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COVMUNI CATI ON RESOURCES I N A CDVA COVMUNI CATI ON SYSTEM Field [1001] The
present iwoeasan7rel ates generally to the field of commeairasn?/ass4 and
nore particularly to communications in a cellular comrunication system
Background [1002] In code division nultiple access (CDVA) conmuni cation
systens, unnecessary and excessive transm ssion by a user nay cause
interference for other users in addition to reducing the system capacity.
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WO 03/ 028277 PHPOLEDhe 3geasent invention relates generally to the field of

communications, and more particularly to communications in a cellular

communication system.

Background

[1002] In code division multiple access (CDMA) communication
systems, unnecessary and excessive transmission by a user may cause
interference for other users in addition to reducing the system capacity. The
communication system may provide communication services that include
wireless radio transmission of digitized speech, still or moving images, text
messages and other types of data. An encoder in a transmitter of the
communication system may receiver a packet of data for encoding. Each
data packet may be transmitted in a time frame. After transmitting data in
each frame, the receiving destination may make a positive or negative
acknowledgment of decoding the data packet. If the data packet is decoded
properly, a positive acknowledgement is transmitted to the transmitting
source. If the data packet is not decoded properly, a negative
acknowledgement is transmitted to the transmitting source. When a negative

acknowledgment is received, the transmitting source retransmits the failed



2 data packet. The retransm ssion may be perforned at a hi gher power |evel
than the initial transmssion. The increase in the power |evel fromthe
initial Woans28285i on nay allow the receiving destinati onPCo/usezswene the
interference for proper decoding of the data packet. However, higher power
level at the retransm ssion increases interference for other users. Such
Interference may prevent decodi ng of 2ot her data packets transmtted by

ot her users. As such, increasing power |evel reduces systemthroughput and

capacity dIe n_i L s
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apparatus for effjcient u t
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of comuni cation resources in a CDMA communi cation system

r ecei vi ngtralesrnisain ey iPwdhe secrivivgalastivajian ke pvercogls the mtqrfee&ﬁgqﬁ tting

source may be controlled for transmtting a packet of data over a data

frame at frfiropér deedding af ehamdiapaskeiowdoweses | higherepoweaniaviel et e sour ce
is further controlled by re-transmtting the failed packet of data at a

second da?egranéhﬁss%ﬁ inctbas@Ppterfer@ncé fnshepliséel aSach irherféreinte ahdy
transmtt power level. A data rate and power |evel selector selects the

second d f . r d power
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an inefficient use of the communication resources.
[1003] To this end as well as others, there is a need for a method and

apparatus for efficient use of communication resources in a communication

system.

SUMMARY

[1004] A method and apparatus provides for efficient use of
communication resources in a CDMA communication system when a
receiving destination fails to decode the packet of data. A transmitting source
may be controlled for transmitting a packet of data over a data frame at a first
data rate and at a power level. The transmitting source is further controlled by
re-transmitting the failed packet of data at a second data rate over at least two
frames of data at the initially transmitted power level. A data rate and power
level selector selects the second data rate lower than the first data rate. The
data rate and power level selector determines energy per bit of the packet of

data at a ratio of the first and second data rates, and selects the second data



3 rate fromthe ratio such that the determ ned energy per bit is at a
mnimum |evel . BRI EF DESCRI PTION OF THE DRAWNGS [1005] The features

obj ect s, wnd3meseant ages of the present invention wll be(Po*Imlsan(Bmapbarent
fromthe detailed description set forth bel ow when' taken in conjunction
with the drawings in which |ike reference characters identify

correspondi ngly throughout and whereiq: [1006] FIG 1 illustrates a

comuni cati on system 100 capabl e of operating in accordance with various

omm m 100 cap: ! h va
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illustrates a communication systemtransnmtter for transmtting data over
frames _ofle‘tﬁita in accordance with various aspects of the invention; [1009]
FIG 4 illustrates transm ssion and retransmission of a packet of data in
accordance with various aspects of the invention; and [1010] FIG 5
illustrates a graph of energy per bit verses transmt power |evel for

sel ecting a data rat eBR#EF OESCRIPTION OF THESDRAWINGS and a subsequent
transm ssion such that the average energy per bit is at a mnimumlevel in

B o o NI RAARAE Ghhs A vatage of O pRogRAIenn
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:

[1006] FIG. 1 illustrates a communication system 100 capable of
ooperating in accordance with various embodiments of the invention;

[1007] FIG. 2 illustrates a communication system receiver for receiving
and decoding received data,

[1008] FIG. 3 illustrates a communication system transmitter for
transmitting data over frames of data in accordance with various aspects of
the invention;

[1009] FIG. 4 illustrates transmission and retransmission of a packet of
data in accordance with various aspects of the invention; and

[1010] FIG. 5 illustrates a graph of energy per bit verses transmit power
level for selecting a data rate ratio of an initial transmission and a subsequent

transmission such that the average energy per bit is at a minimum level in

accordance with various aspects of the invention.



[ 1011] Various enbodi nents of the invention may be incorporated in a

W rel ess communi cati on system operating in accordance with the code

di vi si on wologiopd2e7 access (CDVA) techni que whi ch has been acsalsoysd4and
described in various standards published by the Tel econmuni cation | ndustry
Associ ation (TIA) and ot her standards organi zations. Such standards include
the TI Al El A-95 standard, TIA/El A-1S-2Q00 standard, | Mr-2000 standard, UMIS
and WCDMA standard, all incorporated by reference herein. A system for

conmmuni cat i f | ' ' p{m $($dma2000

H gh Rate P%E@ﬁ'%?#?ﬁ'ﬁ?k‘?@@ék%eg I ca ?%wﬁm%%gﬁaf%g by
reference herein.. A copy of the sta rds be_obt ai n C sing the
world wide wddOkt] Yago @F‘@QQ!m%@ttsﬁ)?ﬂﬁWWeg‘E%BfnaY © 'BPS%S?P#lgt'ﬁﬁaa to TIA
St andards and Technol ogy Departnent, 2500 W/l son Boul evard, Arlington, VA
22201, Unwireldss Scameinidatiane system Teperating difr @cgeriangel Witgdi i $93%0 as umrs
standard, incorporated by reference herein, may be obtai ned by contacting

