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Exanpl es of such mul ti pl e-access systens include code
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mul ti pl e access (TDVA) .syste frequency di vi si on
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[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.¢., 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



successor to HSDPA and HSUPA technol ogi es specified in
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resources at the system band edges are used, where CQI+ACK information from up to 6
users for short CP numerology or 4 users for long cyclic prefix (CP) numerology are
multiplexed using code division multiplexing (CDM) in frequency domain. Additional
intra-TTI (transmission time interval) frequency hopping is applied to increase
frequency diversity.

[0007] For the CQI or CQI+ACK transmissions, (20, n+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



error correction based on the nunerol ogy for short CP

and | ong CP specified in the standard, where n is the
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ACKi nformation bits. Since an_enhanced base node (eNB)

schedul es both the UL CQ tradsmnission as well as

downlink (DL) data transm ssion, NB knows when to
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purpose is to present sone concepts of the described
features in a sinplified fS%r Yapreludetothe nor e
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[0918F c ordaifokowing: r&ypets Qrsimpli fdasipeedrs iddder to provide a basic
correspondi ng disclosure thereof, various aspects are
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transmitting 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
achieved 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



achi eved for unanbi guous blind decoding. [0012] In one
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aspect, an apparatus transmts an uplink reference
detectlng either the coded reference signal or coded combined reference signal and

acknowledgement by blind decoding hypotheses without ambiguity.

[0015] In another additional aspect, an apparatus transmits an uplink reference
signal with or without an acknowledgement that avoids avoiding false alarm and
misdetection. Means are provided for defining coding of a reference signal and a
combined reference signal 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



signal wth or w thout an acknow edgenment that avoids

avoi ding fal se al arm and m sdetection. Means are
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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



reference signal that nmay or may not include an
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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



certain illustrative aspects and are indicative of but
a few of the various ways in which the principles of
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t@éSI 10 a6 P Vikustratep a spatipx pEk cesshase é?ﬁ%deélgll forl@p 8) and (20,

IR o BRI (5 17082 YRy BT ana

fdws; 7 illustrates a timng diagram of a nethodol ogy
for uplink joint reference and acknow edgenent codi ng

gfecadong iINREHRS ARghtRY of fifir YbdeelegGs;net work; [ 0031]
G 8 illustrates a block diagramof a wireless

P@ggg]r “ l__ﬁé”ﬁ éllh% 1”%5 %1 g‘%lhjg dl%g%lﬂ{o ie%lg{hggolﬁgxz ?orrh%ﬂﬁk joint

COERIY @ammvay@gmemﬁ@adi deRodiup }pelrfbrma@ll byntkie wireless
reference and acknow edgenent codi ng and decodi ng;
[o®e%: FIG 10 illustrates a diagramof a nultiple

access W reless comuni cation
[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 a communication system enhanced 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



system according to one aspect for uplink reference
and acknow edgenent codi ng and decodi ng; [0034] FIG

W@ 20000046082 r at es a schemati c bl ock di agram of aPCT/US2008/078370
conmuni cation system for supporting uplink reference
and acknow edgenent codi ng and decodi ng; DETAI LED
DESCRI PTI ON[ 0035] A transmtter in a wirel ess network
{00308k M tA trjanﬂrmittelcihanmeeblequat\i/my tiansthtsajoort ch@@e) qaatidy indicator

ket t
o R G R P e Rt B gyt uplink
A6 @M @hisdi6® %Bﬂﬁig@re&&véﬂ%rﬁ lﬁﬁﬁh o HhAl\élé‘ﬁeﬁ%O&ﬂﬁfde%deb with
two hypot heses of either CQ CK bein

W&@yméltﬁsemfaﬁébtycﬁl 8 €Ot A&K bmng\mccweé ﬁh@h@y a gifyagipn in
}c%ha 1%%1%2 %ISOI‘UID L& {/ﬁ%ngouu%t tr%cii, g&t t;é::lﬁt%rgste% Ooglfl?be &v%&%&ﬁ E\go hypotheses.
mm@hbﬂh clicdprbfix eGP)a@ Rpraphattitd filsz@réuchivkitesd HiRd aided

signaling by using two different Wal sh covers for the
ﬁgnfétng Bydisgiedival dlgryenwalswpwe:@r thinpitota tq Befpl RIS

SRk, P e i il AP T S o RO Bsigns
aereddel foo @IQIfand (E}i&h(m)dﬁt sidpapainedecythe bcu;te ‘tﬁ)lok dor cach mode

rraX| m ze the di stance tvvee t hese two code space
qu’é%’é? npxUBEC Etgf‘t‘éfre@ thess Epp 6@%@ ECSe YAHipUS

E(%'ét %8&‘ apprO8AEs Qlegggcrﬁ)gg &S scaldhi bl @lchn s ﬂlécksgb‘a@@ Gnitial
good codes can be found based on the coset based
eppltosiolvet good avdes zen bhivuhd bsedainghercastbased ailairemln to mlnlrnize

inally, althou t he on i.n this nmeno..s
st o a5 RS, ST Blodgh ket g s only
fRltaylifeadBlock BEISRABE a QRBEPRIN cCRHIRE GRRY U686k, R same approach
conventional convol utional code or tail biting
@@hﬁoﬁ}mhﬁ@hmonwu@na{ @msel]utlwlucgd%oratgﬁ oding ceneolnenal code.

! be\gar uts gsﬂeg sk & dgs%rlg-?c? Wﬂ[l?&de %é t tﬂeh wm s. In the
0 bt o

W ng descri I on poses O ana

foliBifUdessigton, fer Iﬂlqio?sed @f @@&ns@ctn fnambh)uls Bp@liﬂitEdletzilﬁ; are set
rOV|de a thorough understandl of one or nore
atogder fq proyideisetherpugla Hpdersianginget onerptmary @spestsi dugay be

Qﬁﬁaﬁtﬁbv&@%r kgr%hB{e%Hoﬁ§gs W ﬂ%gtbetlﬁgéﬁeé%ﬁbﬁt' these specific

details. er i1 nstan nown structures an
detvilc da oaaltee issiemes, wellBdnoedn sdiuaigrarmﬂ devicésmarosltern indblock

facilijfate descri in. se. asp [0037] As used in
iRy tnm;ip gFqes ip H@a?g?sﬁﬁlbméd 8&%%0 " hodul e”

(0085 emfas @Rd it i ddp Iﬁ@atﬁ{netﬂe'i&%ﬁd%gmbgnern?f e‘fnoﬂﬁlea “system”, and
conputer-rel ated ent ity, either hardware,

therithc pag intemded tohrafed war eompaesafidtodherdity, sacmht'mlmréwamr a

sof ecution.. For e onent . na
BB & TR B 0Bl g & BEBEE Tt NG 8k

Bx M€ @SBRI pondnt RACRS B is ndNliAREEGLbeid) a XREH RBhiBg of a
thread of execution, a program or 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.



conmputer. By way of illustration, both an application

running on a server and the server can be a conponent.
W@@/04608Dr e conmponents nmay reside within a prPCEES2008/078370

thread of execution and a congonent may be | ocalized

on one conputer or distributed between two or nore

conputers. [0038] The word "exenplary" is used herein

{938k an Betheinmge abe anc exanp ersiomshanoeimpemented as a method,

illustration a ct ar design described herein.as
gt B e A RREE udbe PR IAT s e g oS
ReRiighdsad Bﬁfdu@@i YR 26 SRSy QY Har BV 416 for aR P 86MBin@fion thereof to
desi gns. [ 0039] Furthernore, the one or nore versions

eanrobe cpmphiehiniaderagnt shondisthorgd aspnster dihgdsrnotrarigle pEl e

of nuf act ur.e usi ng standard progranm ng. or oo
RBTARAFT g VBt e oS Stk SRR & baer Agialp iy ntended
foadndvabess aonipiyer pedHRh at¢QSiblcTRire ahy tempbitfeadabde device,
conputer to inplenent the disclosed aspects. The term

CaiFiey, €F BegiR. Fap exanerlercemputy repdelle madia anynclugdeby ot limited
R ALRN Qfo?%éccfezfi)ceéfe. é;,slﬁgd Hﬁﬁ,ef'l{bgg%.i%ﬁ? {éﬁgﬁi&g strips...), optical

enconpass a COITpUt e rogram ac SI roma
dekpistercongadahible(@@y digtal vasatiledisk @ VDR di)asmdrocards, and flash

exanpl e, .conputer readabl e media can include but are .
FSERory it r{?s-; ﬁ%&n%{cg?: é?@ﬁla@@d&@w@ﬁ( @.%?C}atf#ﬁat a carrier
%§é‘canfﬂe%ﬁlﬂo§jéd3ti5 gﬁﬁ?%%)ﬁf)htgr- LEARS electranic @Rk 'sﬁcg{kasq}lééésused in

(e.g., conpact , digital versatile d
(rDvD)itting.and reneming clactusiic mad of inagkcsyangor netwenki stels as the Internet

. 0. d, [ iti [y i houl d b :
5 Patt SR v Rtk (200 Tt ot Raer o By Bheegenize many
R aGOIRHA e MBdCIRRIR BhEEIrhOdH ®itR@ltAcpitRg ASmM AOS&pe of
used in transmtting and receiving electronic mail or

the dasstosed pypgeta: net work such as the Internet or a |ocal

net k o r - i]led, 1.n th
B8 ks il TRUGTE ol IORR PR ol Fude
hihBeradBbingoiichitd, @iddwick hadtthdBipart istg bEaderktoed aad peprediated
t he di scl osed aspects. 50040. Vari ous aspects will be
habhe yeueus systers maydpclyge ddiBonah sempepgnishpodiles.gzc. or may not

