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II. Background

[0003] Wireless communication systems are widely deployed to provide various
types of communication content 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 communication link
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[0008] Aspects relate to improving reliability of the ACK transmission on the
uplink by choosing constellation points that correspond to the edges of the constellation.
An aspect relates to a method for maximizing a Euclidean distance for ACK/NAK
transmissions. The method includes encoding an ACK transmission as a function of a
size of the ACK and a modulation order to obtain a bit sequence. The ACK
transmission is intended for at least one device. The method also includes combining
two or more bit sequences as a function of the modulation order and scrambling the
combined bit sequences as a function of the size of the ACK transmission 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
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[0012] St111 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



nodul ati on order to obtain a bit sequence. The size of
the ACK is 1-bit or 2-bits. The processor also
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[0017] Fig. 4 illustrates a method for encoding and scrambling a one-bit HARQ-

ACK, in accordance with an aspect.

[0018] Fig. 5 illustrates a method for scrambling 1-bit HARQ-ACKSs in
accordance with an aspect.

[0019] Fig. 6 illustrates a method for encoding and scrambling a two-bit HARQ-
ACK, in accordance with an aspect.

[0020] Fig. 7 illustrates a method for scrambling 2-bit HARQ-ACKSs in
accordance with an aspect.

[0021] Fig. 8 illustrates an example system that utilizes coding, scrambling, and
modulation to maximize a Euclidean distance for ACK/NAK, according to an aspect.
[0022] Fig. 9 illustrates a system that facilitates maximizing the Euclidean

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



[0020] Fig. 7 illustrates a nmethod for scranbling
2-bit HARQ ACKs in accordance with an aspect. [0021]
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codi ng, scranbling, and nodul ation to nmaxi m ze a

Eucl i dean di stance for ACK/ NAK, according to an
aspect. [0022] Fig. 9 illustrates a systemthat
facilitates maxi m zi ng the Euclidean distance for
MORBNAK i nFac ¢oistantestwtion of agyem nitut €acititatch @chieving the corners
di scl osed aspects.[0023] Fig,. 10 is an illustration of
0 aycoareiaion ffbla@lm Tapypisgon PhALK FHceerdancs vt warjoys gapgcts
gl%gghtt h&ti,on for the transm ssion of ACK in

ccordance wth various aspects presented herein.

[®aap] Fi gFiglllilldstrates atredtiple audess pirelesscaapgsunitat@neystem
Co ni cati on system according to one or nore aspects.
s

18 18 e of QI PIRSEBSat es an exenpl ary wirel ess

g;éﬁs]fmi cat PN 13 YAksBes & SRMPING Wit lVRIhAMTunARB6E kfstem,
TAl LED DESCRI PTI ON [ 0026] Vari ous aspects are now

geondind avagiouh aspetter ence to the drawings. In the
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way of illustration, both an application running on a
drpit
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HRAL ParddatL @&nﬂlﬁmgocfé%icg%'éﬁlbe a component. One or more components can

reside within a process and/or thread of execution and a component may be localized on
one computer and/or distributed between two or more computers. In addition, 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,



structures stored thereon. The conmponents nay

communi cate by way of |ocal and/or renote processes
w@aml/1248 N accordance with a signal havi ng onECDUS2009/€¢38370

data packets (e.g. , data from one conponent

interacting with another conponent in a local system

di stributed system and/or across a network such as

the Internet with other systenms by way of the signal).
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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 information, 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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choosing constellation points corresponding to the
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mpglylptigroprden Gh-ekhg Fﬂoé»ﬂ)atloraorﬁi@wb« &0 b% ar gydgpf 2, 4, or
4o SRR SEOLGR PRSI P
tdoldulakoiShaiceof Qmm’a;pd)nc(s RUSCRIA MOQud dedtimnAsiphiede Modulation)
[gggcggéﬁ Ihpﬂbg{ g%rqr ]%lgdlrlrigéénmofz SPéIIEe AErlillco:ldllllgt?gnn or Iefc’ &a ()n 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



configured to encode ACK information as a function of
the nunber of bits (e.g., 1-bit, 2-bits) and a
wore@aliaisieon order QLn . The nodul ati on order QET/T82009@38370

an order of 2, 4, or 6. A nodul ation order of 2

corresponds to Quadrature Phlise-Shift Keying (QPSK). A

nodul ati on order of 4 corresponds to 16QAM (Quadrature

Ampl i tude Modul ation), which is a higher-order

(Tuthld B)till@sﬂra@efs cBSng éf bt tH AR QoNCHL déereok” 66presents an escape

correspond ichis a nDd | ation

PROYRREC BRLarS ?W%g%%cy\ aCrngHer L1git Eaéra mﬁm?aaﬁpr&ﬁlbhng
ation al phabet is extended to

[ nc*lglgglotgg% ]?eon ggl gnaling al ternatives, which

allows for the cormunl cation of nore bits of

i nformati on per—medulatien—syrbel—ForCPSK—the

modul ati on al phabet Eonprises giﬁfoiﬁdfﬁ‘é?mcgr nal i ng
alternatives[ EXtendifig 10 I6QAM "Dd:f' &ﬁn pr ov des
for sixteen different signaling altertati

further extension to £4QAM provi des jhe, qyal i abl ity
of sixtyfour |different signaling al t@r natives. [P035]
As previously stated,g encoder [106 Ostacgggf(g(grared o
encode ACK information as a fuynction of nunber of bits

and nodul ati on order Qln The table bel ow( Table 1) Table 1.
illustrates encodi ng of 1-bit HARQ ACK, where "x"
represents an escape sequence, which is utilized to

notify a scranmbler 110 that a particul ar scranbling
function should be perforned: Table 1. [0036] The