3GPP  SupgigistorOhiuitisle &cdesBo(GRMA} sietiminuk eshish phas baeni gisciosed and
Val bonne- France. [1012] Cenerally stated, a novel and inproved nethod and

an  acconpalyinRd iARRROAE Wiafdards Pubiishe® bl the Tdle¢sramuinicatiomindastry on
resources 1 n a CDVA communi cation system One or nore exenplary
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for communication of data is also detailed in the “TIA/EIA/IS-856 cdma2000
. ... High Rate Packet Data Air Interface Specification,” incorporated by reference

herein. A copy of the standards may be obtained by accessing the world wide

web at the address: http://www.3gpp2.org, or by writing to TIA, Standards and

Technology Department, 2500 Wilson Boulevard, Arlington, VA 22201, United
States of America. The standard generally identified as UMTS standard,
incorporated by reference herein, may be obtained by contacting 3GPP
Support Office, 650 Route des Lucioles-Sophia Antipolis, Valbonne-France.
[1012] Generally stated, a novel and improved method and an
accompanying apparatus provide for efficient use of communication resources
in a CDMA communication system. One or more exemplary embodiments
described herein are set forth in the context of a digital wireless data
communication system. While use within this context is advantageous,
different embodiments of the invention may be incorporated in different
environments or configurations. In general, the various systems described

herein may be formed using software-controlled processors, integrated



5 circuits, or '"discrete logic. The data, instructions, conmands,

I nformation, signals, synbols, and chips that may be referenced throughout
t he appl iwetosoes27ar e advant ageously represented by vol t agesT/usor/smmt s,

el ectromagnetic waves, magnetic fields or particles, optical fields or
particles, or a conbination thereof. In addition, the blocks shown in each
bl ock di agram may represent hardwaresor nethod steps. [1013] FIG 1
illustrates a general block diagram of a communication system 100 capabl e

of operat Lpdish HAGOLARN S ! TraNMal hRARAR, Loridbids, tbrindildh, access

(CDVA) co tati on system stan iI1e I ncorporating various

enbodi nent,s of the invention. ni.cati.on Ssyst .

communi ca?idBRS: %Ym98|§cépd§§f%§ tg?‘ BlwHe @%@P&%ﬁ;;ﬁmééﬁgﬂﬂﬁ:éa | (yrclgfs?é/%t em 100
i ncludes a base station 101 that provides conmmuni cation |inpks between a
nunber of algpAdvaniagaaushs  repiraeniad nByi veltages | 6H§eﬁ§2-ﬁlﬁﬁtf°@ﬁ&”8ﬁ‘§men t he
mobi | e stations 102-104 and a public switch tel ephone and data network 105.
The nobi | waséstmagsetinfiéitiSor pantinjes) @pticalkiieldsl or padiclefos aeeekivatien ni nal s
and the base station as data access network w thout departing fromthe

mai N scogrrasd vaaddition agheatibeige shown tihedchvisiotk dingrBmsmaytrepresent01 may
I ncl ude a nunber of conponents, such as a base station controller and a

base tra I MElor SYSthE A stdpy, Sinplicity, such conponents are not shown.
Base staﬁléwa%gfr?rﬂay afpso € in comunication with other base stations,

oo s, SHOTaEERS S0t LBBpAE DR EOt Ered i) oY,
rlglof"‘t ! on :[83(/)3’[6!% 1b (()a(? iééga uIle giggpebrgttir\{\ge i agcecgr\gg#ée %v(?t% grq)(/j oPﬁ:feecg & tdilv%Bn 101 and
multiple access (CDMA) communication system standards while incorporating
various embodiments of the invention. Communication system 100 may be
. for communications of voice, data or both. Generally, communication system
100 includes a base station 101 that provides communication links beiween a
number of mobile stations, such as mobile stations 102-104, and between the
mobile stations 102-104 and a public switch telephone and data network 105.
The mobile stations in FIG. 1 may be referred to as data access terminals and
the base station as data access network without departing from the main
scope and various advantages of the invention. Base station 101 may include
a number of components, such as a base station controller and a base
transceiver system. For simplicity, such components are not shown. Base
station 101 may also be in communication with other base stations, for
example base station 160. A mobile switching center (not shown) may control

various operating aspects of the communication system 100 and in relation to

a back-haul 199 between network 105 and base stations 101 and 160.



WO 03/028277 PCT/ US02/ 30344 6 [1014] Base station 101 communi cates wth
each nobile station that is inits coverage area via a forward Iink
signal. TWeoBoeseard |ink signals targeted for nobile staPConsoddBd4404 nay
be sunmed to forma forward link signal 106 and transmtted from base
station 101. Each of the nobile stations 102-104 receiving forward |ink
signal 106 decodes the forward link s gnal 106 to extract the information
that is targeted for its user. Base station 160 may also communicate with

the nobile stationg that are.in its oAl =5 ik

signal . Nobi g}@f‘ﬁﬁaéﬁsstt&l‘éﬂl 105 cobmiEERam T eRen S SERRTE B " nd 160
via corresponding reverse |inks. Each reverse |inpk i | Rt ai

reverse [ iile sDyerape §Lﬁ@th?sarm@qlﬂknﬁ'%ﬁagnaﬁge1@%%%@%@@%‘%2& ?vel y

nobi | e stations 102-104. . [1015] In a soft handoff situation, tfa e

st at i ons td/géteantbria6bilaptaions ciigiiod caay bg stwn@eélotmfﬁﬁﬂn%tﬁ@w\@f@t@f‘i on. For

exanpl e, nobile station 102 nmay be in close proximty of base stations 101

and 160, gMHa5R06HMd Waritmitted frprbuse stdtioont0 v Eachof theaobilg stationss 10
_ 1 and
160. On t@eﬂforward link, base station 101 transmts on forward |ink

si gnal 106, ARG 16HA8 BRYidal 10BRIdckIeB iHe KomfardiipRaigrib1060n t he

Lgv;are(s::i I L . tation 102 ransmts on reverse | i-n.k signal 107 to
pciet Sl I R b A e o
1 oot W G kit e MR B 11
forward link signal. Mobile stations 102-104 communicate with base stations
101 and 160 via corresponding reverse links. Each reverse link is maintained
by a reverse link signal, such as reverse link signals 107-109 for respectively
. mobile stations 102-104. .
[1015] In a soft handoff situation, base stations 101 and 160 may be
communicating to a common mobile station. For example, mobile station 102
may be in close proximity of base stations 101 and 160, which can maintain
communications with both base stations 101 and 160. On the forward link,
" pase station 101 transmits on forward link signal 106, and base station 160 on
the forward link signal 161. On the reverse link, mobile station 102 transmits
on reverse link signal 107 to be received by both base stations 101 and 160.
For transmitting a data packet to mobile station 102 in soft handoff, base
stations 101 and 160 transmit identical information synchronously to the
mobile station 102. On the reverse link, both base stations 101 and 160 may

attempt to decode the traffic data transmission from the mobile station 102.

