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20 A CDMA system may be designed to support one or more CDMA
standards such as (1) the "TIA/EIA-95-B Mobile Station-Base Station
Compatibility Standard for Dual-Mode Wideband Spread Spectrum Cellular
System"” (the IS-95 standard), (2) the "TIA /EIA-98-C Recommended Minimum
Standard for Dual-Mode Wideband Spread Spectrum Cellular Mobile Station"

25 (the IS-98 standard), (3) the standard offered by a consortium named "3rd
Generation Partnership Project” (3GPP) and embodied in a set of documents
including Document Nos. 3G TS 25.211, 3G TS 25.212, 3G TS 25.213, and 3G TS
25.214 (the W-CDMA standard), (4) the standard offered by a consortium
named "3rd Generation Partnership Project 2" (3GPP2) and embodied in a set of

30 documents including "TR-45.5 Physical Layer Standard for cdma2000 Spread
Spectrum Systems,"” the "C.50005-A Upper Layer (Layer 3) Signaling Standard
for cdma2000 Spread Spectrum Systems," and the "C.50024 cdma2000 High Rate
Packet Data Air Interface Specification" (the cdma2000 standard), and (5) some
other standards. These standards are incorporated herein by reference. A

35 system that implements the High Rate Packet Data specification of the
cdma2000 standard is referred to herein as a high data rate (HDR) system.
Proposed wireless systems also provide a combination of HDR and low data
rate services (such as voice and fax services) using a single air interface.
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20 operating range of an HDR access terminal, and at the same time decreasing
reverse link interference in adjacent cells. In another aspect, the reduction in
transmit power is based on the relative frequency with which an HDR access
terminal is expected to send each type of message, thus tending to minimize
reverse link interference in a serving cell. Both of these aspects also have the

25 benefit of tending to extend battery life of a mobile wireless device such as a
mobile HDR access terminal. The techniques described herein can also be
applied to forward link transmissions from an access point. Various other
aspects of the invention are also presented.

The invention provides methods and system elements that implement

30 various aspects, embodiments, and features of the invention, as described in
further detail below.

BRIEF DESCRIPTION OF THE DRAWINGS

35 The features, nature, and advantages of the present invention will
become more apparent from the detailed description set forth below when
taken in conjunction with the drawings in which like reference characters
identify correspondingly throughout and wherein:
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DETAILED DESCRIPTION OF THE SPECIFIC EMBODIMENTS

20

FIG. 1 is a diagram of a wireless communication system 100 that
supports a number of users, and which can implement various aspects of the
invention. System 100 may be designed to support one or more CDMA
standards and/or designs (e.g., the cdma2000 standard, the HDR specification).

25 For simplicity, system 100 is shown to include three access points 104 (which
may also be referred to as base stations) in communication with two access
terminals 106 (which may also be referred to as remote terminals or mobile
stations). The access point and its coverage area are often collectively referred
to as a "cell".

30 Depending on the CDMA system being implemented, each access
terminal 106 may communicate with one (or possibly more) access points 104
on the forward link at any given moment, and may communicate with one or
more access points on the reverse link depending on whether or not the access
terminal is in soft handoff. The forward link (i.e., downlink) refers to

35 transmission from the access point to the access terminal, and the reverse link
(i.e., uplink) refers to transmission from the access terminal to the access point.

In a CDMA system, the cells may be operated on the same frequency
band (i.e., with a frequency reuse of one, or K=1) to achieve better utilization of



35 transm ssion fromthe access point to the access termnal, and the
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106b and agGesPnsmit power level and further because of the greater distances between
access terminal 106a and access points 104b and 104c, the transmission from
access terminal 106a causes little interference to other transmissions received at

25 access points 104b and 104c.

In contrast, access terminal 106b is located further away from access
points 104a, 104b, and 104c. Due to the longer distances to these access points,
the transmit power of access terminal 106b is likely to be adjusted to a high
level to achieve the same level of performance. Because of the high transmit

30 power level and the shorter distances between access terminal 106b and access
points 104b and 104c, the transmission from access terminal 106b is likely to
cause more interference to other transmissions received at access points 104b
and 104c.

As seen by the above example, when an access terminal is located near

35 an access point, less transmit power is required for a transmission, and the
transmission causes little interference at other access points. In contrast, when
an access terminal is located further away from an access point, more transmit



poi nts 104b and 104c, the transm ssion from access termnal 106b is likely
to cause nore interference to other transm ssions received at access

poi nts 10wb 02amd6d04c. As seen by the above exanpl e, whenpran/soresg7
terminal is |ocated near 35 an access point, less transmt power is-
required for a transm ssion, and the transm ssion causes little

I nterference at ot her access poi nts. In5contrast when an access term nal

is located further a rom an access. poi nt re transmt WO 02/ 095960
PCT US00) 2RO § Fomeres O e draarRaiona diid: B CanbRkein cafses more

transm ssi dmtecfersres atotieer dcoeésrfoin@nce at other access points. Various

techni ques are Rrowv u(gecgdnﬁgﬁéga}egmfogg&?ﬁﬂél%ﬁi ARy uce?l{\ Bﬁx%%%lino} V\ﬁﬂgﬁﬁw 5

reqU|red for transm ssion roman access erm na
t hen resul power teguirednfos rtfa;tsem@@onooft messages SramsAroaccess denmoiniabrwhishes s

term nalss. thePPRufb ih 88 ?nt%?f"e?éﬂc%ﬁ@%hé‘ﬁ%n?ﬁﬁs%fdﬁé ﬁ'@ﬁ\%th@?&'céé% R¥mindlsOne

aspect, nessages to be transmtted froman access termnal are defi ned

and/ or codeameefth ?‘P?aﬁedi‘ﬂ’éi}‘eﬁﬁW B@eﬂ%éﬁ‘?\?@%?dﬁgﬁ @W- access point at
di fferent recei ¥y@Gr@ @g@kt cmaégagte@so bbrtrmitfaal mhata&@ss wanah@lh@xl%et of

