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The base station may send data to the UE. The UE may
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tidees Apohating theAdkilable system resources. Exarnples of such multiple-access
systems include Code Division Multiple Access (CDMA) systems, Time Division
Multiple Access (TDMA) systems, Frequency Division Multiple Access (FDMA)
systems, Orthogonal FDMA (OFDMA) systems, and Single-Carrier FDMA (SC-
FDMA) systems.

[0004] In a wireless communication system, a base station may communicate with a
user equipment (UE) on the downlink and uplink. The downlink (or forward link)
refers to the communication link from the base station to the UE, and the uplink (or
reverse link) refers to the communication link from the UE to the base station. The base
station may send data to the UE. The UE may receive and process the data from the
base station and may send ACK information to the base station. The base station may

determine whether to resend the data or to send new data to the UE based on the ACK

information. It is desirable to efficiently send the ACK information.



information to report and may be especially applicable
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codewords. Each bundled ACK/NACK may comprise a bundled ACK or a bundled
NACK for one set of codewords. The UE may determine the bundled ACK/NACK for
cach set of codewords based on the ACKs and NACKs for the codewords in that set.
The UE may receive retransmission of each set of codewords for which a bundled
NACK is sent. The UE may receive a new set of codewords for each set of codewords
for which a bundled ACK is sent.

[0009] Various aspects and features of the disclosure are described in further detail

below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1 shows a wireless communication system.



[0013] FIG 4 shows a process for receiving data.
[0014] FIG 5 shows an apparatus for receiving data.
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UTRA, E-UTRA, UMTS, LTE, LTE-A and GSM are descrlbed in documents from an
organization named “3rd Generation Partnership Project” (3GPP). ¢cdma2000 and UMB

are described in documents from an organization named “3rd Generation Partnership
Project 2 (3GPP2). The techniques described herein may be used for the systems and
radio technologies mentioned above as well as other systems and radio technologies.
For clarity, certain aspects of the techniques are described below for LTE, and LTE
terminology is used in much of the description below.

[0019] The techniques described herein may also be used for data transmission on
the downlink as well as the uplink. For clarity, certain aspects of the techniques are
described below for data transmission on the downlink, with ACK information being

sent on the uplink.
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be used for the uplink for all downlink-uplink configurations and is denoted as “UL” in
FIG. 2 and “U” in Table 1. Subframes 3, 4, 7, 8 and 9 may each be used for the
downlink or uplink depending on the downlink-uplink configuration. Subframe 1 may
be a special subframe (denoted as “S” in Table 1) with three special fields composed of
a downlink pilot time slot (DWPTS), a guard period (GP), and an uplink pilot time slot
(UpPTS). Subframe 6 may be (i) a special subframe with only the DwPTS or all three
special fields or (ii) a downlink subframe, depending on the downlink-uplink
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until the codeword is decoded correctly by the UE, or .
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transm ssion of the codeword may be referred to as a .
F6Y PERSMIEEPo st My AR PHALHE S8 DA ko duRnk Sxist when N is
fodeymido M€ A downlink-uplink cycle may span 5 ms for downlink-uplink
configurations 0 to 2 or may span 10 ms for downlink-uplink configurations 3 to 6. The
last column of Table 1 gives the N:M configuration for each downlink-uplink

configuration. The following N:M configurations may be supported:

e Symmetric: 1:1 — equal number of downlink subframes and uplink subframes,
e Downlink heavy: 2:1, 3:1, 7:2 and 8:1 — more downlink subframes than uplink
subframes, and

e Uplink heavy: 1:3 and 3:5 — more uplink subframes than downlink subframes.



UE may decode all received transm ssions of the

codeword to attenpt to recover the codeword. [0027]
WO-2@9/1F6¢hows exenpl ary data transm ssion on tPEI/US2009/043087

downl i nk wi th HARQ Each downfi nk-upl i nk cycle may

i nclude a downlink transm ssion period covering N

SO oRASE TS Y, St AR SR By 5
SRk Sodcthl URothnd AOMBRUBIGOSHD DRASSuRm iR bAKUPPTS.

transm Ssion period, and a UE may send ACK |nfornat|on
{0926} he Twt sysiom omy sypiporikhduisf alanmam refreet frajueswW{HRQ).  For

d. [0028 _
BB S SO VRED: R eBH kA5 astiti RieERaRrp Totpaprghyt grobiain &
tRRwANB(G? %Gdéﬂap’acﬁ@c dTHehé‘NB @haydtHah bdnd o thghismadsiin f&d dodeword to

information on a p yS|caI upli nk control channe
# Plbcad) may sengeons B morp 8 @p@q}ﬁl&anmlémpmuwthe codeword is decoded

LHQUYRAT B0 AN 06 BLEGL MLAHIRL AL RENSIVKE DS, or some

ransm Ssi

ometieahinatio@tchdétsh is gnsstinesred. ("Miéﬂirsf oinsntissiddbof tE@ bodeword may
each downlink subfrane.in which the UE is schedu
Phecterngs i9edp R HaRsnission R saeh pldiiqnal traﬁs%é“e%t)%shetcsdeword

ng q}er}eﬁn"ée qg‘@@radt%tra sgo F\ﬂ%f( Q(ﬂ‘ar ! Mu%anneq e cbdeword the

ewor on a physica
UIEDﬁﬁjy-l)demdet Aerddived trmneiBsinmsy ofathe ocaslewdrdatodatandit i recover the

assi gnpent for the UE on a physical downlink control
E‘i‘f%ﬁ’%’é‘re(PDCCI-l) in each subframe in which the UE is

frengdul qcidaﬁsmw&en{blfry%at&iraﬂmlwo@ Bhthé RBWhlifiStwith HARQ.

subframe. The eNB nmay send no downl i nk assi gnnent and
Rechc detemorkdepling ¢yieke WEY iinclede b dowmhink iensroisipamsripg covering N

hth UE is not s 0029 e UE .
A M sh plt o, (R S i oR e P Sorte, S alink sybframes.
B d@a\ﬂégl@k aASEN B M Ndend i dataftyup SEN déwnlitesudffandel off a downlink
downl i nk assignnment is received then the UE ma

pressdsson periqpsyiaddl mecyud ARK micraytow fersths é%fa ingone uplink

B y provide an ACK
%‘&%a#e% Oftgef\ﬁ)gl?%é&g@%g{ ¢ csglrglrlg% ?&; or aNACK if the
fisdgor drheUE ecydrtioticakty edimatd the ddwniiay chamet gahaityAff the eNB

ormati o ased gn the ACKs and NACKs for all,. .
@5{1% perd ¢ n%lé@elrltm@gwsf@r Da}ﬁ&)r%g}% 8hd H%ﬁ%w?‘id?hnk control

bl{hfn%lr’(g*U@@HPEb ﬁl%e NIYCGHht Ny nﬁafl}gothgcﬁgﬁ Nﬁ’oﬁﬁéﬁoﬁeﬂﬂ/or other

a retransm sSi on o each codeword ch a NACK
mégmpiafied @ndchreylestred UX tforadswnbsl ahtta)ftraasmmwonodeiv\m celect a

for ch code rd or j n s.received. 03 .
ROAURBE <01 <pARe rate LS G0 Be ket FREGTToTo bR gptrame in
(virhdawnb i Rk se’ﬂé@lul'é@' {heKeNE\in, 85 OIC @R JORY bIesKs or Gakkets) to
transm ssions of a codeword until the

obtain L codewords, where L>1, and may send the L codewords on a physical
downlink shared channel (PDSCH) to the UE. The eNB may also send a downlink
assignment for the UE on a physical downlink control channel (PDCCH) in each
subframe in which the UE is scheduled (as shown in FIG. 3) or in only the first
subframe. The eNB may send no downlink assignment and no codewords to the UE in
each downlink subframe in which the UE is not scheduled.

[0029] The UE may process the PDCCH in each downlink subframe to obtain a
downlink assignment, if any, sent to the UE. If a downlink assignment is received, then

the UE may process the PDSCH and decode the L codewords sent to the UE. For each

codeword, the UE may provide an ACK if the codeword is decoded correctly or a
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3 6 DL + DwPTS : 3 UL 9 3
4 7 DL + DwPTS : 2 UL 12 2
5 8§ DL + DWPTS : 1 UL 15 1

[0031] The number of ACKs and NACKSs to send as feedback may be dependent on
various factors such as the number of HARQ processes to acknowledge, the number of
codewords sent in each HARQ process, whether to acknowledge a downlink
assignment, etc. In one design, an eNB may send data on up to N HARQ processes to

the UE, one HARQ process in each downlink subframe. In one design, the eNB may



conprise a bundl ed ACK or a bundl ed NACK. The UE may
al so performbundling in other manners. Bundling of

