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systens. More particularly, the present invention relates to novel and
i nproved net hods and apparatus for trénsm’tting data traffic on a 10
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application is cellular tel ephone systens for nobile subscribers. (As used
herein, the term"cellular" systens enconpasses both cellular and personal

comuni cati ons services (PCS) E@@&@Nﬂan ous over-the-air

interfaces have been devel oped ul ar tel ephone 20 systens
including, e.g., frequency division nultiple access (FDMA), tinme division
mul ti ple access (TDMA), and code division nultiple access (CDMA). In
connectidn theFieldt h, various donestic and international standards have
been establishfd i ncl udi ng, e.g., Adyanced Mobi |l e Phone Service gANPS),

G obal System tof MBS (BBRptonndelHeR itth SYAHRIRSP d W] | ghgs) dafg, 25
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Tel ecommuni cation Industry Association (TIA) and other well known
st anddr dscappaiumdcationl ¢hanael t el ephone systems configured in accordance with
the use of 30 the IS-95 standard enpl oy CDVA signal processing techniques
to provide highly efficient and robust cellular tel ephone service.

Exenpl ar yjicel | Bh@éground

The field of wireless communications has many applications including,
e.g., cordless telephones, paging, wireless local loops, personal digital
15  assistants (PDAs), Internet telephony, and satellite communication systems.
A particularly important application is cellular telephone systems for mobile
subscribers. (As used herein, the term “cellular” systems encompasses both
cellular and personal communications services (PCS) frequencies.) Various
over-the-air interfaces have been developed for such cellular telephone
20 systems including, e.g., frequency division multiple access (FDMA), time
division multiple access (TDMA), and code division multiple access (CDMA).
In connection therewith, various domestic and international standards have
been established including, e.g., Advanced Mobile Phone Service (AMPS),
Global System for Mobile (GSM), and Interim Standard 95 (I5-95). In
25  particular, IS-95 and its derivatives, IS-95A, IS-95B, ANSI J-STD-008 (often
referred to collectively herein as IS-95), and proposed high-data-rate systems
for data, etc. are promulgated by the Telecommunication .Industry

Association (TTA) and other well known standards bodies.
Cellular telephone systems configured in accordance with the use of
30 the IS-95 standard employ CDMA signal processing techniques to provide

highly efficient and robust cellular telephone service. Exemplary cellular



WO 02/ 45327 PCT/ US01/ 43580 2 tel ephone systens configured substantially in
accordance with the use of the 1S 95 standard are described in U S. Patent
Nos. 5, 1030 45%3and 4, 901, 307, which are assigned to the pepUgNRBS t he
present invention and fully incor porit ed herein by reference. I n CDVA
systens, over-the-air power 5 control“is a vital issue. An exenplary nethod

of power r i t LS, i iLn U at ent L

5. 056, 1095 RhPER st Seeclfin Vg SR ugly B et Bl I B ot  on ana
fully inggrgposRhadrderei dedyibegf i@ BN .ePaBnpN6RI Y, 10505 iahdof opsBog a CDVA
over-the-air interface is that communications are conducted over the same
radi o fregbishcyarq REyighaddio Rbe assigrneeanpltbe present dénwerticwbact ifblly uni t
(e.g., acellular telephgne, persona i.gqital assistant (PDA), |aptop
connect edNEFPLTRIE ﬁ@rg n &’é’l EPREAES: h Ve SYSEIRS PYET-tBeRl POWeR gi ven
cel | ulsar ] : C I A ion by

t ransr% t tclto%l%grfér)g\%?%z%sﬁgh kﬁg%ﬁgﬁ%’ﬁ%@?x}%& Es)gﬁé%%@ﬁ%%%? spectrum

Sim | arl ysyseat s krserilsddtin di.Sl PasarthiNa. 5056400 Carhidlb i€ assigned abethei t h
renote units by transmtting a forward-link signal over_ another 1.25 MHz
of RF spessignge offthapiesent inyentigmand felpincoppordesd herrin byaeferentepr ovi des

various benefits i.ncluding,.,e.g.,.an i se in.the frequency,.reuse of a
cellular tel ed%d??én%_%ﬂ’@e%%&ﬁaoﬁél%bﬁ‘?@ 008‘61}16‘&?5?“316‘?‘?’?9"‘%‘?61%8?%% bet ween
two or MyeniadfafibAl bANGondEEE B98dHe B AIERENO h%ﬁt%n@}} {I@’Y%a%@. Fogr eater
nunber of calls to be conducted over a given anou of” spectrum  Soft

handdff iexamplebeath menbte subsdritensinit drignga acellethat éelepladne rpdrsamlt he
cover age retg\]i of . two @;{E&)lre base st at icﬁns t hat .i nvol ves anuclit neously

i nt er f aci HGIH ISRy JERIQR RRNNgCEed: i fr Gellular, telep pRd$-fRES| ves
| nterfacimig Wt f : : _ blves
b | i or (AL BRI PR A0E Ulia? diehfibnd 83ded! Bl BuiBLRRAEST N0 | 1

sof t handaffe basedstacivhbey tiamsbhiflindat ertrdddinld sihal 28kr thbisathd $.28ssi gned
to the assignee of the present invention and fully incorporated herein by
r ef er encéVIHzn ok &V epeqtomal  Sanilarkir ead bppe seatigrsirrasichaa [syBient cami t ched

tel enlone ARk rd FRH kbR L by BahShRRgNE SATRAMY K MshA SRR ! e

another 1.25 MHz of RF spectrum. Transmitting signals over the same

RF spectrum provides various benefits including, e.g., an increase in the

frequency reuse of a cellular telephone system and the ability to conduct soft

handoff between two or more base stations. Increased frequency reuse allows

20  a greater number of calls to be conducted over a given amount of spectrum.