{@BbE bel oith¢ Bdkl el®y (TdUlwd) itlastesesamcoding gf DfbHitZHARO-ACK:
HARQ ACK: Table 2. [0037] Encoder 106 obtains an

encoded bit sequence, qc k, gc k ,qf k , . . , q

k , by con¢atenati of mul i ACK

bl ocks, where Q LC K@?"s t he t ot ;En%%(ﬁérarng%Ro N?ck)%}ed bits

for all encoded HARQZACK bl ocks. Thps€ gf€)derived as

bl ocks because later in the encoding chain the b| ocks

are input infto a nodutator. Thus, m/CPSKmatlul ar| will

take the concatenation of multiple encoded HARQ ACK

bl ocks in sets of twd A 16QAM nobif"aedOmxwixi | tpke

t he concat enationof multiplelencoded HARQ ACK bl ocks

in sets of four. Further, a 64QAM nodul ator will take Table 2.
the concatenation of nultiple encoded HARQ ACK bl ocks

in sets of six. [0038] A vector sequence output of the
fieannel codhaglcf 006 StARRs ACKndodtd biBEduencd, S BepdtegiBy. 44K

Qack 1

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 ¢/, /", ¢7™

g where Qex =0 cx /0, The vector
=1 =4k -1

sequence is obtained as follows:



-g0, _qgi ,..., -gQA CK-1, where QA" CK =
QLC K QmThe vector sequence i s obtained as

wo edobawssSet i, kto Owhile i <QACK Lt \ k =k +| P€nusS2009/038370

whi |l e [ 0039] The vect or sequence - golLCK, - gl LK
y ..., - 0 QL ACK

Seti,kto0

while i< Q,
ACK

[ ACK ACK T
=19; QHmeﬂ
i=i+Q,
k=k+1
end while
[0039] The vector sequence qACK , ngK gg,j; , is then multiplexed with the

encoded data and interleaved on a “time-first” manner, by an interleaver 108. The
output of the channel interleaver 108 is the input to the processing of PUSCH. A
scrambler 110 performs the following operations depending on whether the ACK is a 1-
bit ACK or a 2-bit ACK and depending on the modulation order (e.g., QPSK, 16QAM,
64QAM). Thus, the scrambling is a function of the size and the modulation order.
[0040] The scrambler 110 attempts to obtain two corners in any constellation for
the transmission of ACK on PUSCH (e.g., effective Binary Phase-Shift Keying (BPSK)
modulation). Thus, for a 1-bit ACK with a Oy, of 2 (QPSK), the coded bit sequence

[6(i) x] is scrambled as [5 (i) b ()], where b (i) = (b(i) +c(i))mod 2. This scrambling can be

performed in accordance with the following pseudo code:

Seti=0
while i < Mp;
if p(i)=x /I ACK/NAK or Rank Indication placeholder bits
b)=1
else
if b(i)=y  // ACK/NAK or Rank Indication repetition
placeholder bits
b(i)=b(i-1)
Else // Data or channel quality coded bits, Rank Indication

coded bits or ACK/NAK coded bits
b (i) = (b(i) + c(i))mod 2
end if
end if
i=i+1
end while

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

sequence generator 112 can be initialized with ¢y = ngypy -2 +| 5, /2] 2% + N at the



CK - i is then nultiplexed with the encoded data and
interleaved on a "tinme-first" manner, by an

WO ndoenbesater 108. The out put of the channel i nPEF/USENE038370
108 is the input to the processing of PUSCH A
scrambl er 110 performs the fl8 | owi ng operations
dependi ng on whether the ACKis a 1- bit ACK or a
2-bit ACK and dependi ng on the nodul ati on order {e.g.,

GFSitnind 6RAIh sG¥RAM, whEhdIs, I Berr@pb@i¥hb iR ddio-Network Temporary
function of the size and m%e nmodul ation order. [0040]

IdeatiSer @M pssddibted twignght 8USCHBa@nTissiimp corners in

s
BidiSas dn b

Fpdd™ ?ﬁéfaa%de g Efneer fEPIACR Akl &g cqoam)

82 cobdd it pe(du)n]lce' e &ex &) )s SeRABId £ [H) BP21 1 1) TE' S

scranbling can be perfornmed in accordance with

f(ml4|zpvv| ng Peeulditcode; thSetrambier Q 1 Maitérapts toobthintfoi) corders in
ACK/ NAK or Rank | ndication_pl acehol der bits else if
brpi gonstellptionaex thearensmisignief Pidy eaP et I &pet sifschye QPSK

Hioaﬁﬁjﬂ&ll e uQ' ﬁ)lsa b(Yiy ACE(\JVftﬁ ) (ta ) on@cpsﬁt @B &N RGlhience

quality co bits, I ndi bits or

BOKINAK] mmnmm ss B b (FOP( 1) AGK(ib DYbiw And i, iis  (BFQAM), the

I =1 + 1 end while where x and y are tags and where

cg¢deyl biitseqimmcs ¢ramt-ing xesuembled aT e saranblli. dgpr a O, of 6
se uence d(;lenerator 112 can be initialized with cmt =
AMMH %‘bstﬁ 2he godpd pitsequenge [(Aéhedihnixnyg lpcrambled as
where n corresponds to the Radi o- Net work
ﬁbéﬁﬁélﬁé} 91 R

[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



Identifier (RNTlI) associated with the PUSCH
transm ssion. [0041] For a 1-bit ACK with a Qv of 4 (

wa e@¥pes4s he coded bit sequence [b(i) x x x] iBCT/US2009/038370
scranbled as [b(i) b(i) 1 1] . For a 1-bit ACK with a
M of 6 (64QAM), the coded billl sequence [b(i) x x x x
x] is scranbled as [b(i) b(i) 11 1 1] . [0042] For a
2-bit ACK, the scranbler 110 attenpts to obtain four
bethneailszésrund Rynaaies irfbinaitioa mededredtbiyefirktr pp smatus 0@ And tontrols
ACK on PUSCH (e.g., effective QPSK nodul ation). Thus,
PRY; OrMote SOMPRERItHPE $ySieMd%f 2 (QPSK), the coded bit

ARk 1 s TSt 45 U eSO R B8 kbRt g p bhctidean
dsguentoe thebACK thenismidsjonxtakingiastie foearintre Hecasmiiti¢atjond{ekween

