METHOD AND APPARATUS FOR UPLI NK CONTRCL SI GNALI NG CLAIM CF PRIORITY
UNDER 35 U.S. C. 119 [0001] The present Application for Patent clains

priority twoBs@uissonal Application No. 60/976, 760 ent iplrgd00Mh7k5#aD
AND APPARATUS FOR UL CONTROL SIGNALLING' filed QOctober 01, 2007 and

assigned to the assignee hereof and heréby expressly incorporated by
reference herein. FIELD 100021The present invention is related to

wi rel ess comunMERHOD AYB ARTARADUS ROR UPLINK CONTHROL BIESATING
invention is related to a method and apparatus for reference signal
and code book design for uplink control signaling. BACKGROUND

[ 0003] Wr el ess communi cati AIM HSPIEITR IV UNDERI [gl_gm.(gyp;j to provide
various types of conmmuni cation content such as voice, data, and so

on. These sy¥dhs iy PErserndippliption ferdatest elgistsamiorinip Apdwsigrfal Application
supporting eRMeIovEY QRaWM Setibo AL A Ho ai l abl e
system resources (é.Q., f)and\\b/l\nEdt Ptﬂa‘ﬁﬁgtransm wgomrw%glgﬁ%ﬁés of
such nul ti pSECHAEEESGS{iktl €lntobien@], 3067 suidssighedits tenssiplet ihpteef addesdy
(CDWVR) syst ixme division. multiple access (TDVA) systens,
frequency d?:\%}gﬁsf Hggn%mqrfltﬁﬁéyéeg%rggcs?}%m) systenms, and orthogonal
frequency division nultiple access (OFDVA) systens. [0004] 3GPP
Long-term evolution (LTE) conpl enents the success of H gh Speed
Packet Access (HSPA) w th higher peakF(I;PuaIt‘]% rates, |ower |atency and

an enhanced [dgogpdband pRXBREARAGS is Reltb @R WRIRR doRfRRR atioh Ny Stehs More
acconplished with the use of w der-spectrum bandw dt hs, t hogonal

Fr equency- DP#itisilery. KA RIpsSRicinygntien & 1e 3 meed STl mmerstys foerefergicngl e
carrier) aik;i .t echni ques. These
) élﬁgég}ag& E@cféq)%ok é%?%rgﬁé}’g@ﬁ%‘%oﬁ‘t%%&%‘h g q

t echni ques I gh spe cl ency and “an excel | ent user
experience for a wi de range of converged IP services. UMIS operators

are rapidly adopting and offering LP Vi such as rich multinedia
(e.g., video-on-denmand, nusic domﬁéﬁ%{?ﬁ@ﬁ sharing), VolP, PTT and

br oadband ag0esk t Wirdgss epamanidalRidAs stefap efeatiaEls doflbrid b BRSRI.SAFiMisCes
t hrough access networ ks such as HSPA, HSPA+ and LTE. Evol ved UMIS
Terrestri al DREYPFORRILRUPRCQIRATUCGTRS FHIEC. glata, #1diseonahese fysthrgspnay be

multiple-access systems capable of supporting communication with multiple users by
sharing the available system resources (¢.g., bandwidth and transmit power). 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, and orthogonal frequency division multiple access (OFDMA)
systems.

[0004] 3GPP Long-term evolution (LTE) complements the success of High Speed
Packet Access (HSPA) with higher peak data rates, lower latency and an enhanced
broadband experience in high-demand areas. This is accomplished with the use of
wider-spectrum bandwidths, Orthogonal Frequency-Division Multiple Access
{OFDMA) and SC-FDMA (i.e., single carrier) air interfaces, and advanced antenna
techniques. These techniques enable high spectral efficiency and an excellent user
experience for a wide range of converged IP services. UMTS operators are rapidly
adopting and offering IP services such as rich multimedia (e.g., video-on-demand,
music download, video sharing), VoIP, PTT and broadband access to laptops and PDAs.
Operators offer these services through access networks such as HSPA, HSPA+ and
LTE. Evolved UMTS Terrestrial Radio Access (E-UTRA) is the air interface of 3GPP's



2 Long Term Evol ution (LTE) upgrade path for nobile networks. E-UTRA
is the successor to HSDPA and HSUPA technol ogi es specified in 3GPP

rel eases Syp8oefiskosz [ 0005] One aspect of OFDM systens ipgriRddosdrsso
nunber of lowrate streans are transmtted in parallel instead of a

single high-rate stream since |ow synb@ rate nodul ati on schenes
(i.e., where the synbols are relatively |ong conpared to the channel
ti me char acteng $&incByoletichi (RITE) lygsadel pattefior siphikohetwaitke H-BTRACE el ST)
frommultipath condi th uration_ of e synbol_is |ong,
a guard |nf SHrESoT g }iér@é]ﬁr f"é‘ﬁl{%[éﬁ %‘g‘nﬁﬂ%‘eﬁﬂﬁﬁhf%ﬁi/%&?% Keagsiond At &
1ST. A cycl ii@op] ef ione(aRt bSOEDRINS Getnt @dhs Wnuhbet SBo@lak drbdieryal |
whi ch consists of the end of the FDV synbol copied into the guard

i nterval . THansopttd §ypasde! iflqucﬁﬁ@ stigle fggiaraae §irPREys YRS, iowrs@m@eiama
interval i ngliidBgoPicn8mEORY, %elre%sg%og Ilaﬁngg yc% edf fpat the

recei ver can integrate over an int er uso cyc és for
each of the Chmllncll tpaa thagictynistics) dém&udlﬁd;samengymboé 1@&%@3 GISE) from triultgrath

FFT. Spectr fficLenc i.e. ful,. synbal
Fengti to ¢ sty SEERNe S of SfpbRt ichabadaty fhRl SR o
Al t hough thbetg/laatf tﬁel(mmw%b@l@fﬁainﬁﬁaté Esiumd@md tic ﬁr&ﬁﬂi(CP)ﬁﬂuﬁﬂlslﬁﬁttéchﬁmng
capacity of sone OFDM { ng gua interval a

transmit t er S n@ﬁf&@ S opFies Og%af?‘?éj ?fﬁhfaogp%%nw eeiehialp theewwd k
(SFN), and Lpagar TabarhN @irﬁﬁd&%lﬁw@'th@ﬁﬁa&@fn&@ﬁai%g%@lldlmt%fv%?ﬁcl‘aﬁes of
better coverage in nountainous regi ons where signal delay spread is

rel atively Pappjeof the e thaPFRhwyrbrbypythetdhpierees can vdgite avas apintqger

OFDM synbol I r
synbol s. [0%%%%rr?@%9‘lﬁ%%% ﬁ?']‘% %ﬁﬁ%hﬁ%&(ﬁ%%ﬁe oh glﬂ?“‘f%}h?ndl cat or
(CQ) need signyevithraarf3ih t&pectralmefﬂumcy he ﬁwmtlsomfseﬁiﬂr@FW lsmnijol ldngdiabd a

Ak ana oq ep 8l AEpFER AL RERL B PR Shrist orifuel o Bl

Acknow edgeimdsrt/al cofta g rddsm@anpaak,ebdum%s@cg@ S §ChfisBime DEDM 8y38MsS 5 1028
Control Prot oc éwgp%l t o acknow e%‘fr recel t of a packet, Frequency
resour ces aB"tt ént RY'B AL R 0 Bersmaqsd &y h%ﬁ@“é“@@“%]@fﬁ@quencY

i nf or mat i onpétem (ISIFN?:%nQ 1818F @Jaf"cpﬁlte‘im atuo‘;ﬂaﬂ%@f@m LagY¥izQorbetigers for

long cyclic prefix ( numer ol ogy are mul ti pl exed using code
di vi si on nuPeYepiZesin WQWU@BMS rﬁ&lonwh@jeﬁgyaidekmsmeadqamlatm}yalargpnar&hofm

transm ssi d a ase
frequency e iRISdY Gt BHERTY 7NN Inbs T RALLECE bitnk BRI 00
n+k) bl ock cmdweaaeum&adebb@%DMsyrxﬁﬂﬂs ection based on the

nuner ol o hort |ed in th ndar wher e
o s the nutBasT of B TR oy R ERIGE o Peby it CR et
3 informati Bﬂtrmqhﬁttedstzﬂﬁﬁﬁ tiRnaee beiteet biasat Ugdieta(t@hlﬁhmﬁs:h@aud RFnBokE
the UL CQ transm ssjon as, wel| as_ downl i nk data transm ssi on,

NB knows wheFfntsoResssbioenesye Unhigk - hakk and ¢ én FREHo. Srkisen
operation. Eﬁﬂ%itmvfgz\/ﬁfmkﬂ@%dg&ﬁéntex@li&lbt?ﬁ%%cl(e@@esﬂ%é%ﬁ it e

downl i nk assignnent, the UE transmts CQ alone in the schedul ed
resour ce bl dedasmrEg) Cppirolfsetoeql SFSH) toterkigwidge racaipt of %pe@h@e FragN@ichias

DX for Ack ety R RE P el Bl Ok I AR AR IR AR

bits. This usrsionsioarCR oumtrelogy or 4 bedrefod Engdi iy drefixACR) alaaelqgas:

][ g?0t9 3\; he eNBltlp?e%(%(li Ylseurlg SOt Vttg;lglll n‘Xlltip?sxzr;[go(C‘lﬂ% in rerc{ﬁen%y Lrlnertlig ggcf t?(gnea
intra-TTI (transmission time interval) frequency hopping is applied to increase
frequency diversity,

[0067] For the CQI or CQI+ACK transmissions, (20, nt+k) block codes are used for
error correction based on the numerology for short CP and long CP specified in the

standard, where n is the number of CQI information bits, and k is the number of ACK



hypot heses: (a) CQ was transmtted with code rate (20, n) and (b)
CQ +ACK was transmtted with code rate (20, n+k). For short code

bl ock | engybaodoppiosnl error correction code sel ections pgigshRseRsAN

| i near bl ock code such as Reed-Miller code or Golay code. Wth
conventional code design, the two code Spaces have intersection,
which leads to a catastrophic error rate. SUVMARY [0010] The fol |l ow ng
presents a $ifomatibn bids. Surman ynlianceolrdes ndde (¢BVicHaludesbathi the UL CQI

under st andi ng_of. sonme aspects of dj scl osed aspects. This summary
oot an eRfuRugR BoBTS Gvalit 5 dhbdSaStot NS s whiak P key
or critical Cglen@uQs+ACK iflelimnanileyithe op&olem. of such aspects. Its
purpose is to g}resent sone_ concepts of the described features in

[ I , a
sinplified 1UWH as Hevsven tbien ver eermat €0 enisrasdle dpgdink priamephse i s
presented | gfitansh{0&b) hidn2GGAE SABEG Y bdhr@ Mo & (RERY Kt 3§H%E%itgﬁgd
correspondi ng di sclosure thereof, various aspects are describe n
connect i on WGkh Inl8is erise gNB e & dasilgevisthoe WE i ending&i¥nilaneiimghih case

ref erence si . it r. Mt hout . acknow e t .. ACK)
that can beeﬁpﬁﬁggﬁégg&eﬁgﬁ t%fuﬂfb%ﬁ%%‘d’iﬂ%fﬁ ep%a(fem gu%@% oﬁ%scéé al arm
and m sdet edtferamtion bitd. Vithipislsiilas paihe sri-atte davaiingibl26CK alogbedsk, cyclic
prefix (CP) rol.ogy,..then a cover functiop applied to the pil ot
spaces can Hﬂﬁgf e \M%_gfzwgrm%ﬁvcﬁﬁiscg N f@dﬁ‘@g’gﬁf‘&r ]_éhqd 'F?ﬂ?éﬁ)rlt‘ﬁ‘ét can
det ect ed by hghhs@AdhOQI Whs LMSmRIcH Aithsddas fitd @0avahnk &l €I+ AdORSs CP
nunmer ol ogy, then coset based code design ensures ‘that 'sufficient code

spacing is HempHiedvitrodsrstrbiladis For shee code blarinlgnsthoonizpliavoone
aspect, a mpghoded E@d&%@l‘c&tﬁm@ﬁre‘b%ddfﬂél e h fdﬂ%dfé&ﬂ% RY "fr}.ﬂé@& ééﬁd% pout

an acknow edgenent that avol ds avoi di ng féll se al arm an etectron.
Codi ng of aGolyrcefeMéticeonsénfioat] cadeldasignotibitwe dodesharce howe istegpetionand
acknow edge re. defi 1.:Coded reference signal is transmtted in
response to&z&i’cl%ggltﬂ %%t%gg%hd?ggorﬁﬁtgbk in response to not receiving a
downl i nk assi gnnent. Coded conbi ned reference signal and

acknow edgenent is transmtted inr S;LO recei ving the downlink
assi gnnent, wherein the defined codi%zg\?m des for detecting either
the coded r @fig@0ENCELS FARNinDpreGAdediGMMIIREMAN8f BIBNE ngéogia_éh radd
acknow edgenent by blind decodin ot heses wi't hout anbiguity.

: hyp C
[0013] I n ané@%ﬁa@w&fﬁ?mww@a@? the disclopedospesty Thisssammarsisaet upl i nk
ref erence sj Wb B - 1. J
avoi di ng f a}e}ggﬁh‘ie\é&rv%ﬂﬁéeﬁ%aﬁrgl lé gg%{ggﬁﬁo%%ﬁ%q%nﬁgggﬁtﬁpég%Ee?#eﬁl\rélfe?{g q?:rodi ng
of a ref er eddacetk ¢reasicopd sachcaspdyitn dth puefose sric ereséng sathe emulepts of the

acknow edgenent. cond dule transmits coded reference signal .in

response t oggsc}gt():%dg‘ u Igg Tt %%%8 fri'%é%d %Fﬂé & Prneﬁlrdg gcb%‘ﬁ e getﬁgeﬁ #%%@FI% gt a

downl i nk as&ipgesriad lateh third nodul e transmts coded conbi ned

reference SL@ ﬂma d acknow edgenent in r esgon e to receiving the

downl i nk as! 3 nt AGRABIRRT i %“ed%ﬁ%%ﬁ?pﬁg P‘choﬁ‘ieﬁﬁﬂnﬂ’élg d_fséllosure

det ecting etHcRQF, vhhsus £ HreIREENESN ShIBAlonQlitCRHRH AR B8 blocks for

reference signal. and acknow ed?emant by blind decodi ng hypot heses

Wit hout anbiraRpiljing a reference signal (e.g., CQI) with or without acknowledgement (ACK) that
can be blind decoded without ambiguity that causes false alarm and misdetection. If
two pilot spaces are available in short cyclic prefix (CP) numerology, then a cover
function applied to the pilot spaces can denote whether or not acknowledgement is
included that can detected by dispreading. If one pilot space is available in long CP
numerology, then coset based code design ensures that sufficient code spacing is
achicved for unambiguous blind decoding.

[0012] In one aspect, a method transmits an uplink reference signal with or without

an acknowledgement that avoids avoiding false alarm and misdetection. Coding of a



[0014] I n an additional aspect, a conputer program product transmts
an uplink reference signal with or without an acknow edgenent that
avoi ds avgyghsgni@ise alarmand m sdetection by havi ngpgrus2008/078370
conput er -readabl e storage nmedi um conprising sets of code. A first set
of codes causes a conputer to define coding of a reference signal and
a conbi ned reference signal and acknow edgenent. A second set of
codes causeseftiifcceRiplingra dombined Abichcetighatandel Riedefeatnad dédfihed.

response to a sch dul ed r source bl.ock in response to not rece|V|ng a

downl i nk as&PgFhEs encsz\ﬂswr Ptrasmitid i Frapense o isthequird TetpuprG Mk iy
transmt codggyie mdae&emc%earmnﬁ h@NAmeaN TRk BonbiRdDR BN C hrgnar and
response to receiving the wnl i nk assi gnnent, wherein the defined
codi ng pr ovhekaewladecrst éscranagitist ithspanhetogertining i dpwnlink assigragntor

coded conbi i ng
hypot hoses WLRBUS SRR ool R Rioy BREP ERAM RARR TR ol b RS T
appar at us t raded mbinbinadh rafipkiceisignel aad enlaevwdedymabntbiytbhind deomdmgdmpotheses
acknomﬁedgeWQ§t th q¥0|ds avoi ding fal se al arm and ni sdet ecti on.
Means are pro ?ﬁé‘ ©¥Ydefining coding of a reference signal and a

conbi ned refomsnce Iﬁ bigtiedr agyRelt, ATk VS5O ranMERNS 1Rk RFAMIcESEnilor
transmtting coded reference signal in response to a schedul ed

resource bl é}’é‘lb of Withe 38 ﬁgleowécdrsemcrrté% Pmlﬁba\fézl fsp alerm aad gifdaigetion.
Means are pﬁoﬂﬂs@ﬁﬁhﬁl@ﬁeﬂn’émﬁﬂé dflanGfeFREE o0 R e[‘@cgnbléecf @fe%n%? ﬁgr&al and

signal and acknow edgenent in reEgonse to recerving t
assi gnment , aMQWéngemm detiarddn h:rtrﬁgsmﬁbmddésef¢r9mcec$¢ﬁnebmr¢sgc>@iett¢1er

acknow edge et TES Rsfr R sRERE SORM AR SUFLEDRG G ANR, A
[0016] I n a tuedblernnasipeotied a:rm‘tamﬁa'eﬁtanse mgrarhsm icknawlcdgdrenkinrredpenenc e
21 rm and. nfSgtech SR GG TGS B dr RrSPIE PurERb o erGial
a

and a conbi Bﬁiﬁtrlﬂﬁbfcﬁﬂ&ﬁ‘éﬁ:r&icl@@hal%ﬂd@@ﬁ'@ﬂ@rﬂn@@igﬁ&@ﬁc sighall#3@ei ver
receives a downlink assignnent. A transmtter transmts coded

reference sPgHarIgdgepay BB kled desoding Apeathpsestvithoyb anbIgUISY- ock i n

response togial) r ege he{a&guédapas?@ew ddiipuRs ﬁr@w%dua%ﬁe%m fifilc
coded conblned reference si gnal and acknow €dge in response to
recei vi ng t kederdossrsignakw s oi it an amewwgemdnethde&womdedmgrf@sc alarm
provides fo i C i code
Dot e orad SRS 5 LR SR AP0 e hoRlas P
hypot heses W)dehduﬁrsasdo b@mdbycauﬁﬁ(ﬂc?)]ﬂpntey&idaﬁne c@ﬁrpge@ﬁa, referemeé kigokl and a

recei ves an referenc i th or w t hout

L now edqoRpE R SHe a0 ey et e e hcadkscates B, A
plurality otokiypetthasesnit @d@etdfaeﬁtefﬁnaﬂm@@bm 1®h scheB@ECFEHNLGE: Bb&al
that may or may not include an acknow edgenent. A downlink assi gnnent

i s transni t {SEONSA R ERFChETEsY dayadink pepiepicnt A tislegirfitelss capestired
that may or c&ﬁy a% tﬂa@éﬁluy 2R AGKAPNkEORE g%ﬁ&r and Q&na%%g?rﬁ&t%ded

ref erence S|gna bl'i nd decoded using ea the plurality of
hypot heses wispérse tfo mfnwgg theydowngold 8jsignmgnt wheroinitbe defwd codingprovidasior

one pr OCESSBEte%tﬁ‘fgeeﬁtF&sch lé&) &éf@rercllce% &nflle rccgdedl ! %me éeftégeg(éee%m%r}ardnd an

acknow edgenen s avo m-an I on.
first nDduIeddeﬁmm@ananpthadd&mdmghhynmkhesemnﬁamb@empdlng of a

ref erence si t hat r..may not include an acknow

second nodu I[(gﬂajr an Qgﬁ% 8@%1?%‘ AReYs ¥ Y HapSTRIE 3F1dlp Eﬂ @ence
subsequent | mgﬁmﬁthvcﬁsmﬂmap@dﬁakﬁ@ried%ﬂféﬁt tﬁ&t@ﬂ@ilds EAdin g B seQariBvd not
i ncl ude an acknow edgenent. A fourth nodul e nd decodes the

recei ved codusfierestia. wssregﬁarld%ﬁh@ewogfngﬂﬁ & refpignes signgl gxd a
hypotheses whhhakd B8 Woh¥l-and acknowledgement. Means are provided for transmitting

coded reference signal in response to a scheduled resource block in response to not

receiving a downlink assignment. Means are provided for transmitting coded combined