WO\EKY/1370de NACKs may reduce the anmount of bundl BAI/BEH09/043087

information by a factor of K 8 0033] An eNB nay
recei ve the bundl ed ACK |nfornat|on for the K
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achieve a target probability of correct decodi ng
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dindidengrdseandomay ecfaateeintiied ACKsinfomoafiiCRs fIbK aldewords. In
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performed for ACKs and NACKs forcodewords received
obthinegfer dbﬁqwqdwogiﬁbfrr(abf@sbunéleg NABKeif god &t &b <Dh1a1ned for any

each fr her..de

SACAT AROR A uRHRL T butdled RO@ABDRNiGEREIR: & codewords may
mﬂlﬁ\i@rdjﬁiﬂd%@\@ﬁdoﬂ db@ldle WK . Nihé ulEf ma ﬁ;o?erf@rm bundling in
downl i nk transmi ssion &ETIOd In yet another desi

gn
piliAt MangcrayBwelipe of ok GRe apd NACKS ranurdacksher gpount ‘of bundled

SRICHRITREEIY o Qubigeame | aver across mi i pie

{0038 M i @NBOﬁlap\AﬁceﬁmjﬂmdmdﬂlddnAeKC fedmaNod donthanK codewords
ubf r anes, bundl ed ACK/ NACK may be generated for

?r%‘ilekks o8 §gﬁt%uiﬂﬁleg H*eg i1p é?cev‘@gel[ﬁpﬁﬁ% K& By whrd m@ next set of

S&RlVo th@R k. agﬁl&é?%{ bHrhdtlﬁfaIMA% fé@éfw@da then the eNB may

generated for co s’sent In the second l'ayer in
tdsend\alt Evetldewier dsudfacghe sNBI doeg e kiadw viuehdéadegondsywdre received

erforngg‘ﬁgr any nunber of codewords received in any

ﬁﬂﬁﬁ% wnl i nk subframes with or without M MO,

[@@3?] ThenbiEcs®Y, theaeic¥&svditi® nfadi beCRALBR SO K HARQ processes
downl i nk subframes and may

that may be started at the same time, e.g., in different downlink subframes of the same
downlink transmission period. The K codewords may then be processed (e.g., encoded,
interleaved, and modulated) by the eNB such that they have similar target termination.
Target termination refers to the number of transmissions of a codeword needed to
achieve a target probability of correct decoding of the codeword. The eNB may send a
new set of codewords whenever a bundled ACK is received.

[0035] Bundling may be performed in various manners. In one design, bundling
may be performed for ACKs and NACKs for all codewords received in one downlink

subframe, e.g., for two codewords received via a MIMO transmission in one downlink

subframe. In another design, bundling may be performed for ACKs and NACKs for



send bundl ed ACK information for these Ktotai
codewords in one uplink subframe. In one design, the

weRsayegener ate a singl e bundl ed ACK/ NACK f orPEl/DS2009/043087
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Ml@érldéglgﬁfthé\% nﬁ?@eh&%&nﬁlﬁ}zﬂeﬂﬁn&t@tAGKg’NACKs for multiple sets
sem -static and may be configured, e,

phgastewardsclarmed gtthghe Kouafrsiererdsgdaeg bwdl%%@ﬁ/ﬁ@&% for each set
Me%gds%%ugﬁ%d%ﬁx%%g%&n%%nbc%n t mé 'ﬂ%%&l%g ¢ bundled

., Via sighallng sent on
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] ] dent f t h
BWAOP LGt PR RPN i R CORMGIREOTP afedla b The UE
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bR DAL K A di R e Sl e pPhe Bl our
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be used for progressively nore asymetric
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a noun
second bundled ACK/NACK for the last two codewords.

T

[0037] In general, the bundled ACK information may comprise any number of
bundled ACKs/NACKs, and each bundled ACK/NACK may be for any number of
codewords.  If multiple bundled ACKs/NACKs are sent, then each bundled
ACK/NACK may cover the same number of codewords, or different bundled
ACKs/NACKSs may cover different numbers of codewords.

[0038] In one design, bundling of ACKs and NACKs may be static or semi-static
and may be configured, e.g., by higher layer at call setup. In another design, bundling



resources available for ACK information. [0039] In one
design, the UE may send ACK i nformati on conprising one
wW@roosds®w4bundl ed ACKs/ NACKs for Ktotai codeworRGT/US2909/043087
anot her design, the UE may seld ACK information
conprising a conbinati on of bundl ed and i ndi vi dual
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parity bits are redundancy bits generated by t FEC

PogEssSiTely BB imRplagss bettviceh thenamewt élfisialr fontegd r?ﬂfi tth¢y pgount of

(NS M?%@%&%@Klmhﬁgld}py be assi gned redundancy

vVer si ons 1. The first code bl ock
{4088] RV 16 omaylesigmt the VKonlay sond Agd€ I1q;fosya¢toarm1mpnsh1gt @\e or more

Pole D AERSER ks TR oot o Moo Bmin dRSL g pend ACK

ﬁff&h?a'tlﬁh %nﬂjrfsfn%r@'%m@ﬁ{ahbﬂ P huddlcd N deNgividh] SERs/RACKs for
downl i nk assi gnment on PDCCH and a transni ssion of

Kne codaworgls o Ekcloburtdhest A?@E@HAC(K g coRr niyoplt]coddweordiEamong the

ek, QHRERRS. Pt avitle] Beay b hS sl e codeword among the

H§ 5l @deweids. Foebxdniige, UkdifRiiaPAORSOSACKRE nHehhiskd for certain types
accordance with the downlink assignnment to recover the

ebddnde-g- selsy seasitivie deE suplt as ﬁ@lCEE ap dyndlsd A EDAGHemay be

t ski p processing
?%%Eﬂ%§%e € %Ia%ﬁxgglgﬁa&{ﬁ%ﬂﬁl i nk assi gnment on
[00a0PDCOHict eNB heayUbncoldutat thensplbrt redyckndfs siférentido \fmﬂsi iﬂ kaccordance
' decode the downlink a nment

ast?érgf?ﬂrrg%te em;gu FRrrgehipn pFicheaded(pg- posERe © S@Fi??? %@@ﬁ&rqoaleword of

r d r
T LSO o S8, TRE OLADURUDIL AR S5bin s i

bretspesd hldok Xamhttic Nadig. bitsrar¢ fidsndzase bits g@lemaﬂbjadic HEG code. The
ORB 8 R BoCEMSE de Ml e ABRYE Sodte Dl 1Hich may be
gsz, N9 PRAhdanAKrsics IR VG PIRYN d vasTRERAAESHOR6EEFIth RV 0 may
contain only or mostly systematic bits. Each subsequent code block with RV >0 may
contain mostly or only parity bits, with different code blocks containing different parity
bits. The eNB may send a downlink assignment on the PDCCH and a transmission of
one code block on the PDSCH to the UE.

[0041] The UE may process the PDCCH to obtain the downlink assignment. If the
UE receives the downlink assignment, then the UE may process the PDSCH in
accordance with the downlink assignment to recover the codeword sent to the UE. If
the UE does not detect the downlink assignment, then the UE may skip processing the
PDSCH. The eNB may send the downlink assignment on the PDCCH to the UE, but



NACK ->t he codeword was decoded in error. [0043] The
eNB may resend the code block if a DIX is received

wo c@aistees UE and may send t he next code bl ock PET/HSINALHI3087

is received. The eNB may thusllsend different code
bl ocks dependi ng on whether DTX or NACK i s received.

NB d hl ock f odeword if
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recei ved by the UE based on the bundl ed ACK/ NACK. |f

t he eNBGleceihessodawpidniddsettcpgndinicriom t he UE, t hen t he

eNB may have the followi ng options: 1. Interpret the
0943] ed THACN R sayorgmnid shegoddAlKsk ffar DEKI is Meaoddvioom she UE and

and s N cod k RV 1tot

RS Pl Ge meria o Btk aNACK & Bt o B xS B sop different
N)d’e%l@é’l@rdégelﬁﬁﬁ% bf Safthet mer N of 8deck!i9eksivett hrh%\él\@B thay send a
the UE. [0045] Tf the eNB i nplenents option 1 and the

urleadoakafior § nev sedeivard ef aoMeKi inkecgssidgnnent s, then t he

[ ¥E) eV B SeBRAC sge BLREY Wl BY R EBQN Wit on he

PDSCHRM differnt dbwhigk Pasfiaines Rinl SmayPeihti or mﬂﬁlkmmgﬁﬁlent on the
%qaded by decodi ng the codewords with only the
H ithpach. dqvpdin) subfrapgec.eNBs |Sh®W’éﬂ%rﬁI§ épﬂb@ﬁe N egslg blocks

C I
{“ﬁi A bR late EERLUEEN DEGEVRE, B s BR ToGRRE kg, the UE
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PUSEA P Skl o EhRhe REREEEr e o
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gain. The loss in coding gain an e correspondi ng
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PR, B RS AreRRe = dupSBIRYRER 5Omone Hiouheh mepns may
BRRtthefolRSReESptidnge eNB may generate code blocks in a
manner to account

1. Interpret the bundled NACK as comprising NACKs for all N codewords and
send N code blocks with RV 1 to the UE, or

2. Interpret the bundled NACK as comprising DTXs for all N codewords and
resend the N code blocks with RV 0 to the UE.

[0045] If the eNB implements option 1 and the UE actually missed the downlink
assignments, then the UE would miss the N code blocks with RV 0 containing the
systematic bits and may receive the N code blocks with RV 1 containing parity bits.
Performance may be degraded by decoding the codewords with only the parity bits.