10 cod def t
Gi'fforont CEGREq AR sbiedgioh At BE7 Tau bR el BY SPuRiorst Bttt mum
di st ances, difffeten).recdivedssgnhkgaahtiesn Ihad)lp)dnabqﬂémestalmol drealploabedfof

i ndi Vi gyl CBQERIRALE gEREll Ainertty 6P IGA) shinel GPRESATIHIL RePBTIig val ue

or sequence 0 aSSOCI a rticular neanin
system (e. {distances to lrameaiafetechgmards {ie. adifferent mn@@m@cdlatﬂr@em&m

transm ssi % @edBhéret, ah PAPhabét” ds ARDHREKon bPindivid il codedlstdls, SR SRIM
di st ance, rel at es athe mntlftru unber of bit txaéror in a
=l

recei ved c&%@?ﬁbr@) i rRresented Py 3 anec Ohsegrenteet RS &) 4hr%Pen t h
an incorr asdoctxdéwoith .a ;Mrmicuwmdesmmg dey adystem (@y., al particalaerddta ratheae

cConst e1iPat POt A Sl Bg tBasPa S AT of hhelTBhR 2 eReke r P Bisttal
correctly dedesmigimtimadistange, d,sd\,gnbﬂtescmathetnyammlmlm auodwee b bit exmm naa
smal | er m Péc’&%c%?&é"%?d hlé@és‘é%}{)ﬁ) cA BRI 8 &hglge r@{}h?}-elgﬁéﬁ Ihi¥h fa

proper reception. In certain e ment's, evvor m ni me
di stances MREPITest cadewiordgMiminyumsdistings, demmya@lé@ 1gifteto theediptancepe
transm tteeehye@c fits ﬁ5at ety pidadll rﬂlﬂﬁaéﬁﬂeﬁdiéﬁﬂgrm M@Ncémmlw@n Aacgess
poi nt, I ch,woul r heed nsmt their her
Fransmidl pEQSEwPiL it ARrErs iRy By SRR Tases Cemregt%éﬁg A dewor d
assi gnnent sigtiaénadity osndicc esdeword with a smaller minimum distance typlcally
requires higher signal quality for proper reception.
In certain embodiments, codewords with larger minimum distances may
be advantageously assigned to messages more likely to be transmitted by access
25 terminals located further away from the access point, which would normally
need to transmit their messages at higher transmit power levels due to greater
path loss. This alphabet and codeword assignment scheme allow access
terminals to transmit their messages using less power when located further
away from the access point, which then reduces the amount of interference to
30 transmissions from other access terminals in adjacent cells and may further
extend the range of the access terminal.
In some other embodiments, codewords with larger minimum distances
may be advantageously assigned to more frequently transmitted messages.
Since these messages may be received at a lower signal quality, they cause less
35 interference to messages from other transmitting access terminals. The reduced
interference may increase the capacity of the reverse link.
In another aspect, messages to be transmitted are assigned to different
points in a signal constellation. In such an aspect, d, refers to the distance
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transmt pofeodéwonds ﬁtdeflnedmhembyrat deast sommeiaftthe vadlewords have different
lengths. For a given link condition, a shorter length codeword may be
transmitted at the same transmit power level but over a shorter time interval
relative to a longer length codeword, or at a lower transmit power level over
25 the same time interval. Shorter length codewords may be assigned to messages
more likely to be transmitted by an access terminal located further away from
an access point, which would tend to reduce the amount of interference in the
system. Alternatively or additionally, shorter length codewords may be
assigned to more commonly transmitted messages, which would also tend to
30 extend the battery life of the access terminal.

The message transmission schemes described herein may be used for any
set of defined messages to be transmitted on any channel on the forward or
reverse link. These message transmission schemes may also be used for other
wireless communication systems and for other CDMA systems that may

35 support one or more other CDMA standards and /or designs.

For clarity, various aspects, embodiments, and features of the invention
are now described for a specific implementation in conjunction with a Data Rate
Control (DRC) channel defined for the reverse link in a High Data Rate (HDR)
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desired level of performance while minimizing interference to other
transmitting access terminals, the transmission from each access terminal is
power controlled such that it is received at the target signal quality needed for
the desired level of performance. Because of the smaller path loss, access

25 terminal 106a is able to transmit the DRC message for the identified data rate at
a lower transmit power level and still be received by the access point at the
target signal quality. In contrast, access terminal 106b is located further away
from access point 104a and likely to experience greater path loss. Because of the
greater path loss, access terminal 106b is required to transmit the DRC message

30 ata higher transmit power level to achieve the target signal quality

FIG. 2 is a diagram of a packet transmission scheme used in the HDR
system. Initially, a request for a data transmission is received from an access
terminal. In response, one or more Physical Layer packets are generated by an
access point and transmitted to the access terminal starting at time slot n. Each

35 packet includes a particular number of data bits (e.g., 1024 bits in the HDR
system) and may be transmitted as one or more "slots". The number of slots for
each packet is dependent on the data rate, and four slots are included in the
example packet shown in FIG. 2. For each slot, the access terminal receives and
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FIG. 3 is a block diagram of a reverse link architecture employed in the
25 HDR system and capable of transmitting DRC messages and other information
(e.g., pilot, reverse rate indicator (RRI), acknowledgment (ACK), and packet
data). Examples of such signal structures are described in detail in the
aforementioned cdma2000 standard. For simplicity, only the processing for the
DRC message is described herein. The HDR system supports a number of
30 different data rates for data transmission on the forward link. Each of the
supported forward link data rates is associated with a respective DRC value. In
the cdma2000 standard, each of 16 possible DRC values is represented by a 4-bit
value. A DRC processor 330 receives the DRC value for the identified data rate,
which represents a message to be transmitted, and provides a code sequence for
35 the message.
Within DRC processor 330, the DRC value is mapped to an assigned 8-bit
bi-orthogonal codeword (or DRC codeword) by a bi-orthogonal encoder 332.
The 8-bit DRC codeword is then repeated twice in block 334 to generate 16
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DRC Value | DRC Codeword | DRC Value | DRC Codeword
0 0000 0000 8 0000 1111
1 11111111 9 1111 0000
2 0101 0101 10 0101 1010
3 1010 1010 11 1010 0101
4 0011 0011 12 0011 1100
5 1100 1100 13 1100 0011
6 01100110 14 0110 1001
7 1001 1001 15 1001 0110

20
lists the 8-ary Walsh functions, W/, that may be assigned to the access
points. By covering the DRC codeword for the identified data rate with the
specific Walsh function, W}, assigned to the selected access point, the selected
and neighbor access points are able to easily determine whether or not the DRC
25 message has been sent to them. Only the access point assigned with that Walsh
function, W, processes the DRC message for scheduling data to the access
terminal.
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dins between the codewords is equal to four. For a transmitted DRC codeword,
an access point is able to correctly detect the codeword if fewer than d,,/2 bits
in the codeword are received in error. Otherwise, if d_;,/2 or more bits are
received in error, the codeword may be erroneously detected.