@%Hﬁ@ gll%ff tlfeocgﬂgﬁ)ggﬁtﬁ’mm&l grg: ctiiﬁgftgs tdﬂﬁ cbﬁtll%%tiorll %vi‘éh%ltlée ﬁ%ures. A

e under st oo appr eci at e various sys
oaybinaddruetehad dppioacials neymhonentssd. Theludress agiects disclosed

ot o Dot e TR aTe S e TR 1B Soueh sereen
8Py ARhh&BgRE of REEK-AINSIBENE Ty FBYtcHasQ. BRaHDERA of T devices
vari ous aspects disclosed herein can be perforned on

wichele comahtedediskes indohokiiagnubet/plosss, tphsbnaltdigitag essistants

. SRR AP BT oL AP e et e of such

(oM T es RaTshing enif AMPLEGS 1 daskinapicaish MeRoike)00 oFABFdnsmitter
phones, personal digital assistants (PDAs), and ot her

éraen HBrind adecdivaslepise A Odacdtfatanunamlyigyais gletection of an uplink
reference signal, such as on a physical uplink control channel (PUCCH) 106 without the

receiving device 104 knowing whether or not the transmitting device 102 received a
downlink assignment 108 on a downlink channel 110. In particular, the transmitter
device 102 sends optimally spaced code division multiplexed (CDM) code blocks 111
for blind decoding of CQI or CQI+Ack. In an illustrative aspect, the receiver device
104 can comprise an evolved base node (¢Node B) that has a network controller 112

that uses a transmitter 114 to manage a plurality of transmitter device 102 (e.g., mobile



[0041] Referring initially to FIG 1, a conmunication
network 100 of a transmtter device 102 and a receiver

wW@l20006030D4 facilitates unanbi guous det ecti on PET/EHS2008/078370

uplink reference signal, such as on a physical uplink
control channel (PUCCH) 106 w& hout the receiving

devi ce 104 knowi ng whet her or not the transmtting
dewingeicdtith deyoes v eathamdowmingrfkr aswiotsipeals withad receieer 116. To

%%gg@;@%ﬁ%e ﬁgoéé’?lfl}fﬁ @g‘%{ylgﬁ%ﬁ ’86% gé}nélirné Pea H]ewce 102 uses a
Mnhélﬂiu@ﬁ@%oh@@%ntqqg% prcpates rbfeterdcekighhll 8., qle&@ﬂm Quality

cQ +Ack. In an illustrative aspect,
m@lec@toyéGQél)é PIcteanymIss A0 élmfpedlgfé 184 &n@lt«wé@bﬁas,e:hﬂ@gieg
I 112
éh I\bdle n_%%, ! (f peﬂ_o%S 1na n[lVﬁ: a§gaéesao pTQltngr% ef Eiew ? a%t RIS
d@ﬁ@nﬁﬂerﬁl&i’zwéﬂl)g com{fﬁbdsb@(a@laﬂiﬁiﬂb@g’ﬁ thede @ﬁMD ﬁ@@sﬁelveﬁm that
monitoring for control signals wth a receiver 116. To

akapwicdges TeapiRpPlrita ereconvmingsifioat thecosdichgeca ¢, whignin turn
ElﬁéG@ﬁgﬁﬁﬁth&ﬁs&%r ll'?fs a channel quality

conp to prepare a reference signal (e.g., a
fied2pel Igugaiticplar ashecqtiar tr{nSQijer dbvice 1 0B OTRBIMIN 2N and an

ér&ﬁ‘t : eﬁe' e i}i%aaﬁ%ﬁhfﬁlgféﬁ?&é@a@ ?pge'iﬂ ; han*teéhwr or not the

Q&Vﬁlﬁ& a8 Vﬁnm@lfltt R M&ereéeﬁ@é&ls Mg dnfihn eyl ﬁﬁan%&ém%pmhe‘iﬁér the
an acknowedge node (AM transceiver 12

A@Knxsmmédmsormetm the PUICCdﬁsdoﬁmnec o MH{dd codayn# kmploys an

R et Reoeagne ofoumher e it dy i M ap eate & fhu P

hiRaS gl IcBmpdfMtit 26 P2 1dng CPnlmhadfPylcotipbhdntang BNpsNKlar for
in the Sane subframe, with inclusion of the ACK

thepberd Gy a oiotiidedegnading gempenaat dahisiusek by disi RAneHtcoder 124 to
g‘r%§ eWa{ ﬁ%g\lﬁ\éﬁgded-rﬁlo% % u%%? eastdlgﬁlctéﬁ%n?{’:%%l ﬁ({%@_‘ated accordingly

her ncl

ﬁdﬂbf@@m CIRACCHodatieferdidd skl s Arnthapeepr 164 @ PUCCH
codi ng dependl ng on whet her. the AMtranscei ver 120 is

glegodey” B3 o<ttloyserdupl pdotoi Bgling SYaddrdaspreadipe apd gnqrgmgonaparison
hor t

RUUARRAC % EIRRNCH: Cefr COLORIE L bS8 "oy

t(]ﬁid3PUC¢f—llomgc[ﬁ’r thedd 26,804 2Bt ® casdtbhsdd cody eign coateonent 140 of the

LB HER T e ERr SRS soohoneefneh PR IGhE s cepccd
Mﬂﬂff‘lseri]d%fg th@‘tCQIrh% (26.8) Hﬁéar +04in V\%%IOP RWGER wacede ﬁpa%gé CQI-ACK

l oys a ot signal I ng despreadi ng a
m@@yl 0g dmpﬁrcp é@hloclgrﬁs dnplntedias 844. oA bdingd ideccalet foe b&@ (264‘8) and

(0TS he oy omBuin biadane BUETH dirotSnis ibhpbigugy detect
ng RYEeH sader 124 is used to produce an optim zed
| i near code bl ocks as depicted at 142 for sending the

B04hs aAlfamtayiy fonameddRia Ask 6¥kdinoset baetd codedesign
§&§§o%%nm8'&% 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 FIG. 2, a first approach provides pilot aided
signaling. As depicted in FIG. 2, an UL channel structure 200 has two pilots. Each



as a (20,10) linear code block, as depicted at 144. A

bl i nd decoder for both (20,8) and (20,10) hypot heses
w@orpon®sr 146 at the PUCCH decoder 136 unanbi BUDUS1098/078370

detects what has been sent. [0044] Alternatively for a

long CP, a 5-Ack (20, 8) coset]based code design

conponent 148 of the PUCCH coder 124 all ows sel ection

pilotagmbplheood suppert kixoH) brtbaxat! elsipttxcddeerdes cyphieally shifting

! G AEalie 2T Rk A Cren By igporfladon
Qfﬁ{f&&trh gd'bb?éwét&?CR 1§'§‘Ifa@1(ﬂ@dlc ¢S@pley-valuel 's%?aldﬁffe@ﬂl%ﬁulus one

of linear codin ock having five offsets for
@rtdezeaj«D ﬁtﬂtee@rﬂlatmk( Tl égfﬁcm@wsqepmateoﬁ CQl geags based on analysis
gqfhln@) Wth two pilot signal synbols per slot in
é& M c prefix (CP) nunerol ogy depicted at 200 of

ﬁ10@6] 2, Ia ofddir $d elﬁﬁﬁﬁ&aﬁ@ aﬂab@aityi 8stwh QIQIar d&H+ACK transmission,
gnal i ng picted in FIG 2, an UL channe

§’t3 rceélsimreplzwhﬁ%\@ langgh G701 @9 ¥V alshegonpi oothe pYlabiiace &igr grample,
6 h

SRR Wt B U RN T SR AL BB Sy V0T plone
ﬂmsnﬁssﬂ.@ﬂaid&%lsh rpldrt(Loe) retmo Elot @pﬁbdletoalmdmatewmémfACK
(abbr.evi at ed | G is a | ex-val ped
%ﬁmww tﬁiy%mﬁ%p@ﬁég o %@ﬁ& W6H 81 10 Ay mbedi-dn the
tRcivdf filcinRRlicdc) (SRR @ésﬁre@d ggul&'ﬁ@&@ne%?ﬁ&thgﬂot syrnbols first.
anaIyS|s provi ded bel ow. 6] In order to elimnate

Then, antsi ctgmmatuy ddzseta&éelmn@@ﬂnwawwﬁ@mhmm berilersd foHpwogk by the

| d t I th t h
iraps Tap it tdccifv e S el St LB OnaRe R heBsrl or
COI+ALK d¥e Ttt‘é@srﬂ'ttE@tOlﬁ‘)éﬁH@ir&lsMsshd'iﬁh6@é & ¢OevERQIahenes
transm ssion and Wal sh cover (1, -1) in two §I|Ot

k3avo (20,10 of (A saedccpdingaigentnn t:fﬂabmﬁpélgd gndecoyethicc
agﬁ%éwng%fnﬁgﬁwgghd still be used across two pil ot

recei ver side, frequency domain

ﬂmm eadrishouiptexite cdased biyahis peddasypis it adgitonel Wafshrdstpread and
Then, tinme domain despread using both Wal sh covers
§IF?<§%DI' EPTPRAT BV HEh (SNt tisyiak W@lr@rf@rt@;;h%@ﬁtp#rth%@wtp@cessmg

: c%sﬁﬂé&ﬁ{é%ﬂaﬁgy%'ﬁn{aﬁoﬂ cﬁ{h‘%‘loﬁ 2Rl QelMAE LG same

re transmtted. Once e transm ssi on
am@@l-oﬁly@@anmeﬂ;prdﬁ@sﬂ-ACK IS knovvn (20, n) or (20, n+k)

ﬂ@f‘?ﬂ 8)5?‘ tﬁf e sletcs g?flﬂ%%' i a%%ogdﬁéﬁa‘éé SF %etg}wture 300
ﬁéﬁi@t@&j nplyld hi § AR ARESRLVSIs bﬁﬁn@e‘addytd st BY@idbde Design, In this

despread and’ energy conparison, which Is quite trivia
grpavhed cosot bised cedst dosigntfhelieB thr borlsdscoding for the CQI or

