
MESSAGE REMAPPING AND ENCODING Claim of Priority under
35 U.S.C. 11 jOOlj The present Application for Patent
claims priority to Provisional Application Serial No.
60/771,1 81, entitled "REMAPPING TECHNIQUE T O REDUCE
TRANSMITTED POWER IN MOBILB COMMIJNlCATfON SYSTEMS,"
filed February 6 2006, assigned t o the assignee
hereof, a d expressly incorporated herein by
reference. BACKGROUND Field JOQ02J The present
disclosure relates generally to co u i c ation, and
more specifically to techniques for sending messages
with encoding. Background .{0OQ3J In a communication
system, transmitter may generate messages for
information to be sent to a receiver. The transmitter
may encode the messages to obtain codewords and
further process the codewords to generate a modu d
signal that is sent via a communication channel. The
communication channel typically distorts the
transmitted signal with a channel response and further
degrades t signal with noise and interference. The
receiver may receive the transmitted signal, process
the received signal to obtain received codewords,
decode the received codewords to obtain decoded
messages, and extract e information from the decoded
messages. jfMJfMj Encoding is typically performed i
accordance with a particular coding c me which y
include a block code, convolulional code a Turbo code,
etc. The coding scheme y be selected based on a
tradeoff between various factors such as error
correction capability, amount of redundancy, decoding
complexity, etc. Ia general, more redundancy results
in longer codewords for a given message size but
provides more ror correction capability o that me s g
may b e reliably t i more g r e channel conditions.
The converse is generally true for less redundancy. 



JOOOSj A specific coding scheme y be selected based on
pertinent factors. A codebook containing different
codewords may be generated based o this codingscheme.
Each message thai might be sent may then be mapped to
one specific codeword the codebook, so that a
one-to-one mapping exists between messages and
codewords. This mapping may be determined by the
manner in which the codewords are generated, e,g. each
codeword may be generated based on a associated
message. Furthermore, the mapping may be under a
assumption that all messages are equally likely to be
sent. Thus, the performance of the coding scheme is
typically quantified by the worst codewords in the
codebook. SUMMARY QQJ Techniques for remapping
messages prior to e coding t o improve performance are
described herein. L designated messages among K total
messages may be remapped to L remapped messages, which
ma be associated with L codewords with larger relative
distance between these codewords, where L i s smaller
than K a d y be much smaller t a K. A message may also
b e referred to a s a data word, a data unit, a data
block, a packet, etc. A codeword may also be referred
to as a coded block, a coded packet, etc. The L d sig
at ed messages ay b e more frequently used messages,
more important messages, etc. The remapping allows the
L codewords with larger relative distance to be se for
the L designated messages, which may improve
performance. |0007| According to aft aspect, an
apparatus is described which remaps input message to a
remapped message, encodes the remapped message to
obtain a codeword, and sends the codeword to convey
the input message. The input message may b e in a
first set of messages, and the remapped message may be
in second set of messages. h second set of messages
.may be associated with codewords having larger
relative distance than the relative distance of the
codewords for the tirst set of messages, {OGOSj
According to another aspect, apparatus is described
which decodes a received codeword to obtain a decoded
message h a first set of messages and demaps the
decoded message to obtain a dem pped message in a
second set of messages. The 



messages in the first set are associated with
codewords having larger relative distance than the
relative distance of the codewords for the second set
of messages. Jq8 According to yet another aspect an
apparatus .is described which forms an input message
with plurality of fields that are arranged such that
at least one most s gni fic ant bit of the input
message is presumed to be ua to zero. The
apparatus2007/061625 further encodes ihc input message
based on a code to obtain a codeword. The code
generates plurality of codewords for a plurality of
itiput sage with codewords of low Indices having
larger relative distance than the relative distance of
codewords of high indices. [OO O Various aspects and
features of the disclosure are described in further
detail below BRIEF DESCKrFTION O THE DRAWINGS 1.0OtII
FIG. 1 shows a block diagram of a transmitter and a
receiver. {003 2 FG. 2 shows a process for reordering
codewords in a codebook. J0013J FIG. 3 shows a block
diagram of - transmitter and a receiver that perform
.message remapping and d(c)mapping, respectively. jq
l.41 FIG. 4 ho s a remapping table for the transmitter
and a demappiag table for the receiver. }0015{ FIGS.
5A and SB ow two example message formats. JO. 1 FIG.
shows a process performed by transmitter to send
informaticm. J0017 FIG. 7 shows a process performed by
a receiver to receive information. D T AI E
DESCRIPTION JD018I The message remapping techniques
described herein may be used for various communication
systems such as Code Division Multiple Access (CDMA)
systems, Ti e Division Multiple Access (TDMA) systems.
Frequency Division Multiple Access (FDMA) systems.
Orthogonal FDMA (OFDMA) systems, Single-Carrier FDMA
(SCFDMA) systems, etc. The techniques may also be used
for wireless local area networks 