[0019] I n yet an additional aspect, a conmputer program product
receives an uplink reference signal wth or w thout an
acknow edgggeamionidead avoi ds avoi ding fal se al arm and mpggRisefikHRINAS
a conput er-readabl e storage nmedi um conprising sets of codes. A first
set of codes causes a conputer to definé a plurality of hypotheses
for decoding of a 6 reference signal that may or may not include an
acknow edgem#EBienceSigatandchaivledgeaRalcs r&poise So febdviag Mptioamlihe

[ hird set of codes causes the

transmt a downlink assig nt. At.

comput er { o NS ST UhE Befire caciBbamy s f EEes Griare tagas may or

may not i nc&éf@lxen@rsé@ﬁmmgﬂmﬁd-mﬁ-&lm%m a5t acRhowREESnABHFEIR At he
e

conmputer to blind code the received coded reference signal ‘using
each of t he dpgogingllivpgtheses withonteewEaityi t hout anbi guity. [0020]1n yet

anot her addigqd@pal a (YA ' ance
o anal i t h o e e el R R R MRS RIS
al arm and nivgtiettentacrowlddsamsntah® apeidyiaéting titse dfnhdmisleetiomal A t y
of hypot heses, f ar.decodi ng. of .a reference sigpal that may or nay not
LA Ty T s M R A ORISR S o
downl i nk asa¢igmbsiizemddtaASreedier PEcaivesle dol il inkSuhGeaise NA N SRIGeT Yine@itd
coded reference sjignal .that may or may not include an,

acknow edgef8td RSN MEHPneRg abhedgicr pepowrse Brk i eHenscedpy ed

coded ref er eneRinl tH@bwilk A Sadht, Ahd trnRlsWhadd dovhbRed PYRRE |
wi t hout anbi gui tﬁ%I [00“51] In ;et a further asspect, an ea|5par aﬁﬁﬁ‘% and

recei ves an aelgiomiidgeraend iereeronss riagciving e dewnlinkwssignment, wherein the

acknow edgengnt .t ha ! vl .di ng.-fal s¢ arl | m tjon. A
decoder def %"%’%’%ﬁ?ﬁ’?ﬁ fd(ajrfd9 h}%%%glle@g @%"%@8‘%@&%@@? &{3{3%?% erence
si gnal that comyined refimynca eignalant adeoabe dgekierowly &tge deoting Aypotaasssvitlicat
transmts a downlink assignnment. A receiver subsequently receives a

coded refer@’ﬁlg}‘;gug?"gnal that may or may not include an

acknow edgenmily] The yetemedgiechh inftthod @6R0RS ad Biginkesic 8ckiEAa4th or
reference signal using eiach of the plurality_ of hypotheses w thout

anbi gui ty. [OG9¥RGckveleiecra thaligeidt awiding Rlse glepg snhgridaEgctiat & ed

ends, one ORI o ABRBSMHeses GOMRLS ﬁ)rfab&)d_t@a;flarr@ﬁreh@erﬁém{hfa%a,{ 1@# th¥ not
described and particularly pointed out in the clains. The follow'ng
descri pt i oninghiicranacknendsdaementawi deyalisle asstanment is tranetitied. A evdedi n
illustrativ (o I ndi cat i t f e various
vays i n vhi SHOERE e rE e A Bl B el b S  her
advant ages acidontadgbmérealThe eseived todbd cderencepipanlenblifd dmvdddersinglehdvag

detail ed descriptj.on en _considered in _conjunction with the draw ngs
and the dis edjglgrﬁhtgsoﬁB@Rogheé?sew’iﬂ?ﬁué?‘m]éi&m% include all such aspects

and their eqoispl enh et BRLERsPEBER B bl pfdcesbbibe bR NGOG RZAInEh e

features, nature, and advant ages of the gr esent disclosure wll
becone signal with or without an acknowledgement that avoids avoiding false alarm and

misdetection. A first module defines a plurality of hypotheses for decoding of a
reference signal that may or may not include an acknowledgement. A second module
transmits a downlink assignment. A third module subsequently receives a coded
reference signal that may or may not include an acknowledgement. A fourth module
blind decodes the received coded reference signal using each of the plurality of
hypotheses without ambiguity.

[0019] In yet an additional aspect, a computer program product receives an uplink
reference signal with or without an acknowledgement that avoids avoiding false alarm
and misdetection has a computer-readable storage medium comprising sets of codes. A

first set of codes causes a computer to define a plurality of hypotheses for decoding of a



nore apparent fromthe detail ed description set forth bel ow when
taken in conjunction W) 2009/ 046052PCT/ US2008/ 078370 7 with the

dr awi ngs iviip Wbelkesd ke reference characters identify Cg&i@§ﬂﬁgﬁh@ﬁly

t hroughout and wherein: [0024]FIG 1 illustrates a bl ock

I agram of

wirel ess network of a transmitter and aérecei ver perform ng coding

and decodi ng respectively of an uplink (UL) reference and

acknow edgereatneizanaethat th0R99dy it indluidk bl &ma&&aganaﬂt agrsadtnketdf

structure for uplink, channel quallt%?lndlc tor (CQ) with

cyclic pref Fodep epsesilinErBrEe o tpeyy

short

devenling asgignpagny a‘f\é@rdaseﬂ?%&j’ﬁiﬁsrn of

a structurecfiREs 4P l:élﬂﬂﬁlt&h@@ﬁlﬁé Lg fet:éﬁvé m%c&a&a&eﬁ&%gnammnémqm
cyclic prefix (CP) nunerol ogy Illustrates a dlagran13} a

hyper pl ane Pefia¢lndnpsiicknayd meatt & Oﬁfrtb 5l qfﬁ@fhﬁ ceusgeide Computyr tamting m
N+k) optim zed,a5.helARd Q@&e@ilr&%}en@@ggﬂ gﬁ}'@/ ea%H%F%g plurality of hypotheses

without ambiguity.

[0020]  Inyet another additional aspect, an apparatus receives an uplink reference

signal with or without an acknowledgement that avoids avoiding false alarm and

misdetection. Mcans are provided for defining a plurality of hypotheses for decoding of

a reference signal that may or may not include an acknowledgement. Means are

provided for transmitting a downlink assignment. Means are provided for subsequently

receiving a coded reference signal that may or may not include an acknowledgement.

Means are provided for blind decoding the received coded reference signal using each

of the plurality of hypotheses without ambiguity.

[0021) In yet a further aspect, an apparatus receives an uplink reference signal with

or without an acknowledgement that avoids avoiding false alarm and misdetection. A

decoder defines a plurality of hypotheses for decoding of a reference signal that may or
may not include an acknowledgement. A transmitter transmits a downlink assignment.
A receiver subsequently receives a coded reference signal that may or may not include
an acknowledgement. The decoder blind decodes the received coded reference signal
using each of the plurality of hypotheses without ambiguity.

[0022] To the accomplishment of the foregoing and related ends, one or more
aspects comprise the features hereinafter fully described and particularly pointed out in
the claims. The following description and the annexed drawings set forth in detail
certain illustrative aspects and are indicative of but a few of the various ways in which
the principles of the aspects may be employed. Other advantages and novel features
will become apparent from the following detailed description when considered in
conjunction with the drawings and the disclosed aspects are intended to include all such

aspects and their equivalents.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] The features, nature, and advantages of the present disclosure will become

more apparent from the detailed description set forth below when taken in conjunction



[0028]FIG 5 illustrates a matrix of a coset based code design for
(20, 8) and (20, 10 derived a best block code froma (24, 12) Col ay

code by pypghstblos@sLcol ums and rows; [0029] FI G 6 il uskratkamsarsszo
matri x of four coset |eaders; [0030]FIG 7 illustrates a timng

di agram of a nethodol ogy for uplink joifit reference and
acknow edgenent codi ng and decodi ng performed by the wirel ess

networ k; [ OQ3hltid deawhgh inl Wisith BkEforeriob Olgdtadliérg icaify@brraspohdifless

net wor k con?rising the UE and receiving base node; [0032]FIG 9

i | | ustrat es tEoAheRIeE "5t of a communi cation system enhanced to
support uplink reference and acknow edgenent codi ng and decodi ng;

[ 00331FI G 10921 | usiGal Blstzatesi adyjpckdiedram ofrpy Mielsheneiwekos a Wapshiigrand

conmmuni cat i r djy: els ' d
acknow cdge perENeh R ERERTBLAE ohPaBnRBRRAE D of HPLiHE (L F) FIGREE A8
schemat i ¢ bhdokwitidggnarchdnnel; conmuni cati on system for supporting
uplink reference and acknow edgenent codi ng and decodi ng;

[0025] FIG. 2 illustrates a diagram of a structure for uplink channel quality indicator
(CQI) with short cyclic prefix (CP) numerology;

[0026] FIG. 3 illustrates a diagram of a structure for uplink channel quality indicator
(CQI) with long cyclic prefix (CP) numerology

[0027] FIG. 4 illustrates a diagram of a hyperplane relationship constituted from

linear codes (m, n) and (m, N+k) optimized as being parallel and widely spaced,;

[0028]  FIG. 5 illustrates a matrix of a coset based code design for (20, 8) and (20,
10 derived a best block code from a (24, 12) Golay code by puncturing columns and

rOWS;
[0029] FIG. 6 illustrates a matrix of four coset leaders;

[0030]  FIG. 7 illustrates a timing diagram of a methodology for uplink joint
reference and acknowledgement coding and decoding performed by the wireless

network;

[0031] FIG. 8 illustrates a block diagram of a wireless network comprising the UE
and receiving base node;
[0032] FIG. 9 illustrates a block diagram of 2 communication systcm cnhanced to

support uplink reference and acknowledgement coding and decoding;

[0033] FIG. 10 illustrates a diagram of a multiple access wireless communication
system according to one aspect for uplink reference and acknowledgement coding and

decoding;

[0034] FIG. 11 illustrates a schematic block diagram of a communication system for

supporting uplink reference and acknowledgement coding and decoding;

DETAILED DESCRIPTION



8 [0035] A transmitter in a wireless network transmts joint channel
quality indicator (CQ) and data packet acknow edgerrent (Ack) with
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entity, ei tg%ﬁ{bcha? ﬁeleﬁs%on@nﬁa{sh)b&%iuaanaq%o&aarcémlang%aﬁ%wE&ic

software, or software in execution. For exa onponen
but is not [A03Pk ed Veowseispests e pwde&;&btc{mmh referamcedo fhealcasisg | Inahe

processor, e ead of ex

program or ?Oglog’%l#p&%cnrp%%yeﬁ(ﬁgurb &? § ?ﬁﬁxg 34 Qécini’ Bli’{nerﬂ't‘fﬁl?e‘alﬂ g‘%?)‘llsi %At on
runni ng on forthen vefer ﬁ)rpio‘h&ea gerough uaddistility TP 6N@Bie. ashIte. U mIPHE
conponents ma rocess or _thread of execution and a

d
conponent nﬁ‘ﬁ}g%%%lﬁ“@gﬁf V\%‘ i‘gﬁg 5’2‘% ASHD 2% Pe grachicedrrithoyt leescsaeciien t wo

Or nDre Cconpathify In ofOORShIRS, W@mm%ermh@wnd Ividds 8d sher L6 g mean
serving as an exanple, instance, or illustration. Any aspect or

desi gn descfipgam ReR & erdgrso Taoientplarcyibing shespaspaeitessari |y to be
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9 [0039] Furt hernor e, one nor e ver si ons as a
met hod, the like are intended to refer to a computer-related entity, elther hardware a

combination of hardware and software, software, or software in execution. For
example, a component may be, but is not limited to being, a process running on a
processor, a processor, an object, an executable, a thread of execution, a program, or a
computer. By way of illustration, both an application running on a server and the server
can be a component. One or more components may reside within a process or thread of
execution and a component may be localized on one computer or distributed between
two or more computers.

[0038] The word “exemplary” is used herein to mean serving as an example,
instance, or illustration. Any aspect or design described herein as “exemplary” is not

necessarily to be construed as preferred or advantageous over other aspects or designs.



apparatus, or article of manufacture using standard progranm ng or
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142 for sending the CQ as a (20,8) linear coding block or a well
code spaced CQ -ACK as a (20,10) linear code bl ock, as depicted at

144. A bl ipsl.fesreer for both (20,8) and (20, 10) hypot besgseeeRepent
146 at the PUCCH decoder 136 unambi guously detects what has been

sent. [0044]Alternatively for a long CH0O a 5-Ack (20,8) coset based
code desi gn conponent 148 of the PUCCH coder 124 allows sel ection of

an appropri edrémdniedtiod d@a&@P , caas@EniERthe f&ef»hgmes@gxﬁ&&w&)a ﬂeba&an 160111@
bl ocks depicted at 150 ied to the 8- and 2-bit

depi cted at SEEDINHIIAZEE e GOBRIEHCHipRN \gesh éfﬁn%%ertsg?wae b3 vigs &

decoder of Sg fudl
di fferent A&%ggiaaugg@%fﬁg&ﬁqgmﬁlp%’ glée(r:l&afgeg%gé :;1%[311 @JV% &tﬁ&}f})&g}l

si gnal synbuidiaise EC@I)}) or frAnsshean te i eeeiysr é04.xDpop)metihtyr dlangpe
d_epl ct .ed at g‘gaggel% ates, g‘d p%h&{ﬁéﬂagt%e S@Q%L?%%Hsrﬁ&? V egﬁls: lpﬁ lo?tte ded

si gnal i ng. annel Structure 2 has two
pilots. Eachansﬂrﬁttqmldbut:e mmmtpmenﬂmhckmmvﬂedge sade (AB)) tansdeogo iz that
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utilize a length two (2) Wal sh cover on the p space. For exanple,
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CQ alone tr, Wl ol s
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still be useghregisdssdingaicpedditg @ywinohes thel AMtthrasdceeel Xeis using e short CP

frequency domai n despread shoul d be ne fo bot h |Io
first. ThentUmfrioey ShaPAcae S doTish BBYP e BRdte B bee HE RGP

done fol | oweg shyrt Cirea FIR RGN @i@ﬁﬂﬁfgl cSMPoRddt GRCis dsedvy tﬁ@PM@bﬂhoq@Nm th'S
used and therefore whet her C((PI CQ +ACK are transmtted. Once the

transni ssi oRfeAB AV Hsh eer gade &@h&\@wls a dRpiStRA 2t [320s eprogratedageordingly

decodi ng al ggnict rm+a@1@aﬂleﬁ?é%et%&e(1%9fjﬁ4t he ﬂ%%é&@e?%ﬂ'a%cm
i nformation. [00 7] The conplexity caused by this process I's the

addi t i onal Wedodér Idéspbad aalnd relobsignaliop Nrdshi @@mea j @rid energy gpmparison
trivial ”B&ﬁ ne£°13%'% e’tﬁ tﬁ’écg Ja?ﬁARféﬁ §ut'l%br%ﬂ§f”ere”ce

estinmation nne on | on'a ecode are the
same as CQ {@aBy CﬁﬁhﬂgCPpﬂheﬁ:QSH),S)[(E@tﬂ@]cbﬁetbﬁde;i codessigi domipoatratl 40 sf the

available, f’%@&l—?codfelg {24t 1? %sed tg 8rogpcesz}nro%%¥nlfzre% li%gs(t)r code blocks as depicted at
142 for sending the CQI as a (20,8) linear coding block or a well code spaced CQI-ACK
as a (20,10) linear code block, as depicted at 144. A blind decoder for both (20,8) and
(20,10) hypotheses component 146 at the PUCCH decoder 136 unambiguously detects
what has been sent.
[0044] Alternatively for a long CP, a 5-Ack (20,8) coset based code design
component 148 of the PUCCH coder 124 allows selection of an appropriate 1 of 5 coset
based code designed (20,8) linear code blocks depicted at 150 applied to the 8-bit CQI
and 2-bit ACK as depicted at 152 for detection at the PUCCH decoder 136 by a blind
decoder of (20,8) linear coding block having five offsets for the different ACK states.
[0045]  Pilot Aided Signaling. With two pilot signal symbols per slot in short cyclic
prefix (CP) numerology depicted at 200 of F1G. 2, a first approach provides pilot aided
signaling. As depicted in FIG. 2, an UL channel structure 200 has two pilots. Each



depicted in FIG 3, a first alternative is provided by a Coset Based
Code Design. In this approach, a coset based code design facilitates

the blindwgeadion@ss or the CQ or CORACK channels. Usi @@TR)@M@/H‘%&%”M

| i near codi ng schenes, one cannot distinguish between (m n)
n+k) codes because these two code spacesl can be arbitrarily close.
Advant ageously, a design phil osophy provides that an n-dinensi onal

hyper pl ane 9nm%§/mbu[tc@dldfsm9permﬂ@)wd@n@fmﬁmplemad eaeyaRelically shifting
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depicted in FIG. 3, a first alternative is provided by a Coset Based Code Design. In this
approach, a coset based code design facilitates the blind decoding for the CQI or
CQI+ACK channels. Using conventional linear coding schemes, one cannot distinguish
between (m, n) and (m, nt+k) codes because these two code spaces can be arbitrarily
close. Advantageously, a design philosophy provides that an n-dimensional hyperplane
constituted from code words of (i, n) code and (ntk)-dimensional hyperplane
constituted from code words of (im, n+k) code should be parallel to each other and with
the largest distance, overcoming this obstacle.