[0046] If the eNB implements option 2 and the UE actually received the downlink

assignments, then the UE may receive the N code blocks with RV 0 containing the



for anmbiguity between NACK and DTX due to bundling. In

one design, to conbat the possible loss in coding gain
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PUCCH Format Number of bits per subframe
la 1
1b 2
2 20
2a 21
2b 22

[0049] PUCCH format la may be used to send one bit of ACK information for
SIMO without bundling, ¢.g., one bit for ACK or NACK for one codeword. PUCCH



not MMO is enployed, etc. [0051] PUCCH formats 2, 2a
and 2b may be used to send nore than two bits of ACK

WO pfoonsmteé on. For exanple, up to 14 bits of AGKCT/US2009/043087
information may be sent with PUCCH format 2, 2a or 2b
with a code rate of O 7 or |lower. Fewer or nore

RIS b WAF L e ST b A BOVAL B0l Pl sgdewords.

desifgn all A BIRM R QNirf Bfic Bl ImdiARPWATIAR &SBRIMBBYF Bedownlink
encoded jointly. For a SIMO transm ssion of one

trageveniceh pelodHARQ process, 14 information bits may be

56 o odd CEH foRER B TRUCR 1R Bkt 670 Pl Hkedls K RBrmation for

MG SE8Sut blfliag] c.ghbae bitaol ATKRY NYXECKSBE cdd ofe@Ncodewords
HARQ process to convey ACK or NACK for one codeword or

K. wmh MEVHD. &U@@Hvﬁllrm’é‘fslwméls‘a@édlsﬁ@ to gengprp to two bundled
%ﬁ@s%&ﬁéirsgngw 57?045&‘9 ﬁ ?%ﬁgvé) S Sp e;ﬁu cgécp ém%K for cach set

becadsedrdsoEaelacdh Mmlnﬂ@ﬂesﬁemrmaﬂﬁwnﬁ\mm Elé@i@et may also
for one codeword. [0054] For .a M MNO transni ssion of

geide sadswrTds sgin fikieesy dgwalik Sllbtframﬁso ribgmeynhek kundling may
'g%%d(e g ea(gﬁﬁ{h% KR Sslxnﬁ i, tﬁ{éo‘%nfo&r OF%&K}H ?neg used for

procésses,
éast@ bragsogiesiom, dhd mrmbfa@lﬁ codewbriARRQ mreracha deeslinf §05%ine, whether or

Iues be used for each HARQ process to
:ﬁ@?{ A@R@p@d%‘fh codewords, NACKs for both

ng@}/vor qﬂJC@ﬁl'(fo{‘Iﬁﬁts t2h Qa fadnfi Sty ﬁl@? walsdd Q@%M&J ﬂlran ttti/% bits of

second codewor d, for the first codeword
AGK ihernggioond ot @d@mwkd up 6@ ll’lt)bltSA)ftfb@KI m&frm@aow maueb;: sent with

Rﬁ%ﬁﬁﬁ_ﬁ us e?%’rzf?a‘}r? Lgy% gr £ 3%)5’?8&0%;{ peewecroor% rn(%e information

Bitd B BE bare hith FIOOCHBHEES 2 Imayadd@b%ﬁd hlfgﬁér @a6Wet W Irates.
rocess and nmay convey ACK or NACK for each codeword.
F@é@b] 1A cagslepiep. 65%@ grornmtirn; far gl A REnppegssesa@py be encoded

PESSCSM myan?rﬁlﬁ %ﬁ S Vf\g)ﬁg %B&WMﬁaFﬁrA(@% E’o'x%s 14 'Hg%rmatlon

ra sSm Ssi on of
blms‘mayrhéugﬁaltf)@encbach HARQ process may be sent in one
bit without DTX or in two bits with DIX. For a M MO

tr aNSPITSS IATK Afr NXOKABASHALES HER QHARQRIs06€SS, the
ACK information for each HARQ process may be sent in

twe bACK o NAGI fobTachoof lidrHARRemobdsses. wi t h DTX. [ 0057]
O her PUCCH formats beside those shown in Table 3 may
HI088] be Tusedvdlwes may be used for each HARQ process to convey ACK or NACK

for one codeword or DTX. A total of 3° values may be used for 8 HARQ processes and
may be conveyed with 14 information bits, where 3° <2, Alternatively, two values
may be used for each HARQ process to convey ACK or NACK for one codeword.

[0054] For a MIMO transmission of two codewords per HARQ process, 14

information bits may be used to send:

e ACK or NACK for each codeword or DTX for each of 6 HARQ processes, or
e ACK or NACK for each codeword for each of 7 HARQ processes.

[0055] Five values may be used for each HARQ process to convey ACKs for both
codewords, NACKSs for both codewords, ACK for the first codeword and NACK for the
second codeword, NACK for the first codeword and ACK for the second codeword, or



carry ACK information for one or nore bundl ed
ACKs/ NACKs. Signals for the PUCCH formats shown in

waapmba3B46ray be generated as described i n 3GPPPABUSHNNA43087

1, entitled "Evol ved Universal4 Terrestrial Radio
Access (E-UTRA); Physical Channels and Mdul ation,"

IS St o5 o e ERACh B Al b comeved
ti d - d
B, R gl B 26 Bl bl ERGHRI R Be vt for
BishdARQ pragesbendmby evsdy yCKapPNATK AsiKach bideserand

DiXs for all codewords to B bits of bundl ed ACK
109561 matlP srothss desigh AaCkr Bfumetan Addcara g RE, PiRsesengy be sent

o L&, A . .
FSpe Ry SRR PG rinoloR rnRbBFohorIERRY Bilce ythe ACK
arfickntaioe dorc@ichi iYSR Qqrodd§xXmanGK samdn NACKitfwithcat HEGOndin two bits
co d.. Ea the nine entrieg in the le may b
LR oo SRRy tadamBses: Bituo s Rieuech g B Epfocks. e Ak
Ruseleidn Fbt Sach IPAREXFHIBES mEy BRYerPEn 84y Blts bthéuf DTX or in three
PUCCH format I b, and each entry in the table may be

bty Wb DdiX.h OO, A', '10' or ' 11'. The mappi ng may

R TR R - AR

&K iafo?m4tidn XoB oh@iremBRY b | SETA CeANM@K & hrSegnals for the
codewords, and each of the 27 entries in the table m

BY Gt katnats shawarie TebleoBmay dsi gsnerated) agelssqrihed im GBP T¢ 3621 1,

PAOLS B3 TR PR S LR B A Sy Channc
alt e dolatdend mdsch i OBy BV{dabk. shows a design of a

rocess 400 for .receiving datg in a wreless i i
FigRREni dae s deyye ebundbpg caay beopctiaxrdnly gerirgringadlagjeal AND

G R _rthT(‘M&IQ{; aFBRN PR Vof Al GAbRotds aBSEE BRAPE, OR described
the d I , a or

ownl i n ase station/eNB ata transm ssi on
abovehdn pbihak desogn, dondlingt mey berthityed BY 6GppifigeACKs, NACKs and

BSR NS Alnbod 8550 SpcbiehtR € SREFFhbRs BPrpBlE" based on o
?Jea&tsﬁm%d aqaegﬁlg,i wHERIBRY . foor dxapiilat ot @at@ dRMYedfefined with
bl ock 412). The receiver may receive the multiple

thocrerawisder DINX, ACKand N e istresdewond anbthessoradurnms for DTX,

syubf.r, i ia, a t.rapsm ssi on .i n. one
SRR o RAGH o d tolnd bR PUn TR B BV gy o table may be
mffcdames on®6f 11 possibl@vAR fOF tHEOB Suhdlad$its. S FoO&&niple, B may be
one or nore subfranmes. In one design of data

equh g $%i IACER formeatddwand pach ankiy ip dicefeblermarale mapkespwath “007,
1, PP, CSHEHRE By b 85k AP EIRIHL sird undin o
AQK, NANCIpdddBTEe fidri theltvad catdwioadsi. 'gs another example, a 3x3x 3 table
may be defined for three codewords, and each of the 27 entries in the table may be
marked with one of 2® possible values for the B bundled bits. The mapping may be
defined to achieve the desired bundling of ACKs, NACKs and DTXs for the three
codewords.

