori probabilities, configured CC set, actual CCs scheduled, and so on.

[0138] The elements of communications device 1200 may be implemented as specific
hardware logic blocks. In an alternative, the elements of communications device 1200 may be
implemented as software executing in a processor, controller, application specific integrated
circuit, or so on. In yet another alternative, the elements of communications device 1200 may be

implemented as a combination of software and/or hardware.

[0139] As an example, receiver 1205 and transmitter 1210 may be implemented as a
specific hardware block, while decoder 1220, de-mapper 1225, and a priori probability unit 1230
may be software modules executing in a microprocessor (such as processor 1215) or a custom

circuit or a custom compiled logic array of a field programmable logic array.

[0140] Figure 13 provides an alternate illustration of a communications device 1300.
Communications device 1300 may be an implementation of a UE. Communications device 1300
may be used to implement various ones of the embodiments discussed herein. As shown in
Figure 13, a receiver 1305 is configured to receive information and a transmitter 1310 is
configured to transmit information (such as an encoded ACK/NACK information vector). An

encoder 1320 is configured to encode the ACK/NACK information vector using a linear block
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for the ACK/NACK information, the index '"joint of the joint ACK/ NACK state
in decimal notation is expressible as (where the index nunbering starts
from nunbwo 2aevias6e8- 1 ' joint - (/ CAL, 4" -1)+ (s -1)41+PCT/CN2011/071944

(40/01/10/ 21, ../0/0)¢1) j=0 W.th the.index cal.cul ate t he
ACK) AR N bet B 125 s baieRElF i Btk AEAR RABRRK ekt g
sinply be the binary representation of the index '"joint. -35- WD

2011/ 176853BETRANLOIAOESIA Usig DEPPEISSH S th EARBiuntt 4 @ bstcopfiguey to
representation of 'joint by bob,...bk . The information vector
d0d1d2dseanibdd] ARRiresponsestipietranspugsions redeeyefl ion selrreeaieasic commamidaBons deyiog
obt ai ned as dl=bk 1,0 1<k , if bo is the Mdst Significant Bit (MSB). The
vect or 1800, A modklatiomyinib &3 3ois @bnglirty toddhadhillat® hekncdded RCK/AN A€ infeasition
Significant Bit (LSB). If desired, bob,...bk may be converted to the

ACKI NAGKctb PR iR hR&1o B6ipBesWAtierRbrly 1TBOInALIRA to JiBR iRidrmABGI, RYLATIa9N may
be designed to achieve better coding performance, e.g., by nmapping joint

ACK/ NA t conr onding to larger-size CCDTx (i.e., smaller i in
Equat i g%r%p?k%rﬁfeg’ agldbsﬁg)@k code with better decodi ng perfornance where the

bl ock code is expurgated froma nother code by assigning a fixed value to a
first 4etd1][ 01k Consinckest cantiminictivandaiden] 30D mes KeGmpassdngated specific Si ngl e
UE and a priority ordering of the CCs for ACK/ NACK feedback purposes may be

as f ol lhgivarClogicHocl@Nth dahiltcWatife, the c Bk 8t ot YorahdRlchiichs e vicB 8 3685malks mewn by
both the UE and the eNB. The order of the ACK/ NACK feedback is shown in

Tabl e : derd f : ffe itive
: ft f P é&%ﬂ d Inteorhl
I nt eger}l%Blg}E%gteﬁea %ﬁcﬁ er %g%?&‘%‘é % ? od"\%% Pdﬁot e %’ﬁg«%& 11‘% E‘gég%%é]ke%rsgﬁot DTX
out of 3 CC conbi pation considering DIX state i:s i ig the
combi n&LFSh §r0ap AR AESBH e hat | DI SRt b 4T Ry
group nunber i Nunber of states in a CC conbination group: 41 1 Cd (DTX to
C2, C3) implemented@s acpmiinagore! sodyware ondfonhardwirpTx t o C1, C2) 1: 3
[0142] As an example, receiver 1305 and transmitter 1310 may be implemented as a
specific hardware block, while encoder 1320, mapper unit 1325, and HARQ unit 1330 may be
software modules executing in a microprocessor (such as processor 1315) or a custom circuit or
a custom compiled logic array of a field programmable logic array. Similarly, modulation unit

1335 may be implemented as a specific hardware block or a software module in a processor or a

custom circuit or a custom compiled logic array of a field programmable logic array.

