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In a comynunication system, a {ransmifter may generate messages for
information 1o be sent 10 a receiver. The transmitter may encode the messages to obtain
codewords and further process the codewords to genersie g modulated signal that is sent
via & communication channel. The comununication channel typically distorts the
transmitted signal with g channel response and further degrades the signal with nolse
and interference. The receiver may receive the tranunitted signal, process the received
signal fo obtain received codewords, decode the received codewords to obtain decoded
messages, and extract the information from the decoded messages.

Encoding is typically performed in accordance with a particular coding scheme,
which may include a block code, a convolulional code, a Turbo code, ete. The coding
scheme may be selecied based on a wadeoft between various factors such as error
correction capability, amount of redundancy, decoding complexily, etc. In generai,
more redundancy results in longer codewords for a given message size but provides
more error correction capability so that messages may be reliably sent in more degraded
channel conditions. The converse is generslly true for less redundancy.

A gpecific coding scheme may be selected based on pertinent factors. A
codebook containing different codewords may be generated based on this coding
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one-t 0-one mappi ng exi sts between nessages and
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second set of nmessages.
and sends the codeword to convey the input message. The input message may be in a
first set of messages, and the remapped message may be in a second set of messages.
The second set of messages may be associated with codewords having larger relative
distance than the relative distance of the codewords for the first set of messages.

According to another aspect, an apparaus is deseribed which decodes a recetved
codeword o obtain a decoded message in a first set of messages and demaps the
decoded message to obtain a demapped message in a second set of messages. The
messages in the first set are associated with codewords having larger relaiive distance
than the relative distance of the codewords for the second set of messages.

According to yet another aspect, an apparatus is described which forms ap input
message with & plurality of fields that are arranged such that at least one most

significant bit of the input message is presomed 1o be equal to zero. The apparatus
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FIG. 77 shows a process performed by a receiver o receive information.

DETAYLED DESCRIPTION

The message remapping techniques desenbed herein may be used for various
communication systems such as Code Division Multiple Access (CDMA) systems,
Time Division Multiple Access (FDMA) systems, Frequency Division Multiple Access
(FDMA) systems, Orthogonal FDMA (OFDMA) systems, Single-Cartier FDMA. (SC-
FDMA) systems, ete. The techniques may also be used for wirelgss local area networks
{WLANSs), broadeast networks, efc. The terms “gystems”™ and “networks” are often used
interchangeably. A CDMA systenm may iroplement & radio techuology such edmaz 000,
Universal Terrestial Radio Access {UTRA), Bvolved UTRA (B-UTRA), cofc
cdma2000 covers 1S-2000, 18-95 and 18-856 standards. UTRA and E-UTRA are part of
Universal Mobile Telecommunication System (UMTS). UTRA includes Wideband-
CDMA (W-CDMA) and Low Chip Rate (LCR). A TDMA system may implement &
radio tec;hmﬁogy such as Global System for Mobile Communications (GSM}.  An
OFDMA. systern utitizes Orthogounal Frequency Division Muliplexing (OFDM) and



(WLANs), broadcast networks, etc. The terns syst s am
"networ ks" are often used interchangeably, A CDVA

wayBremsney i npl ement a radi o technol ogy sxi chredos®0051625

{0019}

{0020}

{0021}

Uni versal Terrestrial Radio Access (UTRA), Evol ved

UTRA (E-UTRA), etc. cdma2000 covers | S-2000, S-95 a d

S-S56 standards. UTRA and E-UTRA are part of Universal

Mobi | e Tel econmruni cati on System (UMIS). UTRA incl udes

W deband- CDVA (W CDMA) and Low Chip R (I XR). A TDMNA.

system a I nplenment a radi o technol ogy such d obal

System for Mbile Communications (GSM. A OFDMVA
systemutilizes Othogonal Frequency Division

it inphvikitiog £EFEN} Sents fmgdubat domasy obalrthdgbadln@ibearriers.  An

R T T N - S
ey Evehldiod, L&E-X Ah &h?giwd’x)ﬁenﬂxﬁhzﬁr‘&g@&@wﬁm Frequency

sstemutlllzes Sln le-Carrier ,rqé&uenc Di vi Si on
%11%3% Mt HgxpsESFENp Marra dsepdismpdidalion Ponbely ib Blestime domain on

&ﬂﬁmﬁhﬁ%&@@ﬂ@eﬁ ORI @%ﬂl}%}\ &%Q@%ﬁ&il M IRAY e IR documents

are descri'b docunents from a
3‘@@1@ am cz”ﬁqumﬁm reghed3vad Genendes BartRashindrghit (PEBPBctdma2000 is

43604 1§ %ﬁ%@%shﬁ:p%f%ﬁ%%ﬁwkﬁmg Q%,H{E%m $edl fi%ﬂé&&m Partnership

or gani zati on nane Gener ati on Partnership

2018 BPR2GIP PTheShespaniious radad tehnelblgive| /adi stadards are known in the
andards are known in the an. {0019} The techni ques

may be Uto n information on the downlink and/ or

upl i nNKhe ﬁ@bniqgmmiem lbe (eed fooradridfvhmislion eh drssddenitdteand/or uptink.

'ﬁ?g@%’l 'ﬂhzﬂg l’\t%? 1}&%‘3/ rén‘(rﬁggss % %E%&)#ﬂiﬁ‘%};éﬁ i{)&}%i}? ﬂ‘am Base stations 1o
ﬁennmm faaﬁ Ithm upltaik {dr mvetshdinke refenatcsteocdu@ishiasion link from the
ase tatlon' eneral Iy a fixed stati
B0 T AEPETUTR T b lF RIS Y SR of s Hation tht
sefanniestel vidstha t&bﬂ&iﬁanc&ﬁa_a? Wﬁ’&tﬂ%&ﬁg&s (ae’?’@&tGB Bin enhanced
ana ce nt etc terminal may also he referre
Fo0CBEE30aP Tyt st Po0E) S b e ] 2oH50 R "SR o8 a user

cﬁﬁﬁﬂ)&ﬁ'(b}:@ $hablieRiatieh Can ﬁ:c%&f #h A, TBYath®, Rl | Ak@ninal may be
one personal digital assistant (PDA), a wireless

SEHAT PIRRT. oF ST oBYnHgBL AP ERRtaEIP Ak, 2 AT Hdeheiodem, a wireless

&ﬁ\!ﬁlﬁﬁt&%ﬂ ALLRL, QQ{EQHEQB déizce Sél'@a%ﬁégb R & subscriber unit, a
cordl ess phone, etc. f0&0J shows a bl ock di agram

yrdigsy piymenttet er 100 and a rece| ver .150 in a
FiG. ¥ shows a block diagram of a transmitter 100 and a receiver 150 in a

wireless communication system, For the downlink, transmitter 100 may be part of a
base siation, and receiver 150 may be part of a terminal. For the aplink, transmilter 100
may be part of a terminal, and receiver 150 may be part of a base station,

At fransmitier 100, a message grocessor 110 receives information from a data
source {not shown) and/or a controller/processor 140 and generates input messages for
the information. The infornsation may be for signaling, wraffic dats, etc. The input
messages may have a fixed or variable size. An encoder 120 receives the input
messages from processor 110, encodes these messages based on g coding scheme, and
provides a codeword for each input message. The coding scheme may comprise a block
cade, a convolutional code, a Turbo code, a low density parity check (LDPC) code, an

irregular repeat~gccumulate (IRA) code, some other code, or a combination thereof.
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Encoder 120 may implement a coding scheme that generates a codebook
containing K codewords, where K is the codebook size and may be any integer value.
K different messages may then be mapped to the K codewords such that each message
is gssociated with & different codeword. The one-to-one mapping between messages
and codewords may be dependent on how the codewords are generated.

Each codeword in the codebook hag one or more nearest codewords, The
distance between each codeword and s nearest codeword(s) may be determined. The
K codewords may have different distances to their nearest codewords. The performance
of the coding scheme may be quantified by the minimum distance due among all of the
distances for all K codewords in the codebook. This minimum distance determines the

error correction capability of the worst codewords in the codebook.  These worst
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In an aspect, a set of L desipnated messages is remapped to a set of L remapped
messages, which is associated with a set of L codewords having larger relative distance.
The L. designated messages may be more frequently used messages, more important
messages, eto, The remapping allows the L codewords with targer relative distance o
be sent for the L designated messages, which may improve performancs without having
to change the coding scheme. The remapping may be performed in various manners, as
described below.