In accordance with an aspect of the invention, an alphabet of codewords
is defined such that at least some of the codewords have a variety of different
minimum distances. For this alphabet, the minimum distances for some
codewords are smaller than average while the minimum distances for some
other codewords are larger than average. A codeword with a smaller minimum
distance must be received at a higher power level to achieve a higher C/I
needed for the desired level of performance (e.g., 1% FER). Correspondingly, a
codeword with a larger minimum distance may be received at a lower power
level since a lower C/I is required for the same level of performance.

In certain embodiments, codewords with larger minimum distances are
assigned to messages more likely to be sent by access terminals which would
have required higher transmit power levels (e.g., by access terminals located
further away from the access point and experiencing greater path loss). In other
embodiments, codewords with smaller minimum distances are assigned to
more frequently transmitted messages.

FIG. 4A is a diagram graphically illustrating an alphabet of codewords
having equal minimum distance to the nearest codewords. In this example, the
codewords are represented as points 412 equally spaced on a circle 410 in a 2-D
plane. Because of the equal spacing, the distance between any pair of adjacent
codewords is d,. The distance from the center of circle 410 and any particular
point 412 can be representative of the transmit power (Ps) for the point, and the
distance from this point outward (i.e., toward the edge of a circle 414) can be
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The examples of FIGS. 4A and 4B were chosen because they are easy to
graphically illustrate on a flat sheet of paper. A person skilled in the art will
appreciate that the same principles also apply to coding over any other single or

25 multi-dimensional spaces where a distance metric can be defined.

Referring back to FIG. 1, access terminal 106a is located (relatively) close
to access point 104a. Because of the smaller path loss, access terminal 106a is
likely to request transmission at a high data rate (e.g., 614.4 kbps or higher)
from this access point. In contrast, access terminal 106b is located further away

30 from access point 104a. Because of the greater path loss, access terminal 106a is
likely to request transmission from this access point at a lower data rate (e.g.,
76.8 kbps or lower).
If, as is the case in the cdma2000 standard, the minimum distance
between the DRC codewords is relatively uniform, then all codewords must be
35 transmitted by the access terminals such that they are received by the access
point at the target signal quality. This is achieved by controlling the transmit
power such that codewords from access terminals with greater path loss are
transmitted at higher transmit power levels, and codewords from access



FIG 4B is a diagramgraphically illustrating an al phabet of codewords
havi ng unequal distances to the nearest codewords. In this exanple, the 10
codewor dsweroe/09®pr esent ed as points 422 unequal | y spaced @aTaiserewhe 420 in
the 2-D plane. The eight codewords are spaced such that the distance

bet ween each pair of adjacent codewordi%aanges fromdBl to dB4, where dB,
< dB2 < dB3 < dB4. Codevvord A has the | | est d| stance, dB,, to the

near est codevvordf B. and and is nore susce |l e to noise. This codevvord
may be cor TEPRING s withispeal qrfpails lqa%@rﬁaia@érrpgteﬁ &t owepagsnjtpqyerdevelpna <
dBl /2). CorF@eqhenéiaynp& bh@dvﬁruf FD@I e df bStlglm@hesz;UEérhﬁMa(sCl(DGa hadnEggbed for
the desired | evel ﬁ per ? rrF n _contrast, code \é\igtfb t he l.argest

di stance, GBACUFENYRLEdCH defa 88%1‘@&&?}0& 8L AGCERS PORY 1 %%‘?5% TPt bl e
to noi se. TAbl vwodeWwradsmityith ®REC onessege at raeh@'lmedrarfsrmh@amrslevelsthamss

than d I %a; ty is
neededB?dor v{(%lelasgcrrégls\ufzée\jréﬁ% %Qg? }gﬁ%lﬁ%éé ?r\\(ﬁta ak’g&?shg}ég d[I to be
transmitt e@ceass Roihddat ransmt power |evel. The exarrpl es of FIGS. 4A and
4B were chosen q?ﬁgﬂﬁﬁ léﬁ%réﬁsedlgﬁa‘iﬁée‘ié)apﬁ{o@cﬂhﬁéi;;?uhﬂ ﬂok'%ﬁé Pdr@va‘i‘ﬂ aad | at

sheet of pa erson skill ed he ‘art ecia t t he sane
pri nci pl es resse b CopsepisnHy: HHRC MrFsess Bl haoer Gata rale
mul ti-di rensidRadvamagesusipese redkssdrilyy erarentitiedcana prog eésmeediy Hi@lﬁaf ring

ggggstsol I %anfgﬁgﬁg g%leve«i:mgﬁ%tcﬁgﬂgﬁ%}ﬁe m8?ea rﬁgﬁfé Cg;cces sg g él?l%gllggfl 106a
is likely of@eH:eqdpsenit aacesspoiavt 18daa 'Hhedmlghat sranamdét pewsr fosadorgdbps or
higher) fg fp'% ﬁlr%rrﬁhorie'i‘\ E}Reniéc%% terAn@Ps o i) a{(ﬁﬁ?kfelﬂﬁﬁ’ kS

| ocat ed furt e from access point 104a. Becau e greater path
| oss, acceé’éohllﬁr%%ﬁpem@s atteYRVe request transmission fromthis
?ﬁcess poi nttﬁt T%bl@%\gfg(t)ﬁéh?&l d}ﬂilfét(vfhéteb a?ﬁefstiésbiﬁe of tﬂ@wcgéwoﬂdstthaa@ IS

e casg in the cdm andar m di ween
codenorids FuefERLITER raRr ey bl s el HENSr SR DBE M8 gt (¢ e
by the accdlhsis exempleths alplabet raduddseld adewadlsi{he®, byP} hesigiesbssthediont  at
the target u ity. I 1.l I 1t
poner - stoh Ciiar bl fol- 1F0 e 16 baKRRaY Al b skl T0: LBA0 PRERT |

transni t t edatgs (R, daer- RrshnEc’mhthMQrdllé\Ibe alphahgt b@%ié\p@r’d@ulﬁr distangeaks WO