[0059] FIG. 4 shows a design of a process 400 for receiving data in a wireless
communication system. Process 400 may be performed by a receiver, which may be

UE for data transmission on the downlink, a base station/eNB for data transmission on

the uplink, or some other entity.



nore downl i nk subfranes than uplink subfranes. In one
design of data transm ssion on the uplink, the

WO e@eilymie may recei ve the nultgfle codewor ds i PCHE1US2009/043087
| east one uplink subfrane in TDD systemw th nore
upl i nk subfranes than domnlink subfranes The recei ver

ecei,ve the nultip c at | east one
@é&i pr sfgcelwrtrﬁayalrepew m@ﬁw gSP r6$ a3t Fast g fidErme., ¢-2-,

RRERE B8GhisSRdnORe HRRBIRKOGESSpartiBARLR VT A& ﬂl@crﬁhl‘ﬁﬁfe codewords
may decode the multiple codemords (bl ock 414) and

thdockr Hil Ae ahhACECeover amhACKcEive tbacmuktmtbe\mdwcbds e(d) on multiple

odi ng result f r. the c wor d | ock
RGPl o St At SRR Y B & ML, gpigsion in one
g ds) Vi it ﬂa&h&ﬁﬁ&&ﬁ 1A%lt1ﬁl%%ﬁﬁﬂ§ﬂ1@§‘ ot PivP&ta one or more
418) . The  recei ver may send the bundl ed ACK

TAESOHAREQISOR Qs PleB@hasubifaiest Ha ongl dgspaneol defaiingission on the

&g\?ﬁ%ﬁ %Lgezzrécelvlgre n{a Cr%lcéllgé é‘ﬂéﬁ%}la%eed c!)@e%voq {ﬂl & 1eAﬁﬁtﬁedownhnk

ormati on associ at ed w

atbfta@Sin aJTITBDJI@yMHm ﬁKthSaibﬁsyﬁﬁﬁethﬁ detvhihk-uplenkredrdfigataion having
codewords were received. 062] In_one design, the

oo mdssublipgenaen aah%wbér@%? i beong dssiggiaf dgrieangmission on
g%w eoFehERf%r Mt fREiG e GRY ﬁ?lr%n un Rﬁ ides lg%tg(%ne uplink

e recerver nmay per |ng base
wblﬁcagleaala HDD sgptemawltlm moonuplivik ABKsman thaNAGKslihbsultfieenes. The
nmul tipl e codewords. recei

BRPRE NGRS Yo HeRau 4P SEERPHBG 6 loB i ARE process. with al

ik sl i Shs P AEMOE FASwBFd l(éu'l seﬁt&yﬂﬁg HQRWC&JS a NACK is
obtai ned for any one of the nmultiple codewords. In one

96t hn, Theeraceivei vey deopde éh@urmétlplet ¢<wnwm®s(bdm$ 6f4) and may

Plg e pRERCRENTICR b Bk A TS el dFGRlnanfiput for the

ERRQIoYE (B168%k & DEhe WDl dfeckifveidmBy ihéid HCKs iafid SENCKE @br the @nultiple
mul tiple codemordsg§block 424) k0063 I n_anot her

eResivgidsap obfade Runr Aflﬁemf@e@m@ blagly4 bht dihg regeryer may send the

M S ol L TR SR i)
ragtitveipmey sadietho bdsdled AGK irfpingatiohtis anfuptihie sﬁﬂ?ﬂiee&i;sd\ﬁ}lﬁed with
R bl T Bhonag VA S s e GHIENE RGP QPR OIS Were received.

[@%QFr S-th Q)g@ﬂ]:méﬂ‘ tﬁ@%ﬂ?ﬁé’d ﬁ@ﬁ ﬁﬁmﬂaﬂ@n g(&loié%nﬁ@%smgle bundled

formati on may conprise nmultiple bundle
A@rK/NlAIGK pbrehs etuitlpié codtendsy. de dngrdesign wif blockHd 8, the receiver may

Bt TREROGH S b idhd A VACRTFH SR AL Ry nd RALES for the

FRANOE8ewdash IRt rdRN et mﬁdyu g@neeaté @ b HRQARWOALK if ACKs are
recei ved i n one subframne, codewords sent in one

pletgimed dpr mlnD ﬁlpanslﬁmkvspmor@ceﬁ (idda jbpndled NACK if a NACK is

obtained for any one of the multiple codewords. In one design, the receiver may receive
retransmissions of the multiple codewords if a bundled NACK is sent for the multiple
codewords (block 422). The receiver may receive new codewords if a bundled ACK is
sent for the multiple codewords (block 424).

[0063] In another design of block 418, the receiver may obtain ACK, NACK, or
DTX for each of the multiple codewords. The receiver may then map the ACKs,
NACKs and DTXs for the multiple codewords to multiple bits of the bundled ACK
information based on a predetermined mapping. The receiver may also perform

bundling in other manners.



mul ti ple subframes, or (iii) codewords received in one
or nore subfranes. The receiver may determ ne the

wWhewdl18d4ACK/ NACK for each set of codewor ds baRETIUS2009/043087

the ACKs and NACKs for the colfewords in that set. The
recei ver may receive retransm ssion of each set of

words for whjich a bundled .is sent. The : .
fdedl e P e derigr: ﬁwﬁlawdif‘éit AR’ &@%}0&5@8 roogyeie multiple
S@IdIQf AEENAIESs e niib @tPBPdREWAEK foPms@Nith the multiple

[0065] In one design, the receiver may obtain a static
ovdesonds: sEath burglbetk AGIK/DIN(Gq niiayr cdmpreiei an unaBits Agikd or a bundled

AR e, sl SR Fedt FPvdl BB Rl Bres reeived in

B QTES (W thddwirdskaiti ia e ROHH oSMIMG transmissions received in
configuration. In another design, the receiver my

attlasubligmearardiibeeteyerdatrqcetyed ot oueranpisguhrEcsanbhe receiver

! . Vi . :
DGl o D B BSSRERS S50 Bl D i ks
buhNIAIGK fon tieceamicdardsan whdt Ret. MEhddieoaRtCme rdck g ratiardmission of
[0066] FIG 5 shows_ a design of an apparatus 500 for .
palerl Phepdauprds; far thhraeblé’g’éedclgﬁf?%‘rséﬁfﬂi- ohhesipegirgh may receive a
AP YSd ds le&@les%t 8t {&Q%Fdsqunzwﬂg? L %uilE ACK is sent.
mul t1 ple codewords 1n at | east one subfranme, a nodul e

P65t o deandelcsige, thalrecqpve rogdebiomds static woderhestdtld cordfiguration

et.erm.ne Al NACK f.or each codeword based. on
ecnaine A2k Slackd h b BRRE RS6SI S Ba sBpcet S % The
hupdke nﬁ@Kﬁleﬁgge s’t)fll’fl@l'ingt he debbiibRlce weRdgNOLES e IR semi-static

obtai n bundl ed” ACK i nformati on, a nodule 520 to send

cordighratidne dn AGithienflesgra thorecaserf meyllohtikn f dynarhis configuration for

PR SRS ERRNAT ks R MRS SeuRBiRas U ris igtlineaagnt with
HOCKodeSos®Nt Therretéi@ermiali ke feefdemobdsliingnd @ coRidbte with the

524 to receive new codewords if a bundled ACK is sent
figrantip gonfiguratione codewords. [0067] FIG 6 shows a

on < ng > i el ‘
(30, P PIRSREARR Sl SHIBLIPAR b PG it
eorhmanisatid ystendhi Apparatys F®0ainblades atabddwda/ARBof aceive multiple
datfa transm ssion on_the downljn

K, UE dat
EQUENOFSS18] % P8 rORHRD{TBIMP rik MO plegifeo &Fffé{eotéﬁff}%t@l?le codewords, a
{éltggﬁ%]ﬂ-ght% detaisdp id 8ICKBY asl@ﬁéK”erte'aﬂ €o %E@hdel{‘decoding

east one subfranme to a receiver (block 61
taselhdon the exodewgrds e mdodule Shdilte ibphdle desvendi NAGCKS ifor the multiple

ey oisco Zom BT SRR REERAY Bail Safhie >opit g bupdied ACK
M HioANSIT F8&iHas foh il MuRIpk TREWEABSa BlodlicVE2¥1 @ receive

one or nore transmnissions in one or nore subfranes. '
retransmissions of the multiple codewords if a bundled NACK is sent for the multiple

codewords, and a module 524 to receive new codewords if a bundled ACK is sent for
the multiple codewords.

[0067] FIG. 6 shows a design of a process 600 for sending data in a wireless
communication system. Process 600 may be performed by a transmitter, which may be
a base station/eNB for data transmission on the downlink, a UE for data transmission on
the uplink, or some other entity.

[0068] The transmitter may send multiple codewords in at least one subframe to a
receiver (block 612). The transmitter may send the multiple codewords (i) in multiple

subframes, one codeword in each subframe, (ii) via a MIMO transmission in one



[0069] The transmtter may receive bundl ed ACK
i nformati on generated by the receiver based on ACKs

W@ eeNBGks for the nultiple codewords (bl ock 6BE)/USI009/043087

one design, the transmitter nby send the nultiple
codewor ds in at | east one downlink subfranme and may
r e|vet bundl ed ACK infarmati.on ipn_an uplin 5
11 ﬁl gm%lwstlﬂ nélHtlglgysHﬂg@rstc or (1v) via one or more

Q%!ﬁhbsf%stiﬂbh@lsrﬁefbféugﬂﬁﬁteé on having nore downlink
subfranmes than uplink subframes. In another design

109691 r anldwi trmemm'mymse rrdedivee bnndled piEXK cothemetics gemerated by the
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subdramgl aridomay é@@@@oﬁh@sbl@ﬁ?/eﬂof%%n@fmuee die e rupdink ggbfame in a