FIG. 2 shows a process 200 for reordering codewords in g codebook based on
relative distance. Initially, a codebook with K codewords may be generated based on a
coding scheme, e.g., a block code and/or some other code {hiock 212). A codeword

may be selected (e.g., randomly) from ihe codebook {block 214). The selected
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1%?%% Qﬁé@%@ ' ‘fﬁe %ﬁ&»@&‘a £ kfg %&d@iﬂ)&k \\Qﬂ}cﬁl‘ge}gp&gt WtBce may be

. ewor be gener ate ased on
widedre theeoapie, hﬁ abqi soRowddeomritt epdebonks (Brhk r:?”@bdé determination is

‘1“%‘ Q’%@g?ﬁ%ﬁ%mﬁgg g:gg%‘i&%{(bf g?gxét}-z%@% mﬂ?g d[t gi?e Shswel & %@0 . then the

prelestretisvdevidock arﬁiyi‘cb“ahaetdaemmeﬁm ts:oaida:i kﬂmhmmnﬁewerd to the code
ﬂ&nqyt%gr 13;9 rr} tdﬂ Zﬁ{ag:g gs&g 1(}&»08%82%2 d% c&dg\éof My J8& ggdebook have
ﬂm@t@ddcd wﬁﬁevmdd Iat, aadtthmchasﬁdm;nbsagrdvﬁtﬁﬁ abVaErwrdered codebook
@%om JO03. Il n each iteration to ad_d one new

Yol a'fromthe codebook to the code list, a
codewghd résrdtdad dbﬁdi&il&o&m\t&]hh K ub@evh@tigeisdt 1divs hane eedr@ered such

he . ne st codeword i ode |t i dentified e
8} GRORE) TPy Deva i Gved It Rt HGsgmone the K
fRlevead) BPaenend fhfed b@;ie@saﬁ@m@ke Re 14H:8d: agﬂﬁ%b&t reg@me distance
this codeword and the nearest codeword In. the c

FVeR BB hyeledIoacti g frid veoeRimicadn(hiteresi 8}&@ égti'«wmi< have

ﬁihsta@&@@ ﬁ(ﬁsxbnze rﬂﬁﬁﬁ@&ﬁ&t@s@&ewfaﬂ fhED %*:&st%l’&ﬁgn | 5% G0 first three
codebook the | argest distance
codewords, etc Thus for any given &, where & = l h the first & codewords in the

reordered codebook have the fargest possible relative distance given that the first & 1
codewords have been selected under the same criterion. The 1. designated messages
mayv then be remapped to the L messages associated with the first L codewords in the
reordered codebook. These L designated messages may then be sent with L codewords
having larger relative distance,

FIG. 2 shows au example process o reorder the codewords based on a sequential
search that reorders one codeword at a time. The reordered codebook may be used for
any number of designated messages, or any value of L, by selecting an appropriate
number of topmost or earliest codewords in the reordered codebook.

The reordering may also be performed in other manners, For example, an

exhaustive search may be performed to find L codewords in the codebook with the



added to die code |list and renoved fromthe codebook
(bl ock 220). A determ nation s then nade whether the

weonelbeske i s enpty (bl ock 222) f the answer iBCT/NB2007/061625

{0035}

{0036}

{0637

{0038}

then the process returns to block 218 for the next

iteration to add anot her codeword to the code Ii st

QG herwise, if the codebook is enpty, then all K

codewords n the codebook have be added to the code

list, a d the code list may b provided as a reordered

codebook (bl ock 224). |0032{ The reordered codebook

contains K codewords that have been reordered such

that (a) the first two codewords have the | argest

lﬂ&&t‘si ossiblel atlhive: distimiace Hiongad Hee Iﬁcb@d&hﬁisds,ﬁiecbﬁo different
{1%“\{/{311:8 (ﬂttgtr g%i‘?%‘od Mo Qﬁg’%‘iglal%%e\ Fi%ﬁl? I%gdlé%r 9 f’n}a egt?g fiﬁzeL codewords in

ézﬂcﬁséomﬁé@atﬁﬁﬁ NG rxd&mf&m fhecdrhBishtidOUf 1C08QWRHES vHaY ehe largest
i ve_ di stance |ven th

g]"‘é’lé??f# c&f pﬁ’ﬁi ’?fh%‘@’é‘ B GElREHYS * “é‘t"@’ mﬁ*hff}é’ #a&ief relative

@BYndd MeR ﬂlf»at\/&'fff@l’i@mu i- colieu ords 1hRRe fddrd@drek c&)&ﬂ)@%@ BifRd from the
t he reordered_codebook have the | argest possible

el attia) seadiriyt Abigds Bropute PRarth YRlePPF n Hoo Saqusstiakispesh is selected
RS 1RESMs 8 6)e6F 8L KOS ol RSB Rl & | Eﬁrkunyl& the L codewords

desi gnat ed nessages may then be remapped to th
inale s inerdraay b bHeepd wibpstany wodstion ds i n t he

tr eord Qj sidac adgb %&K m&%ﬁﬁ@ i’ cd L&BQQIF d Hﬁ%ﬁ@% gmgpi\zﬁaf codewords

hen b sent Wt ewor ds VI ng | arger
with zend eclafi yaplisRpor p@ placasheaply ianthacpdehook @nd hape low indices. An
Leandets LR £0ARKLAS NAREL: RitieP SRAUERELA HIBAL O this case, the
at’ reorders one COdeWOI‘ reoraere
totdbootewardy chehwogh diorwihyindigabef bihrdesi grdt edbpectively, may
3983s o84 X ng. an, . CF decienaie

%ﬁ%}ﬁ% glrg} % f*%“‘i_ f%?z}éja\éac{zé{%ut% aik‘d 1et%¥%er;me étﬁ% xé(gttb%c%egg%p 4 SL designated
nBssafes medirdagied cade mwmaﬁ@&sﬁ miBResen) debhfig MRy respectively,
al so be perfor med in other mariners, Eor exanpl e, an

ehitthusy) heeweded intoragdevgrds ¢obrawhico.: f jemrectivelsdewor ds

|1 hemc ggﬁe?g?li \%HQA &I&gl WS qéltﬂeg 9@%‘1 bé % &t c@gﬁ ¥§ be seiected from

di st anc may be achi eved by se ect I'ng
c*omg Ka:tmiewsrfb th awdéymkcis v adetxsamhmmg £ hbascélamta sxaaroh for these

?@gzeds c(yitv c:n:_‘rgo L\éﬁ{ig %f" t{ %@ g@.&pr?ﬂt%(? ?}]esga'l%s may be
ying the co |na on o éwor
lk,ﬂf’d@ﬁsd tor bk it meeagisstsemiaed Rhig thcs;add ewdirvdsds.r om t he
exhauﬁ#&vg ?}ga?r Crﬁa)a ydpaa Yo | 3% Sigh eI ﬁtxliveslqlgg%ragge' d a receiver
than TRt SSPOPRE BIPFs fiaeram o des Rt P @ 1ece
cidghppicf@ht aicsage fwrﬁmbgtih@ and demapping, respectively. At transmitter 102,
message processor 110 provides inpul messages, which may be in the sel of L
destgnated messages, 10 4 message remapper 112, Message remapper 132 remaps each
input message to a corresponding remapped message based on a remapping scheme that
remaps the L designated messages 1o L remapped messages associated with L
codewords having larger relative distance.  Encoder 120 encodes each remapped
message and provides a corresponding codeword, which is further processed and sent to
recetver 152,

At veceiver 132, demodulator 162 provides recsived codewords to decoder 170,
Decoder 170 decodes cach received codeword and provides a cosresponding decoded

message to a message demapper 172, Message demapper 172 demaps each decoded



sequential search. This is because the L-th codeword
in the sequential search is selected under the

weongnyrict of the K-1 prior sel ected codewor dBCT/US2007/061625

{0039}

{0040}

[0041]

D042}

{0043}

contrast, the L codewords in the exhaustive- search
may be sel ected wi thout any constraint, |0035| A block
code may generate K codewords n a codebook such that
codewords with good relative distance are placed early
in di e codebook and have | ow i ndices. An exanple of
such a block code i s Reed-Mitd er code descri bed
below. In this case, the first L codewords o through c
with indices of 0 through L-1, respectively, already
At gR0dcsralspbhdiey deshpndanelngk baed denthagamyingaichdae used by
necessary L- designated nessages mthrough ns y be
FEREPPEd %o nessages through mu\ respectively, ¢ may

be en’@?@&@ﬁléﬁ%@g SOABNRESSMERHE RERBENLIE jpesfotmed. For example, a flag
respecti ve

003<S| ,I'n general L ode
PEY §&r5¢f & a |"\$?’eim 1@?%%‘8%*%’%?96& Seb W“gn‘?‘ﬁhi?ﬁ @*q@‘ to °0" to

iRALENOE HSrehilpfing PH RN IR . aRL%ﬁpxﬁE&nﬁ@\f Se oribled or disabled at the
based on a search for_ these L codewords or based

476 05 & Celb e e RPlicghen 1 aciugieg nandéer ahedies ges .éagmg the call.