(WLANs), broadcast networks, etc. The terms syst s ami
"networks" are often used interchangeably, A CDMA
system may implement a radio technology sxich cdma2000
Universal Terrestrial Radio Access (UTRA), Evolved
UTRA (E-UTRA), etc. cdma2000 covers lS-2000,  S-95 a d
S-S56 standards. UTRA and E-UTRA are part of Universal
Mobile Telecommunication System. (UMTS). UTRA includes
Wideband- CDMA (W-CDMA) and Low Chip R (IXR). A TDMA.
system a Implement a radio technology such Global
System for Mobile Communications (GSM). A OFDMA.
system utilizes Orthogonal Frequency Division
Multiplexing (OFDM)sends modulation symbols in the
frequency domain on orthogonal subcarriers. A n OFDMA
system may implement a radio technology such as Long
Term Evolution (LTEX Flash-OFDM(r), etc. An SC-FDMA
system utilizes Single-Carrier Frequency Division
Multiplexing (SC-FDM) and sends modulation symbols i
the time domain on orthogonal ubcamers. UTRA, E-OTRA,
GSM and LTE are described in documents from a
organization n ed "3rd Generation Partnership Project"
(3GPP). cdma2000 is described in documents from at*
organization named "3rd Generation Partnership Project
2" (3GPP2). These various radio technologies a d
standards are known in the an. {0019} The techniques
may be U to n information on the downlink and/or
uplink. The downlink (or forward lmk) refers to the
communication link from base stations to terminals,
and the uplink (or reverse link) refers to the
communication link from the terminals to the base
stations. A base station is generally a fixed station
that communicates with the terminals a d may also be
referred to as a Node B, an enhanced Node B (eNode B),
an access point etc. A terminal may also be referred
to s a user equipment (UE), mobile station, an access
terminal, a station, etc. A terminal may he cellular
phone, personal digital assistant (PDA), a wireless
modem, a wireless communication device, a handheld
device, a laptop computer, a . subscriber unit,
cordless phone, etc. f0G20J FIG  shows a block diagram
of a transmitter 100 and a receiver .150 in a 



wireless communication system. For the downlink,
transmitter 100 y be part of a base station, and
receiver 150 may be p of a temursal. For the uptmk;
transmitter 100 y be part of a terminal, receiver 150
may b e part of a base station. }002]J At transmitter
1.00, message processor 110 receives mformatioa from a
data source (not shown) and/or a controller/processor
140 and generates input messages for the information.
The information may b for signaling, tra c data, 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 coding
scheme an provides a codeword for each input message.
The coding scheme a comprise a block code,
ctrvolutiomtl code, a Turbo code, low density parity
check (LDPC) code, an irregular repeat-accumulate (RA)
code, some other code, or a combination thereof.The
encoding generates redundancy in the codewords, which
increases the reliability of transmission. I0022J A
modulator/transmitter (MODA MTR) 130 processes the
codewords from encoder V20 d generates a modulated i
na . The processing by unit 130 may include
interleaving, syraboi mapping, scrambling, modulation
(e.g., for CDMA, OFDsVL etc.), digi.tal~to~an.aiog
conversion, filtering, amplification, frequency upcon
version, etc. The modulated signal is transmitted via
an a t a 132. |QO23| At receiver 150, an a"ten&& 1.60
receives the transmitted signal from transmitter 100
and provides a received signal to a
receiver/demodulator (RCVR/DEMOD) 162, Unit 162
processes the received signal in a manner
complementary to the processing performed by MOD/TMXR
130 and provides received codewords. A decoder 170
decodes each received codeword and provides a
corresponding decoded message to a message processor
ISO. Decoder 170 performs decoding in a manner
complementary to the encoding performed by encoder 120
at transmitter 100. For ex pl , decoder 170 may
perform Mock decoding for a block code, Viterbj
decoding for convolution al code. Turbo decoding for a
Turbo code, etc. Message processor J O recovers
information from each decoded message and provides the
information to a data sink 



(not shown) and/or a controller/processor 1.90. JQ024J
Controllers/processors H Oand 190 control the
operation at transmitter 100 and receiver 150,
respectively. Memories 142 and 192 store data and
program codes for transmitter 100 and receiver 150,
respectively, }0025| Encoder 120 may i plement a
coding scheme that generates a codebook containing K
codewords, where K is the codebook size and may be any
integer value. different messages may then be mapped
to the K codewords such that each .message is
associated with different codeword. The one-to-one
mapping between messages and codewords may be
depe"de"t on how the codewords are generated. |(M)26|
Each codeword in the codebook has one or more nearest
codewords. The distance between each codeword nd its
.nearest codewrd(s) ay be determined- The K codewords
may have different distances to their nearest
codewords. The performance of the coding scheme may be
quantified by tbe mmi.mu.rn distance d, in a ong al!
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.
The e worstcod ord have tbe shortest distant to their
nearest codewords and are thus most likely to be
decoded in error among all K codewords in the
codebook. n general, for a given set of codewords, the
worst codewords ar those with the shortest distance t
the nearest codewords h the set and the best codewords
are those with the longest distance to the nearest
codewords in the set- The best and worst codewords are
thus typically given with respect to a . specific set
of codewords. J0027J The system or the coding h y
assume that the K total messages are equally likely Io
be t , which means thai the input of the encoder is
ifo . Under this assumption, the best and worst
codewords in the codebook would be selected with equal
probability by the uniformly distributed messages.
}002S| However, the K total messages may not be sent
with equal probability is. many instances. For
example, only a s al l set of L messages among the K
total .messages may be used or y be used more
frequently ia certain instances, whe L may be c 