02/ 095960 kT MROAERHewk4 (.87 H1 ﬁéul‘é'l" bRk Bfsthddel) WRRS i81i8ted in
transmtted at | ower trcﬁg_;aglt po level s. For the exanple shown in FIG

1, if & heglbweassapd$ 986a and 106b concurrently request data
transm ssion from access point 104a, %ccess t erm nal

DRC Data Code- | Minimum | DRC Code- Data | Minimum
Value Rate word Distance Value word Rate Distance

0 Ro A do 8 I Rg dg

1 R, B d; 9 ] Ry dy

2 R, C d, 10 K Rio dyo

3 R, D d, 11 L Ry dy

4 R, E d, 12 M Ry, dy,

5 R; F ds 13 N Rys dy;

6 R, G de 14 O Ry dy,

7 R, H d, 15 P Rys d;s

In an embodiment, the codewords for the alphabet are defined such that
the minimum distances for the codewords maintain the following relationships:

d,>dys -
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defined subh dtelfnated t@malntmnrtrhnrrfqiloswmgdelahfomhmne codewor ds nai nt ain the
followi ng relationships: 25 do ! di >d2 d13 ?d14 ?d15 , and do > di15 WO
02/ 095960 PCT/ URQZ/RLORT< . 1% Hs <IQpwR,by the above rel ationships, at |east
some (and not necessarily all) of theé codewords in the al phabet have

di fferent m ni stan
ml§ase 1t the above alphabet and codeword assignment, an access

terminal located further away from an access point is likely to request data

15 transmission at a lower data rate, which would be assigned with a codeword
having a larger minimum distance. This codeword may then be transmitted at
a lower relative transmit power level than would otherwise be required for a
codeword with an average minimum distance.

The above embodiment can be extended to any type of transmission on

20 the forward link where different codewords correspond to transmissions
requiring different C/I. Codeword assignment based on data rates is applicable
for the HDR system because, to be received with equal quality, low data rates
require lower C/I than high data rates. Thus, the HDR system assigns lower
data rates to users located far from the access point. The codeword assignment

25 can be based on the required C/I in some other manner. For example, a
particular system may assign all users the same data rate, but different
spreading codes. If the spreading codes are not the same, the users close to the
access point can be assigned (not quite as good) spreading codes that are more
susceptible to be interfered than the ones assigned to users located far away.

30 The same concept can be applied to an FDMA system, where some frequency
bands (e.g., unlicensed frequency bands) have more interference than others.

In some other embodiments, codewords in the alphabet are assigned
such that messages more frequently transmitted are assigned to codewords
having larger minimum distances. This allows commonly transmitted

35 messages to be transmitted at lower power levels, which may reduce
interference and increase link capacity.
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far from t hedeesadB had distarrreotddewndd toseidenvards 25 ,cad Peraspsetivabyr t he

required %Ec&d&e%ﬁ%e%x%&? dRRERE to &ibler 83@ERbEds A th@aalgh%ét%o&é%mnay
assign all users the s eadi ng codes. If the

data,rate, but djfferent sp
spreadi ng EetebesuTedly rereivedat & Héwﬁrsg%- cﬁgbseakl%wtsh‘é’dd%%ﬁ 5% can
?e gSSi g?e&faﬁa@ﬁtitttqﬁi he ?ﬁﬁ)v@@O&hnSﬁﬁeipbgﬁft togies Clbdtem?irg AOfeay sltmsg?et iTEI e
o be interfere a e. ones. assi gned to users. located far . e
o oo e BRI EEEa TR R STt P B o kR bands
(e.g., unl Thenspdifingqodewprianty)bhassegmest ® thetathéresweppe teddataombesris. | n
some ot her aes[m]ﬁgf HE%%{ bEQREYP s fx@m‘n‘?&m%i@ﬁ%@@é are assigned such that

messages nore frequently transmtted are assigned to codewords having
| arger m ni num di stances. This all OmTﬁﬂ@Eﬁm y transmtted 35 nessages to
IC

be transnmtted at | ower power |evels, may reduce interference and

increase |ink capaci{tprRCWAIRZ/|0FR85RatRCl/ U508k erti647 Seddence
0 38.4 kbps A 0000
1 76.8 kbps B 1111
2 153.6 kbps C 1110
3 307.2 kbps D 0111
20 In accordance with another aspect of the invention, messages to be

transmitted are assigned to different points in a signal constellation. The signal
constellation may include points from various modulation formats such as, for
example, QPSK, 8-PSK, 16-QAM, 32-QAM, 64-QAM, and others. The location
of the points in the signal constellation and the assignment of the points to the
25 messages may be dependent on various factors such as, for example, the
expected transmit power level for the messages, the frequency of the messages,

and so on.
FIG. 5A is a diagram of a signal constellation having seven points
selected from two different modulation formats. In this diagram, each point in
30 the signal constellation is associated with a respective message that may be
transmitted. In quadrants 1, 2, and 3, QPSK is employed and three different
messages are assigned to points 512a, 512b, and 512c. And in quadrant 4, 16-



In the above-descri bed HDR system the 8-bit DRC code word is repeated and
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for exanple, t hSOHQX(QBSKqﬁblhtsaﬁem e panemittey at aflowel hearess poeser lbne
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and eren nmessages are igned to
p0| nt S 5129551g11gbt0 maredrequentlydtransyities mpssagesi ®rhich would result in less

interference at the access point since these messages may be transmitted with

20 less power due to the larger minimum distance. Conversely, the smaller
distance between points 514a, 514b, 514c, and 514d for 16-QAM results in these
points being more susceptible to erroneous detection due to noise (relative to
QPSK). As a result, these 16-QAM points may be transmitted at a higher
transmit power level than for the QPSK points.