be re d
o orarDE Sy sk TR 3R ASS L rAL ly LER bor s

gesbger b & st iOSr in iU, dndndhisedesisperp 16K tqﬁ:ﬁtmwaé,es may
e Liin% HBRRE8 Gl %m@g@ga dscgﬁﬂgpp{@ssaaé 8}%}39% 'avneé Ye of O and is

r smtter processor rovid
Tempppedres BwgEse fovhéshehey Hos @ valghe! éemfioﬁ Ytnﬁp?ed to message i,

%E%é%% %ﬁ%‘;@%ﬁég 3 4f R 1%@&%?}‘@{1 fieReiE ]a]n% so on, and message

remap remaps e maSsa to’a
mg_rglaspomﬂumgf Keiramb Bdiﬁﬂﬁ&ﬁ@:b&) :hassegie 8. aAmempxpmmgam i, where
scheme that remaps the L designated nessages to L .
rrfe reaphed. fes babfenapBel iatedsage th Fhichde RBediedhag segt to Teceiver
rger relative distanc Encodey 120 nches_eggh ,
| L Bt Ga 5 B Jrott ok A EBr P SHONE g Komapped message
£0dey0kdn Mbisehof LiMeihgs: procestdediinrddsents tving larger relative

receiver 152. [003S| At receiver 152, denodul ator 120
H#89¥des recei ved codewords to decoder 170 Decoder 170

decodggsefeRolR6Rk WefbsRAAEWO 6 plRchRERY iddS2p@ing tabie 420 that may

correspondlng decoded nessage to a_nessa
heypsed\ios SpegeSsHRaIAPBRT 1’@%%’ 5t da% aé‘goaeégégse degiey. decaded

PERES PP ﬁd&%gﬁﬂﬁg Q@&%ﬁ%@?)@g&ugﬁécﬁ %&%nteh? i§ %@B&EQ{B&Q{Q message
scheffre used by ‘transmtter
mry, decoded message #» is demapped to messaoe #rs, and so on, and decoded message

Fgo1 18 demapped to message mga. A decoded message rv, where 1 € {50701, 18

demapped to message 1, which is provided as a recovered message.

In one design, all K total messages mp through sney are remapped based on a
reordered codebook. The messages that are used more often and/or are more important
may be remapped fo messages associated with codewords having larger relative
distances. For example, the message used most often andfor is most important may be
remapped o the message associated with the first codeword in the reordered lst, the
message used second most often gnd/or is second most important may be remapped to
the messsge associated with the second codeword in the reordered list, ete.

In another design, only the L designated messages are remapped to L messages
associated with L codewords having laiger' relative distance, and the remaining

messages are not remapped. For example, the L designated messages m, through #,



| 0G39f The remapping of g s may be selectively
perfornmed. For exanple, a flag .may b e set to P to

WO nai7o208@6 t hat remapping is performed and . mayP@OEUS1082061625

{0044}

{6045}

{004G}]

to O to indicate that remapping is not perforned.

Remappi ng may b enabl ed or disabled at the start of a

call, when a new application is activated, and/or at

other times during the call. J0040J FIG 4 shows a

desi gn of remapping table 4.10 that y be used for

nmessage remapper 112 transmtfier 102 hx VIQ 3. this

ig up to Ktotal nessages may be remapped based on a

remappi ng schene. Message m has &alue of 0 and is
meyrhppedapedneds agasdged », Tesgdge, MehpgtiaelyabliRhohayl be associated
and is remapped to e sa e r\, iaessage m has a val ue

with 2 emigviogdsy fmvinpledear @871#93@@9@?@8 aMbssazesn, thanekh 7 may then be
nessage .} has value of K-1 and is renmapped to nessage
r,um@pged tomeﬁsﬁwm nBgeeens - respegieply- ,B(er{lgpp(ed ;messjges pgthrough r

n’gg TS wafugz f)‘!( ﬁﬁ%‘?’hﬁ?ﬁs’s é@geﬂg@?hy FR etwoég%gft {E’E‘S‘f nghcw have good

lféﬁﬁzlve @@kﬁﬁeméﬁm - RETORPetreS. .34 ., aYr, pearg‘nbbﬁan%ﬁ)ed fLis
of L messages associated wth codewor ds havi ng | arger

meathasiivkerdhsa Fucken #1043 pFinGmygy be schishalwith desil§hook-up table
f%f' Q@ycﬂngh‘g&?@ LAY S é%g ng.gg 'c?%g mbtlxe eet‘h% ;mbqgfg%r Wy Elleé be of order

f'or messag redet Ver
13 whage £hk six@m&wd& @mﬂ&d,amlsmgme@ma pped to nessage

mdecde [ edtorressaeWL coded.
ot B; Bl S RIPRRE ey i S i IS Tor Resa-
ﬁe{eﬁexckecﬂiesm’siﬁa@ erd a tiabsoftlanappiedk kodémssadey Mwide rége of rates and
dema

decoded .nmessage ed )
PO R RO e MOTGF stfeact okl dtsapla Rag ey and may be
of0de2 bt e iepicgsiliakibodiet & cdmaﬁége R4M-YineU@IMre used in
- are rempped based, on % rde codebook. The

SoESRU BRI 3T StEPS WSBARPY 1O P Tobfifor SokAge riggmation such as
trAROG EHinalBY bRt GIRRRGH @ FIR S TRE8R! 48800 ialisdoMidd), e,
codewords having |arger relative distances. For

ex anpﬁ&enﬁﬁ@frﬂﬁﬁ%ﬁg Feed unbserder Reed-Mdlay rfiﬁﬂs Oif é@tgfh N may be
ant pped to the

o REbE b TEbMoMBrE oY FHE b RARER 1 Sthers Has the codeword

Ldsed f I d,ost
%%2’?%2#%@15 e ﬁ%%g&o%gw B S

bits in N columns, where N = 2% Generator matrix G contains row veetors Yo ¥iuoon
v, and also all products of v, ¥y, . ¥p tWo at 8 Hime for a second-order Reed-
Mudler code, and so on, and also all products of ¥, ¥Va. .., ¥p ¢ 8t a time for a g-th
order Reed-Muller code. Generator matrix G contains B rows, where B is the message
length in nomber of bits.

A message may be encoded based on generator matrix , as follows:
=uly , Eq (1)

where @ isa I1xB row vector confaining B bits of the message, and

{#

1s & 1N row vector containing N bits of a codeword for the message.

The matrix ondgplication in equation (1) is with modulo-2 ruhtiplication.



[O43| In another design only the L designated
nessages are renmapped to L nessages associated with L

w@omemnesus having | arger relative distance, aneCT/0i82007/061625

{0047}

[0048]

{6049}

remai ni ng . nessages are not remapped. For e a pl the L
desi gnat ed nmessages through tn.raay be remapped to L
nmessages r through respectively which may be
associated with L codewords having larger relative

di stance. Messages r through r{ may then be remapped
to .nessages ma through /", ., nespectively. Remapped
nmessages r through r, may be nessages mh ou u
respectively, if codewords of |ow indices have good

r eI at '&é%@éé%@ﬂ?% & N@é&ﬂ?ﬁzﬁﬂ@ém g %@c&zd»ordsmf‘\e%d»i\fiaiim code of

,are not ' reéndp i's th smalTer than K th
Icﬂ@thf@fﬁ?@b%dﬁ e achl eved with a small | ook-up table
for oniy 2L affected messages. The conplexity of the
remappi ng may then be of order L where L is the nunber
of nessagesYtq Hle irehmppel. 130044) For clarity, the
nessage r ;mgpp ttechni quesi ape 1deecr| bed bel ow for
Reed- Ml Ie( qo els,i V\@ ¢h are cbass of linear block
codes coverl ‘g 4 range of rat es and . i im
di st afees®| Redd l%ﬂl er dodes Ohdtel ¢ertain desirable Eq (2)
properti esx ANna ﬁray hepsaftt deccmed with a sinple
trellis decpder iqr f£o{rel atogs., Rﬁ d- Muii er codes are
used in copmddi catr on systems suchijas UMIS and LTE to
encode i nfo¥adtildn suBhCastt ParkpBit for mat
conbi nation indicator (XFCl), channel quality

di
PP o S o b s o
GBI kAl S0 OF i e

bi t to .
clor fegﬁoeﬁmgt 53 ef«%mgkr 3\%3"61@“5 TB&%EIRI\%;P bx%( ﬁ\}*"«‘b‘?}ﬁ‘y ‘g‘%ﬁ Rge&&fmiim‘

?\%Ae &‘ig%lvngé r%gyngoﬁ%x' Pﬁnism fmat%nl%' N N CQ' u\rms sas Yiae Mg

dvrr*\ie*c*t or'’s v “',

cyigv, 8NE alvso er | aR[iO‘dUCtﬁa&fm‘éw Ledloris of lendih 32 WA message
-y |mfor a §econd-or der Reed- Ml ler code, and o on,