The base stations 101 and 160 may also transmit a pilot channel on the



The base stations 101 and 160 nmay also transmt a pilot channel on th

03/ 028277 PCT/ US02/ 30344 7 forward link to assi stpt he nobil e stationg }Nr?
decodi ng warosoeee7channel s on the forward link. [1016] FI @CTAsh/Buigerates a
bl ock di agram of a receiver 400 used for processing and denodul ating the
recei ved CDVA signal. Receiver 400 nay be used for decoding the
information on reverse and forward lipks signals. Receive (Rx) sanples may
be stored in RAM 404. Receive sanples are generated by a radio

frequency/inter i at e, frequenc = | F 2m 4 a system
492. Ant é‘ﬁ'ﬂ‘é@rgﬂﬁg&a@@?tr@%é‘?%é é&%@—s i\ g%%#ﬁ%%%ﬂo%%gggs lﬁ@“&@@si g%alt et 0
RF/1F system 490. RF/IF system 490 nay be any conventional RF/IF receiver.
The receifo@earginki gnal s are filtered, down- converted and digitized to form
RX sanpl es at base band frequencies. The sanples are supplied to a

demul ti pl exer [{0EENRE. DHlusTratesoat block aliagremof magceigerségalww Y a
searcher unit 406 and finger elenents 408. A control unit 410 is coupled

t heret 0. focssEmd andteequating tite femdder CIMA tsigrialndReceiedretithay408.
Control unit 410 may be a m croprocessor controlled by software, and may

be | ocat ggl gl ggaﬁgg&?ibgt £8' At GFhatiohCo reférsBarl Seairatinksisigregs.at ed

o St e e
gmu:);ﬂn?egti%%'\giif@?ﬁ‘a%ei??&;es ar e supp'lb‘l bd _ﬁ'o germix 402.6 Bemix 402
generated by a radio frequency}Lljrr{'tletrmfelgiesa’[éle ?r%qfu'eH% r(R?J/I%ST%%Fem 490
“and an antenna system 492. Antenna system 492 receives an RF signal, and
passes the RF signal to RF/IF system 490. RF/IF system 490 may be any
_conventional RF/IF receiver. The received RF signals are filtered, down-
converted and digitized to form RX samples at base band frequencies. The
samples are supplied to a demultiplexer (demux) 402. The output of demux
402 is supplied to a searcher unit 406 and finger elements 408. A control unit
410 is coupled thereto. A combiner 412 couples a decoder 414 to finger
elements 408. Control unit 410 may be a microprocessor controlled by
software, and may be located on the same integrated circuit or on a separate
integrated circuit. The decoding function in decoder 414 may be in
accordance with soft-output Viterbi algorithm concatenated or a turbo
decoder.
[1017] During operation, receive samples are supplied to demux 402.
Demux 402 supplies the samples to searcher unit 406 and finger elements
408. Control unit 410 configures finger elements 408 to perform

demodulation of the received signal at different time offsets based on search

results from searcher unit 406. The results of the demodulation are combined



408. Control unit 410 configures finger elenents 408 to perform

denodul ati on of the received signal at different tinme offsets based on
search rweuwBw282fT om searcher unit 406. The results of thecwarsozsisation are
conmbi ned WD 03/ 028277 PCT/ US02/ 30344 8 and passed to decoder 414. Decoder
414 decodes the data and outputs the decoded data. Despreading of the

channel s is perfornmed by nultiplyingghe received sanples wth the conpl ex
conjugate of the PN sequence and assigned Wal sh function at a single w

timng hypothesig and digitally filteri j I

wih an FhoRiesed & cge%rpﬁi o PtosEE 1A oRs (8 et AP Ene 2T
que i s comon nown in th t. [1018 | G ' .

i agr am oboaded sagm Desprasstng i the asPpoPdE igrir s MR e e

invention. Atraffic channel data for transmi ssion are input to

nodul at ore@ited amplds| withothe Thopieduwoajugate @fajhed M ceRAANGS taﬁgany of
the comonly known nodul ati on techni ques such as QAM PSK or BPSK. The

data is emepfied \Whish fdatior at & singlertidimghypotbedis arthdighaliyfiltesing they be
selected by a data rate and power |evel selector 303. The data rate

sel ect | Oi'?%%@ﬁnr@gaﬁﬁg&o! Serd %H%Fiﬁtégﬁa% ERE QUi p RBUAMUIAteE elrylit gnot

2" channel_,condi L on 2¢ 1 he £9eaLernTRodAA theb and powsr | ovel o
gfel e%g:ﬂ??ﬁ’?ig%f?ﬁi%@ @Fec?sxﬁ%hlgaﬁg re{ﬁéﬁ(?nﬁ'rmdul gt or 301. The out put
"n a bl ock 30MRBIGT hIVEEHER 7 BoPR-oigRfing! AR CRoE e ¢ o
also generated in a block 307. The pilot signgl is.anplifi 0.an
appr opr i dnheorpekasing various aspects of the invention. N tratic rg%annelega{a for

transmission are input to a modulator 301 for modulation. The modulation

may be according to any of the commonly known modulation techniques such

as QAM, PSK or BPSK. The data is encoded at a data rate in modulator 301.

The data rate may be selected by a data rate and power level selector 308.

The data rate selection may be based on feedback information from a

receiving destination. The information may include a data rate request and

report of a channel condition at the receiver. The data rate and power level

selector 303 accordingly selects the data rate in modulator 301. The output of

modulator 301 passes through a signal spreading operation and amplified in a

block 302 for transmission from an antenna 304. A pilot signal is also

generated in a block 307. The pilot signal is amplified to an appropriate level

in block 307. The pilot signal power level may be in accordance with the

channel condition at a receiving end. The pilot signal is combined with the

traffic channel signal in a combiner 308. The combined signal may be

amplified in an amplifier 309 and transmiited from antenna 304. The data rate

and power level selector 303 also selects a power level for the amplification



in block 307. The pilot signal power |evel nmay be in accordance wth the
channel condition at a receiving end. The pilot signal is conbined with the
traffic cwernmebs2si gnal in a comnbi ner 308. The conbi ned si gealusnuso3ipe
anplified in an anplifier 309 and transmitted from antenna 304. The data
rate and power |evel selector 303 also selects a power level for the
anplification WO 03/028277 PCT/ US02/ 36344 9 |level of the transmtted
signal in accordance with the feedback information. The conbination of the

sel ected data rate and the | ' t he
transmi t ti8¥el eaﬁra??{gﬁﬁegc%gb\?%‘ %é@rfj%é{;‘?\gﬁﬂpkﬁo géedgggﬁ%tdr?g}?génn'ssi on of
a frame of data, the receiving destinatjon nds an ,ackngw ed to the
transmt tThﬁgCQG'btrt?é'Pn'l‘Pfethﬁéﬁjl%&%Pg Rets §n(§ PPYE" lq.\feiftaﬂgms réﬁ&g%f dat a

i s decoded properly. If the frame of data is not decoded pr opera[\é/, a
negati ve dedoding efigheriransmitiedndatar ebdhe [reoaiging desiinasionanAdtaki €3CR ar i ous
aspects of . the invention, in a comrunication system 100, a transmtter

