1 SCRAMBLI NG AND MODULATI ON TO CONSTRAI N THE CONSTELLATI ON SI ZE OF
ACK/ NAK TRANSM SSI ON ON THE DATA CHANNEL CROSS- REFERENCE [ 0001] Thi s
appl i cati gjp edodhi#8sst he benefit of U.S. Provisional Appbi¢akbdbers al
No. 61/039, 724, filed March 26, 2008, entitled "A METHOD AND
APPARATUS FOR ACK TRANSM SSION I N A W RELESS COVMUNI CATI ON SYSTEM "
and assigned to the assignee hereof and the entirety of which is

i ncorporated herein by reference. BACKGROUND |I. Field [0002] The

fol |l owi ng descri pt SORAMBBING A MEDULATION T6 €ONSTRAMNTARL | Ons
and nore particularly to maxim zing the Euclidean distance of coding,
Soramdl ing, ab@NDHREATIANRIT QR HGHNAR TRANSMISION PYOBIEWA Ebes s
comuni cation systens are widely deghgx&©@ provide various types of
conmuni cation content such as voice, data, video, nusic, and so on.
These systens may be nultipl e-access systens capabl e of supporting
communi cation with multiple userspBygs ERE avai | abl e system
resources (e.g., bandw dth and transm{ power). Exanples of such

mul ti pl e- act¥¥9$] syst ehss appdicatbe cCole thBibenitof UNI IProvidienald ppisati¢rODivin)

systens, Ti i Vi .Sign iple Access. (TD) F

By vi oi on e oY aR et S5 EalehsET TS Rim BB RGBS por
(LTE) systemeK BRANSMIBSEIN AN AFVERIBERSY COMWIENICAVIONISH ST TG € @56
(OFDVA) systems, .and ot hers. [0004] General Ify, .a wreless )

mul ti pl e- acéwised AistERes weafpad Bncptistsefimhietnis drsgEoyated fispen by
comuni cat i Qe Mul tiple wireless termnals. Each term nal

comuni cates with one or nore base stations through transm ssions on
the forward and reverse links. The forward |ink (or downlink) refers
to the comunication link fromth pns to the termnals,
and the reverse link (or uplink) ?Be‘?ggg;lﬁéoﬁm comuni cation |ink
fromthe telm naFwld o the base stations. This communication link 2

can be established vi i ngl e-i n-sing|e-out, | ti.pl e-in-single-out
or a multi pfdé’-"?ﬂnm i Predolen e @Fﬁeﬁsmwgla&%gef%ﬁg??@eheé% FRREHECgfons
devi ces conmmameRtRrtWulRy Rmbxiatifes (hdcBend d@%@éf&o@ﬁg,ksc%ﬂalﬁ@,@n&

t he sendi ng devi ce shoul d be nade aware whet her a packet has beeéen
recei ved suEE@%%?ﬂ%ﬁ?A6¥Q%Wﬁ%her t he packet should be retransmtted.
As such, the receiving device can send an acknow edgenent (ACK),

whi ch indicates that the packet was received successfully. If the
packet was Hot rBadigveundsuccessfully, a negative acknow edgenent

he packet B o be P Lasn SoRPbHRe BRHAT BRER ool G0l s

(HARQ uti | typesoff cmaamitagion asntent such as voice, data, video, music, and so on. These

systems may be multiple-access systems capable of supporting communication with
multiple users by sharing the available system resources (e.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, 3GPP Long Term Evolution (LTE)
systems, and Orthogonal Frequency Division Multiple Access (OFDMA) systems, and
others.

[0004] Generally, a wireless multiple-access communication system can
simultaneously support communication for multiple wireless terminals. Each terminal
communicates with one or more base stations through 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 commumication Hnk



correcting codes to correct a subset of errors and relies on the
error detection to detect uncorrectable errors. Erroneously received
packets argodidfafsded and the receiving device request /U5200 ,,038370
retransm ssi on of packets not successfully received % ection
is available for data, however, retrangm ssion of ACK/ NAK on the

upl i nk does not have HARQ pr ot ection. SUMVARY [ 0007] The fol | ow ng
presents a sinplified summary of one or nore aspects in order to
provide a basi ke ssnbastanc H5pledn- §H%lb—o@§ REGtple-inldth S-S BFRMmYulli emlt an
extensive overview of all contenpl ated aspects, and is intended to
nei t her i deftyHBRle-REYMMQysyttemal el ements of all aspects nor

del i neate t hgySEope Ofs AMMIAls o lvid3 REGhRinichieSvitOlaBy &HFtpa?zﬁ%aﬂcf aLets
present some concepts of one or nore aspects in a Si Brm as
a prel ude t baskandiotls ﬂtt)eetcatihhgdf:\d@@bpulptop orde haarcw@hcthcespmmals atear .

[ 0008] Aspec [ OV N bi of the ACK tra ssion
on the upli tr{cefg% glk%%btgﬁlrltl W(E:)gﬁgt Ig[Pe? i{at% 1ﬂ¥)gr Mg gf#x‘é Htfg}fo t he
edges of t heecenmgtc&kricatamm An adspetidgdmdnd { £SK), aviachedibses ﬂfh@tr the packet
maxi m zing a Eucli dean dlﬁ gfe for ACK/ NAK transm ssions. The nethod

i ncl udes end@ATiG VEHSRERS RSRACKT Vs ngt Becrivad syprestiully. ainsgatiye ¢ he
ACK and a n'@@kﬁb%ldd@é’tn@{tgﬁﬁtlﬁ)% t%fsﬁ!tfédaTHisheéﬁﬁHﬁﬂﬁt%wleE@@mé@%dt ates that
transm ssion is intended for at | east one device. The net hod ?

i ncl udes cof5iBIFlR shandd by resite bit sequences as a function of the
nodul ati on and i

function of w(ﬁgrm ze %?Erﬁﬂﬂhtk%%m% ?g%egﬁ‘lms gﬂg%{?)t% ﬁg%ﬁ% acfll on
order. The serentbg codgs txmmteptaa subsch of enst edd mtiesom the meoroietet:hmx B @d&tect

transm ssi on e dat a hannel t her., t hod i ncl udes
sending to the" gt%il[% efm%?s t% "%’“%0“8 TR I%C%&El@r? ?15?%(%%?5 PRI y
to receipt déviee mqwdsatretf'a’n@ﬂmmmhﬁ oapacketaﬁbt subesde t%@ewel[donQ%Q@%t&'&ifon

i ncl udes nmenor

aspect rel ates a.c ni cations rat us_t

and a processypL? qﬂ%@fﬁ@ Y et Wﬁ%s Pt Képgﬁé@h%d@q@@maﬁg
an ACK wi t hpego@pet&aauences to obtai n a b|t sequence, conbining two
or nore bit sequences, scranbling the conbined bit sequences as a
function of a size of the ACK and a nodul ati on order, and
transmtting the ACK. The processor gifvlpied to the nmenory and is
configured to execute the instructions retained in the nenory.

[0010] Still [Qsﬂﬂat her a"s’ltfefotlowmg@twsnts@sialpd:itimhmmtmayiocﬁnme @ppat aspests ihat
i mproves rellqa I|t an X ta%ins ssjon o i.ﬁ.ulink..The

appar atus i nct ng H ot EREBETRY %1‘1’? AT Er aRSHSEREHS WPEW escape

sequences asxtansﬁwmbtvﬁw of alt dftﬂte'fsrlpl&ecbe&p@d’as AfKisamendd i adHhet idemifp keer
and neans for obt 8%1‘? it sequence by concatepation of nmultiple

encoded Awob?rgl% Lpspegfsior dplincaigde srarm Rl anp et YLFRATS- %’g”le
interl eavedpl bseﬁ@ﬂiﬁﬁ@&:ﬁﬁso@rﬁe c@n%wfloggo%oteta@pe%@& §'s§xﬁ;h@i@&i f(ﬁ'mt 32

nmodul ati on or er to obtain a and neans for conveyl ng
HARQ ACK. [ brlufevetheainse Hetpiledsiseusiptipe hat isprasented lesrput er  program

D Giluct . CoImigus] 19, 2 SARRH LAk | FAGAN:E, PRI o oA CRTANL L LEBIAR. ©

nmedi um i nc es a fi rs r cau a co bt h€ode
a l-bit ACJ(upllllIﬂﬂB'r@nbduyg ¢dmahallatoﬁ poitts Won?hmnémthdems bﬁtha chnsrethaiian
of a nodul at,i.on. ord t er -.r eadabl.e econd
set of codessb’nfao?eccguaéefs t%atnﬁ:gl %?’8?“?% ac%%‘i /?(?W

encoded bl oekssntbiaisn@he fehod ifteidenerdiing an AKS@traﬂ%ﬁﬁdd@ﬁ@s b SurRtibMbf £
set of codes. fgé causi ng the copputer to scranble the conbi ned
plurality ofiZeftheed bibiaodniaion ordritq phtaae bisequsaes Feddausi ng t he

conput er t o4 &@Rdsddis FRERABP IRt BAE BACE- M 0818 mefdQ a6k rlgc?tgieb thmﬁtﬁm@

function of the nunber of ACK bits and the nodul ati on
[0012] Sti | | e hele bispeenceseb afiastionoizhe medelationedprand egswbling the

confi gured Lo, mad o ZqBheBs FUHhIRADe ARG fhef Ak AGENNS L and the

modulation order. The scrambling constrains a constellation size of the ACK

transmission embedded in a data channel. Further, the method includes sending to the



BRI EF DESCRI PTI ON OF THE DRAW NGS [0014]Fig. 1 illustrates a system
for maxim zing the Euclidean distance of coding, scranbling, and

nmodul at i oRy§hpoASdstNAK by choosing constel | ation poi nt $c¢RIshRSARIY NI
to the edges of the constellation. [0015]Fig. 2 illustrates

nodul ati on mappi ng, according to an aspect. [0016]Fig. 3 illustrates
a systemfor inproving reliability of an ACK transm ssion on an
upli nk by choosing constellation points that correspond to the edges

of the conshekhabhddevideGRLACK thnsishibh USlepdte fecaiphBldyadkd: Gonfins adicAd
and scranbling a,one-bit HARQ ACK, in accordance with an aspect.

[0018] Fig. SN¢fl4vistrates a method for scranbling 1-bit HARQACKs in

accor dance an as | . 1&@&

encodi ng angédso?: ranbl |‘§g&gﬂta\%\£¥%ﬁ£ﬁ%«%§? A@#ﬁaﬁﬁ%g ance W H;.l%rsa
aspect. [ Oompmu'zgandﬁt prbéasstrr dhememonetchod iﬁschructsmsadbtbqi togenReding an ACK
HARQ ACKs H1 e trmes an
exanpl e syst em (hdg?g qt%%fce%](éaos{)b%%%?%g 56 U‘cezrlia Hlﬂ%]mmggﬁ%o%aﬁ LSPRRTES
maxi m ze a Etrembidepihe dwmlmadsn‘:lat §eqner!é€§<dsl\dﬁﬂﬁnctm¢ﬁadizlgf the AUK a;&paaﬁt
[0022] Fig. 9 iJ]ustr stem | itates maxi g the
oot 1 toan P ¢ar RedirRR AL e QRSP TRE BRI B UBIR JoiHe FsaFie
di scl osed aspeRicenfiguted BRAKK tHe inkBudtRn@fetdidddus ieadhdtyof a system
that facilitates achieving the corners in any constellation for the

transni ssi of0®P Ak i Ptilhenoics asset rafiateh toaednneniealioat pparsiusdlad iaproves

herein. reliability of an ACK transmission on an uplink. The apparatus includes means for

encoding an ACK transmission with escape sequences as a function of the size of an
ACK and a modulation order and means for obtaining a bit sequence by concatenation
of multiple encoded ACK blocks. Apparatus also includes means for scrambling
mterleaved bit sequences as a function of the ACK size and a modulation order to obtain
a HARQ-ACK and means for conveying the HARQ-ACK.