[0143] Advantageous features of embodiments of the invention may include: a device of
transmitting the ACK/NACK information, in communication system, comprising scheme of
mapping ACK/NACK information states into information bit vector, encoding the information
bit vector into codeword by linear block code, is characterized by the mapping have the property

of method said above.

[0144] Advantageous features of embodiments of the invention may include: a device of
receiving the ACK/NACK information, in communication system, comprising module of

determining the a prior probability based the scheduling information, decoding the received
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4 2dC, C (DIXto C3) 2:1 16 2 A, C3 (DIXto C) 2:2 16 2 C2, C3 (DrXto
Cl) 2:316 3 d, C, C3 (no DIX) 3:1 64 [0118] For exanple, referencing
Tabl e 12,wonotihaeas8enari o with three CCs per UE, and ACRCRAGHOfiwadlack for

D011 LS T B E L b St RS R et iy ACRINALK 3R irehffaatogieed

conbi nation in CC copbination group 1), then according to the order and
nunber byfthsiegertionmetheadiadd aBovet he conbi nati on nunber of the ACK/ NACK
information bits in decimal notation is expressible as (starting from

o ! S b g ROl T sl B0 IS

the decimal 10 using~seven binary 0 (wth bo

bei t 0101000 .th b i he LSB). If is.th

oo e R e PR ol 0 L 81 el P kpap e sy Foib "SR ag K
d0d1d2d3d4d5d6 = 0101000 he found by di=h1,Q <7 . Wh ing dil= b1, 01
<7, th%fom@we&t@é@fsge%?ﬁb@dfﬁgfgnwa Yactepsed ttyruf@rﬁmsgtanggf:?%fég%f t he

ACK/ NACK i nformation vector, and the last three bits of the information
vect or informitiomcstatesgamiilepks compphent getriged andOK/nNAGKe trepsihiagkn {imadKer vatskhat
(ACK, NACK), (NACK, ACK), or (NACK, NACK)} of C3. Thus, it can be viewed as
t he (ntheACEKBNRAEK frodigcked oge exporegaiteid compandnd carfiprskindok naddste The four
information bits of the (n, 4) code is |ocated at the beginning of the

i nf or Matah@hisYiR tiffe iBRrfalkdl DN thdlinfdbnaiod 8ith asctd b o tpFBstthRessidRUBsedBi N by
properly designing the generator matri x of the nother code.

[0119] Si.mi J . ; ’ K
Feodbadt et c ke BREREK! et Vel R FRoB R Rl e

NACK} of CCnon-DTX = {CC2, CC3}, then according to the order in the table
12, conjpidedt i oM dvhnt@geouk fieaturss HInbdddhents of the isventiBi chag eclude: b netod

conbi nation group 2, the conbinati on nunber of ACK/ NACK i nformation vector

i N decicaRbriiak af leddl ons oLMRRSIELR! 6 1S Wil ftdd! vatlick iOBrRUPRRInDD e tiel) +
(s -1)42 ?3(0%11):1+C* 41_p?+ (3 -1)42 + 3 =47 . |j=0 P
last rows of linear block coding, where removing the said one of the last rows will increase the

minimum distance of the expurgated liner block code.

[0147] Advantageous features of embodiments of the invention may include: a method
comprising at least one of the positions of bits with fixed values is corresponding to one of the

last rows of linear block coding, which is not the rows to be applied the FHT.

[0148] Advantageous features of embodiments of the invention may include: a method
comprising an ACK/NACK information for multiple component carriers that the ACK/NACK
feedback of at least M component carriers and/or TTIs is DTX, is mapped to combinations of

information bits that some certain bits have the fixed values.