Bﬂp t pr gthedg a’é\%g %\M({WI 1%%8§ﬁ§1]1’9’%0n Ilefn% Sore downlink

Mat | on
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recei ver based on a |ogical AND of the ACKs and NACKs
FgHIR¢ eoc}?morqlSpmea ot B InkTharEmE Refmayeicossy thedywdipd ACK

w&ﬂmﬁlbh IHPF%O e Co evvon[l?efdlél W%WI n&%% e%{jlﬁ)grr?,mes than
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mﬁgéf matc;llh%] t?qlnté%f ge? d e%w?elewgggo rta%?sf%g %gqjeéﬁ[tg)le codewords or
ATRInG Uiy c&feW@snanatﬁg b@IcﬁeéNAdK Qﬂﬁ%hﬂi@r (b-mc‘k 616) In one

transmtter may send new codewords if a bund
descg, el bfindled HeClnihfarphigore m\/\mn@mw@m @1@316612@)dled ACK/NACK

#&%ﬁl%ﬁ% ﬁeg@(%%‘}ﬁ%({ 'bglt I %n%ed gja %ﬁglfle[\%i AQ§11 (fp\lﬁu(lﬁ? fh:g CKs and

NelK 9ffo Qﬂe\mmd@lef QbdEebrid. t hThéetrdfdhditi | ﬁlayofksmr dﬁe multiple
The transm tter resend each set of codewords

gflciords i @rmnél@d Kjig recsberd\fagtheadtipleodiverds r(blﬁaly 618). In
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binoYw the doddvgirddh caderappait@htesperdbmbnre dopeaiavibmguead ambiguity

n a wreless conmun on system par at us, 700
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14 to
bR ACR S HRelRRor e Pl URhord, (REN 200 e
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estictdedsbumed %@nﬁﬁlﬂef a9 ABldOhch B MBI R WO R WiESEAMhundled

NACK is received. The transmitter may send a new set of codewords for each set of

codewords for which a bundled ACK is received.

[0072] FIG. 7 shows a design of an apparatus 700 for receiving data in a wireless
communication system. Apparatus 700 includes a module 712 to send multiple
codewords in at least one subframe to a receiver, a module 714 to receive bundled ACK
information generated by the receiver based on ACKs and NACKSs for the multiple
codewords, a module 716 to determine whether to resend the multiple codewords or to
send new codewords based on the bundled ACK information, a module 718 to resend

the multiple codewords if a bundled NACK is received for the multiple codewords, and



the nmultiple codewords if a bundled NACK is received
for the multiple codewdrds, anda nodule 720 to send

woavasdesnwords if a bundl ed ACK i s recei ved f oPCT/H82009/043087

mul ti pl e codewords. [0073] ThE nodules in FIGS. 5 and
7 nay conprise processors el ectroni cs devi ces,

LS S RS SERH B BRI % . e i

&fewor®l any conbi nation thereof. [0074] FIG 8 shows

a bl ock diagram of a design of a base station/eNB 110

H9d3h UEhe200duldsiio ilohyS bed 6my0bntﬁni@e pm‘@eSSOrs, clectronics devices,
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%%Oli‘ﬁa%%p S{aveoed(%ée (sz BE b%gee stgﬁ%x@ N GSUE”?d I) a?t ?1 ?ﬁfé‘? in FIG. 1.

sourceé e.g.,

Bagdeastdtion 1elacrﬂa3u&; ec@,mq)enrvaﬂi dandaha SSPatiabsgt 832taddd UE 120 may
UEs. .Transmit processar al so receive contraol

820
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mati on, provi de cont ransm t
mom:@Es GronBe Gatmwurad: 802, peoesafees. ;emfced@atmiemedmwn) thefdata for cach

erence nal s d tiplex the refer :
(nsof i dn e nboh MbAT ahatink Mesrros ol porlso reccive
LorMIMONRIrREESS Q.28 2doWRIhkP h QS8 TS 53 Hom ar@cﬁ%ﬁ&/m@essor 840,
synbol s fron1transn1t processor 820 (if applicab

piredessrtby cotgrol infotmparions ynd provider @mﬁ@l tsxmbblssm &tﬂnamdrmocessor 820
830a_t hrough 830t

oot B R R aorg i SR8 Senftd ey myltiplex the

fipérahdt SO Witk tlﬁeada@é eyrfibdleand theaohtrong D rA&@IMwocessor

further condition ., convert to analog, filte

My yrocgq;ﬁo(elgpdﬁwéfs} the isyrmbely v ranampt @rog@%ra&ﬁot(ef applicable)

T
SIS o BRI PRSP s MDA SR o e
antleltasi83day phocesighs 836t syrabc;ﬂemelame{eyg [RCTEDMAL toldibtain an
120, ant ennas 852a t hr ogg]g 852r may receive the

AURA PHRPIS SGRANs  Fidninedelatcs (0; BAY fyphereeaodition; @rhqconvert to

r r | |
X A e

sigmadi t1i dmwmlalkgslgnaﬂs fromrmodurigbisf830a dkmnglm AY@rmay hmttansmltted via
igitiz its r jved signal to obtain input sanples

iﬁg{eﬂﬁﬁfe#3&?ttW8}l§b§%&’er§§petcﬂ‘ée}}'nput sanpl es ?e g., rTPor

(o) t nobkaizn aﬁﬁﬁﬁa\g%zﬁmﬂw{ﬁ 852 MaMRdpkehl UowdPhk signals

may perform M MD detection on fhe recei ved synbol s
frommhas¢ btafom Hb diédchtaotonn® 83 h maki povgte 8B4eivamhsigpaldepgessociated

eer}lgc?ulaetor %bﬁ/?(l)ﬁ) 8%4r eclfgc}{edgr{lg&u‘figro 854 may condition (e.g., filter,

amplify, downconvert, and digitize) its received signal to obtain input samples and may
further process the input samples (e.g., for OFDM) to obtain received symbols. A
MIMO detector 856 may perform MIMO detection on the received symbols from all R
demodulators 854a through 854r and provide detected symbols. A receive processor
860 may process (e.g., demodulate and decode) the detected symbols, provide decoded
data for UE 120 to a data sink 862, and provide decoded control information to a

controller/processor 870.



860 may process (e.g., denodul ate and decode) the
detected synbols, provide decoded data for UE 120 to a
wa@l2109/1%iemk 862, and provi de decoded control i NPCF/ 820006043087
to a controller/processor 870190077] At UE 120, data
froma data source 878 and control information (e.g.,

ed i nformation) fromcontr er/ processar 870
EPWLe aﬁocﬁgs éé‘b gy drqm &néﬁ?twﬁ%cg@s §hd g8p{ralnfiormation (c.g.

PLREQUHALOYinforMalYoh PEBRE 2801 BBBrdcksof R £API 8) plRessed by a
obtain R out put synbol streans. R nodul ators” 854a

trimsougprog&4er $tiyandmuemdsd bhe MINOtwotessy #83 (if applecbis) to obtain

Q.. f - F bt ai t put | t
Rt e T Es b e Bl S v, SRS Bl idR g output
%bﬁlﬁil RrBarbP{d NKfop ISTNBDS) thhdbeain REutHe shinplSdichig dnd infy further
ant ennas 852a through 852r. At base station 110, the

epiditinn dhaywatpst fsesplastreaos rayoliainr Boaphid sigpabintvaiipthgmay be

. nditi n cess y . .
ORI OUEN 3B EL B8 BERSRBR Bt gutge s
Byma U¥ N0 dehe dieokecBB6d (byf adfphasc 8B2£)thrdogh 830€Cc&ndétioned and
processor 838 to recover the data and cont

I
PROFSTS AR oftrRRAY ate %@al@mughe%qtvén%rf%@;gmcm@ Ry2 MIMO
gét@éfgld%’véjgp %ﬁaﬂ@% thd PrReHB R0 8§??0 Al RY 4AG and control
ed control in I

eco ormation to controller/processor
BA@maftio0 38]t bEdnE 1 20.1 Resfiyr moessorssS 8844y mndid8 decatay data to a data

di t he operati at_basge station 110 and UE 1

ak §58 prd oy PPt shhralasoumuion SooRtr Gbeess o
ﬂ]’@dﬂmdl&cﬁﬁroﬁ&s@?%sﬁﬁgil@ Bnd 390 BRY RREf MEWpefatidh €6hse station
process 400 in FIG 4 for data trahsm ssion on the

up) bk UBpt 2k esspe@OG Y. nPRIcGso6 84® rndiar ather presaisersi and medules at

he downl.i.nk. and/for other processes. f t .
bR AT o4O e PR RefiEien BrRESRAETIs G, r dptg ransmission on
lch@linR PSS B0 IHEIGh BNl datAGismsandiohAake e fdekvntiak daand/or other
transm ssion on the uplink, Processor 870 and/or other

proseseess By shafrghpiges é@fcabectﬂerme Prggessei BH} mdgpr ﬁﬁhﬁ@g{ocessors
N U LN T e —

and/dthethepprotdssorandd anodulldsest UFE d2e sisssSpdrfaimt dredirect process 400 in
techni ques descri bed herein. Processor 870 and/ar

B{@eﬁ garoiaé%st&némhwnbaﬁdqhé M@l@ncprwé%m ddia 6 for data
1 h ARSI G bR Ol fnRe h I fof $hBfkén@ herein.
stlgsr eggé(z{fg ar?gﬁbpr o’g?lg(%é‘f:‘%tdggp? gérasg%aé)e sétaélét‘g [ oﬁlgelsi%gcgw erem
Bocda0r &70spetion wdley . précsssiredubherbiBdle ReiKs aind dNAE KUESor data

data t | SSJ. the d i d/ L i nk
i b TS BB B oA B i g roerm
JEHRS Foobast kitdtlon! N0t 4@ BEL1200WsHedREB! SAaRHedul@t844 may schedule
i nformati on and signals may be représented using any

bEs dow dati érapsmoissigh ohehe downkiekh aed/ ol inkaand max hssigpueesources to
El%rscheduled UEs.