[0011] Yet another aspect relates to a computer program product comprising a
computer-readable medium. The computer-readable medium includes a first set of
codes for causing a computer to encode a 1-bit ACK differently than a 2-bit ACK. The
encoding is a function of a modulation order. The computer-readable medium includes
a second set of codes for causing the computer to combine a plurality of encoded blocks
obtained from the encoding. Alsc included is a third set of codes for causing the
computer to scramble the combined plurality of encoded blocks and a fourth set of
codes for causing the computer to send the scrambled encoded blocks. The scrambling
1s a function of the number of ACK bits and the modulation order.

[0012] Still another aspect relates to at least one processor configured to
maximizing a Euclidean distance for ACK/NAK transmissions. The processor includes
a first module for encoding an ACK transmission abased on a size of the ACK and a
modulation order to obtain a bit sequence. The size of the ACK is 1-bit or 2-bits. The
processor also includes a second module for combining two or more bit sequences and a
third module for scrambling the combined bit sequences as a function of the size of the
ACK and the modulation order. The scrambling constrains a constellation size of the

ACK embedded in a data channel of 1-bit to Binary Phase Shift Keying and 2-bit to



[0024]Fig. 11 illustrates a nmultiple access w reless conmunication
system according to one or nore aspects. [0025]Fig. 12 illustrates an
exenpl ary whhelAasiEs£OoMMuNi cati on system according to |

aspects. DETAI LED DESCRI PTI ON [ 0026] Vari ous aspects ar \ei)%rr{g\f/gvli@g/g%sﬁebed
with reference to the drawings. In the4follow ng description, for

pur poses of explanation, nunerous specific details are set forth in
order to provide a thorough understanding of one or nore aspects. It
may be evi defihdralieenses-Shinhiddyisg) CAls@ sRRALL &)prH8YsdP & Akl b8l Wit hout
these specific details. In other instances, well-known structures and
devi ces ar e TaRHHAINEANGAGKK di agram formin order to facilitate
describing t4Ase aspesd g, / i I I i t

terms " conpt(gnenf" , md%egk%%g%@%#ﬂ%?%gggméﬂgg Fﬁ%la&ﬁ%&?ﬁ%ﬂoﬁﬁrt 0]
refer to a cowpisperts canmise thechatintey hereintfierfuliyad dwdlyed anfl pamivalady panted

conbi nation _of. hardware..and software, software, or software |
execut i on. ﬁgtrmggl?a&rr% y Tge g"&ﬁ%’b%%ﬁ%ﬁn B‘é&ﬁﬁ?@xgd ﬁf&f" ! gisrsr‘?ttfl

bei ng, a pr detes serdiniiuRgation fANPETRBSEHe, or 2nddé HPEES OThes@fbaRRis@Ed , an
execut abl e, . .thre%d of e>% cution, a program and/or a conputer. By
way of il uStFEVOHROVBRHPTINT Al 9icht YaIPUR WAYS TAgVIEHh the pionaaRles ¢ighe
devi ce and yhG8aERE MY HeXI et a0iRE ad/ a8 RIRRE Abvel R willcEome
conponents can reside wi thin a process and/or thread of execution and
a conponent apipyenh &omgbafallpeinasistaplad dessriptiarer haarnghsidered wopjpnetia with
bet ween WO (i SRS Ssed hihedid ihRNded DESF L ATRONEANSACAN their
execute fromvariolis conmputer re dabl'e nedi a havi ng vari ou {ats
struct ures sqwvachts.hereon. The conponents nmay communi cate by way of
| ocal and/or renpte processes such as in accordance with a signal
havi ng one or nore data packets (e.g., data from one conponent

interacting with anot herBRIRIDDESCRIPVIGAN G THEPRASVINGS St ri but ed
system and/orﬂa)lcross a network such as the ILnternet with other

systems by WHJ4bt thefigi bRyt puvgMAas RReprBhethe Paridsas daspescals are
descri bed h@&cﬁh%] sbAmBRAN 864 FRBuWid FoR ACRPNAR Wéﬁ'o?ﬁn%&n?@ﬁétloﬁ 5@91\!4 ce
ma I”l of the nality

can al so be calTed, an contain sone or all unct i

of a syst enfomgsbestindierthasiiges ofshbemsielationst ati on, nobile station,
nmobile, 6 ess t ' [ . re .station, renote
term nal, a&%gis ter mﬁ%'ra?f ?ﬁt%tgaé%qﬂ@ur!# ﬁéln?a%{) ggmﬁgéﬁ{nﬁhgé% U

comuni cat i §W1devi ce, Figi 3 Blusissescoryntami foatmpoviapriinttiyf ab 2€K agent ,
user device,_ or _.user equi t (UB). A .l e device can be a

cel lular tel"8PRBRET %o'ﬁpﬁfr{gﬁg CI%"@F%EHB‘?FE%?BEORS%@%WS&H“ FOTTasPoRd; e fre edges
Prot ocol ( SbhPhepboglatih.smart phone, a wireless |ocal |oop (WL)
station, a personal digital assistant %qI?DA) ,.a laptop, a handheld
comuni cat | 801dbvi ce, Fig hihstrtese mehediior Aecodingiaad scramBlinge enerlit HARQ,

a wirel ess pudem sRbHARMLRN .Rptdher processing device for
communi cat | na over a wirel ess syst em Mbreover, various aspects ar e

descri bed h&MdBh in cHantilustmiess methed foaseambling bhit HARS24€ Kstiat i on
may be utili , pcating with wireless termnal (s) and can
al so be cal f@g?ddgﬁéwﬁlg%gh{iai n some or all of the functionality of,
an access p@ldid] nodefigNoilestBiteser iettleBfor endiBingand saambliigretivortét MARK)-
entity. [OO%Various aspects or features will be presented in terns
of systens > I AGPOTARTGEE @ 438Ffer of devi ces, components, nodul es,
and the |ike020f is tRigbpillpefsstaaHoaRd sapRbRGE AbR AR dEnvari ous
systens may include additional devices, conmponents, nodul es, etc.
and/ or may ATCIGAHES HideantPeds t he devi ces, conmponents, nodul es etc.
di scussed i necti ' fol k L O

appr oaches Mol co: g i g s BE Sy n iRy RE el horhiR and
descri pt i onmogplatigiptodnaxénizapFaekdean distaweifor 4 G A Ks acopiding msinaspect.

exanpl e, ingj@ace. Orgpi!d iakd Al Qs ar 3RGELs Yncidfsh IR 1836 Ped

distance for ACK/NAK in accordance with one or more of the disclosed aspects.



[0032] I ncl uded in system 100 are a first apparatus 102 t hat

comuni cates with a second apparatus 104. First apparatus 102 and
second apR@afeaackdf are configured to both send and r

i nformation. dﬁ fe descri bi ng various aspects, first a%%gb§?ﬁ3m¥%?

m ght also be referred to as a transm ster and second apparatus m ght
be referred to as a receiver. Although a nunber of transmtter(s) 102

and receiver(s) 104 can be included in system 100 as will be
appr eci at edjpa3pi ngl eF%rﬁﬁﬁ'ﬂlilﬁﬁfratﬂag%fta@?&erﬁ Eﬁ?&@lﬁﬁe&%mﬁ?%doﬁﬁm
data signals to a single receiver 104 | lustrated for poses

si mpl i ci ty. 1] QuFIseifatipn fgdkeisansmission of Mmlde@r@e@@mtbmmm aspects
transmtter mfn%ﬂ'?er&f?ce' ved a packet fromreceiver 104 and is to
send an ackho enment (ACK) or a negative acknow edgenment (NAK) to
recei ver 1040024] r epI yFlgAhl il@Krats pnulspls aacknwintledgenemnhicetiar gsker s
that indicate t recei ved (from second apparatus 104) has been

recei ved cofl?cé’ﬁc{]?%/% O&G%WOF%%P%%&% that the data was received with

an error angy2sher ef oFig, 12 iestehddsan eLerfplaryPAEHEE LoriManicaidaystem,
retransmtted. For ACK/ NAK, the encoding, scranbling and nodul ation

shoul d raxi AFPEIRRIE BEIEPS B di st ance. For ACK/ NAK (in the case of
Frequency Division Duplex (FDD)), a nodul ation synbol used for
control signaling carries at nost two-bits of coded control
information, regardl ess of theDFR)QILERIDEFTRHKIISNRr ed Channel (PUSCH)

modul at] on speTe. [ O0FALLA.BASK s, ARIZRU IR Fue L dlean dist AN

an encoder t'0 enc or hat | e
functi on of fdllmmimgjdﬂsanptmh foi perpbees gf explaﬁbmn, nﬁmbxlotnsépeauﬁd datafmdu kat i on

order Q',. |on or b an. order of A
modul att on SEGER SBer B @8‘(@%&%@5@&9&5 i O e OF 0l asars gy ﬁa

(QPSK) . A nedidb@f icrever, dar su@ﬁ adpe6iQy) F&@%mt@ vHE{RMhESUpEriAg Ytsils. In
Anpl i tude Modul at | on), which is a higher-order nodul ati on of QPSK. A

modul at i on 8Hgeinsighecs eel-knospioiustuges ae(il@meq\m shaw & Blogkodiegramiferm f
a hi gher or dgfer fohatihRQaM i th[h egg{sder nodul ation inplies that a
d to

nodul ati on al phabet 1's exten ncl ude addi tional signali ng
al t er nat i ve$002ihi ch ah$ osed if this Etph?bcwomthmeum i‘mnpoﬁerrt’br‘ ol “gfstem”,

i nformation . I a n_al phabet
1:orrpri sels f3ﬁ(?{h3ilqgggllregﬁtfgds}fﬁgmgmac??l%r Rat {a\t/eéisem1 (ltahr?a%l"hrg s I26QO\M

nmodul ati on frowhces cdmimnemomoéharddan‘efaﬁdedsﬁwaﬁe,g;nﬁtvamgo@o‘ft%nah Exe8tiorA
further ext nS| on to 1% growl()je t.he igl';iu I ab}jllty of SIXtX four
different si 8?1%{‘]%1?&3 A CPTEPRTSE Rsbe Fb*d%é?t 594 PORE APIAtest WAMINE AR Bder
106 is conf beneeser, h@r&@zﬁ@ﬂ@n(‘}%&tlm&reéﬁﬁﬁﬁl@'ltﬁ&a@offéie@dtioﬁrh ﬁB?aHlnber
of bits and npdul ation order Q', The table below 8 (Table

i | | ustrat es 2RHRIGHTWRPUGT- BYpray of e, bethan applicationgppriszer 8 computing
escape sequgphg anvahh&ébmﬁuﬂg aéﬁzeeein%e a@QﬁBéI}/e{[gr@&r &f%ir@ '601‘?1%(31 g@%

particular scranbling function shoul
HARQ ACK 2 [®@8lesushixg pIZDC@SB@ncﬁ(@ﬁthbead(omxeeut[c(rmmdmc&mp@nenmlby be Ibealized on

L&%k&e t %Qc—l: gon?p%&‘ﬁ’ncﬁ/;@g) Lt%bgl)ed 'bétlwléglg &Naf;[ Stndtd 8&%‘)}9&5 {n azddlt%lon, these

components can execute from various computer readable media having various data
structures stored thereon. The components may communicate by way of local and/or
remote processes such as in accordance with a signal having one or more data packets
(e.g., data from one component interacting with another component in a local system,
distributed system, and/or across a network such as the Internet with other systems by
way of the signal).