smaller than K, This set of L messages is associated
with a set of L codewords, w ic y be any L codewords
in the codebook. Improved performance m y b e achieved
by using L codewords with the largest relative
distance between these codewords, instead of any L
codewords. Relative distance refers to the distance
between specific codewords taken fra the codebook,
where the terra "relative" is due to the fact that
only these specific codewords are being considered
instead of all codewords i the codebook. The distance
between codewords may be given in terms of Hamming
distance or some other .metric. J0029J In a aspect, a
set of L designated messages i remapped to a set of L
remapped messages, which is associated with a set of L
codewords having larger relative distance. T L
designated messages may be more frequently used
messages, more important messages, etc. The remapping
allows the L codewords with larger relative distance
to be sent for the L designated messages, which may
improve performance without having to change the
coding scheme. The remapping may be performed i
various manners, described below. J0030J FlG. 2 shows
a process 200 for reordering codewords in a codebook.
based O 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
(block 212). A. codeword may be selected (e.g., ra do
ly) from the codebook (block 21.4). The
selectedcodeword may be added to a code list and
removed from the codebook (block 216). The remaining
codewords in the code-book may be added to the code
list, c codeword at a time based on a iterative
process. J003.ll  n each iteration to add one new
codeword from the codebook to the code list, a
codeword in the codebook with tube largest distance to
the nearest codeword in the code l t is identified
(block 218). This may be achieved by (a) determining
for each codeword in the codebook the distance et ee
this codeword and the nearest codeword in. the code
list and (b) selecting the codeword with the largest
distance to the nearest codeword. The codeword in the
codebook with the largest distance may be 



added to die code list and removed from the codebook
(block 220). A determination  s then made whether the
codebook is empty (block 222)  f the answer is 'No
then the process returns to block 218 for the next
iteration to add another codeword to the code list
Otherwise, if the codebook is empty, 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 (block 224). |0032{ The reordered codebook
contains K codewords that have been reordered such
that (a) the first two codewords have the largest
possible relative distance among the K codewords, (b)
the first three codewords have the largest possible
relative distance given the prior select io of the
first iwo codewords, (c) the first four codewords have
the largest possible relative distance given the prior
selection of the first three codewords, etc. Thus, for
any given k where Jr - J, . . the first k codewords m
the reordered codebook have the largest possible
relative distance given that the first k -1 codewords
have been selected under the same criterion. The L
designated messages may then be remapped to the L
messages associated with the first L codewords in the
reordered codebook. These L designated messages may
then b sent with L codewords having larger relative
distance. [(H)33| FIG. 1 shows an a l process to
reorder the codewords based ors 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. }0034| The reordering may
also be performed in other mariners, For example, an
exhaustive search may e performed to find L codewords
i the codebook with thelargest possible relative
distance. This may be achieved by selecting different
combinations o L codewords, determining the relative
distance for tfae L codewords in each combination, and
identifying the combination of L codewords with the
largest relative distance. The L codewords from the
exhaustive search may have larger relative distance
than that of the first. L codewords in the reordered
codebook obtained from the 



sequential search. This is because the L-th codeword
in the sequential search is selected under the
constraint of the K-I prior selected codewords. In
contrast, the L codewords in the exhaustive- search
may be selected without any constraint, |0035| A block
code may generate K codewords n a codebook such that
codewords with good relative distance are placed early
in die codebook and have low indices. An example of
such a block code i s Reed-Mutler code described
below. In this case, the first L codewords o through c
with indices of 0 through L-I, respectively, already
have good relative distance, and reordering may not be
necessary. L- designated messages m through ms y be
remapped to messages through mu\ respectively, c may
be encoded into codewords CQ through cj..-i,
respectively. (003<S| In general, L codewords with
larger relative distance may be selected from among K
codewords in a codebook in various manners, e.g.,
based on a search for these L codewords or based on
the structure of the code. L designated messages may
be remapped to the L messages associated with these L
codewords. J0037J FIG- 3 shows 2 block diagram of a
design of a transmitter 102 and a receiver 152 that
perform message remapping d demappmg., respectively.
At transmitter 102, message processor 110 provides
input messages., which may b e i the set of L
designated messages, to a message remapper 112.
Message remapper 112 remaps each input .message to a
corresponding remapped message based on a remapping
scheme that remaps the L designated messages to L
remapped messages associated with L codewords having
larger relative distance. Encoder 120 encodes each
.remapped .message and provides a corresponding
codeword, which i further processed and sent to
receiver 152. [003S| At receiver 152, demodulator 1 2
provides received codewords to decoder 170 Decoder 170
decodes each received codeword and provides a
corresponding decoded message to a message demapper
172. Message demapper 172 demaps each decodedsage to a
corresponding demapped message based on the remapping
scheme used by transmitter .1 02. 