[0079] Those of skill in the art would understand that information and signals may
be represented using any of a variety of different technologies and techniques. For
example, data, instructions, commands, information, signals, bits, symbols, and chips
that may be referenced throughout the above description may be represented by
voltages, currents, electromagnetic waves, magnetic fields or particles, optical fields or
particles, or any combination thereof.

[0080] Those of skill would further appreciate that the various illustrative logical

blocks, modules, circuits, and algorithm steps described in connection with the



exanpl e, data, instructions, commands, information,
signals, bits, synbols, and chips that may be

WO edoengieded t hr oughout the above description nBGI/I82009/043087

represented by voltages, curr&hts, electronmagnetic
waves, magnetic fields or particles, optical fields or
or a i nation hereof 080] Those

artlcl f
il Pﬁuragl&rean Rt lm E)%F%téﬁi at & etcﬂa’tnctlhaé&%fﬁ uter SO%WM@ or

brhbiahddsi ¥ebbtRgi @@lcl&lrl‘i’lcﬁﬁlstrﬂpqw eiﬁteréﬂaﬁgéé'bﬂﬁy AVhrdware and
al gorithm steps describ I'n connection w't

sdibdirsclaoous Jéluhfeateaemompnws ibhqek & rmeedudes, alscmﬂssmdrsmps dave been

GSEPEL oy S R iy L SRR R0 R S Rilonalicy i

hraglehwesited aRn th 3@k hiease softdire Odpehdsl Usdd @d Perticular a Igplication and
conponents, bl ocks, nodules, circuits, and steps have

desedn esERINBAmPab/en é@r@e@ll gysteﬁl t Skitgd @ftisememey implement the
I { u t I

{iérisgf {éécp q"{i\ll 10¥a11 1% n Wg éﬁs %v g/o f \%va éragﬁlgie Fl;%éér[]uéér ﬂ%)hca‘&l%n but such

sl tinenth@en aa@blbﬁmh@m amd bddnicgitetednStdaabing 2 demaosadfrom the

on the overall,gﬁstenl Skilled artisans may i npl ement

paope Qbdemresent ¢i %%W%nality in varying ways for each

gﬂi@i] Cu'ﬂfe ﬁﬂﬁ)‘uk (iﬂﬁ§t1% 6’%&&& U[ﬁgcﬁs"moﬂﬂﬁgt a‘iﬁd @lfcuits described in
snou N

ci sions I'd not erpreted as causing a
ckﬂmacmmrmt]ﬁ ﬂmﬁmdimaum:lmmanmﬁayc beeinpl@santd di pefoosed with a general-

hﬂ% The var|$us illustrative $§§k0a| lock f d
YCERIOCEHSRF- @i P8I e b LECrsaH ( GRARRHTBIONIPEF fif figtegrate
diras! @NICS NEERI RofRNhRd1d gﬂE %%W(PﬁGW) oﬁ’%rtﬁe@rp@@ﬁa%{ahle logic

a generalpurpose processor, di gital signal processor
(O3R), , diseregpghiccat |tmmsgpvecldglcc dineretgr Anwslovard roogiponents, or any

field pro nma at )
oM D tRr s R e S BT R B8’ gl b fin. A goncral
pilirpBsd sbedssdrafaythe shB&beloteIar, Bueinehe ARAARRL e pAbcedddy may be
conbi nati on t hereof des@gned to performthe functi ons

HOSETVBRIEPTIIE PEICASSOR, cgBiielicll P peiEropeio Ok S8y maglyngeAgprocessor
fr%lg %B R qaﬁfe%{entelalﬁts al c%rnblﬁﬁltl%h Lt &ﬁf)l'lﬁ/n% detvpﬁ%s Rf é) C£Sotibination of

conventi onal process
@ DS(FCthir al Ineicropedcesdoat e rmefalite. ofArmbﬁ@ﬁiSmormyne or more
al. so be inplenented as a conblnatlon of conp qg
BUS/PRIQECSSRYS ¢t COURGHRBIYEL 3 BR §Prea oty b S4eh confikuration.

[G08BPPI OBRSS@ps of LIRS ¥ Q%Oﬁﬂlﬁlr %’{c?i%@c‘ﬁsiﬁr&)nng&ﬁ)no'{;vnh the

nmore mcroprocessors I n conjulction wt core
disclasyre btiwer mgy bh cmbndied ldrracttl}om haf3082]in Ersefts/laepsodlﬂe axecuted

B caPoetie” REPL £ MLy B GRaB R di maErgr Foae' ey reside in
RAMIWEREBory! Rash BRAVAIEONDHihRrE XEERORA R0y, EEPROM memory,

processor or in a conbination of the two. A software
rRgiitdre haed dislegi rgmovablRAivk e GBrBOM, Ioaghy n’élnbfwm Rerage medium
R e oA RO SR by P ObS prob b puch
ﬂfe@r@@@sdif&dm Wid information from, and write 1nforrnat10n to, the storage medium.
In the alternative, the storage medium may be integral to the processor. The processor
and the storage medium may reside in an ASIC. The ASIC may reside in a user
terminal. In the alternative, the processor and the storage medium may reside as
discrete components in a user terminal.

[0083] In one or more exemplary designs, the functions described may be

implemented in hardware, software, firmware, or any combination thereof. If

implemented in software, the functions may be stored on or transmitted over as one or



known in the art. An exenplary storage nediumis
coupl ed to the processor such that the processor can

WO ed/13mfior rati on from and wite i nformati on PCI/US1969/043087

storage nedium In the alterrdtive, the storage medi um

may be integral to the processor. The processor and

t he storage medlg reside | n AglC (i[he ASIC(ET%){

FOLS HISURGHIORS (08 &PdE OP ?%Pput?rrfef‘ PediuphGaraputetgadable media
RIcRRES B BRPuth StordoRMAYE mdﬁ%ﬁﬁﬁyatfo%sfh&ﬁa f’h%ludmg any medium
di screte conponents in a user termnal. [0083] In one

tat fasrlgatex expifar 9f desingutsy ptdgeam dreen oo® $1a@@$@ pildrber. medy storage

be i npl enent ed i,n .har dwa sof twar e r maar e )

DR Do Ral B b et A2 e bl bR Lo R b speciat
puipeid esthiputey B ShPLEExMMpR! ahd A0S MntifaBEn OMRA @$nRARE-readable
ornore instructions or code on a conputer- r eadabl e

mediaugen copipise &AYle RUMI EERBROM, CRRUNEST Bk optenb sk storage,
LI E L ASg P BT RO, TR BELELD AN s con

b¢ agedaneary af sofeadadited p@pranfcSdconags e fanﬁa)y Hbiﬁ'uaﬂibhs or data
avai |l abl e nedi a t hat can be accessed by a general

Hincsuseant thehed) bt a¢rep58 Y & 8pfsilamIPasy quépe%éfl purpose computer,

0 €0 r
O e Sl Ao or Rl sty PRIEEReR "RE Ry SRR i properly
phed alcompstkr-stadatdg eyedivag nEdr axachipkk ifshosafgearois tmﬂmntted from a
neti c storage devices, or .any other di.um t hat
HEOUCetrtg: BhptsT ALt SMECTENNE BEOBH B RIR CRREORSgOLe. bvisted
zﬁr digitall QbBcAber IR ('D‘BCH)' &nﬁlrQIEssdt@EIﬁloﬁig‘iéé%Hﬁ 8 irfififled, radio, and
hat €an be accesse ener al - pur pose or
gp@owave, ﬁhﬂpd@ecqubmagke ﬁgpr apfgendrlal twistep pee, BXSL, or wireless
any. conn

%E oé?$1c g%gm rrag adﬁ . nﬁl erg&%%\fl% e i u&eiglo In %hc definition of

ﬁﬁéaii\iﬁ{ Dislt fmd bisc Se@fdswiherchﬁ i dledis obdpest cﬁﬁcﬂmlﬂ) laser disc, optical
website, server, or other renote source usi ng

é’é‘axﬁhﬁltalc‘é%ﬁaéﬂe ﬁisﬁeﬁD\GB} i oppxligk andybdi-exy ﬁlé@‘ rwhere disks usually
S&h S 0]
fég no%: og#g Sl%S Sical 535 élgr él' gt's Ire%]}Md{lg %?a ocptlc%\lg with lasers.
Cbeibirtatiens Oﬁxheahb@&bélﬁ),ulcf kBBerbeoficicicd abitten tthSdSIﬁadof computer-
pai.r h or wireless technol ogi es such as infrared,
Fﬁéﬂ%enﬁ @ microwave are included in the definition of
ypm 1y #0 @é%ﬁ iGSo '@ i R&SsRELY b |
(@ﬁp};ct d.e??e( &% i ‘ger %Il sc, 1o tSI ca pl(gl(ir)]{c,ic g’lsenab i person
wleli@hml ﬁhe adite cna(kE)‘oiD)lse ﬁlle@#mjosdres kVarmils blhqdlﬁ@ylodai tocthe dlsclosure

BCRE P38 et woSHRRLAT iy U B PO aSRon it definea

faehi Ma berspIRd tbhﬁhé%%ﬁﬁtl&ﬁ%‘ﬂtlﬂ)@'d FoR] ﬂh@% 1r1t or scope of
wi thin the scope o onput er r eadabl e I a. The
ﬁmecwccbtnﬁgred eShus, phe d;lﬁclgm@ rrﬁenftf,ﬂ 19t¢négut0eba §mgie \t<i> d@de&amples and

n er son ski.ll.e n make o
ﬁ%s egng dcéf%‘tée@r Iécrc a‘t}l}'% 01& S‘fo d[n)r? dEIl or g ﬁfé% ém est SH%pe cons1s§ent with the

ptiscplos tienovel features disclosed hcrcm.