[0149] Advantageous features of embodiments of the invention may include: a method
comprising a number of bits with fixed values out of the n bits should not be bigger than x (an
integer value), where (n-x) bits should be enough to represent the all the ACK/NACK
information states that least ACK/NACK feedback of one or more certain component carriers are

DTX, where n is a total number of bits to represent the ACK/NACK information states and
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Denote the decimal 47 using seven binary bits as bOblb2b3b4b5b6= 00101111
(with bo being the MSB) or 11110100 (with bo being the LSB). If bO is the
M5B, dOdMwod8d4déa8 ney be found by dl=bk 1,01 <7 , whi lPeTidN2bn/i78948 he LSB,
d0d1d2d3d4d5d6 = 11110100 nmay be found b 2011/ 116668PCT/ CN2011/ 071944
d, = b12,3€g41m@“?¢ laW?éﬁwasqrﬁ@u to Elelﬁlﬂén}b,eb"%{au\it\% A%{i}' IATERAYBSHIEIR | s
concentrated into the first six bits of the ACK/ NACK information vector,

t he | ashcasivevidi the g¥TX peoperty saiflaboon vector is fixed regardl ess of the
actual ACK/ NACK feedback to CC. -ffrx = {CC2, CC3} . Thus it can be viewed

as the 7) npther cod ei ng. expus.gated.to.a 6) bl ock code. The six
o or 0598 D CRGRagRRS forte) I SHEEARNF B 4 afebon by il AR T e

i nformation vector so that the (n e has the_l argest possible dmn by
pr oper |°9ma@§1pgﬁim?epmén@t§%?0§t%er Aﬁ@ﬁ&%‘l‘lf‘trﬁ@“ﬂ%Pﬁ%"rmec%‘a’%l?"“ﬁ@tlcz“ﬁ]‘%%cor di ng
to an alternative enbodi nent, the |abeling of the ACK/ NACK states based on
Tabl e Mhepgic BTN AQK fesgiback of cpple commpriicnhig not Dil e One(RBIA K deasibacdsisshown
in Equation (2) has a property that for CCoonDTx set of size i CCs, the
ACK/ NAGKresehedrgtliln bits can be viewed as two parts: A first part

i ndi cati ng CC conbi nati on. A second part indicating the ACK/ NACK
f eedba n each, CC within the | . The ACK/ NACK feedback, for each CC

di rect ﬁéléc)lér r e HOABEETQYS Loaggres 0%@@?@%? of the INSRIRAERY ARskflcr 8 aPBZa CRC
check may be directly assigned to the ACK/NACK information bits. Since the
ACK/ NAGkcthasel@b A dlangiforteleeks TRrived @pmacmppingappddd tey Ztryispoiyblocke bawigauACK
information vector, it may be sinple to indicate the ACK/ NACK feedback if a
si ngl e tHiBonesofttwarmgnid befixalinvaiueCC | nst ead of two TBs. For exanple, it nay be
defined that the ACK/ NACK feedback for one TB maps to the first TBif only
one TB | ransmtted on _a CC. 101211Fi gur 10a t.hrough 10e illustrate
possi b2 A BHEDH ToeRE 1‘?%‘?‘8?‘%& Iyeatigh gla%t&cjwﬂ%'eaﬂ@ﬂme CCs,
according to the enbodi nent expressed as Equation (2). In Figures 10d,

