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These wireless systems may be multiple-access systems capable of supporting multiple
users by sharing the available system resources. Examples 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 transmit data to a
user equipment (UE) on the downlink and/or receive data from the UE on the 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 UE may send channel quality indicator (CQI) information
indicative of the downlink channel quality to the base station. The base station may

select a rate or transport format based on the CQI information and may send data at the



retransmt pending data or to transmt new data to the
UE based on the ACK information. It is desirable to
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[0007] In another design, the ACK information may have a fixed size. The base
station may perform detection for the ACK information based on a single block code for
both the first and second hypotheses. The base station may obtain a fixed number of
bits (e.g., two bits) for the ACK information for both hypotheses and regardless of the

number of codewords sent to the UE. The two bits may be defined based on one format

if two codewords are sent and based on another format if one codeword 1s sent. One 2-



[0008] The UE may performthe conpl enentary processing

to generate and send the CQ and ACK i nformation, as
waele®sniised bel ow. Various aspects and feat ur esPOF/US1968/057160

di scl osure are also described in further detail bel ow

BRI EF DESCRI PTI ON OF THE DRAWLNGS [ 0009] FIG 1 shows

a W reless communi cation system [0010] FIG 2 shows

downl i nk data transm ssion and associ ated control

i\:)/lé VR gg}rartlayonqdlgllt Jf]the':cltoe‘ igm% n,g%l Psr %?SSf%BXW%GSI&EgThﬁ remaining
shivailies P9 Cos seyl cwcodla @taﬂisllﬂth/e%ﬂeaﬁ? lt@o Sbdsvdc@ scanh the UE.
ACK information. [0013] FIG 5 shows a process for
048] ng Rher VEHN®: SFmTthe ¢arep | AORNART Biogesingrio genoresy and send
I h
(e QRuRrRCR YO FEUSFEg bKEE LA SSlesRRailhurcs of the
declesurt ag dlsoxddershezan AGkher détail atoon. [ 0016] FIG 8
shows a process for sending fixed-size ACK
i nformati on. [0017] FIG 9 shows a process for

recei vi ng DR A

appar at us o:ﬂ!r: ecel VI ng &mﬁﬁrn@ on. S@%@SI G
foboshovrig. @@H&ﬁ§§wﬁ1@fes§&ﬁﬂm{1ﬁwﬂﬁlﬁ dySear, mat i on. [ 0020]
FIG 12 shows an apparatus for sending ACK

(09 B matEIGn 2 S{lcz)i@squwrﬁltlds daeatrastypigsion dnK gesoctitesiogoatrp bihfeymation.
ﬁ@gghft 50 sﬁ'@ws g@«ﬁmﬁ%&mr%EPa@ﬁue'dﬂa% ACR R %on.
ques eSCI‘I ereln may or varil ous

onej es $IC}OH'@htFW§@pﬂ0@EBSSMSﬂeemm§ui@fialﬁs-s@E)MQI ah@VACK information.
FDMA and. ot her systens, The terns

FDVA, OFDNVA
[0 3F e niF1Gng shw& Bioress dpreseading yariablersizaCQlang ifelk infprmation.
{
e s oo Ry bR TE: R Bl o DR ARh oA
HX0d 5] UTFElLGl Achavdes pr cha Hamnce iad, fXAGIA)A @R din fotrhaion.
| QEMA cdma2000 covers | S-200 95. and
Y élasl E@ arqres ¢ | 0”9‘?&8 &g S}Zﬁpﬁ(g[ﬁé?fsﬂﬁatlﬂé‘dl 0
Eo gahpol qgy; %EJW@C%M&Q@%r r%b!é(zr%g‘zi@l( iMelhitfon.

mmuni cati ons ( OFDMA Ssystem may i npl enent a
[9dBb t ddamn b shpy ssancpparsitus\fot medeMIGEnfmﬁM)on Utra

Lie a nd (UVB IEEE IEEE
ML FICNASSSeobiss G onding AL i oy
o UTRG. a7 SiRpvd a pphiﬁmé%ﬁs'@b'ndﬂv{gblﬂe 1nforrnat10n
Tel ecomruni cati on Sést em (UMIS GPP Long Term

B3 Lt i dHG( LyEhovwssa Blackugie g dse algEopANdUMPSE. t hat
uses E-UTRA, which enpl oys

DETAILED DESCRIPTION
[0022] The techniques described herein may be used for various wireless
communication systems such as CDMA, TDMA, FDMA, OFDMA, SC-FDMA and
other systems. The terms “system” and “network™ are often used interchangeably. A
CDMA system may implement a radio technology such as Universal Terrestrial Radio
Access (UTRA), cdma2000, etc. UTRA includes Wideband-CDMA (WCDMA) and
other variants of CDMA. c¢dma2000 covers IS-2000, IS-95 and 1S-856 standards. A
TDMA system may implement a radio technology such as Global System for Mobile
Communications (GSM). An OFDMA system may implement a radio technology such
as Evolved UTRA (E-UTRA), Ultra Mobile Broadband (UMB), IEEE 802.11 (Wi-Fi),
IEEE 802.16 (WiMAX), IEEE 802.20, Flash-OFDM®, e¢tc. UTRA and E-UTRA are



OFDVA on the downlink and SC-FDVA on the uplink. UTRA,
E- UTRA, UMIS, LTE and GSM are descri bed in docunents
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Partnership Project 2" (3GPP2). For clarity, certain
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Table 1
Channel Channel Name Description
PDCCH Physical Downlink | Carry scheduling assignments and other control
Control Channel information on the downlink for different UEs.
PDSCH Physical downlink Carry data on the downlink to different UEs.
shared channel
PUCCH Physical uplink Carry control information (e.g., ACK and CQI
control channel information) sent by a UE on the uplink.
Physical uplink .
PUSCH shared channel Carry data sent by a UE on the uplink.




preconfigured paraneters and does not send control
i nformati on on the PDCCH. The UE may perform blind

wWa@le@sdi13sg7 of the PDSCH based on the preconfi guPp@€dUs2008/057160

paranmeters to recover any data sent to the UE. The
PDCCH- | ess node may reduce signaling overhead. [0026]
The system nmay support transm ssion of data in
transport blocks. A transport block may have a
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other termination condition is encountered. HARQ may improve reliability of data
transmission.

[0028] FIG. 2 shows downlink (DL) transmission by eNB 110 and uplink (UL)
transmission by UE 120. The transmission timeline may be partitioned into subframes,
with each subframe having a predetermined duration, ¢.g., one millisecond (ms). The
UE may periodically estimate the downlink channel quality for the eNB and may send
CQI information to the eNB. The eNB may use the CQI information and/or other
information to select the UE for downlink transmission and to select a suitable transport
format (e.g., a modulation and coding scheme) for the UE. The eNB may process a

transport block to obtain a corresponding codeword and may send a transmission for the



del ayed by sonme other anount. [0029] In the follow ng

description, ACK information generically refers to ACK
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i nformati on indicative of channel quality. [0030] As

shown in FIG 2, the UE may tgansmt only CQ

information, or only ACK information, or both CQ and

ACK information, or neither in any given subfranme. The
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PDCCH mode and may convey the number of codewords in the control information
sent on the PDCCH. The eNB may send each codeword separately with HARQ. The
UE may decode each codeword separately and may send ACK information for one or
two codewords received from the eNB as described below. In one design, the eNB may
send one codeword at a time to the UE in the PDCCH-less mode. In other designs, the
eNB may send fewer or more codewords to the UE in the PDCCH mode and the
PDCCH-less mode. For clarity, much of the description below assumes that either one
or two codewords may be sent in the PDCCH mode and only one codeword may be sent
in the PDCCH-less mode.

[0032] In one design, CQI information includes a 5-bit base CQI and a 3-bit delta
CQI. The base CQI may indicate the CQI of the codeword decoded first by the UE, and



description bel ow assunes eight bits of CQ

information. In one design, the ACK i nformati on nmay
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may be sent using different formats, as descri bed

bel ow. [0033] In one design, Ktotal bits for CQ and

possi bly ACK informati on may be encoded with a bl ock

code to obtain a fixed nunber of code bits for the CQ
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erzoded ity @Padm@xeamieymhebt@mna f{X@@Bﬂl}nblér Gf ®dshawsfor tiree€QI and

for and nf or ion h a variabl e.

BOSTER A nrdiasBE- v A Sk o Lt gt djaniesEiibed above.
g @ermtdn %%Nal(d bRRkROES nfa9he ASEd torkfn@Bdl@Kllﬁfa)rma_ﬁtﬁl §itsabloencrate
bits for informati on may be encoded with a (24, 8

Vorpde bigs.ob amehd@xgneéd%‘t Bk Wockvndsimasale beeddennoasts K frformation
20
E%e% raﬁg_lodé o pits, oﬁlotl? é%glég {id’] ‘fé)ubi%% gdcg%ay be used to

n an

eifode RBihfarmatidm Bits\Gkgdabtata By cdle bt Otiger blokk cbaes sy ﬂ@ﬂbe used
to indicate that a codeword is decoded correctly_ or

tooempé? RINgd possibhyiALdt dnforgetiqm e Fep glsiibr dnyc %@Sd&amptlon
r t
bllof dslimes THEUR! (% 1201 R) bRk RoliOTorRAOPufdBasGHY ACK infprmation.
Tbe aibloddcadaiandi d:cEi,e witi wbhd magrclengsany hewint he PUCCH

Blop™ o et S srlr bt o G ARKAGE s iR variable

HCK bA trolBY PR m&ﬁ‘%@%ﬂt%@ folr rébI GOEEMR R AR nE®itsPRr ACK
set to "' 1' for an ACKtio indicate that the first

mﬁd@mpd iThe d@h@dédfoafmlemfdrylabon may'be' enfededavilink (2% 8) code to

P s5t R TS fod B SR SR B B GRS e enmr d

FIH)QS]TBV A €ormei 3tzo mclddesfeoght Dits AGKCOP infoeth@ainaridn@de Biher ACK
second codeword is decoded correctly or to '0' for a

gentagion ndie &K tifanas besede ohdot st éwds & indicgtectbafericqdgword is
e 0P B R PTA eatg re
The ahicabtal Bis f(ﬁd&)tlb (QH, andhACKL irByrmAgors afaly enjoine encoded with a
(24, 9) code to obtain 24 code bits, which may be sent on the PUCCH or PUSCH.