|0G39f The remapping of g s may be selectively
performed. For example, a flag .may b e set to P to
indicate that remapping is performed and .may be clear
to O' to indicate that remapping is not performed.
Remapping may b enabled 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
design of remapping table 4.10 that y be used for
message remapper 112 transmitter 102 hx VlQ. 3. this
ig up to K total messages may be remapped based on a
remapping scheme. Message m has &value of 0 and is
remapped to message / o, message m has a value of 1
and is remapped to e sa e r\, iaessage m has a value
of 2 and is remapped to message t a d so on, and
message .} has value of K-I and is remapped to message
r k., . An input message i -, where mx {/ (,,.. }. Is
remapped to message r , which is encoded d sent to
receiver 152. Input message mx may be t e set of L
designated messages. Remapped es ag r ay be m tbe set
of L messages associated with codewords having larger
relative distance. 10041J FIG. 4 also shows a design
of a complementary demapping table 420 that .may be
used for message demapper 172 at receiver 152 in FlG.
3. In this d sig decoded message devnapped to message
m decoded message r is demapped to message w i decoded
message r % is demapped to message m and so on, and
decoded message i i is demapped to message m -i. A.
decoded message rx where rx { >-,%..>} , is demapped
to message m which is provided as a recovered message.
[00421 In one design, all total messages ma through m
- are remapped based on a reordered codebook. The
messages that are used more often and/or are more
important may be remapped to messages associated with
codewords having larger relative distances. For
example, the message used most often and/or is rost
important may be remapped to the message associated
with the first codeword in the reordered list, the
message used second most often and/or is second most
important may be remapped to the inesssge associated
with the second codeword in the reordered list, etc. 



[0O43| In another design only the L designated
messages are remapped to L messages associated with L
codewords having larger relative distance, and the
remaining .messages are not remapped. For e a pl the L
designated messages through tn.raay be remapped to L
messages r through respectively which may be
associated with L codewords having larger relative
distance. Messages r through r{ may then be remapped
to .messages ma through /",., respectively. Remapped
messages r through r, may be messages m h ou u ,
respectively, if codewords of low indices have good
relative distance. Messages m for m -m t . . mi r ...
r ) , are not remapped IfL is ch smaller than K, then
the remapping y be achieved with a small look-up table
for oniy 2L affected messages. The complexity of the
remapping may then be of order L where L is the number
of messages to b e remapped. J0044) For clarity, the
message r mappi techniques are described below for
Reed- Muller codes, which are a class of linear block
codes covering a wide range of rates and . i im
distances. Reed-Muiler codes have certain desirable
properties and may be soft-decoded with a simple
trellis decoder or correlators. Reed-Muiier codes are
used in communication systems such as UMTS and LTE to
encode information such as transport format
combination indicator (XFCI), channel quality
indicator (CQJl) etc. {00 4 5 1 A generator matrix G
for a */-th order Reed-Muller code of length N may be
obtained a follows. Let y c, be a row vector with N
ones 1'), where H is the codeword size or number of
bits in a codeword. Let 1, v . . ." v be P row vectors
correspon din to P rows of a P x N matrix V containing
all possible combinations of P bits in N columns .,
where 2 . Generator ma i < contains row vectors v - ,
V1 ..., " and also all products of v t v > ".. V , two
t a im for a second-order Reed- Muller code, and o on,
a also all products of ( v 2 , j q at a time for a q-\
order Reed-Muller code. Ge"erator matrix contains B
rows, where B is the message length in number of bits.
004 A message may be encoded based on generator matrix
G as follows: x u G , Eq (I) 



whefe " Is a 3x B row vector containing B bits of the
.message, and is a I x N row vector containing N bits-
of a codeword for the .message. The a ri
multiplication. equation (1) i with aodulo-2
multiplication.}0047j As an e mpl a generator matrix
Gs. for a second-order Reed-JMuIler code of length may
be given as: where v -va < >v a " denotes an
element-by-eiemenl product. A message of 7 bits may be
encoded with generator matrix G 7 to obtain a codeword
of S bits, (004Sj As another exa ple a generator
matrix q 2 for a second-order Reed-Muiler code of
length 32 may contain 16 row vectors v , V1, V , V V4
V , v ; ., v v m? . > ?..3 - . ?.. V3 ,. - V L and V4
. Each row vector is of length 32. A message of 6 bits
may be encoded with generator matrix Gl2 to obtain a.
codeword of 32 bits. If the message contains fewer
than 16 bits, then a sub-code of the second-order
Reed- Mul r code may b used to encode the .message.
For example if e message contains 10 bits, then a
generator matrix may be fanned with. 10 rows (e g. the
first 10 rows) of generator matrix 16 . and used to
encode the message to obtain a codeword of 32 bits,
J0049J In UMTS, a generator matrix ,0 for a sub-code
of a second-order Reed- Muiler code of length 32 is
defined as follows;JOOSO] Generator matrix 2 contains
O rows, with each row corresponding to a different
basis sequence. A 10-bit message may be represented a
s u - [ "5 ... ] r i s th least significant bit (LSB)
and is the most significant bit (MSB). The 10-bit
message may be encoded with generator matrix as shows
in equation (1) to obtain a 32-btt codeword, which may
be represented as x [ , ... X . PXJ51J K -1024
different messages may be encoded with generator
matrix , to obtain 1024 different codewords. Each
codeword is different linear combination of the ten
basis sequences in 10 . A codebook containing the 1024
codewords generated with Q i may be reordered (e.g.,
as shown in ElG. 2) to obtain a reordered codebook.. L
designated messages may then b e remapped to L
messages associated with the first L codewords in the
reordered codebook. .L may be a value that y be 