Br # §ﬁ alx t%r%gHgééx ﬁfw skndathr matrifl {?1, Sl diBn aq{odéxxg;& of 32 bits.

o

order er co erator matrti x contail ns
H’Oﬂﬁ,md&ﬂﬁi@uﬁthﬁ@ @'&i@err’(ﬁ&s ageéitk eﬂh@hhz m: m:ﬂ@shﬁrth@f:,mb!nﬁ&rder Reed-
% be encoded based ener,at. matri x
..1 §§rf:g$ Vﬁg eqs %;d & LI!CE&L ({hcj message. xample, i iire MESSRLe COHAINS

10 bits, then a generator matrix may be formed with 10 rows {e.g., the first 10 rows) of
generator matrix Gy, . and used 1o encode the message o obtain a codeword of 32 bits.
In UMTS, a generator matrix Q:,m for a sub-code of a second~order Reed-

Muller code of length 32 is defined as follows



whefe " Is a 3x B row vector containing B bits of the
.message, and is al x Nrow vector containing N bits-

wo@Rooogassewor d for the .nmessage. The a ri PCT/US2007/061625

{D050]

j0051]

{0052

mul tiplication. equation (1) i with aodul o-2

mul tiplication.}0047] As an e npl a generator matrix
Gs. for a second-order Reed-JMiller code of |ength may
be given as: where v -va < >/ a " denotes an

el enent - by- ei enenl product. A nessage of 7 bits may be
encoded with generator matrix 1@ 7 to obtain a codeword
of S bits, (0045} As another exa ple a generator
matrix q 2 for a second-order Reed-Miiler code of
Iength 32 nyoicent@ioncls nquiveabeowtl V1, V., V V4

Vi, v {}0‘418&100?1?01]1%”?%1i§g1§<}5")m - VL and V4

. Each row sage of 6 bits
may be encad@dlé\i‘i(}?(’@éh@oﬁt’gﬁwwFkW@Pz! to obtain a.
cgdev\%db_of (84 1bi £ 1006000 1 TESIAQEVEOOE ai gs fgwer

t han it ¢ond- or der

Reed- Q| «+ i(}i%??ﬂ ﬁigmﬁgggpﬁfgﬁé&gj&?re . message. Eg (%)
For exanpl € ¥t 1é1?ﬂ§§éébb‘]édhlﬁllﬁélib‘lkil?ts, then a

gener at or ngfotii xoNRYoHeoifianpesb wobtmiokB irows (e g. the

first 10 rON&));1?%2&%85@13?%%%%@38 and use_d to

encode the : ew of 32 bits,

J0049J | n UMPS1CEDIRER 66 BOeH ORbkiditR100P¢r a sub- code

of a second-tmrides:Reed: 10Vl e 100081 pboliength 32 is

defined as foll ows; JOOSO Cenerator matii x 2 contains

Orows, with each row corresponding to a different

basi sGeequenceatrid s i tonmEiss dQeronsy vith eafr sserbedsipading 1o a

Ssu-9p["5... ] ri sthleast significant bit (LSB)

Giffrens bope seaencel ghi I0Hdhmesiige 1OABBY . reMisecntel bf tu = ¥sz # .. U1,
ssa y, be enc ded, Wi t r at matrix as

v ﬁ%oﬁ%af PEot pereint i B SRt saBBmRst Hemar b, %N;qm The

¥tqﬁ£s“:§§£§§£{‘3g b% n)éc&ed B«ith ueéergiogxﬂ%‘% g;ﬁé %g%hmm in equation {1)

ammzs 38 e&t@@&a 1&21%% dhdf S @PfeseRdEWORASE EaCh ]

codeword is different |inear conbination™of the ten

basi s iéeqm@ctﬁﬁdcﬂt %Q,ssaa@b Q&REQ«QQEC&R'Bt@tQ'O@g r%\{b‘? e 6L, to

codewords generated wth [ e reordere

Slstpish D% iiaﬁfe@xﬁce@éwéﬂsotﬁaah rcodeweny tef Giff&@ﬁﬁh&@kcombmatlon of

desi gnat ed nessages \Arra then b e remapped to L

es g basiy seaesnaee dnwkizhe t he\ f¢adsbogk codtamgng sthin!@3e codewords

reordered codebook. .L may be a value that y be
generated with Gy, o IRy be reordered {e.g., as shown in FEG. 2} to obtain & reordered

cadebook. L. designated messages may then be remapped to L messages associated with
the first L. codewords in the reordered codebook. L may be a value that may be
dependent on application and may thus vary from application to application. The
reordered codebook atlows for easy identification of better codewords and may be used
to remap any number of messages.

The Reed-Muller code generates codeword ¢, for message mw, codeword ¢y for
message my, codeword ¢ for message s, and so on, and codeword oga for message
#y ;. The natural order of the K codewords is @, €1, €2, ..., Oxa. | can be shown that
the naturally ordered codewords have good relative distance. This is due to the
placement of better basis sequences with larger distances in the fop rows of generator

matix Gl These top rows are associated with LSBs of the messages being encoded.



dependent on application and may thus vary from
application to application. The reordered codebook

wa@bdoomsior easy identification of better codemr/is2oariahi62s

{0053

may be used to remap any nunber of nessages. (G052J
The Reed-Mil|l er code generates codeword for nessage
codeword for ssa e mcodeword ¢ for nessage mand so
on, and codeword cj _ for message k-\ ' e natural
order of the Kcodewords iscc. . . k-i. - abe
shown that the naturally ordergd codewords .have good
relative distance. This i s due to the pl acement of
better basis sequences with |arger distances in the
¢ @:&eﬁ;@&iﬁlv@fcagﬁﬁid lﬁﬁﬁﬁ\ﬂﬁxsﬁéﬂieﬁ' ?é&hﬁi 2d@tancd RRSGedetfed EMSmessages with
are associ at Wit s of the nessages _ : .
Bric seBeE. Gohs BT 19, RSSO HS YAVER OF & GerUslefdampss 1024 tota
dkakance are gener at ed for messages with | ow val ues,

the first 70 messages with values of O throug h

e.g .
anongTalpd gigeatherlatiyg é@tmp@é@gﬁ thye prabar off Rraghhop é@dewd» ¥ 8t
Fel Al M@ atllSt ﬁf}(‘(ﬁl 808 L REBVIRE in AfreGIBII0QI ook obtained from
codewords > at relative distance x for (a) the first L
metdbvedmidnGa, | @ad dey ikd feadebaikvooldd aémeded frothenmBiuridorder with
generator G 2w and (b) t first L codewords generated

K, ,t,h@maetauh ahlveradar, for th=2SSH® B skddnbamdedith culabnim give (x, )1
of L, for L 2 ... 0 the second and fifth col ums

@rﬁbc (@@rd«;rnyi cpépbookeand thedtbitd dnd siieh gokramdgvid e i fog the natural

%’é@ n%@ ;ﬁk%%l:}ém& %EKQ?@&X ofentori® an h L NAlEAl RARE both affect
heé ‘nunber of nei ghbor Codewor ds- an e relative t

pobhbilify eCerrpr GWalr imeysags.efn a«vne(f@sarg@'rrems a!gﬁ@cenhmd fewer
R I I | @t : :

%%afgl\%\cgr géx@ggfsa '{g éig?i(lg%ie !?c% %ﬁ% (’é\i(x% ﬁig'eg Engﬁ@{for%%t}ggRoémnparab?e

mm&@rem:mm codebodnpal delngtrdrorddre reor der ed codebook

and the natural order. Table 1 {0054} In UMIS a

transmtter may send data onpgpg;or nore transport

channel s to a receiver. Bach transport channel may

cany-—datayf ITE"OT e SET Vi [CES™SUTH 8 1

vj deq, p "k%f"“" g etc"‘mfﬂxe ddata gn. ea i% ?f‘r t?\atgr

channel  nhyCBEeWRECcdssed™d5ased lo_a set SHEO8E pr rder

tyansport fomra;tos; ( Fq};&gl ectied for that{ltsqapsport {6, 18)

charmnet; ¢S ; ; ) ‘.
3 2. 15) (2, 16) 8 (1,143 {7, 16}
4 (2, 15) {3, 18) 9 {2,149 (8, 16)
5 (i, 14) {4, 16) 10 {2, 14) ©, 16)
1§ {1, 1) {5, 10}