[0028] Furthermore, various aspects are described herein in connection with a
mobile device. A mobile device can also be called, and may contain some or all of the

functionality of a system, subscriber unit, subscriber station, mobile station, mobile,



all Encoded HARQ ACK 2 101ACK O(}ICK ] 4 ACKACK [0100X xi 6 [orX
ao.icx x x x x] Table 2. [0037] Encoder 106 obtains an encoded bit
sequence Gyq 2 REAG 1, ACAG T, ACK tl 2QACK ' by ¢ of
mul tiple enco@&ﬁzHARﬁ}ACK bl ocks, where QA is the tota?%%ﬂfrsrg(m %ﬁb
coded bits for all encoded HAFK}/M]( bl ecks. These are derived as

bl ocks because later in the encoding chain the blocks are input into
a nodul ator. Thus, a QPSK nodular will take the concatenation of.

nul tiple engodres Hﬁ%l%ebh&%slehﬁtés%tﬁnorfen{o‘t’&errﬁngi%@%és@3}91 Rl G0
will take the concatenation of nul tiple encoded HARGQ ACK bl ocks in
sets of foufermpmghtiyeynal. v igARrerrBULraogrdewice. wirddss cwm@u@!@ﬁwtaem@ﬁuan

of nultiple, Eﬁﬁ§% r
sequence out %t g%? B ec Cé\ﬁarfél Pér%gﬁﬁﬁla&f or Skﬁ%@@efé?g%ﬁ%eﬁ S ﬁ&&o
denoted by tpCHAGH, araord]'dsetc«]whbm a SessiocAChiKatiga PratodaviSI|Riiphoe, Osided =
QAK Sequenﬁone a w1relte?b lggdq loop ((A&L) 5¥\,§‘10n a peerOl'ldl d‘igkﬂdi dbbgfdnt (PDA), a laptop,

a handheld communication device, a handheld computing device, a satellite radio, a
wircless modem card and/or another processing device for communicating over a
wireless system. Moreover, various aspects are described herein in connection with 2
base station. A base station may be utilized for communicating with wireless
terminal(s) and can also be called, and may contain some or all of the functionality of,
an access point, node, Node B, e-NodeB, e-NB, or some other network entity.

[0029] Various aspects or features will be presented in terms of systems that
may include a number of devices, components, modules, and the like. It is to be
understood and appreciated that the various systems may include additional devices,
components, modules, efc. and/or may not include all of the devices, components,
modules efc. discussed in connection with the figures. A combination of these
approaches may also be used.

[0030] Additionally, in the subject description, the word “exemplary” is used 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. Rather, use of the word exemplary is intended to present
concepts in a concrete manner.

[0031] With reference to Fig. 1, illustrated is a system 100 for maximizing the
Euclidean distance of coding, scrambling, and modulation for ACK/NAK by choosing
constellation points corresponding to the edges of the constellation. System 100 is
configured to help improve the reliability of ACK/NAK transmissions on the uplink by
choosing constellation points that correspond to the edges of the constellation. For
ACK/NAK, a modulation symbol used for control signaling carries one bit or two bits
of coded control information, regardless of the Physical Uplink Shared Channel
(PUSCH) modulation scheme. System 100 utilizes escape sequences in the coding of
the ACK/NAK mformation, wherein the escape sequences can be correctly interpreted.
Although various aspects will be described with reference to ACK, these aspects can be

applied to NAK transmissions also.
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(0033} For purposes of this detailed description, transmitter 102 has received a
packet from receiver 104 and is to send an acknowledgement (ACK) or a negative
acknowledgement (NAK) to receiver 104 in reply. An ACK comprises
acknowledgement characters that indicate the data received (from sccond apparatus
104) has been received correctly. A NAK indicates that the data was received with an
error and, therefore, the data (e.g., packet) should be retransmitted. For ACK/NAK, the
encoding, scrambling and modulation should maximize the Euclidean distance. For
ACK/NAK (in the case of Frequency Division Duplex (FDD)), a modulation symbol
used for control signaling carries at most two-bits of coded control information,
regardless of the Physical Uplink Shared Channel (PUSCH) modulation scheme.

[0034] In order to maximize the Euclidean distance, an encoder 106 can be
configured to encode ACK information as a function of the number of bits (e.g., 1-bit,
2-bits) and a modulation order Q.. The modulation order O, can be an order of 2, 4, or
6. A modulation order of 2 corresponds to Quadrature Phase-Shift Keying (QPSK). A
modulation order of 4 corresponds to 16QAM (Quadrature Amplitude Modulation),
which is a higher-order modulation of QPSK. A modulation order of 6 corresponds to
64QAM, which is a modulation of a higher order than 16QAM. A higher-order
modulation implies that a modulation alphabet is extended to include additional
signaling alternatives, which allows for the communication of more bits of information
per modulation symbol. For QPSK, the modulation alphabet comprises four different
signaling alternatives. Extending to 16QAM modulation provides for sixteen different
signaling alternatives. A further extension to 64QAM provides the availability of sixty-
four different signaling alternatives.

[0035] As previously stated, encoder 106 is configured to encode ACK

information as a function of number of bits and modulation order Q,, The table below
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nodul ation, transform precoder and so florth) is transparent to the
presence or absence of control infolitation. A signal generatorTdi@l.
is configured to convey the ACK/ NAK to second apparatus 104.

[ 0044] System 100 can i nclude nmenory 114 operatively coupled to first
apparatus 102. Menory 114 can be external to first apparatus 102 or

can reside wthin fir a rat 02, . ry 114 c .
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a processor [603df 11 Encoder 106 obtains an encoded bit sequence, g%, g/ A% 44 G 1

D

by concatenation of multiple encoded HARQ-ACK blocks, where Q. is the total
number of coded bits for all encoded HARQ-ACK blocks. These are derived as blocks
because later in the encoding chain the blocks are input into a modulator. Thus, a
QPSK modular will take the concatenation of multiple encoded HARQ-ACK blocks in
sets of two. A 16QAM modulation will take the concatenation of multiple encoded
HARQ-ACK blocks in sets of four. Further, a 64QAM modulator will take the
concatenation of multiple encoded HARQ-ACK blocks in sets of six.

[0038] A vector sequence output of the channel coding for HARQ-ACK

information is denoted by ¢4*, 4" ,...,qg,c*" \» whete Qcx = Qucx /O, . The vector
- - —RACK ™

sequence is obtained as follows:
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up to 4-bits of information can be comuni cated during each
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quadrant 214, 2141218,,and 220. In the situation of 16QAM
nodul at i on, quadrupl of bits, / 0 7Q0.12
C1) D1 215, B(1 5 25, DO 2) | ar o e o Ra R actitldd bid
nmodul ati on synbol s x=1-hj @@céording to the following table (Table
3): b(i),b(i +1),b(i+l®), b(i+ 3) I Q0000 1/116 11110- 0001 115
31, F) 0010 31E6 if b(i)=y  // ACK/NAK or Rank Indication repetition

placeholder bits

B()y=b(i—1)

Else // Data or channel quality coded bits, Rank Indication

coded bits or ACK/NAK coded bits

By = (i) +c())mod 2

end if

end if
i=i+1
end while

where x and y are tags and where c(7) is the scrambling sequence. The scrambling

sequence generator 112 can be initialized with ¢y, =y -2+ 7 /2] 27 + N2 at the
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beginning of each subframe, where n,,;;, corresponds to the Radio-Network Temporary
Identifier (RNTT) associated with the PUSCH transmission.

[0041] For a 1-bit ACK with a Qs of 4 (16QAM), the coded bit sequence

[6()) x x x] is scrambled as [5¢) 5(;) 1 1]. Fora 1-bit ACK with a O, of 6 (64QAM),
the coded bit sequence {b(;) x x x x x] is scrambled as [6() 5(7) 1 11 1).

[0042] For a 2-bit ACK, the scrambler 110 attempts to obtain four corners in
any constellation for the transmission of ACK on PUSCH (e.g., effective QPSK
modulation). Thus, for a 2-bit ACK with a Q,, of 2 (QPSK), the coded bit sequence
[6() b(i+1)] is scrambled as (5 () b(;+1)]. If ACK is 2-bits and Q,, is 4 (16QAM), the
coded bit sequence [5() &(7+1) x x]is scrambled as [5() b(i+1) 1 1]. Fora 0, of 6
(64QAM) and 2-bits, the coded bit sequence [6() b(i+1) x x x x] is scrambled as

@ bE+) 1111].

[0043] As discussed above, during scrambling “1s” are appended. However, in
accordance with some aspects, “1* is not used but something else is used, such as “2” or
a non-zero 1, or a non-binary one, and so forth. The remainder of the processing
performed by transmitter 102 (e.g., modulation, transform precoder, and so forth) is
transparent to the presence or absence of control information. A signal generator 112 is
configured to convey the ACK/NAK to second apparatus 104.

[0044] System 100 can include memory 114 operatively coupled to first
apparatus 102. Memory 114 can be external to first apparatus 102 or can reside within
first apparatus 102. Memory 114 can store information related to encoding a
modulation order of an ACK transmission to obtain an encoded HARQ-ACK block,
concatenating two or more of the encoded HARQ-ACK blocks to obtain a coded bit
sequence, scrambling the coded bit sequence as function of the ACK size and a
modulation order, and transmitting the scrambled bit sequence, and other suitable
information related to signals transmitted and received in a communication network. A
processor 116 can be operatively connected to first apparatus 102 (and/or memory 114)
to facilitate analysis of information related to maximizing the Euclidean distance for the
ACK transmission in a communication network. Processor 116 can be a processor
dedicated to analyzing and/or generating information received by first apparatus 102, a

processor that controls one or more components of system 100, and/or a processor that
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di scl osed @ég&g#ﬁ)sggtemt to achieve the four corners g& }&9009038379
constell ation nodul ati on mapping for the top rig Er guadr ant
214 is "0011". For the top left quadrant 216, the nodul ati on mappi ng
Is "1011. For the bottomleft quadrant 218, the nodul ati on mapping is
"1111" and for the bottomright quadrant 220, the nodul ati on mappi ng

is "0111". SHGRaR9IRMA] Eé}{éraﬁ’& 1@%&%@6&W€9%§ Birdttay dﬂ)dr@t% | @hnRfcohtis

escape sequences and thé encodi ng, scranbling, nodul at 1 on
di scl osed heneprmore components of system 100,
[0045] Memory 114 can store protocols associated with maximizing a Euclidean

distance for the ACK transmission, taking action to control communication between
first apparatus 102 and second apparatus 104 and so forth, such that system 100 can
employ stored protocols and/or algorithins to achieve improved communications in a
wireless network as described herein. It should be appreciated that the data store (e.g.,
memories) components described herein can be either volatile memory or nonvolatile
memory, or can include both volatile and nonvolatile memory. By way of example and
not limitation, nonvolatile memory can include read only memory (ROM),
programmable ROM (PROM), ¢lectrically programmable ROM (EPROM), electrically
erasable ROM (EEPROM), or flash memory. Volatile memory can include random
access memory (RAM), which acts as external cache memory. By way of example and
not limitation, RAM is available in many forms such as synchronous RAM (SRAM),
dynamic RAM (DRAM), synchronous DRAM (SDRAM), double data rate SDRAM
(DDR SDRAM), enhanced SDRAM (ESDRAM), Synchlink DRAM (SLDRAM), and
direct Rambus RAM (DRRAM). Memory of the disclosed aspects are intended to
comprise, without being limited to, these and other suitable types of memory.