[0036] A format 330 includes eight bits for CQI information and two bits for ACK
information. One ACK bit may be assigned to a first codeword and may be set to ‘1’
for an ACK to indicate that the first codeword is decoded correctly or to ‘0’ for a NAK
to indicate that the first codeword is decoded in error. The other ACK bit may be
assigned to a second codeword and may be set to ‘1’ for an ACK to indicate that the

second codeword is decoded correctly or to ‘0’ for a NAK to indicate that the second

codeword is decoded in error. The 10 total bits for both CQI and ACK information may



PUCCH or PUSCH. [0037] The follow ng scenari os may be

encountered by the eNB and the UE: Scenario 1 - The
WQR08813831 schedul ed and no control informati oPCT/ES2681057160

on the PDCCH to the UE, - The UE is not operating in

the PDCCH-| ess node, - The eNB assunes that the (24,

8) code is used, and - The UE transmts using the (24,

8) code. Scenario 2 - The UE is schedul ed and control

bOPMIEHEAR AR5 1% SRE Bt SR TAE AR o v
PDCOH or PUBEHENB assunes that the (24, 9) or (24, 10)

code is used, and - The UE transmts using the (24, 9E)
H037b4, The)follewg scaygainnapiey bg encoppiereddy e s thg UE:
and, cgqﬁit%lra%J information is sent on the PDCCH to the

UE, - e é incorrectly decodes the PDCCH, - The eNB

assumes THRAVE it afbdulRY afll nb 2dntrol @i fobRsteon i§ séif O thePOCCH to
- The UE transmits using the (24, 8) code. Scenario 4

- The Uthop&rates in the PDCCH | ess node, - The eNB

assumnes t.h the (24, ..8). code i s used, and
S The” ve bl SPgte i mthe PESY Pl S B2 U5y code.
[ 0038] IThexbE@&siiMesthat e (A 8) SodOk us&hasul ed for
transm ssi on on the downlink, and no contro

i nf or matTherUE srassenits wing the (PD8Dddeo0 t he UE. The UE
trans 'ts.oEIyCQ i nformati on using format 310 in
FI G 3°QAb°the (24, 8) code. The eNB detects for CQ

i nf or matan (aged Qafite agla“’i:mg?ol Cﬁ’i@@rmaiigﬁ)_salo_chﬁng one or two

scenario 2, the UE is scheduled for transmn ssion ©on

t he dowroileskordambenthen MBI o then{E.ol i nfor mati on
alTocatlng B8Rty ResRIMOBBER, the PDOCH to the
— The eNB assumes that the (24, 9) or (24, 10) code is used, and
— The UE transmits using the (24, 9) or (24, 10) code.
e Scenario 3
— The UE is scheduled and control information is sent on the PDCCH to the UE,
— The UE incorrectly decodes the PDCCH,
— The eNB assumes that the (24, 9) or (24, 10) code is used, and
— The UE transmits using the (24, 8) code.
e Scenario 4
— The UE operates in the PDCCH-less mode,
— The eNB assumes that the (24, 8) or (24, 9) code is used, and
— The UE transmits using the (24, 8) or (24, 9) code.

[0038] In scenario 1, the UE is not scheduled for transmission on the downlink, and
no control information is sent on the PDCCH to the UE. The UE transmits only CQI
information using format 310 in FIG. 3 and the (24, 8) code. The eNB detects for CQI
information based on the (24, 8) code.

[0039] In scenario 2, the UE is scheduled for transmission on the downlink, and the
eNB sends control information allocating one or two codewords on the PDCCH to the

UE. The UE correctly decodes the PDCCH and receives the control information. If the



UE. The UE correctly decodes the PDCCH and receives
the control information. If theUE is all ocated one

W@ owemuisd] then the UE transmits both CQ and POKUS2008/057160

i nformati on for one codeword using format 320 and the
(24, 9) code. If the UE is al hocated two codewords,
then the UE transmts both CQ and ACK information for
tvvo codewor ds usi ng for mat 330 and the (24 10) code.

(eayﬁcg@ci 81({6::) goe ew T Hld 6]%]%1' IlSl’Ill S (? %%pﬁ information

e CO ewor 'S a

7 @B@oﬁ@ﬁ@@ @i Hﬁm(a‘2420 30y tieode, bf cMw Ifotﬂe\ME gksal@scated two
aI | ocated. [0040] In scenario 3, the UE is schedul ed

%élrﬁnst&? g RsveiQlsad ARK nfrmakipn demige codewords

t
R
baseddashd (B, PPCSd iflode bodesasd ihelowatet tolthd IdEcamdﬂiasaalmn the (24,

I RE s not, aware of the downlink transm ssion and
&L@ £ Anerrodeweids 9resdecstid-or mat i on using format 310

@'&%} he 1 %éenaﬁ)) 3 AHUE TH&heNRe£ F&Q&hﬁnfg)@ioﬁ %ﬁ?hé’ 80@19}& and the

CK information with the (24,
cNBesemSC@mlol ofGrmiatioarnllecatmg cmcenetWDG:Otiﬁaordm;a the PDCCH to the

@%ﬂ e g‘?ﬁ?%g dge Hﬁg Sk eI 5[' ed§g chﬁg 11]@ Q—Rg?%z-ﬂ%qlhg??sses hhe control

infeisutioh. ARE UIHeW hffal @ ftedd¥mIDRS AR sidh QGA Alisdinelits only
paranmeters. The UE may perform blind decoding in each

S(finfarmation wing fornne 3é Bnééhtﬁ €dnd) So‘if‘od@hfbﬁ Bt gxpeets to receive
ngth d SNACA ﬁ (1]51} W g%)o& o(%éé,qgf) cb&]ef o§ 51]100 8 is.an error

using-r1orna a CO

mhaxﬁtemadmdy eehﬁxﬁn&dasc&@dﬂ&anﬁbwbot h CQ and ACK
i nformation usjing format 320 and theéc4 9) code jf
t94dlor dnissenpsiootiede doF opeiafsy . inthe (i Iéé%ﬁsgﬁodﬁt hd h@JENB may

BT SO ORI o M6 UeP dascllon A o AR AP RSB CHie I may

pefeat slirfdodecodiny nCachl subfnmmtin ehidhabe dNBrecanhtsend 24oddyord to the
de and .al.so for bot d ACK i nfor i on se

BE elﬂ@n% éaSlglg)thec@Eéen SrP%%G&ié‘} oRtiogyIsIngHarE 35@&83 the (24, 8)

Bkt ¥ebdanstdAC Kot d[&@ﬂé@édrfé@tl&' $hiGedd rb@ﬁf C Qn@%‘tﬁ Rfformation

(24, 9) code for both ACK and NAK in the P | ess

noue fofngA2) #dGhe424hdnsode es |cg¢hevmrdas pieméscm@tly In this

T M D BaindtENERE Il PSP o5 s oRESadShoAGH wig e 24,9

&&flﬁ MEPDOCHIcS mEad. aThd B deRcs €6t orflP Cﬁ]@nfdﬁnatﬂiﬁoased on the
eNB may initially determ ne whet her the UE is

& 8beddscrntl gsodennarthrkQl antha ksisfamatipn basedpnhe (34, 9) code. In

R RSP O i R CERERCH B BRLST by 2By R a0 and e

(24, ordod4 X8 both ACK and NAK in the PDCCH-less mode.

[0042] FIG. 4 shows a design of a process 400 performed by the eNB to receive
CQI and ACK information. The eNB may perform process 400 in each subframe in
which data might be sent to the UE. The eNB may initially determine whether the UE
is scheduled for downlink transmission (block 412). If the answer is ‘No’, then the eNB
may detect for only CQI information from the UE based on the (24, 8) code (block 418).
Blocks 412 and 418 cover scenario 1 described above.

[0043] If the answer is “Yes’ for block 412, then the eNB may determine whether
the UE is scheduled for one codeword with control information sent on the PDCCH

(block 422). If the answer is ‘Yes’, then the eNB may send an assignment of one



Bl ocks 412 and 418 cover scenario 1 descri bed above.
[0043] If the answer is 'Yes' for block 412, then the

welBstresg3tet er m ne whet her the UE i s schedul edP¢DUS2908057160

codeword with control information sent on the PDCCH

(block 422). If the answer isjg Yes', then the eNB may
send an assi gnnent of onecodeword on the PDCCH to the
UE (bl ock 424) and may send one codeword on the PDSCH

%ooqe%v%%bgg tfrllbho)r %g:‘t : oﬁhbe QE d(bgorN]cEtéi?ay (atga%ll’]aél;j &8s cr?geword on the
BDSOH @ theatp (Echk amd) ACKe ieNBomaRtth@nddtedt fon QnIG]@QWmeatlon
based on t he 9 ode (bl ock 428). The detection

based gnithe (c%égl 8)i C@fi@@ MS@ iﬁOTB%Pélb@Qé ang ﬁé?K( porngyfio defeone codeword

h
L L
thied2AGY dodt obvm}; sanabaded vdricli the (R 4nis@} tlooPBCCbY &idssends only
CR hgratonu, Ty greyopdRr b COMaR RRK iskgmrapn bascd on the (24,
PRSIk TG s \ME%EP@Q v$1ﬁleorfé’-:all'0§at§(? BeAWoggl for two

codewords wth control information sent on the PDCCH

[M0HdEk 48tk anpwertinéNahowblock 922 Yee! thetchdhmah detefwBnmashether the
nd an i.gnment of two .code on,.the P

DEOS s aBRg e oo i HOERIS! Gl TRt S g RGCH block

POSCHIF te atn@%eluﬁ ‘fekoeten4BE L NBIey 6Bl drssidAantlet €&t codewords

for onl i nformati on based on the (24, 8) code and

an 5 maécmowhe@E Erierka@3d) iand orayene e epdawsds on the PDSCH to

GRETHEEK P39° R on Mk CRP Bub i OE ritidion Fed on the

@4 ) d@de&ﬁﬂi@ﬂ& Ec@&i@&f CQI 3And MOWiigforhiténUor e $edevidis based on
sends i nformati on. The detection

RS 20N ety bk JAK T HTRION Gt BR6 6@ GHOTRUT Aty the (24,
PO OYFRTHERENZ0AR Fth (it UROwRSLORR FRGERERIP Lt ony ca

mIﬂB'nmmxbnd diherdatavaomtiet bueh GQi[eaﬂdEACK Blcfdﬂmduubﬁdbasdal dilhéle (24, 10)
PDCCH- | ess nmmd ock 44 t answer is 'Yes'

PiSIFOY Ha S%%Bﬂﬁgvs@b?f@ %J}P@a%eaaéﬁw dn the PDSCH to the
%4@3' oqkftd@iwerlid eN@’N%r Bﬁﬁék uhe rlhé*r?ih% 2N ﬁﬁg gg‘tlel}fglrggwhether the

I nformation based on the (24, 8) code and
BiEt ik sc@dubed dn ACPPAEB ket Mode (ockoHe) ¢ bifbmentiviyds Sdesdrthen the

63 iirsspithef SRl 8 e lon Il etk ThhEC R0 THR U may then

gaenadt on Q1 thibheatide WiseDeh A Ae sy @&@v\azfddalsm f&@T o CQI and
The detection for both CQ and ACK informati on based

OFK eforrpagiongforcente cedsverd bosshanithe 42 Ph codre (Rlpek 444). The
g&&&%‘nr}gr 511119 C(‘(Sldl'ﬁ%%l&? Bgs%ﬁtokﬁ{he (24, 8) code covers scenario 4 with the

UE decoding the codeword in error. The detection for both CQI and ACK information
based on the (24, 9) code covers scenario 4 with the UE decoding the codeword
correctly.