In UMTS, a transmitter may send data on one or more transport channels to a
receiver. Fach transport channel may carry data for one or move services such ag voice,
video, packet datg, eic. The data on each transport channel may be processed based on a
set of one or more fransport formats (T¥Fs) selected for that trangport channel, which is
referred o as a transport format set.  Each transport format defines various processing
parameters such as a transmisgion ime interval (TT) over which the transport format
applies, the number of transport blocks within the TT1, the size of each transport block,
the coding scheme ysed in the TTI, ete, The transport format may change from TTI 1o
TFI for cach transport channel.
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transport format applies, the nunber of transport

bl ocks within the TT the size of each transport bl ock,

the coding schene used In the TTl, etc. The transport

format may change from TT to TTi for each transport

channel [ 0055] Various transport format conbinations

(TFCs) may be defined for varijgus conbi nati ons of

transport formats that nmay be used for the transport

cha els A specific TFC may b e selected in ac TTlI from
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et 3Bl QsdPPorlSRmbMchdle %@Eﬁ*&sﬁ&'@ Warrhdls APLGiRblel for each of

the receiver receives TFC en the recelver
WG rAdWERE: tTe Ganspet forpris areaMptiahle SomErCHpdry fong TRCs are

ér'&%%%ﬁﬁ@: uIé"‘ bi:?th% elxa %?& éﬁ\o%%tm&f‘ab}_g ©Sis qﬁ%’r&@n@?fréc@ﬁ%s TFECI of 3,

e start ., during setu
et éh%mehatblvallflmmu Hat d“uﬁcﬁﬁg&h & Pe»al'fli CHR| ysep ﬁéﬂb gof FrCH3 uses
? dFCs may be predefined and known a priori by both

ﬁe‘ transmtter and receiver. The use of predefined

TPCs may shorten call setup since these TFCs are

al ready known and do not -neé@led8 be negotiated. In

any case, t..e.nunher. of TECs.available. for.use.in.a

gi ven cal |{ . me¢ibg a wiaki SJbSE‘fC’Hﬁ al{l messisbl €
TFCs and ygoasu*e ENUEN 01T &1% rcat OTT.. ASa
exanple, 72_TE vy b e QUsed for see-over=Tritemet

Protocol. (jVolPB) taq coverjthree pa‘g&et § esigeven
f

payJoad si xes,and-thregfreader—sz: tsar e
used for tHe TFCL. then'only 72 TEELs mdy bg%&ed out
of 1024 tot aI I;FCI S Fum@ermare, r@ﬁe 72 TFGgymay jnot
be used uni*f-ornt ot C)\allpl eont Y f-otr-out—of-t'he

72 TFCs may be used nuch of the tinme for four
pref eAr ed of RS 1hey Yo defifedat hediarbol ardii4p g9 dudipg)calldietup) and

1%12180 Ei»ezgﬁxlb% P{% tgg during the call. Altematively. all TFCs may be predefined and
known a priori by both the ransmitter and receiver. The use of predefined TFCs may
shorien call setup since these TFCs are already knovwn and do not need to be negotiated.
In any case, the number of TFECs available for use in a given call may be a small subset
of all possible TFCs and may be dependent on the application. Ax an example, 72 TFCs
may be used for Voice-over-Internet Protocol (VoIP) {0 cover three packet sizes, seven
payload sizes, and three header sizes. If 10 bits are used for the TFCH, then only 72
TFCIs may be used out of 1024 total TECIs. Furthermore, the 72 TFCs may not be
used uniformly. For example, only four out of the 72 TFCs mav be used much of the
time for four preferved rates {e.g., 12.2, 74, 5.9, and 4.75 kbps), and the remaining 68
TFCs may be used lnfrequently.

In general, the available TFCs may be a small subset of the total TPCs {e.g., 72
out of 1024), and the frequently used TFCs may be a small subset of the available TF(Cs



TFCs may be used infrequently. (005Sj In general, the
avai |l able TFCs may be a snmall subset of the total TFCs
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may be a small subset of the available TFCs(e.g., 4
out of 72). A specific TFC nmay be sel ected from anong
the available TFCs in each TTl. The TFCl for the
selected TFC may b encoded ( .g > with a Reed-Mi er
code) to generate a codeword for the TFCL The TFC s
for the TFCs ay b remapped to igprove performance. 1
one design, only the TFC s for the frequently used
TFCs are remapped to other TFCla associated with

({e dewonsisof ey ngspRifteTreahal by eoidisd Wamloﬂﬂ 0L NG ble TFCs in
t g s for the available TFCs are”renmapped
68" b&ﬂgr 119r"ﬁdT %F LELJbr splearedi T svgetormedndkag Wish gdtesd-Muller
rceli@)ttb\/f&n@ﬁ*attﬁi afkieurt! 18 t@i@t’ﬂ?(qesﬂ' Q“FF Cfbl}%f i q‘ﬁ(‘?ﬁ%ﬁ_ Re remapped
maE ed based on how frequent § e are used
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emr erappedd 8ibherfhRCis«85208 'végﬁgx yd¥alRad ﬂ:ﬁnfx# ;d? o1 velative distance.
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SeBgsrRagred hased endmay mcuuwaiiiey‘rmm@sl«a& oemaaehple, the TFCI for

@ﬁé:anO@ec}ue%ﬁzlzéggle Pﬁ%éeﬂcl %Bg(lr% g%%vﬁt ﬁ@‘i{;ﬁ%ga o with the first

codeword e CO
Pﬁ‘ﬁ?ﬂ‘iﬁﬁtm ohe savddarhed ﬂoéaflmﬂem‘ thotige manatiety ardpete¥icthord, the TFCL

e oL B Aty B ey gl B e SR N E assoctned v
m%@deumm ailorie wedriierad seelebeblor ethe %@nM{é{%;1\, ordered

nerate a codeword. | 3GPP Rel ease 6, a TFC
Eg&svveoﬁgeeggnt ed wiih 7 bits, there are 128 total TFC s

and AaTFECImis be @ﬁﬁbaﬁﬁ dziwé'lteocl%eg&?at% RAf ¢ 3&@%&'}(&32;@?%{‘@ may also be
rder  Ree

R oS aD g e s of cofie [ 10

ﬁ@&dm‘ mqamwmevwew &Fé@&r@mﬂﬁo ik Egﬂ\, aJ%eEﬂmatbﬁg TFCIs, and

Pg")ﬁih ca %gé, ppoﬁg B Lo ?@mx E WD]@F;?CI_D "l @ra:rqdpég generate & codeword.
B poEP Iﬁkge‘fs@ e, anrie DGk hedingat dn P/hé.('ﬂ Qﬁ%{e Q%t %%anﬁl"( Is, and a

nallng message sent on

&E@deg@ﬂgnm vt *? offEe infoRapbyn Bidk them aniccaied Wil the second-order Reed-
MeMUNERNCH MBESLO:odbRS g €dundancy version indicates a

FIGs. SA shows a format 300 of an Enhanced Dedicated Channel (E-DCH)
Dedicated Physical Control Channel {E-DPCCH) sent by a UE on the uplink in 3GPP
Release 6. The E-DPCCH carries signaling for an E-DCH Dedicated Physical Data
Chanpel (B-DPDCH). A signaling message sent on the E-DPCCH includes a 7-bit
TFCL 2 happy bit, and a 2-bit redundancy version, The redundancy version indicates a
retransmission count for a packet sent on the E-DPDCH and is derived from a
retransmission sequence number (RSN) provided by higher laver. The happy bit
indicates whether or pot the UE is happy with the current resource grant. In 3GPP
Release 6, the TFCI occupies the seven MSRs of the signaling message, the happy bit
oceupies the next lesser significant bit, and the redundancy version occupies the two
1.5Bs. The 10-bit signaling message s encoded with a second-order Reed-Muller code

to generate 30 code bils, which are sent on the B-DPCCH.
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i ndicates whether or not the E is happy with the-

current resource grant. In. 3GPP Rel ease <5, the TFC
occupi es the seven MSBs of the signaling nessage, the

happy bit occupies the next |esser significant bit,

and the redundancy version occupies the two LSBs. The

10-bit signaling nessage is engoded with a

second-order Reed-M uUer code t o generate 3 0 code

bits, which are sent on the E-DPCCH. JO061J h\ 3GPP

Rel eaBe3GPPeigysed, thahghpyvaduaddnedundendysi-arsidnchan gieange in cach

in each trapnsm ssian. The happy.bit may he set taq 0 to .
raster { RER RS el B et RN 00 tndlie i 3 vhs fof Rappy with
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SPhERs1 RBB 28 WG PASENBLB pichlEE Reh dRieE Bldalt (GRREK 2E8aPpy bit may
all packets the hagg};gt bit may be set to | * nost of
3

heettpmd” odpst Rl tiie lndpdicats dah Penturyest serosEcegTant 1s sufficient.

THe satfhlith @berding medwRdancy b i My fHesset ThQeQre #8ur possibie

or '3 . Thére are four possible codewords for each

qrepvordy for g DSk Fasifeungsyidbe whuehel the dethgdaegy version. For some
i8h98hs &HOR S UTE AR L GAL 6 VBRI afv) may be sent.