[0046] To appreciate fully the disclosed aspects, Fig. 2 illustrates modulation
mapping, according to an aspect. Hlustrated, at 202 is a signal constellation for QPSK
maodulation, which consists of four different signaling alternatives. To visualize these
signaling alternatives, a two-dimensional plane is divided into four quadrants 204, 206,
208, and 210. The four points, one point in each quadrant 204-210, represents the four
different alternatives. QPSK allows for communication of up to 2-bits of information
during each modulation-symbol interval. For 1-bit, the disclosed aspects achieve two
corners, specifically the upper right corner (in quadrant 204) and the lower left corner
(in quadrant 208), which correspond to “00” and “11”,

(0047] At 212, a signal constellation for 16QAM is illustrated. Extending to
16QAM modulation allows for the availability of sixteen different signaling
alternatives, With 16QAM, up to 4-bits of information can be communicated during
each modulation-symbol interval as illustrated by the points in each quadrant 214, 216,

218, and 220. In the situation of 16QAM modulation, quadruplets of bits,



[ 0049] The nodul ati on schenme can be further extended to a 64QAM whi ch
provi des sixty-four different signaling alternatives. In this case,
up to 6- bigg0b1308fs0r mati on can be communi cated each PCTm52009,033370
nodul ati on-synbol interval. The constellation for 64QAM

illustrated at 222. In the situation d2 64QAM nodul at i on hext upl ets
of bits, b(i),b(i+1),b(i+ 2), b(i+ 3), b(i+ 4), b(i+ 5) , are mapped
to conpl ex-val ued nodul ati on synbols x=1-hj Q according to the
fol | ow ng tap) & ATRRI8 o) 5) | adDipRPBLR %R@I[Je@%%@@ﬁﬁ&i% Ish7+
(1) b1 s ) e g T gy o hery - beP 4
1), b(i + zyccot;ﬁngteﬂ@folla'@mgztablﬂﬁab(eﬂh 5) I Q 000000 3/, z,/, 3/1/4
100000 - 3/1, 4/72 3/112 000001 3firi v,F-r2 100001

b(0),b(i+1),b( +2),b(i +3) ! Q
0000 /1o | 1410
0001 I/Jﬁ 3/410
0010 3o | V1o
0011 3/Jf5 3/41‘5
0100 /1o | -1/o
0101 I/Jﬁ)‘ “ﬁ/m
0110 Vo | -1/410
0111 3/J{5 —S/Jiﬁ
1000 ~ifVo | 4o
1001 —1/410 | 3410
1010 ~3/410 | /40
1011 ~3/10 | 3/410
1100 _1/4i0 | —1/4T0
1101 “1/1o | ~3/410
1110 ~3/10 | —1/410
1111 ~3/410 | —3/4/10
Table 3.
[0048] For 16QAM, the disclosed aspects attempt to achieve the four corners of

the constellation. Thus, modulation mapping for the top right quadrant 214 is “0011”,
For the top left quadrant 216, the modulation mapping is “1011. For the bottom left
quadrant 218, the modulation mapping is “1111” and for the bottom right quadrant 220,
the modulation mapping is “0111”. Such corners can be achieved through utilization of
the escape sequences and the encoding, scrambling, and modulation disclosed herein.
[0049] The modulation scheme can be further extended to a 64QAM, which
provides sixty-four different signaling alternatives. In this case, up to 6-bits of
information can be communicated each modulation-symbol interval. The constellation
for 64QAM is illustrated at 222. In the situation of 64QAM modulation, hextuplets of
Dits, b(),b( +1),b(i +2),b(i +3),b(i + 4),b(i + 5) , are mapped to complex-valued modulation

symbols x=/+jQ according to the following table (Table 4):
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B(i), 51 + L), b(Z + 2), b(i + 3}, b(i + 4), 6(7 + 5} i Q B2, b0 + 13, b +2), 60 + 3), b(i + ), 501 + 3) ] Q
000000 3fdaz | 3fda2 100000 ~3fJaz | 3/da2
000001 342 | Va2 100001 —3/az | 1
000010 a2 | 3fda2 100010 ~fJa2 | 3lNa
000011 Y2 | Va2 100011 ~ifNa2 | iV
000100 3faz | s/daz 100100 —3/az | s/
000101 @ | 7/da2 100101 —3fa2 | /a2
000110 ifJa2 | s/da2 100110 ~1fVa2 | sfda
000111 a2 | 7/daz 100111 —1faz | /a2
001000 sivaz | 3/ 101000 —sfJar | 3fda
001001 s/daz | 142 101001 ~5/d42 | /a2
001010 74z | 3fJa 101010 —7faz | 3lNa
001011 7az | Va2 101011 ~ifNa2 | YN
001100 siNaz | /a2 101100 -s/¥a2 | s/Ja2
001101 sida2 | 7/a 101101 ~s/Vaz | a2
001110 742 | sfda2 101110 ~7/d42 | s/va2
001111 742 | /a2 101111 ~7fd42 | 72
010000 N2 | -3/ 110000 ~3fVaz | -3/Va2
010001 Va2 | Ve 110001 -3/Ja2 | —ifJa2
010010 /a2 | -3/Ja2 110010 —fa2 | -3/
010011 Va2 | -1/Ja2 110011 ~ N2 | -2
010100 322 | -5/442 110100 _3/ya2 | -s/Va2
010101 Va2 | -7/ 110101 —3/da2 | —7/+a2
010110 a2 | -5/da 110110 ~1/Va2 | -s/da
010111 Va2 | -7/da 110111 -iNa2 | -1/J%
011000 s/daz | -3/da2 111000 —s/Jaz | —3/Ja2
011001 sivaz | —y/¥a 111001 -s/daz | ~1/Ja2
011010 1[4z | -3/Jaz 111010 —7/d4z | -3/da2
011011 N2 | -2 111011 ~7/a2 | Va2
011100 siNa2 | -s/Va2 111100 —s/a2 | —s/Ja2
011101 s/daz | —7/Ja2 111101 —s5/a2 | —1/Ja2
011110 /a2 | -5/da2 111110 —7fNar | -s/a2
011111 a2 | -1/ 111111 —7/Ja2 | —7fda2

Table 4.
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[0050] The 64QAM constellation 222 is broken up into four quadrants 224, 226,
228, and 230. The corners of the top right quadrant 224 is “001111”, The top left
quadrant 226 is “101111”. The bottom left quadrant 228 is “111111” and the bottom
right quadrant 230 is “011111”. The disclosed encoding, scrambling, and modulation of
the disclosed aspects can maximize the Euclidean distance in order to obtain the four
corners of the constellation 222,

10051] Fig. 3 illustrates a system 300 for improving rcliability of an ACK
transmission on the uplink by choosing constellation points that correspond to the edges
of the constellation. System 300 can limit the maximum modulation order used to
signal ACK/NAK on PUSCH. Included in system are two devices, labeled transmitter
302 and receiver 304. It should be noted that the terms transmitter and receiver are
utilized for purposes of simplicity and both devices 302, 304 can transmit and receive
communications.

[0052] Transmitter 302 includes an encoder 306 that is configured to encode 1-
bit and 2-bit HARQ-ACKSs as a function of the number of bits and a modulation order
QOm. Also included is an interleaver 308 that is configured to interleave encoded data on
a “time-first” manner, for example. Also included in transmitter 302 is a scrambler 310
that is configured to scramble the ACK, which is conveyed to a receiver 304 by a signal
generator 312.

[0053] In order to perform the proper encoding of the 1-bit and 2-bit HARQ-
ACKs, encoder 306 can be configured to reference information, which can be included
in Table A 314 and Table B 316. Table A 314 (as discussed above) can include
information related to encoding of 1-bit HARQ-ACK. Table B 316 can include
information related to encoding of 2-bit HARQ-ACK. Each table 314, 316 can include
a cross reference to the modulation order Q.

[0054] For example, Table A 314 can include information that for 1-bit and a
Q. of 2 (QPSK), the encoded HARQ-ACK is [0 x]. The “x” represents an escape
sequence or placeholder which can be utilized to scramble (by scrambler 310) the
HARQ-ACK bits in a manner that maximizes the Euclidean distance of the modulation
symbols carrying HARQ-ACK information Fora Q,, of 4 (16QAM) and 1-bit, the

encoded HARQ-ACK is [0§“* x x x], which includes three escape sequences (or
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placeholders). Fora Q,, of 6 (64QAM) and 1-bit, the encoded HARQ-ACK is

ACK
leg

x x x x x |, which includes five escape sequences (placeholders).

[0055] Table B 316 can provide that for encoding of a 2-bit HARQ-ACK with a
Qs of 2 (QPSK), the encoded HARQ-ACK is [0 of*]. For 2-bit and Q,, of 4
(16QAM), the encoded HARQ-ACK included two escape sequences (or placeholders)
and is expressed as [oi'™ o x x]. Further, for 2-bit and Q,, of 6 (64QAM), the

encoded HARQ-ACK includes four placcholders or escape sequences and is expressed
as [0/ of* x xxx]. Thus, if the HARQ-ACK includes 1-bit of information, it is
encoded according to Table A 314. If the HARQ-ACK includes 2-bits of information, it
is encoded according to Table B 316.

[0056] Concatenation 318 of multiple encoded HARQ-ACK blocks is
performed to obtain a bit sequence and a vector sequence is obtained. The vector
sequence is multiplexed with the encoded data and interleaved (by interleaver 108) on a
“time-first” manner. The scrambler 110 performs scrambling as a function of the bit
size of the ACK (1-bit ACK 320 or 2-bit ACK 322) and the modulation order 324,
[0057] System 300 also includes a memory 326 and a processor 328 that is
operatively connected to transmitter 302. Memory 326 rctains instructions related to
ACK. encoding and scrambling to constrain the modulation order of ACK. transmission
embedded in the data channel to BPSK for 1-bit ACK and to QPSK for 2-bit ACK,
irrespective of the moduiation order used for the data transmission. Processor 328 is
coupled to the memory 326 and is configured to execute the instructions retained in
memory 326.