[0049] A design criterion for code optimization is to find two linear codes (m, n)
and (m, n+k)} such that the distance spectrum of cach code is optimized and the distance

between two hyperplanes constituted from the code words of these two codes is largest,



[ 0052] Anot her nmethod is that given optimzed (m n) linear block code
whose el enents are in G-(2), we could find the subspace t with

di mensi on wp 2@panged by the colunnms of the generator nggfhgzogg,o.,ﬁp;gs
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as a group 6 with operation + and identi2ty (CC From 6 we coul d extend
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equi val ent | fi + - di i ubspace whi. ch ¢O \ NS
Ca - The clUOBEL | ontle SR ol LIRS aRTRERE BRI SEGED
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could find ggtéglﬁlgwngf&}gé?%éﬂﬁ%d\%ﬁ?@ﬂﬂ%e paral l el to subspace S.
From and al [ooshe hypemppafesd (Men-c0Uintariidd chiewhone eWhlehisthenl@rgpst
di stance SI and S2 or equivalently two cosets a Gand b Gw th

| ar gest Hanwinguldifint frecebspited with dmesidnhd” depanedby the colnhing bf ths a
subset of a G. And the fnk) -dinensi opﬂg{l} hyper pl ane 1*1 generated
froma + & B¢nsmtgrmaprix ofthivdreckendd. Thy per pivesters in Oipsubspetecduld 4lsd lse
parallel to S2 . The (m n% | i near bl ock code with offset aina + 6
and (m n+kjorsidaedrs bgonk @ odéh wetationf-aadidentiiyh’b & aFtenewercould find
sub-optimal solutions. This.solution gives best (m n) code. But the
(m n+k) codwscslof aiisngdumﬁﬁ%&ﬁ er lisiperplrmss whish ateseraliel oenissprari $eBrothe
group Gto contain group & The distance between hyperpl anes S2

const i t ut ed Sband(aih theksoerpdogs vemebuty fitsythé two with dedegess dishecd §1r geis‘?z or
wWth respect to (m n+k) COad—EGaCCO% 'bng_to our_construction. G

[ 0053] The aPBVEIEHE thRedssHs” Gifvandstibopith agessdapmingiistgre thjam @ we

ori gi nal G oo .
could find a best sub-group “ which is generated from a (m, n) linear block code, or
equivalently a subspace S with dimension 2" . By best we mean in terms of the distance

spectrum between code words. Then @+ G s the coset of G and is a subset of +G

S

And the 2" -dimensional hyperplane °t constituted from elements of 4+ G lies in the

S

2" _dimensional hyperplane . Obviously 1 is parallel to 2 (see FIG. 4). The (m,

n) linear block code with offset ¢ in ¢+ G and (m, n+k) linear block code with offset

b in b+G arc our sub-optimal solutions. This solution gives best (m, ntk) code. But

the (m, n) code obtained may not be the best because we constrained the group G to be

S

a sub-group of G . The distance between hyperplanes 2 constituted by (m, ntk) code

~

S

and ! by (m, n) code is the largest with respect to the (m, n+k) code according to our

construction.

[0052] Another method is that given optimized (m, n) linear block code whose
elements are in GF(2), we could find the subspace S with dimension 2" spanned by the
columns of the generator matrix of this block code. The 2" vectors in this subspace
could also be considered as a group G with operation + and identity (0, "’0)‘. From

G we could extend it to some G which are generated from (m, n+k) linear block codes,

. ntk . . . . G . .
or equivalently we find 29 _dimensional subspace  which contains S . The criterion

to find G could be maximizing the minimum distance between code words. There are



optim zation problem Notice that if the 2" -dinensional subspace
generated by the best (m n) code is not a subspace of the 2 El")

- di mensi oRah 2sWRASce generated by the best (m n+k) cadewddhemane
m ght not get a solution where both (m n) and (m n+k? are optimal .

In this case, there could be solutions uhere none of (m n) and (m
n+k) codes are optimal (of course not too bad), but the distance

ar gost . 10BNk RloA i GROSHHIE SolVmbig AMACEREAE S3F C e
(20, 10). V34 Ahd ciedshv t e £ 24, h}ﬁpl%s%ﬁﬁpﬁg PérQllJl It(?ﬁlb%}gig% se Ztéon(l 20,

8) linear block code by puncturing colums an OWs.

shown el OWand 1Fine Rrfiinds WO ELIPAind E 36 Wi ARG QiRARE ST Ui 85 of he

best |inear bl ock code. we use the secon t ho escri

above to fi Qﬂmﬁiﬂ&ﬂ@?ﬁo odddis 4+ Geﬁ{dbbmc&itﬁ?ﬂ&s%mm” 'ime%gfeﬁsladmé g

Wth this code, we en find the best coset; ose nm ng tance

is 5 fromthe groupdigenerated by t t 0,w8) ,code. 055].O0ncég

t he code bo s"g%{’SSngeW ich 1&8,311]%??\%%0%%@32@‘1%%%2(20?*%)“31% 1%?’1&' lfs g
bit CQ or (20, 10 cod+eéto t_rg,ns,m’t CQ +ACK. The eNB recegver has to
do blind de8aWfaig B53m 207 gy mrd-dipansionghhypgrplagent i $vigusheh wwaaliglds
used for transm ssion. The coset 14 based agrpéoach maxi m zes the
code space seépHidih onlitrat eehcqdsadth qffest 4 &<’ 1t émpirk) ingds dlack gode

fal se al arm and 4m sdet getd on. [ 0056] As. a,.second.alternatiyv not.her
Coset Based“%g grs%esfngn fo?reI%%%u%@ﬁnﬁlﬁﬁﬁorl’ﬁ%ﬁ%1§S°Eﬁl9\l7igbl"é’a%{f%?m’ )
bl'i ndly decesienBuitthe @ERAn+&n codeQbtamdTtnayl ot b HERAt bblauss Whtorsedidedlthbi t
ACK information (for 1 codeword), or 2 bits ACK information (for 2

code wor ds) gtomp &NBo cdtiwin gionp &F . BlicdiasncafhefEn Wepensiatks t0 condtieuted B¥ {ACt
are not nore than 5, which are DTX, (ACK, ACK), (ACK, NACK), KNACK,

ACK) and KNAGH,colAGHY S: 1550@5,6 IHRAL Bleli Sl With Y&peQW! Gn [l ot At &r@hHt
(m n) codef V\hoseteltenen s arein?2"'">5
O QU CONSTtruction,

[0053] The above two methods give sub-optimal solutions of the original
optimization problem. Notice that if the 2° -dimensional subspace generated by the best

{(m, n) code is not a subspace of the 20" _dimensional subspace generated by the best
(m, n+k) code, then one might not get a solution where both (m, n) and (m, nt+k) are
optimal. In this case, there could be solutions where none of (m, n) and (m, n+k) codes
are optimal (of course not too bad), but the distance between the hyperplanes constituted
by these two codes is the largest.

[0054] Example of coset based code design for (20, 8) and (20, 10). We start with
the (24, 12) Golay code to find the best (20, 8) linear block code by puncturing columns
and rows. In fact, as shown below, the code we found has the same distance spectrum as
the best linear block code. Next, we use the second method described above to find the
(20, 10) linear block code with minimum distance 6. With this code, we then find the
best coset, whose Hamming distance is 5 from the group generated by the best (20, 8)
code.

[0055] Once the code books are specified, one can use the (20, 8) to transmit 8 bit
CQI or (20, 10} code to transmit CQI+ACK. The ¢NB receiver has to do blind decoding

of (20, 8) and (20, 10} to identify which mode was used for transmission. The coset



G-(2) as long as 2". GF(2) is the Galois field (or finite field) of
two el enents, which are nearly always called "0" and "1". Then using

these fiveydSeghs: t0 represents the five (5) ACK st abe§asIdi§orsszo
criteria of the code search should be the m ni mum di stances of al

the 5 (m n) codes are as |arge as possidl e and the m ni nrum di st ance
between any pair of these (m n) codes is as |large as possible.

[ 0058] The bbakkce appbh nliximeiasd e cefe shideSepRitioii beaidea fheb ) @S| g i N
G-(2). Instead of the brute force approach to solve the problem we
expl 0i t t heMEHEWEes Hicgples tlpgangkmiseleqtioRear bl ock codes to find the

sol ution. Sjgyskj N9 AW RBedGIARbER A €BEct Bfked Code IkSign W6: 16RKES T 1 nd
2(" -n) cosets which are disjoint wwth it. Fromall these cosets, we

coul dhfi nd femeroliy tsayided ©hbhedhedededing af 8 enpefi+tAf K e IEdiHe.d4E
. it _ 9 p |
8) Code. 5 gl At HPACR infi e B G ATE), 51 PRHEA PR Bphin (i

5, whi ch i scedenedrds)ead clVBoThdnhetal ates R CICRAeAYed mdeskevitstiacarendt inmude
four cosets_whase, njni di C 7 he orligj code, .and
the pai r-w LEnd BphasD Rra B et iR ALK NAPKa0B AR AER) g MACH

[ 0060] Once Npecicpde books are specified, one can use these five (20,
8) codes to_transmt 8 bhit C@I and 2 bits ACK. The eNB receiver has
to do blindlM8ébdi dgeorrtieatissWerpyid find§ digyintday s cadss whesstalaeniire i
ACK bits were used for 4. ansm ssion. The coset based approach

maxi m zes the code space-sgparation between these five (20, 8) codes,
t hus m ni M SF)takorigakse al aGR(2nis theiGadiais Eeldi(anfinife RGN bConpaemehts, o

the first coset based approa »Si nce,,m-ai mum dj, st ances, bet ween an
Darr of i heSbhagards By Bl 0L g T R HERE hES R R R e
m ni num di stirnbe (PeAGESttds20he @tertnsd the2édde 38 chohaaid bahel mimbtumt he

fal se alarm and m sdet ectjon ) .. _
distances 0?' all the 5 dm, n) codes are as large as possible and the minimum distance

between any pair of these (m, n) codes is as large as possible.

[0058] The brute force dimension of this optimization problem is 2” in GF(2).
Instead of the brute force approach to solve the problem, we exploit the coset properties

of the linear block codes to find the solution. Starting with the optimal linear (m, n)

code, we could find 2™

cosets which are digjoint with it. From all these cosets, we
could find four of them which have the largest pair wise distances together with the
original code.

[0059] Example Code Design for (20, 8) Code. Starting with optimal (20, 8) code
depicted at 500 of FIG. 5, which is punctured from the (24, 12) GOLAY code, we could
find four cosets whose minimum distances are 7 to the original code, and the pair-wise
distances are 6 as depicted at 600 in FIG. 6.

[0060] Once the code books are specified, one can use these five (20, 8) codes to
transmit 8 bit CQI and 2 bits ACK. The eNB receiver has to do blind decoding of these
five (20, 8) codes to identify which ACK bits were used for transmission. The coset
based approach maximizes the code space separation between these five (20, 8) codes,
thus minimizes the false alarm and misdetection.

[0061] Compared to the first coset based approach, since minimum distances

between any pair of these five (20, 8) codes are six which is larger than the minimum

distance between (20, 8) and (20, 10) codes we found, the false alarm and misdetection



bet ween DTX and ACK should be smaller. Since we start with the
optimal (20, 8) code in this approach, all five (20, 8) codes are
optimal byyé haukghyes. [0062] Conplexity wise, if we us@c$iRsh§oRyfsLol
maxi mum | i kel 1 hood (M.) 1024 256 nn decodi ng, we neeg to do 44
conpari sons for both approaches. In thelsecond approach, since al
five (20, 8) codes have the same structure except the different

of fsets; webemied BTHSRI WK Stk tagRden 8inst WeGlarl et RS b@eal@po, 8) code
creating five of them [Q063]FIG 7 illustrates nethodol ogi es and/ or

f1 ow di agr atfsthisirarced al e (4 Ereodreare PRIHEPYSUBRSEeS mat ter . For
simplicity @joeKP! &RAIIQRy \Ji&?ifﬁf‘él_H;@%‘fa&g%&yﬁﬁol%&iﬂﬁ&uﬁéeﬁﬁ’o@WL)

described as a series of acts. Is to be understood and appreci at ed

that the subb@qmg; woayaithap 28 Bt chinpirisek BY béthep@eidhcs. I thske@hed
and/ or by the order of acts. For exanpl acts can occur_ in_various

e, .
orders and/ 8pPreashctipaeentg, Chifd cores Rasrthefamectrycm exprrt St idarenind
described hgfrgl ,wfﬂf@g{sgﬁ{e%amgg%coeing s{rhét&i%tiﬁs?éag%f%étﬁgm Phem.

required to i npl'enent’” the nethodol ogi €s I n accordance wth the

cl ai med subj®$8] matfier7 illusiraerdiethadelogidsasd/os Riw iagrams in hesopdancanvithh
under st and a I a hqdol .odi I | ter ively
be represen?%%kggggsggg}gg&%f%P%$§?3§hﬁ#gépgggﬁggﬁgﬁgggag§%F%ggiagram
or events. Addiitd enbddsyribetltas 8 kaiek df fnes. fluistidbe viajepitecl aat epbrediatd thaethe

met hodol ogi es .di scl osed .herei nafter. and throughout this specification
re capabl e UHeBEIREHEndr BY TGHCARY e HoE LRGP ARIPHO U GidPbo! sets. Tor
facilitate bxARAQQAELsIcRYo@NLinVafbsS Qi BEH/SUSAcIRINGAAH QGth ®%hek Bots not
conputers. The termarticle of manufacture, as used herein, is

i ntended t oPEREBHHS desribadpueiar Fpitbrgmarn pricdddysried pety magny required to
conput er - r egdablendeyinE@od 5L iﬁgccbo?éane@@hﬁ‘the[c%é& 5@5}&[ hhilg rIrE’eFI G

7, a nethodology 700 1s perforne y atransmtter Ice 702 .g.,
mobi | e conmmadditet, ithose skallédie tha drawilluendsrstand apd appkecragd Brighemedhdelogks
(e.g., P o.transm.t a reference sigpra . O ). 1.0 a.

Fecai ver deoud bATET e ki & fark OE BersBr o W asramen
decoded. Asco. Adlitliahlly,i0shotld®c fedel wgredayd thet tHOhethbaslsgitd dsdosed

downl i nk assi gnngnt, ich if successfully detected woul d pronpt an
cknow edgeREmanRct Tpiso LESHeTGHon B ERRI Jeue R OF R Ior!
when bot h CQlanameuAGK rieatte t@nderiinzang Fhid@nlchinkidaslos RE® ukcpdTe
w t hout uplink (UL) data transm ssion, the receiver device 704 does

not know whdbptrmartichoel menudepaptes tid harkth suinEadetie srcammspy wWinmiter
reference Silp&%lm ?&cggﬁﬁi ﬁamddﬂ? k&hﬁﬂe%a&%&%v%%,%arﬁe&%rFﬂe@ﬁ.s mitter

device 702 is"contigured a priori to performshort cyclic prefix (CP)
nuner ol ogy #06dbt eReferass thyen’ cahtoddiegy Blahparormbdbragesniifiersigyice n
bl ock 714 a

synbol s to i7}r31% F%{]%g%e%\ﬁ]ﬁu%@ glgéevﬁf@ &?&G?%%%rf%inggsftﬁ%%é{‘%g%&é? i ':10213

depi ct ed at PULRH) to transmit a reference signal (e.g., CQI) to a receiver device 704 (e.g., eNode
B) that can be unambiguously blindly decoded. As depicted at 710, the receiver device
704 transmits a downlink assignment, which if successfully detected would prompt an
acknowledgement (ACK) or at least a not acknowledged (NAK). However, when both
CQI and ACK need to be transmitted within the same subframe without uplink (UL)
data transmission, the receiver device 704 does not know whether or not to expect the
acknowledgement along with reference signal.
[0065] As depicted at block 712, the transmitter device 702 is configured a priori to
perform short cyclic prefix (CP) numerology or determines dynamically that such is the
case. If so, in block 714 a length two Walsh cover (1,1) is applied to the two pilot
symbols to indicate whether CQI or CQI+ACK being transmitted. Then as depicted at



716, the PUCCH transm ssion is nade with two pilot synbols, each
supporting six orthogonally multiplexed users by cyclic shifting base
CAZAC seqyensobiodf fset 2's. The receiver device 704 ¢popkahe€ssifAl S
Case "1" by Wal sh despreadi ng and perform ng energy conparison to
detect the correct hypothesis, as depicléed at 718. The receiving al so
includes interference estimation, channel estimation, data

denodul at i on]6, HrPIHECH GialgnisSGola piadt ackhitRo ?il@t@&mﬁ&@; cabROfPbiting 8ixl ong
CP nunerol ogy is bhei n& used (1 pilot_ synho t hen as depi ct eg in

bl ock 722 t AshpeendlyamelEplssRdiersdy raeid iftre ’859% PHBPISRDY PHpet 2's.
device 702 enpl-oMifdicrRs 9b4 Qﬁ‘@ﬂ&e%ﬁ@ia@@sl’% wsﬁaa,lg%a&ﬂ‘g'aﬂaibérymh@
devi spa

Case "2a", the transmtter ce 702 maxi m'zes cod e between
(mn) code fmrgyCAMpParibkgn thdoiveithy eprkert iypptheds, radppictFbat e Thxempliag as
depi cted at ! L.mal 0l i tured to
(20, 8) for ?ﬁ%’ 9"%%@'552 1?}6&%1%&8%%5?%1%{1%{,t%ﬁanég%efg'f%&%%/n, FRHSehSPHE e
di st ance. Fad¢codmgtahdepiaxdimilieckdl0depi cted at bl ock 728, an opti nal

(32,10) Reeg- | er.code i s punctured.to ( 8) .and (20, 10), wth.the
atter se oLt f otf FaeE RIS bethgmenb bhoiHapOBy ook demphd it
code sign. fecRmBdeh bR @codsPRGhci ksl 8P el iRdsmiiter §iced 08 @MyRFtHgonal
or tail biting convolutional code is used wth maxi num di stance

optini zed b§esEoeed gde desigb@eveid ampiguityhEnCas “depihettwasmitterrdeyice 72
8-bit CQ i i gt i i r
the 8- bt Gy onee st bR Gtk € By R B CRfIEr BREFACR
(20, 10) | i nEaroncsdemplt.csklepitiee at Wedi 126r arcepiishal Reis] 2 8méy 2adbis pohétwmd
decoding th LV C d referenc i | =W both (20.8) a
(56710 hy i REEE LY UG RUTh T BIsFRE 182 PRD ot g PR es 79
depi ct ed at aldtiog kxalile acdmbhécteli & bhank §28, a0 wpKmal (22,d0Rdcddilicd céddeks

states. For exanple, (24, ol. ode is ctured to an optinal
(20, 8) | i neBynS "E%mt{?@ék%ndf%@imp Bith hed i selSe e 105 ey TR AISANSH ARl
di stance of foszefwr@dsm,ag{di@H@ﬁgn.amgaﬁﬁdditﬂﬁﬁtiﬁd@aéa- t&Patdhglaance of