%ﬁa\ll I nllfrft;er aof ré%ns%n%s?gﬁéb%%i ?rany r?asil bé\ sae?‘w%ma} es‘en

Petree the méupdangn dansyn weyshonpssrapdse bestowriter £@ de' i gnost of the

%iﬂ her Oor M nobst of the tine. 100621 .In 3GPF

el'ease 6 128 TFC s are predefined and known a priori _

by thén KNGHE Hadeaan . WES THOIS fusr protiepel drdlatnovs e ibe the Node
Al T.ferenl B nore f vyently. T transg.iter a -
BLALETEE ORI g SR O B e ey,
frasqueat dngd fosiver ghy ent appl ikdadh TRCTewE! be WeddPhoanflequently for a

may i dentif hesg. fECl s when .t he. appl i Lon, i TR
827 vRFionigh o aDyi i T TBFe RERaRbep dag papcation is
ayeheThe dreqdemly Lifal TFOBS €rTHhG applidyiohanguibeldiyred so that these
R B B 5 BB R YT S b ot a e
fimequent|ly used TFCls may be determ ned, e.g., when

t he aggl ication i,s actiyve or based on jnfornation

col | ettt PreyrBRIKAIOPofe Hedusppy | st B Isppay fentgtgrmined, e.g.,
whad R HAAAROARY 4108 B usdebarmrnadieasadieerdt Hviousty for the
;gp%%ggcg]t‘ ]¥requem¥ y used messages may then be determined based on the frequently
used TFCls, an assumed value of *17 for the happy bif, and assumed values of ‘0" and
*17 tor the redundancy version. For example, iff four TFCIs are used frequently for
VoIP, then eight (or 42 1x2) frequently used messages may be determined for these four
TECls, a value of *17 for the happy bit, and one bit for the redundancy version. These
eight frequently used messages may be remapped to the first eight codewords in the
reordered codebook, the first eight naturally ordered codewords, etc.

The formal of the signaling message may also be defined such thal more
commotdy used messages and/or more important messages are mapped to codewords
with larger relative distance. For example, the TFCL happy bit, and redundancy version
may be rearvanged to take advantage of the fact that codewords of low indices may have

beder relative distance.
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frequently for Vol P then eight (or 4x1x2) frequently

used nessages may be determ ned for these four TFC s,

a value of for the happy bit, and one bit for the

redundancy version. These eight frequently used

nmessages nay be remapped to h .first ei ght codewords

the reordered codebook, the fijpst eight naturally

ordered codewords, etc. JO064| The format of the

signaling nessage nay al so be defined such thai nore
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«tenandnaey Gerseed efone of }ihﬁ ,ﬁig;lc atpdiy q;fl,@eugoﬁzgwmds most of
ﬁk@ﬁﬂ}{e Wity htm% A ﬁ@&errl‘éﬁa‘ﬁg’@ Qﬁst&‘;&nﬁm Wd pentﬁgﬁ hitig 896 codewords.

format and the assunptions descri bed ove
RBBsvapizive e i‘i@@" Ohéisq ut@*ﬁ%ﬂ&hé@tw&mdﬂu‘eﬁrg@wﬁt the @dESBQTaoteustm%

ggn{g encoded with the
secgﬁ’ ﬁhm tI er codéaeand may be mapped to one
of t héhelmeasa;e %nmug dbdbypiques alesdiimddbewind srayobe ueeci 0 remap

%ﬁgsaaeggarﬁm% gﬁgx ?0? dtgto%ganm a&_ 'o;v g\aﬁn&t aﬁ%gt qus& may be

FEma arra’i
tded foesesgeed wt;akgtt&dwﬁmfa@ of t he code
characteristics, remappi ng of the nessage nmay be
avol dexky TBO6infhensmBssage remappi ng techni ques

descrlbe herel e u ed t nessages

car’ yHg \/%f?ﬁoa 15% E e R ERReY RS Hitpreation,
t ha teﬁ;\npg;;e@&mm used for nessages carrying the
fol | owi ni Only TFCl information, Corab.ination of

TFE! , Cmbpyationt of GRE and dkoeinisgvaeyi and/ebamiing isgknowledgement
Oy S QR TBEd-QBion, or

»  Some other information or combination of information.

Different CQY values may be defined for different signal-to-noise ratios {SNRs),
different rates, ete. CQT values for higher SNRy or higher rates may be deemed more
important since correct reception of these CQI values may have greater impact of data
performance than CQI values for lower SNRs or lower rates. The COI values for higher
SMRs or higher vates may be remapped to messages associated with codewords having
larger relative distance. Alternatively or additionally, more frequently used CQI values
may be remapped fo messages associated with codewords having larger relative
distance. The remapping may be based on the particular code used to generate
codewords for CQI information, e.g., & Reed-Muller code (20,5) that generates 20-bit
cadewords for S-bit COQI values.

FiG. 6 shows a process 600 performed by a transmitter, e.g., a Node B or a UE,

to send information. A first set of messages that is sent more frequently and/or deemed



* Conbination of CQ and acknow edgenent and/or
negati ve acknow edgenent (ACK/N AK) information, or *

weee/ogasher i nformati on or conbi nati on of i nf oPEEUBINT/061625

{0669}

{0076}

{0071}

[0072]

JOOC67] Different CQ values ay be defined for

di fferent signal-to-noise ratios (SNRs), different

rates, etc. CQJ values for higher SNRs or higher rates

may be deemed nore inportant since correct reception

of these CQ values nmay have greater inpact of data
performance than CQ values fqgg |l ower SNRs or | ower

rates. The CQ values for higher SNRs or higher rates

may be renmapped to nmessages associated with codewords
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é'{ﬁyorb&hbrdﬁf%hfﬁ% &Ekn 18, Cohb Q5 ALELH B8Y £ iR el set of

manners. A second nmessages that 18 as$oci ate
REISRSSCHEVIIRY éwhawm@ed r yEmarekd miapeagy ot thn cecadast of messages

N ti r S
58w S} 1, AL el By OBRNES (00 00 BPhesa Mt
wuicandgome othmeodiug obbds a@eéexmﬁt{bmé @§3othatedewitinay be sent
st) indices a o al |
t%?gn@& %\é@‘g&& ;Qésq%ﬁv% Oclk é“% e oz (b) codewor dg with

| ar geTh@mpkzange%) mz@i lai mnmp@m had denanpndediddemopdsg is enabled.
' ered c

PR e S el uPb TR RSy rabled. The npur

1€1b§;mﬁd& n&&ﬁ%mﬁ'g@mn@iﬂ pﬂﬁ&ﬁﬁgﬁ%ﬂi‘&wdﬂﬁzmatx hichidssd hagly bit and &
e an e renma to rena

S EReR e e Bn” TR 86l SERRRR kY g TREPER a8 Gk bty other

MBS SAgen BRh ReACREEAE] Re Dyput BRSAGe ﬁﬁw&d %ﬁﬁr&“&ﬂlhﬁhfm ‘mation.
code 8 ~s,g)me ot her code to obt | n a codeword %I ocC
620) . 'S‘he émé%pg)m h} a receiver, e.g., a UE or a Node B, to

receive information. A received wdm«md may be decoded (e.g, based on a Reed-
Muller code or some other code) to obtain a decoded message in a first set of messages
{block 712). The decoded message may be demapped to & demapped message in a
second set of messages, with the first set of message being associated with codewords
having larger relative distance than the relative distance of the codewords for the second
set of messages (block 714). TECT and/or other information may be obtained from the
demapped message {block 716).

The message remapping techniques described herein may provide improved
performance {e.g., lower error probability) for remapped messages sent with a given
amount of fransmit power. The technigues may also be used 1o reduce fransmit power
for a given level of performance (e.g., a given error probabilify).

Those of skill in the art would understand that information and signals may be

represented using any of a variety of different technologies and techniques. For
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encoded directly if remapping is not enabled. The
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perfornmed by a receiver, e.g., a UE or a ode Bto
receive information. A received codeword nay be
ﬁdﬂﬂf]ﬁiﬁ(ﬂ'{(&& igstmdﬁ@ﬁ&d:tmjmantﬂeélﬁfﬁﬂMﬁdre rsi.made b, ga‘ﬁh)h and chips
gt er 100 q ecpde messa |naf|rs
that ms §e tsirﬁf'ug k%lﬁlg mutrﬁgf: O 8 S én%Qe %epreaemed bv
\ﬁtefﬁgm edﬂmmdmw%nm&gamgheacsmw& seticlel, optical fields or
with the first set of nessage being

é@?é’l’éﬁ"\ﬁ?’f’ RinegaRis e’ having arger relative

di st ana@et BaRkinevdued alids Qﬁ;ﬁbﬁﬁ&eﬂ@fc thB 6, LA WLHSative Togical
for the 3econd set of es (block 714). .TFC

YRt o rmBetHEs FHF‘BF“na“P’idoﬁ? “BeS“éB% ai%@&*qdr &in $p@ection with the

HSIBRRE hePRS TAHLLE DhBRKnchtckBls BBfddic HARIIRSS8@Bputer software, or
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transmt power . he tec %@ ray al so be used
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se 0 art wou erstan
dastaer erasireintaimepased naltse pugral sy stopr eSiiHeé drissinmagrigplement the