[0058] In view of the exemplary systems shown and described above,
methodologies that may be implemented in accordance with the disclosed subject
matter, will be better appreciated with reference to the following flow charts, While, for
purposes of simplicity of explanation, the methodologies are shown and described as a
series of blocks, it is to be understood and appreciated that the claimed subject matter is
not limited by the number or order of blocks, as some blocks may occur in different
orders and/or at substantially the same time with other blocks from what is depicted and
described herein. Moreover, not all illustrated blocks may be required to implement the
methodologies described herein. It is to be appreciated that the functionality associated

with the blocks may be implemented by software, hardware, a combination thereof or
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any other suitable means (e.g. device, system, process, component). Additionally, it
should be further appreciated that the methodologies disclosed hereinafter and
throughout this specification are capable of being stored on an article of manufacture to
facilitate transporting and transferring such methodologies to various devices. Those
skilled in the art will understand and appreciate that a methodology could alternatively
be represented as a series of interrelated states or events, such as in a state diagram.
[0059] Fig. 4 illustrates a method 400 for encoding and scrambling a one-bit
HARQ-ACK, in accordance with an aspect. The encoding and scrambling can be
determined as a function of the number of bits and the modulation order. The
modulation order, O, can be 2 (QPSK), 4 (16QAM), or 6 (64QAM). At402,if O, is 2,
the HARQ-ACK block is derived by adding one escape sequence (or place holder), thus,
the encoded HARQ-ACK is [of® x]. Else, if O, s 4, at 404, the HARQ-ACK block is
derived by adding three escape sequences (or place holders). For 0,4, the encoded
HARQ-ACK is [0§F x xx]. If O ls 6, the HARQ-ACK block is derived by adding five
escape sequences (or place holders), at 406, and the encoded HARQ-ACK is

[oa"CK xxxxxl.

[0060] At 408, a bit sequence is generated by concatenation of multiple encoded
HARQ-ACKS, as obtained at 402; 404, or 406. The encoded HARQ-ACKS are treated
as blocks, such that when further processing is performed the blocks are utilized in an
appropriate manner. For example, a QPSK modulator will take the concatenation of
multiple encoded HARQ-ACK blocks in sets of two; a 16QAM modulation will take
the concatenation of multiple encoded HARQ-ACK blocks in sets of four; and a
64QAM modulator will take the concatenation of multiple encoded HARQ-ACK blocks
in sets of six.

[0061] At 410, the bit sequence is scrambled. This scrambling can include
duplicating the previous scrambled bit, at 412, where the first escape sequence is the
duplicate bit. At 414, the reminder of the escape sequences (if any) are appended with
“1s”. Further information related to scrambling will be discussed with reference to the
following figure.

[0062] Fig. 5 illustrates a method 500 for scrambling [-bit HARQ-ACKs in
accordance with an aspect. The 1-bit HARQ-ACK can be encoded, as discussed with
reference to Fig, 4. The scrambling of the HARQ-ACK is a function of the size of the
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ACK (e.g., 1-bit) and the modulation order (e.g., QPSK, 16QAM, 64QAM). At 502, if
the modulation order O, is 2 (QPSK), the coded bit sequence, [b() x], is scrambled as
[6(i) b(i)], where () = (b()+c(i))mod2 . Else, if the modulation order Q,, is 4 (16QAM),
at 504, the coded bit sequence [b(7) x x x] is scrambled as [5() &) 1 1]. Else, if Oy, is 6
(64QAM), at 506, the coded bit sequence [b() x x x x x] is scrambled as

(BG) b 1111].

[0063] With reference now to Fig. 6, illustrated is a method 600 for encoding
and scrambling a two-bit HARQ-ACK, in accordance with an aspect. The encoding and
scrambling can be determined as a function of the number of bits and the modulation
order. The modulation order, O, can be 2 (QPSK), 4 (16QAM), or 6 (64QAM).
[0064] At 602, two coded bits [of o5 ® | are utilized if O, is 2 (QPSK). If O,
1s 4 (16QAM), at 604, two escape sequences are added, and the encoded HARQ-ACK.
block is [0/F 0f® x x]. Else, if Q,, is 6 (64QAM), at 606, four escape sequences are
added and the HARQ-ACK block is [of"® of* xxxx].

[0065] At 608, the bit sequence ¢¢*, 4", 45" ,...q4% | is obtained by

2 e

concatenation of multiple encoded HARQ-ACK blocks, as determined at 602, 604, or
606. A scrambling process is performed, at 610 on the bit sequence, which will now be
described with reference to Fig. 7, which illustrates a method 700 for scrambling 2-bit
HARQ-ACKSs in accordance with an aspect. The scrambling is performed as a function
of the number of bits (2-bits) and the modulation order (e.g., QPSK, 16QAM, 64QAM).
The scrambling is performed to achicve the four corners in any constellation for the
transmission of ACK on PUSCH (e.g., effective QPSK modulation).

[0066] At 702, if O, is 2 (QPSK), the coded bit sequence [b(;) b(i+1)] i8
scrambled as [5¢) &(i+1)]. Else, if Q,, is 4 (16QAM), the coded bit sequence

[b(i) b(i+1) x x] is scrambled as [b(}) H(i+1) 1 1], at 704. Else, if Q. is 6 (64QAM), the
coded bit sequence [b() b(i+1) x x x x] is scrambled as [5() 5G+1) 1111].

[0067] With reference to Fig. 8, illustrated is an example system 800 that
utilizes coding, scrambling, and modulation to maximize a Euclidean distance for
ACK/NAK, according to an aspect. System 800 can reside at least partially within a

mobile device. It is to be appreciated that system 800 is represented as including
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functional blocks, which may be functional blocks that represent functions implemented
by a processor, software, or combination thereof (e.g., firmware).

[0068] System 800 includes a logical grouping 802 of electrical components that
can act separately or in conjunction. Logical grouping 802 can include an clectrical
component 804 for encoding an ACK transmission with escape sequences as a function
of the size of a HARQ-ACK and a modulation order. The size can be 1-bit or 2-bits and
the modulation order can be 2 (QPSK), 4 (16QAM), or 6 (64QAM).

[0069] Also included in logical grouping 802 is an electrical component 806 for
obtaining a bit sequence by concatenation of multiple encoded ACK blocks and an
electrical component 808 for scrambling interleaved bit sequences as a function of the
ACK size and a modulation order. The scrambling constrains a constellation size of the
ACK transmissions embedded in a data channel. Electrical component 808 constrains a
constellation size to Binary Phase Shift Keying for a 1-bit transmission and to
Quadrature Phase-Shift Keying for a 2-bit ACK transmission. Further, logical grouping
802 includes an electrical component 810 for transmitting the ACK.

[0070] In accordance with some aspects, the size of the ACK transmission is 1-

bit and a modulation order is 2, the coded bit sequence [4(/) x] is scrambled as

[5(i) b ()], where b() = (b(i) +c(?))mod 2. In accordance with another aspect, the size of
the ACK transmission is 1-bit and a modulation order is 4, the coded bit sequence

[b(i) x x x]is scrambled as [6(7) (i) 1 1]. According to another aspect, the size of the
ACK transmission is 1-bit and a modulation order is 6, the coded bit sequence

[6G) x x x x x] is scrambled as [5() 5(7) 111 1]. In accordance with a further aspect,
the size of the ACK transmission is 2-bits and a modulation order is 2, the coded bit
sequence [4(7) b(+1)] is scrambled as [ () #(+1)]. In yet another aspect, the size of the
ACK transmission is 2-bits and a modulation order 1s 4, the coded bit sequence

[B()) b(i+1) x x]is scrambled as [5(7) 5(;+1) t 1]. In accordance with another aspect, the
size of the ACK transmission is 2-bits and a modulation order is 6, the coded bit
sequence [b(7) b(i+1) x x x x] is scrambled as [b() b(i+1) 111 1].

[0071] System 800 can include a memory 812 that retains instructions for

executing functions associated with electrical components 804, 806, 808, and 810 or

other components. While shown as being external to memory 812, it is to be
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understood that one or more of electrical components 804, 806, 808, and 810 can exist
within memory 812.

[0072] With reference now to Fig. 9, illustrated is a system 900 that facilitates
maximizing the Euclidean distance for ACK/NAK in accordance with one or more of
the disclosed aspects. System 900 can reside in a user device. System 900 comprises a
receiver 902 that can receive a signal from, for example, a receiver antenna. The
receiver 902 can perform typical actions thercon, such as filtering, amplifying,
downconverting, efc. the received signal, The receiver 902 can also digitize the
conditioned signal to obtain samples. A demodulator 904 can obtain received symbols
for each symbol period, as well as provide received symbols to a processor 906.

[0073] Processor 906 can be a processor dedicated to analyzing information
received by receiver component 902 and/or generating information for transmission by a
transmitter 908. In addition or alternatively, processor 906 can control one or more
components of user device 900, analyze information received by receiver 902, generate
information for transmission by transmitter 908, and/or control one or more components
of user device 900. Processor 906 may include a controller component capable of
coordinating communications with additional user devices.

[0074] User device 900 can additionally comprise memory 908 operatively
coupled to processor 906 and that can store information related to coordinating
communications and any other suitable information. Memory 910 can additionally store
protocols associated with maximizing the Euclidean distance. User device 900 can
further comprise a symbol modulator 912 and a transmitter 908 that transmits the
modulated signal.

[0075] Fig. 10 is an illustration of a system 1000 that facilitates achieving the
corners in any constellation for the transmission of ACK in accordance with various
aspects presented herein. System 1000 comprises a base station or access point 1002.
As illustrated, base station 1002 receives signal(s) from one or more communication
devices 1004 (e.g., user device) by a receive antenna 1006, and transmits to the one or
more communication devices 1004 through a transmit antenna 1008.

[0076] Base station 1002 comprises a receiver 1010 that receives information
from receive antenna 1006 and is operatively associated with a demodulator 1012 that
demodulates received information. Demodulated symbols are analyzed by a processor

1014 that is coupled to a memory 1016 that stores information related to maximizing a
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Euclidean distance. A modulator 1018 can multiplex the signal for transmission by a
transmitter 1020 through transmit antenna 1008 to communication devices 1004.

[0077] Referring now to Fig. 11, a multiple access wireless communication
system 1100 according to onc or more aspects is illustrated. A wireless communication
system 1100 can include one or more base stations in contact with one or more user
devices. Each base station provides coverage for a plurality of sectors. A three-sector
base station 1102 is illustrated that includes multiple antenna groups, one including
antennas 1104 and 1106, another including antennas 1108 and 1110, and a third
including antennas 1112 and 1114. According to the figure, only two antennas are
shown for each antenna group, however, more or fewer antennas may be utilized for
each antenna group. Mobile device 1116 is in communication with antennas 1112 and
1114, where antennas 1112 and 1114 transmit information to mobile device 1116 over
forward link 1118 and receive information from mobile device 1116 over reverse link
11290. Forward link (or downlink) refers to the communication link from the base
stations to mobile devices, and the reverse link (or uplink) refers to the communication
link from mobile devices to the base stations. Mobile device 1122 is in communication
with antennas 1104 and 1106, where antennas 1104 and 1106 transmit information to
mobile device 1122 over forward link 1124 and receive information from mobile device
1122 over reverse link 1126. In a FDD system, for example, communication links
1118, 1120, 1124, and 1126 might utilize different frequencies for communication. For
example, forward link 1118 might use a different frequency than the frequency utilized
by reverse link 1120.

[0078] Each group of antennas and/or the area in which they are designated to
communicate may be referred to as a sector of base station 1102, In one or more
aspects, antenna groups each are designed to communicate to mobile devices in a sector
or the areas covered by base station 1102. A base station may be a fixed station used for
communicating with the terminals.