[) 1 17 . f 6 (6 - bi th d
B ot 102 psCePrmrielon 108 oo 35 Tordh. SictSta e oxpan
Eaplo stdredprotocdlsland/ok higoril@dBdlachidvd irﬂgrbl‘?'&?éi)nﬁﬁ@m@ations ina

during scranbling "I1s" are appended. However, in
wirclsssinatwerknstdesgithed harpiclt should be pppregiated shad thsdata store (e.g.,

sonethi.ng el se.is used,,. such as "2" or non-zero 1 .
BRI p TRyt s Beth R VB Be ftnerRRIPAFRAS] Fgponvoladle
fRhopy, @ @SB indHidp ®bihoror@ide biyd fdradRiild hemokl B ®af of example and
nmodul ation, transform precaoder, and so forth) is

potdHBiRioanRonvelatfmpmerssadndrdatsad el Mz HROMND,

o . . I ' . . ¢ '
LARSETPLUER o RAGVE,BSEELE Boskblt ROAT (LA | By
SyisdbéaR OO0 (EBPR OND] ordashemnstiory 1 Vél avipemaiometan iacugd mddom
to first apparatus .3122. Menmory 114 can be external to

T VBT S e TS MAPADE ifsyay of example and
ARARhRHoR, RAR iMRAREN e nlfabPirSk A ds%ﬁ’éﬂi‘gr%du% %(AM (SRAM),

related to encoding a nodulation order o
tly reams RSV ¢ PRAGM p sy aihmoram s XA 8 DIRARD), Alokbleldatakrate SDRAM

PBEREAM bt MR gD G EREBHAS, DA (FpRAD and

8RR Rakibls RAAMEDRR V). f MREIHPBS BE dlsBRsAHSpSitZ BreaR@nded to
nodul ati on order, and transmtting the scranbled bit

eergprésec withewidbcoweH snited fot hibsceandrftiear saitabdtyipes af memery.
' I's transmtt. d.regeiv in uni catian .
ROBREr & " nTRRBRGLER O W RRINER s, FOCTYTLERR Ribgytaion

tmappingsdccaidp Bltat 2Pl [|laBEdted, a0B0DIsy sldih) cdBtellation for QPSK
facilitate analysis of information related to S
mediktion.mghieheonsisty of dewrlifrisphvigraling plternatiyesy To visualize these

LAY B, B, SOLFRAIOR. ROLVELKnuPLOERR 41 20
gehendti gThafoor painisoongd paiet Medctbyuddrans 2062 p@ rraprasents the four
(J{igge’lren‘r‘il 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 I6QAM 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,



processor that controls one or nore conmponents of

system 100, and/or a processor thatboth anal yzes and
w@ermenases | nformati on recei ved by first appare€T/ESH02038370

and controls one or nore conponents of system 100.

[ 0045] Menory 114 can store lBrotocols associated with

maxi m zi ng a Euclidean distance for the ACK

transm ssion, taking action to control contmunication

bey, means( + st +appac alapscdlid 2ompitxsextgsddnequbeiontsymbdB4=/+j0

and so forth, such that system 100 can enpl oy stored

preotdepiosthe fiellcovingfaybsy (Tehles))t o achi eve i nproved

conmuni cations in a wireless network as descri bed

herein. It showdpe—appreetated—that—t+he-—data store
(e.g., menori e:)bm*l?ﬁﬁ% (Zh?jkb(lﬁékc‘ri bed her i n can be
ei ther volatile nenoryoexr nonvollat/Wie pefdoy,| or can

i nclude both velatiTe d nonvola .| By way
of exanpl e and_noL_LLﬁﬁgbLLgnr_noyygﬁaEggg@ﬁanDry can
i ncl ude read ohly mendes (ROM), |ps/atr apmptioe |ROM
(PROM), electrfcally grarmable@g\/l @g\/p
electrically e'asab!ng%N!(EEHQEW, ortflash inenory.
Vol atile nmenory can i héPude rando#ﬁgicesﬁJﬁéwory
(RAM, which agts as exgernal cachegrepo By way of
exanpl e and no Htaton—RAM igek”a Igﬁﬁ@ i n many
forms such as synchrofdils RAM (SR# 0 dyﬁgﬁfc RAM
(DRAM, synchronous DRAM ( SDRAM), s/dubl eslaTg rate
SDRAM ( DDR SDRAM—etthanced—SBRAMM A T=SBRAM—S3ynchl i nk
DRAM ( SLDRAM . | and_di r'd®% Rambus TP ( DRRAM | Memory
of the disclosed aspecbsr are intenld | o/¢gonmri se,

wi t hout bei ng Fnited to, theserang othet rt abl e
types of menor{. [0046P %0 appr=6ﬁ§ﬁ§{ uVV@ythe

di scl osed aspefts, Figo12 illustraf¢e podloat|i on

mappi ng, accor@ng to aspect | tIiasIT ;] at 202
ispg Siggnal cohst gl I at1iql§1bn fgr QKI%/md ﬁﬁ(ﬁ , Whi ch
consi sts of four differnent signalipjoal tefhatli ves. To

vi sual i ze thesg signal alternatly%s
tmo-dinensiona__pLanﬂ1fﬁgdividﬂd_ﬁéfh r_\L!r‘/ﬁiﬂadrants

204, 206, 208, |and 21011The foul -ppiint 5 36he |poi nt in

each quadrant Z204-210, represents the four different Taple3.
alternatives. QPSK allows for communication of up to

2-bits of information during each nodul ati on-synbo

[048) val . For 16QQAM, thet helakcd abesBattampeotshrehilevfeurt saoners of

orners, specifical t he upper.right corner (in,. .. . s
i i3B T b radbacton Aot for it PSRty s 0011
E88he o lefiusdanesiBong h@iulfn rﬂd}%iﬁ' id ¥1011[ G tle Wttom left
212, a signal constellation for is illustrated.
Exadeand i2h g, thombd@anpmowppiagionl 1417 endfof dre hdtom right quadrant 220,

ﬁl\éanll(l)(ﬁll?a{t{olntrxap%fingsils X‘E) P, %quclfl 851‘%9}5 can §0 gc':ﬂigx%d 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
bits, b(i),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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Table 4.