[0085] WHAT IS CLAIMED IS:



will be readily apparent to those skilled in the art,

and the generic principles defined herein may be
w@ppbiig4¢ 0 ot her variations wt hout departi ngPE€T/US2009@43087

spirit or scope of the disclo¥ure. Thus, the

di sclosure is not intended to be linted to the

exanpl es and desi gns described herein but is to be

accorded the w dest scope CbAIMSnt with the

principles and novel features disclosed herein. [0085]

VWHAT IS CLAIMED | S: CLAIMS 1. A nethod of receiving

data in a W nekRss of orFBaINingalat@NinS ¥S Welles§ WHRrh@ifion system,

receiving multiple codewords in at |east one subfrane;

BNy the nul ti pl e codewords; determ ning an

ackno w edgenent

gg g]gl%gﬁz;% lpfﬁ g&w&r S%}isggﬁ OIY%Seu%o ﬁ%g regul t for

the c@dﬁMﬁ@dhethdﬂ¢ﬂgmA6Kﬁ and NACKs for the nult|ple
codewords to obtain bundled ACK information;
sendi AYCHHBINGUAY| ¥dnaTicdepmettntdtBa s af @é&%léfé kacfkapwledgement

I@RC@ 'féﬂt eﬁl:l? c&(f% BQs%d fi-de %@%ﬁ?ﬂx Mﬁdl

e codewor re recelve I'n at
| east bwmkind MK $ anhd Nl safioe thendultipke dodeetbeld té\Gktain bundled ACK
?fOfﬁHth is sent in an uplink subfrane in a tine
B AmEtsHs | exed (TDD) systemwith an asymmetric

downl i dhigthl thokufRef ABYr RtdrRRtubaYd fégdlmék %Idtﬁmdlﬁﬂ‘{e codewords.
subfranes than uplink subfranes. 3. The nethod

claim1, wherein the nmultiple codemords are recelved
sub ach

|4n ?r’: tipl ﬁg% mgﬁho?ngs%1 FVWI%I% fl? H]éﬂtl"ﬁ? tcp%eiwords 8% eceived in

@@1@@96@)(13 SlodhEnk @ﬁlﬁlrd‘ﬁ%jaﬁd theduftllctl i AT -ihfdPwbtion is sent in an uplink
mul tiple-output (MM) transm ssion in one subfrane.

SibpRE et hiser dividemidaplexcdunElPR) mysiere Wsilhani asgmagikse downlink-

BN 80p b CHok B Py AR CRERLTSS SRTBPLEE Py
of the nmultiple codewords, and generating a bundled

NACK | f a CKis obtalned for an of the multiple
codewdr ds. '%IQ method Rt dldm biwhargin q_mqimg? &pdevyaigs are received in

Riandh &6tk NRIERLL QA iff QBN duB figme.

4. The method of claim 1, wherein the multiple codewords are received via

a multiple-input multiple-output (MIMO) transmission in one subframe.

5. The method of claim 1, wherein the bundling ACKs and NACKs for the
multiple codewords comprises

generating a bundled ACK if ACKs are obtained for all of the multiple
codewords, and

generating a bundled NACK if a NACK is obtained for any one of the multiple

codewords.

6. The method of claim 1, wherein the bundled ACK information comprises
a bundled ACK or a bundled NACK for the multiple codewords, the method further

comprising:



a bundl ed ACK or a bundled NACK for the multiple
codewords, the nethod further conprising:receiving

WO 2apaswé ssi ons of the multiple codewords if BCOUSIDEOH3087

NACK i s sent for the multipl e€Xodewords; and receiving
new codewords if a bundled ACK is sent for the

e bURBY G ORISR ORRS PRIE ARASHOTE) piscb e FEADh U is st

FRARY ISR ORIRIBIRTaCK,  NACK, or di sconti nuous
transm ssion (DIX) for each of the nmultiple codewords,

and negepiving NGk deNadks T abendbidks CKois seitidomtbe niyhligde codewords.
codewords to multiple bits of the bundl ed ACK
i nformati on based on a predeterm ned mappi ng. 8. The

met hod of Tha@h@hbd oM@t 1N vitkeeiR widb B IiACK G SIIRAICKR for the
conprises nmultiple bundl ed ACKs/ NACKs for nultiple

Bttplpeodep@edbcionPrideT med with the mul tipl e codewords,

each ndl ed IS r

pundl SRS SRR S bR RS RS a0 et of the
ofultidlacdde®ordhiaicei n t he bundling the ACKs and NACKs

for the nultiple _codewords cong;ises deterniniQ% the . .
bund! BEPPER/AGEK Y5k Ka 4 DIETS Br hsomeliancicodsauonds grmultiple bits
OIS o PACES i pEADH fiSad gl iRt

conprising: receiving retransm ssion of each set of

codewpr ds r i gh_.a bundled NACK is sent; and . :
Fecel 81 ng A thed ot Slnd quBbieds i g e Hlggmation compriss
ﬁﬂ?cﬁ%@ MRdle@r AtRsaA eKRURA Bt st SteBbdewblds Ti¢ned with the
nme

hod of claim8, wherein each set of codewords is
metigily egdewordne canhbburadied AIOK/NAveKneerhpidsing ac bandte®, ACK or a

el ej set of .codewords conprises codewords sent
Fﬁuﬁ%gﬁﬁ§$§ﬁﬁgpewﬁp F%%3W¥ %ut mul ti pl e-out put (M MO
transm ssions received in nultiple subfranes. 13. An

apparatus for wreless conmunication, conprising:at
| east Yone PhoBwiogrof chim; &ovhesein the updiipe thepeKgslaed NACKs for

S I : : ,
BRI 0, LRSI BT bR ASERIRACE fr v st o
CAEK)ordyrbaseheg AtTKseind NOKA 6stgrerestde woNAGK)hd st ofaxlowords.
codeword based on decodi ng result

10. The method of claim 8, further comprising:

receiving retransmission of each set of codewords for which a bundled NACK is
sent; and

receiving a new set of codewords for each set of codewords for which a bundled

ACK is sent.

11. The method of claim 8, wherein each set of codewords is received in one
subframe.
12. The method of claim 8, wherein each set of codewords comprises

codewords sent in one layer of multiple-input multiple-output (MIMO) transmissions

received in multiple subframes.

13.  An apparatus for wireless communication, comprising:



for the codeword, to bundle ACKs and NACKs for the
mul ti ple codewords to obtain bundl ed ACK i nformati on,

wapaotgregend t he bundl ed ACK i nformati on as f eRCiES1009/043087

for the nultiple codewords. 1% The apparatus of claim

13, wherein the at | east one processor is configured

to generate a bundl ed i f ACKs. are qbtained for al

of thdt It ﬂnmpéoceé%m@%m%%%lvaéﬁl&tlaleéo YRR 4! least one

Nl tPd NBEK tH S BIRHRI dRw bR t%raété%ﬂl%eoafn éékﬁo‘m@dgérﬁ&ﬁ (ACK)
codewords. 15. The apparatus of claim 13, wherein the

at a megagwembncpmledw (N& C&onfor g@nhe@dewor@bwed ®n decodmg result

RS PRTERY P Teiee AR i BAEKGERE I Pl PRt abten

bR R OREMIGAERIOA! Sl tof sedd AN BlRlle ABKCH SnfS@iMtiohQls feddack for
mul ti pl e codewords. 16. The apparatus of claim 13,

twenwiipleicpgevserds.east one processor is configured to
obtain ACK, NACK, or discontinuous transm ssion (DTX)
for each of the nmultiple codewords, and to map ACKSs,

NACKs 14nd TDHXsapbaatishef reldiini pBeWﬂﬁE@ﬂ\ﬂhdSatt Qzam.l bhd Precessor is
bits of the bundl ed ACK i nformati on based