[0079] In communication over forward links 1118 and 1124, the transmitting
antennas of base station 1102 can utilize beamforming in order to improve a signal-to-
noise ratio of forward links for the different mobile devices 1116 and 1122, Also, a
base station utilizing beamforming to transmit to mobile devices scattered randomly

through its coverage arca might cause less interference to mobile devices in neighboring
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[0082] A transmitter unit (TMTR) 1220 receives and converts the stream of
symbols into one or more analog signals and further conditions (e.g., amplifies, filters,
and frequency upconverts) the analog signals to generate a downlink signal suitable for
transmission over the wireless channel. The downlink signal is then transmitted through
an antenna 1225 to the terminals. At terminal 1230, an antenna 1235 receives the
downlink signal and provides a received signal to a receiver unit (RCVR) 1240,
Receiver unit 1240 conditions (e.g., filters, amplifies, and frequency downconverts) the
received signal and digitizes the conditioned signal to obtain samples. A symbol
demodulator 1245 obtains N received symbols and provides received pilot symbols to a

processor 1250 for channel estimation. Symbol demodulator 1245 further receives a

frequency response estimate for the downlink from processor 1250, performs data
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For a hardware implementation, the processing units used for channel estimation may be

implemented within one or more application specific integrated circuits (ASICs), digital
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scranbling process is per at 610 on the bi t sequence whi ch
wi |l now be H&Fééac‘%}ble?o?f%af’ﬁ?%bg‘f%?%’@ét 28 bppgcessed bAigeReTRl NUEROBS gt wscial

met hod 700 kdr NGy 2 ARKSof 1 ;
aspect. Thefpch gé:n%@fﬂr% or Ea?fogsirf_@?%asgg Otunclt@a?l gﬁ Sg?pfcﬁrewrﬁélgﬁ%%?blgf

bits (2-bit @edairf@ntch@pw ROM.FEF&ON CY-RONMRSIcthen et digatamge,

Th nbl )

The"scr ! (g L. LT 0 SELGUS, LR LU SEERTA B

QPSK nodul abe esed. to cO066] sédre de2ed pfogfiim code ri2eafASKY fornhvd irsrdgtbnb bt data
b d a f,.(1) -g(i -1- 0]. Else, if

3 Ta 4 (16CHe PN ARAS BieENeb R R isp st st e Rt

scranbl ed asrkh géddrz)lfpufposééﬂs};edlllrplﬁﬁosg 914)06@)15 &Alsd, fanfLonnk&idh i FORAN)

the coded bit sequence [b(i) b(i X x] .1s scranbl ed as
[-g(i)1-1)1fermeq e@e?PW%Wdﬁi@#eem%ee F o ?2‘1‘461131@8 if the yofiistareip Fansnytteghfrom a
exanpl e systemiBOQtdad: other remote source using a coaxial cable, fiber optic cable, twisted

pair, digital subscriber line (DSL), or wireless technologies such as infrared, radio, and
microwave, then the coaxial cable, fiber optic cable, twisted pair, DSL, or wireless
technologics such as infrared, radio, and microwave are included in the definition of
medium. Disk and disc, as used herein, includes compact disc (CD), laser disc, optical
disc, digital versatile disc (DVD), floppy disk and blu-ray disc where disks usually
reproduce data magnetically, while discs reproduce data optically with lasers.
Combinations of the above should also be included within the scope of computer-
readable media.

[0088] The various illustrative logics, logical blocks, modules, and circuits
described in connection with the aspects disclosed herein may be implemented or

performed with a general purpose processor, a digital signal processor (DSP), an



utilizes coding, scranbling, and nodul ation to maxi m ze a Euclidean
di stance for ACK/ NAK, according to an aspect. System 800 can reside
at | east | ithin a nobile device. It is to be {

t hat systgﬁ?%%%hkgﬂfgpresented as including 18 functigﬁgﬁk%ﬁggﬁﬁﬂ
whi ch may be functional blocks that represent functions inplenented
by a processor, software, or conbination thereof (e.g., firmware).

[ 0068] Syst em 800 i ncludes a |ogical grouping 802 of electrical
conponent s bhaicaGespaéitic HREM4d EkAGitQASIC, £ BB WASIrARRablb B8tk GRhy (FPGA)
groupi ng 802 can include an electrical conponent 804 for encoding an
ACK transmi S5P8F mpgRmBEblgesic dejirendisgciaga o tiastistarogs. dissectehardwar a

e rodul at P TRA, & oAb o Ao les B Gl o Bk Ryiljofigtsirbed
[ 0069] Al so hm;inudeﬂeﬁerglmp@bsﬁaﬁrogxsmpiam@eaamcmsrcamsmi, but ini thaklternative,
mlipl 6 endigastortn oy BRt Snselicd B Br on SRS EREO kTR g stre
SN e i i e e A v L S
si ze of t he%‘A‘f‘fr@St +&nd FTERNgipa oé?ﬁ{m@ 2THCIOPEPSESOTL ARMEEILY OF ectri cal

conponent 8 Qﬁc@%ﬁ@ésﬁ&k,%e 3r 5RRShRIpRAd e QBrsSh 26njlutiBh RALY DS Ee, Sk
Keying for a 1-bit transn ssion and to Quadrature Phase-Shift Keyi'ng

for a 2-bit oleseuch apfigugdionn Adfiiopdbs at lpashpnedirosou pian gogpdseiane btides
an electric Q , f St ‘ -

accor dance \%110{ g%ﬁr;e sb%?:e?[ g,pg{f%%ﬁgl}[%ze Oo;ré ?ﬁtgét&%grégﬁé%%@g%%@%d 1-
bit and a nedwkati on order is 2, the coded bit sequence [b(i) x] is

scranbl ed a 0 E , ere i:(0= ((N)+ C nod . .l n.accordanpce
with anot hefoésgt)ect , (lfot#él Sgwgredpp{eﬁ?nﬁa@’tﬂ?eat%%cglg? %‘??C'iﬂ%e%f‘-efﬁlq m%ﬁe a
modu |ng|t i gn ﬁnﬂﬁ?eﬁtsdEﬁt? mﬂim@% ﬁb&eéi_ﬁﬁﬁl,lfﬁmﬁni, la&{ﬂ 30 on)Xha¥ beﬂf@rﬁl the
scranbl ed a  E(i ] ...According to another aspect, the size
of the ACK Rrtiiaty C@%"&@_ﬁd eh. i S%fﬁv&arscgfiﬁa MO é‘i‘?“tﬁlr‘@lé*%moé}’ witspd
coded bit sequeRasy [ph:(cbgso?é?( Hhe ¥lenlody SGF ARPHEGhASHIQ! »l;ikﬁm gheinr&ceg\:l)r or

I n accordance with a further aspect, the size of the ACK transm ssion
is 2-bits apdcmahipdin RpsesIPronddrch esit carne qopdRthidstivels eoppdaricte thieb( i )
b(i +1)] is + o he si.z
of the Ack Praher a8figh dihnciodus o KOiCh AN P BELy hoffiofig
coded bit seguéandele[dné p) mbfdmedi)esyopriblcso pafamtthefmeason dédcyibéd hetdin.l

1] . In acc ce wth another .aspect, the size qf the ACK.

s ser o O o' L BRRIEL oS PR i o § B for Violoatles ¢
sequence [ bedhmbficatioh)systents ¥ucklas CONAS BOMIAS GDASA [ GEDMA, KOWDMAlanY 1] .
[ 0071] System 800 can hgcl ude, a rrem){ﬁ“SlZ that retains instructions
for executi RGSFWACISoAES EEEH VEERd 20 (IORPTE  Beiofign ussdnpfersbrngsalinsa

806, 808, ap®i3AQyfEm Hab)shprARRONERLIechHbLESRAAWOmAS sRET: é?&st?éf B!
to menory 812, it is to be 19 understood at one or nore o

el ectrical é&msdHehta). §BIMAZOY). c@o& TRhincRdes Wideband-€PMa (WiGDMdneny

812. [0072] W Fi i 1 i 900
Chai faci 11 DupouEEhELEEOREO M EioaBa0d LIRISSNR0 159 AR,
accor dance siutdardnes TPMybswtad mih éngeseltesado ashedos. suly st @lobAEYsean

ide i . ice. .Syst 0 [ [ 902 t hat
raceive o SRUMOER R BTG, AP PERYPS St PR ey arbtiei vor

902 can per feohublégyEucinhs BaivedNSTRAEE-LORA)S Ut Mebild BioediaA8 (UMB), IEEE
anplifying, downconverti t he received si ggﬁl . _The receiver

nverting, etc.
502 can a S804 Y1 Ee ERE 036 MMica, Sl 100 F BB GFRMB s cETRA and
d dul at iR | -0l bed,
2s el 1 as broukgar BRLABIEEEKRT. THERLL Blio 355 B ORLS PGEP
Long Term Evolution (LTE) is a release of UMTS that uses E-UTRA, which employs

OFDMA on the downlink and SC-FDMA on the uplink. UTRA, E-UTRA, UMTS,

LTE and GSM are described in documents from an organization named “3rd Generation

Partnership Project” (3GPP). Additionally, CDMA2000 and UMB are described in



[ 0073] Processor 906 can be a processor dedicated to anal yzing

i nformation received by receiver conponent 902 and/or generating

i nformati qRoh@fosbdsgsm ssion by a transmtter 908. In gdqish9nss7
alternatively, processor 906 can control one or nore conponents o?
user device 900, analyze information r¥ceived by receiver 902,
generate information for transm ssion by transmtter 908, and/ or
control one or nore conponents of user device 900. Processor 906 nmay
include a caBhinitntseffort @BRARDAtBARARH e3:afGHeatish Pati-ngipon i>cat i ons
with additional user devices., [0074] User device 900 can additionally
conpri se nefdfFyPHo8udrErsaEl VR bwagmwaﬂ@n prssasgatyraddenglydne Hég Pestn

store infor e t t any
other sui t by B T mab R o R o b aL s P Sl
protocol s assb@maidépcmmm &%awm:lcﬂg L1tAN BRI TQREH adil styartber. shbjseor
devi ce 900 can,_ {,%r 18L& n% & .8 34"21 nodul at or 912 and a
transmtter dtﬁ N R LF?': il Bted si gnal. [0075]Fig. 10 is
an illustragoam]of a Mpsdo&eﬂ s biprtts bafhturdsaleesibad hdredinig Yehe
corners in an conséellatlon for the tragzsqu ssign of ACK in

accor dance WP BPY LA MEUBLAPRABRELEATICY HErBI NSNS R IR

conprises aphasfnsingdlah®Br &f 1&%ﬁ§%§§clﬂﬁ ik, TRORm Asiiblk b mbhdh &bhe” RASRd
station 100 recelrves si gna romone or nobre conmuni cation

devi ces 1004efes iy intendsé fo ?P@OWE@)? atﬁymautﬁ@@r@gr\a@ agersethlsdionn g, coammter-
transmts t

tranam ¢ anf et QR8s bRt B QNI PR AR, AR EETMIOE ol B e
1010 t hat r éoedrvest linmfadrtoatagosticfstapagerdeeieesve. garhhelrd:s:k fI6fG dsk] magnetic

ocer ved | nEGPRAT bR CSabbHE £ SRS AR LCRP i b B T b sds o
1014 that i smeaupldsdnt Gash WeneYHehQdd i) BMPRENS A, sidkokeypdriveNest gl at ed