AR PR Sr R bRy P PR e FERRS o ot disinguish
BERABBE(m )G $%; n+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 (m, n) code and (n+k)-dimensional hyperplane
constituted from code words of (m, nt+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, nt+k) such that the distance spectrum of each code is optimized and the distance

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



[0048] If only one pilot slot is available, such as
for the long CP structure 300 depicted in FIG 3, a

WO R0094@b1 er nati ve is provided by a Coset BaseRCIZUS08/078370
Design. In this approach, a coset based code design
facilitates the blind decodinf for the CQ or CQ +ACK
channel s. Using conventional |inear coding schenes,
RO L AN MSHe 1S th 8 HirddhsRALMRIES opfiniZAdioRPRLIH isnK ln GF(2)
codes because these two code spaces can be arbitraril
bistesé of xhbawie dereo apirgachaodelicdire prableos visteyploitabe oesst properties

dlne Q | ane constituted from code
ﬁg agngF H? ‘%3§“¢H%§§H& -dlnenS|onaI hyper pl ane
OsSf i t L(meeh bptaiiz6@ 08, M) tincbl{dR codd khoSOdemsMe utdn Gr (2),
paral l el to each other and wth the | ar gest di stance,
aveoeldminaght hitspakst athelimERatO? " A Wesidmyahé taumanof the
for code optimzation is to flpd two |inear codes (m
poneeatel rhatrixrofklis block codraTht RS divetmncia tsipechspacn @iuld also be
each code is optimzed and the di stance between two

BOHRRTRIGARSr6 ANt Wiitoperalind M dnieds@ee Onorls Totn theBeld find
two codes is |largest.[0050] The brut'e force dinension

@cfseismf $hi® REdup etk ©F e aRperPlires dhrhré;ﬁérablel tJ) Betspact S . From
of the brute force approach to solve the problem we

ax t | 8des; S,
LSl Ko SREs B RpTE el b R hthee b o
bquieaéntll taokcosqdde whamd et 6MRith $argés Hafntdng Q)stande Frorn G we
could find the subspace wth dinmension 2 "+ spanned by

thRd ﬁﬁh H'E@§ s@b-gth® Ge&}ﬁfcﬁt@% Ifé?attéd Ko (hh'n? liRLR %l‘ock code, or
code. "+ vectors in this subspace could also be

QWI%E%ﬂsu% fe Q\Q{ﬂg d%%e?ngm‘ﬁp?r. ‘t%?t \'N"% aadh iPRRh Bﬁ’the distance

cou coset I's group a

ea%@%re%@eﬂec%dmo &L $hé& R fﬁa {aé)et gi" Bﬁ‘i??s a su'ﬁ%eﬁ%‘f a+tG.

e hyperp anes, we cou

argest distance | and 2 or vaIentI
gé‘% 2 d@%{monsﬁh %netﬁ <F0a1rstgfé%q% FRRRIcA" oyt Gelies in the
&gp1me could find a hest sub- gwoup whi ch Fs gener at ed
21 omdamemsioma) hypeneane BI ¥kviootie> orpaediel teaP ek FIG. 4). The (m,
subspace wi th di nensi on 2" By best we nean in terns
of litdaebldcls tadeceitls piisdt rdlim B é‘[%edl (moniﬁ()vlmedsblod[hmnie +ittsoffset
he coset of and is a subset of a + . And the 2"
Dginrh gf@ma)lur Bi}kpeptpn@lrselultlons; A$is solittiod gfives et (erenk)scode. But
a+liesinthe 2 "+ -dinensional hyperplane | .
s\ ustadelobigngulanay hetlbetthe Bes bamuse & cestraifikeé thengrouy) G tobe
linear block code with offset a in a + and (m n+k)
h kutegrouplofék. Tl@@smddbeﬁilé@dtypbtpﬂeﬁleb%oaﬁmt@wd by (m, n+k) code
sub-optimal solutions. This solution gives best (m

M&kP: 69 grg B}H)He 'isht‘ﬁe( esPvith 29010 MG n%)’ccﬁi%tacp&danQO our

best because cons alned the group to be a
smbugmump of . The di stance between hyperpl anes 2

fﬂ%‘gi]t tyf e?h ¥ne(t1qc])d is -![-lll(EPt g?v%g%ptimized (m, n) linear block code whose
elements are in GF(2), we could find the subspace N 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, "O)V. From

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

or equivalently we find 2" _dimensional subspace S which contains § . The criterion

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



and ! by (m n) code is the largest with respect to
the (m n+k) code according to our construction.
W@ 0®52}608N0t her nethod is that given optim zedPCHUSI9P8/078370
I i near bl ock code whose elenents are in G-(2), we
could find the subspace wi th Wi mension 2" spanned by
the columms of the generator matrix of this block
prUEHly Thge Than\bRet@ksthithe {dmSmiReRadigasRUEe @l&oShed | we
considered as a group with operation + and identity '
Sould find cofet0fhWe 4 &0 belh ek EIReksivihié10are GaEWhioGabshage S . From S

generated from (m n+k) linear block codes, or

%&1Yﬁ'e%9f3ér¥la¥i@s, flebufd fifd thgit\%%ﬂh(%ﬂ@lar%éép&@@ﬁ@a RhiyehS: o
contains”. The criterion to find could be maxi m zi ng

' ';qw@ LSt ance pgtieen i a+G ;
{5 epdg%gl bl'y érér)tk)(?tge thanﬁgne Wi Wﬁﬁﬁjﬁéggggﬂﬁgmrﬁl igr%ﬁarlrl]ce' Then s

i stance.~ For. gi.ven and _ coul d fi-ngd cosets +' a g
e ShSBER G anbish i S aos a8 oA g o rsbBRRnel pynspline
and all the h%;oe'r planes, we could find the two wi¢h
génerdted fewt ? dstianive? |-damasi2nalrhypqulang| EnObyiousky ©! is parallel to
%osets a +G and b+G w m | argest Hanm.ng di stance. Then

2 | Bhet (me n) dinedr bidck, codhingth dffcad sulfset ofd (@, n+RAnbindanblogk code

"+ -di nensi na¢ hyper pl ane | generated from a G\gq[n
mthnéﬁsmasm nal ansparsybaapeintal solgirrisolikis yolutipr giyay best &n, n)
0.2 h i r it fset '
(St bR R ot bRAReq RS G BOR b Bl el ane
our -opt.imal solwuti,ons. This, solution, gives bes.
o %0 B oY G i anty DBt Sb P g Oro by (m.
the best bgcause we constrained the group to contain

atlouede armhe! gy §mankeods ét the drgesy pathgpaseisto2me phikk qodg pegprding

+k). code and | by (m n) code is the |argest
%y?‘&%%gs&ﬁ%%?&to (m n+k) code according to our

[0853} r ucthe@bovd abdEthdliegiaboveoptivdalrseiutiods ofihe eriginal
sub-optimal solutions of the original optimzation
pptirhizetion piodblicoe Nohiat thaf iftthe 22:dimehisiens subspd cc pabap@d dy the best
generated by the best (m (nm code is not a subspace of
(then)zode isdiofre sshspac ofshib3pacelimenémat sbspacetgercrbed by the best

bBr 0 15 R (RSP o 0 L M e
bhehsl. BoMlstale 5ot bdul@BS syies R vIRREnSie dfin, R) a@?,(tﬂqk) codes
n+k) codes are optimal (of course not too bad), but

tigeoptimat (od ceuBe noided badlebityhedistaaercketweristhi hiipesnlapgs constituted

hes wo codes, s the |argest. [0054] Exanpl e of
bR S RdRant R SEn for (20, 8) and (200 10). we

pI034}  WiBxandpieof(cddet bhddd doak dysig0ee (2@ 8 and (2000 EWe start with
(203, st DL o6k, ode B RUTELUIAnG colUme and.. o
LE R ﬂ&t‘? Esagh%%ns&w,rtﬂ&&& 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 eNB receiver has to do blind decoding

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



the best linear block code. Next, we use the second

nmet hod descri bed above to find the (20, 10) linear
whk@eki@sre with m ni mum di stance 6. Wth thi sSPCDUS008@78370

then find the best coset, whose Hamm ng distance is 5

fromthe group generated by tle best (20, 8) code.

[ 0055] Once the code books are specified, one can use

bived P rpa@) maxantizeanisnidde 8pat1jetse@@timrbe(t@@en th&ye teodesdsothus

transmt e? receiver has to do blind

BB ho S(angml@ng FESE°"10) to identify which

[0086] WasA 345 &QohPhltdrAARS M@ TosdtBhs&PE8IPPEREN for long CP
approach maxi m zes the code space separation between

nmresrelqgms pasuksd forHilmdhy dﬁcnﬂmé§f 06 ahd IEH+AIGK. nindird TRA, UE

Eg%‘% nglatl 0 ( Oérr ﬁo %\aor to?rzﬁgs 6;16 )}I?flg oLAgh (for 2

M&W(ﬁﬁ@) tb @NBR ITha tofal deed MECI0 fw Gk d anthakddisidfard kbt more
E- UTRA, UE m%ht send 1 bit ACK information (for 1
then émh@}l argPTX, ek, AGK); K nttdn: (N%@KZA@@@M (NACK
mk to eNB. Then total states of ACK we need to

e distinct are not nore than 5, which are DTX,
[08SK] AQKeoretiAdK;, WACKIIJ i NAGHKsjoiACH), i edddsNAKe cNNACK)s. are in
[0057] Theoretically, W could find 5 disjoint (m n)
codes whose %’T nents are in GF(2) as long as . GF(2)

i3 ﬂ eI r I

CRORS I A2 || PRl btshs R b it b8 B M onts
tvhederd naaely(abyaywaiaed t0"raagr'¢S dikes uking thdsy évE &) sASKo represents
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Hﬁfaﬁ@es@ﬁ aHQ§e§5 Enyaldded hie aﬂa@é%@o@é@f@aﬂﬁ ehDRIMREM Ance
pair of these (m 'n) codes is as’'large as possible
pO858] amfhmibofithescf(ox, opcdicseresilange f podsibde.opt i mi zat i on

problemis 2min GF(2). Instead of the brute force
H1968bac T hedretelfange divecnsionisifahis Omm@ﬂpbmpmbtemelsc%s &t GF(2).