[0046] FIG. 5 shows a design of a process 500 performed by the UE to send CQI
and ACK information. The UE may perform process 500 in each subframe in which
data might be sent to the UE. The UE may initially determine whether the UE is
operating in the PDCCH-less mode (block 512). If the answer is ‘Yes’, then the UE
may blindly decode the PDSCH based on preconfigured parameters for one codeword
(block 514). The UE may then send only CQI information using the (24, 8) code if a

codeword is not decoded correctly or send both CQI and ACK information for one



[0046] FIG 5 shows a design of a process 500

perfornmed by the UE to send CQ and ACK infornmation.
wab@sBsamy perform process 500 in each subfr aP@&I/U82008/057160

whi ch data m ght be sent to the UE. The UE may

initially determ ne whether tyye UE is operating in the

PDCCH-| ess node (bl ock 512). If the answer is 'Yes',

then the UE nay bl i ndly decode the PDSCH based on

n ranet er
HESRR LIyt PR ATROIR,roley ST SRR Bid e ater Blocks
§ 240 B o@O&%ebtﬁarﬁﬂC@éﬂ;@M@dd%UoSe not decoded correctly or
send both CQ and ACK information for onecodewo

ALt HEtheamswoy iscge farfleckctde thsp dhg EEd@%é@@de the PDCCH to
FRERE G %é/silﬁohgf!e g%ﬁngxgegz forRth@ Clk? 6%%% tS??P 14h6QYe rrnaly then determine

scenarl OVG t he answe
Whiethef @t asbigﬁﬁienﬁii&netcbém(tt’délauﬁemﬂyceieﬁb(d’bmckfﬁ@2PEE@rd: answer is

R B B T g o A, e
ﬁlf Ql% CRA %mr@Qf‘é’rﬁi R@mnfcﬁrﬁﬁh&? thr(dak QGH@Ma)usmg:clhé 0, 9) code

ansmer iI's 'Yes then the UE nmay decode the PDS
eckcDifewdf dle(amlswctkls 54} for'mieckUEZZmlyem the 5 enagl damrmme whether

%ansmgél)megggé Iwn(ol;tsogig%to gsas %%?nol%ﬁgggcﬂ% ?3;? Rf‘gthe fRgwer is ‘Yes’,
Hepelhe BBZnayt iRBdd the PSS (RYord@bebitwe dviebiles3H8N The UE may then

assi gnnment of two codewords has been received églo ck

gad)both €O had dfdwérformationder twa prdewords wmmiy (dbdddeode (block
k415, PRRGH 5Bl SR,ARrENnLes, (RLoRk, 3. The LE may

h sen orna ron for two
podspor ds thsiangvérhs (Nat, fot Oblo@@ da2 ( tleacthe S3B) maPlsonk Hnly CQI
520 to 536, cover_ scenariq descrlbed above. [0048

thmptienasingdhe (g, 8 6?d@o(bé‘hql< %), Blogknd4theovers %ﬁ@arg)ellqal which
t
i 6L§E %%ot' @flgﬁl ésoxﬂelyﬁé Mn&t‘ﬂ(‘?3 (11%4&7111 hlggﬁf?t%%h%%h?% but misses

ock covers scenario 1
hetPD¥ctHdul ed as wel |l as scenario 3 in which the UE i s

ul ed but m sses the 004 e _desi
ERAGR 6 oot A Em&d% %@33 @9 Qi34 10) codes
) %%@%mé@yu&ethgﬁﬁb%@@c%gﬁtlﬁ h b6 c&NBeClfTerent codes being
dlstlngU|sh between the different codes being detected

détpatbd amadastqusiyFoFoibblocks 420 8ndird8 44 &1Gn 4Fthe, eNB mdyedecode a

decad
BT R EEs B AR ALl ES P B Ao AP oS Yatues for
{he424.8)) 608 ayR3cikeE BoMetlc URGR \bﬁ@he&élﬁm@ lof BB hERIbLIONGucs for the
of 512 possible values for the code was

24 &) @@@P iad Aeached Um the U4 The)@‘bn&) qE4(2499) eedpegmay thus be
E&\;{/%Vgg l‘éﬁc}ggag gizéls gar\‘?/ g ueélﬂ?tg%t%erg :Zl& %g&ﬂ:ﬁé %glluggﬁlals Hught be
received from the UE in blocks 428 and 448. Similarly, for block 438, the eNB may
decode a transmission received from the UE to determine whether one of 256 possible
values for the (24, 8) code was received from the UE or whether one of 1024 possible
values for the (24, 10) code was received from the UE. The (24, 8) and (24, 10) codes
may thus be designed such that the eNB can distinguish between 1280 possible values
that might be received from the UE in block 438.

[0050] In another design, the UE may send ACK information for zero, one or two

codewords using a fixed number of bits. This design may simplify operation by the UE

and/or detection by the eNB.



received fromthe UE in blocks 428 and 448. Simlarly,

for

bl ock 438,

the eNB nay decode a transm ssion

WO eweiysa’ fromthe UE to determ ne whet her oneP@F/UBES/057160
possi bl e values for the (24, 8) code was received from
the UE or whether one of 1024;possi bl e values for the
(24, 10) code was received fromthe UE. The (24, 8)
and (24, 10) codes nay t hus be designed such that the

FVSAC 5 he PO B R AR RRES

bl.e val ues

or t§1§ c%g@ IPEEP' convey

amoshbe folRsiignstatcte UE may send ACK information for
one or two codewords using a fixed nunber of

Zer o,

bi t61, TH §id6FIhGPIEYH 2hdR def¥d A5 8E
and/ or detection by the eNB.

ACKAZ . nfldy ch‘d}ﬁ deended vl RIdde
the
o VLR

0051] For the

iRhtby the UE

PDCCH node,

§0¥m§ﬂyc<iﬂ¢0@f§d syl cogewords,
t.at d P
ST o O A vt

PDQCH ayBlcsiaktle dbdoded efoepdChaind ceaeanodddsdedshly DB codeword,
correctI% decoded the PDCCH and correctl

1stA%o

decoded _only

ctingdecoded ghsr RIREEHybud decoded betaeoppyrgnds dheyror.

correctly decoded only 2nd codeword, A5. UE correctly
H52Hed FonherpIRCaHbuode el defotortipnciod enpeatiswond sray spnvey one

Bl

ACK i nfornmation

for one

nvey one of the follow ng states: Bl

if@m&@%%@s%@

d receiv

BROEISCHS

d no.assi

nnment ,

N9 AYHE st codewor d

B2. UE

' n BT QB c&?ectlyﬁeé‘&l%ﬁ et Pycdaand aseddbg 1 PRSES A ¢h crror,

correctly

decoded

1st codeword,

UE correctl

ded¥dedE trercpirdetddad thtadAEH @ddovodbntacddddnl® ;scrngword
E
o B R o IR pyaG e gl RS Rl R e

sta@e BE cneche dusridd e POCHaNG cohaktlyad eedavaf dodvasrd.
not decoded correctly by the UE, and state B3 nmay be

EgB?Le UE.

t 0 o CradEeCHIREs BodQdRVORS

[0054]

mRDHcAREPREH IR tRA ol dbdeword
FIG 6 shows fouf formats for CQ

'emsj nACI@tecrqdfe@ rooereéthyn byithér LE. fandedlatsi B maFabh uedd tchawlecate that a
t . bit or CQ information and
“@F %m? gﬂi? ‘%ﬂ?ﬁﬁf? E Table 2 gives the
ptmfsupl t /I, @ solie FomOfofMls irt SQf end aawh 11@'6rrﬁarﬁlbmlﬁ1 a fixed size.
610, 620 and 630, which may be used for the case

Hasheef theee Esmatiomelides eight Pist SarddQl énformation and two b1ts for ACK
information. Table 2 gives the definition of the two ACK bits for each of formats 610,

620 and 630, which may be used for the case in which two codewords are allocated to

the UE.