10e- 1, cangrijipsamapphwriacthe tosiakmmpisdstosie gieas Brmphen bifs Yastasntwheshbi nat i ons
of WD 2011/116668PCT/ CN2011/ 071944 CCs actually used to transmt

i nf or TlXCKOMN AGKdhfoasatoxesh DI0Gtoandre Ot onent Eagigrschak Gehre Earolbith by nmpyinge
representative of a different conbination of CC ACK/ NACK states. For

exanpl ghe ROXEN ALROM (@AMt LDhaN&s halheliegodaaiin | abel ed "ALL A/ N COVBS OF
THREE CCS'. However, box 1005 may correspond to a first possible

conmbi nation of three CCs (e.g., CC#1=A/N, CC#H2=A/N, CCH3=A/N, and CCH4=DTX)
and boX01310 ne\dventegeass derduresobensaddnentp o dicpnenteombiay ardlete: ametlndder CCs
(e.qg., CCH1=DTX, CCH2=A/N, CC#3=A/N, and CC#4=A/N). Each such box shown in
Fi gur esrah@dittiddmuliiplaid RIDeBprissng @paiesmgrnhatdt V€ adfof shedinf i ipkeeld A Rt sprmisgue
conbi nati on of CC ACK/ NACK states. [0122] According to an alternative

enmbodi RRips; dBtaihgrike @t €N 26F HAR CkSpdie groudEwheh@nthd HARIrePonseshh k& are
needed fogﬁthe AC%/NACK ingornation v%ctoﬁ. n a situation mh%%e ACK/ NACK

i nfor k0N ; COF i e [ , i i IS
he o oS P ERhesHAin P A BTk Lot orl HicmbtiOl vdckSha 28 1Ol PRRERAEICAT
information vector for the . IS 0/0 0/11.../0/0) then for .the
i< A RASRElR el i ringlRY R pds S nOBH PSS Atk BaTRly PP uBRet ol
notation.i.s 2n -1- ) when j = N, and 2n -1-Ckr 4') + (CNl - s)41+

( 40/ oucﬁﬁ/ﬂiir.l@/dmgd&% 1%%??@“&’&?0}2:“Pgﬂa{l@ilﬁg]gc%?/?%ﬁ&’)é%} ,mlﬁ'“PM)e‘(t@ﬁ\u - s)41
is amltiple of4l, and 100101110111.../0/ <4, so J=i+i the ACK/ NACK

i nf : : <2 jhits to b
| ntor m}f)i[sﬁlisYegtr%lgrngetﬁtﬁi:’&gﬁJ‘ﬁrtlﬂEPB@lﬁhéC xié}ﬁ\ﬁj%?ttﬁbefntshé%ﬁ 6f ﬁEs%o?res;t?Oﬁfg th$ to be

fixed va Its are varie ues to represent 1 ACK/ NACK

i nformation ctors. .There. ar.e t its per c nent ¢ i erin the case
of ' two PialiERe ™ & sulbhO e iRy WRBL PSR iRERe T Blart St MmN s he
bits of the ACK/ NACK information vector can be derjved by setting one of
bits t &P fthesdnclugde, wherest a gseqpghped of 8%0 fihe IHBEPROFIREICREPPESCRIAEICACK! NACK
informati on vector causing |less reduction in the mninum distance. The one
f eedbadkARQgespon® F0hd st L666SPCTS BNRIA graypd.gheisdh 8 pensx wHaa conpleaknt alo TBs
is decoded correctly or ACK/ NACK bundling is used or the nunber of TBs has
been chiangedCpex duch[thdit 24 €0, dathe vafonsifegl @CHR and sstdD@,0brxt el tECsnfamtkton use
of spatial bundling. In the scenario of three ACK/NACK states (ACK, NACK,
DTX) cqeéepRANTINDedale & thEfifst 8NoR bldEand BB s€6ATREEf bRk NHctmdtRo®Bordd Fether
i ncluding retransm ssion or use of spatial bundling, assune there
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are p (a natural nunber) CCs out of N CCs needing three states feedback and
g (a natural nunber) CCs out of N CCs needing five states feedback, p + q =
N. [0125]\meopmsd6bl e nmethod for high performance is: aecmmzng/mwmhe