Pngfe% Hhesogtltg {)rlgﬁ a]!)é/ﬂg"f?‘h tf)ﬁgl%glﬁ% I?Tgﬁlséfn va p%n tn%foset properties

60Me linvg eull ddéd tBCﬁnZi tAe SolGRGEt Stariniy GHithathe ofHiGholinthr ?rn n)

with it. From aI | these cosets, we could find four o

tch&[‘rwwcbﬁlh fhnave” t )neoslf:arv@ﬁslt apaligjoint weh it Bfoanale these cosets we
r W th the origin code. [0059]. Exanpl e Cod

9@35 Ry of thym whicgdeue %l%ﬁg?st R W ipGdiganGerdpectiey Wﬂél)the

?ﬁ%ﬁﬁaldc%ﬁém ed at 500 of FIG 5, which is punctured

mthe (24, 12) GOLAY code, we could find four
[9s8} s Vﬂmmlerﬂuderﬂﬂmlgh ﬁiréiﬂ;éﬁ Cade Stattogtvni¢h optirgalr{20, 8) code

é%ggtf:q] ats tol}gilaag rwl\ll\lllcﬁ Fs pqlinggu?ergicf?gm ?ﬁee(ﬁ, ?ZQ’) (98£|A%t c%(gle,a \Eze 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, §) 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



[ 0060] Once the code books are specified, one can use

these five (20, 8) codes to transmt 8 bit CQ and 2
wWhRa0g/04@08 The eNB receiver has to do blind derCHU2P0%678370

these five (20, 8) codes to identify which ACK bits

were used for transnission. The coset based approach

maxi m zes the code space separation between these five
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e elnafter ut this specification are
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1 bR St ARy B PRI E PR S BRaSHE thannel (e 0.
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Bbﬂ@b@@qu‘t@ud&\ml@@y degedadeAs @ploﬁéioﬁtﬂ 10,/ thosgpiver device
T o B e B DR, 550 Rl

Q&{Vlbﬁz@dgbﬂﬁaﬁt (MERS) criat Lepbtiantot ﬁﬁftﬁmmged CRARNE Ho&%v@r When both
PUCCH) to transmt a reference signal (e.g.,. . CQ) t
604 apd ACKyBeadta by trangmitigd widhigpihe same subframe without uphnk (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



B) that can be unanbi guously blindly decoded. As

depicted at 710, the receiver device 704 transmts a
weloMml#GoR2 assi gnnent, which if successful |y deP@ruUgado8/078370

woul d pronpt an acknow edgenent (ACK) or at |east a

not acknow edged (NAK). HowevkKr, when both CQ and ACK

need to be transmtted within the same subfrane

W G, iU GOH tndosiidisjondatrmde mathswogslioosymlidie ea@r:mppe:ting six
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whethgras gepicrd iCRIotRGE0 bei ng transmtted. Then as

depi cted at 716, the PUCCH transm ssion is nade with
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byJ e@deub@dd todd RQigB) Ther a@@plaedl yt 7t3r2atms rmsls Ctm mddhd and
found for maxi nrum tance, For an

gﬁwﬁ@i wih felhp inegr ‘éﬂde&leé%W@%g'b&rC%qdr?ablt é§z‘< gig)coded and
55%%1 Ngd lNﬁfl 1179@8, 1'0 119&1? lﬁgcﬁ oTl{ezr%c%)ferac%gcl(lg% ﬁ by blind
w t t he romthe

atte ecte or maxi mum di st ance
aodmg thy recoised cdnmdedfemde sighg rwithAsoth 2 (g8ickindi(dMd0) hypotheses.

TARTES SSoPhe et GO 8Bk Sk . o

glsah@@fg SndXthiALl HEG BY 59&@ﬁtstd@@ss qdr QQQFrplQ easczgrl 2) TR @e is
depicted at 732, the 8- CQ is coded

purshignd ta zenlomnuaﬁ (2®y), la)eat ccnieahloqko dénch If@ulcomts athefom}dowtth a

tted w
e i nisor iR 6 SRERA A% M wEh e S e
dépittyd B B1Bek R Otth&gthk IBebif €O b @d-HeOtEr aret&iea rag@ transmitted by
signal with both (20,8) and (20, 10) hg&)ot heses. [0067]

Wingpieael the frye {24 8)6{1116@%@)(1@#91%&&@& @erm@ ats/4Qe dihg reqgivegr device
%49 &ﬁlcﬁﬁgs Cg?e% by using maximum-likelihood (ML) decoding with the same
decoding structure but with five different offsets to detect the ACK state.

[0068] Referring to FIG. 8, in one aspect, a communication system 800 includes an
evolved Universal Mobile Telecommunications System (UMTS) Terrestrial Radio
Access Network (E-UTRAN) 802 that incorporates an expedited status reporting system
804 between a user equipment (UE) 806 and one evolved base node (eNB) 808, with
other eNB 810, 812 also depicted, in accordance with 3GPP LTE (Third Generation



di stance is maxi m zed between 5- ACK states. For
exanple, a (24,12) CGolay code is punctured to an
W pion#dosy 20, 8) | i near code bl ock. Then four cPSEUS2088/€78370
found with a m ninum di stance of 7 fromthe original
and at least a pair-w se distbhce of 6 as depicted in
bl ock 738. Then the 8-bit CQ and 2-bit ACK are coded
BartharshamBrij¢ct €dng Fewns Emglutne) obtocole af hmdif(eﬁ@oﬁsistbiltrmi&it aspects
de bl ocks as depicted at 740. The receiver device
Bconcl udes Case 2b by using maxi num|ikelihood (M)

Ems)pl | NOrHeiiNDdE MR $98N%1 008 ED BRI BerRYriaWRbdlo Access (E-
ive different offsets to detect the ACK state. [0068

RéRruseigplans aad@ongol plancifk Qgpetoeo! tam@bﬁtﬁnmﬁ tewardyphe UE 806.
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expedi ted status reporti nﬁng&st em 804 between a user

AP rad physisa) layosconte!l Gt 8F ¢Rigdp BsH Onlddeir Bnggyonnected
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Esmojceted! by aiegnsT ﬁff an SElvmltaﬂfalﬁe S 1Py tmtaggigl’g@ (éﬁ)lmd?algkﬁdiore), more
t I ects rei.n e S
] onsﬂcsﬁg?o %lwé ity Minagemgt r@/ﬁr@e&fé%gﬁ pg %@?M%A%&%m
§ FIRAL S & a @Atwggck%pﬁlet%fﬁ gﬂi ”lﬁHeeEnein plngBHQQ Blany-to-many

termnations towards the UE 806. The user ne can
odbationi bseverh NIEPR/S-8iVd 8@,r8dr8amd@No§>aBs 368.5Hi0p8 B op actwork
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hanage HEdSHa‘uEﬁlbf ts@mtes3o fUEsrfg)6Gﬁ1b6ﬂﬁ)4ﬁmk MNE/ci&wﬁMik (&&lﬁaduhng)-
818 connected to a data packet network 820. The_ S|

[hheadergamnnsessisrand caciatign plousersafa sasagt:isslsctinn ofc@MME at UE
AR Yl or 6 B0 g?%@ﬁa@ﬁb%gg%i&w e fling and

treesthi$soon @ﬁmgmgrmdsssms lienigl oated fromntc MMED; schedtdingasd

An ai.r | |%82(12 cti ve‘be%ween eNode g 808 and the .
URNSBHEIO orred Cﬁ*ﬁén KRB BAN GRS ASUEYBeNt 81 W&&rgn?lﬁé@omng
Ecﬁlﬂg‘ﬁi‘&tf&ﬁ ff)ﬂ&%lt)ﬂh%na?nd JcRdi@npesour ce managenent: radio

bearer control, radio adm sSion control, connection
[ﬁﬂﬁil] i tyThed\dMFthst&jtyaécpﬂcnmag ﬁcn@atnnsordlsiflbutasmfmgmgtrmssages to

Eaaiore s hoPotld, KR LB Coft il e BB ol sislom

AedeettuRERflutdsh (IME) %%at‘éEc@itﬁo@‘ﬂWhg ah@tédiBy pfotét$idh of Non-
pl ane data towards servi ng gateway; scheduling and
Access Stratum (NAS) signaling. The Serving Gateway hosts the following functions

termination of U-plane packets for paging reasons and switching of U-plane for support

of UE mobility.
[0072] An over-the-air (OTA) downlink (DL) 824 of the air link 822 from the

eNode B 808 can include a plurality of communication 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



transm ssion of pagi ng nessages (originated fromthe
MVE) ; schedul ing and transm ssion of broadcast
WO pdods@s: on; and neasurenent and nmeasur enent PEPUS10081¢78370
configuration for nobility and scheduling. [0071] The
MVE hosts the following functi®ns: distribution of
pagi ng nessages to the eNode Bs 808, 810, 812;
séamratiby fioonhigbér; layats @ the ATE stazki Thlsys ineohirgt to Sysicehsignals,