25 FIG. 5B is a diagram of a signal constellation having 23 points selected
from four different modulation formats. As seen in FIG. 5B, the points are
closer to one another as the modulation order increases from QPSK to 8-PSK, to
16-QAM, and to 64-QAM. Again, points with larger distances to neighbor
points may be transmitted at lower transmit power level, and may be assigned

30 to messages more likely to be transmitted at higher transmit power (e.g.,
messages likely to be sent by remote terminals located further away from the
access point). Conversely, points with smaller distance to neighbor points are
transmitted at higher transmit power level, and may be assigned to messages
more likely to be transmitted at lower transmit power (e.g., messages likely to

35 be sent by remote terminals located closer to the access point).

Other signal constellations may also be defined for any set of messages.
The points in the signal constellation may be defined such that the distance
between any particular point and its nearest neighbor point is based on the
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the associated messages. A message with a higher probability of occurrence
may be associated with a shorter length codeword, and a message with a lower
probability of occurrence may be associated with a longer length codeword.
The generation of these codewords may be achieved in a manner similar to that

25 used to generate a Huffman code, which is known in the art and not described
herein.

Referring back to FIG. 1, the areas further away from the access points
comprise a larger portion of the system's coverage area than the areas near the
access points. If the access terminals are equally likely to be located anywhere

30 throughout the coverage area of the system (and even if this is not true), more
of the terminals are likely to be located further from the cell. These access
terminals are also likely to request data transmissions at lower data rates.

Table 5 lists an example of an alphabet of codewords having varying
lengths and assigned to the DRC values. In this example, the DRC values 0

35 through 15 are assumed to be decreasingly likely to be sent. Thus, the most
likely DRC value of 0 is assigned with a codeword having the shortest length of
2, the next most likely DRC value of 1 is assigned with a codeword having the
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transmission period allows the shorter length codeword to be transmitted at a

lower power level.

Various processing, coding, and/or transmission schemes may be used

in conjunction with the variable-length codewords.

15

achieve a particular level of performance.

These schemes may be

employed to increase the likelihood of correctly detecting the codewords or to

In one scheme, a variable-length codeword is encoded prior to

transmission. The encoding may be achieved based on a convolutional code or

some other code known in the art. For a given number of coded bits, a shorter

20

length codeword may be encoded with a stronger code than for a longer length

codeword. The stronger code allows the encoded codeword to be correctly

received at a lower received signal quality, which may allow the codeword to

be transmitted at a lower transmit power level.

FIG. 6A is a block diagram of an embodiment of access terminal 106,

25

which is capable of implementing various aspects of the invention. On the

forward link, signals from the access points are received by an antenna 612,

routed through a duplexer 614, and provided to an RF receiver unit 622. RF

receiver unit 622 conditions (e.g., filters, amplifies, and downconverts) and
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engt odeword to be transm tted at over. . r.level .. \Varj.
proces&tbngﬂ&%]é i RGASHRHEE Cep kﬁgg%“ é’legt]il S’sn&mg%(ggs e;?h‘BléluSg’el&Cﬁllldrll %?)lﬁ?sﬁnct i on
with the vde$camed-ipdh§tHaientjblmrﬁé%,l'@ﬂa@@dééﬁéﬁég- may be 15 enployed to
ncrease the 11 kghifiRd 63h (eOLVES the siaP Gty HisastPARMRICIRD: GheldRcedChi eve
of per chene, | e-1

a particular |eve ormance. In; one s a var] abl e-l ength,
codewor d i BOEHEodtetesnings the be%ngqﬁes%chd;nhﬂéa%ﬁ*c@m kge nsignab dalit¥ved
based on anfBMHbhBNabtetRIRePthe daFErAE RAPPEORE N eME best fdeeivadtlinkor a

gi ven qgnbgrrld (Hetgr%jief\\%s t%f\é %bdgwgpc? sSciated with the data rate. The codeword is
then provided to a transmit data processor 642 for processing and transmission
back to the selected access point.
On the reverse link, the message (i.e., codeword) is processed by a
transmit (TX) data processor 642, further processed (e.g., spread, modulated) by
20 a modulator (MOD) 644, and conditioned (e.g., converted to analog signals,
amplified, filtered, quadrature modulated, and so on) by an RF TX unit 646 to
generate a reverse link signal. The reverse link signal is then routed through
duplexer 614 and transmitted via antenna 612 to the access points.
FIG. 6B is a block diagram of an embodiment of a portion of TX data
25 processor 642, which may be used to process DRC messages for various
schemes described herein. Within a DRC processor 660, a DRC value for a DRC
message (or DRC symbol) is mapped to an assigned codeword by a codeword
look-up element 662. The mapped codeword may be one of a number of
codewords with different minimum distances or different lengths.
30 Alternatively, the mapped codeword may be representative of a particular
point in a signal constellation. Depending on the particular implementation,
the mapped codeword may be repeated and/or punctured by a
repetition/puncture element 664. For some implementations,
repetition/puncture element 664 is not used and may be omitted from DRC
35 processor 660.
The codeword is then mapped by a signal point mapping element 666.
For the scheme whereby DRC messages are mapped to different points in the
signal constellation, signal point mapping element 666 maps the received



20 l ength codeword may be encoded with a stronger code than for a | onger

| ength codeword. The stronger code all ows the encoded codeword to be
correct!| yworemeioéed at a | ower received signal quality, wmrcalusoeyieat| ow the
codeword to be transmtted at a | ower transmt power level. FIG 6Ais a
bl ock di agram of an enbodi ment of access term nal 106, 25 which is capable
of inplenmenting various aspects of the Hwentlon On the forward |ink,
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detectlon of the message may be performed within the demodulator (e.g.,
demodulator 624) or the receive data processor (e.g., processor 626). If the
messages are associated with different points on a signal constellation, the
demodulator can compared the received point versus the possible points in the
25 signal constellation and declare the most likely transmitted message based on
the comparison of the received and possible points. And if the messages are
associated with different codewords (e.g., of different minimum distances or
different lengths), the receive data processor can process the received codeword
and declare the most likely transmitted message based on the comparison of the
30 received and possible codewords.