bi nom al eorem ( EcNi N CNi s a natu and a
nunber MEHRER i selc, Aéié? aogt?e‘;@ﬁd‘ itk Sl SRER o,
(NACK, ACK) NACK, NACK)} a o set b = and 2,
respectCPW@Plgﬁn(‘ FRIpICESeY Thecmetkpd %Jkkﬁa her Nelugle; ‘6%1“%&%%%@@%&@ FERSack for
all the CCs is DTX, nothing will be fed back by the UE, so there is no need
to denereupdfiascostranent ciivisn STyual tettd expasted (ambyrPo f{thert HARY respensg(sxakthy (| C
LEY ) -1 =I1Crii2x C LEY -1 x=0y=0x=0 y=0 The index sumof (x + y) denotes
t he nurbepordnt CEfisy). Tthe nwhhwhcdulkuAGK! INNGHe vatedbiache fiist se0bf BIf9ds duthedf N CCs,
simlarly as the previous exanples show k = Flog, total statenum ; Total

nunber deferimdl 8 tﬁ&ﬁ@ﬁ&@@m{m% KL BIRSKomBERRREderibO The method could
{(ND,(N2),.., i 5)0<|N} CCSIS DTX, is equal to a sum of

al | th f. i

ot or math s fe v‘éf‘é TS?@ i 1%%@%@@%%%% bind¥ ¥ sRele Xt A8 o o
LEY -1 12x LEY+ s Kx+x s .the th case tha

AGK) NASKT BTG OB afbrpae ot e mels ?%541 i o shizle HARQ
2011/ 116668PCT/ CN2011/ 071944 ACK/ NACK f eedback to Ni CCis DIX. x and y
depend ROt dpidngdrfanguitiple Erspot Plock Henfraistomer 2 SANPARAL GRS dbCare with
1 feedback for the case cll. [0127] These enbodi nents descri bed herein may
be sor meathdscaibhirigpenciidedvimrde thengt CEorx sxbarpiperscasisiompolet sapwrewhere
carriers, a vector of N elenents (ao,a"...,a,) nay be defined, if the

ACK/ NAGK daeaehatission i€ sulpdiled toraarank@itter. T hiidod thd fidthier theludof Wkérainse a
j=1. Then for each case there will one vector of N el enents. There will be a

nat ur alip Ofcd&LiMecdiRsIRE EnchB& ﬁkdrniaﬂ@n V&%ro Eu%d SftPlc! tﬁéTH'AREQ tQpbles@ncases,
for exanple, by the values in decinal 8]s is the bit of the ACK/ NACK

nf or 0
componahts dégﬁf?iﬁ%ﬁ%wéa“{% LSRR ’*g‘t“n%m’% PGRRRIRuLE b s e
conpon iers, has ne f eedback, _hence one bit. For .CCs,
cach_ cigd dte sSedpntd Eﬁ?cﬁﬁéﬁc% ke BITS o G051 TS S OF FRPRPETLRTgel | ng
the ACK/NACK states is simlar to those said in the enbodi ment exanpl es,
t hose AGKINACH!S trapsaissiereifispigpdulcgronide sanyitiser f or mance have the hi gher

priority to map in the forrrer part. And then the same conbi nati on nunber

cal cl 3180 2Bt 500 Gyl 4281 EO, RUTEDR 16 AT M

i nf or vec per are varied to
represe stat es f t he

aecl The.follo di fication
mppt nghod PR %IPP‘%K o s © %ngﬁ%éaﬁs(& Fiicos eatateficsRays be Ml Rérein

without departing from the spirit and scope of the invention as defined by the appended claims.

[0156] Moreover, the scope of the present application is not intended to be limited to the
particular embodiments of the process, machine, manufacture, composition of matter, means,
methods and steps described in the specification. As one of ordinary skill in the art will readily
appreciate from the disclosure of the present invention, processes, machines, manufacture,
compositions of matter, means, methods, or steps, presently existing or later to be developed,
that perform substantially the same function or achieve substantially the same result as the
corresponding embodiments described herein may be utilized according to the present invention.
Accordingly, the appended claims are intended to include within their scope such processes,

machines, manufacture, compositions of matter, means, methods, or steps.
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What isclamed is;

1. A method for communications device operations, the method comprising: determining a
hybrid automatic repeat request (HARQ) response for each component carrier (CC) in a set of
CCs configured by higher layer signaling, thereby producing a set of HARQ responses,
generating an information vector from the set of HARQ responses, wherein the information
vector comprises one or more bits respectively corresponding to a CC in the set of CCs, and a
bit of the one or more bitsis assigned a fixed value if HARQ response of a corresponding CC
isset to DTX in response to no transmission detected over the CC; encoding the information

vector; and transmitting the encoded information vector.