Ahienr g Rt Bl Fah R sarBaThePhy, BB Ny ©

qj’anal | n The SerV| ng Gateway hosts the foll ow ng
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$SVIgBAFACS P A %%%13%). f@htheﬁ;ﬂe%{aéi?rﬁf%ﬁi‘@ﬁ’thyﬁlﬁﬁézla%el has defined
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wnl 1 nk 824. One common character|
pleaoheg,gesomrdereddmaertt a;mgirhem,dmymapﬁ)mgrmﬂlpmﬂcédingmre related to

' r layers in the LTE stack. This in. contrast to
Rl P@waﬁgaywpeﬁspeaﬁww e S U

used excl usively wwthin the PHY layer. [0073] LTE DL
4] calA Breadaest £haneel @RGH) bay a ormit 28Ky Biadahensr an

c(:IE g@gg&neﬁ%g h%oa{ (? elﬁg\lgg is):og}é g%rglé |&?%@&@(%§%EOHS Hybrid

AR@(}@ARQmppmSt dyaasipolink ahptioebp var\y,tﬁgahocaﬂalmecodmgand
access points &SAPS for the L2/L3 |ayers.

ach
PRYASHERIWE gt HBID I B tgasmiseian QV@fcﬁnPf%‘i‘?é qoafsras@ prea, is suitable for
g&r IR0k ]ﬂgy%@gbtqu ﬂaﬁﬂ@ ﬁnc{%ﬂﬁ's@eﬂTC rg%%dec‘allg&itf&% and

|ver3|ty codi'ng, resource e
agpoys dlscrmtmhauyﬁtecamqaﬁblhﬁ) fomghopreesayod lAnl@pgmgChzeinal @dCH)
to M catio A | ayer corr onds to a spati al
HOPPTD Do BT o oA ET AR G ESer e ehd pBegaped t
Basndcdliy@cied Pﬂ;‘sw%[‘ fhsbgrely. O@Wﬁéasf)@ﬁ&mﬁ[‘(cl\gﬂﬁl) i€required for
coveragé area o . A Downlink Shared annel

bDrdSSH)Ves aptporct c%ﬂtgeohrmsm(m@ultlsawbmad@suy siagicc

A R TR A —

emispbe cﬁﬁ{ﬂelsca@wr@geasaemmen B, Padihe choicUPEH) DBwnlink
beanf or m n%b&rﬁ)&gort s dynam c and sem -static resource

shargkehenes )7 ap@ Mtétl@ﬁsg@l@ﬁmlr{mli) r%@@ﬁp@é choefs provide
d U
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resour A Miltic nel is .required for
ior ol A8 piad Super %rlecpﬁrrqemwfﬁ%rgf@ “Peeesignalipgpdrgngport channels

M%hﬁdp%@& td M}@ﬁgpé}ﬁﬁmels 8d Reb&s: BCH maps to CCPCH, although mapping
to PDSCH under consideration. PCH and DL-SCH map to PDSCH. MCH may be
mapped to PDSCH.

[0075] A higher-level protocol or application of the transmitter (e.g., eNB 808 for
DL 824 or the UE 806 for an uplink (UL) 826) has content for communication such as
Internet Protocol (IP) packets that are transferred as a service data unit (SDU) to an
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



frequency network (MB-SFN), supports sem -static

resource allocation. Supported transport channels are
wBe@ade®st channel (BCH), Paging channel (PCH)PCT/US2008/078370

Downl i nk shared channel (DL-SCH), and Milti cast

channel (McH). Transport chantfels provide the

follow ng functions: structure for passing data

PEUfS rag Reivicg lleta linfay €S3Us etormsehart &aedspoutt o€ i ldwagherer protocol,

ers ur e PHY status indicators (packet
R(%f ]g‘tng o&th@her | ayers, and support for
[Uﬂgb - |1@%@D@1@§ﬁd the RIKE hreSid Rt pAgtocols ﬁf‘tﬁ@%&er two’ of a
channels are mapped to physical channels as foll ows:
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the UE 806. An unambiguous PUCCH Component Reception 846 can comprise sets of

codes and data in memory 844 executed by the processor(s) 842. In an illustrative
aspect, a first module 848 defines a plurality of hypotheses for decoding of a reference
signal (e.g., CQI) that may or may not include an acknowledgement (e.g., ACK). A
second module 850 transmits a downlink assignment. A third module 852 subsequently
receives a coded reference signal that may or may not include an acknowledgement. A
fourth module 854 blind decodes the received coded reference signal using each of the

plurality of hypotheses without ambiguity.



SC- FDVA on the uplink. UTRA, E-UTRA, UMIS, LTE and GSM
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assi gnment,” wherein the defined codi ng provi des f

dutparcntsg eit her the coded ref erence signal or coded

E@g@h |n n jn Fﬁlg ElquﬁgﬁxZ%%Rng{Jﬁ %18 ?ﬂgﬁ@q‘zég}(? yg,nelggs%na?r?lob 1*1)3/ w1relessdand/ or

cellular telephone. Alternatively, the UE 806 may comprise a fixed communication

device, such as a Proxy Call/Session Control Function (P-CSCF) server, a network
device, a server, a computer workstation, etc. It should be understood that UE 806 is
not limited to such described or illustrated devices, but may further include a Personal
Digital Assistant (PDA), a two-way text pager, a portable computer having a wired or
wireless communication portal, and any type of computer platform having a wired
and/or wireless communications 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



[0079] The nenories 844, 864 can conprise volatile and
nonvol atile nenory portions, such as read-only and/or
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Network (GERAN) 908 and via an lu interface to a UTRAN 910.

[0083] It 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



devi ce operable to generate and/or present information
for consunption by the user of the UE 806. For
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tunneling protocol for the user plane (GIP-U) |ayer
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 (ePDG) 924



may be used on the user-plane (U plane) and is useful

for transmtting user data in a packet sw tched area.
WP2RO¥6080 t ched networks in the Universal MbPECEUS2008/078370
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simultaneously 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.



Pol i cy and Chargi ng Enforcenent Point (PCEP) (not
shown). An S6 interface (i.e., AAA interface) enables
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[0093] Each group of antennas or the area in which they are designed to
communicate is often referred to as a sector of the access point. In the aspect, antenna
groups each are designed to communicate to access terminals in a sector, of the areas

covered by access point 1000.



transm ssions are on the sanme frequency region so that

the reciprocity principle allows the estinmation of the
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beanform ng gain on the forwadX |ink when nmultiple

antennas are avail able at the access point. [0092]

904} r i dg comnfinGatidpva fomward phies HPOemd 1026.6hesansmitting

canmuni cati on syst 00 acc rding to o aspect i.s
PR o s ST L b St npyter R TARE the Sinal-to-
Adikd +aBb & F BV RN G BHIDS i fP&8ntl 4364 Y etirR@nalO 0 caind 198961
anot her including 1008 and 1010, and an additiona
paviitiondian gccz@@&mamslug)hwmfommmg @ trarcsmlbﬁ@l agcqspvberanagnysatiered
ana%rnp 1 ou ecac I}a aenéaenns % te&s ren acr rrmna(i)

Fewe M ant @ ﬁn 11§ ESPRe AT PP dh % OHCSHE SARAM ST Bup.
Asigitssing@el thah ad Qd@s{ Aot trgshitti6 e EFUNdICAtih @l amehha to all its
ant ennas, 1012 and 1014, where antennas 1012 and 1014
RGCAPRSIRATRINALS or mati on to access terminal 1016 over
forward |Iink 1020 and receive information from access
{0898 n aIAmmssqmtt mayvlm' sBxdd sdtiob0h8d foxcomssuni @ting math the

1022 's iin co n c n with antennas 6._and 1008

(o el e e NG G Rted N B 1 S ARG ROPY g ayher
%@ﬁmgye rAH RRbsskOddnauely 185 Vol iapkcdQ2@ NI, user equipment
recei ve i nformation fron1access term nal 1022 over

tléle p gardl¢spkomonraication devERDIasETabrACCESS taromiat ot sape other
%lnks 1018, 1020, 1024 and 1026 nmay use different
reqﬁﬁﬁ%& for communi cation. For exanple, forward |ink
may_use a different frequency then that us

b
[0&9@} se HlPnk! soaigock diagram ea17sph ap2 8ﬁnsarﬂft%ﬁﬁ¥é@nb¥f/1 0 (also
kitfnf6:e WO cllbifly bREY el SRPRTESS QLEITTUR £ 3ies| Brminal)
toheMdbi§eaytsienaht Ghia tigr teupssiittachstand 1desiaghe data dor a number of

onmuni cate to,access termnal n a sect.o
SR bve pett i T a<aBBiE 11666, { 5O {0 Hata plocessor
¢pmruni cation over forward |inks 1020 and 1026, the
transnitting ant ennas of access point 1000 utilize

Fﬁ?%or rﬂl CP t ?I (li(a'ia ¥t % Yr%agrgﬁtgg Ié)% Cﬁe)elggvéc' ftansmit

hrgemianans dﬂt@ igﬁ)oaMr 10RAforhbts adddes, iaa mtaﬂ‘eaaesCtﬁS $ra£ﬁlj dita for
beanform ng to transmt to access termn

g%‘é?dtga@r%faamé%@rﬂrya PHHHgHeading chees sgectechins gt ﬁé@§tream to

?ﬁkﬁkcﬁH&P&ﬁato access termnals in neighboring cells
an an access point transmtting through a single

nato all its.acc term nal s S
AT el 2o 418 68 G T S GoET e i o RGP e
Wihd OFV t@hAiqo&d. sSTIRNHIoiBNta ¥ t§/91cbﬂf¥] b Rh6wh askatpartas i is
access point, a Node B, or sone ot
processed 1n 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 each 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 (e.g., for
OFDM). TX MIMO processor 1120 then provides Ny modulation symbol streams to Ny
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(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 1s 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.
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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