Table 2 - ACK information for two codewords

%if Format 610 Format 620 Format 630

. . Missed PDCCH or
[0, 0] Missed PDCCH Missed PDCCH NAKSs for both codewords
[0,1] | ACKs for both codewords | ACKs for both codewords | ACK for only 2™ codeword
[1,0] | ACK for only 1* codeword | ACK for only 2™ codeword | ACK for only 1*' codeword
[1, 1] | NAKSs for both codewords | NAKs for both codewords | ACKSs for both codewords




the UE. Table 2 - ACK information for two
codewor ds[ 0055] Table 3 gives the definition of the

wo M98ACGK3bits for format 640, which may be useRCT/UR20081€57160
case in which one codeword is allocated to the UE
Table 3 - ACK information forjpne codeword [0056] For
format 610, the two ACK bits can convey states A, A2,
A3 and A5 descri bed above, where [0, 0] conveys state

0, conve state. A2 1, O veys st a 3. ..
(el & APESRE BestabEr &y ShGO RIS 45 Bl nicn may
B¢ 64cddar e dariamdrich dizl dadedloddris aledatdrto St BE.  FoOr
exanpl e, state A4 nay be included in state A5 and
consi dered as another failure case. Format 610
supports cunul dePled AEKK RTERIMRIPTIEC EAFHITE) | v
appl icahle if the UE supports successjive interference
cancel | aCKoBit{ $1 C) . For SIC, therthtéqui tially decodes

t he first—codeword—t+H—the frrst——codeword—Ts decoded

corregt! ¥9-When the UE esti miYisschRBCEShcel s the
nterfer gnag qre Lot MeABRAGICL § o A0AK! BEM BRLALR

the s wnr d Lre word i acoded
vvvvvvvvvv MDD G- St

in errfor [Lvfien|t he % i kel AGK@d xof 0 N AKtfbry2"t ecdetiond
t he second codeword may be small (i1 the UE attenpts
decoding this codeword) or zero (if the UE does not
Hosehpt Hbe dognaigp 10hitle vad AW tits chiD0omjeyFoated arlmet2, A3 and AS

20,.. t two ACK bits can conv tates A, A2, and
St bt IRrai el SRReRs, M AheSuev s sAb et Bl Conveys
ShR1L3 Add [1.11] BhvERWAY ASIREE Aftmagdd didkegaldedCAVEN Rcluded in

state 'Ab. State A%@may be di sregarded and/or included
ptharotdter For akenplRostaexafnay, bs irztusleddn mtaye B and considered as

RS2 35 A0S0, B B BRI B Sy

SFpN¢EYle St Blc8SE @{ﬁporﬁ%’ucéﬁsivéﬂmé@&eﬁ% canb@laioh 9S1(8] For SIC, the
conveys states an conveys state A4

d A5, [0, 1] i , 11,
bE intiale decadeaths fast CO@ﬁﬂo{Jl,If e fasheasipyord igrdecoded correctly, then

t . ined 0 in T .
BV ES AT B P TR AR decotes
theneessl, coalswdes Cifithe tirdebdsworll G0 d8JodEdiin taoviyalicntdd likelihood of
k6t e say e are o it By g docading s

i nveys

S or i by (ifthe PN Ro Sl Rt BbodBilskodgod9MeS

HO37B5 damn fooar6201 tHertevoi ACKobisrbargcorntvey istatassAhgAR1A4 and A3,

1] f oth states B3 B5. [ 006 n_.two codeword
heredps BESatadls N AT 1B iRl AR Adoligh] KRy g A% and [1
CPEMRYRGtAtE ASeVRE@ |A3T1%G% 8¢ isrdoArRBAndes iMidedl @ kinother state. For
states may be conveyed by two ACK bits, and a fifth

stampe, miaye Hé neyrhvepelided intstasn & Svatl gensiderehes apgfher failure case.
tdﬁ%gf matliloclr) rf‘o'rm%? %30, the two ACK bits can convey states Al, A2, A3, A4 and A5,

where [0, 0] conveys states Al and A3, [0, 1] conveys state A4, [1, 0] conveys state A3,

ToUTCTVTvOoT o o oo ouoTTco

and [1, 1] conveys state A2. States Al and A5 may be combined, as shown in Table 2.
States A1 and A5 may also be distinguished in other manners, as described below.

[0059] For format 640, the two ACK bits can convey states B1, B2, B3, B4 and B3,
where [0, 0] conveys state B1, [0, 1] conveys state B2, [1, 0] conveys state B4, and [1,
1] conveys state B3 or B5. Since at most only one of states B3 and B5 can occur, there

1S no ambiguity in using [1, 1] for both states B3 and BS5.



exanple, values 0 to 254 may be used to convey CQ
i nformati on, and val ue 255 nay be used to convey the

wo pdoshisssate. I n anot her design, the fifth st aPE&r/bHsa008/@57160
conveyed using the three bits for the delta CQ, and
the base CQ may be sent concyyrently with the fifth
state. For both designs, whenever the fifth state is
sent, all or part of (IJ infornation may be overridden

@66}55 :‘VI%%L vgé ig?(rié]ewoAg f”ﬁe %ll(o d f ﬁ%?&fegbg} S[ﬁro%gltl pAdS may be

ety édieveraf mefuedt Inyone[ 20iga) foE{rJ Eta®€ e@beohveytedeby two ACK
eNB does not transnit an assignnent for the UE on the

gh @et%ﬁgﬂyS@q%queyedoyvlthd}netw@lwﬁ@her%} Hefpineaiion. For
atntlbl%qyaﬁPets 06&)%546[%%' BE w830 Jogg%éQt'f%{efo%Eﬁgﬁf %ugde Galue 255 may

B transmts assi gnnent
B%DG@d @nebnivbe tHdEfifibrstagct Iy an@haddsignh ehePD@CIskatd fnagrdeyconveyed

the fir odewor.d | ocat ed, th the UE may send
psing ghe tﬁfﬂeﬁ% 1dondR ge 4 e ﬂ%ﬁﬁ%ﬁ* Qlmay;bq ey fncurrently with
{Herﬁtth sadevwppdphd H8eAd e@h&fé%teﬁfel fotI@QQtexls‘san falt &e%art of CQI

first codeword is decoded in error. This distinguishe
wfoartibomayte dverrstdes bseMo dnfowhatem. i4n fudljkely] Jtate maap be selected

th e.in [ he. UE m sses t chis

boffie & S Bty Cdiattonmar R Sheliet recartas og

[dm] t heroWscdmyiosie ik ¢NB doed nbtotradsher ACKSssighhRANBIItBROUE on the
where x =1 if the second codeword is decoded correctl

BRGGH. ~ghp UK maysendhts Wdeeisr ks indereudien with &rmet 610, 620 or
%a%s di sti ngui shes a NAK for the second codeword
iichis [1, Q) fromthe case in which the UE m sses

10062 PDCCHr (sedniatib 2i shel ENB Qa)lsrmltsc aﬂ mghﬂ(éﬁv\ﬂfrdﬁe ETIEeon the PDCCH
al l ocated, then the UE naﬁ send

q1d theUR peyrostix 4eﬁ@<%ﬁs e PBRCGH -t H Ornbf Wﬁtﬁrstmdewoeze ahﬁ%ﬁted then
RYUE ;Iegd\kﬂ 1#)9 thelACIéB éforﬁ%g%%] re ]7(] i Of thte §1Agﬁeword is

I nformati on or mat Oor scenari o
tdveded\R otreatiys ndnds xan0asSitignrfast cdbdawdrieisUde@rded h error.  This

ut the UE m sses the P The UE nmay t hen
élé%gl{l@*es aNAB ok ﬁ@ ff&eworiﬁweﬁdn@ta WPt H) frgrhie cgseon which the
@'%Omﬁﬁeseﬂ?ig PD%QLQ@@/hlEﬁ 7O%h‘i’f’\§nl tlfees%b&{ﬂ QdeRoRf RGBSSuted, then

00 perforne t he e recei ve ACK i1 nformation
thetUﬁE anafyisgietl[ InwhivethcoACKi informahen, eNBreray- lpdithosarond codeword is

ess 700 in ach suhframe in which data, m .be :
BERECT SofthanLend The ENB hayrcrat Falpriap efsrpial im error.  Thi
Whet nedhet QW}JE o RClaeshd &ficlBEd Gﬁﬂﬂ{ isr[i‘i bY) %‘fb?ﬂ‘tl?eséa@@ in which
(bl ock 712) the answer is'No t hée eNB
thetléle trnlﬁsc@s tlafnPQCp@i (vaijicki or [On 6])A6Ktwnfcod¢vmrd$) mre(d;hlooa:tk‘d then the

@'korb%y sen %5 St ] 7[112 Of‘or 17 il]8fo% e eACﬁClS%%lat?onlwgﬁ ?orma?gijo or 620 and

may send [0, 0], [0, 1], [1, O] or [1, 1] for the ACK information with format 630.

[0063] For scenario 3, the eNB transmits an assignment for the UE on the PDCCH
but the UE misses the PDCCH. The UE may then send [0, 0] for the ACK information
with format 610, 620 or 630.

[0064] FIG. 7 shows a design of a process 700 performed by the eNB to receive
ACK information with a fixed number of bits. The eNB may perform process 700 in
cach subframe in which data might be sent to the UE. The eNB may initially determine
whether the UE is scheduled for downlink transmission (block 712). If the answer is



[0065] If the answer is "Yes' for block 712, then the
eNB nmay determ ne whether the UE is schedul ed for one

W@ owemosa7 wi t h control information sent on theP®DULH08/057160
(block 722). If the answer is 'Yes', then the eNB may
send an assignment of one codgwrd on the PDCCH to the
UE (bl ock 724) and may send one codeword on the PDSCH
to the UE (bl ock 726). The eNB may then detect for [0,

Ay oMt B R RS ects el db et BCRLemesigg block 719),

Bt&kﬂem@ﬁd I8 doRkr {clnarld] 1 e@¢absad ssoepari o 3 in which
the UE m sses the PDCCH. The detection for

Lol s dé élﬁ‘a%qswewm%qs fHdlegk Ei2, éléﬁﬂle"\h@ ﬁE%ma&@@1%1®owhether

TS sTRGRELBE bhO Mol Glort ik chuf ot S dudine PDCCH

gtﬂoctkh@g}anslﬁhe Iaﬁswfdgls TLSJ{EEBB ,khac |Che7&?.ZB m]lci]ﬁmetzd]en aNBgnmght of one
erer ne e | or WO

e%ff@wg@ the ﬁ?&&m gre Pﬁf@ Qf%t Qgﬁ aad mayoyend pme ppgeypord on the
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send an aSS|gnnent of two codemords on
ohid , Efof L OI€ knfp B ticainelithnaye sléwu&tetdmdc‘@dleiv@tqﬂ;k 788).t hiee detection

F gi%t cod%rlge %)tjl%r@]bi 1n[ \thcg%)leawﬁh Tsesl%r n’?éé(g—g('lﬂg tdgtec‘uon for [x,

ﬂFﬁ&foefEBfIcle@eﬂld/\Q tafitht (e f@dtlc@@@b&d AleEaYP fige (Uxk.0Tke d884tion for [1,
our 2-bit values for the ACK informati on may be

dlefavarsdoenarioRovith the stendecodewiond atggatpbtodbpéident on
t/ %6Lor q?[ SRy gSLE dN{)]Dfror R %%{ 759 rth%{( f%g.%&\l% rngy ggttegﬁlf?g whether the
I \]V al neani ngs

OB iwkeicdeled for tlmtcoﬁé.\@ordﬁ E&chCUonﬁrBDmﬁﬁ*nﬁlabE Sétﬁ dnfﬂw PID€€H (block
The eNB may be able to distinguish between m ssed
PEOCHI HIFcRIRART Sor chotlencBeieNEY B3y witdhar giaameph of Byo codewords

BRBCPICTRIIRE U ARIETIA LGSy SE84ED Fghesoscr

ﬂlastAEr(b]losk 756) The eNBomky 7182, detdue fiort [oe 0gNB, iRy 1, 0] and [1, 1] for

SRR R RSttt e oS aras S ot Mo oigatucs for e
WeRNidfHEn AN ABY b AR QNS ﬁf@)%"\ﬁr ﬁatﬁ@ 2%!?1% IEBS%' db ntd@ﬁ on the
UE (bl ock 746)." The eNB may then detect for TO, O] and

format] pel¢aded Agkusenf loornexiainpie, i ddicasere valut of e[ﬂeibl] ey dwee different

06T RE {huint g9 Vhehodorse R BARR"FRY Briefr D B FRE *Tne o

Hay rmaxab&etbfd@gtﬁi\gﬁfs@ Gesech Milsicd PEROOHSIMBIN ARt BPotWitb8dwords with
data m ght be sent to the UE. The UE may initiall

tramet o ther Gifetndanay i bgrblesto slisginguish §etweer assed PDCCH and both
NAKSs with format 630.