300 transwadsiniasipAclott aofiratiead aobvdata, athdatracéiviage deistination ssentist v at e and
at a power level froma transmtting source such as nobile station 102. A

[ ecel Vi nou daidiima BUA thindithg sdbbo THAckiowBlgmenelssssifife packet

of dat a. nt receiving destination fails to decode the received
e oo arly 16560 AR RT0RARY L Ot 58 e b At e
framos. of PAREEY o NEUEIYEFERW BRUBN] BV = Bsecond data rate in
accor dance N»t[qogﬁelnegggg;dg%% iWsi’[hI ?/gﬁ(r)ué hggpécqg é{rﬂ'slé i(lj\%teﬁticgne}t len' éb‘s
communication system 100, a transmitter 300 transmits a packet of data over
. a data frame at a first data rate and at a power level from a transmitting
~source such as mobile station 102. A receiving destination such as base
station 101 or 106 receives the packet of data. When the receiving
destination fails to decode the received packet of data, the receiving
destination transmits a negative acknowledgment to the transmitting source.
The transmitting source retransmits the packet of data at a second data rate
over at least two frames of data at the initial power level. The second data
rate in accordance with one embodiment is lower than the first data rate. As
such, the communication resources are used efficiently since the
retransmission is at the power level of the initial transmission. The number of
frames used in the retransmission for transmitting the data frames depends
on the ratio of the first and second data rates. When the second data rate is

one half of the first data rate, the retransmission may be over two frames of

data to retransmit every data bit of the packet of data. When the second data



such, the communication resources are used efficiently since the

retransm ssion is at the power |level of the initial transm ssion. The
nunber ofwofismes237 used in the retransm ssion for transm tPCRgSOz3dat a
frames depends on the ratio of the first and second data rates. Wen the
second data rate is one half of the first data rate, the retransm ssion
may be over two franmes of data to refgansmt every data bit of the packet
of data. Wen the second data WO 03/028277 PCT/ US02/ 30344 10 rate is one

third of the.first, dat at r NS k SS f

of data 15 angﬁstmrﬁ‘ BubBy oLt o BR i g PEOr 08 TS
eferring to 4, two exanples the frapes 45 ngd 451 f t itti

a packet BaM@achdaf RoElRRSREPYETY Hatf‘ah)'i B%G&W%&?ﬁgﬂ?t?' of O'[ he r?ﬂ\slgntil)ﬂg
are shown. In the first exanple 450, the first transmssion of frames 1-6,
and retransmi s020] Beferringdo F1Gr &, swevexamples the feames 48P ANLAST fahe 2
takes place, for exanple, due to receiving a negative acknow edgnent from a

recei vi ngirgesrhitiie) hqmckéhef teta mnacicsdance vithfvasiosserbedmgniscetheer two
frames, as shown. The data rate of the packet of data during retransm ssion

I's one haﬂngzﬁm’ior; R SRdinT & the'fiRt ckampld 1850, NhbifRst tramsmissioni affraphesiat a
frame 2. erefore, the retransnission of data frane 2 is over at | east

two data q-{,@g?@dgh’%%@%% B}hﬁar{ﬁg"féré %&Nn.oﬁrﬁ%ﬂahéﬁi@j&ﬁéf frafeined t he

sane, the gy per intornmatron bit has approximately doubled in

Cich, ‘15 TASPE RAmIPESKTPIge dlti g PHENDA e AEFEMlcAdmERFhoRA (00 O°

the increase in the average ener er. bit th
second exmi\éng,gigstiﬂa.@on.g The retragr%/srr?ission of #rerl]me 5 tgﬁecsk epﬁacoe]c O\C/Iéart V\'/oI n the

frames, as shown. The data rate of the packet of data during retransmission
is one half of the data rate used for the initial transmission of data frame 2.
Therefore, the retransmission of data frame 2 is over at least two data frames.
Although the power level of each frame has remained the same, the average
energy per information bit has approximately doubled in accordance with an
aspect of the invention. The receiving destination, as such, is more capable
of decoding the packet of data successfully due to the increase in the average
energy per bit in the packet of data. In the second example 451, the
retransmission is over three frames of data. The data rate during the
retransmission is one third of the data rate used during the initial transmission.
The power level during retransmission is approximately the same as the
power level used for the initial transmission. In this example, the average
energy per bit in the packet of data is three times the average energy per bit
of the packet of data during the initial transmission. As such, the receiving
destination is more capable to decode the data successfully. Since the power

level is kept the same in accordance with various aspects of the invention, no



retransmission is over three frames of data. The data rate during the
retransm ssion is one third of the data rate used during the initial

t ransm sswomn3/028eme power | evel during retransni ssion i s apprasonsised y the
sane as the power |level used for the initial transmssion. In this

exanpl e, the average energy per bit in the packet of data is three tines
the average energy per bit of the pagket of data during the initial

transm ssion. As such, the receiving destination is nore capable to decode

the data successfully. Since_the p L.le ' e t |

accor dan@@d\mqnﬁ? v'aie?%ed%”%% ad 588f 8¥%éeq'nvﬂ%rgﬁ,rg’ngﬂ%%j 0282#@)”

PCT/ USQZ/ 30344 11 additional ,i,nt?rference may be created. Therefore, the
comuni caesoiices @ uped npefidetiVore efficiently. [1021] In accordance

wi th anot her emnbodinent, the second data rate is selected froma

pr edet er mi ned [§921]pn@fccdutanceavidsanather paiposirgenihe seenchdatadaliist he power
| evel of the initial transm ssion, the group of data rates for

transni sychdrtba@sfrain | #aptedierntiabad yedup fair daie raes afrnmiteagisonssioat  al | ows
the efficient use of the communication resources. To determ ne the data

rate for jAsqdihg i He BbABr 168 GnAEdNitaetrahbisiod Nhepgupt obtiatial a at a

rati o of rst data rate and a possi ble second data rate is determ ned.