[0052] Transmitter 302 includes an encoder 306 that is
configured to encode 1- bit and 2-bit HARQ ACKs as a

wo covetizasas of the nunber of bits and a nodul at i POT/O8HEY/038370
Qn Also included is an interleaver 308 that is
confl gured to interleave enddded data on a
"time-first" manner, for exanple. Also included in
transmtter 302 is a scranbler 310 that is configured
f0®58Lr anbl €ht 654Q ACKconstullation 32T vekeadiptintodotieatlaats 224, 226,

3o o 90 neRorspen ORI HungaPRar bt 08HI T3. Bhe op e
Flﬁ@%% 6 i LNOFEr F90 HoRBmAEH ﬂﬁ%frgrg%ﬁ ds ¢0 11 €1 L RMNRE bottom

nformat1 on, I ch can be incl in Table A 314 and
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AR TR BopRb S A TS, e D Pt Bt R 16 R Shtaip dag Four
ESneR P cnonetlAida 22HARQ ACK. Each table 314, 316 can
include a cross reference to the nodul ati on order

Qm
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to scranbl e scranbl er 310) the HARQ ACK bits in a
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(orpl acehol ders). For a Qln of 6 (64QAM and 1-bit,
FPHBMERCEIEY HARQ ACK is [O CK XXXXX], which includes

ng‘SQ] esca p?ra%@ﬁiﬂ?e? 863 jdcRlRE &N 91'16%%5153 06 tithQ§ \@&nf@%@to%mcode 1-
16 RQ ACK

can provide that for encoding
bit uhd 2-bQ HARD-AQRSKK) a ftuhteloerqxfdubedmﬂt@RQf mmdsa hoddktian order

One AlauCRe babdper St bt B8t Psbn e SRR ey Gradidtats on

X8 Qd nadinbio fertex P, ARflo inclided hﬁt&ansﬁﬂmer%obhg a §¥mBer 310
of 6 (64QAM), fhe encoded HARQ- ACK i ncl udes four

plahisehofigeed toscranlla e Aekuwhichss eenycy el @aicedsad04dy a signal

X X X X] . Thus, if the HARQ ACK i ncl udes
%?nbe%%o% g(nfor mation, it is encoded according to Table

feo33p. I f Iﬂ@dbﬂB@eﬂ@iﬁl itRChrop@enodihg 6f Bf 16 QIdAbit BIARQ-
It is encoded according to Table B 316. [0056]

A5 Kesatrgeden W @m@e@fmfﬁg}m i1 refesence defgrmptRn. wbiehispp b dncluded
ISTREL KonaEdq HApRE 814 ﬁatﬁé N ﬁ%‘(%se&‘lg&smb%v&e&h%olude
sequence is obtained. T

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 [of“® 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 For a Q,, of 4 (16QAM) and 1-bit, the

encoded HARQ-ACK is [of® x x x], which includes three escape sequences (or



sequence is nultiplexed with the encoded data and
interleaved (by interleaver 108) on a "tinme-first"

woreowmaees48The scranbl er 110 perforns scranbl i ngPEEUS2009/038370

function of the bit size of the ACK (1-bit ACK 320 or
2-bit ACK 322) and the nodullation order 324. [0057]

System 300 al so includes a nenory 326 and a processor
328 that is operatively connected to transmtter 302.
Maogitoyds3d6 Foet d,ns 6 (68 QAMY dndrisbit,ghateddtdHABRQ-ACK is
erllglpdi ng and scranbling to constrain the npdul ation

broder x ok x AOKhich diedyres §ive ascand asgerres fplasrdoldstsd channel

BB, Tobe Sl oot o oo i
PPINOPEKY he BRQRES BARG2ECK §s £OUPSLH) t pot 1Bi¢ARA), Yof 4
g Gk oo ot

is configured to execute the instructions

(@i Mgdhé enddaEDHARRZACK Qh&lked two ¢s@pe edquehes (or placeholders)
exenpl ary systens shown and descri bed above,

ad Ksaplcodes [41ar: eyl b&urthel Ererkieand Q. a8 6 GH4ANYR, the

W t i sclose uhj ec tter, will be better. .

S&fﬁﬂ%‘{: E&@%Aﬁ'@ FP%TI&%% ?@H@i%?@olﬁﬁé OF BICPRRFSHYCT D fiRd is expressed
ratxs , 4\ | « i; . Ciit : S

R a5y Thls, RUREERAE) OlCR IS 1101 O nfprmations i fs

ascoded &dcofin®io TANEKS 141 tIf ths HAR QA OKde¢18dRQdbiansd information, it
appreci ated that the clai ned subject matter is not

isiamreded agordieg touhahés Bddoor der of bl ocks, as sone

S may | ' 0 QI -
BB S 2 Phe st L8 bR HREIR BREEACK plogks s
pérédrmicd tel optaint £bit soydetesmtiabedtiohssqience iMobtammedr Thaoéctor
all illustrated bl ocks may Qe reqaih{tg eto I mpl emen

PIEeRRsth BYHIgicd SV itede eesidgd dategn aved (Ry Iﬁt@ﬂeavter 108) on a
5@&&%&%@& qthetsa%nfbw?gtl g @@gﬁﬂ?ﬁ%&ﬁﬁ&ﬁgﬁg aGuittol JFie bit

bl ocks may be inplenente of t war e, ware, a
sioerbf thatAdh (1-herAgdf 380 an-bit AEK 310) trabthe nelakesiof erdyr 324.

ice, t , t).. Additional |y, it .
SO & e BuiohaPb hRraiydR Smanay AN prodabgP st i
gh &t RELELMSERH RAfARMmiRd S 0b NINHERQBD 6 kdthSis instructions related to

speci fication are capable of being stored on an o
A encedoi and serkabdliog to canstraipithd madwatienerdpoefi AQl teansmission
transferrjng such h I es.to-yvariou Vi CeS.
B R T BPSIGHR) PR KA B QRAR 6P Ehi Ack,

arpp&tivabe thchaddudativatndaas@dtor et ahdsafisadd. iebyesie 328 is
represented as a series of _interrelated states or . )
equphedsto thempmesy 330 apdds sendfigyiradgogrecyto s apstmetonsgetained in
Heh‘éﬁ es a nethod 400 for encoding and scranbling a

one- HARQ ACK, in accordance with an aspect. The

9581 ng ahdvisercditid éxempian sypeermiesiomwn anddicssibad above,
function of the nunber of bits and the podul ation .
BieHIroIoFiga thib iy i R o in @Wr?aneaﬁvlf@éﬂ%dl(s@jp%%ubﬁct
fhBQANIH bObeter CEAEMed viith A82end@Td theollowing 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