For clarity, various aspects, embodiments, and features of the message
transmission schemes of the invention have been specifically described for the
DRC messages in the HDR system. The message transmission schemes
described herein may be used for any set of defined messages to be transmitted

35 on any channel on the forward or reverse link. The message transmission
schemes of the invention may also be used for other wireless communication
systems and for other CDMA systems that may support one or more other
CDMA standards and/or designs.



schenmes descri bed herein. Wthin a DRC processor 660, a DRC value for a DRC
message (or DRC synbol) is napped to an assi gned codeword by a codeword
| ook-up ewermend39662. The mapped codeword may be one of a mamiEso2/ofe47
codewords with different m nimum di stances or different |engths. 30
Al ternatively, the mapped codeword may be representative of a particular
point in a signal constellation. Depen (%g on the particul ar
i npl enentation, _the mapped codeword be repeated,and/ or. punctured by a
repetition/ puncfrbﬁgoﬁﬁg?r\%&ldeﬁ‘mpt‘%ﬁ’f retppedrmpbadingents is pepwided;ten
g g(u) nctT lrjnr e @h&iﬂl@n%nﬁ%ri@ @laﬂleulsgd lg}a@drfr_&y nbiﬁik@ﬁ:l'tds%dtlfer pf@s@REl inﬁ&tﬁx%xggessor
: e cpdeword i §..t hen ign i.nt _mappl ng el epen :
For the sc&gﬁ@%?égﬁfa%nﬁ‘ggﬁ?&e%ng?iuﬁgﬁﬁéﬁﬂtl?)e E‘W#}g'r %ﬁ?arﬁgﬁ? ghqsﬁ t he
si gnal conskitlledani the,artiagwhthepgenerionprpciptesedefinett hédsn megys be appliedgboved WO
02/ 095960 . : I : [ hnt ot her
scheness t gﬁ%g ew6§§§%h§“ég“ﬁﬁggggﬁgéﬁQﬁ%?ﬁ?ﬁ%@%ﬁ%@%@g ?gga??gﬂnggﬁn t he
codewor d niyvendiondpped irfgaded to ke lingited $o the erahgdiments shown hemgin bapised
codewor d Ry HehgftdR@ed Clei B¥stascoBRi CorRiRBRN il Ahe ASriA ahaveova
codeword wth a | arger ni pum di stance 5 may be transmtted with | ess
transmt p8¥§V¥5éﬁﬂ3?%? @6deword woul d be scaled snaller by gain el emrent
667. Conversely, a codeword with a smaller mninmmdistance may be scal ed
| ar ger .hy i { Jhus, the codeword is scaled by a factor
rel at eollat o%gi*%ﬁ{}‘%\g@ﬁ Itsy at which the codeword nay be received. 10
The scal ed codeword is then covered by a coverer 668 with a particul ar
8-ary Wal sh function, W8, provided by a Wal sh cover generator 670. This
Wal sh function, WL8, is the one assigned to the sel ected access point
having the best link to the access term nal. Each Wal sh chip from coverer
668 is further covered by a coverer 672 with a 16-bit Wal sh function, W16
(i.e., a sequence of 15 "1111111100000000") to generate the required nunber
of chips. The sequence of (e.g., 2048) chips for the DRC nessage is then
conbined with other data within a conbiner, and the conbined data is
provided to the next processing elenment (e.g., nodul ator 644). The
processi ng of the nessage transm ssion fromthe access term nal may be
achi eved using an architecture simlar to that shown in 20 FIG 6A.
Dependi ng on the particular schenme used for the nessage, the detection of
the nmessage may be perfornmed within the denodul ator (e.g.



denodul ator 624) or the receive data processor (e.g., processor 626). If
the nessages are associated with different points on a signal

const el | awoan/0939h@ denodul ator can conpared the recei vedPoaiusn2/2sasus t he
possi ble points in the 25 signal constellation and declare the nost |ikely
transmtted nmessage based on the conparlson of the received and possible
points. And if the nessages are associ®ted with different codewords (e.g.,
of different m nimum di stances or q@&éﬁiﬁis | engt hs), the receive data
processor can process the received c and declare the nost |ikely
transmtted nessage based on the conparison of the 30 received and

possi bl e codewordsy, E%lr@iéé'c’b}’nm‘dﬁida% %%Q@I?lt Qv n%@M'fHP@fa‘hsnﬁ&%é gatures
of the nmessage , transm ssion_ schenes of i nventi on have been
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i s provi dedndlo enabl e any person. skllled in the art to nake or use the

present g nventl %nsm‘{ﬁfri coRtiol hi‘é%é%@ﬁroh@tk{effﬁ%?eﬁmgq@' thBRb&ond éﬂtlt?e
readily apparent to those ikl I Idfd in Eie art p?iﬁne” pr| nCi pI es
defi ned hePERPIEFURT BRWETF devel Fetenn Phg‘??tsg 1R CPEEOLf ¢ he
inventiMe hessage/. Thus, the present invention is not intended to be
limted to the enbodi nents shown herein but is to be accorded the w dest
scope consistent with the principles and novel features disclosed herein.
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oh a minimum distance of the selected codeword.

4. The method of claim 2, wherein the power level is determined based
2 onan expected frequency of the selected codeword being transmitted.

5. The method of claim 2, wherein the power level is determined based
2 on a particular number of times the selected codeword is repeated for a

transmission.

6. The method of claim 1, wherein the control message is a data rate
2 control message indicative of a rate for a data transmission requested from the
second entity.

7. The method of claim 1, wherein the at least one characteristic
2 comprises a carrier-to-noise-plus interference ratio (C/I).

8. The method of claim 1, wherein the control message is selected from
2 among a plurality of data rate control messages.