dependent on application and may thus vary from
application to application. The reordered codebook
allows for easy identification of better codewords and
may be used to remap any number of messages. (G052J
The Reed-Mull er code generates codeword for message
codeword for ssa e m codeword c for message m and so
on, and codeword cj _ for message k-\ ' e natural
order of the K codewords is c c . . . k-i. - a b e
shown that the naturally ordered codewords .have good
relative distance. This i s due to the placement of
better basis sequences with larger distances in the
top rows of generator matrix G 2 0 . These top rows
are associated with LSBs of the messages g
encoded.Consequently, codewords with larger relative
distance are generated for messages with low values,
e.g . the first 70 messages with values of O through 9
among 1024 total messages. }0053j Table 1 gives the
relative distance x and the number of neighbor
codewords > at relative distance x for (a) the first L
codewords in a reordered codebook obtained from matrix
generator G 2w and (b) t first L codewords generated
in the natural order with rSsE 2 32,iO For each value
of L, for L 2 ..., .0 the second and fifth columns
give (x, y ) for the reordered codebook and the third
and sixth columns give (x, > ) for the natural order.
The number of neighbor codewords and the relative t c
both affect probability of error (PE) far messages. In
general, larger relative distance x and fewer neighbor
codewords y are desired. It can be shown that PE
performance i s comparable for the reordered codebook
and the natural order. Table 1 {0054} In UMTS a
transmitter may send data on one or more transport
channels to a receiver. Bach transport channel may
cany data for one or more services such as voice,
video, p cket data, etc. The data on. each transport
channel may be processed based o a set of one or more
transport formats (7"Fs) selected for that transport
channel, which is 



referred to as a transport format set. Each transport
format defines various processing parameters such as a
transmission time interval (TTI) over which the
transport format applies, the number of transport
blocks within the TT the size of each transport block,
the coding scheme used In the TTI, etc. The transport
format may change from TT to TTi for each transport
channel[0055] Various transport format combinations
(TFCs) may be defined for various combinations of
transport formats that may be used for the transport
cha els A specific TFC may b e selected in ac TTI from
among alt of t available TFCs. The selected TFC
indicates a specific transport format to use for each
active transport channel and is identified by index
that i s referred to as a TFC indicator (TFCJ). 005 J
Table 2 shows an example in which three transport
channels TrCHl , TrCH2 and TrH3 are used for
com-mmi.cati.oft, three transport formats are
available for each of TrCHI. and T*CH2, two an sport
formats are available for T*CH3, and four TFCs re
available for use. In the example shown in Table 2 if
the receiver receives TFC  of 3, then the receiver
will know that TrCHl ses TF2. TrCH2 uses TFl and TrCH3
uses TFO. Table 2 | O57 A set of TFCs may be defined
at the start of a call (e.g., during call setup) and
made available for use during the call. Alternatively,
a TFCs may be predefined and known a priori by both
the transmitter and receiver. The use of predefined
TPCs may shorten call setup since these TFCs are
already known and do not -need to be negotiated. In
any case, t e number of TFCs available for use in a
given cal l .may be a small subset of all possible
TFCs and may be dependent o the application. As an
example, 72 TFCs may b e used for Vbsee-over-Iritemet
Protocol. (VoIP) to cover three packet s es seven
payJoad sixes, and three header sizes. f 10 bits are
used for the TFCI, then only 72 TFCIs may be used out
of 1024 total TFCIs. Furthermore, the 72 TFCs may not
be used uniformly. For example, only four out of the
72 TFCs may be used much of the time for four
preferred rates (e,g., 12.2, 7.4, 5. and 4,75 kbps), d
the remaining 68 