Control Channel (PCCH), which is DL channel that

transfers paging information. Milticast Control
wW@h@aedosy MCCH) which is Point-to-mnultipoint DRCEOS20&078370

used for transmtting Miltinedi a Broadcast and

Mul ticast Service (MBMS) scheduling and control

information for one or several MICHs. Cenerally, after

Bedrad DiasHl imgn&ROLecBYINEEL)i Bh Pohics Cohtaolr{eiannsl (DIMIGCH)s Baging

Bl SR 5 By LIS o

sfe@qtﬁy@iﬂﬁﬂ Rzﬁfﬂi@ﬁﬂﬁ&ceﬁi"@haﬂn@ﬁm@ﬁ @ﬁhﬁét@ﬁl lity Indicator

con rol information and used UEs haV| ng an

Ebatm@l:(GQICH)L Ackrpeledgenany C@amne’r(féﬁ‘iKiCé{)matmeat §ubset Indicator

B PSoiEpreris il et Chdrn®) (SRETRGD- ok hige gherdo b
@ﬁalﬂdE(UltiPlSDd}e) Breuashiel Pigdt (lseheli(BPICHRAL i on. In
addition, a Miulticast Traffic Channel (MICH) for

WIPN 0- tthh Qée'ﬂtde R3B! infRHed éx%ﬁ%f@stotf'tﬁ@vanous aspects. It

fic data 0010/7] I'n an aspect, Transport Channel
By ef Qﬂuaaesncﬁtlpeslﬂblntt@ dBkcribn dVdﬂjL cottalclvﬁbbrwprbmnatlﬁh afna@hponents or

Gebi ?TWO%%%eSQ ﬂ}ﬁ(vg% R lé@f‘é&ﬁ xSy skl
RGht bAMm BPnzeQhat %ﬁ%ﬁﬁer%ﬁbﬂ&t&%&p’&ﬂnﬁtd@m are possible.

i ndicated by the network to the UE), broadcasted over

énWrd@gbe the Sahmcmpgédatt@ lpmdqrde@cﬁmhr@@ argueh akt@mtlcms

r_oth ntr chan
98B bR, B e Sl R TRAR T Rscob Bt v apepaed
élﬁ?ﬁgg-b a Request Channel (REQCH), an Uplink Shared
Data Channel (UL-SDCH) and plurality of PHY channels.

HY | .
O SRR TsE FERCRRE TR Sl (e FIRBIALAANEY b above
Gyt EinhaheBh adeveles,(CGRLIGH By stSynartt thailikatthoter@h éincleting a

: .Conmon ntrol Chann ;. Shar.ed
(SSTE05 S e BRABY ) PSR RESTCEEPBBHE P M ishAhi correspond,

(NEGEHtherwitarisd cddbd %ﬁh}géﬁfﬁﬁﬁne@@ﬂﬂaﬁ e SHAGR specified function of
Acknowl edgement Channel (ACKCH): DL Physi cal Shared

thetdescTived seipomint RIPCHfunctibnabeqeivaloahtaven thogh ned structurally

o e P T B v PEomby bl B e herein
I RIREES eSm Pty Sispétks. Raneio &%%m: ; @581l IChayinedecddRAGHh At the various

Channel ality | ndicator annel

WORES W dHgeny st ar bas a(mtsr-reaé@ﬂa@rmcg?i igmdwaing computer-

%%g%q€15t@a%§ S é?@%ﬁ%\% glg%t ann et% ?%ﬁ&%%%pﬁds
Boaatibanid afilitioh, vananmedrtiqiit fCidhire hPRHL]beWhdiscloas] Wik fespect

descri bed above i ncl udes exa Ies of t vari ous .
pac of several i q@t&%a%%l,s, fesdus iy g%@ﬂ@é@émﬂbm or more

EHEF HafPRCH NARhE ﬁ%@ﬁ&f%tioﬂ@ a?fna§ BERLNRALSI Qbvantageous for any

given or particular application. To the extent that the terms “includes,” and “including”
and variants thercof 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,
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4. The method of claim 3, further comprising;:

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 (CQI) or a CQI and acknowledgement (ACK).

5. The method of claim 2, further comprising 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



to receiving the downlink assignnment, wherein the
defi ned coding provides for detecting either the coded
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defining a (20,10) linear code block for a reference signal and acknowledgement
transmission by puncturing rows and columns of a (32,10) Reed-Muller code employing

a coset based code design to optimize code distance from the (20,8) linear code block.

9. The method of claim 6, further comprising:

defining an original (20,8) linear code block for a reference signal only
transmission; and

defining five (20,8) linear code blocks for each acknowledge state to send the
reference signal by finding four cosets whose minimum distances are seven to the
original (20,8) linear code block and whose minimum distances are six to other of the

four cosets.



defining a (20,10) linear code block for a reference
signal wth acknowl edgenent by enpl oying a coset based

W@ ome/0¢g®si gn to optim ze code di stance from t heCT/B8208/078370
| i near code block. 8. The nethod of claim®6, further
conprising: defining a (20,8)33inear code block for a
reference signal only transm ssion by puncturing rows
and cdd.um¥$homethod 32 clbih IReetheMpbrhpusicmdidnimgigh original optimal

R oh e s Blest i cwnithe S PEHDEE 685y punct uri ng
rows and colums of a (32,10) Reed-Miller code

enpl oyi ng a coset based code design to optim ze code
di st ahbe fAbhastimePResor forfewasmibagabhplaik refpremrpgignal with or

2t hod of . cl ai.m 6 her. . skng: ;defini .
PSR SARSh A U RRGREAFAE AL B ion

ségfain@onl y transmi ssion; and defining five (20, 8)
| i near code bl ocks for each acknow edge state to send
t he refist sppdalesfopAefinipg cadingipimyrofencesisnat erdsheyebined reference

%ml%g]a%@t“%%@?%eﬁ{e seven to the original (20,8)

hear coO and whose m ni num di st ances are siXx
t 0o ot he¢cond niddelf fortramsaseing.ched rEfiecmetsiymd] @fregqloasdno,

furt | Si defi ni ~1.gi nal timl| (20,8
1o REd EoRECEb Bk TbiFSBRE FURS dEc i iT2A o ekt ajengisdh and
11. A tliRAROIAL BorREGRRERE cd Rl chi@RRbirtfeiciBe &BndiRhi NK

reference signal wth or wthout an acknow edgenent

adkap wiodgemisntan odsgomy t6 atcseieg the downtnkisgmieot,i on,
conprising: .,a fLrst dul e for.defining.codin f, a

" of or MREETLHG Lol cp el At GOt Raded R prence
Ak QM SEGIIFRMificdare £RGRP dighRIdinl @ ckifw b d AL b bREH decoding
coded reference signal in response to a schedul ed

hepthpseewished kmbigwiesponse to not recei ving a downl i nk
assignment; and a third nodule for transmtting coded

conbi ned reference signal and acknow edgenent in

response t@ dodgrikeripAgrihretiuentor mldnasisirguiuplink Woeredt &signal
t he defined coding provides for detecti n% ei ther the )
vl o8 widperamckneyigasmat thap geeids svaiding fleetl @b dgmisdetection,

E&g%@%%énd acknow edgenent by blind decoding
ypot heses wi t hout ambiguity. 12. A conputer program

pr odue tormputet-readshie storagg naxdiunp comprisieg.er ence si gnal

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.



with or without an acknow edgenent that avoids
avoi ding false alarm and m sdetection, conprising: a

W@ 09pi4ds2 r eadabl e st orage nmedi um conpri si ng, BCT/USHNS/078370
set of codes for causing a conputer to define coding
of a reference signal and a c i ned reference signa
and acknow edgenent; a second set of codes for causing
t he codput An apparbuafertiansndtegl an eplerertecsic gipabl with or without
response to a schedul ed r.esoyrce bl ock,in sponse ta .
ioteknan b annes Mo SRR St b RRRRE Wapsing:
of cogdRand BF deatst BHIADES £RIRER sidAl AdPNSIhBin&PH&Dence signal
conbi ned reference signal and acknow edgenent in
pebpbnewledgementei vi ng t he downl i nk assi gnment, wherein
the dr%feia nsefd I &grgsinﬂginpr O\C{i cf Fe‘%erf o sg %ta fr:ltri 1 nei tt Iﬂ]aer ht(i1 fed
coded"F&PePendd S|g§a O "COAES S r&y &reivce™
fds@itat bok itﬁﬁéklﬁﬁm‘: esge redtiviby a BbwnidnidagipdiRet; and
hypot heses_wi t hout . anbi guity.13. An apparatus for
t r ansicens fogtransnypingerdedeaiplinedredsrgngl sighiat #ndpcknowledgement

| : K e t & voi ds avoi ding fal se
ﬁ#%g%%g% ﬁ?gg@gg%ilon, céﬁ%?@é?ﬁg: nmeans for defining
codi nghoicirathe dt @ficinod i [goallcsafod dacctongithedthe ebérdaatieence
signal and acknow edgenent; means for transmjtiijn )
Ssthlar e e@rcgﬂ@énﬁ‘ﬂ rag? ok P eSpa S e A eRb b Pl decoding
ﬁﬁ&QM%&gwph&ﬁgn%%%ﬁ@Sponse to not receiving a downlink

assi gnnment; and ans for transmtting coded conbi ned
ref erence signal and acknow edgenent in response to

recei ying the downli.nk assignnment, .wherein the defjned.
cod nipro0ndBETAGs TISrEaT HEE & b iaets augel With OF Rithout
512 H ANBRER g8 et ahat QK ol 46l d e TR O 8drh 8h@ hEdHeR cBb8 RBMprising:
and acknow edgenent by blind decodi ng hypot heses

wi t hoarodariorlefning cpdinga agpisaange signgland arcgmbmiedirpigepnce signal
Link .r ence signal with or w thout an

%%L%%ﬁ#@ggéﬁéﬁt’that avoi ds avoi ding fal se al arm and

m sdet eativenfor earplingh d@wnlinicadghmbnay: defi ni ng codi ng

of a reference_ signal and a conbi ned_reference signa

and at KABWREEGORERRSMigingeodrd Eferppie sighabinieprpnae to a scheduled

RAPLMREL SOt Rk al AR thly
gegéé\ﬁeuaé Pfg{: erenc s?gon% rlégr??\?e ptgnag)gv o ggss he%ilttflaeg *
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.