9. The method of claim 2, wherein the selected codeword has a
2 minimum distance based on quality of the channel.



6 form ng the control nessage indicative of the channel state information;
and 8 transmtting the control nessage fromthe first entity to the second
entity awoazpeivsé cul ar power | evel determ ned based at | @astusompart on
the control 10 message 2. The nethod of claim1, wherein the control
nmessage conprises a 2 particular codevvord sel ect ed fromanong a plurality
of possible codewords. 3. The nethod of 2%l aim 2, wherein the power |evel is
determined based 2 on a minimum di stance of the sel ected codeword. 4. The
met hod of claim 2, wherein the power level is determ ned based 2 on an
expect ed frequeﬂ@y Fhet methed et ddimodendratelreithg setentedricodeword. hahe

nmet hod of Ql: n S r n:.a
par U1 cultar T SRER AR B BequfHEY i I ER e Onter Sflcpsagl s
transni ssi Sianswuttgthe net hod of claim 1, wher ein the control nessage is a

data rate 2 control nessage indicative of a rate for a data transm ssion
requested from entit 7. The net hod of V\/neEel n _the at

| east one char aé?erlf‘zqeg"gPe 95% nggatéorbayefleg}, & H“?’ingefof)lijSfrH W8 & ence
rati o (@ | mes8ageffremefind@dntity td aseoohd esttyecomptisingont rol nessage is

sel ected from ¢,gpag,s Plalidy olcdltlaar dhh GRILEALIRSIAERin Ine e

met hod of cl ai m e Sé codewor d stance

based o# qmnttfyedﬁodmorclhamnelof apugaliysropelepordegetined daran ahvma@et,The
met hod of Shé'&h@neﬂ"ﬁ?fe%‘sﬁtv&@%o&@&%ﬁ&seﬁ ﬂféd.ﬂ Aetasvunequll 'didtiedditot ance

based on frequency in t he, control rress ge Is trans tted 11. In a
wirel es® c%ﬁ?@&ﬁ%ﬂﬁle% &A% et hod for transmttl ng a 2 nessage from

a first entity t@namsei@thesidientified codpwiozd fgomi wherfinst ynﬁgz B fadawond
associ ated \/\4 h the message, wherein the 4 identified codeword is one of a
pluralify §f"'Bodewords defined for an al phabet, and wherein at |east two
codewords in the al phabet have unequal distances to 6 their nearest

codewords; and gﬁaﬁ'ﬁg‘rﬁéthﬁg of @ﬁlhdﬁn?ﬁlfth&dcoqﬁﬂﬁm%d fromthe first entity
to the second
2 etermmmg a transmit power level for the identified codeword, and

wherein the identified codeword is transmitted at the determined
4 transmit power level.

13. The method of claim 12, wherein the transmit power level for the
2 identified codeword is based at least in part on the distance of the identified
codeword to its nearest codeword.

14. The method of claim 12, wherein the transmit power level for the
2 identified codeword is determined to achieve a particular level of performance.

15. The method of claim 14, wherein the particular level of performance
2 is approximately one percent frame error rate or better.

16. The method of claim 11, wherein the message to be transmitted is
2 one of a plurality of possible messages, and wherein the plurality of codewords
in the alphabet are assigned to the plurality of possible messages in accordance

4 with a particular assignment scheme.

17. The method of claim 16, wherein the plurality of codewords in the
2 alphabet are assigned to the plurality of possible messages such that messages
more likely to be transmitted at higher transmit power levels are assigned with

4 codewords having larger distances to their nearest codewords.



12. The method of claim 11, further conprising: 2 determining a transm t
power | evel for the identified codeword, and wherein the identified
codeword we otiogfesori tted at the determined 4 transmt powecCTiuserhie413. The
met hod of claim 12, wherein the transmt power level for the 2 identified
codeword is based at least in part on the distance of the identified
codeword to its nearest codeword. 14. T#e method of claim 12, wherein the
transmt power level for the 2 identified codeword is determned to
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erein _the patticular |ev erfor ce .2 1S approxi ely one percen
frame errofl gt gre %??Egrl-f’rdét%%‘.e I%Héalhté{t dﬁoséfb%ﬁ M3cS5r49S SW&E&@F \ﬁntiESﬁ@g ssage
to be transgret Bkeliysto Beotransthittedlave alssigneds witls soldeerords Seprdng langer
wherein th§f£l ural,i dtevvo ds gi n the al phabet are assigned to the
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plurallﬁy $B§§|%I nﬁ%%gaé% N YE€ordance 4 with a particul ar
assi gnnent schene. 17. The nethod of claim 16, wherein the plurality of
codevords 1N theo. #18'RAABALULNPEEANGEI the IBhBbUIALRIM: N cARRSORIS
messages such that nessages nore likely to be transmtted at higher
transni £ pbaging siaimugn digtagicgned ¢ tiroush shie\idich 3virereim ghe apgamum
di st ances nghﬂ@%@oﬂﬁﬁﬁeﬁjﬂﬁﬂﬂﬂ@ﬁﬁﬂg. WO 02/ 095960 PCT/ US02/ 21647 23 18.
The nethod of claim 16, wherein the plurality of codewords in the 2
al phabets are asdignrba to>dpe>plurandty of possi bl e nessages such that
nmessages nore likely to be transmtted are assigned with codewords havi ng
| arger 4 distaacgs to their nearest codewords. 19. The nethod of claim 11,
wherei n the al phabet™ i ncl udes N codewords 2 having nini num di stances of d,
t hrough dN, and wherein the mni rum distances conformto the follow ng: 4
d, _d2> ... dN_1 dN, and di1>dN. 20. The pmethod of  ¢laim 11, wherein the
message ident i f Pés Thegaetiod ofglaim 1§avaereindhe émesaaa%t&m’rfsﬁﬁ@rp%@cwr
request od BYta e ffor &tdatntiangndisRon réQu&LELBY therirst ¥ntiBlfrofehdeddoad of
claim 11, mheggin the first entity is an access terminall 2 in the wireless
communi cat FoRYsystem 22. The nethod of claim 11, wherein the wirel ess
conmmuni cati on system .