TFCs may be used infrequently. (005Sj In general, the
available TFCs may be a small subset of the total TFCs
(e.g., 72 o t of 1.024), a the frequently used TFCs
may be a small subset of the available TFCs(e.g., 4
out of 72). A specific TFC may be selected from among
the available TFCs in each TTl. The TFCI for the
selected TFC may b encoded ( .g > with a Reed-Mu er
code) to generate a codeword for the TFCL The TFC  s
for the TFCs ay b remapped to improve performance. 1"
one design, only the TFC  s for the frequently used
TFCs are remapped to other TFCIa associated with
codewords having larger relative distance. In another
design, the TFC  s for the available TFCs are remapped
to other TFCIs associated with codewords having larger
relative di stan ce i n both designs, the TFCIs may b
remapped based on how frequent (he TFCs are used. For
example, the TFCI for the most frequently used TFC y b
e remapped to the TFC  associated with the first
codeword i.ra the reordered codebook or the first
naturally ordered codeword, l TFC  for the second most
frequently used TFC may b e remapped to the TFC
associated with the second codeword in the reordered
codebook or the second naturally ordered codeword,
etc. 00S J A TFCI may be encoded alone to generate a
codeword. A TFC  may also be combined with other
information and then encoded to generate a codeword.
In 3GPP Release 1999 (R99), a TFCI i s represented
with 10 bits, there are .1024 total TFC  s., and a
TFCJ is encoded alone with a second-order Reed-Muller
code to generate a codeword. I 3GPP Release 6, a TFC
is represented wiih 7 bits, there are 128 total TFC  s
, and a TFCI is combined w h other information and
then encoded with the second-order Reed- Multer code
to generate a codeword, I0060J F SG 5A shows a format
500 of a Enhanced Dedicated Channel (E-DCH) Dedicated
Physical Control Channel (E-DPCCH) sent b y UE on the
uplink in 3GPP Release 6 . The E-DPCCH carries
signaling for an E-DCH Dedicated Physical Data Channel
(B-DPDCH). A signaling message sent on the E-DJ CCH
includes a 7-bit TFC , 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 layer. The happy hit
indicates whether o r not the E is happy with the-
current resource grant. In. 3GPP Release <5, the TFCI
occupies the seven MSBs of the signaling message, the
happy bit occupies the next lesser significant bit,
and the redundancy version occupies the two LSBs. The
10-bit signaling message is encoded with a
second-order Reed-M.uUer code t o generate 3 0 code
bits, which are sent on the E-DPCCH.J0061J h\ 3GPP
Release 6 the py bit and redundancy ve rsio a change
in each transmission. The happy bit may be set to 0 to
indicate that the UE is not happy with the current
resource grant or to 4 to indicate that the UE is
happy. There are two possible codewords for each TFCI
for two possible values of the happy bit. For some
applications such as VoLP, h ch typically generates s
all packets the happy bit may be set to I * most of
the time to indicate that the current resource grant
is sufficient The redundancy r io may be set to 0 , 2
or '3 . There are four possible codewords for each
TPCI for four possible values of the redundancy
version. For some applications such as VoIP only a
small number of retransmissions (if any) may be sent
Hence, the redundancy version may be assumed to be to
either O or M' most of the time. 100621 .In 3GPF
Release 6 128 TFC s are predefined and known a priori
by the Node Bs and UEs. Different applications may use
different TFCB more frequently. The transmitter and
receiver may not know which TFC  s will be used more
frequently for a given application (e.g., VoIP) and
may identify these TFCIs when the application i
active. The frequently used TFCIs for this application
may be stored so that these TFC  s may be quickly
determined e the same application is activated at a
future time. |0063| For a givea application, the
frequently used TFCIs may be determined, e.g., when
the application is active or based on information
collected previously for the application. Frequently
used messages may then b e determined based on the
frequently 



used TFC  s, an assumed value of '1' for the happy
bit, and assumed values of '0' and T for e redundancy
version. For example, if four TFC  s are used
frequently for VoIP then eight (or 4x1x2) frequently
used messages may be determined for these four TFCIs,
a value of for the happy bit, and one bit for the
redundancy version. These eight frequently used
messages may be remapped to h .first eight codewords
the reordered codebook, the first eight naturally
ordered codewords, etc. J0064| The format of the
signaling message may also be defined such thai more
commonly used messages and/or more important messages
are mapped to codewords with larger relative distance.
For example, the TFCI, happy bit, and redundancy
version may be rearranged to take advantage of the
fact that codewords of low indices may have better
relative d st ce[0065J FIG SB ho a format 550 of
signaling message that ay achieve improved
performance. In format 550, the happy bit occupies t e
MSB of the signaling message, th redundancy version
occupies the t two less significant bits, and the TFC
occupies the seven LSBs. The happy bit naay be de ned
such that (instead of l '} indicates that the UE is
happy with t e current resource grant. With this
format and the assumptions described above the two
MSBs will be '00' most of the time, d only the 8 LSBs
may change. The message may be encoded with the
second-order Reed-Mutler code and may be mapped to one
of the first 1.28 naturally ordered codewords most of
the time, which ay have better relative distance than
the remaining 896 codewords. By arra i the fields of
the message to take advantage of the code
characteristics, remapping of the message may be
avoided. J006 The message remapping techniques
described herein may be used to re ap messages
carrying various types of information. For example,
the techniques ay be used for messages carrying the
following;  Only TFCI information,  Corab.ination of
TFCI, happy bit, and redundancy version Information,
Only CQi information, 