6 as depicted in_block 738. Then the 8-bit and 2-bit ACK are
coded and t FelvSRHanakey th bitiag repveReiopsl codrds ppadavittomagmupy diggce epiraized

ol ocks as dphekethsd ot QesidheriReehURLicd!Rv0 tnd R4 (RNGH UAIRA fdse 2D

by using maxi num ood”(M.) decoding with t decodi ng
struct ure btranswiitidd Witly @0ch) flihear ende Wodkomttle: §-bit §& end 2biteA ACKresiodedeand

[ 0068] Refery.| Lo, Fl i ,0ne a ct comruni_cat i on~syst 0
ol udes. anebaro@v it o1 1955 PIOGEH AR EhC B 2 BTl
Terrestri al dRading tceessedNetivbieRerdrice bIERAM)ith3d2h (20R) ahd@Or1PPhEgiodfsan

expedi ted stat reporti.n st.em 804 bet ween use ui nt VE
508 and ono 6T ol B s T BN sumeroliey e ridea e Iab. 895 Al 5o
depi cted, i BisAGEOK ARRGRWM Bt ERPA EREtdikN IFoe e 88, 320 1) Gofay code is

Partnership Project Long Term Evol ution) E)(fraot ocols as nodified,
consi st ent #Hrgdiventopiipal @0:8) lipap evictiecke Wbeaefoms cwo argfopnd gifha

provi de an %ﬁuﬁﬁgiét%éeroif‘?'f?oﬁ?ﬂ%ri GIEDT af Feast g%r i#ﬁﬁ{tjar&%%?@ aé;”d
control plane (RRC) protocol termnations towards the Ue 806. The
user plane demctedimirocke’38f BERFhe(Bbit CQEart 2bitdrCiParetondedsdnid prapsmoifted by

Packet Data_Conver ce P ol (P radio lin traol . Q).
medi um acced3 e dht (%gll% f?m@%gﬁ%“b%‘ifgﬁép%*b f“’a@e@ }Ctecdoﬁtltky ?%?ﬂteﬁf e?ael’%*(ée
eNode B 810704 &maluded Qdse2b bpnsiat edxinminhliRehood (NIRY ddayding aith tid saXid
interface ("X2"). The eNode. 808, 810, 812 are al connect ed by
nmeans of andﬁiOd?“ﬁtSEP‘ftﬁ‘@é’ut W%F%Ye ggf“afi‘i‘t %flfséts(tE%tF?féEe ‘gggkséﬁte'Cor e), nore
speci ficall gootss} Mo lpiekdrtiyg MBNGIENE Bhe &pkdt!d @MMmIBRENoR %s@i@ﬁ SO®YSludes an
(MVE/ S-GN 816, 818 connected to a data packet network 820. The Si

i nterface s@aypodidnizerp Mebils Teleagmmanigationn SpderpéeM [Bitsrsstrah\Redio, 818

and cNodc B BOBNGAI (81 R ANYIBL U Kuch B3RS SR1BRLARE R BAAIS Ry
808, 810, 8%5 ‘%g l(jzs%)g %o%ﬁ“coor |n\gﬁngbﬂ%ndo’sver}S{B%iﬁgg(g)%\ﬁg?bpﬁung??so%ﬁsl.
804 between a user equipment (UE) 806 and one evolved base node (eNB) 808, with

other ¢NB 810, 812 also depicted, in accordance with 3GPP LTE (Third Generation



managenent: radi o bearer control, radio adm ssion control, connection
nmobility control, dynam c allocation of resources to UEs 806 in both
uplink anqyglowdhbiside (scheduling); I P header conpressi opcfidonsn7ss7o
encryption of user data stream selection of an MVE at UE attachnment;
routi ng of user plane data towards serviing gateway; scheduling and
transm ssi on of pagi ng nessages (originated fromthe MVE); scheduling
and transm Bain@fshif ProfeonicsigSiterh HvOIulBA) R8sl MBEASd efeBlen@iith aspects
nmeasurenent reporting configuration for nobility and schedul ing.
[0071] The M¥E¢Hosts the fol I owing functions: distribution of paging
nmessages toy Mg]l eNggle cRed 88830834, 882 grovRRGHIUNIYS ?@Hés’h@ii Raﬂﬁbﬁ:c@&i‘ﬁe

nobi | ity contr System Archi fecture Evol ution (SAE) bearer control
ci phering ahd RlAdtuég milang apg eqndiel pl@nﬁ @*fR(N(mOtA@?& earmugtipng towpidNAG)UE 806.
e Don T B A B R LRl AR P20 ket e
U pl ane for Csmmng}:mbe Bn‘otddEE (PDIGIH)) thyio Eiﬁ]ﬁ@&frﬁ]oﬁ(i{mpmﬂmm aicess COIA

downl i nk ( 4 the air lin from.t 808 can
e Lte o pUALS ded b liE R ot (B0 iR Fib & 8100 B2 e i aBiRrisda
al | ocati on. wihieg dhdrfogm@iahs SHPEmtRfacPPKSIE ahe EREIO BLARNOR], $124© also
defined for the LTE downlink 824. One common characteristic of

physi cal ch&emRestsd pymesnstof en 8y ngerface grleyto apBPC (Evolved Packet Core), more
2009/ 04605251%1{&3%%0&%%@%% %eﬁmgﬁt%ﬂﬁ&/ sa«vfngmmaq mﬁwx@w\ﬁ) 41kt he

LTE st ack. is s in contrast to physical convey
i nf or mat i on8themnededivadiataerketinvtioyk a0 Rile St hetefide sumusanmm@-p@ﬁﬁ

DL physi cal ¥ Y i

Phyoi eal DoloARceds MERET o B o R0RS & IAREE aleid)
Physi cal Ch&ﬂmﬁce KCTeGHEn cRbyeB 808, 8 th 0D &l sedvinp comrdinbitpspaddvers and
channel s, whj ch.are servic oints (S for th

oyors. - Eac NGB ARARIER SAS TS Hotesnenont Btk cpd e 506
scranbl i ng, [gurdy! atrihe aNodABE809T8 PRISNY hodtyihb Féllokeh @i Etioe T r8dib Yesoidob)
precodi ng, resource el enent assi nnent ; | ayer mapping and pre-codin

are rel at ed MBIV Esk PRk icomfEol. tadip agmission condEbsaBRCCHigN MOYiEt Gogfrol;
mul ti pl exi ng., ¢hanmelcatidl 14l B8 RATESSTs iBAMNSink momﬁkgs H@aﬁfj\g),

f ormat and |s broadcast over an entire coverage area of a
Downl i nk Sh&# h@d@rmmlvedssl@mn@@qyypguppbmaesda%mtrqadl, N@@HAR@MMEIMMM s

dynam c i nk ei%czang}it'; utnqg ot &k %r/‘r? dtlcjalw 1dqgQrVi ew? l(1jedu[1anasnndﬂ| t
power, is SUI ab rans COVGY e ar ea,

%S|on over entlg
i s suitabl etrhmnissim oﬂphgm@ﬁ&m‘agassrtbﬂgnatsmﬁpmrtheslvmym)ammdﬁn@ and

sem -static _resqurce cat| nd s orts discontinuous, receive
(DRX) for pBIBTISIRNG! DB G EHR R (eEHIohh B e e mBpbeerorting
requires br@@q%@fatmgy&rm&mtyragd §@bdulk@ver age area, and is mapped to
dynami cal |y al | ocat ed@gM sical resources. A Milticast Channel

i s requiredl®Gl] br dha Mﬁheéﬁqu’wg@&crioltso\ﬂeﬁtldg@oap’é@@glmwl\ggo
Mul ti cast/ bypadeashs so '8@9'8612f ik 'ESHtrdﬁgl%Q'Ealfe &Bﬁh@:%tmisg RAKT S

sem -static resource al’l ocati on. pporte transport annel s are
Br oadcast C k%adnt@ttu(egﬂdthm%@&ﬁ)gbe@m norgtol;(didieing Dulintcenty sbtastod of Non-

or ovi ae. { e APert sy (e ek PSRRI LEETREelaP AT R P,

hi gher | ayetamlmtimcﬁm@ﬂmbgkemmgmggMbnd aylamitcltag oL 0Mpldng dsrsupitet
PI TY status H}g tors (packet error, CQ etc.) to higher layers, and
support for® ityver peer-to- peer S|gnallng Transport channel s

are mapped ySi n S

al t hough ma ‘g} 2 ‘tﬁ%gglﬁ?% ﬂeddeﬁ‘%éir?gvg )8%96' Ql%r IERB%%&G to

PDSCH. MCH nHyddig SG&p)qmadcltldE PRISEHty of commumcat1on channels relevant to download
allocation. Three different types of physical (PHY) channels are defined for the LTE

downlink 824. One common characteristic of physical channels is that they all convey



[ 0075] A hi gher-1evel protocol or application of the transmtter

(e.g., eNB 808 for DL 824 or the UE 806 for an uplink (UL) 826) has
content fQg{gs ication such as Internet Protocol (I IB}:TR@%%B,,%,}Ohat
are transferred as a service data unit (SDU) to an upper 1éeve
protocol, such as a Packet Data Convergence Protocol (PDCP) for
functions such as ciphering that produces packet data units (PDUs).
The PDCP tr ailsBakibs fibfehightD 10BNy s 1TS Mdck ETHIMsn BttlaSt tb PRYSOR] Libnals,
servi ce access point of a |ower |ayer protocol, such as a Radi o Link
Layer (RLC) Whichgeeyeyheopmtion b isused miotsiely widhinthsRHYplotcol s in the
"layer two' of a tel econmunication systemthat, anong other things
enabl e ARQ (MIBbmatliTE e physicat eha@uedsarp PhygsifabDowxbinipblmrediéharh@ of HSPA

and the RLC i N P._Fur [ e and-t echni-que
descri bed hgﬁﬁesl(%gﬁgby%%gﬁg%ﬁ@%égﬁ??? é%%mm s UEoninr R gﬁf“gﬁ
syst ens sucRhysscaODhdne [{ORIRCHS DvBy sidaF DAne | S@af MPanapstt eiahedls, Syhsdhedis .

The ternms "system and."net " are offen ed i nterchangeably. A
G, Syat enbSiiyS Farsranin CALLr BRI hlhos P ehoice] CHnpResfctined
Terrestri al alRadihths ASARESR i &R i lgg,@lfb' ;

W deband- CDR/A (W g:DIVA) alﬁaglﬂggﬁﬁ)enrl_o vari ggtgge rcr)I?i tl%gm_ C&%?O%gﬁﬁlgv(ecr})sm
| S-2000, | SPESOHRR [sQUIBS BlegeRlfgsigrBentAaTRDNAPRIRE HedPrepdingeanisivd ta
radi o techneheay . shehiAs ﬂa?%ogﬁ%@%@?eﬁaa o B{ulltﬁtyie(%?%%’/ﬁgh&?t I ons

(GSM . An OFDVA system may o techn such as

Evol ved UT - UT r i oadba UMVB) .. | EEE 802. 11
(W-Fi), | cphogp S @WW%@@?Q@E?%}X@%&%@ @H@Eﬁ,"’ag?aégo‘[?"rﬁ}x i s
part of Uni egirsabvehigbiatea of ekelt oAMomintiak ShareSEBiran (DUMIEN) suppbHRaytirkl
part of the Term Eyol ut.ign, an.upcom ng rel ease of 3GPP,

whi ch enpl oég@ﬁéﬁ@b AURPRES (gUTT ﬁi?'f %Fﬁa“g@zwmg% e ation, F?‘ﬁkg MGTRA,
E- UTRA,  UMI'BanskniEpoel, i6RIMaBl Soid0iGiinisHBH old} cHQSWER BEvRrdgk AM8adR suitable for
organi zation named "3rd Generation Partnership Project™ (3GPP).
CDMVA2000 anBScUKE! ke foraung. swangrts Ay misae pshicn sespiopuies ¢oettia duh
naned "3rd A QN . ' | ok 3BE2: i ous
radi o techn%gli[tﬂiﬁ%ﬂhﬁg{hgn gﬁggﬁgrﬁg%%&ﬁ%dﬁé't%déﬁ C I?@%E%@me
eNode B 808supppys HE DRX%ursqrites broadewdt avaneriy eallt @yermgsirya, iand [suckgped to

conmput er pl . havi ng..at, | east o rocessor .84 or _executing
nmodul es in éi%l{r%p d@é@f‘}lﬁ%%%gbqhgs{s%l 5?Sa%r§esrre‘g ?{}ﬁﬁl %%%31 Mﬁ)f‘%?quléﬁﬁi%ﬁg
AM communi chtoadaastaveterttiecelll dov88ge aréw) suppard MyliuasyHrbiackt Ceiprnent
Recepti on 8?6 can co i lgti of codes, and data in nmenory 844
execut ed by ft”ﬂf@“ﬁf%&@’i‘éﬁ@s‘? Y ) SUPROHS S§M-{RtgdEOHtCR ¢ O%E‘B%c%(‘}l’l?a“?q rst
modul e 848 defshneshaanlb Wedlrbidta® bhiBIBTesEs by ch‘éﬁlﬂ‘e@@%@@), Phwalink

an

ref erence si gnal that may or may not include

(e.q. ! .
acknow edgeffsid ‘%’é‘?@?@lﬁ%a and el Berdt homeal eMEBY. Traappos ehennelduariie nk
assi gnnent . e gl e. gy d -
reference sf%ggwwlﬂ%gﬂ%ﬁogéﬁa@g lr?%rtﬁiﬂ [ n‘cg %%ethgﬁb%yé ?\ec{\%l )%ggggqrrgﬁ]%a.ms&l
f ourt h nodube w884 highenldyete codmsafigire thedthEY wiaths dolimebrs ket e, €QFntal)

usi ng each gof,. Lurality of.h t heses w.t hout. anbi quity. 0
50781 The B BT LA Bl st KBRS Re A BT ety el
conput er pl athepprdiodhhsivdl oianatls ke ftlowenBCHI agB36 OCPEBL afiugh XRepihi N
nodules in a ter-readabl e Tsn%eragg megi um ( menor 864 for

recei ving A RIS SPR177 4108 RN e CB o TEEESEYr )
862 may be gRpmAR, PDRCHON-specific integrated circuit (ASIC), or

ot her chipset, processor, logic circuit, or other data processing
devi ce. An ig —%]M « TT: 1L, SS) : a |.Se
sets of codteﬁsaa g]ﬁd %j%%lghéi?n menory 86%9'%1;%%%?%%@5@%&3r?%g'égg%(rg sgldr
862. I n an DPLLI&3dtor theillle8fsiorat ylimki(ULs 820 ddut@td6 Br dehinesatgmdiurigasof

acknow cdgerute B ot SRE A 53 FHERER i Bn AN wii oo @ gna

upper level protocol, such as a Packet Data Convergence Protocol (PDCP) for functions

such as ciphering that produces packet data units (PDUs). The PDCP transports the



[ 0079] The nenories 844, 864 can conprise volatile and nonvolatile
menory portions, such as read-only and/or random access nenory (RAM
and ROV, 3588l@sPr ogr anmmabl e read-only nermory (EP 008/07837
electricaﬁﬁg erasa%fe programuabl e read-only nmenory (E EQ%%, @Iagh
menory, and/or any menory conmon to conputer platforms. Further,
menory may include active nenory and storage nenory, including an

el ectroni ¢ PDIUR a8 Y& REU AR Bni@NBDERE RNARN IO hoihEbflal 18hYr 187 @ hadcol,
devi ce, such as nagnetic nedia, optical nedia, tape, soft and/or hard

di sk, and r%@éﬁl@dﬁéﬁﬂfwﬁ@éwnt s. [0080]1n an illustrative
aspect, therggky 80 I fohi e | ar

t el ephone. Elrnaﬁlh\gg t éﬁef}g%% rr;a‘r{?gm %ﬁogﬁé@%ﬁ{% br&
communi cat i tﬂheccielmwetatlmmﬁhtemstha, PnawyotiGalthingessblo ARD Autahatkukpiion-

(P CSCR) _sepuely o GoNSLuBikn ARYLCond SELME ry 8 FPARYS SEPYORKSLALLAN

descri bed o#spetth bsd tealintglicsl @sticeibs] helpsth maR e Lsvdttbevarioneitdessa Per sonal

navi ng o wi FIBRORCHISROVUSE: EBRDOR: IRVAoE DMA. GOVEn s CrfpiRGd.

conput er pl ginkPsyRehaY TRGtefmiv §eema B Hetwbrk®h@ Dt QFIURELREHLNS
portal. Further, the UE 806 can be a renote-slave or other si m]frar

devi ce, sucRDMApsEwn mayémplsmsnt 4 adiottechgelpgesush agUatyatsel Tarostsial Radio
data rel ays, i cUS

but which sf%r(?p@élgg(@?%Acggnﬁﬁ%qygaﬁgsgzg%&éﬂgé?%gﬁg%dr e ess®gr W r Z%Id
networ k. | notikt ernatsef @9@%1 §DM@E)(ME08@518¥%}001;)§3-95 wid I8eB56 standards. A

comruni cat i such andl e tele

Commater & 3PME ¥y iy SRt ARt R R b R A Gl B SR s Mebite
tlhat ?_ny co}gbnmh Inic;aﬁo@f(GSMO mulrmmd Maf sysllem8R5y m{pla?@t mgddet) ﬁeylﬁﬁﬂdlg:y Slﬂch
plurality o af or e- ed ty may ti ed in a cellular
comuni cat i B%E@ﬁdew}%‘ﬁge @Fﬁj&)ﬁ “rafﬁ]@lg'é‘? %’foégbatnﬁ sERE 308 dd (i)
and et hods 1@ see cPrwinvaky, IEEE RE2.DOTHRY- (mm@z ctfcomF@t isWaft @€ URlversal
wi rel ess device or conmputer nodul e, includi n% a wred or wreless

comuni cat | dfpbieTelsrommpeicaiion Syswint(HEES) ErVTRAiippart of the) GPsLansdiems,
Personal Co t

car ds. - acoort Lo 8 TRt E kel LS LOR bR b BT OLBM £ln b bl end
conbi nati on SGFFBMBr@rthbupiaﬂa AR A d-BORAADGM TS, AriE dng, GSMereUEs&Oﬁd ey

i nclude a user in ce 874. 10081 - t he
user 'f it or f Beeeistl o S eefdoRpank Y Eut R BB RE RS GL e

or receive DMALOOINPUINIBlate ddieritdE nBakEcumam@ fidh QUdrpatlizatien haged “3rd
oper abl e to ener at e and&glrl)r‘gr esent information for consurrptl on

t he user of Rereiinn Ragigers SerpIREPE2 p dipesg agrious TRAHY techralomies aé‘td

| east one deMh&RdSHE nddsh @ theypad and/ or keyboard, a nouse, a
t ouch-screen display, a m croghone in association with a voice

 ecogni ti on WAL e TheeNodeH s0hasts at msmiamhboanadyaniaccosiy Delufey

i nclude a d| i ; i

oo " Out put bR BRI A RERUEL ot ARG 1 ERA BRESAERARILS,
sound, a feebinpgeswadubisstaags Ibcchmmcﬁmemorya%%ﬁxrlsetrﬂlrtgekm qonmdmhiatigl with

f h t
yst om 600 Lisd7” et AbpbsTsti PSR Pekran et HO Eobcopip o f
i ncl udes suppdstand G4ta [rmq@:hcf)@cmmgx@mea\b@lth@ﬁ‘omfdﬁ@} 340118 af QRisiatdean
ral Packet Radi o Servjce (GPRS) core

interface S4 with ale

904, whose S¥GH A" dils §6§>8ﬁ> tnera abirgl SeaNyyPodiesss 4o deeeditgeicd eferenctr n
by a Gb int gihAqe ot ©) BhGRR orSHSRRcRIde VP RinBwR BRI 2S

(GSM / Edge %{% |g ccgg)s Netév?o? %trﬁm ISI)erde %ngw\%aa an G@élﬁggrféce
to a UTRAN sawnd podaisBee trensouts@ d@@nbplpmmmp@d Aphird maqulel$SR eflhsequshtly

the present diR6l O3 iihe- GRS ARG 4r MNRASS e BTN AUGONRLYAKY A

nodes that support core ne
fourth module 854 blind decodes the received coded reference signal using each of the

plurality of hypotheses without ambiguity.