The Seconf%sgft gt(%'ﬂsfrﬁits%g)nfi@%se% Téjasglb?llé ghat raté‘tfglit e RAVBIsniSdi6h tRAt the

[105] Ferlorti nd Lo’ FIG 5 = oraoh to 11Ut ot ool ha o it D0 o L e
Li2cnh Gt s ol AR 1 g (1
for data rate for the retrlequsrlnicsas%oens, tﬁ‘e ré%g?ge)/ gér Bi(t)\g’?cché %\ég St éfhcf‘e{ta%ya‘ be used
ratio of the first data rate and a possible second data rate is determined. The
second data rate is selected such that, at the power level of the first
_ transmission, the determined energy per bit is at a minimum level.

[1022] Referring to FIG. 5, a graph 500 illustrates the selection of the
second data rate based on the power level of the transmission. The
horizontal axis “P” 501 indicates a range of power levels that may be used for
the initial transmission. The vertical axis Eb 502 indicates the energy per bit
used for a successful transmission of the data packet to achieve a final frame
error rate after the retransmission is completed. The curve traces 503-505
shows the power level and the energy per bit for different ratios of the first and
second data rates. The curve traces 503-505 are exemplary traces and are
used for illustration. The curve traces 503-505 drawn for a system and a
channel condition may differ substantially from the shown traces. The relative
location of the traces on the graph may also differ substantially depending on

several factors including channel condition, modulation scheme and coding

scheme used in the system. Under any one condition, the curve traces 503-



the initial transm ssion. The vertical axis Eb 502 indicates the energy per
bit used for a successful transm ssion of the data packet to achieve a
final fraweo0302820r rate after the retransm ssion i s conpl ecediSo¥sms4Lurve
traces 503-505 shows the power |evel and the energy per bit for different
ratios of the first and second data rates. The curve traces 503-505 are
exenplary traces and are wused for ihkbustration. The curve traces 503-505
drawn for a systemand a channel condition may differ substantially from

the shown traces. The relative |0 ' fi .t r esIrph ma

gjrs]gi SI! fﬁgé Q&gﬁls?%\ qsaqr}]? H‘éfaawg'ﬂ ;f?@%w%?gvbétr I%I%{" a?tggfeg@ﬂ‘r%%’uggntgechan%el
ion, nodul ation schene an codi sche sed | h Und

any one €un@ Ha%?oﬁwff@§99@dlﬂgé€é§e§gga V@edgﬁgfgﬁ? @T}rﬂ%@%%@ﬁh 22e£305

have at | east one m ninum energy per bit level. For exanple, for the curve

trace 50@nemgy pspiointhivelcomespandsdoa pawer fevel 506¢ Imdary for thengum¥eni num

energy per bit level corresponds to a power |level 506. Simlarly, for the

curve thaes 504 ciidspoRand ttg the ddte i aatiataf ome ithirdf themeninlmur@, t he
m ni mum energy per bit |evel corresponds to a power |evel 507. Simlarly,

for the GUEKS obf B fovePRoliBESGTICRL BEWbP I0VRe 507! ity fak e ofinene forth,
%ergy per Bi't

the m ni nrum=>"e evel corresponds to a power |evel 508. [1023]

The pouer, Levebs of Le N | ld 3 ekl HCo R4 15RAUSRS mighasnsm i on

are kept sane level in accordance with various

aspects of the invention. If th ower |evel the initial transm ssion
i s cl osel€Ne&gy pei bidley P‘ér,re’iﬁﬂﬂég tB@v@q’wgb'@,"e'tié&second data rate on the

retransmi ssion is selected at one half of the data rate of the initi
[1023] The power levels of the initial transmission an(? su seq'ug}\tt al

retransmission are kept at approximately the same level in accordance with
. various aspects of the invention. If the power level of the initial transmission
is closer to, for example, power level 506, the second data rate on the
retransmission is selecied at one half of the data rate of the initial
" transmission. The retransmission is also at the same power level as the initial
transmission. Therefore, the combined energy per bit for the complete
transmission is at the minimum level. As such, the communication resources
are used more efficiently. If the power level of the transmission is closer o,
for example, power level 507, the second data rate on the retransmission is
selected at one third of the data rate of the initial transmission. Therefore, the
combined energy per bit for the complete transmission is at the minimum
level. As such, the communication resources are used more efficiently. if the
power level of the transmission is closer to, for example, power level 508, the
second data rate on the retransmission is selected at one forth of the data
rate of the initial transmission. Therefore, the combined energy per bit for the

complete transmission is at the minimum level. As such, the communication



transm ssion. The retransmssion is also at the same power |evel as the
initial transm ssion. Therefore, the conbined energy per bit for the
conpl et e woroangsrssion is at the mninmum |l evel. As such, Phe/usomsuimi cati on
resources are used nore efficiently. If the power |evel of the

transmssion is closer to, for exanple, power level 507, the second data
rate on the retransmssion is selectigd at one third of the data rate of
the initial transm ssion. Therefore, the conbined energy per bit for the

conplete transm ssion is at the.m.ni e rgHaN [
{esour pe§?§9@?ﬁ§@§edﬁe§5m‘? &?‘eé%?'ﬂ@/: nﬁﬂet(#%g 'JS‘B?@N RYer %‘?@?ﬁg eatton
ransm ssion is closer to, for exanple, power |evel 8, the dd
rate on thay selachiRerdaia gats of Hia Rianeml S'SHebqeiﬁd? RN 38%9%{" %alfegg|c$€t e 212 :
the initial transm ssion. Therefore, the conbined energy per bit .for the

conpl et e ttarmnsissioniconraspoatlinghte aiminiowm energy pey hitias repiesepigehi®l cati on
WO 03/ 028277 PCT/ US02/ 30344 13 resources are used nore efficiently. The

dat a rat eanthie0Warves elaees0503885. MAs satiecthd hetatl energytperdbit tfhe a
retransni ssi on based on the power |evel of transnission corresponding to a

m ni mum € é%?é@ﬁ{faﬁéfﬂis@ﬁmr@fpé gé@k‘ét%@dafé’fs miwfRede, curve traces 503-505.

gcigfhbf ne E gmargy per[ | t{i‘or a Zuccgssf ;Jih%t ransm ssi on of Og 505
Lgektng\ngLet TL;%Er‘gg%ﬂS;igﬂ?e(té%% r\(/)%_(?rt%g é%bdr?ﬁ?g?’e_ trﬁa\dp: ﬁeggﬁgﬁgg _n-e_ed_ io
Cr anem Sseim (TFERD) tharsorInes GAnTweSeaRngy g CbdAOfPantHy P88 Fere
glrrbﬁht Fgﬁggséﬁ;f EeR?Q)tfﬂns:r;iséiggdigegr{earI]:SEnlg{ ngi ’3\% iirﬁ’[iacie'lrgl1 s?rgis%}/ona (E€E§§ antial,

multiply by the FER of the second transmission FER2 (i.e. FER=FER1*FER2).