Blso P Ehbuth S 8 Dhechngl 08l S8 ek EFANEBEARon, but such

orexa contra
i&i@ﬂatzstanm t&sm&gmbhbs]d artdbe mtpml drbxditas yoabsing ef elr:pmned from the

thro ut ¢ gve description may be represented by
VSF? §9g§ pr%ﬁﬁlg‘%lh{pgmr& sctroiingrsetic waves, nagnetic

| or Pastixgioas, illopiiital kfgu.aﬂ wiocipartioghles, and dApins described in
conbi nati g ose of ski

SRR SRR A LR e e oy b Ry P Py BTy ed with o general-

ﬂamgh@aigobémks:. digRausi @Bl ;ﬁbﬁ&tﬂdﬁx{ ﬁg&}@n Ay &iy@ﬁ(iﬁkﬁm;ﬁtﬁmmtevmted
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&fdaredigere® pRRIMY NBLARAS: QbeieOtdiserdie Bh@VhY components, or any
illustrate this imerchangeabi |ty of hardware ap
combination thereof designed to perform the functions described herein. A general-
purpose processor may be a microprocessor, but in the alternative, the processor may be
any conventional processor, controller, microconiroller, or state machine. A processor
may also be implemented as & combination of computing devices, e.g., a combination of
a DSP and g microprocessor, a plorality of wnvcroprocessors, one or more
micropracessors in conjunciion with a D8P core, or any other such configuration.

The steps of a method or algorithm desgcribed in connection with the disclosure
herein may be embodied direcily in hardware, in a software module executed by a
processor, of in a combination of the two. A software module may reside in RAM
memory, flash memory, ROM memory, BEPROM memory, EEPROM memory,
registers, hard disk, a removable disk, a CD-ROM, or any other form of storage medium

known in the art.  An exemplary storage medinm is coupled 1o the processor such that



software, various illustrative conponents, bl ocks
nodul es, circuits, and steps have been descri bed above

w@eovengdsiey in ternms of their functionality. WBCTES2007/061625
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such functionality is inplenmented as hardware or

sof tware depends upon the particul ar application and
desi gn constraints inposed o the overall system
Skilled artisans may inpl enment the described
functionality i varying ways tor each particul ar
application,, but such inpleneggtation decisions should
not be interpreted as causing a departure fromthe
scope of the present disclosure. (QGr4l The various

ible| LS M rbRUIESIn oAGKSy, SMAdNHRSInf@ROh i6Uhb Storage medium.
described rp connection with the disclosure her ei n QBX
PrOCcessor

bethepirerEie.cde SIorpes mERFEHTRY OF I5gEH &P AFpbrogaser
M&P%&S%Famam@ﬂ%ﬁ RhayS besioPROGE 991G, ( BSR) ASEC may rwde in a user
application specific integrated circuit (AS.1C), field
Wf@g)ﬁénnhbﬂ@ B ative. ajie (IFPEAYOToRNG tife FLOBSSy pg:ﬁif@%pgay reside as
Q&k&:&iz ;jﬁg'x% s 0h SGLEI @nBRLE Or transistor logic,
|scre e awar e conponents, or any conbi nati on
t her edhe okes*w*tgnse sﬁemﬁm@m off thet teclpenretis arevided dpj analle any person
q\?ﬁ%{'i f ufe g@&et{jg\;b@%{{ 85 %S‘(ﬁ% ﬁf &%Rﬁ?&o fv%}ﬁstiﬁo fications to the disclosure
pr ocessor ernative, e processor
waly blee*eaﬁyx spwenitioahate Hibebis i, atomgdr @kl:&ﬁﬁwc principies defined
g}a‘%gzo z%:gg :?Sz{plgﬁg% tt 8&:}15% Qéﬁa&%ﬁ}% N;L’iﬂfdut ’/éegzgrgﬁg ‘Cﬁso% ﬂ@é’pmt or scope of
deviicassue. gThug. t(bendlscﬁeaur@ns @bt anBSkdat ba hmﬂed 10 the examples

H]ff gﬁs gcessﬁgfegsa ¢ %%COE%% ﬁ‘ﬁ X dg noSQ.‘Q?% %gﬁsgégm \Qﬂﬁ RS principles

and a&i%l%dm:e&d&uﬁigecebmbhgur ation. [0075J The steps of
a nethod or algorithmdescribed in connection with the

di scl Qs e,?,r I Dyd18 gg enbodi ed directly i hardware,
in a 3@?@%& Stﬁﬁgﬁggx% ‘cuted by a processor, or ma
conmbi nation of the two. A software iodule may reside
h RAM nory flash nenory, ROM ne.rao.ry, BPRQ V

nmenory, EEPROM nenory, registers, hard i a renovabl e
di sk, a CD-ROM or any other form of storage diu known
in the art. An exenplary storage nediumis coupled to
the processor such thatthe processor can read
information from and wite information to, the
storage nedium J t e alternative, the storage nmedi um
may be integral to the processor. The processor and.
the storage nediumay reside in ASIC. The ASI C nay
reside in a user termnal. Jn the alternative, the
processor and the storage nmedi um nmay reside as



di screte conponents h a user termnal . (0076) The

previ ous description of the disclosure is provided to
wepablogsany person skilled in the art to nmake PCT/US®07/061625

the di sclosure. Various nodifications to the

di sclosure will be readily apparent to those skilled

in the art, and the generic principles e ed hereiny

be applied to other variations wthout departing from

the spirit or scope of the disclosure. Thus, the

di sclosure is not intended to2e limted to the

exanpl es described herein but is to be accorded the

wi dest scope consistent Lvih. the principles and novel

features disclosed herein. COxi®Is WHAT | S CLAI MED

IS: 21 CLAIMS 1. An apparatus conprising: a processor

to remap an input nessage to a remapped nessage, to

encodg, t he Anaapped JResage:t o obtain a codeword, and

to send the codevvord to conve\égta t he npul ’gqc? and
merror § PESERIEJOrEEP e?‘“p‘f‘BETe% &30 ﬁﬁﬁ@“&ﬁi‘fi? SHCofd encode the
fhRpitd nReLe18 obhfn h RPEw SRS BRDR defid ithe Soddufcvll 16 8bnRY the input
nessages ang the re apped nessage is in a second set

BESHESMPes, the second set of messages bei ng mapped

to cogeveids chambn® HRE8Lest@! ative distance t a
relati ve di stance of codewords for the first set of

nessages. 3. The apparatus of claim1l, wherein the

firstys t W%bb&%&ﬁ@%ﬁ%% Sheki LS Ffaﬁteﬁw%trle Ys 1D@Rirst set of

remai ni ng nessages. . he apparat us of claim
WW@@W%@WW@W%Weémg i$ ges saegdlage of ssmmgs.nbe gecond sst of

f,ﬁ aRQkLankihhag %m oG HRE SRESs 12’&03er§3&%§§5@+&§ @b relative

aim 2 erel the T nput’ messadge carries signa
digiange Wmf@n@v@rﬁu ﬁteeirrﬁé&emf memzzges {VolP) call, and
wherein the first set includes L nessages that are
used frequently anong K total nessages, where L and
are i nt egeTheabpestuand daiirs?] eBacivhdin fKst set comprises messages sent

more frequently than remaining messages.

4. The apparatus of claim 2, wherein the first set comprises messages
deemed more important than remaining messages.

5. The apparatus of claime 2, wherein the input message carries signaling for

a Voice-over-lnternet Protocol (VolP) call, and wherein the first set includes L

messages that are used frequently among K total messages, where L and X are integer

values and L is less than K.

6. The apparatus of claim 2, wherein the second set comprises messages

mapped 1o codewords of low indices among codewords in a codebook.

7. The apparatus of claim 2, wherein the second set comprises messages
mapped to codewords with large relative distance smong codewords in a reordered

codebook.