22 the converted packets themto the correspondi ng packet data
network. In the other direction, PDP addresses of incom ng data
packets maypbsopapyerted to the GSM address of a desti pagipQiboklgRs70
The readdressed packets may then be sent to the responsi ble SGSN. For
this purpose, the GGSN can store the cutrent SGSN address of the user
and his or her profile in its location register. The GGSN can provide
| P addr ess gHFBpNNEME UBKELG 3ts3€ AeeAtt dndiche adiahapbduslyGudlte f @inpater

particul ar contrast, an can be_responsible for the
delivery of Pgéff’ 8&%@@ #1GFHAE p%séispléf?&t f3k FRSREINg RHIEs it & computer-
geogr aphi cale,ay1¥ it6@ @-ﬂ}%@ium-r(ﬁ%n{oﬂ%lg%él @br r@&wﬁ@m.ﬁﬂnmﬂﬁé%@ﬁ fiRacket
routing and transfer, nobility nenagenent, |o0gical |ink nmanagenent,

aut hent i cat FYpdeh §0% HBhegiraes st $620may, b BUBE)i@sienisnifngnteetedGrRS!
tunnel i ng p

t he user-pl 1?]%1%‘(30{1- OF&F CI§19 &%35@ q%(f égﬂ F {yproéﬂ}leg)réﬁ néssgﬂger lggt §H| n
a packet swutatisgucas @HCG?hekmpormm Tehedssi@t Yirdas compﬂimeseﬂslrmfmmes ahd

ner of or . ERECTPROYR) r b ERRoHLRa0 Dol dn e B o gt e

t hi r d- gener aiddom 868 @fiee kbdiphenercteaian gigagiags a cbMliBed ffGaTeighBiSnd
referred to as 3GSM whi ch hi nts at both its 3G background and the
GSM st andar &°kngpledgemaent; & speendgandulsfeld t%aasrgkfc@é@@rchr@@eeagr@t(e Enfid t o

FIG 9, theaﬁ%sﬂb‘h@é’ﬂo%%%hédﬁfedtfés%ﬁrc@ 'bﬁnlal? e Gﬂ%ng@éo%%&%g LAbwak
mobi ity support between GPRS P Anchor 912 of an

| nt er Accesgssgnmeniund Anehraedulq %@Ayangmas cmiad pempagkiasinca signalrad er ence

p0| nt as de i DAl ort
o (oo (RSP ERLAGR il diin SR RO RTe R DR AR
ar C h| t ect ur defnedlcudidg pfoAkdes énchoctitglathemhecddad eefeﬁemeet@aB@%Bdahc hor
912 by an S5b rf.ace that, provi de the use ane rel ate
cont ol - and CHEBIFY - GtpswRtL St At ssdetet B oRb ARG HRE et Wihayt
an MME UPE 9d8iguitp i nterface 55a. Mobi I ity Managenent entity (MVE)
pertains to distri butlon of 54)49 gg nmessages to._the eNBs and User
Pl ane Entity0478PE) Themesiqiiss FEPBITIE FRIRtES §?‘b‘FPnéfﬁ]&“’éﬁ’é‘?%Y ion
of user dat BoRbhE 3 astr@ard[&{%ﬂd%? rQ{doH‘&]cé’éQ% fRH RQ)”}QB @Elsable
reasons, and sw tchi ng of | ane for support of E nobility:. MVE
UPE 918 conmppgrasanebie rmdronmlmnﬂwéﬂﬂiom @wrecxaﬂy v@slawommnfable 1ead-

wrelessly e | ocal
Accoss net wotl HHRY A SR EE SRy m T bt el Uacs
a WLAN Accephtfoghavdivkth¢\iRer@PB8mayiinchidt adtive etichaee andsstédage mehetryemckrding
poi nt between tehe Inégr AS An hor 91 andpﬁ B‘?"Cka data netvvo k 930.
Packet dat a*hECHETK® GGV HHY * a‘}i’rﬁe‘c‘) PR OB I AIPTa5E BRI 6‘%‘3 Bfivate
packet dat anpghiRmtedd, opfical Hlia, ORS Kt Mid/Graakedisidah@reRRINNE ke

for provision of IP Miltinmedia Su system (IM5) services. This SG

ref erence p6PHPOEBIr esponds to G and W functionalities and supports
any 3CPP andygy)- SGHE, ARSRANcYRLE TR UK odthiy bahitaGRmRE WicSSand/or
communi cati on between the packet data netvvorik a policy and
char gi ng r ukd&ldrueleptioon (PaRMjved3the WhBGhmpncanprise e dradindromuisationa an
S7 interfac e

provi des trgﬁ‘é?éw& K %@%ﬂﬁésgn Egﬁt‘?cﬁ%gcnogq Cl§e érrg%ﬁ %@06%2 to
Pol i cy and Gdhdacgiangvenk oasm@namrorl?mt[ttn étE’CEI's’)xomlmbé wsdeestavy. thAESEDS is

it hent 1 cat P10 i G RERPr TR SULAD PTG eEr ML Ryl

i nt er f aci ng Mgt a¥ainedPPAS, lﬁ%oﬁﬂyae)&%gérod ﬁoﬂ@moﬁm@@m a WREVHCE
(HSS) 934. An S2a interface provides the user plane with rel ated

control and “Hiskss FAymERipieR PORY: Hdeny Aneiof seepntprghatingphayipg godkds 936
and the SAE, MM @ommunications portal. Further, the UE 806 can be a remote-slave or

other similar device, such as remote sensors, remote servers, diagnostic tools, data

relays, and the like, which does not have an end-user thereof, but which simply



[0088] It should be appreciated that w rel ess communi cati on systens
are widely deployed to provide various types of comrunication content

such as vgyg 09@_@@ and so on. These systenms nmay be mglyigRhBs/@#RERASS
syst ens capa of supporting conmunication with multiple users by

sharing the avail abl e systemresources Zle.g., bandwi dth and transmt
power). Exanples of such nultiple-access systens include code

di vi si on mutghphficReS@ISadcdNAiresis bERTed hdtwBrkdiny hifdriuie mpbdts PheEUE 806
access ( TDwVR) systems frequency division nultiple access (F

systens, 3GPRYPTE VEIrd COmEUNEARTHVIFSGORRRS 3 leedfineriegphopcinsrsen! ﬁall)nf"ftﬁll e
access ( OFDMA)oSHS &R DGRk fReY, & s'hxmld%e Whteg 1188 Shy Békibidatisa BEGRSS

conmuni cati on lf/st em can si nul taneous Yy Support comuni catl on
multiple w nethb@@fw&%rmﬂwmg%w Qr@rnhunhﬂy Oédmmp@@nnégnwtrmsm b@r

nmore base statiqns.y a %IL ’ &)r nqlscg )Stggle@&esh ‘?\é)%gre%}g tflge{rgge%?

links. The {'0rward ers comnunt cat | on
link fromt h@ahﬁ&@arﬁtr@eﬁhmmﬁ m:cbxhimgﬂpbermemmed anghytfhen ofweede Wmﬂdass
(or uplink) refers to the muni cation ink.fromthe ter.m nal

Lhe base o1 PTiOHE ComRHer BoanT ke Hon TiEH B HEs e DeouS e hedt i o a
si ngl e-i n- sifglden, %Wﬁhoumiﬁﬁthﬁﬂnewireteﬁ 188@TsOPdrséial @omputer Memory Card

mul tiple-innultiple-out P) syst 24 [ 0090] A M MO system
enpl oys mul ﬂntgménqrwmsswla%@hﬁ @%%&Aéﬁﬁ%ﬂ@ aaﬁas Fﬁmltqabl @rf(qqpé)corf@é@rwe

antennas f og I%Bﬁ‘estﬁ T8 n3fon & V@nﬁ@%etheljew MHR)Y@M] ehNJE 306
transmt an recei V ant ennas may ecorrpOSEd Into

i ndependent ntahamnhleie@usmntﬁrfam@‘lal so referred to as spati aI channel s,

where Ns 5. R Each of . t.he i nn
corresponds [@gﬁl ﬁh%l\ﬁ é%dor? apﬁlﬁcmﬁi %@t gjﬂs?sufp mgtglge%%%?% C&P% 8$ gn mB‘dt
per f or mance déﬁc@@petdfbl@tb@l‘enérhlb o topiuE a Ofer ¢ipaaingy the €15 8ﬁ6; indtayl)outpfut t he

addi ti onal I nensi Iltles created b em.llt Ietrans t . and
ool Vo ant GRNECoI R TS S BT TR R BALYL R RSB Y S picret

di vi si on dupleXE 81EFordREmpIC SHMBISY Sl ﬁicﬁiacduleés%n&m sBoSds@s. I n
a TDD system the forward and reverse |ink transm ssions are on_the

same frequekeypadapd/onkeybodrfat mewe, & EBshhicsrandjsply hieigPRhoRs ingwioctatian
estimation Qfj ah&‘olée%éf@ﬁﬁmhhmauféh&@“%tﬂemﬂ?éxla [e,egﬁg&%ehb%aﬂﬁm@

Thi s enabl es e acce point to extract trans nform ng gain on
the forward disphtly qudlompbethep lachapiiet iepdbask sechanisa, btabDatrat devie 586 cwy's

poi nt. [0092 rlf%;gfrlrgr n%(%]dmer 1Gterf1 Cce, a %ou%l éi’egilr?g QR &8 vfﬁ"rau%n 602 Braille

comruni cat i
text producing surface, etc.

[0082] In FIG. 9, in another aspect, a communication system 900 that can support
the communication network 100 of FIG. 1 includes support for interfacing an evolved
packet core 902 via an interface S4 with a legacy General Packet Radio Service (GPRS)
core 904, whose Serving GPRS Support Node (SGSN) 906 is interfaced in turn by a Gb
interface to a Global System for Mobile Communications (GSM)/Edge Radio Access
Network (GERAN) 908 and via an lu interface to a UTRAN 910.

[0083] Tt should be appreciated with the benefit of the present disclosure that GPRS
Support Nodes (GSN) are network nodes that support the use of GPRS in the GSM core
network. There are two key variants of the GSN including Gateway GPRS Support
Node (GGSN) and Serving GPRS Support Node (SGSN). A GGSN can provide an
interface between the GPRS backbone network and the external packet data networks
(radio network and the IP network). It can convert GPRS packets coming from the
SGSN into the appropriate packet data protocol (PDP) format (e.g. IP or X.25) and send



according to one aspect is illustrated. An access point 1000 (AP)
i ncludes nul tiple antenna groups, one including 1004 and 1006,

anot her i RghYshbgkod008 and 1010, and an additional i nclpggiRshdfkgreand
1014. In FIG 10, only two antennas are shown for each antenna group,

however, nore or fewer antennas may be 2%Xilized for each antenna
group. Access termnal 1016 (AT) is in comrunication wth antennas

1012 and 104, coWeep@dk%@nﬁaﬁtohﬁaaormgonb%atkeaﬂaahétwﬂ Ol AR dthdt t O
access termnal 1016 over forward. li 0 and, receive infornati on
from access HeRtigRRPP adsiesse b incoming daga pacREs 119y B¢ coveredtorths GrMa)|

1022 is in GEIPRRr G Ldraniom shr. ame%uaaaqéeg%aa&%m&leﬁf@ tRNt ennas
1006 and 1008 transmt infornation to access term nal 1022 over

forward |inkespoBelap@SNeer W fupfose. i PohNfen poedbesgranbPEiNaldregd
OVer Teversg,. dJ %é(ﬁ?sdbr hls;gberé(fiﬂ??n%%%t re &We%@ﬁ@%ﬁ%ﬁe g‘loz}tﬁi’ress

1020, 1024 an reguency for co ni ca
For exanpl eassigmmmtajldlm poefll® Ghendefauliseuter i & patiewltr TEequency t hen
that used by reverse link 1018. [0093] Each group of antennas or the

area in whi mgsuhﬁy IR EentASS hiySESNtcan B@ﬁﬁ}bﬂh&@&i{erih& delitcepof dtLgaceds t(r)\
as a sector .of the access pOI nt, Int aspect ant enna, gr oups. eac
are desi gnedordodnbilg siabonsevitlun it scagep ’éf‘lrﬁeﬁ’a‘fes“"?dn The dasky ofan SN Fan

areas cover agphy Q&&?%ﬁtlﬁ%&ﬂtf&%@@p mobfRy hAA8AkIeR:, CRATVRHICALLQBmOoMeT

forward |inks 10 0 and he transmtting antfennas of access
poi nt 1000 aumﬁrlf@émﬁe@alﬁffcbﬁrﬁinﬁéumt\lom der to inprove the

signal -to-noise ratio of forward links for the different access
terninals 10M85hnd (rdfduing,nhaddR$ omelimgpraocdder thoiset plase ((GP-U) layer

beanform ng _to,tran aIs ttered rando

Chrough 1 (9 meg erRBET e b8e PREERS phRE e T el By SRR
nei ghbor i ng padiet éimtohéd\arad’l m&a&aitm@ddmetwdram@nhé Uhivgrsilvienigh a singl e
antenna to aIJ its access _term nals., [0095] An_access poi nt H‘?ré be a
fixed stati dRCERBHURIGHIORS Sysiem CETSy 2miverrdiomeSRIE: and dieefpdhe 8 Pdd so

be referredp.Q .88 b@%bé’ﬂqﬁmnW?S M@ oBtheQﬁlrcﬁgélﬁmgbﬁ'?fG) cell phone
t er m nol ogy. n access terni nal my al so be cal an access

terninal, usshnaegiehrdMi'S(URmetimepraiaradys ag davifnibishibors ddothdts 3G
term nal, %8&%?01 §50 Adlcan stﬁ?&ﬁ‘?d Rl REEHlEE T AQIAW o s&«%%g@] FIG 11 is

a bl ock d| agra an aspect of a transmtter system (al so known
P e L R R T e TG,
traffic 12 atz andbiltty alp@umzeﬂmafxr g}(aatdsajcﬁé P@oardl o :ﬁ}m’rlﬁ%hdeghoz(‘) (fgf?ﬁ]lfﬁeldﬁé(ﬁss
source to a t rocessor n _an

aspect , eacl$ra%ﬁf"a‘£‘%‘§'f3 fé %@ﬁi@#éanaﬁweﬁ?wga@@t%ﬁ@ ipgdhesmsen
ant enna. TXgdANeO0R M8 CHeRfay Rk §QVRBASap p&gdscﬁe (GHIN) (RS BhBBY G%e TASA

traffic data for each data stream based on articul ar coding scheme
sel ect ed foP14 plge inghwdes asystsanarelytepiumsvalyed apghey 916 interfaced to the

3GPP anchor 912 by an S5b mterface that provides the user plane with related control
and mobility support. The 3GPP anchor 912 communicates with an MME UPE 918 via
interface S5a. Mobility Management entity (MME) pertains to distribution of paging
messages to the eNBs and User Plane Entity (UPE) pertains to IP header compression
and encryption of user data streams, termination of U-plane packets for paging reasons,
and switching of U-plane for support of UE mobility. The MME UPE 918
communicates via interface S1 to an evolved RAN 920 for wirelessly communicating

with UE devices 922.