If the retransmission is delayed by a substantial amount of time, the initial and

subsequent retransmission may be treated as independent transmissions.

The communication system 100 may be also transmitting a pilot channel in

accordance with the standards incorporated by reference herein. Therefore,

the FER of a transmission may depend on a ratio of the traffic channel and

pilot channel power levels. Once the target FER, the transmission power

level, pilot channel power, and the possible ratios of the data rates of the

initial transmission and retransmission are known, the FER2 may be

determined. From FER2, the total energy per bit may be determined for the

combined initial and retransmission of the packet of data. The curve traces

shown in graph 500 may be detailed by adjusting the power level while

keeping the data rate ratio and target FER constant. The process may be

repeated for different data rate ratios. The minimum energy per bit locations

on the curve traces may be identified for different data rate ratios for a target

FER. If a different target FER is desired, the process may be repeated for



subsequent retransm ssion may be treated as i ndependent transm ssions. The
communi cati on system 100 nmay be also transmtting a pilot channel in

accor dancwowsis2the st andards incorporated by reference heceiuso2/Iises ef ore,
the FER of a transm ssion may depend on a ratio of the traffic channel and
pi |l ot channel power |evels. Once the target FER the transm ssion power

| evel , pilot channel power, and the ppgsible ratios of the data rates of
the initial transm ssion and retransm ssion are known, the FER2 nay be

det erm ne&ifferérglroagﬁé}zof b Fegd ?érlggfr?]eg?%t 5 siflbloUiRY 1R@cdabrandmpmef or the

conbi ned T ni retransm ss packet of data. The curve traces

shown in graph 500 det aj | ed | Ustin h |l e

keepi ng tﬁ%ﬂ@ﬂ?%n?aa&n@gr“%f?fa“%% Wﬁ%ég&%’@%gﬁﬂl@é*@‘a\{ﬁ% ecaér%(gis%%y be
repeated for different data rate ratios. The m ni.num eBe,rgﬁ/ gefr B%t

| ocat i onsthagiihe Kiata gateefar theaetipgagmission &MY PPPIRERINGL: NWBRICHAS rate
ratios for a target FER |If a different target FER is desired, the process
may be remt@Enshission WD BREOPIACF WIHOUt UkHay 3u3substatiali dalay.eddse &if s of t he
FER target. The possible curve traces for a channel condition may be

determ ne?rd@bs%‘ﬁrﬂapﬁe&a@?dpﬂmﬁh dneverhbedihesttor 303 such that the data
rate for the retransm ssion may be determned in tine for the

retransm ssi onqg9s{ §kEs®LRERIIh tO Uk W'ntg.ﬁlé)fuﬂheﬁéﬁ%’(ﬁ*eéi&}é Matdré auriobse of a

processor may be appropriate in one enbodi nent. [1025] Those of skill in

e Wb AR MBS B0 o] bkl 89 C2)

w t,h th-‘eﬂ ggr?r?gcgti%%n\}vﬁh qri\gcelrr?gg lmrclaencts id?sc?c@’edb ﬁerierﬂ)lrﬁgf teeignp?esmented as
electronic hardware, computer software, or combinations of both. To clearly
illustrate this interchangeability 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 on the overall system.

a. The various illustrative logical blocks, modules, and circuits
described in connection with the embodiments disclosed herein may be
implemented or performed with a general purpose processor, a digital signal
processor (DSP), an application specific integrated circuit (ASIC), a 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
general purpose 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



el ectroni ¢ hardware, conputer software, or conbinations of both. To clearly
illustrate this interchangeability of hardware and software, various

i 1l ustratwoes/ozganponent s, bl ocks, nodul es, circuits, and PCeEasotiznses been
descri bed above generally in ternms of their functionality. Wether such
functionality is inplemented as hardware or software depends upon the
particul ar application and design constraints inposed on the overall
system a. The various illustrative |ogical blocks, nodules, and circuits

descri bed ] | it ht | bS i | e

I mpl emnt%@ﬂgﬁﬁﬁﬁé&gﬁégdw' 't g g%é@;ﬁghn%%;%gg %@ﬁ@%@?%aﬁgigg%t% si gnal
processor (DSP), .an application specific i.nteqrated circui | a field
progr am‘raB'Ig’éaSrG{étoé "H?VPQEO%% 05 ¥t 'here BrygP 5PE 'Ino%cf'hﬁ%é@ﬁc@h

di screte gate or transistor logic, discrete hardware conponents, or any
conbi nat i aWIRepEfOr@ewi RSy ¢igYFaliahe functions described herein. A
general purpose processor nmay be a mcroprocessor, but in the alternative,
t he processor bayTHeestapy of amethioidaradlgprithoedssnribeddntaooneetion with the

m crocontroller, or state machine. A processor nay al so be inplenented as

a combi nagirpaditheM M3¢1828@ HerEiRTdH0Rd IPAdatied Tieetpuh inEgdwars,dasa e. 9., a

conbi nation of a DSP and a m croprocessor, a plurality of m croprocessors,

one or NDE & W&g@%%ﬁ%lﬁg?gbagﬁgi;crkieéééd?no}"’iiﬁ B camPIPBL6A! €A ofiwany ot her

such confrguration. a nethod or algorithm described in

i R e e A
combi nat| Pnr]e'méa\ry?(gélg\géﬁ/l memory, registers, hard disk, a removable disk, a CD-
ROM, or any other form of storage medium known in the art. An exemplary
storage medium is coupled to the pfocessor such that the processor can read
information from, and write information to, the storage medium. In the
-alternative, the storage medium may be integral to the processor. The
processor and the storage medium may reside in an ASIC. The ASIC may
reside in a user terminal. In the alternative, the processor and the storage
medium may reside as discrete components in a user terminal.