[0067] If the answer is ‘No’ for block 732, then the eNB may determine whether the
UE is scheduled in the PDCCH-less mode (block 742). If the answer is “Yes’, then the
eNB may send one codeword on the PDSCH to the UE (block 746). The eNB may then
detect for [0, 0] and [x, 1] for ACK information with one allocated codeword (block
748).

[0068] FIG. 8 shows a design of a process 800 performed by the UE to send ACK
information. The UE may perform process 800 in each subframe in which data might
be sent to the UE. The UE may initially determine whether the UE is operating in the
PDCCH-less mode (block 812). If the answer is “Yes’, then the UE may blindly decode
the PDSCH based on preconfigured parameters for one codeword (block 814). The UE



PDCCH- | ess node (bl ock 812). If the answer is 'Yes',

then the UE may blindly decode the PDSCH based on
wee@sonmBsyur ed paraneters for one codeword (blRPCRUSDAH/057160

The UEmay then send [x, 1] for ACK information for one

codeword (bl ock 816). Blocks fl2 to 816 cover scenario

4 described above. [0069] If the answer is 'No' for

bl ock 812, then the UE may decode the PDCCH for a

LA A TS o«

BBESchREscchetel Mesribbd aisdve822) . 1 f the answer is Yes
then the UE nmay decode the PDSCH for one codewo
t%h681: k dbthe anyper iNawipr blnsk 8d&rthiey the UE mgy d[eiode)éhy PDCCH for
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e answer then t
sstganmennel mlmtoh%oMaa%ﬁgmmmd Mlodkvi22¢.otfeoadsveh &s Yes’, then

R 16 SRy GDRGHE L ise SRR GPIoF 2Bl dERkG Banay then send
gcbll?%k §3ﬂ)for H@(H{Efoﬁﬁytlc;nhﬁ)? on€ %d&@@rd(&)lock%%}] If {hl: answer is

1, for ACK information for two codewords
(Tﬁb o&k 81961; 828| dbds tIB2WE ongl3@ccovee wbethar iap @signment of two

BT TRb et tonly S Udn T I oy F s Res: then the UE may
aafo@é Rt POSCHOfor BP0 eodleVRisiBlddd €3, 8h6)UE Biae)qher%e@ld [0, 0], [O,

covers scenario 1 in which the UE is not schedul ed as

Welll. Qordbelddpr ACK inforpnition fomavoupdeworis Kblogk 886 b uBlocks 820 to
ggov%rggggafggﬁg%cﬁlﬁog%é;gveF| GS. 4, 5, 7 and 8 are for a

nmay be scheduled with one or

tomopodelﬂ\/ﬂfedealswer isheNPPECH oo @82 athein \thet UEahayT@é&id [one] for ACK
codeword jn the PDCCH | ess npde. The may al sQ

séprawtioR dor po gedrarordmhesksS4fd/Ripck %46 ﬁ‘b‘feés &C@aé%# dg which the
Deris %9%946811163 Q? v%g%&_l@%ag@ rBdl fn@h tﬂlikaUEt clfé‘agﬁﬁ%g thisses the
tothe UEInth one

e and or nore than
BDBd€ibrd in the PDCCH-| ess npde. In this case, the UE

en i nfo for, all r rece
{1{e q*rﬁgKéNﬂ nadgrﬂm%%ﬁe B’Eafiﬁﬁlg%@WFlﬁ%ﬁ‘?r@ﬁfBW f‘ofcqﬁeglﬁed with
gid HERRHLcoBRSHUPi tRUPPRICIPImGRISHOGAS 4tNAbst 'Hng%d@@lord in the
sent to the UE. [0072] FIG 9 shows a design of

BD@E@@SS o®dperlherifie dndyyalsmbe pheduled amethst h@nn@ﬁ tand/y)r for more

e PRE 5r cTn R e TR R GRS SR GRS R UE in the

BDCUHIalde aﬂﬁ/bhniob@ﬂﬁﬁ RBhE @bddwir@ el PDCTI- I"eﬁbemb’Ee. In this case,
t(hqgl ock 914). The eNB may receive ACK information from

éJEjEIlé(}b$Q§1é|(A©I£61}1formﬁ'@0n for all codewords received by the UE. The eNB

may detect for ACK information for different possible number of codewords that might
be sent to the UE.

[0072] FIG. 9 shows a design of a process 900 performed by an eNB or some other
entity to receive ACK information. The eNB may send control information to a UE
(block 912) and may send data in accordance with the control information to the UE
(block 914). The eNB may receive ACK information from the UE (block 916). The
eNB may also receive CQI information along with the ACK information from the UE.
The CQI and ACK information may be jointly encoded by the UE based on a block
code. The eNB may perform detection for the ACK information based on a first
hypothesis for the control information being missed by the UE and a second hypothesis

for the control information being received correctly by the UE (block 918).



eNB may al so receive CQ information along with the
ACK information fromthe UE. The CQ and ACK

WO pdodnn®sT on may be jointly encoded by the UE PE®ES2008057160

a bl ock code. The eNB nmay perform detection for the
ACK i nformation based on a fiyst hypothesis for the
control information being mssed by the UE and a
second hypot hesi s for the control infornmation being
i ved correct | e UE block 18 0 ILn one
B35 o RBE AR Yo P RS b ik b 8T shown

B BIG. ASThOoMB ﬂnﬁly Ebl@omﬁ det@h%neﬂ&B X OBE frfféiiBtion based on a first
detection for th i nformati on based on a first
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informati on for the second hypot hesis. The second

W@mb@rOfdfltS bnatysberréqpebéerm epehdanmberofidedewardseentgp the UE. In one
8%?%{1 oy zer 0 ayt (I)b(%al h%& its %fn Ae 1n?o gh f(%th t%]e %’}IE I{T%Xthesm one

orna I on

by pOAES in$orneifien bﬂ dne@bod &K diin S, raatl i It@ﬁ bltﬁ 0©A€I¢mﬁﬁmtldn if two
is sent, and two bhits of ACK information if two
S&éeé?"ét%@ﬁt E.o the UE. [0074] In another
n, r pat S
gﬁ%hp as i o\;\ﬁlm%idg E{Ii? G{IE 65@%;‘[!!&}@{'\'8%\% ﬁa§ @&@9 FiZ& size, e. g., as
sleivecml Eiﬁr HoMht k& BAGKy ipm‘fomirdeteamntfasdd: m@Kanﬁ]rmghm based on a

PP EOIGRodt Eofathoy b HBSRL) ThHETBAs ol BoeaH Gpotheses. The
QNB%ME fa Bfed k?l'uhﬁ)ef &f s (e WRwBbits) fof Bl AOR ft@ﬁnatlon for both

i nforrmation for hypot hesés and regardl ess of
hypetlasesfand d@EWd}edS 0§ ethe mmnheheofUEodeWordwvsemot@eV@r U£ If two

se th th | ts ed bas n
SR et B SR R ko P Bt G S R G Rt shown
fooTame 2 &f sRneomed eyvat uisorseemdewtob@ﬁs $dne thwo el two BBy may be
be defined based on the format shown in Table 3 or

defined diapest ot Grentarmataiew- ipi Tablaad ge semg oeer feisepty Pne 2-bit value
@EQ b?eﬁ'ﬁ?edt poatlnch&“?e ;R%t {hgv aqnﬂfoP %[fbn s ?s%g qo ﬁlet FJ% The

e renml ni ng ues nay use
tdmildﬁg @lblrngzameatm&z ok woe torcdn\my el eanodis s@ns @E one or two
| ues for ACK | nf ?r mation nmay al so be sent using
W@F s. One or more values for ACK inforniation may also be sent using one or
more values for CQI information.
[0075] The eNB may also perform detection for the ACK information based on a
third hypothesis when no control information and no data are sent to the UE. The UE
may also perform detection for the ACK information based on another hypothesis when
data but no control information is sent to the UE, e.g., in the PDCCH-less mode.
[0076] FIG. 10 shows a design of an apparatus 1000 for receiving ACK
information. Apparatus 1000 includes a module 1012 to send control information to a

UE, a module 1014 to send data in accordance with the control information to the UE, a



nore values for CQ information. [0075] The eNB may
al so performdetection for the ACK infornati on based
wW@e008/11388T d hypot hesi s when no control i nfor meRCHOS208057160

no data are sent to the UE. The UE may al so perform
detection for the ACK informaig on based on anot her

hypot hesi s when data but no control information is

sent to the UE, e.g., in the PDCCH—Iess nnde [0076]
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warbr ercoda(@Qnnfarmatipn ané ¢l Aé?ai infpranationtbaped o attheck code and

n I r ecodi ng results
ﬁ%yﬁ%%geﬁgﬂg %kAq%féﬁ) €g§EJOInt|y encode
[0Q78) nf anwat devigdnie AK A%nanbﬂ i tHa08 a b’aﬁﬁﬂe Gic,2c.g., as shown
bl ock code and may then send the