2. The method of claim 1, wherein generating an information vector comprises applying a
mapping rule based on the set CCsto the set of HARQ responses.

3. The method of claim 1, wherein generating the information vector is by mapping a set
{ACK, NACK} toaset {(ACK, ACK), (ACK, NACK), (NACK, ACK), (NACK, NACK)}

in case of asingle transport block transmission for a CC.

4. The method of claim 1, wherein encoding the information vector comprises encoding the

information vector with alinear block code.

5. The method of claim 4, wherein the linear block code comprises a Reed-Muller code, a

modified Reed-Muller code, a punctured Reed-Muller code, or a combination thereof.

6. The method of claim 1, further comprising detecting an existence of atransmission over
each CC in the set of CCs.

7. The method of claim 6, wherein detecting an existence comprises detecting a control

channel.

8. A method for communications device operations, the method comprising: receiving an
encoded information vector comprising a hybrid automatic repeat request (HARQ) response
for each component carrier (CC) in aset of CCs configured by higher layer signaling;

decoding the received encoded information vector to produce an information vector, wherein
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the information vector comprises one or more bits respectively corresponding to a CC in the
set of CCs, and a bit of the one or more bits having a fixed value if HARQ response of a
corresponding CC is set to DTX in response to no transmission detected over the CC; and
generating individual HARQ responses from the information vector.

9. The method of claim 8, wherein the decoding further comprises makes use of a priori
information indicating that HARQ response of the CC takesaDTX value.

10. The method of claim 9, wherein the a priori information further comprises information

that no data transmission was scheduled over the CC the previous transmission.

11. The method of claim 8, wherein decoding areceived encoded information vector

comprises applying alinear block code to the received encoded information vector.

12. A communications device comprising: aresponse unit configured to determine a hybrid
automatic repeat request (HARQ) response for each component carrier (CC) in a set of
configured CCs; amapper coupled to the response unit, the mapper configured to generate an
information vector from HARQ responses produced by the response unit, wherein the
information vector comprises one or more bits respectively corresponding to a CC in the set
of CCs, and abit of the one or more bits is assigned afixed value if HARQ response of a
corresponding CC is set to DTX in response to no transmission detected over the CC; and an

encoder coupled to the mapper, the encoder configured to encode the information vector.

13. The communications device of claim 12, wherein the mapper is configured to apply a

mapping rule to the HARQ responses produced by the response unit.

14. The communications device of claim 12, wherein the encoder is configured to encode the
information vector using alinear block code.

15. A communications device comprising: areceiver configured to receive an encoded
information vector, the encoded information vector comprises a hybrid automatic repeat
request (HARQ) response for each component carrier (CC) in a set of CCs configured by
higher layer signaling; a decoder configured to decode the received encoded information

vector to produce an information vector, wherein the information vector comprises one or
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more bits respectively corresponding to a CC in the set of CCs, and a bit of the one or more
bits having afixed value if HARQ response of a corresponding CC is set to DTX in response
to no transmission detected over the CC; a generator coupled to the decoder, the generator
configured to produce individual hybrid automatic repeat requested (HARQ) responses from
an output of the decoder; and a processor coupled to the generator, the processor configured

to process each of the individual HARQ responses.
16. The communications device of claim 15, wherein the decoder further configured to make
use of apriori information indicating that one or more HARQ responses for the set of

configured CCstakesaDTX value.

17. The communications device of claim 15, wherein the decoder is configured to decode the

encoded information vector with alinear block code.
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