the HARQ ACK bl ock is derived by addi ng one escape

sequence (or place holder), thus, the encoded HARQ ACK
WO go0patosks x] . Else, if Qln is 4, at 404, the PARGSACK038370

bl ock is derived by adding three escape sequences (or

pl ace hol ders). For Qln 4, tlfe encoded HARQ ACK is [of

k x x x] . If Qln is 6, the HARQ ACK bl ock is derived

by addi ng five escape sequences (or place holders), at

dibbothanlithbie nesasoed dHARE sHEKmI profc€3sGompokent) XA¥ditionally, it

@{’92@12 f‘eﬁtafﬂlgg%parm%ﬁ rh@bﬂgigeﬁlg%i'@ g@%ﬂﬁ@ %&éereg@fter and

S HBECh AL é@ﬁga[tﬂ)gda’re & aﬁ%@fbg s mﬁg%@&ﬁ% ﬁﬁ@@ﬁ%ufacture to

are reate ocks t hat
facdoas siangportsngpevdftomsfed itghech nmthoslobgeesud vhiiasdlevmeanThose

e P B g e oa B oS 1B SHEG 98 ok Halerarvly
Bt ROkSchtBd 864 SerRE of WRGrr@atd® QAN BPEMHNAL Eih a4lih b sﬁa@é‘dﬁagram

the concatenati on of nmultiple encoded HARQ ACK bl ocks
[0958kt s of Figednllusdmttsa rmtw(?ﬁ)m Ergadingnind| scragbding faeone-bit

ﬁ%{i&? S’:: llg(l%gfq%a%%uf thA h a&llaépect hiﬁ% el%coggéuagﬁ ngram%lfmg can be
gecanbtess a fﬂﬁbﬁotﬁ@fftﬁﬁ’ﬁhmﬁ@r dfaﬁts laﬂ@ lhédﬁocdﬂﬁidnc‘cﬁlﬂérn ghth e
previ gus scranbl ed bit where the first escap

w&uléﬂ%ord@ th ciubs 2 éQP%Kth(MQﬁM)mr 6 {GAQA MY ﬁ\aépldf Onis 2,

L SEEREYSSAPRSER, L1, A, LS, BRESDNEA, M B v, s,

thesausdRd HARQPACEfie£19€ ) t Blst HEOf, & 4, @0y thd HARE)-ACK block is
[0062] Fig. 5 illustrates a nmethod 500 for scranbling

deriiet] bbi/&lé@n,‘;@]a@e ierﬁaac sopuciages €onviilade hatdeasp @gt Qmﬂh‘éle encoded
PR R, 677 a1 e G FaHON GG OF DRRE 1 HaRseABK afding five
S ATEL Sl SR g 1

[fact hexmagul ati on order Qln is 2 (QPSK), the coded bi t
sequence, [b(i) x] , is scranbled as [b(i) b(i)] ,
{06PE b(i) Atf6R, |a)b1t-l-£{egu9n)0Eergeneﬁltezidqy ¢dnctheationddinatliign encoded

PRS- A28 ot b a8 s e oy S8 RO H SR Frearea

%J ?1&;1& s&hﬁhét%%%nh@tpr&%m dg ﬁ%e%ﬁﬁ&i b :b%o%ﬁﬂ h'r%]riﬁﬁzed in an

XXXXX]ISSCFa m I
Pmeﬁ}atwmhnfrrefer exweolmw@l’ﬁ( lﬁnqgiu 860r wﬂllr t@rlsﬁt thacerratenation of

PR s PRSI IR IR L P O Ry ke
ﬂfé@oncatenatlon 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 1-bit HARQ-ACKSs 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



scranbling can be determ ned as a function of the
nunber of bits and the nodul ati on order. The
wo@aliaision order, QLn , can be 2 (QPSK), 4 (1BCHNpP2009038370
6 (64QAM . [0064] At 602, two coded bits [O ACK o k ]
are utilized if Qnis 2 (QREK). If Qln is 4 (16QAM,
at 604, two escape sequences are added, and the
encoded HARQ ACK block is [o ck OCK XX] . Else, if
AOK {esg.61 bﬁ)ﬂf@%ll\me nadubfitn ofdw(e £SQBPK, $@AM]«5@QAM}: At 502, if
added and th RQ ACK bl o [0 ck 0 k X x
thsaaesiul %tonm% T @i 2&QPS§<éqf§1sﬁe dqblksequalqe, L&@@ Yii Soueambled as

GGl R %ﬁ%@ﬁ%odb%sﬁﬁ SRR bl Gif Saormn
0084, e csdead@ GR1956S5 1.8 DL RIRY. Ak €30 0Nt o, s 6

sequence, escri

g@l@iﬁ?‘a 56@ ifid Qodgﬁ'blth'@Jl;QQ céckds(’#%(t{ aLey @ HahbRA 2{00

or” scranbli’ng 2 i n accordance with an
gﬁg@@gllThp scranbling is performed as a function of
the nunber of bits (2-bits) and the nodul ati on order
(0963] , QPSW/ithliG€aAddcetud@AMFig. Hhdlisontadid a mgthod 600 for encoding
our corners .in an

erf dt h
SRS o o B PR Gl s SRS vl Do g Bbsencoding and
§&alﬂbhn§éafne&:tde¥ Emédaths Attt Rhio? Mo nunHe6 6F br‘[&st anZioc(ge rﬂoﬁsﬂ]atmn

Qln is SK), the coded bit sequence [Db
pxles chamlh)béldaw ¢ia¢ii, Pwb¢dn be J (QPSKE, §é16QANQLLw 6 HINAM).