[1026] The previous description of the preferred embodiments is
provided to enable any person skilled in the art to make or use the present
invention. The various modifications to these embodiments will be readily
apparent to those skilled in the art, and the generic principles defined herein
may be applied to other embodiments without the use of the inventive faculty.
Thus, the present invention is not intended to be limited to the embodiments
shown herein but is to be accorded the widest scope consistent with the

principles and novel features disclosed herein.

[1027] What is claimed is:



nodul e may reside in RAM nenory, flash nmenory, ROM nenory, EPROM nenory,,
EEPROM nenory, registers, hard disk, a renovable disk, a CO- ROM or any

ot her forwpaB/0%20T age nmedi um known in the art. An exenpl aPgT/GshmsEge nedi um
is coupled to the processor such that the processor can read information
from and wite information to, the storage nedium In the alternative,
the storage nmedium may be integral toj4 he processor. The processor and the
storage nediummay reside in an ASIC. The ASIC nay reside in a user
termnal. In the alternative, the %@Rﬁﬁ%m and the storage nedi um nmay
reside as discrete conponents in a ermnal. [1026] The previous
description of the preferred enbodinents is provided to enable any person
skilled in the art to make or use the present invention. The various

nodi fications to these enbodinents will be readily apparent to those
skilled i thelraa comanghicatiorgsysdenc apnetheodMosPrigdigned herein may be
applied to other enbodi nents without the use of the inventive faculty.

Thus, the presgahsmitisgai gtkies ohdhtd ovenaleldtd frabe &i aifirsiddate rateeand

enbodi ments shown herein but is to be accorded the w dest scope consi stent

with the LWRG welsriitinl Wolfcdi scl osed herein. [1027] Wat is
cl ai ned i gPéR%wgg)eg/Z%ég@ga I%CT/ US(52/ 30344 16 CLAIMS 1. In a communication

syt em 2 et hog SRR B el PORE A1 PR RTBKBIndtondal o over a data

frame at a fir at a power roma transmtting

source, failing to decode said packet of data;

transmitting a negative acknowledgment to said transmitting source;
and re-transmitting said packet of data at a second data rate over at least

two frames of data at said power level.

2. The method as recited in claim 1 wherein said second data rate is

lower than said first data rate.

3. The method as recited in claim 1 further comprising:

selecting said second data rate from a predetermined group of data

rates for fransmission.

4. The method as recited in claim 1 wherein a number of said least two

frames of data depends on a ratio of said first and second data rates.

5. The method as recited in claim 1 further comprising:
determining energy per bit of said packet of data at a ratio of said first

and second data rates; and



receiving said packet of data at a receiving destination; failing to
decode said packet of data; transmtting a negative acknow edgnent to said
transm ttwogsezserce; and re-transmtting said packet of eatrasar/3sisecond
data rate over at least two franes of data at said power |evel. 2. The
method as recited in claim1 wherein said second data rate is |ower than
said first data rate. 3. The nethod agyrecited in claim1l further
conprising: selecting said second data rate froma predeterm ned group of

data rates for transmssion. 4. T 0 i { | iyherein a
number of sai ad?tQHan"?QNc?a"gr Qdoﬁg@g?é{édg%)ﬁ\dgsﬁgngaﬁgr gg?rg t@ {nssgl%\hfi r st
and second data rates. 5. The nethod as recited in claim1 further

conpri si ndeterinedenaray PenBHit dsaba mMBiMuBde®li § packet of data at a ratio of
said first and second data rates; and WO 03/028277 PCT/US02/ 30344 17
determ ning said second data rate fromsaid ratio such that said

determ ned energy per bit is at a mninumlevel. 6. In a conmunication

system ag, appry acomne@iivatict s\gtem, nappardtus cgmpoisinge for transmitting a
packet of data over a data frane at a first data rate and at a power

level; and a détﬁaﬁéfﬁ@ﬁ"@ogﬂi@efoﬂ AURSMABHhG © Packeupt edtd owerial data
transmtting source or“ re-transmtting said packet of data at a second
data rate over fraélaneI §taasﬁrsﬁ ¥8ta rate and at a power level; and
a data rate and power level selector coupled to said transmitting source
for re-transmitting said packet of data at a second data rate over at least two

frames of data at said power level when a receiving destination fails to decode

said packet of data.

7. The apparatus as recited in claim 6 wherein said data rate and power
level selector selects said second data rate at a rate lower than said first data

rate.

8. The apparatus as recited in claim 6 wherein said data rate and power
level selector selects said second data rate from a predetermined group of

data rates for transmission.

9. The apparatus as recited in claim 6 wherein said data rate and power
level selector selects a number of said least two frames of data based on a

ratio of said first and second data rates.



frames of data at said power |evel when a receiving destination fails to
decode said packet of data. 7. The apparatus as recited in claim®6 wherein
sai d dat awpase2&nt power |evel selector selects said secood/usar/auate at a
rate lower than said first data rate. 8. The apparatus as recited in claim
6 wherein said data rate and power |evel selector selects said second data
rate froma predeterm ned group of dgtga rates for transmssion. 9. The
apparatus as recited in claim6 wherein said data rate and power |evel

sel ect or | ec a nunmher of Ld. L a

rati o of §1’ d i’ﬁ@ﬁpp& u§@orﬁgﬁ%gt'é%%z@eé%'g%%g%%%@g\;v%SM 18
10. The apparatus as recited in claim§g erein said.data rate power

| evel sel yebpelgstas dtARBINGR ANRFIY e hitk ‘%\gﬁa@aﬁ)%aﬁéaze%t%fatoaa{%&ggfa ratio
of said first and second data rates, and selects said second data, rate
from sai dsaiddirsbastisbconddatmralescand aelests e3idsggopd daia ratesrem s2idi ni num

| evel . 11. A conmunication systemconprising: a transmtting source for

transmitt 4@ sudpaekesaiaidedeteined eneegydadrebit isratreemitimant lavet. data rate and
at a power level; a receiving destination for receiving said packet of
data, and for transmtting a negative acknow edgnent to said transmtting
source when said receiving destination fails to decode said packet of

datar andagher &l i ficatiBRYLieh BempAdige | configured for

a transmitting source for transmitting a packet of data over a data
frame at a first data rate and at a power level,

a receiving destination for receiving said packet of data, and for
transmitting a negative acknowledgment to said transmitting source when said
receiving destination fails to decode said packet of data; and

wherein said transmitting source is configured for re-transmitting said

packet of data at a second data rate over at least two frames of data at said

power level.