[0087] An S2b interface provides the user plane with related control and mobility
support between the SAE Anchor 916 and an evolved Packet Data Gateway (ePD@G) 924



[ 0098] The coded data for each data streamnay be nultiplexed with

pil ot data using OFDM techniques. The pilot data is typically a knovvn
data pattep@g2§9@atesSs Processed in a known manner and

the receiver systemto estimate the channel response. ”?é'rﬁl%zqdfl exed
pil ot and coded data for each data stremmis then nodul ated (i.e.,
synbol mapped) based on a particul ar nodul ati on schene (e.g., BPSK

Q@BPK, M PSKof tirbletdMal s@kacieasork QWA Glpt @ AdcER6H ?Qnd'ﬁf 94 #HB also
nodul ati on synbols. The data rate, coding, and nodul ati on for each

data st r eaniiviiiene Wdeth Asrsse actprk SN ??cgt i29n3Chiaterfgpais thegplepmee paistor
1130. [ 00991)&%emg ‘Iﬁt@lIA.@ﬂn%’dm% §ncf 'Qﬁ Wgértl dﬁ%ﬁ%&nﬁ‘k @gﬁ PRicith Gath H&Q@F‘ke

provided to a TX M MO processor urther process t
modul at i on Q%’rtﬂ@}’ be Qreorg:ratoffft;ter@m@llc OTZQrith@iqiﬂebdﬁé&SMWorkl)Z@n irfen

provi des NT str R)
1122a thr oug{);@%%l%‘:kal%ﬁ@ée ork AP TR pé?r‘%h? ﬁlg nsuﬁl"i‘]ﬁgﬁ% B eB“c %‘ggr
1120 appli eserﬁeMbnsMgafmen@lﬁomthmésbamsym%ﬁ Wi fitrbgordities Hitl lseRtsts
and to the ant from ch the synbo] bei transmtted.
[00100] Each™ HEAARAETIE fz’f"?béé}éﬁt%’é% %xbr%fef@g%a@v@e? EapRRYiFaHien
symbol st r eggfveen Ak PYIKEEdRNERErKITB0 Andh géﬁtgr a5l GRAbSBg nﬂ&dfuwr&h?cm
condi ti ons é .g., anplifies, filters, and upconverts)

signals to PAbwhich A tyipeamENBisalss waan ST interise & ﬁ'@PVQWWi@@@ﬁ%@ver
the M MO ch
e ChaRoel intdih IBAVIRL ﬁgns?érg?@és%pkﬁ@a%r{dgﬁ%@ %ﬁf? fr&‘t&lﬁ’?ﬁ%ﬁ‘g%ﬂ 19

t hrough 1122t are then transmtte
24t , respecPpheylapd GhegirgEnidcemen doing (PCEDt(eohsidBl), AnINé ittedimsifid t ed
m)dul ated si aln§c %cna e| ved. b enna a throu h 1152r and

; 1 fcr Ecr& D&y 1563 dat
the received si gna Sﬁjﬁlf%%nr 484y ?8
respective mﬁﬁ@ita\tarng(a‘aﬁa\dﬁ)zm@llw_ao@ebg Bugkerthding the dwakbd pﬁi&@ﬂ ooes 90kk64

conditions (e. ers, ifies, and dgwnconverts) a respective
recei ved si 5?%3?8115&?1‘516{ pFwse &@)@éﬁd?\fﬁsghé’&e of REAVIded thsusrindme bl es,

and further rd%‘{&?&ﬁl&@ﬁaddhﬁ‘ob‘il@tgﬁh it R W 8@ n6RB GEB PO R RD36 and the
"received" synbol stream [0 ] An RX data processor 1160 then

recei ves an8ABrocbesté- the NR received symbol streams from NR
receivers 1154 based on a particul ar receiver processing technique to
provi de NT {t#88kct éwholslsirbbepprs@ateéﬂ’@t Wﬁﬁasmnmm@ammmssmrarelﬂiﬁalyt hen
denodul at es h det.ect ed synbol tre

o ooy PsraseR 18 o o b B R0 SR i RSB 0

dat a processmr’rhizéie(:‘@sufzs;smmkmmmaamessmy‘stbm c4pable@f BBohng TX M MO
processor 1120 and TX d ta‘é’? cess 1114 at tr nsmtter system 1110.
[00103] A pFYBREREFton i PRlfiplsaners Y §hagiag e RvARDIGHSER TR fithg

Matrix to Usgdeidts GhseataRE 0N, ERIMNESTRIchlAd R plcOihlil & sRSnsandlBIEI28
i nk message, conprising a matrix _index portion and a rank val ue

portion. [08¥GMn nPHEPeSRPSERNAR syRssatiae dijsieompltiplaceess (TADy pes
of i nformat e t data
tream  The s Dot oo ey AR (DM s PP P LB
processor 1Q3183g0m#ilfr¢hutaicsd1wmemumletapaa‘s$(Q,Flblutf!asjvmmea nunmber of data
streans froma data source 1136, nodul ated by a nodul ator 1180,

condi ti oned[U®g9} r alknerhiie rasvitddd amultiploagbsskbbdiunicatioh §ysaAsdht t ed back
to transmtt.er gl}/e%gﬁm 1110.

simult. y support communication for multiple wireless terminals. Each terminal
communicates with one or more base stations via transmissions on the forward and
reverse links. The forward link (or downlink) refers to the communication link from the
base stations to the terminals, and the reverse link (or uplink) refers to the
communication link from the terminals to the base stations. This communication link
may be established via a single-in-single-out, multiple-in-signal-out or a multiple-in-

multiple-out (MIMO) system.



27 [00105] At transmtter system 1110, the nodul ated signals from
recei ver system 1150 are received by antennas 1124, conditioned by
recei vers wd2qieofigiodul ated by a denodul ator 1140, andppiRSRs6dsRY a
RX data processor 1142 to extract the reserve |ink nessage
transmtted by the receiver system 115@®4 Processor 1130 then

determ nes which pre-coding matrix to use for determning the

beanf or m ngpws'o]g ht g tmern @s@ﬁm@ystdﬂﬁﬁgxgmgccﬂaeﬁnimaaggam{@m BI(NLN
an aspect, logical channels are classified into ntrol Channel s an
Traffic Chaffseive antprygp fof|daiadinppission dhiMEMO ehunps! ifaasd By fisd¥ntsgnsmit an
Control  ChapnelcelyB&Elnas Waly &R desontlosSd gty e in@%&hpﬁﬁﬁﬁé& KhEEhSYS 416N
control information Paging Control Channel (P , which'is DL
channel t hateftrregits kesmtipaogpmgls, where méd £ omn {MUIN;} cBadh ofthet VsohdeBhiadentel
(MCCH) which is Point-to-nultipoint DL channel used for transmtting
Mul ti medi a Sraoads saresaons it dimeasion b, MEYQ sysivm) caB pFrvifls MREPVathd
control inf i r 1e t oafiter

est abl i shi ng&R@%}ga{g%n(%‘géthggﬁr Prougiftofiore ﬁgﬁ%bﬁ@mgggédddg?m%%s t hat
recei ve NBMBinfeNeipralitioh drehBChi- MBOH) tipIDEdnswat & rGmmterantenGhcmetilizeOCCH)
is Point-to-point bi-directional channel that transmts dedi cated
control inf@roga}i o MM QUSetmyphlirs dtdwe digisan dRRPEx (ONDRatd aueddy

aspect, Logical. Traffi annel s co ises a Dedicated Traffi
Cronnel (Drespongipisr FoD3RERS b EPR S Sfm i SupAatae etk
dedi cat ed t ga@pgssidas afcn thdGuntd RABERSy réfiod! SCihat tAE RICIPRAit) Brindiple allows
addition, a Multicast Traffic Channel (MICH) for Pointto-mnultipaqint

DL channel fhsrestmatipnmliha iogvard lipk phangeltfeom fhooavsrep lipk chapngls hhis enables
Transport CRANRELS ,3hEo%kARE hihhgf bddhiRordd; (%%ﬁinbllrth Rhrw b SIRAPARkdn multipl
Channel s corrp;hlrasesspa B_Poadcasrt Chann.elo('éan , Dowﬁ'l I nk Srllared Drg%épe
Channel ( DL«8B@H}p awractaidabRagdithecpcCGsapoisl. (PCH), the PCH for support of
UE power saving (DRX cycle is indicated by the network to the UE),

br oadcast ed [@ger emefereng ol FIGahél amagigld at@sPiYelessonmueratidn syktemald0be

used for other gontrol/traffi.c channels. The, ort. Channel s
Compr | Ses. o RO Ae 2o MRt rkergecssportq AL IR Siss My
an Uplink Shakgd H\g@a&;@ Sdrandieding W04SRED0 R AotRérun@hdihy 1608 aRHY010, and an

channels. The P channel s conprise a set of DL channels and UL

channel s. [ @gdibe)al medmg 1BLRart HHAeInd 160 ponkydwo apispaassrashown fettaphel

CPI .S i i . Ak A
(Cooy shatebliag) oS, CRantely kpGHl PRy COR R Clanne

i cast Control Channel

(MCCH) ;  ShagethpUAceess tegminght016HATN &l in ¢SumErpationckitivwiteadge HiAtanchlifnel
ACK . DL_Physi cal h a.. Channel - : P r
oty ol R ntBhgs, 1972 BRET G (LA SBNGLy (ke b Birbda Hh e

| ndi cat or Cliamaed 1ifd L 10CHand fchevidnfdiivtiGhAamnek s:scerpineSEL 6 oRlyrsversl link

Random Acce Channel (PRACH).. Channel .Quality Indic r el

(008 - A R G e Thnis ENCREF ot Ak nain b o B atere
Channel ( AShflehnas 3006 2l ReguesimiChaineliol SREES eimidhl R2Y Shvebreiialigd
Dat a Channel éUL- PSDCH) ; Broadband Pi |l ot Channel (BPI CH)..D%00109] What
has been ded@#¢ peeemvisformationfeam ascarpradngl 02 hevey sveBasinadfetins |t
s, of cour $pp BatenPeSinhad A IARS $0180%02) P64 £ANGSH HADLE ApERANAL T On
of conponents or" nethodol ogi es for purposes of describing the various
aspects, butfreqmacy forgpuimaroytigrk Fpt eﬁamp[)eh torapnd limkyl 02@ ooy néczediffhrgnt many
further corrt%}en 6:tnic %%n%?a%%ﬁ&;ﬁé%geq{#% 181 € possi bl e. Accordingly, the

subj ect spe0|ﬂ|ca ronin to enbraceé all such alterations,

nodi ficatio nd variations that fall within the spirit and scope
of the appentl9dlcl e SPBOLTET R OTER £1e th HPCRIEY i 4888 ECt o the
various fungbmensicRe i SfdmeefcRid 1R :abayefdRsLictRPdin€ ORNRRNGNRES, antenna
devices, circuits, systens and the |ike, the terns (includin

! . a
reference t GTDS AEARES Jesiggeditor OMUBEGAeHR 2GEHCEHAYS Hban%%toéroé%er??%‘ﬁded

covered by access point 1000.



"non-exclusive or". [00112] Furthernore, as will be appreciated,
various portions of the disclosed systens and net hods may i ncl ude or
consi st ofy@sdobhicedzal i ntelligence, machine | earning, perkgRwedes or
rul e based conponents, sub-conponents, processes, neans, 9

met hodol ogi es, or nechanisns (e.g., supgport vector nmachi nes, neural
net wor ks, expert systens, Bayesian belief networks, fuzzy logic, data
fusi on engi (pa94] cl &sﬁdﬂﬂiﬁﬁsanonovér foﬁumdmimmfmem g)26ihmteaan@h1'ttmg can
automate certain chani sis of processes performe t here

portions of 3&%&%%0@% Pah! Ml wdias W@“ﬁﬂ%ﬁtqf@% f HMRTRYS %aélgﬂ&mo-
efficient apglsd atigbl fod@it 1inkOPRE IR1difcemia8WsPlerhingls 98 BRIdaNOg4 SKSt ens
descri bed supra, nethodol ogies that may be inplenented in accordance
with the di sdliéianean sepjsaoint peng éramfaveng)écetrﬁnaeﬁé@ rise tmmﬁlwﬁ%rrechce

to several s &f
explanationihgﬁ% t%%&@ﬂﬁﬁ%ﬂ$%g§g%§&§, %ﬁg(%éggé égMa series of
bl ocks, it n@gM@KMgcdmdhnsﬂnmdmapdmammmemhagéMM@hamu@hemmmaannﬂins
subject matter |s not limted by the order of the blocks, as sonme

bl ocks may BECUI @i tferent orders or concurrently with ot her

bl ocks from i s depi descrj bed hergej Mbr eover al

i I1ustrat ed! @@gkks g%ép?l&tfarr% a fige %ioaﬁ*érrifl% Wlﬁﬁ@g%& the
descri bed hes@ifis aﬁ@ﬁi&}r'af%@%la lrafmécﬁoabwiééeia%oﬁw rd N6l IARPE&HE hed t hat
t he met hodol ogi es di scl osed herein are capabl e of being stored on an
article of mmmp&tgrune apers$ eningt mpealsq bheabled an wceﬁmmaémrremipﬁgnt

such et NodaBgl el 8, GOMRUKERSn aTHEs ERMALLLE! RnRharBhORL o

used herein *"tended 1o enconpass a coﬁpu er rogranraccessrble
from any conmmhmkgyeadable device carrier, or nedia [00114] 1t
shoul d be appreciated that any patent, publication or ot her

di scl osure pEO6T i alFIGi 1 whodldek diagiain pRditaspdchat a ﬂrﬁlsﬁl&tedsjis@:nbelm (also
i ncor porat e erence herein is.incor or ed h rein only to thﬁ
ng

y re
ext ent that EP‘i’i"‘én rﬂ%&rfﬁaisai%rﬂ) e PeeRyer §EL (&ié?i GVt 28 GCE4sS Ik

definitions ﬁﬁi&@g@fcm 1190, Mth@fr&ﬂhﬁﬁér@?éiélﬁ 180, @affR dafifbr 4 Alithberion
this disclosure. As such, and to the extent necessar t he di scl osure

as expl i ci t HgtasEeantsds pievided Eom aderosegdd 1 hie fé@ﬁmm@éw Aja pReessPal
incorporateg;pherein by reference. Any material, or portion thereof,
that is said to be incorporated by reference herein but which

conflicts w tin finition tene or. other discl.osure

roteri ol sel0®aFY | haleRs L b TRent kA IRALE ov @l RpARL B GiED

t hat no conkhteada. ary ses pldetssaei 14 Ifc&matsnmlep@ncatmaﬂemelrd tedffiadata fdre

exi sting disclosure ma 30 THE CLAIKB DEEI NI %ﬁ§@¥NVENTION
ats) P

ARE AS FOLL&HE: ataﬁf@%iﬂﬁi@i@ﬂ&& apgFticplan rdvRg SRFRE SEectRd) ISHE &0

signal W t hpefyidddob@idatan acknow edgenent that avoids false al arm and
nisdetection i ncl udi ng:

[0098] The coded data for each data stream may be multiplexed with pilot data
using OFDM techniques. The pilot data is typically a known data pattern that is
processed in a known manner and may be used at the receiver system to estimate the
channel response. The multiplexed pilot and coded data for each data stream is then
modulated (i.e., symbol mapped) based on a particular modulation scheme (e.g., BPSK,
QSPK, M-PSK, or M-QAM) selected for that data stream to provide modulation
symbols. The data rate, coding, and modulation for cach data stream may be

determined by instructions performed by processor 1130.

[0099]  The modulation symbols for all data streams are then provided to a TX
MIMO processor 1120, which may further process the modulation symbols (¢.g., for
OFDM). TX MIMO processor 1120 then provides Nr modulation symbol streams to Ny



defining coding of a reference signal and a conbi ned reference signal
and acknow edgenent; transmtting coded reference signal in response

to a schedupeshofugagur ce bl ock in response to not recei pifgissosewigl NK
assi gnnment ; transmtting coded conbi ned reference signal and

acknow edgenent in response to receivinithe downlink assignnment,
wherein the defined coding provides for detecting either the coded
ref erence stgmsalittas (TMUIRY | abhmegh rie@beriereais igplahedmntbns, TX MIMO

acknow edgenent b i nd. decodj ng. hypot heses w t hout. anpi guity; and
e ¢t | nEEHSOL DR aPRis SFENoB iR S SR o hEr PR DG BT and
reference skghatenadfoRGRIENE SERET I beMgl thankitcBl | Ot spaces per
transm ssion tinme interval by coding the two pilot spaces with a

cover Tunctigiob GaePhmsMiehNes, fe@&véeﬁ%?ﬁ\éﬂc%ﬂ&@%ec.ige PllealMg

energy conparison after apﬁ yi ng each ecodi ng pot hesi s.
The net hod ofovadeainmot mofetantlog sighals) andiferthet oatidiigpnt Fees.+ anaplifiek,diltessy alsb| s

with a Wal sh_cov ction. 3. The nmeth f. claim urther. .
el udi ng: - pEORVER) HEIRLILE Harar? 1o pORAT B imegSla B BB s s ol B fgsion
supporting siet thy Miki@othahndluNE: inptiexied sigaas Sobyraayaitecall Rya bidulh il NPt

t he base sequepce; and usin e Wal sh cqver function on the
pi | ot spaceg‘ eéﬂ‘?lht&‘}né t@diﬁi‘ontj?‘féﬂg‘?ﬂrg%’%a&fﬁ‘ﬂé‘i H%tareéﬁe&?iﬁ‘é?" qual ity

i ndi cator ( ). or a CQL and acknow edgenent (ACK). 4. The nethod of
claim1, fuf@H8H i feireciviegsisteansivdt e Hgnemtedpadidatedsigpabnae raspiypdby

and conbi nedq,r, i |,V4i1Sh QN
Ul 1 pl ext ng " aper e LEp2sabRE 1 BOR o AD R ER R oy et 13y &
(PUCCH) nul piqyidsd éala raspastivesoeivad REIVEI K S 54 thtongh ¥ E54r.0 Resh, reepineh 1 PFYCCH
carrying either.eigh en  h.naf or Lon bitsiswith shifted Chu.
sequences u%‘g%ﬁttloglb g?’%’hﬁ%%%fadmp l;l/iﬁg% f)‘rg‘?%?vgnca?ﬁr%)r Bit? %ﬁfﬁﬁ?ew@%&}‘fet hod

for transm tigithgs dir copditicdedsiphelrte pewidei sgmples viintl urther obdsedsttha@damples to
acknow edgenent  t hat avoids fal.se,al a&g? and m sdet ection, including:
defini ng codfHYegreonesnopding nreeeigsdy RambAi e conbi ned ref erence si gnal
and acknow edgenent; transmtting coded reference signal in response
to a schedul¥H9%kesdtrRE dBlagepeepser | Klgbersieceivesiad prosessesthadx secaigothl i nk

assi gnment ; gy 3ol streams from Ny receivers 1154 based on a particular receiver processing
technique to provide Ny “detected” symbol streams. The RX data processor 1160 then
demodulates, deinterleaves, and decodes each detected symbol stream to recover the
traffic data for the data stream. The processing by RX data processor 1160 is
complementary to that performed by TX MIMO processor 1120 and TX data processor
1114 at transmitter system 1110.

[00103] A processor 1170 periodically determines which pre-coding matrix to use
(discussed below). Processor 1170 formulates a reverse link message comprising a

matrix index portion and a rank value portion.