* Combination of CQI and acknowledgement and/or
negative acknowledgement (ACK/N AK) information, or *
Some other information or combination of information.
J0O67] Different CQI values ay be defined for
different signal-to-noise ratios (SNRs), different
rates, etc. CQJ values for higher SNRs 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 CQI values for higher SNRs or higher rates
may be remapped to messages associated with codewords
having larger relative distance. Alternatively or
additionally, more frequently used CQI values may be
remapped to messages associated with codewords having
larger relative distance. The remapping may be based
on the particular code used to generate cod or for CQE
information, e.g a Reed-Mulier code (20,5) that
generates 20-bit codewords for 5-bit CQ values. |O<Sj
FIG, shows a process 600 performed by a transmitter,
e.g., a Node B or a UB, to send information. A. first
set of messages t hat is sent more frequently and/or
deemedIS more important than remaining messages may b
e determined (block 612). The frequently used messages
may be identified during a call or determined in other
manners. A second set of messages that is associated
with codewords having larger relative distance than
fee relative distance- of the codewords for the first
set. of messages may be determined (block 614). The
second set may clud messages that are associated with
(a) codewords of low (or lowest) indices a o g all
codewords generated by a code or (b) codewords with
large (or largest) relative distance among codewords
in a reordered codebook. An input message i s
generated based on TFCI and/or other information
(block 616). The input message may he i the first set
of messages and may he remapped to a remapped es ag in
the second set of messages (block 6 Z). The remapped
message may be encoded (e.g., based on a Reed-Muller
code or some other code) to obtain a codeword (block
620). The codeword may be sent 



to convey the input message (block 622). 006q| The
input message may be r app d and then encoded if
remapping is enabled. The input message ray also be
encoded directly if remapping is not enabled. The
input message may carry TFCI aaid possibly other i or
atio such as a happy bit d redundancy version. The
input message may also carry CQ a d possibly other
information such ACK/NAK. The input message .may also
cam' other information. QO7O| F  7 shows a process 700
performed by a receiver, e.g., a UE or a ode B to
receive information. A. received codeword may be
decoded (e.g., based on a Reed- Mulier code or same
other code) to obtain a decoded message in a first set
of messages (block 712). The decoded message may be
demapped to a 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). TFCI
and/or other information may be obtained from the
demapped message (block 7 16). 0071| The message
remapping techniques described herein may provide
improved performance (e.g., lower error probability)
for remapped messages sent with a given amount of
transmit power. The techniques ray also be used to
reduce t ra smit power for a given level of
performance (e.g., a given error probability). }0072|
Those of skill the art would understand that
information and signals may be represented using any
of a variety different technologies and techniques.
Forexample, data, instructions, commands, information,
signals, bits, symbols, and chips that y be referenced
throughout the above description may be represented by
voltages, currents, elsctroiimgrsetic waves, magnetic
l or particles, optical fi d or particles, or any
combination thereof. |0O73J Those of skill would
further appreciate that the various illustrative
logical blocks, modules, circuits, and algorithm steps
described in connection with the disclosure herein may
b implemented as electronic hardware, computer
software, or combinations of both. To clearly
illustrate this imerchangeability of hardware and 



software, various illustrative components, blocks
modules, circuits, and steps have been described above
generally in terms of their functionality. Whether
such functionality is implemented as hardware or
software depends upon the particular application and
design constraints imposed o the overall system.
Skilled artisans may implement the described
functionality i varying ways tor each particular
application,, but such implementation decisions should
not be interpreted as causing a departure from the
scope of the present disclosure. (QG74I The various
illustrative logical blocks, modules, and circuits
described rp connection with the disclosure herein may
be implemented or performed with a generalpurpose
processor, a digital si a processor (DSP), a
application specific integrated circuit (AS.1C), field
programmable gate array (FPGA) or other programmable
logic device, discrete gate or transistor logic,
discrete hardware components, or any combination
thereof designed to perform the functions described
herein. A generalpurpose processor may be a
microprocessor, but in. the alternative, the processor
may be any conventional processor, controller
microcontroller, or state machine. A processor may
also be implemented as a combination of computing
devices, e.g., a combination of a DSP and a
microprocessor, a plurality of microprocessors, one or
more microprocessors in conjunction with a DSF core,
or a"y oilier such configuration. [0075J The steps of
a method or algorithm described in connection with the
disclosure herein may be embodied directly i hardware,
in a software module executed by a processor, or m a
combination of the two. A. software iodule may reside
h RAM mory flash memory, ROM me.rao.ry, BPRQiV!
memory, EEPROM memory, registers, hard i a removable
disk, a CD-ROM, or any other form of storage diu known
in the art. An exemplary storage medium is coupled to
the processor such thatthe processor can read
information from, and write information to, the
storage medium. J t e alternative, the storage medium
may be integral to the processor. The processor and.
the storage medium ay reside in ASIC. The ASIC may
reside in a user terminal. Jn the alternative, the
processor and the storage medium may reside as 