B e e
oA 5 SO s Bl

Wotla iy Bf €r g€ et OEIkE,Af Ofis 6 (44GA WAL £806,SoaeseXRIGel@ences are
system 800 that utilizes coding, scranbling, and

addddlaad ittenH AB QvAXIKnbloek & B¢ d/teanxdj.st ance for

ACK/ NAK, according to an aspect. System 800 can reside
H06Fbast pat 6O&Ithq/b1m¢®ampeaqa4r?6m e gd€vi.ad’,, | tis dained be
appreci ated that system 800 is represented as

renshigdatoayf efmetliipleaincdded AR QW CKIblasks, dsedetarminddawn &02, 604, or

resent funct,i [ epent ed
6o Sk PRUERS ber oG R AT REPRBE e ich will ow be
fitscrmed with r{fORA&] toBis ! BEMHEIAillubedtektemetoll 790 & scrambling 2-bit
grousln 802 of electrical conponents that can act

yingecerarcsyithet #soact: (1hgiseramblps iprerigredacyfnction

;@&' ?{gﬁb&nofe[llﬁg&-@)\%&gﬁqndccﬁgﬁl%ﬁﬁlg{lor§thelf g, djﬁg’lgul“&%ﬂ;‘ 64QAM).

ransm Sssi e sequence

Ohe tdiemblizeis @ferf&rrhb%ﬂ@aéﬁlév@tm fauﬂ’ﬁbderﬁinl Dy c@ﬁdelllatloﬂirfer the
size can be 1-bit _or 2-bits
transmission of ACK on PUSCH (e g, effectlve QPSK modulation).

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

[b(i) b(i+1) x x] is scrambled as [b(i) b(i+1) 11], at 704. Else, if O, is 6 (64QAM), the
coded bit sequence [h(i) b(i+1) x x x x] is scrambled as [b(i) b(i+1) 111 1].

[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



the nodul ati on order can be 2 (QPSK), 4 (16QAM), or 6
(64QAM . [0069] Also included in | ogical grouping 802

w0 g00an2ahect ri cal conmponent 806 for obtaini ng BCDUB2009/038370
sequence by concatenation of multiple encoded ACK
bl ocks and an el ectrical corfonent 808 for scranbling
interleaved bit sequences as a function of the ACK
size and a nodul ati on order. The scranbling constrains
funcoosd eldcis, ivdtictsinz e be furichienAGKcks éas rapsserfanaivbe ddgldmented
| n a data channel . El ec_tricaln c&:(gonefnt 808 constrains
Y & BFRSEEI 2P tYATCs P eI N R YePHEse IBRMY¥CKeyi ng for

it tr ' ' Qs : P [
RISBEG" ¢ or SAgnEPD MR A i CHAERBRN TR R Elmpgents tha
gamoagp BapgraBel or ncdanglestian Bbgcilgraglingifpamnentlu@ld ¢leetrical
transmifgi t he ACK. 70] I n accardance with sone .
& feieat S48 gwém&a%%_@%é@ﬂ%ﬁ&ﬁb{%%_?m aYenopy ¢ a function
8Nhc 3iZ8RdH IHARQM OK 48H airfodilatioRr&@datic Rizk cHEHY BB 2-bits and
[b(i) X] is scranbled as&gb(l) b(i)] , where b(i)
theniodulatiopigriarzen be 2 (RPEKe.oF dakdevinior h (6HIANBr aspect
i ze of, the ACK transm ssion s, .1-bi nd, a
B8P ot - onAbd s R Ty GRRT bRk 472 aB s lraftB Rpnopey so6 for
¥btéinirigSa Bi€ @fih@byas®ntahariol Of multipld encofied AICK B®ckPand an
anot her aspect, the size of the ACK transm ssion is,
qlegricalgompaners GOF deni st derintedeaqyed bHacqusgees asiatfunction of the
%%?@%gé: gnc{ epfnlohul)éti Srdlr. Xi"l%%s%ra?h?ﬁl oﬁgtraql‘?s d ?c(n's‘%ehl%é& size of the
. I'n"accordance 'w a further aspect, e sl ze

AICK trensAisidrsantridai ian dasa ¢habndls Eanttrial ocmdpidrahi 808 constrains a
order i.s 2, the coded bjt sequence [b(i) b(i. +1)] js
SRl AS o Bippy Iese b!l)“ft]K‘?Yqun&}?étl"é‘ﬁ_%???é‘iﬂs%%"p@@tt?
DhgdratFEPRse Idner ﬁ%ng TSNS PLEAOR tiafisrisBbh S Fﬁ‘l@l’ijer%l(ofgi)cal grouping

nmodul at1on order 1S 4, the coded bit sequence |
B2 ineludexax}leitsca conpbhed 846 farbfanymb(ing te ACK] . In

ARGk B P8 o3P o PSP A e ion s 1
bit@n& QeRAuRLbn SRRYVATE ehd Rfded bRkEquEhde 83( xXisXbrantbled as
scranbled as \b{) b{i +) 111 ql] . FO?l] Syst em 800

gan HmG whdes B(ERBEY(Fhed 4 Rt aceeidandeswitinsidthg tas s thosize of
executing functions associated wth electrical

thempOk éransmBOidn iBDBIt a8 8 makthti®h Order io4. ke caledburemence
VWil e shown a _externa . , It

. ei ng . | to menory 812 is.to
Héurderkt %Wﬁlﬁgtas §Ha T80 T Hbr Actrdiae &R pRtBaseasingbaifg of the

. . 808, 8 810 ' i thi y 81
RO PRt i S BN SieMy o GBS b,
Y5 ke 300 ik Ratmbraiasith @t &9 1nexi) Mz adigrdahee Witk hifche@d aspect,
di stance for ACK/ NAK in accordance with one or nore of
thessizdiof thanS €N taspmetsen 1S its and 0 thadlatative srdbe is 1) tiee wsled bit
devi ce. System 900 c%{rpri ses a )
sequence [b(i) b(i +1)] is scrambled as [ (i) b(i+1)]. In yet another aspect, the size of the
ACK transmission is 2-bits and a modulation order is 4, the coded bit sequence
[b(i) b(i+1) x x]is scrambled as [ (i) b(i+1) 1 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 [h(i) b(i+1) x x x x] is scrambled as [5(i) 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



recei ver 902 that can receive a signal from for

exanpl e, a receiver antenna. The receiver 902 can
w@esoPoresug ypi cal actions thereon, such as fil tRP€T/N§2009/038370

anpl i fyi ng, downconverting, etc. the received signal.