PRtk 16 %F‘é’&r%ﬁd?%&ledﬁCKT’rfeAgﬁéaﬂr%toh%“@ﬁ or allpf1the multiple

ORLRIA, Yhei PUAGLRC, B RAICTRS  ORACTTR UGS Pl of he

ﬁmtt[m@lccvdewmrdshe nmul ti pI e codevvor ds, each bundl ed
ACK/ NACK conprising a bundl ed ACK or a bundl ed NACK
for one set of codewords, and wherein the at |east one

processor irfe CHRhaANr 6F c'lé?md@gewﬂef@ntthg Aunpd€dne processor is
ACK/ NACK for each set of codewords based on ACKs and

poadicarddop re¢ravacistienanigsionsnoft the mydtiple codeydude fdsbuntdgd NACK is
Th ar a 17, wherein the at,l.east an .
AT SRREH At e SisTsmiel s PR (EEn B iF EBImaEACK is sent
frche metkiphf cqdedemrr ds for which a bundl ed NACK i s

sent, gto recei ve a new set of codewords for each

set of codevvords for which a bundled ACK is se_nt_.19.
An appa rat Yhe a%\{?aﬁws%fsc%alﬁ%e Cog\}h%?élh OHe &O %t' 8h{‘%g%ceessor is

nmeans receil ewords I'n a eas
Schﬂﬁgluwaiﬁo olb'@&mA(fKQ rNAi@KQdﬂ digcdnbieudns! ttanphBsioa BB dst; cach of the

erm ni ng an acknow edg rrent A
H@Baﬁq e%c{e doie iR mCRNACKS Ke 3rd Bk 5%@}1@119?6 codewords
Qﬁﬁﬁﬂp%lg%% lﬁgld[e%SA@K ih @b GREEURE gredeterrmned mapping.

17.  The apparatus of claim 13, wherein the bundled ACK information
comprises multiple bundled ACKs/NACKs for multiple sets of codewords formed with
the multiple codewords, each bundled ACK/NACK comprising a bundled ACK or a
bundled NACK for one set of codewords, and wherein the at least one processor is
configured to determine the bundled ACK/NACK for each set of codewords based on
ACKs and NACKSs for the codewords in the set of codewords.

18.  The apparatus of claim 17, wherein the at least one processor is
configured to receive retransmission of each set of codewords for which a bundled
NACK is sent, and to receive a new sct of codewords for ecach set of codewords for

which a bundled ACK is sent.



means for bundling ACKs and NACKs for the nultiple
codewords to obtain bundled ACK i nformation; and neans

wo 20094&7mdé ng t he bundl ed ACK i nformation as f eRCIEE2009/043087
for the nultiple codewords. 2 The apparatus of claim
19, wherein the neans for bundling ACKs and NACKs for

t he ti ple codewords ¢ ri ses neans for generating
a bu% ed ABRPPFraNEr %ﬁr@%m}%aﬁw SOOI he

mul ti HJe@nsCt%QFée’%ﬁ% maRg1BRABRofdQin HABAY 8hd ABrAnRUNdI ed
NACK if a NACK i s obtained for any one of the nuftlple

codewarcass. fopdecodthig thppattatd wsodsivoedsai m 19 wherein the
bundl ed ACK.i nf ormati.on conpr i ses bun

pandl SieRader sRiTRaiRg, BT R ter ! SRS, of gogative
hakinbeddoERBRr (ISAUK) FoRag&hf @(de’\xli‘ﬁ@lbéﬂs&g on decoding result for the
retransn133|ons of the nultiple codewords if a bundled

of& sent for the multiple codewords; and neans for

recei ¥1| F F)?‘%u%gﬁlg O .s Iilféd illégééllgg lfgrd tlfl_\%ufu Sg(?htewo?(&sgto obtain

t he e Cco apparatus
wmﬁﬂﬁiACKhﬁﬁﬂﬁﬁﬁsnﬁmﬂ bundling ACKs and NACKs for the
mul tiple codewor ds conprises neans for obtaining

NACK, M§Anios seiding thsubundleth ks &1femationas ﬁe%c}baélaéw {be multiple

%§§§g§ﬁ§|ple codewords, and neans for mappi ng ACKs,
s and DTXs for the nmultiple codewords to nultiple

bits of the bundl ed ACK i nfornmati on based on a

redeferm mappi n The us of 19,
her ot 1 hATDARGIGH AEKHTIS) NG gh CRBPHSEE HIFTIEAEKS and
m@tsef%rﬁ@@ﬁluﬁ%%dw&d%b&bm& sets of codewords

formed with the multiple codewords, each bundl ed
ACK/ NACknsc &mgfmraﬁlggaa tundlcé A QEKifoA CKsbaneddlsainpihdie all of the

h Q e ) cpdewords, and wherein the neans for
Eﬂ‘81?ﬁdfpﬁg and NACKs for the multiple codewords

CONpr e fﬁﬁgﬁﬁzreftﬁlf ARinAledNACH it BN UK S 86taibCFNARK one of the
for each set of codewords based on ACKs and NACKs for

muéidoeRdEpioas. i n the set of codewords. 24. The
apparatus of claim 23, further conprising:

21. The apparatus of claim 19, wherein the bundled ACK information
comprises a bundled ACK or a bundled NACK for the multiple codewords, the
apparatus further comprising:

means for receiving retransmissions of the multiple codewords if a bundled
NACK is sent for the multiple codewords; and

means for receiving new codewords if a bundled ACK is sent for the multiple

codewords.

22.  The apparatus of claim 19, wherein the means for bundling ACKs and
NACKSs for the multiple codewords comprises

means for obtaining ACK, NACK, or discontinuous transmission (DTX) for
cach of the multiple codewords, and

means for mapping ACKs, NACKs and DTXs for the multiple codewords to
multiple bits of the bundled ACK information based on a predetermined mapping.



means for receiving retransm ssion of each set of
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codewords for which a bundl ed®CK is sent. 25. A
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codewords. 26. A nethod of sending data in a wrel ess
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hmtdh@imedfgiemnmsaﬁd\IACKs) for the nultiple codewords;
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code for causing the at least one computer to decode the multiple

codewords,

code for causing the at least one computer to determine an
acknowledgement (ACK) or a negative acknowledgement (NACK) for each codeword
based on decoding result for the codeword,

code for causing the at least one computer to bundle ACKs and NACKs
for the multiple codewords to obtain bundled ACK information, and

code for causing the at least one computer to send the bundled ACK

information as feedback for the multiple codewords.

26. A method of sending data in a wireless communication system,
comprising:

sending multiple codewords in at least one subframe to a receiver;

receiving bundled acknowledgement (ACK) information generated by the
receiver based on ACKs and negative acknowledgements (NACKs) for the multiple

codewords; and



29. The nethod of claim 26, wherein the nultiple
codewords are sent via a nultiple-input
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31. The nethod of claim 26, further conprising:

resending the nmultiple codemords if a bundled NACK is
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e

rern bundl ed ACK i nformation conprises a
bundl ed ACK or a bundled NACK for the nmultiple
COdeV\glr.dS’ T Q gle)rl\lfg)?i o?cﬂurn 26, further comprising:
resending the multiple codewords if a bundled NACK is received for the
multiple codewords; and
sending new codewords if a bundled ACK is received for the multiple

codewords.

32.  The method of claim 31, wherein the resending the multiple codewords
comprises
sending a retransmission of each codeword comprising systematic bits and parity

bits for the codeword.

33. The method of claim 26, wherein the bundled ACK information
comprises multiple bundled ACKs/NACKSs for multiple sets of codewords formed with
the multiple codewords, each bundled ACK/NACK comprising a bundled ACK or a
bundled NACK for one set of codewords.



the at | east one processor is configured to resend the
mul tiple codewords if a bundled NACK is received, and

w0 2009asd4diew codewords i f a bundl ed ACK i s recRCT/ES2009/043087

37. The apparatus of clai m 358 wherein the bundl ed ACK
information conprises multiple bundl ed ACKs/ NACKs f or
multiple sets of codewords fornmed with the nultiple
codewords, each bundl ed ACK/ NACK conprising a bundl ed

ACK og4 a bTHé’hﬁﬁm%@@aﬁrﬁr33%?th§@$on9§risﬁfgdeW_OrdS’ and
wherein the at | east one processor 1s configured to

r esenttsealite swh setf of codevards Sorfedrichnwinbetrdled NAGH sdedth@d; and

bach SR nEh S SN AR E SRR AR T vRlch a bundied
A€KEisveckived.

35.  An apparatus for wireless communication, comprising:

at least one processor configured to send multiple codewords in at least one
subframe to a receiver, to receive bundled acknowledgement (ACK) information
generated by the receiver based on ACKs and negative acknowledgements (NACKSs) for
the multiple codewords, and to determine whether to resend the multiple codewords or

to send new codewords based on the bundled ACK information.

36. The apparatus of claim 35, wherein the bundled ACK information
comprises a bundled ACK or a bundled NACK for the multiple codewords, and wherein
the at least one processor is configured to resend the multiple codewords if a bundled

NACK is received, and to send new codewords if a bundled ACK is received.

37. The apparatus of claim 35, wherein the bundled ACK information
comprises multiple bundled ACKs/NACKSs for multiple sets of codewords formed with
the multiple codewords, each bundled ACK/NACK comprising a bundled ACK or a
bundled NACK for one set of codewords, and wherein the at least one processor is
configured to resend each set of codewords for which a bundled NACK is received, and
to send a new set of codewords for each set of codewords for which a bundled ACK is

received.