discrete components h a user terminal . (0076) The
previous description of the disclosure is provided to
enable any person skilled in the art to make or use
the disclosure. Various modifications to the
disclosure will be readily apparent to those skilled
in the art, and the generic principles e ed herein y
be applied to other variations without departing from
the spirit or scope of the disclosure. Thus, the
disclosure is not intended to be limited to the
examples described herein but is to be accorded the
widest scope consistent Lvih. the principles and novel
features disclosed herein. (0077J WHAT IS CLAIMED
IS:2! CLAIMS 1. An apparatus comprising: a processor
to remap an input message to a remapped message, to
encode the remapped message to obtain a codeword, and
to send the codeword to convey the mpul message; and a
memory coupled to t e processor, 2. The apparatus of
claim 1 wherein the input message is in a first set of
messages and the re apped message is in a second set
of messages, the second set of messages being mapped
to codewords having larger relative distance t a
relative distance of codewords for the first set of
messages. 3. The apparatus of claim 1, wherein the
first s t comprises messages seat 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
claim 2, wherein the input message carries signaling
for a Voice-over-Internet Protocol. {VoIP) call, and
wherein the first set includes L messages that are
used frequently among K total messages, where L and
are integer values and L is less than K. 



6. The apparatus of claim 2, wherein the second set
comprises messages mapped to codewords of low indices
among codewords in codeboofc. 7. The apparatus of
claim 2, wherein the second set comprises messages
mapped to codewords with large relative distance among
codewords ia reordered codebook.8. The apparatus of
claim 1 wherein the processor identifies messages used
frequently during a call and forms the first et with
the frequently used messages. 9. The apparatus of
claim .1, wherein the processor encodes the remapped
message based on a Reed-Muller code to obtain the
codeword. 10. The apparatus of claim 1, wherein the
processor remaps the input .message to the remapped m
s ag and encodes the remapped message to obtain the
codeword if remapping is enabled, and encodes the
input message to obtain the codeword if remapping is
not enabled. 11. The apparatus of claim , wherein the
input message includes a transport format combination
indicator (TFC) , 12. The apparatus of claim i L5
whereit* the input message further includes a happy
bat and a redundancy version .13. The apparatus of
claim 1, wherein the input .message includes a channel
quality indicator (CQI). 14. The apparatus of claim
13, wherein the input message further includes sen
acknowledgement (ACK) or a negative acknowledgement
(NAK). .1 5. A Bethod compri sing; remapping an input
message to a r m p e message; encoding the remapped
message to obtai a codeword; and sending the codeword
to convey the input message 16. The method of claim .1
5, further comprising: identifying messages u e
frequently during a call; and forming the first s t
with the frequently used messages.17. The method of
claim 15, wherein the encoding the remapped message 



comprises encoding the remapped s ge based on a
Reed-Muller code to obtain the codeword. . An
apparatus comprising: means for remapping an input
message to a remapped message; means for encoding the
remapped .message to obtain a codeword; and means for
sending the codeword to convey the input message. 19.
The apparatus of claim IS5 w r die means for encoding
the remapped message comprises means f encoding the
remapped message based on Reed-Muller code to obtain
the codeword, 20. A processor readable media for
storing instructions operable to: remap a input
message to a remapped message; encode the remapped
message to obtain a codeword; and send the codeword to
convey the input message. 21. The processor readable
media of claim 20 a d further for storing instructions
operable to: encode the remapped message based on a
Reed-Muller code to obtain the codeword. 22. A."
apparatus comprising: a processor to decode a received
codeword to obtain a decoded message in a first set.
of messages, a d 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.23.
The apparatus of claim 22, wherein the processor
decodes the received codeword based o a Reed-Muller
code to obtain the decoded message. 



24. The apparatus of claim 22, wherein the processor
obtains a transport format combination indicator
(TFCl) from the demapped message. 25. The apparatus of
claim 22, wherein the processor identifies messages
used frequently during a call and forms the first set
with the frequently used messages. 2<S. A method
comprising; decoding a received codeword to obtain a
decoded message in a fi rst set of messages; and
demapping the decoded message to obtain a demapped
message i a second set of messages, i h < first set of
messages being associated with codewords having larger
relative distance than relative distance of codewords
for the second set of messages. 27. The ethod of claim
26, wherein the decoding lhe received codeword
comprises decoding the received codeword based o a
Reed-Muller code to obtain the decoded message. 2S.
The method of claim 26, further comprising: obtaining
a transport format combination indicator (TFC ) from
the demapped message. 29. A apparatus comprising: mea
for decoding a received codeword to obtain a decoded
message in a first set of messages; and means for
deraapping t decoded message to obtain a demapped
message in a second set of messages, the first set of
messages being associated with codewordshaving larger
relative distance than relative distance of codewords
for the second set of messages. 30. The apparatus of
claim 29, wherein the ea for decoding the received
codeword comprises means for decoding the received
codeword based on a Reed-Mulier code to obtain the
decoded message. 



31. An apparatus comprising: a processor to form a
Input message with a plurality of fields arranged such
that at least one most significant bit of the message-
is presumed to be equal to zero, and to encode tne
nput message based on a code to obtain a codeword, the
code generating a plurality of codewords far a .
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 to the processor. 32. The apparatus of claim
31, wherein the processor encodes the input message
based o Reed-Mull er code to obtain the codeword. 33.
The apparatus of claim 31, wherein the input message
comprises three fields for a transport format
combination Indicator (TFCI), a happy b t and a.
redundancy version. 