The receiver 902 can al so dil§itize the conditioned

signal to obtain sanples. A denodul ator 904 can obtain

recei ved synbols for each synbol period, as well as

pdevitoe@l thec@iewstn@y wbelestrical canfpoocas 8@, 06808 HMYS]0 can exist

Processor 906 can be a processor dedicated to

WHAIMBPHETY Hor mati on received by recei ver conponent

nd/ or i i . i . i i .-
A N S
prapoagsmgthObéclcam distancofor &K/ NAKrDr ecconlapaneith sn@br more of

sel. device 900 nal yze information receiyed by .
HclisciBFd aciog SHAra O AR Briech BTGV L angHFER08 FoRyrises
tdcaNeGX Bht AReccARN QEnat &k, Pbr KBRPRY a AR cf MRBRRE NtHS
of user device 900. Processor 906 may include a

toaiven?(2eqanperfoun éymticad agtidns ¢has¢ons seahchsdtering, amplifying,

BRITL b g5 gL iR dre D REL s A ST e P e

edRlitadricd 81gyialCtowptaatl sdndpl§Y. 0L A8S0HuIHIE 9o éhrt S12din @&Rived symbols
store information related to coaordi nating
£ eaihsyerkal pardoda aeiwaH ws pravide reegivedhiyanbiok terarmapgcsspr 906.

910 A [ '
TR L0 B LA LTl PR
2Q6ivedby taceivieecommoneni $02 @andsy igondratiminf@tmatio® Ii tensimasion by a

transmtter 908 that transmits the nodul ated signal.
trews}terﬁ@; Iy egﬁhgmaﬁr HIrRALE & PRSP gogs%t@m@m or more

toabodeRide Hl%&td%%ic@@bb,ea\ﬁiag/ie EIEERIOASER iVl b Wceiver 902, generate
[ n f ACK I'n

constellation for the transm ssion o
adomratian der tvanisimisssni hyusanamgeee V88, pmd e now ! lvee ©F more components

System 1000 c rise base statio r access poin

25" Sondes TOCE et 0B 4w Belie S b o0l e yaLsapabe of

Sh AR {iS) cdrhAhieReNS fwitPIditfoAANEsRE §8lLi¢QN devi ces 1004
., user device) by a receive antenna 1006, and

e.

M3dk i t s Peertdeaicg 980 gan pdstitonadmeamiptise ingmotieiScensratively
100 hr h nsni ant enna- 1008. 7, Base ..
St PG bt e et oA EE PR ORARe B Fusine

tathennbiic aht @Ry beesuRbRrThRAMaII)0deaBs, 99 can additionally store
operatively associated with a denodul ator 1012 that
peotesel aseciatedwih werimiging tha Epelilcapdisiage- absd dsyiepd0Q can

4 i
s PAThEE, L FEAGERFOF AL Al B e
madulaicdisigmahEucl i dean di stance. A nodul ator 1018 can

781 Thr ouble 4P i iles Eiion ot STooB 10RO Al stiias Pt e the
AaULSes at%p%stellation 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



[0077] Referring nowto Fig. 11, a multiple access

W rel ess communi cati on system 1100 according to one or
worere/1aspect s is illustrated. A wrel ess comuPCT/EE20091038370

system 1100 can include one or nore base stations in

contact with one or nore usél devices. Each base

station provides coverage for a plurality of sectors.

A three-sector base station 1102 is illustrated that

Eodidededistanté.i Alnsoduhitenita 8gao upstiplontheisipgmhlifdr ignsmission by a

antennas 1104 and 1106, anot her i ncl udi ng antfnnas

1Heigl O¢9 11@011&%3%@?@111@1%@9&69 FRIRHRISHRIsdeVIces 188
ﬂ@% Accopghd %t NAE 'Qﬂra wﬁgeeyacws@ vARI &P B Rnfh Ration

own for eac roup, ver, nore or fewer
a;rst@m &%) arayrdies totdnkioz eubré aypeeta chillasitaserh aA griclgss Cornrnunication
l\/b?i evi ce 11&%11 i'S % r][ ication wth_ antenna
M eén PRERCTUGHRE Ordﬂ?rs ASESStAtiOS i, FRftact YAthQng, o8 Hﬂre user
B Qs L 10 Pask QtaBR iph i 4l o6& -adel b a PYEhlithy O Wedibks! AKree-sector
1118 and receive information from nobil é& device 1116
ba/s@ station dd @2 18| ] lnrateritbat iFgngesrmaultiplglantenna deomns.ionk jncluding

G5 1381 b ERY BTG PR s TG BB e ¢ gy

Hﬂludﬂ{@ ant@in@s $1 120aridnig 160 MFLGdGRtth et figurk, dnlPivd@edms are
devi ces to t he base stations. Mbile device 1122 is in

g2ah) AHHCORR BFPURN hOHIEE MAI9 T AVt patgBnas Ay ke utilized for
|
SRR 504, AL ST s QL0 QoL 12 nd
il hf4o mwimatd antenina© il IPodeid| 1d 1d enah et iﬂa&mmarto nobde devike hkl6 over

126. a FDD system _for  exanple, ni
forei 11“%1181 18 g giceneanforpion o rﬂﬁ*@’l’ﬁ SYicP |1? ?éover reverse link
‘P'li(f q“&@zﬁrdfﬁ FHG\!Vﬁ’l éfeﬁ%%é”do?x%urﬁ&tmﬁ%k@%‘&ﬂﬁleeoase
forward |1 nk use a different frequency than
sthigorfsrte quodnle yleubed alzda‘dhe byvareMerkser biplivk) 1df2.to ﬂ&o:ba}mumcatmn

P gt b SR v il TRy S fytlhgpicaton

§@aatatfenfls D@3GNgt @@)6 QhetdlBldenna 1 DOEarRd 1 Iv8tnskail effbBmation to
antenna groups each are designed to conmunicate to

mobile dedes/ | Baoovienfagweisidingy | 1@ anf éecarV@a@focm@teme@omynobﬂe device
l?fZ?ove‘f ?evep h%&q%26 AInbaa FOD> telrno? I,€ %{ 3fe 9ornmug cation links
statl on use conmuni cat (% lﬁl term na]I S.

i OB7 9120, 129 rawd il @ kight veivies dffﬁféﬁﬁﬁ@qlhdnﬁiés fdrlcbBraidcation. For
1124, the transmttl ng antennas of base station 1102

exmnle.ifprwed biak i b mighy ussa diffesent fisauansy dhaw the frequency utilized
It ratio of forward |links for the