1FISF Pat ThsnU Eén%@lceﬁsthe[fbﬁlﬁsyfomgfég%b@éé g, firshloglegode (e.g.,
f
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Grg. athki(ﬁ$t9)bjrc(@4k, Iﬂjdaedé)eif the, cdnirel (Iﬁ“dnmeﬁl)onamd@):meﬂ. The UE may
control i r IS not rec d based .
swedndhy la%atkoa fised ppong 3&0 igso r<e(gz4tﬁe £§§ 9309?&9 if one

Edctded 6O Ql reddN QI dFRAHaON drSadoBfc® ibURE coa_é"Fe %;Echggﬂ 10) code) if
encode the ACK i nfornati on based on one bl oc

ven godewcbté.s (0;_f4dat@)are ortedivéd. oﬁlee &Edefw @endraigareoi its of ACK

ESSRES £ R B Rt re SR ol BT o K dafofiion if one

a'd't%wldfd Hﬂ&atg Rl e, se ko Bit 5f ATKARKorhiatieh iBiwodtddetvords of data
control information is not received, one bit of ACK

pigfrogoiedi on i f one codeword of data is received, or

Ldpg It Slnoafngﬁgr( degligﬁ)r fRt A@k nffmtﬂ{\ﬁlo%o&gy\q{agé ofixgdafsﬁe e.g., as

ecel ve
shown in FIG. 6. The UE may generate a fixed number of bits for the ACK information

regardless of whether or not the control information is received and regardless of the
number of codewords received. The UE may generate two bits for the ACK
information, set the two bits to a first value (e.g., [0, 0]) if the control information is not
received, and set the two bits to second, third or fourth value if the control information
is received. The UE may select the second, third or fourth value for the two bits based
on whether one or two codewords are received and decoding results for the one or two
codewords.

[0080] FIG. 12 shows a design of an apparatus 1200 for sending ACK information.

Apparatus 1200 includes a module 1212 to determine whether control information for



[0079] In another design, the ACK i nformati on may have
a fixed size, e.g., as shown in FIG 6. The UE may

w@eensse’ a fi xed nunber of bits for the ACK PCT/US2008/057160

i nformati on regardl ess of whether or not the control
information is received and rggardl ess of the nunber
of codewords received. The UE nmay generate two bits
for the ACK information, set the two bits to a first
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[0084] At UE 120, R antennas 1352a through 1352r may receive the T downlink
signals from eNB 110, and each antenna 1352 may provide a received signal to an
associated receiver (RCVR) 1354. Each receiver 1354 may condition (e.g., filter,
amplify, downconvert, and digitize) its received signal to obtain samples and may
further process the samples (e.g., for OFDM) to obtain received symbols. A MIMO
detector 1360 may perform MIMO detection on the received symbols and provide
detected symbols. A receive (RX) data and control processor 1370 may process (e.g.,
symbol demap and decode) the detected symbols, provide decoded data for each

codeword to a data sink 1372, and provide decoded control information to a controller/

processor 1390.



Each nodul ator 1332 may further condition (e.qg.,

convert to analog, filter, anplify, and upconvert) its
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downlink signals fromtransmtters 1332a through 1332t

may be transmtted via antenngs 1334a through 1334t,

respectively. [0084] At UE 120, R antennas 1352a
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L B B S BB 8o Bhed 0134 may setr U 120
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i nf ormat.i on. £0086 Control |l ers/processors 1340 and
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G PSR i LA L PR 0, ER B B o
a;ramqﬂasda%(instmcﬁbﬁ cenﬁirmhldgrmﬁirhﬁfiorprsmﬁ déts f 9imbidie 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.

[0088] Those of skill would further appreciate that the various illustrative logical
blocks, modules, circuits, and algorithm steps described in connection with the
disclosure herein may be implemented as electronic hardware, computer software, or
combinations of both. To clearly illustrate this interchangeability of hardware and
software, various illustrative components, blocks, modules, circuits, and steps have been

described above generally in terms of their functionality. Whether such functionality is



techni ques descri bed herein. Controller/processor 1390
may performor direct process 500 in FIG 5, process

W@o®simsFl G 8, process 1100 in FIG 11 and/ orP@I/b82008/057160

processes for the techni ques described herein.
Menories 1342 and 1392 may stpre data and program
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oprocessor er na e [jr ocess

Iraghe bl,ﬁeﬁlﬁyvé; QY &0tage mMaddipn msl&omtegm nd ki précessor. The processor
m croocontrol | e({- or state machinpe. A _processor .

and the storage medilm may reside in an ASIC. ¢ 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.

[0091] 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
more instructions or code on a computer-readable medium. Computer-readable media

includes both computer storage media and communication media including any medium

that facilitates transfer of a computer program from one place to another. A storage



may al so be inplenmented as a conbi nati on of conputing

devices, e.g., a conbination of a DSP and a
worR@sopisdtessor, a plurality of m croprocessorBCT/US®08057160

nore m croprocessors in conjunction with a DSP core,
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m crowave, then the coaxial cable, fiber optic cable,
twisted pair, DSL, or wireless technol ogi es such as
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definition of medium Disk and disc, as used herein,
i ncl udes conpact disc (CD), |mser disc, optical disc,
digital versatile disc (DVD), floppy disk and bl u-ray
di sc where di sks usually reproduce data nagnetically,
whil e discs reproduce data optically with | asers.
Conbi nations of the above should al so be included
within the scope of computer/cpddp! e nedia. [0092] The
previ ous description of the disclosure is provided to
enabl e any person skilled in the art to make or use

t he di scl osure. Various qodlflcatlons to the.
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control information to the UE, to receive
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esis 1or t t1on belng
mf&&&ﬂob)frdrﬂn eéhcUBEathd @QE e AG Kh yfointee®n befrr jotrtly encoded by the
ﬁ% tro or t%gn bei ng received correctly by the
ape Q$% gg? ‘us of claim1, wherein the at |east

one processor is configured to receive channel quality
indicator (CQ) information with the ACK i nfornation '
from 8he UEhe tdppa@Qs ahdlAaK 1, nfvbenasrt ithom abeliemsg P Iprdgessor is
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ACK i nfornmati on based on a first bl ock code for the

sdcprd blegl eedeclor the sgeandthyppidiesivr m det ection for the ACK
i nformati on based on a

4. The apparatus of claim 1, wherein the at least one processor is
configured to send one or two codewords of data to the UE, to perform detection for the
ACK information based on a first block code if one codeword is sent to the UE, and to
perform detection for the ACK information based on a second block code if two

codewords are sent to the UE.

5. The apparatus of claim 1, wherein the at least one processor is
configured to obtain a first number of bits for the ACK information for the first
hypothesis, and to obtain a second number of bits for the ACK information for the

second hypothesis, the second number of bits being greater than the first number of bits.



second bl ock code for the second hypothesis. 4. The
apparatus of claiml1l, wherein the at | east one

WEe@sassaT is configured to send one or two COREMOSIES/057160

of data to the UE, to performdetection for the ACK

i nformati on based on a first 4f ock code if one

codeword is sent to the UE, and to perform detection

for the ACK infornmation based on a second bl ock code

if ot cod rds.are sent to the UE 5  The apparatus .
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ACK information for the first hypothesis, and to
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for the second hypothesis, the second nunber of bits

bei ng greater than the first nunber of bits.6. The
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the UE. 7. The apparatus of claim 1, wherein the at

theastonulnteyppthesie ssanc ¢aslcwont isgunteid the Udeaud tmebtem tmacbits for the

1L 1 e second hypaihdsis: if two | rsé o the UE.
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obtain one bit for the ACK informati on for the second
hypot hesis if one codeword is sent to the UE, and to ,
obt ai & t woTh¢ tappargtust e AOR i Inf whergini dle faprleadheonge quergssor is
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furdoeshefirdt and sstbh@tyesihdses.per f orm det ection for the
ACK information based on a single block code for both
the first and second hypot heses. 9. The apparatus of

cl ai m1, V"ﬁ‘?% ea{.g@altahﬁ 3k élﬁﬂ?tl,oﬁgetgfnogﬁisa?rle%%rortl% éarocessor is

configured tain a fixed nunber o its
dfigurddotoraditaion fixad rmther bfidits ifersthe ay(CK sefoanation for both the first
g¥Pothe es. .10. The apparatus of claim1l, wherein the
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one codeword of data to the UE, and to receive a fixed
nunber of bits for the ACK information regardl ess of
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the UE.

11. The apparatus of claim 1, wherein the at least one processor is
configured to send two codewords of data to the UE, to obtain two bits for the ACK
information from the UE, to detect for a first value of the two bits for the ACK
information for the first hypothesis, to detect for second, third and fourth values of the
two bits for the ACK information for the second hypothesis, to determine that the
control information is missed by the UE if the first value is detected, and to determine
decoding status of the two codewords based on the second, third and fourth values of

the two bits for the ACK information.



information fromthe UE, to detect for a first val ue

of the two bits for the ACK information for the first
whyeetssi s, to detect for second, third and fBRCEF/UR008/057160

val ues of the two bits for the ACK information for the

second hypothesis, to determpyge that the contro

information is mssed by the UEif the first value is

detected, and to determ ne decoding status of the two

code ds sed on, the.secon third d fourth val ues .
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processor is configured to determne that the two
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second value is detected. 13. The apparatus of claim

11, wherein the at | east one processor is configured
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error by the UEif the third value i§ detected. 14, :
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HRGRRRAL dbScie@nfigured to determine that only one of
the two codewords is decoded correctly by the UE if

the fourth value is detected. 15. The apparatus of
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tadigaAddab defe@hninel tRAtQINMPOHOSY the tRo th&woMs RideSodedcotBetly by the
ACK information fromthe UE, where Mis one or

YEdhtherfourthsalpgisgistastad. for a fifth value for the ACK

i nformati on based on the Mbits for the CQ

informati on. 16. The apparatus of claim1l, wherein the

at | east omMBe PIpPRBSOLS ickaimoNnt ] Guhicedn tiic S@Nta&inéne processor is

codeword of data to the UE, to obtain two bits for the
gUFdor mati on fromthe UE, to detect for a first

val uetoolfecéibﬁ M Ws %11 ch Bﬁél ({'Lﬂﬁg/rb\%cia{bfr g&%lnt?ﬂﬁag&n tvﬁﬁl the two

first hypothesis, to detec secon
bid foe theoA CKheformetidni fremfthe UEherh&CkMiindwr oredreaer, imt t he
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"t or Iadgiesh Pt i boelionr ALK nfoHiion At YhjhgdM;tits for the
@Qﬁ%gBﬁgmkhp determ ne that the codeword is decoded
correctly by the UE if the second value is detected,

and to deternmne that the codeword is decoded in error
l.ue ,is detected. 17,

g%pgrg?'lf Epe f:a}%if“%%mf,r g\f/\#@?‘lg‘r it HESTEH s & IS?FéTQI% processor 1
EoIRRERI00 d4eBd one codeword of data to the UE, to obtain two bits for the ACK
information from the UE, to detect for a first value of the two bits for the ACK
information for the first hypothesis, to detect for second and third values of the two bits
for the ACK information for the second hypothesis, to determine that the control
information is missed by the UE if the first value is detected, to determine that the

codeword is decoded correctly by the UE if the second value is detected, and to

determine that the codeword is decoded in error by the UE if the third value is detected.