to maxim zing, a. Eucl i dean di sta A nodul at or 1018 can

mul tipl ex trhl@dgiog VPT&UQ@W&%@%%& d GEREA78 AT ESERT OO 2HMOFF dSlgRS
transmit anhﬁmaﬁotﬁ&%ch&eqmeln&@m i%f‘stgﬁf{g BRI mANA4 THQO A BRhAE | NG
now to Fig. 11, a nul t|p e access wirel ess communi cation system 1100
accor di ng t scagade medivey eansarieswithout being imiedt, wickpychperpts and various
conmuni cat i 0

contact i t fusr ARGk A A £ AR B oI RAPIS G BT AL
coverage fo p‘&cbhtmnadﬁ}ahlcbmputbr Isnegltamprodlﬁt tnhy eehsle atcompwa&eacmmmemuni 102
is iIIustra%ledthat i ncl ud g?t g ant qnna %roups ne i nc udlng
ot enna. 11690k ARagRsr SGRRES b el Peinse DAL RPULDED Meand
a third inclfuetibgs dairtenasreil 12 and 1114. According to the figure,
only two ant‘i@gﬁ; are_shown for ea antennf;ﬂr%ro however, npre. or
fewer antend y beFitherithedensgpd/anadiionne %Ih@ffwésmmldpw@%dﬂnce
1116 is in comuhbtait 2R Apdch RRIBENRSeiA ?b@@&bé&i%dﬂé&l%@hﬁ%ﬁ@ﬁﬁ%
1112 and 1114 transmt information to nmobile device 1116 over forward
link 1118 aseftveeaiogduleickeaitadeiyi sarogasenm grobh Femblaytianent theli®oo vesoftware

reverse lin

conmuni cat i (%I}lcjdl% qﬁdﬁ?‘%}%@ Me$%h€| on e'n?}@ I{(gﬂdﬁﬁeéﬁ&g’i 11jf:ﬂelfsblv’[ hd T e

rever se | i nEERPEON plemuky, regitens,sa Itand tiilkie, acrenmnwbileccask ar@D RiﬂMfdr(any athki | e
devices to ghe base statdi §m ,&l %eél ce 1 IS communi i)atl on

with antenn %mﬂ T dq DR FE G A H%erﬂﬁ Sé‘ﬁ%ge P P4 S

i nfornation cbﬁplémtbitheeprdeasmesuﬂ;ﬂaﬁt D¢ @fockRbr@ndedd ifforthddsh fedtel ahe Grity €

i nformati on from mobi | e device 1122 over reverse link 1126. In a FDD

system for ARERASIOB fo. dhesiorARed oM. 17 thr ltarpateve, the sigrage pediunymay 99 26

m ght utilize.dbfibensnt fs§o@qpﬁ%lrt%§ 10 adp LI
forward |ink e# 3 eeﬂ? ceuse a dif ersent as?re uenﬁ%isﬁgﬁn{ﬁésﬁ%gﬁency

utilized by meélu@? @éy rfismz in apHSIg. 06(?@}@@&15 TQ? OSIC oray sgsiderimagsaretiral.
the area in IMe%ﬂeﬁ'th%}é, e %r&%?sbg%tﬁgstgﬁgg %@gﬂﬂl rﬁ?}t fesid®Ys Sgcrétgf erred

components in a user terminal. Additionally, in some aspects, the steps and/or actions

of a method or algorithm may reside as one or any combination or set of codes and/or



[ 0081] Referring now to Fig. 12, on a downlink, at access point 1205,
a transmt (TX) data processor 1210 receives, formats, codes,

i nt erl eavepg 2@0M dgp&dul ates (or synbol maps) traffl c da ides
nodul ati on sy% fs ("data synbol s"). A synbol nodul at otrP%I%gmr%%é?oves
and processes the data synbols and pilxt synbols and provides a
stream of synbols. A synbol nodul ator 1215 nulti pl exes data and pil ot
synbol s and obtains a set of Ntransmt synbols. Each transmt synbol
may be a daﬁr@hﬁd’t@@bna%a@hlh@’f'ea%m@ﬂbdmﬂran@o?b&ﬁﬁlter‘f@éd‘dﬁ’[e?ﬁedﬁﬁ{ %wﬁhe
pil ot synbols may be sent continuously in each synbol period.

pi | ot synboFHY bampEOrateiatorresPreiuiar SagrimDIodig| exed (FDM) orthogonal
frequency di on Nukii I

(TDV, f req:[Péﬁgsjl/ di vi si gﬁ h%ﬁgfgé %Mﬁ@%ﬁﬁ(zﬂge\é 1ﬁds§ 1‘?& Fés(?go%)a%g

mul ti pl exedagp€DN)it sl{oﬁmaaz]nmetirthmsmumsehangas snd mddERatibA2Gout deleemudesheasinl

converts the.str f | s i nto,one nor e. an Si

further condi ?‘P gpa(rﬁn%?r&'ﬁg TS %fothe gqspli?téquaapegﬁdm@%gwgﬂg éesﬂneggy
upconverts) tichppariad ogings. gribslidgly, genesaited aspdorwatd inlndddgs ahbsyé hiabl e
for transm ssi on over the w reless channel. The downlink signal is

then transnP{HSdRHPIuERILIG Rt aphyarntions e falhwithissaencaf she %zpcnded
termnal 123Qim@rmRARLEHE aﬂtﬁ&%hrefe%?énfﬁﬁ'tﬁenﬁsgmé@ bgp@&s %hcg&aals

provi des a received signal to a receiver unit (RCVR) 1240. Eiecel
unit 1240 cdessribdnislaimedyin the slnmrsthe@mlus m@emmmd Tl esg igmitagion to the

downconvert |

signal to og%lgﬁh%ﬁggﬁ%ﬁhgﬁsgﬁé &gﬂ élqiratpéﬁﬁjffzgnf%g g(%ttﬁ{sl&ﬁfe%p oct
recei ved symbaglbs u&ih:ckdpwﬁmlht&a poetml ofedy pihkiodspsy plabibisaspert, anfesosiass or
1250 for chapnel. estimation. Synbol denodul ator 1245 further receives
a frequency°l"é5P8hse estimate for the downlink from processor 1250,

perforns daf®94p2 denbslibkakiefth&nhd R FRERUNCG ol i SMEPAL JcthBedobt @i N
data synbol estinates (which are estimtes of the transmtted data

synbol s), afeFcHPIRA %ré'ée tipEsguich tepintended torheivduy s in g nRAnermgilar to
processor 13p3emMy | ”

dei nterl eaves, “and Ogieﬁgglggzgs?ﬁgﬁlgg?gé slg mter'Pbég@gE{Ji/ hrf'cgft% g@ﬁﬁ'od Fecove %tlo'gl ﬁle
transmi t t ed wordinfd daigatFarthame e thedess 1‘01’{; apysed ymbither de detdilddadeorriptiod 5r
and RX data,pr t.ak eprcsug
synbol rmdu }%t gaﬁl%?éqgtei%gﬁ?@ 8§ ? LS frag% gs@é)réat&%fﬁ)an Fed 81egt ?vel yj,i’lpfaatlt1 s
access poi nun]:eﬁ(}@emﬁﬂn&&}r@lset dna:lcmp Emmhhe eontoxt,did phriseCBESH6ys12 608 is

rocesses ttg ffl data and ata nbol. s ol .nod ator
D aeT ocei vugods i B 0% B N el 8 PRI G s AT Gt R

perforns nodkbRiyk A BXNgsA0EM Wemydr slerferewial irkabal ¢ etﬁplbj’rsazﬂs}(ﬂ t ter
unit 1270 then, receives andv\grocesses t he stream of synbo s to

generat e anCEBlovRR; & Y saplovipetam il B.r Brikditiopdhe prjiclen e md 6pm s ppeiin
to the acce [

signal fr om%tise%hg‘gw%%%(t)hel a@B %@%@Fl\z}eg éﬁd%ghégﬂ%%%%gmltggg tdéﬁgéﬂi%ne o
processed bynoae rumdass speeifigh pthempiysornaeap E’mm the et tshe direstgdioa singular
denodul at or ;1280 then processes the sanpl es and provides received

pi | ot synbofs and data synbol estimates for the uplink. An RX data
processor 1285 processes the data synbol estimtes to recover the
traffic data transmtted by termnal 1230. A processor 1290 perforns
channel estimation for each active termnal transmtting on the
uplink. [0085] Processors 1290 and 1250 direct (e.g., control,

coordi nate, nmanage, ...) operation at access point 1205 and term nal
1230, respectively. Respective processors 1290 and 1250 can be
associated with nmenory units (not shown) that store program codes and
data. Processors 1290 and 1250 can al so perform conputations to
derive frequency and i npul se response estimates for the uplink and
downl i nk, respectively. [0086] For a nultiple-access system (e.g.,

a



24 application specific integrated circuit (ASIC), a field
programmabl e gate array (FPGA) or other programmabl e | ogic device,

di screte gate or transistor |logic, discitete hardware conponents, or
any conbi nation thereof designed to performthe functions described
herei n. A general - purpose processor may be a m croprocessor, but, in
the alternative, the processor may be any conventional processor,
control | erClatimer ocontrol l er, or state machine. A processor may al so

be inplenented as a i nati on of _cqonputing devi ces
conbi nati oh of & Iﬁﬁbo‘ggg TRARATET R 5&@@6‘? disgnge fﬂfépla?@‘)&gﬁgemem (ACK)Y

m cr opr ocegag Sive 9 i ]i&%m nctl on wth a
DSP cor e, nyeot gr %@ﬁc@@%ﬁ%@%ﬁg%@g@d& on at | east one
processor may c empdingeinchEK dransmissionnd alfestiopef albize of ﬁlepie(EKcanmaone or
nore of the e d/ or .acti ns descri ove. 0089]F

o twar e 1 FSRUARTR BB oL SRR Te S U ATOR gy e at leas
i mpl ement eghMidvicenodul es (e.g., procedures, functions, and so on)

that performthe functions described herein. The software codes may
be stored in neswnyiningtwe cmnt@br@hé@ngdcebwsgrfwémmff,he mbdulaemoonderini t

may be inplenmented t hi cessor or externa t.he 0 or,
" bt ch base. |t ing chiliRA ARG Bla A WaEED anufe HroeBbE AR
through vafrhQusissiRens 86 nicdlulafioMBrden thdsrahblindsnkhEhs a 8bnst@REbn 926 of
processor may include one or nore nodul es operable to performthe