E?%@%Sg%@ﬂﬁo%ﬁ e devices 1116 and 1122. Al so, a base

Br0a8] on ut Ehé¢lzgrogp béanémmsmmgoﬁ the arcans mihicht theyrabideggnated to

devi ces scattere andom
communicate may be referred to as a Sector of base station 1102. In one or more

aspects, antenna groups cach 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 area might cause less interference to mobile devices in neighboring
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station transmtting through a single antenna to all

the nmobile devices in its cAlerage area. [0080] Fig.
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faw8w| at or Raﬂeﬁrmgnhdwrd Bige$2, datadawndingi dtaiccsy pbiat $2GEn0d transmit
btains a set of V transmt synbols. Each transnj
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continuously in each symbol period.” The pilot synb
sanbd enddubderel?dy reticwics lamhpmabttsmﬂhe)deta s&ﬁ[bw;xs and pilot symbols and
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[0082] A transmitter unit (TMIR) 1220 recei ves and
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maltgeaedaFrEM, deNsponalki&jugd/ disidiohalllgplkosd (OFDMR time division
transm ssi on over the wireless channel. The downli nk

sruiparxed S TObn frequansyiivisden muHplged AFDNhit @irfiede dppsion o

At term nal 1230, an antenna 1235
1 ﬁl\? . . . .
recept(%{gs (t )dovvnl i nk signal and provides a received

H082RI to A tremsmitwemunit(T M TRRCYR) r&c2A0s aﬁéa&ivmex thgirtam of

%fré&léﬁ@@gé%%%@@%pg)sfg{nk]téigg ﬁlrﬁler lccl)I];(iltlons (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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respect Ive rocessors
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t hat store program codes and data. Processors
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(felg ﬁﬁ&] G aﬁg)c'e%mhéklfﬁo aﬁcﬂi? e£§d ﬁ%@@]cfo gu{ali]l%ns to derive
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meirfelnlt Fsl) %Wnﬁwie Efmeeﬁﬁ?s@ jﬁ‘&g ré%%ﬁ% CDMA. TDMA,

t%edr ﬁi]te %%F)g P{ﬁf:r‘tﬁ}ge E@glg%gs Shaffdmf 'Egﬂ&hrﬁi:hﬂii Shet uplink. For such a

system, the pilot subbands may be shared among different terminals. The channel
estimation techniques may be used in cases where the pilot subbands for each terminal
span the entire operating band (possibly except for the band edges). Such a pilot
subband structure would be desirable to obtain frequency diversity for each terminal.
The techniques described herein may be implemented by various means. For example,
these techniques may be implemented in hardware, software, or a combination thereof.
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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Such a pilot subband structure would be desirable to

obtain frequency diversity f8r each terminal. The
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vari ous neans. For exanple, these techni ques nay be
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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
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standards. A TDMA system may implement a radio technology such as Global System
for Mobile Communications (GSM). An OFDMA system may implement a radio
technology such as Evolved UTRA (E-UTRA), Ultra Mobile Broadband (UMB), IEEE
802.11 (Wi-Fi), IEEE 802.16 (WiMAX), IEEE 802.20, Flash-OFDM®, etc. UTRA and
E-UTRA are part of Universal Mobile Telecommunication System (UMTS). 3GPP
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
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form of storage medium known in the art. An exemplary storage medium may be

coupled to the processor, such that the processor can read information from, and write
information to, the storage medium. In the alternative, the storage medium may be
integral to the processor. Further, in some aspects, the processor and the storage
medium may reside in an ASIC. Additionally, the ASIC may reside in a user terminal.
In the alternative, the processor and the storage medium may reside as discrete
components in a user terminal. 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
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to Quadrature Phase- Shlft Keying (QPSK) for a 2-bit ACK transmission.

4. The method of claim 1, wherein the size of the ACK transmission is 1-bit and a

modulation order is 2, the coded bit sequence [A(i) x] is scrambled as [b (i) b (i)], where

b (i) = (b(i)+c(i))mod 2 .

5. The method of claim 1, wherein the size of the ACK transmission is 1-bit and a

modulation order is 4, the coded bit sequence [A(i) x x x]is scrambled as [b () () 11].

6. The method of claim 1, wherein the size of the ACK transmission is 1-bit and a

modulation order is 6, the coded bit sequence [5(i) x x x x x] 18 scrambled as

[b() b)) 1111].



5. The nethod of claim1, wherein the size of the ACK
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of the ACK transnission is 28it and a nodul ati on
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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
the 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
the constellation size to Quadrature Phase-Shift Keying (QPSK) for a 2-bit ACK

transmission.



ACK obtains any two corners in a constellation for the

transm ssion of the ACK. 16. The communi cati ons
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2-bit ACK obtains any four corners in a constellation

for the transmission of the28CK. 17. A conmmunications

apparatus that inproves reliability of an

acknow edgenent (ACK) transmi ssion on an uplink,
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17, the size of the ACKis 1-bit or 2-bits and the
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18. The communications apparatus of claim 17, the size of the ACK is 1-bit or 2-bits

and the modulation order is 2 for QPSK, 4 for 16QAM, and 6 for 64QAM.

19. A computer program product, comprising:
a computer-readable medium comprising;:

a first set of codes for causing a computer to encode a 1-bit acknowledgement
(ACK) differently than a 2-bit ACK, wherein the encoding is a function of a modulation
order;

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



ACK is |-bit or 2-bits; a second nodul e for comnbining
two or nore bit sequences; a third nodul e for
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the size of the ACK and the nodul ati on order, the
scranbling constrains a consel | ation size of the ACK
enbedded in a data channel of 1-bit to Binary Phase
Shift Keying and 2-bit to Quadrature Phase- Shift
Keyi ngfourthtkeaof @udes for ragkingetht omput@nsidehd thegsctdnebl&CKcoded

blocks.

20. At least one processor configured to maximizing a Euclidean distance for
ACK/NAK transmissions, comprising:

a first module for encoding an acknowledgement (ACK) transmission based on a
size of the ACK and a modulation order to obtain a bit sequence, wherein the size of the
ACK is 1-bit or 2-bits;

a second module for combining two or more 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.