6. The apparatus of claim2, wherein the second set

conpri ses nessages napped to codewords of | ow indices
warmngoasodewor ds i n codeboofc. 7. The appar at uBCD1S2007/061625

claim 2, wherein the second set conprises nessages

mapped to codewords with large relative di stance anong

codewords ia reordered codebook.8. The apparat us of

claim1 wherein the processor identifies nmessages used

frequently during a call and forns the first et with

the frequently used nessages. 22. The apparat us of

claim.1l, wherein the processor encodes the renmapped

nessage based on a Reed-Muller code to obtain the

codewdrd. 18z appeappdchims!, ofhecdiaitin drocober @ientifidvernessages used

rocessor remaps the input . nessage to.the remapped m
BEQEF I GohE SaBd A oriith st e el gl Tl S PREE s ees.
codeword if remapping is enabled, and encodes the

I nput __nmessgge to obtain.the codeword if remapping is

n0r - eSla! o e EPPITFRE BT oS PETo b R PROCIRE PRF e Rl remapped
HldPYalc FRGHRGE: REGI-NEERr Sodd RHREE thd Q@R onbi nat i on
indicator (TFC) , 12. The apparatus of claimi L5
whereit* the input nessage further includes a happy

bat angd a MeduadARaYs (8T SRR 1 13hetie APRALALNS maps the input
claim1l, wherein the input .nessage includes a channel .
Hasiage yo ithelrenwmped ooppge Pad epreddipparamaspet masyem to obtain the
dXe Mg Tiel Rnda ?inkzn&%né’ﬂ?éﬁ agel LHESRE mkNGhHACSsSAR to obtain the
acknow edgement (ACK) or a negative acknow edgenent
cogeord ifFemappnBet hcknebwBr i si ng; remappi ng an i nput

nessage to ar mp e nessage; encoding the remapped

message to obtai a codeword; and sending the codeword
to convey (lhe apppatusmdsiaggel . ¥oerdhshapwhbthesfege miledesk transport
: e r¢ SLNGwt-denti fying nessages u e
gﬁg%géﬁggvaﬁﬁgghS%EQg%FF?Eand formng the first st
with the frequently used nmessages. 17. The nethod of

cl ai m 45, %Jgra%%:sg]m%gea cﬁ]e%gldll‘qulgel;lginrtﬁg%?&x?gn&@?%%%%her includes 2

happy bit and a redundancy version.

i3. The apparatus of claim 1, wherein the input message includes a channel

quality indicator (CQI).

4. The apparatus of claim 13, wherein the input message further includes an

acknowledgement {ACK) or a negative acknowledgement (NAK).

13 A method comprising:
remapping an input message 10 a remapped message;
encoding the remapped message 1o obilain a codeword; and

sending the codeword to convey the input message.

i6. The method of claim 15, further comprising
identifying messages vsed frequently during a call; and

forming the first set with the frequeatly used messages.



conprises encodi ng the remapped s ge based on a
Reed-Mul  er code to obtain the codeword. . An
W@pPangasus conpri sing: neans for remappi ng an PCPUS2007/061625
nmessage to a remapped nessage; neans for encoding the
remapped . nmessage to obtain a codeword; and neans for
sendi ng the codeword to convey the input nessage. 19.
The apparatus of claimIS5 wr die nmeans for encodi ng
the remapped nessage conpri ses neans f encoding the
remapped nessage based on Reeg¢sMul l er code to obtain
t he codeword, 20. A processor readable nedia for
storing instructions operable to: remap a i nput
nmessaye t oThe menppet cheesHyeyhevaotie dnbedingrihppadapped message
nessage to obtain a codeword; and send the codeword to
*the input nessage. 21. The processor readable

medi acr@lodBiaiti® Rehadped mkskier biwl & ar Rag-Mudkf 46ld ambtain the
operabl e to: encode the remapped nessage based on a

4Nl | er code to obtain the codeword. 22. A"
apparatus conprising: a processor to decode a received
codeword to obtain a decoded nessage in a first set.
of net¥agedn WrEFHY YEHMP e decoded message to
obt ai fhegyGRrRRRGHIIESSAPE: B oS REPRInARId HesBRRS ageS,
the first set of nessages being associated with
codewdeds fhaoneyinmihgepmppneginossagh $rabida acgedpword; and
rel at e dop LaNeS Bk LASGURIHShOsy zﬁ@%ﬁﬁ%%gag%et of
messages; and a menory coupl ed to the processor. 23.
The apparatus of claim 22, wherein the processor

decodes theyr G5 |45 o Of ﬁlgq ﬁg\ggg%ggﬂlg nFealE ?&MB&%& the remapped

code t0o obtarn e decode
message comprises

means for encoding the remapped message based on a Reed-Muller code to

obtain the codeword,

20, A processor readable media for storing instructions operable to:
remap an inpat message to a remapped message;
encode the remapped message io obtain a codeword; and

send the codeword 1o convey the input message.

21.  The processor readable media of claim 20, and further for stosing
instructions operable to:
encode the remapped message based on a Reed-Muller code to obtain the

codeword.

22. An apparatus comprising:

a processor 1o decode a received codeword 1o obtain a decoded message in a firs
set of messages, and to demap the decoded message to obtain a demapped message in a
second set of messages, the first set of messages being associated with codewords
having larger relative distance than relative distance of codewords for the second set of
messages; and

a memory coupled to the processor.



24. The apparatus of claim 22, wherein the processor
obtains a transport format conbination indicator

W@ T8T0y28i¢ om t he demapped nmessage. 25. The appBCHUSROT61625
claim?22, wherein the processor identifies nessages
used frequently during a call and fornms the first set
with the frequently used nessages. 2<S. A nethod
conpri sing; decoding a received codeword to obtain a
decoded nessage in a fi rst set of nmessages; and
demappi ng the decoded nessageztto obtain a demapped
nessage i a second set of nessages, i h < first set of
nessages bei ng associ ated with codewords having | arger
rel ative distance than relative distance of codewords

f or t er Z?ﬁ? {; %ggﬁtg@g& cﬁ%ﬁ r\égérg% gg%ggé%‘? dgecc %ex e received

&%%ns BSed0a QR AG- 1B QARIY eBeodRWREGIdasedage. @
Reed-Mul  er code to obtain the decoded nessage. 2S.

The method of claim 26, further conprising: obtaining

a tramgportrypf %Bﬁ&mﬁmhﬁﬁh' 1311 FRELBAIQ plol&bo) obfa@W a transport
t he denapped nessage. aratus conpri sing: nea

#«wam%mwwﬂ@e@&éaf bbfa@m 9§ BARRASH AR IF3L el ec oded

nmessage in a first set of nmessages; and neans for

deraappi ng t decoded nmessage to obtain a demapp

rressag% i nThe S@@@Wﬁiﬁs‘éﬁ clofm s salypasin *t*‘ﬁei’fF’P?’bé‘?f 5@5“‘8?‘* messages

%ﬁ%@&}@%}tﬁ%ﬁ% 3 ﬁéﬁ LWt GPURWRROSE @é‘qﬂ&xtiyﬁ'&&@%esgaaes

rel at di sta an relative di stance of ‘codéwords
for the second set of nessages. 30. The apparatus of

claim29, wherein the Shhe for decoding the received
codewdrd conprises ans of or decodi ng the received

codem@db@edew\ai Redsivavtd | foepbtgiade decodsiSt miessagnan a first set of
nessage& aﬂg Ssage

demapping the decoded message to obtain a demapped message in a second set
of messages, the first set of messages being assoclated with codewords having larger

relative distance than relative distance of codewords for the second set of messages.

27. The method of claim 26, wherein the decoding the recetved codeword
comprises
decoding the received codeword based on a Reed-Muller code o obtailn the

decoded message.

28.  The method of claim 26, further comprising:
obtaining a fransport format combination indicator (TFCY) from the demapped

message.

29, An apparatus comprising:

means for decoding a received codeword to obtain a decoded message in a first
set of messages; and

means for demapping the decoded message to oblain a demapped message in &

second set of messages, the first set of massages being associated with codewords



31. An apparatus conprising: a processor to forma

| nput nessage with a plurality of fields arranged such
W0 b@u/0ga816 east one nost significant bit of theP@EESHET061625

is presuned to be equal to zero, and to encode tne

nput nessage based on a code to obtain a codeword, the

code generating a plurality of codewords far a .

plurality of input messages, with codewords of |ow

i ndices having larger relative distance than relative

di stance of codewords of highqgsndices; and a nenory

coupled to the processor. 32. The apparatus of claim

31, wherein the processor encodes the input nmessage

hased esRaeitivb blsificc Ghderd five it @hitel dfecodedendsrids tiddecond set of

The apparatus of claim 31, wherein the input nessage

BoHdEtrses three fields for a transport format

conmbi nation Indicator (TFCl), a happy bt and a.

redundancy _version.

30. 7 The spparatus of claim 29, wherein the means for decoding the received
codeword comprises
means for decoding the received codeword based on a3 Reed-Muller code to

obtain the decoded message,

31 An apparatus comprising:

a processor to form an input message with a plurality of fields arvanged such that
ar least one most significant bit of the message is presumed to be equal 1o zerc, and o
encode the input message based on a code to obtain a codeward, the code generating a
plurality of codewords for & plurality of input messages, with codewords of low indices
having larger relative distance than relative distance of codewords of high indices; and

a memory coupled o the processor.

32.  The apparatas of claim 31, wherein the processor encodes ihe input

message based on a Reed-Muller code to oblain the codewaord.

33.  The apparatss of olaim 31, wherein the input message comprises three
fields for a transport format combination indicator (TFCI), a happy bit, and a

redundancy version.