[00104] The reverse link message may comprise various types of information
regarding the communication link or the received data stream. The reverse link
message is then processed by a TX data processor 1138, which also receives traffic data
for a number of data streams from a data source 1136, modulated by a modulator 1180,
conditioned by transmitters 1154a through 1154r, and transmitted back to transmitter

system 1110.



transmtting coded conbi ned reference signal and acknow edgenent in
response to receiving the downlink assignnent, wherein the
defined ceyh Bio/picos des for detecting either the codedpeei€ieHe8370
signal or coded conbi ned reference signal and acknow edgenent by

bl i nd decodi ng hypot heses wi t hout anbi @i ty; transmtting the
coded reference signal and the coded conbi ned reference signal and
acknow edge[®nos)w tAh trameniped spitermdac® temoduland sipisds Bom tréceiet sisenmval ;
and fining a pluralit f linear, code .blo ac fqr

b1 nd decodt b B reedt et Bl snadfRcd  raren iR ittt or
absence of agakanedgenant prav@tdbys RikadsLpataiin ANt Bx&ae tietkian

6. The nethod of claimb5, Tpurther I ncl udi ng; defining a.

| i near codell®f Bessagirangmitied by deciecdyy ﬁfaﬂt%gi%ﬂ thragesyer d 53 themyctermines
puncturing 14 6 . 0 : : : fning a
| i near code&gﬁgﬁ@&o@%aﬂ{%ﬁ g?{lasr??g%t%%lg Hﬁ%{?‘t& ﬁ@a(a}tlgflglﬁ%ln ggb%ﬁ&ﬁ%d by

enpl oyi ng apwessets thasddccddessigsi gn to optim ze code di stance from
the linear code block. 7. The nethod of claimb5, further including:
defining a [(méér dodeadpbacikgicarchannchfaes dagifict iigo &lonosll Ghatmeigsni SSi on

by puncturi ows and col.ums of a Reed- Ml er code; and '

ot Phing o NHEE) PerBas: ETRECPETo! S ar Gy oHBE S B Racw (ol Channel

acknow edgemntHs, Wi D3 DB fd? YRk RDsysRWScoaitel i8S, Pigity

Reed-Mul | er code errpllﬁg%é%vcn a coset based code design to _optim ze code
fr

di stance fr 6AMFAEERERCEHEPhGER] channphidatfansfes Reging infPrmasion.
further '”CM{ﬁ'ﬁa{aQécq?\%l @hﬁﬁeﬂ@d(%ﬂ%giﬁiéislPoti'rﬁQJS-nﬁH’tg%]thlﬂc&a R ued for

reference signal only transm'ssion; _ _ ining five linear
code bl ocks trhmmittiag MultindeBeadesssaral ulticass entice BN ecerdobngingnal
by_ f ! ndi ng Egn ol 585 Etaﬁ.i)l’% g%geénrs%{r%l%ﬁlbﬁs?@gn%%l gr §hct %&&Qisﬁig%k?{
original |inear code blrock and WhoSe mninum di stances are six to

ot her of t heorfnettionabis ehsnel is only used by UEs that receive MBMS (Note: old

MCCH+MSCH). Dedicated Control Channel (DCCH) is Point-to-point bi-directional

channel that transmits dedicated control information and used by UEs having an RRC
connection. In aspect, Logical Traffic Channels comprises a Dedicated Traffic Channel
(DTCH), which is Point-to-point bi-directional channel, dedicated to one UE, for the
transfer of user information. In addition, a Multicast Traffic Channel (MTCH) for Point-

to-multipoint DL channel for transmitting traffic data.

[00107) In an aspect, Transport Channels are classified into DL and UL, DL
Transport Channels comprises a Broadcast Channel (BCH), Downlink Shared Data
Channel (DL-SDCH) and a Paging Channel (PCH), the PCH for support of UE power
saving (DRX cycle is indicated by the network to the UE), broadcasted over entire cell
and mapped to PHY resources which can be used for other control/traffic channels. The
UL Transport Channels comprises a Random Access Channel (RACH), a Request
Channel (REQCH), an Uplink Shared Data Channel (UL-SDCH) and plurality of PHY

channels. The PHY channels comprise a set of DL channels and UL channels.

[00108] The DL PHY channels comprises: Common Pilot Channel (CPICH);
Synchronization Channel (SCH); Common Control Channel (CCCH); Shared DL
Control Channel (SDCCH); Multicast Control Channel (MCCH); Shared UL
Assignment Channel (SUACH); Acknowledgement Channel (ACKCH); DL Physical



9. The nethod of claim@8, further including defining an original
optimal |inear code block by puncturing a Golay code. 10. At | east

one processonrowoicosy ansmtting an uplink reference sigmpealroshdolo®s70

wi t hout an acknow edgenent that avoids fal se al arm and m sdetecti on,

i ncl udi ng: a first nodule for 2fefining coding of a reference
signal and a conbined reference signal and acknow edgenent; 32

a second no8béred Pata Ghaamed IQDL{HS@@H‘)DHEQMI‘ @oﬁmj €hsghdVPCOH), @sging se

L onemet g M PRl RS e Rl FESLY PR Bt
conbi ned r efc@h@mee Phiygi 6l IR 2806 AQkse Chad@EPRICHNN Ch@fﬁiéDQﬁzﬂitfr thdicator
assi gnnment , in the defined, coding

ovt doe s ol bame LR D R P e nens flanneb (A Kb Agaibrl Eoe:
comnbi ned retﬁﬁﬁﬁ@gx@t@@@ém@&%&ﬁ&@@%ﬁe s nIJtP)K gcﬂ%ﬁi@t@ﬂmta

hypot heses wi t hou %ﬁ;ﬁ&g e Cco ed reference
si gnal and ChennsbddedPERRBY NRigadhene Pleidehasigd (BPIGHHd acknow edgenent

are transmtted with two pilot spaces per transnmission tinme interval
by coding t i10No pWiet hayimcedesniibdd shovomeluddsimamplonof the dafms espects. It

whet her the.acknow ed sent by energy conpari son aft

Aol i ng. eah OB L BRIy o 0R iy SencER b e B RTRR O SPrgplhts or
product for niett@asivhict fmgu@ﬁsdsrﬂfﬁfﬂénm@Q@fe&ﬁﬁGuﬁdsF@@d bitd dnb oPbrdiMatzNeRilt
an acknomded ment that avoids avojding false alarmand m sdetect.i on,

i ncl udi ng; & 06AP R TE8REE BIREMeRb EGE GRRUINFHP TSR painpjations are possible.
first set OfACQGlQ%élyf e bﬁ@b@'&ﬁ&lﬁdﬁ@ﬁrﬁ%ﬁéd ttoQ:nﬁ)%Icle g ﬁ:c‘?ldélt@ﬁtlgﬁs

reference signal and a conbined reference signal and acknow edgenent;
a second semodfficatigissankloeriatians ithag fallheithin theupieit andscoparfshs eppeodtdd
reference signal in response to a schedul ed resource block in
response to not receiving a downlink assignnment; and

[00110]  In particular and in regard to the various functions performed by the above
described components, devices, circuits, systems and the like, the terms (including a
reference to a “means”) used to describe such components are intended to correspond,
unless otherwise indicated, to any component which performs the specified function of
the described component (e.g., a functional equivalent), even though not structurally
equivalent to the disclosed structure, which performs the function in the herein
illustrated exemplary aspects. In this regard, it will also be recognized that the various
aspects include a system as well as a computer-readable medium having computer-
executable instructions for performing the acts or events of the various methods.
[00111]  In addition, while a particular feature may have been disclosed with respect
to only one of several implementations, such feature may be combined with one or more
other features of the other implementations as may be desired and advantageous for any
given or particular application. To the extent that the terms “includes,” and “including”
and variants thereof are used in either the detailed description or the claims, these terms
are intended to be inclusive in a manner similar to the term “comprising.” Furthermore,
the term “or” as used in either the detailed description of the claims is meant to be a
“non-exclusive or”.

[00112] Furthermore, as will be appreciated, various portions of the disclosed
systems and methods may include or consist of artificial intelligence, machine learning,

or knowledge or rule based components, sub-components, processes, means,



a third set of codes for causing the conputer to transmt coded
conbi ned reference signal and acknow edgenent in response to

recei vi ng wéeodeydsd nk assi gnment, wherein the defi nedpg@gish@isorss7o
provi des for detecting either the coded reference signal or coded

conbi ned reference signal and acknow edifenent by blind decoding
hypot heses wi t hout anbi guity, wherein the coded reference
signal and théodoidgids, oonmbtinatinsgt.gr, anpert Se@aahachids, acknDidteeae R pért
are transnitt?d it h Im% il ot spagces per %ra sm ssi on t%ne i nterval
by coding t RS TR HSEE PEHI Y Gs: HZ8Y L8Fefa HHtoRicBRN D e - )

whet her t he Sagkaaoreae MR alib ScaR h8SR1ALe dRiaif RRICEMI GHRPrIRAR;s flrfkfed
appl yi ng each blind decodi ng hypothesis. 12. An apparatus for

transnitti ngeERY EpMpkaraensof Hicsyspyhand mpthedsgrompirdansive awell as efficient
acknow edgeggniydibal: avoi ds fal se al arm and m sdetection, including:
means for defining coding of a reference signal and a conbined
reference s{ifidd] aduvigeloidw exdgelentystems described supan sefhodolbgianthai may ng
coded refer ignal. in response to,.a schedul ed resource hlock jin
Fesponse. t oot BERRLp e R ERBTHRR e PGB el HRNE 6% Gl o
for transm withnefeenced seanbifloediigins. avigk 5 grpdscasthinpkagwredgenent
in response tqQ receiving t downl i nk assi gnnent, 33 ~wherein
the defi ned UHiE &W&B%‘Qﬂ?‘?%?s wethoiang devcr et asersriessfdlpckefgh Enkce
signal or cogeekicRAHAH REFtcEiRbE IRNEE cRiFOAdLRBONARK W BHAENBN he Wder of
blind decodlngégﬁpotheses wi t hout anbi guity, wherein the

coded r ef er Bkt ghspmablgcksiaycesgedn dofrsim eulersat spequeentyi witapthand
acknow edgeqgpis @ whhao i%&c?&d‘é}ﬂets&iﬂcﬁ@m@lnl. Morﬁ%@?f fidt aq)lqﬁustl:a{cﬁ blocks
e o a

transm ssion tine interval® by coding t two pI spaces W
cover funct imepbt cqdeebtoermpleetchiethe trivthodclkgioni@ddirudieteii. sA ddidamiiy, iby

energy conparispn after applyi ach bl nd. decodi hypot hesi s.

13. An appaf aotugfsjbef%?tﬁ?rra%rgﬁ?%g F}%‘b&gﬁ“%df%ﬁief gﬁ%‘f’%ﬁ%@%ﬁﬁfﬁé‘ﬁpa@?f&t% or
Wi t hout an bekgsrice dganenicld dfatanafofuestolfadisetcataaspirtaRthninS AEEEaE kiR,
i ncl udi ng: er for gefining codi ng_of a reference, signa

.a cod
and a combi REHOAUPEFLIRCAMERGFal NetsEm aticlsbineaBRawFe as used herein, is

intended to encompass a computer program accessible from any computer-readable
device, carrier, or media.

[00114] It should be appreciated that any patent, publication, or other disclosure
material, in whole or in part, that is said to be incorporated by reference herein is
incorporated herein only to the extent that the incorporated material does not conflict
with existing definitions, statements, or other disclosure material set forth in this
disclosure. As such, and to the extent necessary, the disclosure as explicitly set forth
herein supersedes any conflicting material incorporated herein by reference. Any
material, or portion thereof, that is said to be incorporated by reference herein, but
which conflicts with existing definitions, statements, or other disclosure material set
forth herein, will only be incorporated to the extent that no conflict arises between that

incorporated material and the existing disclosure material.



a receiver for receiving a downlink assignment; and a
transmtter for transmtting coded reference signal in response to a
schedul ed resource block in response to not receiving the downlink
assignment, and for transmitting coded conbi ned reference signal and
acknow edgenent in response to receiwyng the downlink assignnent,
wherein the defined coding provides for detecting either the coded
reference signal or coded conbi ned reference signal and

acknow EHEEARMSRERININGITHE SHGENBHONARE A8 FOLLAW S out anbi guity,

the transmtter for transmtting the coded reference signal and the
coded conbi ned %{ erence si gnal, and acknow edgenent with two pil
spaces ger th @ﬁ‘é fadragsmittipgRd uplinkdgfergice sighagwith of without anagknowisdgement H}a‘
codi ng mhmsEWBmmhhmHmsﬁﬁ&ﬂ&ammmMn@.cover functlon to denote whet her
t he acknow e [ arison aft r

cach bl 1 nd aoR Ry Ry BREE e Lo bR AT S8 f'sGa ARz
further incl udlsmgmtghedequncefmnaicmdismgsettdvescmemeqjtdomte Hyukivolesponst tohmoa
Wl sh CRMS%nJM&ﬁEhRQa nmame- 1he apparatus of claim 14, further

i ncl udi tie transmtter for transmtting two pil ot

synbol s eac h tféfﬁmmgéodfﬂ ceyRisé refaranee signgl and ackupgytedgamentun webnohse saeceivinaths

by cycl ysahibwassiffinfehd Ng the base sequence; and the coder for
usi ng the valih caver_function on the pilaqot space to indicate if
transmi ssi on “CFRP Hiedefingd toﬂaﬁwerldﬁu%ndrtfw ﬂ‘ﬂ?’d‘&t"&‘i‘ed (e@anfe tgnalr eedpd ang

acknow edhgpirize rwere(nea@aat ancﬂa&knomgeaﬁmp aﬁruiSie@deng hypbifesds3yithbut ainBiglity; and

i ncluding t h?ra e, rHle coged refg rnc:[e g:%‘lrz}lsan& dgd com%me(f r¢=:€3renc!’ee5%c er gn%ce si gnal
and conbi ned Fererénce st g an W edgenen & &i°vi si on

mul ti pl eskbevgedgereant alﬂvwgplént ﬁr:tages ofr trprhylgsteratﬁmmptlewlby e@mgmltwmamwedeswnth

( PUCCH) 5 B34kt mm,a&@denuawaﬁaa@uaaawmg%m.sgiesem%lexagytcemﬁlson%mpp;%
PUCCH carréggg either eight or ten information bits with shifted

sequenc &h feddeqoding pppBGBnal |y separate different PUCCH.
2. The method of claim 1, further including coding the two pilot symbols with a Walsh cover
function.
3. The method of claim 2, further including:

transmitting two pilot symbols each capable of supporting six orthogonal multiplexed users by
cyclically shifting the base sequence; and

using the Walsh cover function on the pilot space to indicate if transmission contains a channel
quality indicator (CQl) or a CQI and acknowledgement (ACK).

4, The method of claim 1, further including transmitting the coded reference signal and combined
reference signal and acknowledgement by code division multiplexing over a plurality of physical uplink
control channels (PUCCH) multiplexed into resource blocks of twelve tones, each PUCCH carrying either
eight or ten information bits with shifted Chu sequences used to orthogonaily separate different PUCCH.

5. A method for transmitting an uplink reference signal with or without an acknowledgement that
avoids false alarm and misdetection, including:
defining coding of a reference signal and a combined reference signal and acknowledgement;
transmitting coded reference signal in response to a scheduled resource block in response to not

receiving a downlink assignment;



17. An apparatus for transmtting an uplink reference signal with or
wi t hout an acknow edgenent that avoids fal se alarm and m sdetecti on,

i ncl udi ng: a coder for defining coding of a reference signal
and a conbi ned reference signal and acknow edgenent; a receiver for
receiving a downlink assignnent; andj; a transmtter for

transmtting coded reference signal in response to a schedul ed
resource block in response to not receiving the downlink assi gnnent,
and for transasmittinggodedebetiincbrisren@digna hrelraeimoeleddegerain respehse to receiving the
acknow goq&ﬁ,(;ﬁ;;% i@’ €Sponse to receiving the downlink assignnent,
wherein the |ned codlng provi des for detecting either the coded
reference si yheitin e defipeficgdinonipyidee fr fescineetibas th cogiadielegenes signal or coded

acknow egBmeeRierehds siahdl Btk a@l@h@@@&é@&erﬁ'ﬂplﬂfnb @&:@&n%’“yb&% WAk S dut

Y;
the transmitter for tranp erence si gnal and t he
coded conbi ngﬂ‘s'i‘"é‘fnéllhéﬁ%dégéefe&%ﬁ Sgg&ﬂd“dag‘k?‘?Sﬂcg‘aﬁE??éﬁf’veﬁ‘abar‘i‘g pi | ot
space pskndwlegsientogih@ne filongpade pér@ansalissiodiitek interval; and  t he coder for

defining a p!é%{ngilgéélxnagrgfng i:i_]n@?er%gdé%%{: $s acedctk snhmp ecocﬁjn by cosQ s@éj cg geélign {;:lxg

by coset based . Ui sh 1 herus G B&eh
acknowl disigeuishrinclusiay o alisengg of @ckwleégemem anidingifaisd elarscatnd mn:detecﬁ@x The
apparatus of claim 17, further including: the coder for

defi ni ng a linear code black for a reference si gnhal only transm ssion
by puncturi ngemeRed dslimb fihiidnelding Gol ay code; and t he

coder for deﬂmmnggmaidowadsckmdeefdaéne@skgnfalcwyarams&\iseibxeman&irigglaiwswidt h
acknow e %]cgcgpanﬁyl ng a coset based code design to optim ze

code di staﬁ‘cszg i near code block. 19. The apparatus of claim

17, further dﬁminadilmpgr code block for a refdnenceimberwitharkndeltdgamengbyeenipiogisa n ccade
bl ock fegsedaco&eetfegg,ﬁsls?% me%@ Esanéexraytmmm%ckby puncturing rows and

colums of a Reed coder for defining a
| i near code bl ock for a ref erence signal and acknow edgenent
transm gsi onma)heiabumfclalrrﬂ ﬂ%rﬂh&\é\f&mamgi colums of a Reed- Miller code
enpl oying a 3%5 ased .c desi.gn to optjm ze. code distance from
the |inear c&gRmgpinesr rcode !chocﬁ foraref‘gence signal only transmission by puncturing rows and
columns of a Reed- Mul]er code; and
defining a linear code block for a reference signal and acknowledgement transmission by
puncturing rows and columns of a Reed-Muller code employing a coset based code design to optimize

code distance from the linear code block.

8. The method of claim 5, further including:
defining an original linear code block for a reference signal only transmission; and
defining five linear code blocks for each acknowledge state 10 send the reference signal by
finding four cosets whose minimum distances are seven to the original linear code block and whose

minimum distances are six to other of the four cosets.

9. The method of claim 8, further including defining an original optimal linear code block by

puncturing a Golay code.

10. At least one processor for transmitling an uplink reference signal with or without an
acknowledgement that avoids false alarm and misdetection, including:
a first module for defining coding of a reference signal and a combined reference signal and

acknowledgement;



20. The apparatus of claim 17, further including: the coder for
defining an original linear code block for a reference signal only
transm ssion; and 35 the coder for defining five |linear code
bl ocks for each acknow edge state to send the reference signal by
finding four cosets whose m ni num di stances are seven to the original
| i near code bl ock and whose m ni mrum di stances are six to other of the
four cosets. 21. The apparatus of claim 20, further including the
coder for deﬁhm&ﬁQwameﬁ#ﬁg&mmhga@mdm&hmkh@aﬂnn@mdeebh@ﬂkmmyrwmxm

punct uri,n thod for receiving an uplink
referentéigg(s'?m%(gpé%"Oﬁg&m% wn!fnkgsggré“& CHO\ edgenent that avoids

avoi di ng fal Sé"fémﬁlm faﬁwnm@dm@@tqo@hnedirrfemmfdisrargl and acknowledgefednt inj ng a
pl ural i te¥poRde ROt MRS WAIRK FR6AGE NG Of a reference signal that may

or may not includ know ed a ttjng.a dowlink
assi gnnent ; Whereint the g%lﬁ‘ﬁ@ &‘ﬂ%?ff"f‘%s E’E(i,%‘?CW {‘]eérpﬁ ﬁigefeéqﬂéerségﬁ@ & Yiighal
t hat rragbmbi’nedir&ferdﬂ&tszgjnﬂ @hdﬂd&o&l@d@ﬁkmmﬂbkﬁdgmﬂg hypotheses withodd brntsigliity,

decodi ng the received coded ref si.ng each. of the
plurality of f}'%o% esdggre\g\n r%ﬁemgetqlg abmelé refer ‘f e ealla\'}'?i ng the

coded r edfkarvdergemesi gmdnsrmmdrwnbnwwﬁompums ackm&mk%dg@mﬁ&ww\bﬁdodmme picl ot
spaces pek spta&eé1 RRfh &%&rﬁ{ﬂmc&dn%dén&% Ghafik the acknowiedge(gﬂﬁﬁ?&hﬁﬂ b%r?e&r each

hypot hesi s by desprea a cover function us | ot
spaces FW%MBF@’M&’F‘H@?C phind dgeolinglipetiiesisment i s present; and
perform ng an energy conpari son.

i1, A computer program product for transmitting an uplink reference signal with or without an
acknowledgement that avoids avoiding false alarm and misdetection, including:

a computer-readable storage medium including,

a first set of codes for causing a computer to define coding of a reference signal and a combined
reference signal and acknowledgement;

a second set of codes for causing the computer to transmit coded reference signal in response to a
scheduled resource block in response to not receiving a downlink assignment; and

a third set of codes for causing the computer to transmit coded combined reference signal and
acknowledgement in response to receiving the downlink assignment,
wherein the defined coding provides for detecting either the coded reference signal or coded combined
reference signal and acknowledgement by blind decoding hypotheses without ambiguity,

wherein the coded reference signal and the coded combined reference signal and
acknowledgement are transmitted with two pilot spaces per transmission time interval by coding the two
pilot spaces with a cover function to denote whether the acknowledgement is present by energy

comparison after applying each blind decoding hypothesis.