17. The apparatus of claim 1, wherein the at least one processor is
configured to perform detection for the ACK information based on a third hypothesis

when no control information and no data are sent to the UE.



configured to performdetection for the ACK
i nformati on based on a third hypot hesis when no

w@Bneds37 nfornati on and no data are sent to tPET/UR00B057160

The apparatus of claim 1, wherein the at |east one

processor is configured to perd ormdetection for the

ACK i nformation based on a third hypothesis when data

but no control infornmation is sent to the UE 19 A

met hod, f or reles nicat i onpr i send]

contr?§ |nF WgﬁmtSPnHﬂgéﬁ'qu?'l W? @% ndlpmc(%ssolr is

M@u’td@i t@cmfocﬂmru‘eeecwoh ot the AOR in@rmiatib0 bRt cmna tiird erpothesis
recei vi ng acknow edgenent (ACK) information from

wh@n dita byiep gatbiieimptige iewpt ©rihe UE- t he ACK

i nformati on based on a first hypothesis for the

control information being mssed by the UE and a

second9.hy pathethod fdrovirdidse comntunalatiomfoormpeikingn bei ng

recelveg correctl b the UE. 20.. The hod of claim

dgfopiial i P?ﬁ‘ 1R st sdtipBRntdbiir i ses
per f ogdrang et ﬁ%b&aaﬁcerwﬁme é&'ﬁrdlnﬁi%[‘rﬁﬁidn% haged on

a first block code for the first hypothesis,
per f orastinggdekeevlicdgenart (AQK) AdKrmatfoorfren iherUBze€d on

a second bl.oc or t secon .h ot hesi .
ot ai AR SO e ALK o Gmitsp R TSt hypothesis for the
Eatte rmbhﬁﬂlcfnoselﬁgg enifdetl Hy MEPOE hRgiSsccahdl h9pstBEsN ARG the control
second nunber of bits for the ACK information for the

ydewrdonppaetiesived corecthelsomd Hunber of bits being

greater than the first nunber of bits. 21. The nethod

of claim 19, wherein the perform ng detection

conpr p@es PrE methad g cthirh aof wherefnahe p&rdorAlitg dstafombhphises
based on a first block code if one codeword of data |s

sent PferpEnggeteetinn 196 theo AhKn g faepation; kssed ep at st alogk code for

ﬂﬁf o b@R pased on a second bl ock code if two
coégmgﬁﬁs ?’data are sent to the UE. 22. The net hod

of cl pérforfifing ddtentinrfot the AMEK fimformatgpndetsetomn anccond block code for

gﬁ rISﬁl g@rforn1ng detection for the ACK i nformati on
SEPYIYROUEYYl e bl ock code for both the first and

secongyypet RS fumBEh AR FoMthBAEK iifsReh T he (ﬁcrst hypothesis,
bits for the ACK information for both the first and

and
obtaining a second number of bits for the ACK information for the second

hypothesis, the second number of bits being greater than the first number of bits.

21. The method of claim 19, wherein the performing detection comprises

performing detection for the ACK information based on a first block code if one
codeword of data is sent to the UE, and

performing detection for the ACK information based on a second block code if

two codewords of data are sent to the UE.

22. The method of claim 19, wherein the performing detection comprises

performing detection for the ACK information based on a single block code for
both the first and second hypotheses, and

obtaining a fixed number of bits for the ACK information for both the first and

second hypotheses.



second hypot heses. 23. The nethod of claim 19, wherein
the sending data conprises sending two codewords of

W@l200&/115831 he UE, and wherein the perform ng deP@€rUBIN8/057160

conprises obtaining two bits for the ACK i nformation
fromthe UE, detecting for a 47rst value of the two
bits for the ACK information for the first hypothesis,
detecting for second, third and fourth values of the
two bits for the ACK information for the second

hypot hesi s, determ ning that the control information

i's mgsed e inke@hddEof tlatrh€ 9f iwhteily ahdlSenidéngd@dte @bfbrises sending
and determ ni ng decodi ng status of the two codewords

e eascprrdsid da@de e UquddN%ﬁﬁ@nftmqrfwmw&@eC@ﬂn cp@prises
two bbﬂ;tgmir%(] &oftﬁts%%gbgfe | i Ion%mﬂi{% gethod of

cl ai erern ta conprlses sendi ng
one cactestipdiont faat wltioof the tWh, bigndr Weeh €Knintdrenation for the first
Ferforn1ng detection conprises obtaining two bits for

DS i nf or mation fromthe UE, detecting for a first

val ued&gctfn?efotrv‘éécgﬁ& Sthfr@" andN o 410406 Rt d W@o f‘tﬁ'{s foh&he ACK

first hypothesis, detecting for second and th
nddmresionffortthe s¢opod bipathdsoy, the ACK i nformati on for t he

second hypot hesi detern1 .that .th

" hf or EEBAEd R e SR RlnienF titnsd pyii e the frst vatue is
dateed.edd determ ning that the codeword i s decoded
correctly by the UE if the second value is detected,

and déstemminmgrdgcodiag states ebheviviodcadswaedsdepser! pn the senond, third

Qﬁ/d %ouﬁ §1qu of tlﬂg th Lo[t§I fo\{rzﬁlleugC!K ?0%%{3 5§ d. 25. An

conpri si ng:
neans for sendlng control |nfornat|on to a user

equi pnent % nmeans. for sending data.in accordance
with the cht mehorief sl dowhersinthe squdingsuheompgpses sending one

Bgfe%}‘d DO AL MR 5 Qﬁm&ﬁéﬁgx@; %ﬁhg@&ﬂe&%f&%@k%

andneans for pér ection

inﬂndﬂmmmymmmdﬁmmaNGKﬂmﬂmmmMﬁmnmd@Ethe
gggg; ct ﬁ%}g]%? ggltflgst va gel g thrén t§vso 1tsb%r theeA8E 1n?orrnat10n for the first
hypothesis,

detecting for second and third values of the two bits for the ACK information for
the second hypothesis,

determining that the control information is missed by the UE if the first value is
detected,

determining that the codeword is decoded correctly by the UE if the second
value is detected, and

determining that the codeword is decoded in error by the UE if the third value is
detected.

25.  An apparatus for wireless communication, comprising:
means for sending control information to a user equipment (UE);
means for sending data in accordance with the control information to the UE;

means for receiving acknowledgement (ACK) information from the UE; and



for the control information being received correctly
by the UE. 26. The apparatus of claim25, wherein the

woreng1$88T perform ng detection conpri ses neanBCT/U82008/057160

perform ng detection for the ACK i nformati on based on

a first block code for the figgt hypothesis, neans for
perform ng detection for the ACK i nformati on based on

a second bl ock code for the second hypothesis nmeans

for obtaini

i nf or MSELS, rﬁor]c Berforﬁmn% Idleyegp 81i heeS IAS%IE e rmatlonc%]a%ed on a first

rreans

Piicthd3isfgr theS@aROMinfitagon Bém@ intiSsct & thdﬂ ®FAM a sccond hypothesis
information for the second hypothesis, the second

iresongpl pifersnagien hging recgived OPﬁé‘ﬁlYtlﬁet eiltlst nunber of
bits. 27. The apparatus of claim 25, wherein the neans
for perform ng detection conprises neans for
per f o261 ngThebpeiraton of olkirh 28, AGKrcimfhormeink dor pafethigndetection
a single block code for both the first and second
HRPitveses, and means for obtaining a fixed nunber of

bits fRhndRe ﬁ@t%n'uﬁ QARIABEA LR R ARRE thb®itibh Tbabedd8ifa first block

second hypot heses . A conputer program product,
oﬁwobt&md@wia@o@nputer-readable medi um conpri si ng:

code for causin st on rr to send, contr

ot or FRETOR 5 ariing, S0 RN DRy RiglRaTg: bERRIn g second
bh@ka&¢$@aﬂks@aﬁm, bgs to send data i n accordance

with the control information to the UE; code for

causi Mganshier gbtaindeg ¢ fisvieusdirpaf bits fos theAGK mformation for the first
C egdgenent (ACK) information fromthe UE;, and
@%%RﬁﬁérgoaUS|ng the at | east one conputer to perform

det eciieanis fodlobtdiinAeKsctafdonurabdrat tigsfod tlaNAGKS infsimation for the
hypot hesis for the control |nformation being m ssedb

y ..
pdsand ey Roklesk. desesndiypiehekhis begie grpaciciiar fig first number of bits.

i nformati on being received correctly by the UE 29.
The conput er program product of claim 28, wherein the
conmpuler r edbabpmaratus of claim 25, wherein the means for performing detection

comprises

means for performing detection for the ACK information based on a single block
code for both the first and second hypotheses, and

means for obtaining a fixed number of bits for the ACK information for both the

first and second hypotheses.