12. The system as recited in claim 11 wherein said transmitting source
includes a data rate and power level selector for selecting said second data

rate lower than said first data rate.

13.  The system as recited in claim 11 further comprising:
a data rate and power level selector for selecting said second data rate

from a predetermined group of data rates for transmission.



packet of data at a second data rate over at |east two franes of data at
said power level. 12. The systemas recited in claim1l wherein said
transm ttwogsszerce includes a data rate and power | evel PS&IUS02/30344 or
selecting said second data rate |lower than said first data rate. 13. The
systemas recited in claim11l further conprising: a data rate and power

| evel selector for selecting said secogd data rate from a predeterm ned
group of data rates for transm ssion. WO 03/028277 PCT/ US02/ 30344 19 14.

The systemas gl Ladoha6 18Ul YAR 91 Aori aSiuRbePl Saieats de

frames of ta Sonaratio said fir secon ata rates. 15.
The systemas recited, in cJaim11l. further. co i Si ng: data rate and power
| evel " sel ?@%?SP@WT@&%}% i HH2 R a{,s%grﬂrsﬁl %{ﬁecog i(@’%%é%{?ét of data at a
ratio of said first and second data rates, selecting said second data rate
fromsaid ratio such that said determ ned energy per bit is at a mninum
| evel . 16. A processor for use in a comuni cation system conprising: a data

rate and piBier Theysysteml asctagitetl im claimtiriolurthegcampriaimgmi tting source for
transmtting a packet of data over a data frame at a first data rate and

at a power |eved dhfzpraisadritl poRBF Mvel sBRCISTURE @letdithinitigt éma1gyiperibiigosai d
packet of data at a second data rate over at |least two franes of data at

sai d powely i bR GaiflGRbt A1 | ihts rhfosdQeRAANG 3R Packet
of dat a. V\Esrf'}é Eéﬁ%et\g??%égggrsqggarbgg?lg gggﬂl %ﬂic%g?brﬁaﬁ%ét\%her ei'n sal aédat arate
and power second data rate from said ratio such that said determined energy per bit is at

a minimum level.

16. A processor for use in a communication system comprising:

a data rate and power level selector for controlling a transmitting
source for transmitting a packet of data over a data frame at a first data rate
and at a power level from said transmitting source and re-transmitting said
packet of data at a second data rate over at least two frames of data at said

power level when a receiving destination fails to decode said packet of data.

17.  The processor as recited in claim 16 wherein said data rate and power
level selector is configured for selecting said second data rate lower than said

first data rate.

18.  The processor as recited in claim 16 wherein said data rate and power
level selector is configured for selecting said second data rate from a

predetermined group of data rates for transmission.



| evel selector is configured for selecting said second data rate | ower than
said first data rate. 18. The processor as recited in claim16 wherein

sai d dat awpase2&amt power |evel selector is configured foPCyaisSersidmy sai d
second data rate froma predeterm ned group of data rates for

transm ssion. WO 03/028277 PCT/ US02/ 30344 20 19. The processor as recited
in claiml1l6 wherein said data rate andgpower |evel selector is configured
for selecting a nunmber of said |least two frames of data based on a ratio
of said first and second data rates. 20. The processor as recited in claim
16 wherein said data rate and power |evel selector is configured for
determ ning energ er bit of said packet of data.at ratio of sajid first
and second&iat grh%?&?,esﬁ‘ﬂﬁa§é?%’@fji 'Hd’?%'gl 516 SNESRE S%‘itdﬁl?q e %@Pﬁ"&%ﬁ dratio
such that said determ ned energy per bit is at a_mninumlevel. 21, An
appar at us level sesectonisacarfigned iorsalectingsa enmbsainfissichipastbyp dramgs af dat a
rate and power |evel selector for controlling a transmtting source for
transm ttidejadapedeta ofticdeft snidfiest anddamicantidate ratesa first data rate and
at a power level fromsaid transmtting source and re- transmtting said
packet of data at a second data rate over at least two franes of data at
sai d power |evel when a receiving destination fails to decode said packet

of data, WRPrelfhe BidbalEanss titctinbigft fo viHletoRShia e ra\ald pakector i

coupled to said nsm ng source. he apparatus as recited in claim

21 wherei r]e\%a\i ans for.saj

sdelec oris configure(cji T%?taaetermining energy per bit of said packet of
data at a ratio of said first and second data rates, and selecting said second
data rate from said ratio such that said determined energy per bit is at a

minimum level.

21.  An apparatus for use in a communication system comprising:

means for a data rate and power level selector for controlling a
transmitting source for transmitting a packet of data over a data frame at a
first data rate and at a power level from said transmiiting source and re-
transmitting said packet of data at a second data rate over at least two frames
of data at said power level when a receiving destination fails to decode said
packet of data, wherein said means for said data rate and power level selector

is coupled to said transmitting source.

22.  The apparatus as recited in claim 21 wherein said means for said data
rate and power level selector is configured for selecting said second data rate

lower than said first data rate.



rate and power |evel selector is configured for selecting said second data
rate |lower than said first data rate. WD 03/028277 PCT/ US02/ 30344 21 23.
The apparwbws/oz7’Tecited in claim2l1 wherein said neans fecTaso3data rate
and power |evel selector is configured for selecting said second data rate
froma predeterm ned group of data rates for transm ssion. 24. The
apparatus as recited in claim?2l1 whergin said neans for said data rate and
power |evel selector is configured for selecting a nunber of said | east

(o 1 amegeof S 8aB850th 80,801 FEpAm A e i e ARE Rl o o2

25. The ai'm id means for sald data
rate and power |evel selector is configured fpor .determnin er per bit
of said FeRred QQBNQ{AQ\@I§[e|%9’f9lélf5iQ?nﬂgu&é{fgﬁﬁﬁt%‘&mgﬁ&'cg%%%%ﬁ’ (iaaq?e{g?/eat es, and
selecting said second data rate fromsaid ratio such that said determ ned
ener gy peiroia predetenminedrigrournied daiagntes for transmission.

24, The apparatus as recited in claim 21 wherein said means for said data
rate and power level selector is configured for selecting a number of said least

two frames of data based on a ratio of said first and second data rates.

25,  The apparatus as recited in claim 21 wherein said means for said data
rate and power level selector is configured for determining energy per bit of
said packet of data at a ratio of said first and second data rates, and selecting
“said second data rate from said ratio such that said determined energy per bit

is at a minimum level.