12. An apparatus for transmitting an uplink reference signal with or without an acknowledgement that
avoids false alarm and misdetection, including:

means for defining coding of a reference signal and a combined reference signal and
acknowledgement;

means for transmitting coded reference signal in response to a scheduled resource block in
response to not receiving a downlink assignment; and

means for transmitting coded combined reference signal and acknowledgement in response to

receiving the downlink assignment,



23. The nethod of claim 22, further including decoding the two pil ot
synbol s by despreading a Wal sh cover function. 24. The net hod of
claim 23, further including: receiving two pilot synbols each
capabl e of supporting six orthogonal mnultiplexed users by cyclically
shifting the base sequence; and 33 decodi ng by despreading the
Wal sh cover function on the pilot space to determine if transm ssion
contains a channel ality indicator (CQlL) or a CQL and

acknow edgenhtreif i '“ﬂdZQQd‘“H?féV*%f%é@ecbﬁg eithes thancguipd refegeneersignalionesleddi ng

decodi ngnblied feﬁfeﬂée\é@ﬁal b a%ﬁr@@ﬁ@geﬁzkrg BAblindiatddig hy}%tﬁe@&@ﬂhout ambiguity,
acknow edgenent béﬁco e errultlapfem ng  over rality of physical

upl i nk cont r Bherein &n Fdedrefemstreciane! anddhe (—5'""Fr'ii‘l"3fj F"ﬁ‘fr@%ﬂgﬂ?lﬁ‘f‘@) resour ce

bl ocks &kndx&\l\&ibéﬁ&nﬁmﬁsﬁsmﬁﬁﬁ?ﬁhthm spakd pet lﬁ’e@srﬁlssﬁdcfiielhcﬁit@h}]b)&fodlh e two
informat.ion bits with shifte eguences use t.o orthogonally
separ at %"OP H (fecsé‘rmen CopuEEE o t%%“c(’%h N ?’r%cgﬁowée%{g%'}emr'%%r%“% hC® upl i nk
r ef er encenpgiisgmatier prfhngoachhhrtdwwﬂmahvpathémovw edgenent that avoids

avoi ding fal se alarm and mi sdetection, including: defining a
plurality of hypotheses for decodin of a reference signal that may
or may hot iMAPHURUSHPT UaesRTIEYE 8 dglinnatierence sighknihtor WikpukandigiipY iedgrment that

assi gnmpRtds fa%ummemshaecﬁ&mbm.ﬁy a coded reference signal that nay

or may not include acknow edgenent ;
y a coder for da P ining coding of a réference signal and a combined reference signal and

acknowledgement;

a receiver for receiving a downlink assignment; and

a transmitter for transmitting coded reference signal in response to a scheduled resource block in
response to not receiving the downlink assignment, and for transmitting coded combined reference signal
and acknowledgement in response to receiving the downlink assignment,

wherein the defined coding provides for detecting either the coded reference signal or coded
combined reference signal and acknowledgement by blind decoding hypotheses without ambiguity,

the transmitter for transmitting the coded reference signal and the coded combined reference
signal and acknowledgement with two pilot spaces per transmission time interval, and

the coder for coding the two pilot spaces with a cover function to denote whether the

acknowledgement is present by energy comparison after applying each blind decoding hypothesis.

14. The apparatus of claim 13, further including the coder for coding the two pilot symbols with a

Walsh cover function.

15. The apparatus of claim 14, further including:

the transmitter for transmitting two pilot symhbols each capable of supporting six orthogonal
multiplexed users by cyclically shifting the base sequence; and

the coder for using the Walsh cover function on the pilot space to indicate if transmission

contains a channel quality indicator (CQI) or a CQI and acknowledgement (ACK).

16. The apparatus of claim 13, further including the transmitter for transmitting the coded reference
signal and combined reference signal and acknowledgement by code division multiplexing over a plurality

of physical uplink control channels (PUCCH) multiplexed into resource blocks of twelve tones, each



bl i nd decoding the received coded reference signal using each of the

plurality of hypotheses w thout anbiguity; recei ving the coded
reference signal wth or w thout acknow edgenent with one pil ot space
per transmission tinme interval; and defining a hypotheses for

a plurality of linear code bl ocks spaged by coset based code design
to distinguish inclusion or absence of acknow edgenent. 27. The

met hod of claim 26, further including: defining a hypothesis
for a | PYEEH carpde eitherpadot §rdan informefiamrbneieh shifigh@iu sequknees usetts ortbeganaglly by
punct ur i.pgat avisreRPdcer! ums of a Gol ay code; and defining a

hypot hesis for a Iinear code block for a reference signal with
acknow edgenent by enpl oying a coset based code design to optim ze
code di st ancan d‘pb@mlstf&eraﬁsiﬂ’tﬁ@r an(ﬁgdﬁ rdir@@&signaldBih of BEnoIRh R&EWEdgehéent hht

26, furth f|n|ng a hypothesis for a linear code
bl ock for faﬁse%‘%?“eaﬁ%%'sgete o '"gﬁ‘ff transni ssion by puncturing rows and

col ums of aaRslerforldsfi mwmd:lofd@“ a reference signal and @ edmbimedgfeentmysipoalhebi s for a
| i near gﬂgng%gﬁ% .for a reference signal and acknow edgenent

transm ssion By puncturing rows and col uims of a Reed-Miller code
enpl oyi ng a &swrer Paerlvingsewalinkiegignmentopd i ni ze code di stance from

the linear cagdgnshleck: tran%gttlng-r J@)@edr{:ﬁtnj@&g sigfal @lr@pdMsedBa scfné!i[tfe@ %Eoul'c@ slotidh N9

defining a hygothesls qu & i near code bl ocks decoded y a common
decodi ngf*@f‘% R eEe Ve e ol afo%Pf@%ﬁPd for FaoamidingSpdefephingigefgnoe signal
or|g|nahmhumeakmemdenbh@mkeﬁ@&m@ngﬁé&ﬁ&hﬁﬁmﬁg@ﬁﬂ] only transm ssion

and defining vjhérgaﬁt d&%@J cioﬁlgggr]pn beg ?(J? %et;c?rﬁﬁ SRS me%gc}éé]ﬁa\fl&érenge%?gﬁato%o%eot 0

send t he reference
di st ancexsnbiped re&weenﬂan@i anmk@wiegﬁmm y b&n@aﬁpwélozj@pwhmswrém ambigisty,

m ni num di st ere%ema{eefoﬁt@asrﬁlmngmedrdecprtefeﬁewe slpfi ndGRS6deR comlfn%d rebdPence N€
nmet hod of &mga%%wm further including defi an orjginal optim
I

nin
i near PR APF AP PRSP e iion tme ieral, o

the coder for defining a plurality of linear code blocks spaced for blind decoding by coset based
code design to distinguish inclusion or absence of acknowledgement, avoiding false alarm and

mhisdetection.

18, The apparatus of claim 17, further including:
the coder for defining a linear code block for a reference signal only transmission by puncturing
rows and columns of a Golay code; and
the coder for defining a linear code block for a reference signal with acknowledgement by

employing a coset based code design to optimize code distance from the linear code block.

19, The apparatus of claim 17, further including:

the coder for defining a linear code block for a reference signal only transmission by puncturing
rows and columns of a Reed-Muller code; and

the coder for defining a linear code block for a reference signal and acknowledgement
transmission by puncturing rows and columns of a Reed- Muller code employing a coset based code

design to optimize code distance from the linear code block.

20. The apparatus of claim 17, further including:

the coder for defining an original linear code block for a reference signal only transmission; and



31. At |east one processor for receiving an uplink reference signal
with or without an acknow edgenent that avoids avoiding false alarm
and m sdetection, including: a first nodule for defining a
plurality of hypotheses for decoding of a reference signal that may
or may not include an acknow edgenengs a second nodul e for
transmtting a downlink assignnent; a third nodul e for
subsequently receiving a coded reference signal that may or nmay not
i ncl ude an a®kerdeifedy tve lingarpode blocks for egchaginewledgsnidigtasendghe mfeterng

decodi _nggnm? fih@REo M R6ke6 QUHRE mifh &N &NEResIkABRh 1USd PFinA G Qlie bIBR and

pl urali t%? of, Bép“?t heses w t hout aﬁlrLbngw %; wherein the third
modul e VREEPYEWM qiRances e §% Ot Ahedo T FSHEI with or wit hout

acknow edgenment with two pil ot spaces per transmi ssion tinme interval;
comput & t o e o aa T AL Ry BB B Tr e R R R P e coce

f unct i obloa dpdunomringwelofapgodsi | ot spaces to denote whet her the

acknow edgenent is present and for perform ng an energy conparison.
32. A conputer program product for receiving an uplink reference

si gnal %t h oretigdifeioereivian nirkipkgaiewerg sreaht it datitheny 8] erowipdgedrmn et al se
al ar m andidfaoriRk Gk kiaih ankl BELHERY incladig@nput er - r eadabl e st or age nmedi um
i ncl udi ng, . fir set of codes for_causing.a conputer t

o1 ne. o pi e bupetlr FETa L Do Pura PR L P

t hat maan agknowlygemertt; | ncl ude an acknow edgenent; a second set of codes

for causing f.0&, GPILEEkLQihhaRsm t a downlink assignment; a
third set of codes for causing the QonPuter to subsequently receive a
coded ref er SHEBAUEIY FrsFviphatodstdsiegree HaRpl g may proTayder inghide an

acknow gdgrn®dmenand a fourth set of codes for causing the

O L e IS5kl PR LeLTaEE 8 Ao
without ambiguity;
receiving the coded reference signal with or without acknowledgement with two pilot spaces per
transmission time interval;
decoding with each hypothesis by despreading a cover function used on the two pilot spaces to
denote whether the acknowledgement is present; and

performing an energy comparison.

23 The method of elaim 22, further including decoding the two pilot symbols by despreading a

Walsh cover function.

24, The method of claim 23, further including:

receiving two pilot symbols each capable of supporting six orthogonal multiplexed users by
cyclically shifting the base sequence; and

decoding by despreading the Walsh cover function on the pilot space to determine if transmission

contains a channel quality indicator (CQI) or a CQI and acknowledgement (ACK).

25, The method of claim 22, further including decoding the received reference signal with or without
acknowledgement by code demultiplexing over a plurality of physical uplink control channels (PUCCH)
that were multiplexed into resource blocks of twelve tones, each PUCCH carrying either eight or ten

information bits with shifted Chu sequences used to orthogonally separate different PUCCH.



wherein the third set of codes further causes the conmputer to receive
t he coded reference signal with or wthout acknow edgenent with two
pil ot spaces per transm ssion tinme interval; and wherein the
fourth set of codes further causes the conputer to decode with each
hypot hesi s by despreading a cover fungtion used on the two pil ot
spaces to denote whether the acknow edgenment is present and for
perform ng an energy conparison. 38 33. An apparatus for receiving
an uplink reference signal with or wi thout an acknow edgenent t hat
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distinguish inclusion or absence of acknowledgement,

27. The method of claim 26, further including:

defining a hypothesis for a linear code block for a reference signal only transmission by
puncturing rows and columns of a Golay code; and

defining a hypothesis for a linear code block for a reference signal with acknowledgement by

employing a coset based code design to optimize code distance from the linear code block.

28. The method of claim 28, further including:

defining a hypothesis for a linear code block for a reference signal only transmission by
puncturing rows and columns of a Reed-Muller code; and

defining a hypothesis for a linear code block for a reference signal and acknowledgement
transmission by puncturing rows and columns of a Reed-Muller code employing a coset based code design

to optimize code distance from the linear code block.

29, The method of claim 26, further including defining a hypothesis for five linear code biocks
decoded by a common decoding structure with five different offsets by defining an original linear code
block for a reference signal only transmission and defining five linear code blocks for each acknowledge
state to send the reference signal by finding four cosets whose minimum distances are seven to the original

linear code block and whose minimum distances are six to other of the four cosets.



a decoder for defining a plurality of hypotheses for decoding of a
reference signal that may or may not include an acknow edgenent; a

transmtter for transmtting a downlink assignnent; and a
recei ver for subsequently receiving a coded reference signal that may
or may not include an acknow edgenentsz t he decoder for blind
decodi ng the received coded reference signal using each of the
plurality of hypotheses w thout anbiguity; the receiver for
Pecei vi y t HEreethedirelams% ietber sicging defnicparovigindloniu lsetcrdilastienent
W th twey @mmf?acﬁmggaﬁ per transmission tinme interval; and t he
decoder for decoding with each hypothesis by despreadlng a cover

function used on the two pilot spaces to denote whether the .
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despreading a cover function used on the two pilot spaces to denote whether the acknowledgement is

present and for performing an energy comparison.

32 A computer program product for receiving an uplink reference signal with or without an
acknowledgement that avoids avoiding false alarm and misdetection, including:

a computer-readable storage medium including,

a first set of codes for causing a computer to define a plurality of hypotheses for decoding of a
reference signal that may or may not include an acknowledgement;

a second set of codes for causing the computer to transmit a downlink assignmeit;

a third set of codes for causing the computer to subsequently receive a coded reference signal that
may or may not include an acknowledgement; and

a fourth set of codes for causing the computer to blind decode the received coded reference signal
using each of the plurality of hypotheses without ambiguity;

wherein the third set of codes further causes the computer to receive the coded reference signal
with or without acknowledgermnent with two pilot spaces per transmission time interval; and

wherein the fourth set of codes further causes the computer to decode with each hypothesis by
despreading a cover function used on the two pilot spaces to denote whether the acknowledgement is

present and for performing an energy comparison.



38. An apparatus for receiving an uplink reference signal with or

wi t hout an acknow edgenent that avoi ds avoi ding fal se al arm and
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and
despreading a cover function used on the two pilot spaces to denote whether the acknowledgement is

present and for performing an energy comparison.

34, An apparatus for receiving an uplink reference signal with or without an acknowledgement that
avoids avoiding false alarm and misdetection, including:

a decoder for defining a plurality of hypotheses for decoding of a reference signal that may or may
not include an acknowledgement;

a transmitter for transmitting a downlink assignment; and

a receiver for subsequently receiving a coded reference signal that may or may not include an
acknowledgement;

the decoder for blind decoding the received coded reference signal using each of the plurality of
hypotheses without ambiguity;

the receiver for receiving the coded reference signal with or without acknowledgement with two
pilot spaces per transmission time interval; and

the decoder for decoding with each hypothesis by despreading a cover function used on the two

pilot spaces to denote whether the acknowledgement is present and for performing an energy comparison.

3s. The apparatus of claim 34, further including the decoder for decoding the two pilot symbols by

despreading a Walsh cover function.

36, The apparatus of claim 35, further including:
the receiver for receiving two pilot symbols each capable of supporting six orthogonal

multiplexed users by cyclically shifting the base sequence; and



40 t he decoder for defining a hypothesis for a |linear code

bl ock for a reference signal and acknow edgenment transm ssion by
puncturing rows and colums of a Reed-Miller code enploying a coset
based code design to optim ze code distance fromthe |inear code

bl ock. 41. The apparatus of claim 389 further including the decoder
for defining a hypothesis for five linear code bl ocks decoded by a

common decodj ) ur.e h five different offsets by definjng, an
original Ii nh%%c d%rdyr ‘%F"&E‘ﬁ\% prepding the Irvéaﬁfgéovg‘i fRF4Pn i PPy SRATE 1oy deleming
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send the reference signal by finding four cosets whose m ni num

di stances are seven to the original |inear code bl ock and whose
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control channels (PUCCH) that were mult:plexed into resource blocks of twelve tones each PUCCH

carrying either eight or ten information bits with shifted Chu sequences used to orthogonally separate
different PUCCH.

38. An apparatus for receiving an uplink reference signal with or without an acknowledgement that
avoids avoiding false alarm and misdetection, including:

a decoder for defining a plurality of hypotheses for decoding of a reference signal that may or may
not include an acknowledgement;

a transmitter for transmitting a downlink assignment; and

a receiver for subsequently receiving a coded reference signal that may or may not include an
acknowledgement;

the decoder for blind decoding the received coded reference signal using each of the plurality of
hypotheses without ambiguity;

the receiver for receiving the coded reference signal with or without acknowledgement with one
pilot space per transmission time interval; and

the decoder for defining a hypotheses for a plurality of linear code blocks spaced by coset based

code design to distinguish inclusion or absence of acknowledgement.

39. The apparatus of claim 38, further including:

the decoder for defining a hypothesis for a linear code block for a reference signal only
transmission by puncturing rows and columns of a Golay code; and

the decoder for defining a hypothesis for a linear code block for a reference signal with

acknowledgement by employing a coset based code design to optimize code distance from the linear code
block.

40, The apparatus of claim 38, further including:
the decoder for defining a hypothesis for a linear code block for a reference signal only

transmission by puncturing rows and columns of a Reed-Muller code; and
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the decoder for defining a hypothesis for a linear code block for a reference signal and
acknowledgement transmission by puncturing rows and columns of @ Reed-Muller code employing a coset

based code design to optimize code distance from the linear code block.

41, The apparatus of claim 38, further including the decoder for defining a hypothesis for five linear
code blocks decoded by a common decoding structure with five different offsets by defining an original
linear code block for a reference signal only transmission and defining five linear code blocks for each
acknowledge state to send the reference signal by finding four cosets whose minimum distances are seven

to the original linear code block and whose minimum distances are six to ather of the four cosets.

42, The apparatus of claim 41, further including the decoder for defining an original optimal linear

code block by puncturing a Golay code.