28. A computer program product, comprising:
a computer-readable medium comprising:
code for causing at least one computer to send control information to a
user equipment (UE);
code for causing the at least one computer to send data in accordance
with the control information to the UE;
code for causing the at least one computer to receive acknowledgement
(ACK) information from the UE; and
code for causing the at least one computer to perform detection for the

ACK information based on a first hypothesis for the control information being missed



medi um further conprises: code for causing the at
| east one conputer to performdetection for the ACK

WO pfosninis87 on based on a first bl ock code for tPeT/HB1088/057160

hypot hesi s; code for causing the at |east one conputer
to performdetection for the ACK informati on based on
a second bl ock code for the second hypothesis; code
for causing the at | east one conputer to obtain a

i nst.-punmber of hits. . for the ACK information.for the
b I U R e ind I ER =25 4 R P S R i ¥ Ba comrctly
byehedoPput er to obtain a second nunmber of bits for the
ACK information for the second hypothesis, the second
nunber of bits being greater than the first nunber of
bits.»g0. . 0hg Cl A
mhere%% thzﬁgéﬁp tg%ﬁ%g@%g?gﬁ%%g{gﬁ% Ur't %rk@g%%f$¥%§9nmumr
oadeblE oredmaufirthgr tdreprasies:] east one conputer to perform

detection fo he ACK information based on a_single .
DI 0GK. CodeCHBrTOBGE TSI 1St Gt QBB Y BEROGeEetion for the

ACK F@08hakiBh bERUSNNGANRAL cdRFSH the TRst HOPPHUEGL, L O

obtain a fixed nunber of bits for the A i nformati on
for both t balefior stusanmthsext derdt bypotthpgesto Bk formndetection for the

ratus fo i.rel ess c ni cati o co i Si.ng. at
Ak TouEinR based o Seond YietedE OBk o R AR by PPy g er
equi pment  (dde)for EsIn@GRE MElcAE KROVABHEETS Mtk st number of bits
information fromthe UE, and to perform detection for

for shon®K K| infasmation & theaBsthynothglsist st or not contro
informatio . ' ent t U d n t

of the. contrsor hBHRAT ah o 0 bRl BBl EABS Bbmber of
bits folr #idA GK, infit@aebfor e RtoldEiagbtherie, the 6688 atmbsr of bits being
configured to send caontrol information for the data to
gisateihan shegfishnigaber @f Rittlet ecti on for the ACK

i nformati on based on a first hypothesis for the

control information bei ngm ssed by the UE and a second

hypot B@si sThorcohipater gnbgrahn iprddactmat icknmb28,nyheeaeithe domputer-

correctly by the UE. 33. The apparatus of claim 31,
ﬁﬁ@@g?ﬁmﬁﬁ@ygfﬂ?%ﬁg?mﬁﬁ% processor is configured to
send contrgldel f3f QhuGRid MR dt NlisCahd BEmPHEPRS p@form detection for the
codewords allocated to the UE, and to perform
dékemforontipo basedeonACinglabockubdofor hathetlic binst tahé seponth bypotheses;
la

code for causing the at least one computer to obtain a fixed number of

bits for the ACK information for both the first and second hypotheses.

31.  An apparatus for wireless communication, comprising:

at least one processor configured to send data to a user equipment (UE), to
receive acknowledgement (ACK) information from the UE, and to perform detection for
the ACK information based on whether or not control information for the data is sent to

the UE and content of the control information if sent.

32. The apparatus of claim 31, wherein the at least one processor is
configured to send control information for the data to the UE, and to perform detection

for the ACK information based on a first hypothesis for the control information being



codewords allocated to the UE. 34. The apparatus of

claim31l, wherein the at | east one processor is
w@Bilgissed to send no control information forP@HES2088/657160

to the UE, and to performdetection for the ACK

i nformati on based on no contrg information being sent

to the UE. 35. An apparatus for w rel ess

communi cation, conprising: at |east one processor

ﬁlgsr%‘é rtﬁed g : aérg(g It \eléec(?ng %gpgt%t sqse r t%Q t/\hlgt%%l o ngorll gelng received

&ﬁ&%ﬂ9®yepguﬁctly and to generate acknow edgenent

(ACK) information based on whether or not contro

information is received, content of the contro

i nforgmtiom,lf ived, d.¢e ' syl f t .

dat a. 56, The gpaafly B <LRCAETSISERS MEDH, I Bhe ifoossor i

teduraine spidcas®d infosnaonfindjosteg tumben ob dedcdwedsATicated to the

| nformation based on a first block.code if contro

P cifratoi Beriora) dstection: dpx, &y, AA#S PRy dapgde ORRe number of

&ng%gﬁhﬂggmg§§egeqﬁga second bl ock code if contro
information is received. 37. The apparatus of claim

35, wherein the at | east one processor is conflgured

to encode e ACK info t.i on,based .on,a fi

Loae SRS IRE hthall OF Triroio Bkt ng 4 Jsat, §h Pocessor is
ESERRIE ’fbese‘}ﬁKnd) noffroR LM APid6 €r QRe AaBERONE UEO GKd to perform
code if two codewords of data is recei ved. 38. The

dyipeitoat figs thyr AGKainfoBtionHused an mAecoatro)] wdenmagine being sent to the
ocessor is configured to generate zero bits for the
information if control information is not
received, to generate one bit for the ACK i nformati on
if one codemord of data isreceived, and to generate
two bils fOR APREANEKON Wi PTHEOMBRITI (AR OEBBG ds of

\(/jvlite?e% 1%% t e @Yf&sso%%onﬂ@ﬁe@@@ﬁ&@ﬁfﬁﬁ e W hecRicBhe? 'mforrnatlon for

one processor Is conftigure
denes abeelaed‘ i % edhtﬁnnin@ rwhethebidaga fio Ided:d?ded AGrrectly, and to generate

tion r ss of not contro
rﬂrarv it S i %&teﬂ%ﬁ@;ar AT OF nPheoHiftRformation is

R‘fcel‘%@&j QRS 0P fthdabifrd] §6RIMEEbn A0recdif&, BRBATROMAg Fsults for the
claim’35, wherein the at |east one processor is

d@mflgured to generate two bits for the ACK
information, to set the two bits to a first

36. The apparatus of claim 35, wherein the at least one processor is
configured to encode the ACK information based on a first block code if control
information is not received, and to encode the ACK information based on a second

block code if control information is received.

37. The apparatus of claim 35, wherein the at least one processor is
configured to encode the ACK information based on a first block code if one codeword
of data is received, and to encode the ACK information based on a second block code if

two codewords of data is received.

38. The apparatus of claim 35, wherein the at least one processor is
configured to generate zero bits for the ACK information if control information is not

received, to generate one bit for the ACK information if one codeword of data is



value if control information is not received, to set
the two bits to second, third or fourth value if
W@ vBnois3T nf ormati on i s received, and to sel eceCT/b82008/057160
second, third or fourth value for the two bits based
on whet her one or two codeworgis of data are received
and decoding results for the one or two codewords. 4
1. A nethod for wireless connunication conprising

96?%1%55” (I:}d t% %%’}Alqe%tg Bro 51?5 0L EEOPFH rrna’? Ton, I 0‘38 %8giealworas of data are

ernt nin als
eReilvegt |y, and generatlng acknomAedgenent (ACK)
i nformati on based on whether or not contro
information is received, content of the contro

f t i f j : d I f t
Idgt gr g%zl 0$Rée aﬁg?%giévgf cl il #ji&% ertﬁelgsé:f Leﬁst Bhe ﬂ?gcessor is

gerigyuadd mggetnhmteﬁ\ﬂﬁpdedfrﬂ)lMt o6 bite (fmpﬂlleS/E@Kellnﬁﬁdiangn trépardless of
ﬁK i nformati on i% on a.first block cod égﬂtrm
PREGFHR i W Qb tIN{OERAiQNedS TaesdvedneiTRgIEIses AEkhe number of

QbR draRtRasgekon a second bl ock code if control
Information is received. 43. The nmethod of claim 41,

wherein the generating the ACK i nformati on conprises

code- 1 %ondfe daemal B S 3Pe ieat v, “oRgnaBigeesor i

tdiE o ﬂonge%met RN RASRAhO A K $E6ANLII af ket GRE BV bits to a first
two codewords of data is received. 44. The method of

dlug HhcontrolinErreiation Fenagesrsivatli lagict the tWERit g ercrad.itbiid or fourth
Vchrl@ i o%‘? p?nl%&'h?atnoﬁ% %ecel%eg e%n%i tfoosrelecp%e'%%r{dnq HABE to2h value
T of generati ng one

fﬁrtthé Qﬁvot e BesKd i onf Whﬁﬁhbﬂ @ﬁle iof teavecodedemirsf @dfta dad acdebred and
recej ved, and %eneratlng two bits for the ACK
depodgaesudis o the ape iUHORHEN0Ws data are recei ved.

41. A method for wireless communication, comprising:

determining whether control information for data is received;

determining whether data is decoded correctly; and

generating acknowledgement (ACK) information based on whether or not
control information is received, content of the control information if received, and

decoding results for the data.

42. The method of claim 41, wherein the generating the ACK information
comprises

encoding the ACK information based on a first block code if control information
is not received, and

encoding the ACK information based on a second block code if control

information is received.

43. The method of claim 41, wherein the generating the ACK information
comprises
encoding the ACK information based on a first block code if one codeword of

data is received, and



45. The nethod of claim4l, wherein the generating the
ACK information conprises generating a fixed nunber of

whraog/115887 t he ACK i nformation regardl ess of wWheCTES2008/057160

not control information is received and regardl ess of

t he nunber of codewords of dajm received. 46. The

nmet hod of claim41l, wherein the generating the ACK

i nformati on conprises generating two bits for the ACK

i nforpation,. s i ng. the. t bjts to a first value if

cont r B RSP EGT Aofish TRl oba g oot dchgotifdl Fugpcodewords
bf d3a t1sae&ew@nd, third or fourth value if contro

information is received, and sel ecting the second,

third or fourth value for the two bits based on

whet hgj;‘ ongLo fmettmgl gpaﬁi\?@ r4qi,s wﬂgreﬁfﬂ{h% %erg@raﬁﬁ% Ghe/ g‘él@ rﬂ‘fl%rrnation
decoding results tor the one or two codewords.

comprises

generating zero bits for the ACK information if control information is not
received,

generating one bit for the ACK information if one codeword of data is received,

and

generating two bits for the ACK information if two codewords of data are
recetved.

45. The method of claim 41, wherein the generating the ACK information
comprises

generating a fixed number of bits for the ACK information regardless of whether
or not control information is received and regardless of the number of codewords of

data received.

46. The method of claim 41, wherein the generating the ACK information
comprises

generating two bits for the ACK information,

setting the two bits to a first value if control information is not received,

setting the two bits to second, third or fourth value if control information is
received, and

selecting the second, third or fourth value for the two bits based on whether one
or two codewords of data are received and decoding results for the one or two

codewords.