21. The method of claim 11, wherein the first entity is an access terminal
2  in the wireless communication system.

22. The method of claim 11, wherein the wireless communication system
2 isa CDMA system.

23. In a wireless communication system, a method for transmitting a
2 message from a first entity to a second entity, comprising:
identifying a codeword associated with the message, wherein the
4 identified codeword is one of a plurality of codewords defined for an alphabet,
and wherein at least two codewords in the alphabet may be transmitted with
6 different amounts of energy for a particular level of performance under similar
link condition;
8 determining a transmit power level for the identified codeword; and
transmitting the identified codeword at the determined transmit power
10 level.

24. The method of claim 23, wherein at least two codewords in the
2 alphabet have unequal distances to their nearest codewords.



2 is a CDVA system 23. In a wreless comunication system a nethod for
transmtting a 2 nessage froma first entity to a second entity,

conpri si NyoO oedexeso fyi ng a codeword associ ated with the nessagsp2/ateer ei n t he
4 identified codeword is one of a plurality of codewords defined for-an

al phabet, and wherein at |east two codfgor ds in the al phabet may be
transmtted with 6 different anmounts of<®nergy for a particular |evel of
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The met Hod teir Bearest coslewgidsei n the plurality of codewords in the 2
al phabet are associate with a plurality of points in a signal

| I ation, d.., wh i l. i in.th i | | ati
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claim 23, wherein at |east two codewords in the 2 al phabet have unequal

| engths. 28. Th hod o lal m 27, . further. conprising: 2 encadi.ng,.the
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met hod @f alphiabePBaverireqial lédgthsessage to be transnmitted is 2 one of a
plurality of possible nmessages, and wherein the plurality of codewords in

the al phabet are assigned to the plurality of possible nessages such that 4
messages nore | R&elhemethedtof sledm 274 &arther ¢nmpesingr ansnit power |evel are

assigned with c {+fl t ) [ 6
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nmessage toSEEMeansnitted is 2 one of a plurality of possible messages,
and wherein the plurality of codewords :

29. The method of claim 23, wherein the message to be transmitted is
2 one of a plurality of possible messages, and wherein the plurality of codewords
in the alphabet are assigned to the plurality of possible messages such that
4 messages more likely to be transmitted at higher transmit power level are
assigned with codewords requiring lower transmit power to achieve the

6 particular level of performance.

30. The method of claim 23, wherein the message to be transmitted is

2 one of a plurality of possible messages, and wherein the plurality of codewords

in the alphabet are assigned to the plurality of possible messages such that

4 messages more likely to be transmitted are assigned with codewords requiring
less transmit power to achieve the particular level of performance.

31. An access terminal in a wireless communication system, comprising;:
2 a receiver for receiving a signal from an access network and determining
at least one characteristic of a forward link channel through which the signal is
4 received;
a data processor configured to form a control message indicative of a
6 state of the forward link channel; and



in the al phabet are assigned to the plurality of possible nessages such
that 4 nmessages nore likely to be transmtted are assigned with codewords
requi ri ngwoloe®ssosor ansmt power to achieve the particul ar pevaiSontics?
performance. 31. An access terminal in a wireless comunication system:
conprising: 2 a receiver for receivi ng%éel signal from an access network and
determning at |east one characteristi€’of a forward |ink channel through

whi ch the signal | . j : r i e 0 a
control msssageai{nr P%al{tgﬁﬂﬁ Fgongggt? %‘?etgo&%?‘ Eéﬁg 35%03@#%%‘%%3%%%&‘ and
WO 02/ 0959 pertRaraysomismis powes dgterminedi based ainleast omipagh oadtheocantspk i t
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| east in part on the control message. 32. An access termnal in a wireless
communi cati on system conprising: 2 a data processor configured to receive
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power |evel to be used for thﬁ roc ,ssrd 4 g(geword. 4. The access poi nt
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received signal quality of signals transmtted 4 fromone or nore
transmtting sources, and wherein the processed codeword is transmtted at
a power |evel b&3e@henaccess paint erclaine3£éuéheed0mpgiﬁmgiqual ity of a

transm ti i ng Sourc%%nfo@le%/&snb@&ﬂmy ceﬁng%a%etﬂe@ﬂsy%&sg& 51{(23%’%&&@1- 1035 A

comuni cation unit In a rel ess’ connuni cat | stem 2 sing:. a
recei ver cEREPYigEAcHSNY indicative of teangmit ppw&m? rtaﬁ%rﬁsﬁflifﬁbt}seoméssfﬁ‘d

4 codeword.
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34. The access point of claim 32, further comprising:
2 a signal quality measurement unit configured to receive samples for a
received signal and to determine a received signal quality of signals transmitted
4 from one or more transmitting sources, and
wherein the processed codeword is transmitted at a power level based in
6 part on the received signal quality of a transmitting source to which the
processed codeword is transmitted.

35. A communication unit in a wireless communication system,
2 comprising:
a receiver configured to receive a signal from a transmitting source and
4 determine at least one characteristic of a communication link through which the
signal is received;
6 a data processor configured to form a message indicative of a state of the
communication link; and
8 a transmitter unit configured to transmit the message at a particular
transmit power determined based at least in part on the message.

36. An access point in a CDMA system comprising the communication
2 unit of claim 35.



4 determne at |east one characteristic of a communication |ink through
which the signal is received; 6 a data processor configured to forma
nmessage iwoiocabiose of a state of the comrunication |ink; pamtis82/ai647
transmtter unit configured to transmt the nessage at a particul ar

transmt power determ ned based at leasf in part on the nmessage. 36. An
access point in a CDVA system conprising’the comunication 2 unit of claim
35. WO 02/095960 PCT/US02/ 21647 26 37. An apparatus in a wreless
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per f or T@NC@onkidRiterphitiel Haséd BKleaOEIparodn the control message.

38. The apparatus of claim 37, wherein the control message comprises a

2 codeword selected from among a plurality of codewords defined for an

alphabet, and wherein at least two codewords in the alphabet may be

4 transmitted with different transmit power for a particular level of performance
under similar link condition.