15. The apparatus of claim 14, further comprising:

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.



resource block in response to not receiving the
downl i nk assignnent, and for transmtting coded

W@ vplosds2 r ef erence signal and acknow edgenent PETIUS2008/078370
response to receiving the downlink assignnment, wherein
the defined coding provides f¥t detecting either the
coded reference signal or coded conbi ned reference
si gnall6.andThe kpawdtedeferiam 13 yurtticr ndmpesoglthegoder for coding the

ot heses wi t.hou nbi guity..15. The apparatus of

E%gPﬁng@B?ﬁﬁ? i @§Wﬁpggﬁﬁéquphe transmtter for
transmtting the coded reference signal and the coded

conbi ned reference signal and acknow edgenent with two
pi | ot I'3pacébe prnaratpeeisains G durthoreomptisingal ; and t he

coder ,for coding the t I | ot.. spac w th a cover Lo
Funct S AHeh Srar Gl il SRR S ey Eupporing sin
priesnkl hyltipRLEQNseOBpaydlisany diftiap tRpRlsy kstgieeas nd! i nd
decodi ng hypot hesi s. 16. The apparatus of claim15, )

f ur t hihe cederder wiingythe¥alsl gver figctien an i Riles spage toindinate if

EYERAL o b Y B0 SRARE, LAREbH a0 b R RBRRIGH Mhomen
(A@Ksm tting two pilot synmbols each capabl e of

supporting six orthogonal nultiplexed users by
cyclically shifting the base sequence; and the coder

for usgng trhe,Whkatk SQYSMm f4 Wﬂ&ﬁoﬁﬁriéiﬁ%t&itlra%mﬁfé@?@r

to indicate if transm ssion contains a channel quality
iraghino tiingrth¢ @@eYl referecacOginapdd ackbhowed edgenentigriahaK] .

18. T t f.claiml15, .furth i.Sl he..
fkaniiePBRRSicane Bharipf i s bisd e FaRasabgod Wink
SR bhAMels GPORICM dnd8h Rk &NE& h@ad bIdBIE of twelve tones, each
acknow edgenment by code division nultiplexing over a

BUGKAT ¢arpyieg cifey sightor tap infermationtbits widiaine Shy easmdys used to
gﬁb%#ﬁgﬁxgga%ﬂg&ﬂ%ﬁ%Pyﬁgj | ocks of twel ve tones, each
I'ng el '

carr er erg or ten information bits
with shifted Chu sequences used to orthogonally
separate different PUCCH 19. The apparatus of claim
14, f ¥t hefheappsrates efglaitnksd, furthies GPpEYIngor

corbi e pafikEriANSAAl 6L S008 SLANTs B o RAEE.
porhlaihed paarenqeeadigriat ambsavkaswiwdgérmeng witht @revalot sjaid per transmission
time interval; and

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 misdetection.

20. The apparatus of claim 19, further comprising:

the coder for defining a (20,8) linear code block for a reference signal only
transmission by puncturing rows and columns of a (24,12) Golay code; and

the coder for defining a (20,10) linear code block for a reference signal with
acknowledgement by employing a coset based code design to optimize code distance

from the (20,8) linear code block.

21. The apparatus of claim 19, further comprising:



the coder for defining a plurality of |inear code

bl ocks spaced for blind decoding by coset based code
wele®ogeosd di stingui sh inclusion or absence of PCT/US2008/078370

acknow edgenent, avoiding fal se alarm and

m sdet ection. 20. The apparati’s of claim 19, further

conprising: the coder for defining a (20,8) |inear

code thle@olterffor defimed & (2Hndinsagerdk bawwkyort 7 migaesigal oyly

t.uri d I f . I de;
B Bb s ear S Ao R B § 52 [ Rest N IsE 26 and
for ateeb8&aBE eraligha|20M ) Nindskddawh RER 5N fddhce signal and
enpl oyi ng a coset based code design to optim ze code

aikapwirdgemenriranh@isgipo by )pupitneng ravsdmdisiobuins af 2 (334 8) Reed-

PSR ShEb b o B SRR R OE oBRAEL rom e
(®iHneesecodt Bivek. only transm ssion by puncturing rows
and colums of a (32,10) Reed-Miller code; and the

coder for defining a (20,10) linear code block for a

ref ergnce gj qale] %ggﬁ r-ansm ssi on by
punctgging§b% agﬁgg%gﬁﬁﬁ%gio a??g%?&%?gReed- Mul | er

code thprbdst fogddininsat olgsad2e.8pEnce sodiblock fophireficace signal
code di stance fromthe (20,8) |inear code block. 22.

THE URBHAPSHPEAYf ¢l ai m 19, further conprising: the

coder ¢f.Qbddabt fMEn2RvOroH)akarle Blockd RERECHCRERowledge state
bl ock for a reference signal only transm ssion; and

tarend deerfcrarce dighaltiynignding Bouf 205c8) whasp ezininood diskinocka@e seven

e e Ak TR SRR B g overor

AeGosedRisto the original (20,8) Iinear code bl ock and
whose m ni mum di stances are six to other of the four
cosets. 23. The apparatus of claim 22, further

(2078751 | nabS SRR i SINRE oPpBihe B FonSbeRlgne an
ofgiaal opfimal\(20e8)Ndalf @de beRibyipugctaring pl( 2N K2 r@dley esde

signal with or without an acknow edgenent that avoi ds
avoi ding fal se al arm and mi sdetecti on, conprising:

definhig aA%&h?‘é %oh%é%‘ivi{?/g Mhﬁaﬁﬁ&%fefr&{ce @f‘gﬁgﬂivfﬁg oP¥itRout an
reference signal that may” or y not 1 nclfude an
adkhnolddgdgemehit;avbrdaneetingifalge alacownd niddetessogreomiptising:

ﬁg)kl)sg e Haglié,é %B{u%fclﬁ% \f/)tggpogl}fggsdf%g dggd?l{geor%caereﬁelrgn%g lsigtnglatilat may or
may not include an acknowledgement;

transmitting a downlink assignment;

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

blind decoding the received coded reference signal using each of the plurality of

hypotheses without ambiguity.

25. The method of claim 24, further comprising:

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



acknow edgenent; and blind decoding the received coded

reference signal using each of the plurality of
Whaponk®ses w t hout anbiguity. 25. The net hod BPET/TE2081078370

24, further conprising: receiving the coded reference

signal with or without acknowfedgenent with two pil ot

spaces per transmssion tine interval; decoding with

each pygrfothesaserisygydespraadi.ng a cover function used

on the two pil ot spaces to denote whether the

acknow edgenent is present; andperform ng an energy

conmpapé SONThefrethbd S ORIM 28, Rithe! &nPrdthg ddebdifgkhe two pilot

conpri sing decoding the two pil ot synbéﬁs by

shespleb dergreadingl asWalsbgeverffumionon.  27. The met hod of

claim 26, further conprising: receiving two pil ot

synbol s each capabl e of supporting six orthogona

mul ti py exedheseiDdRY chye Rbchurthyr Sdmdrisingg t he base

sequence;  and decodi ng by despreadi ng the Wal sh cover

f unct T6RVER Rilof orbAngrch ceprbdeeleiuRperéing pix orthogonal

1.5S j q .ty Jndi cator
P O e R RE 8 e
met hodecotling|tai des@Badifig tHelWalsk oot ifsd dtign de clodpifeg spdve to
receLvegareference signal with or w thout

dRtRIHRF HdGaNBrsiopyoriats abarnicl AplExindicatrdfQd) or a CQland

PRI ddo¥m@ht (Rleg)i cal uplink control channel's (PUCCH)
that were nultipl'exed into resource bl ocks of twelve

tones, each PUCCH carrying either eight or ten

i nforgation, bit i t.h. shifted. Chu sequences. used to.
or t hognal 15 SRl e 8T 2p el Ehe POBAN 6 COHHE Te Red
Rifereh@ st with o WHQbuCRRREW RBHSGhert %E Rbd¥d MdntIhpletREFer a
reference signal with or wi thout acknow edgenent wth

piweality pophysater!pérconiralhanasds GG Cikthahwercvapltiplgierd into

ini r j. | i 0o }
bR PR YRR NS5ES, LA B RAFBHLbY B LR Hrmrion
Bt ith ghiftsé Chostqirhods 1BEd RhstHdgenAfy RpktewifagamEnCCH.
30. The nethod of claim29, further conprising:
defining a hypothesis for a (20,8) |linear code bl ock

for aygefe [ - 0on| 1 Sskon by puncturin
26 ef ere0GRHRL YR 4y%|§'ﬁ1 Riff) Py P uring
rows and coFunns of aaFQQ,i ggﬁgbﬁc&gg; and defi ni ng
a hypoichiegigshé ooded r¢f205ntO yighalvadr orcwidleoud hdalowl @lgement with one
r?ference signal.mﬁth :
pilot space per trafismission time interval; and
defining a hypotheses for a plurality of linear code blocks spaced by coset based

code design to distinguish inclusion or absence of acknowledgement.

30.  The method of claim 29, further comprising:

defining a hypothesis for a (20,8) linear code block for a reference signal only
transmission by puncturing rows and columns of a (24,12) Golay code; and

defining a hypothesis for a (20,10) linear code block for a reference signal with
acknowledgement by employing a coset based code design to optimize code distance

from the (20,8) linear code block.