functions Hest¢Kieasmissien smbpdbgon Trieta denmlids descri bed her ein may

b df h
e oo BT Lar IR 95, ERTAD AL REIEHSL TR DA R

"networ k" packepfrb@nheisdeast ohedstiwngeabl y. A CDVA system nay i npl enent
a radi o technol ogy such as Universal Terrestrial Radio Access (UTRA),
CDMA2000, etc. UTRA includes Wdeband- COVA (W CDMA) and ot her
variants o : S
St andar ds. “A TR By LR a e S D b B Rt
G obal Systeeliinhgr Plivis®d Bhigt ICeymgn(‘BItﬁ{) fong 1(WESMCK tﬁmwﬂ?s@!dﬁ. syst em may
i npl ement a radi o technol ogy such as Evol ved UTRA (E-UTRA), Utra
Mobi | e Broadband (UMB), |EEE 802.11 (W-Fi), |IEEE 802.16 (W MAX),
| EEE 802. 29, Fl a8 n{kHMdtklain®lS wheeR e Rerakintih \E@bﬁ"s‘%ﬁuﬁ%é cd?lfstellatlon size
Uni versal Mbbil e Tel ecomuni catfion System (UL Long Term
Evol ution (q_QEf)dlﬁtheaPha&@hébKGYlngJW@Kh&lr a%‘% AIElIUfm,mlvmrch enpl oys
OFDVA on the downlink and SC-FDVA on the uplink. UTRA, E-UTRA, UMS,
LTE and GSM are described in docunents from an organi zati on naned
"3rd Gener ati onTRantefRIITicRhimI 1O etein thd GRR)of tHRALCK teahlstion EPMBAGHE a
and UMB are described in 25 docunents from an organi zati on naned
"3rd Gener awdohtipaptdsersshithe ®dod big seien¢BBRPR) is sFuantbhak3s [BUCh()], where
wirel ess comuni cation systens may additionally include peerto-peer
(e.g., nobiPlie= 6L rebied - ad hoc networ k systems often using unpaired
unl i censed spectruns, 802.xx wireless LAN, BLUETOOTH and any ot her
short- or long- range, wireless communication techniques.
[ 00911Mbr egver, THakiclbdl FTRAHLIS v@ﬂéreﬁr?ﬁq%%{z%%f@?eS&CKQ%sﬂ?s"sr%h@s Y A€ a
i npl enented as a net hod, apparat us, or article of manufacture using
st andard pn@:@nhltmn ngieamdfi‘ Olne @tdgdi hﬂscqumgcet BGNRixgxiésscrathided es () a1 ¢f.e
of manufacture" as used herein is intended to enconpass a conputer
program accessi bl e from any conput er-readabl e device, carrier, or
medi a. For exanﬁh meRYINEC B i rle%@%r?th%%fge%fﬁ?egkgﬁcthaﬂgﬁs i 18 $idl3k a
limted to rragnetlc storage devices (e.g., har I'sk, foppy di sk,
magneti ¢ strddpmiorbade) is Qpiid @akd Bitskquehes B() xGORagtis sirakbleCs) ,
digital versatile disk (DVD), etc.), smart cards, and flash nenory
devi ces (el b(BPRAN]. card, stick, key drive, etc.). Additionally,
various storage nedi a descrl bed herein can represent one or nore

7. The method of claim 1, wherein the size of the ACK transmission is 2-bits and a

modulation order is 2, the coded bit sequence [5(i) b(i+1)] is scrambled as [5() b(+1)].



27 Clainms 1. A nethod for maxim zing a Euclidean distance for an
acknow edgenent (ACK)/ a negative acknow edgenent (NAK)
transm ssi ons, conpri sing: encodi ¥y an ACK transni ssion as a
function of a size of the ACK and a nodul ation order to obtain a bit
sequence, the ACK transmi ssion is intended for at |east one device;
conbining two or nore bit sequences as a function of the nodul ation
order; scranbl i ng the conbined bit sequences as a function of

t he size of t he _ACK transm ssion_and the nodul ati on order,
scranbl i ng3constPamMsdhod & shdnd, paeTeghihgisize Oéfh%GKA@nswsawgrﬁ %é)ité And a

enbedded ip, ﬁgﬁoﬁﬂ?&% ke d%ragd bit sequeﬁgéjgaépg(p{ 9 x HE‘. s@%aan?%f# one

devi ce the Xg&gtransn155|on Inrep a pac romthe
at |east ogRydrMife. 2. The nethod of claim 1, mhereln t he

scranbl i ng constralns the constellation size to Binary Phase Shift
Keying (BPSK) for a 1-bit ACK transm ssion. 3. The nethod of claim
1, wherein the scranbll&gyconstralns the constellation size to

Quadr at ur e ?PhasdheHiethodidyiaig 1o eberein thesizg of the AC K@@@m&ﬁﬁ@ml%%“lbﬁﬁ and a
4. The net H%Qu%&t)ﬁ L)Pdemsjﬁ g’é@:&fd@& gltrsgtﬁleﬁ&ez @égg%q}e" f‘g( Gg Qd?flgf(ﬁ? LN ' S

1-bit and a no ation or sequ nce

scranbl ed g, [k 1(k )], where i; (0= (bO)+ c(i))md 2 . 5. The

met hod of claim1, wherein the size of the ACK transmission is 1-bit
and a nodul ation order is 4, the coded bit sequence [b(i) x x x] is

scranbl ed as [1(01(011], 6. The nethod of claim11, wherein the size
of the ACKIPranénfmupicytions apparatyh FORPHSHE! ati on order is 6, the

coded bit seque?c;,gi id mat%e% s ﬁistrhét grré}géehgg rﬁﬁdinggkmkv)nééséa

7. The nethod o erein t e size ransn155|on is
2- bi t s andsayuenchslt@bbtem aolvidsaqubmcezcomﬂnmn(gdded)r bicre hi&qammma:s[ Jefdmblbn(g

+1)] is scranbl ed . i) riV-F 8. d of claiml1,

whit el & hERGRI T i Saee foih RPN o7 vied LB ACTE el AmodaraR PR

order IS 4angﬁguﬁﬁg§ltgéggggquence [b(i) b(i +1) x x] is scranbled as
i;:(0 -1;0+0 11] . The nethod of claim 1, wherein the size of the

ACK transm ssi on Pr@eQSOb,l qospled to Bempahudrat ¢erﬁig0redéo ekecue the hstroctded bi t

iiquence [qgmLmP&Hhelen§m§ X X] is scranbled as [/(i) Eti+ 01 11

11.  The communications apparatus of claim 10, the scrambling constrains a

constellation size of the ACK transmission embedded in a data channel.

12.  The communications apparatus of claim 10, wherein the scrambling constrains a

constellation size to Binary Phase Shift Keying (BPSK) for a 1-bit ACK transmission.

13.  The communications apparatus of claim 10, wherein the scrambling constrains a
constellation size to Quadrature Phase-Shift Keying (QPSK) for a 2-bit ACK

fransmission.

14. The communications apparatus of claim 10, wherein the encoding with escape

sequences is a function of the size of the ACK transmission and the modulation order.

15. The communications apparatus of claim 10, wherein the scrambling of a 1-bit

ACK obtains any two corners in a constellation for the transmission of the ACK.



10. A communi cati ons apparatus, conprising: a nenory that
retains instructions related to encoding an ACK with escape sequences
to obtain a bit sequence, conbining tw2%r nore bit sequences,
scranbling the conbined bit sequences as a function of a size of the
ACK and a nodul ation order, and transmtting the ACK; a
processor, coupled to the nmenory, configured to execute the
instructions retained in the nmenory. 11. The communi cati ons

apparatus of claim 10, the scranbling constrains a constellation sjze
of the ACKI®randhe sunpHIisAlREFERARRS AT glaira 1 Bnyhgiein the oramiplipg of a 2-bit

conmuni cat kg‘?é O@EQiBQFi?%Hﬁlr 85metsah E‘c%@s:tel%‘%h g{;}ﬂhfe ﬂ‘gﬁﬁ@%ﬁ%hf {id AE5sk)

constrains constellation size to nary ase yl ng

for a 1-bit ACK transnmission. 13. The conmuni cati ons apparat us of
claim 10, erein the scranmbling constrains a constellation size to
Quadr at ur e! Phasé-SRIRYNIGHPN3, @PR%fﬁéha? @?Pr%veé-fﬁlilag’ﬁﬁﬁ’%fﬁ? éﬂ%wii‘fg&?i‘?m

14. The copuRh GRidnARSoRRPAY Bplitk g(gmgllig'ar},%\ 10, wherein the encoding
Wi th escape sequences is a function of the size of the ACK

transmi ssi on anthetsefonehoditg apnA GKdemsmisg®n Wilieescgremgguased axesfunction of

apparatus gf clai.m wher ei he scranbling of a 1-bit ACK obtains
any two coﬁﬁé?@(ﬁﬁ?28@§ﬁ§$8FF§PF@ﬂnPBenthe transnission of the ACK
29 16. The con¢ahCmt bBRMiIRPPBI 8édien& bycdodcMeddionWIehfiifle th&ded ACK
scranbling of a 2-bit ACK obtains any four corners in a constellation

for the trhleski;ssion of the ACK. 17. A conmmunications apparatus that

| mproves el | abLic e e ARn ARk IR USRI LAC), L EARRIL SPLaNCE B0

upl i nk, conprising: encodi g] ransnt ssi on W

escape sequfhgamdafition bidRetd shaiafa HARQSACY; @hd an ACK and a nodul ation
order; means for obtaining a bit_sequence by concatenation of

nul tiple encodeHwN@NhBP@Bﬁﬁg%theHfﬁ&%ﬁ§n$or scranbling interl eaved
bit sequences as a function of the ACK size and a nodul ati on order to
obtain a HARQ ACK; and neans for conveying the HARQ ACK. 18. The
conmuni cat il®ns dhpasamusicafions appanatid of than 417 zike ofze bl ehe ACRKIis 1 -bithir-1gts

2-bits and t nmodul ation order. is 2 fo SK, 4 for. 1 and 6 for
620AM - 105N heGRStAIOn ORiRTADS EPr R DB bR Mriga ® for GIOAM st set
of codes for causing a conputer to encode a 1-bit acknow edgenent

(ACK) differently than a 2-bit ACK, wherein the encoding is a
functi on ofi%a nmddedngitereatatbr medium congrisegond set of codes for

causing the co r ta. cqonbine a.plurali of encoded, bl.ock

obtai ned from { ROTSELThRGE o iy 4 Gemptdraf enodf et FefodTecerment

t he conput exCK9 diftdreithl tart He-bHOABKNSMceintha lehéodis is ATaRARE JPlaQfdtRiation
wherein the scranbling is a function of the nunber of ACK bits and

t he nodul apidst order:; and

a second set of codes for causing the computer to combine a plurality of encoded
blocks obtained from the encoding;

a third set of codes for causing the computer to scramble the combined plurality
of encoded blocks, wherein the scrambling is a function of the number of ACK bits and
the modulation order; and

a fourth set of codes for causing the computer to send the scrambled encoded

blocks.

20. A processor configured to maximizing a Euclidean distance for ACK/NAK

transmissions, comprising:



a fourth set of codes for causing the conputer to send the scranbl ed
encoded bl ocks. 20. A processor configured to maxi m zing a Euclidean
di stance for ACK/ NAK transm ssions, co ising: 30 a first
nodul e for encodi ng an acknow edgenent (ACK) transm ssion based on a
size of the ACK and a nodul ation order to obtain a bit sequence,
wherein the size of the ACK is 1-bit or 2-bjts; a second nodule for
conbining two or AviE Mpdule foggasdaag an acknowledgerment (4 Clfg dignampgipn based
scranbl i ng

The AQK andh ERE o BT BEI ek SAEHRRRE e & oIk b Seion RiRIch Pt bize
const el | at bbiheAQle i01-bithe 2AMIK; enbedded in a data channel of 1-bit to
Bi nary Phase Shift n d.2-bit.to Quadrature Phase-Shift Keying;
and a fourth m)dulaéecf%‘ r&?‘ﬁ‘ﬂ%#ﬁrf?‘?‘ gy ogrgnore bit sequences;

a third module for scrambling the combined bit sequences as a function of the
size of the ACK and the modulation order, the scrambling constrains a constellation size
of the ACK embedded in a data channel of 1-bit to Binary Phase Shift Keying and 2-bit
to Quadrature Phase-Shift Keying; and

a fourth module for transmitting the ACK.