31. The method of claim 29, further comprising:



acknow edgenment by enpl oying a coset based code design

to optim ze code distance fromthe (20,8) |inear code
whk®ek46031. The net hod of claim 29, further PCT/US2008/078370

conpri sing: defining a hypothesis for a (20,8) linear

code bl ock for a reference siyhal only transnission by

puncturing rows and colums of a (32,10) Reed-Muller

code; defmingle hypotheyisafohy plﬁ,&)el'ﬂiear ¢ale bdock0r; afb)feﬂehcrmignal only

de .bl.ock f f
F UL PR SRR T AT golvw%? St e R T S08 na
(32, 1@3fiRee hy Pihdsay fof QEE), EIMNInN ddlle BIRRISE 2 RASEELGASAI and

design to opt|n1ze code di'stance fromthe (20,8
aqkmew&ed@wentma@emmssm by hectneng svsomdgokimmsag a (Bd PhRecd-

[1.Sjn ef.i i.s for e
SRR el g LB RO ek him G onli R dflppE im the
Cumglﬂk&ﬂgﬁenkmﬁffsets by defining an original (20, 8)
| i near code block for a reference signal only
transm ssion and defining five (20,8) |inear code
bl ockg, f or e
refergnce gﬁgﬁ%1ﬁ§§E? ?ggﬁ¢&g¢&%%&g?§ﬂ%ﬁ%§§EHBWOﬁmmSﬁH
flivstindac esdeahsleclseieeﬁdeﬁ@ytdmmnom dewalding@udurd wilk éive ddtbeent

ock an whose m ni dj.stances are_ si x to other of
#f%ﬁt% Bude %%%%m%eal%?é) sercatlock for mr@érenfzfmlgﬁaé only
GG b3 eh ddRK o AP0 85 hﬁéaﬁ‘ %dé’ll%bl&%r é%%a%l)mdvl/l@&‘g%r state to
code bl ock by puncturing a (24, 12) Gol ay code. .
S@dshe chacprsc@ssby fiiding fageosdthyhase rojimmk dnmrmee an@ezeven to

S5l Loy Qe ol Ploch “nf SRR E R B arciys (gter of

fHerfstr dRelyl e for defining a plurality of hypotheses

for decoding of a reference signal that may or may not

i ncl ude an acknow edgenent; a second nodul e for
transmtti S th u
LoneE b P9 ol Ha 23S AT B R o
(M)aneﬂ&)ﬁd@@lockrbﬁﬂmd&uﬁﬂg a@mm@d@ﬁmt and a

fourth nodule for blind decoding the received coded
reference signal using each of the plurality of

hypot hgeses .
produgf foéwkéggﬁ%Pﬁggg%yE&MFﬁ%én%ﬁ% g%ceegﬁmﬁgﬁg%?ghnhor
withouttalncnkn e cdgmmithadgeridtvoi diag fadseaildm zauianrddertgction,

fal se.al arm and m sdetection, conprising:
comprising:

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

a second module for transmitting a downlink assignment;

a third module for subsequently receiving a coded reference signal that may or
may not include an acknowledgement; and

a fourth module for blind decoding the received coded reference signal using

cach of the plurality of hypotheses without ambiguity.

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

a computer-readable storage medium comprising,



a conput er-readabl e storage nmedi um conprising,a first

set of codes for causing a conputer to define a
w@kwpakdosy of hypot heses for decodi ng of a ref PEBEOSW08/078370

signal that may or may not include an acknow edgenent;

a second set of codes for cau¥ing the computer to

transmt a downlink assignnment; a third set of codes

f or causi ngfirthectadwpdisdor tamsmghseqpert ty defece plerality of

oded reference signal that. or may not include an

ol clag Afne i Cterirs et oY SaBesnedReIidat ng

L@ owaRbhest; to blind decode the received coded

reference signal using each of the plurality of '

hypot hesesa woohdset cdrbiagupt sausipg thogpmpyertatiasspipp downlink

geg%jvhpg an uplink reference signal with or w thout

A &L noéw edgenent that avoids avoiding fal se alarm

and m sdet getitdoet oL&ips fe¥icagsindarsmboter efubldgaent® receive a

plurality of hypotheses for decoding of a reference

sedgAaricrdnas sigad) that maor Ay N9k Enaliele arickRRHSIBRRGEBAL |
means for | ;AR bt Qderd %m'%éﬂ %81%?91!39?& Elind%@&fe the

for subsequently receiving a c ed reference si gna
tdoaitycdreyyded rre feBnc 1 pignalns ingdactast tac phoalite dfepmnhcscawithout
means. for blind decoding the received coded reference
&NgwHItY usi ng each of the plurality of hypotheses

wi t hout anmbiguity. 37. An apparatus for receiving an
uplink reference signal with or without an
acknod.edgdmepparttvaforavaiideg av opdilngfdfrat@esigiabwith angithout an
m sdet ecti on,. conpr, Si ng: decoder for. fi.ning a ..
RGP RI eSO g o Sed g T E SRR fnd YRk Aimesing

si gnajnchior B8MIAE a PRYaIRPbf hiisdthdes fn decdinVd RAGRIBRE signal
a transmtter for transmtting a downlink assignnent;

tat mep oymeay het inglyde ey aemomjedesrmentyi ng a coded

refer ' . t not.. i ncl ude an
ackno&ﬁ%%&%h%% ann afﬁgx%%cggﬁgn %ﬁ’blind decodi ng

the reesivetsutsefEntgieeRiGe Sddgd adfettdtdggracint dfaytdrenay not
plurality of grpotheses W t hout anbiguity. 38. The
Hspule ap ggknowvledgemenBand f ur t her conpri si ng: the recei ver

for reegiy opgl\}\ﬁﬁ({1§ecggﬁg(ﬂhé %Eﬁ(f&{l&ﬁiea ir&'el%lncé’\éigﬁlal @ing each of the
wi t hout acknowl edgenefit wth two pilot spacgs per
pluadisyroSksyporhesesmeithout embaiujtyand

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

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;

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

the decoder for blind decoding the received coded reference signal using each of

the plurality of hypotheses without ambiguity.

38. The apparatus of claim 37, further comprising:



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

WG pHees0sD denot e whet her the acknow edgement PGI/US2008/078370
present and for perform ng an energy conparison. 39.
The apparatus of claim 38, fulfher conprising the
decoder for decoding the two pilot synbols by
despr ‘éadécwgvem fMﬁrbediviugvlwrcoﬁad]mﬂzreme Aghal ¥inth oappthoat us
of claim 39 rther. risi the. r ceiv r for
PkobrBieetiov i bt b B Pl RSB B ORI § ng
si X ofpchreeqnrakorfdtdding Q/Xtﬁ@aéhql%‘ t}@éls%)jlcdegﬁ‘r@alxdlﬂg a cover function

er

shifting the base sequence; he déco

dsed oai thgt\fﬂyplétés@pmam dﬁglotdn‘éhmrsthe edknew qdgermenton pispent and for
th .1 ot ace to determne if transm ssion contains
gerc%aﬁ%?n%lfﬁy %(i/ml?ana?cat or (CQ) or a CQ and

acknow edgenment (ACK). 41. The apparatus of claim 38,
further co r|S|n t he decoder for decoding the

r ecei 92d réhe usseighaim 34, frthsr cwiﬂplhwg the decoder for decoding

K&B‘Ml?ﬁ%ﬁﬁ%‘%b S&es&%‘l&ng%'wldl‘sh @% iy 18}{er a

urali i nk con annel s ( PUCCH)
that were multiplexed into resource blocks of twelve

tones, each. PUCCH ca either eight. or ten
|nforﬁ%tloﬁh%?R@“@W%?{%ﬂP¥ % du CQBHUEA%es used to

or t hoganaldiver $GRAEA e @Idvi) ?ﬁétes%b&é%@% e?ﬁp%bleUf%upportmg six

apparatus of claim 37, ther conpri si
ortioeonelrmiloiplexed aiovs lvngcstoﬂuealbodeﬂimg elﬁeebasn seusigmand wi t h

or w thout acknow e t wth e.pll. ot space.per .

Cr ansiie ot F e SR AEPY Brs e e W o P RBR IS Sn the pilot
giakk i MGerthily Retah8/RBSioh @bntRin b Yhalne! yulity IndR@&S: (COUEor a CQI
bl ocks sFaced by coset based code design to

andsadkngwiledaernent|(06Kon or absence of acknow edgenent .
43. The apparatus of claim 42, further conprising: the
decoder for defining a hypothesis for a (20,8) |inear

code bl ockThetiprardted &f @416€385 ifgttak compiisihg ersdtcsdar (f(ﬁt d&)todmg
Eéncturlng rows and colums of a (24,12) Golay cod
degrevedaeisiace signalguth of wigheut H%@M%@e@eﬂb@ @deziemllb)plexmg
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a (20,8) linear code block for a reference signal only

transm ssion by puncturing rows and colums of a
(32, 143. Reébe apparatus of claim 37, further comprising:

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.

43. The apparatus of claim 42, further comprising:
the decoder for defining a hypothesis for a (20,8) linear code block for a
reference signal only transmission by puncturing rows and columns of a (24,12) Golay

code; and
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the decoder for defining a hypothesis for a (20,10) linear code block for a

reference signal and acknowledgement transmission by puncturing rows and columns of
a (32,10) Reed-Muller code employing a coset based code design to optimize code

distance from the (20,8) linear code block.

45. The apparatus of claim 42, further comprising 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 (20,8) linear code block for a reference
signal only transmission and defining five (20,8) linear code blocks for each
acknowledge state to send the reference signal by finding four cosets whose minimum
distances are seven to the original (20,8) linear code block and whose minimum

distances are six to other of the four cosets.

46. The apparatus of claim 45, further comprising the decoder for defining
an original optimal (20,8) linear code block by puncturing a (24,12) Golay code.