Soft handoff is a robust method of transitioning a remote station from the

coverage area of two or more base stations that involves simultaneously

interfacing with two base stations. In contrast, hard handoff involves

terminating the interface with a first base station before establishing the

25 interface with a second base station. An exemplary method of i)erfornﬁng

soft handoff is described in U.S. Patent No. 5,267,261, which is assigned to the
assignee of the present invention and fully incorporated herein by reference.

In conventional cellular telephone systems, a public switched

telephone network (PSTN) (typically a telephone company) and a mobile

30 switching center (MSC) communicate with one or more base station

controllers (BSCs) over standardized E1 and/or T1 telephone lines



30 switching center (MSC) comrunicate with one or nore base station
controllers (BSCs) over standardi zed El and/or T1 tel ephone |Iines WD

02/ 45327 WRC01/u801/ 43580 3 (hereinafter referred to as E1PTILURIINMBS§0. The
BSCs communi cate with base station t%anscei ver subsystens (BTSs) (al so
referred to as either base stations r cell sites), and wth each other,

over a bagkhaul ., conprising ELLT i.nes. - Ih Ss _conmuni,cat ith renote
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the I nt ershaldrPRahsERl @ CUPEYRERRE(BABE) (ABY AlTerr88 8D dsYeiftRd YRSt Sthiidhe

subm ssi on of proposed nethods for providing high-rate data and
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subm ssi gns describe sp-called "third generation," or "3G systens. An
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| S-95 systens in nmany ways. Another CDVA standard is the CDMA St andard,

as enbodihéghirate3tata @addrighiqalibaspecahsieirpices oy e wirkbess 3cRPpnDatianent Nos.

3G TS 25.211, 3G IS 25, 212, 3G,TS 25.213,..and 3G, TS 25,214. G.v t he
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The | S 9589 cdnma2000, and Wsta’ndar s are capable oif 2 tSr ah%?nhtti ng
bot h1@at dechadlogy @IT)\VOCardidateablibmissien (tdferrédrioahereinds rainea2080),l i nks. A
met hod for transpmttjing data traffic in code channel frames of fixed size
i s descriRsisPYecHBY dhe 114 Jhs stprdan fogsdma266() isgryen igfinafy egsioRETHOD  AND
APPARATU ¥ [‘aqgg/%& " assi d_to the
assi gn.eei%(g:‘:I t Ogbip% esen ﬁ.%l\'?'?,ﬁgﬁgﬁ*@%?f%TI%?%%&%%Q&@?QQ@nlge herei n.
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services is the fact that 'the fornmer mgdoses stringent maxi mnum del ay
- W-CDMA standard, as embodied in 3" Generation Parinership Project
15 “3GPP”, Document Nos. 3G TS 25.211, 3G TS 25.212, 3G TS 25.213, and 3G TS

25.214.

“Given the growing demand for wireless data applications, the need for
very efficient wireless data communication systems has become increasingly
significant. The IS-95, cdma2000, and WCDMA standards are capable of

20  transmitting both data traffic and voice traffic over the forward and reverse
links. A method for transmitting data traffic in code channel frames of fixed
size is described in detail in U.S. Patent No. 5,504,773, entitled “METHOD
AND APPARATUS FOR THE FORMATTING OF DATA FOR
TRANSMISSION,” assigned to the assignee of the present invention and

25  incorporated by reference herein.

A significant difference between voice traffic services and data traffic
services is the fact that the former imposes stringent maximum delay
requirements. Typically, the overall one-way delay of speech traffic frames
must be less than 100 msec. In contrast, the delay of data traffic frames can be

30 permitted to vary in order to optimize the efficiency of the data

communication system. Specifically, more efficient error correcting coding



requi renents. Typically, the overall one-way delay of speech traffic frames
must be | ess than 100 nsec. In contrast, the delay of data traffic franes
can be 3W@ermitted to vary in order to optimze the effiBCEUSY/43F80t he data
comuni cation system Specifically, re efficient error correcting coding
WO 02/ 45327 PCT/ US01/ 43580 4 techniques, which require significantly

| arger del ays. t han thoese that .can. b tal erated. by, voice traffic .services,
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error rate for the speech traffic frames. In contrast, because of the

avai | abi linpgrpsiratestyarefetesse bergirot ocol s for data traffic services, the
A0S can be differgnt framuser..to user .and can b ried in order. to 15

i ncrease the EPﬁleF smﬁ‘gqrﬁnwegqncgﬁ%etwg{e% V@é?ﬁTﬁﬁ%/ %Fa?rﬂ‘grﬁfa%grlagﬁq 5The GOS
of a dat@at kBfdel GaGRAEYRIrERh I fRRASHEL 85inSort A&@bwr@?éi@ﬁ?s tfie total
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pr ot dfol susexs.st Tymically afegniligitah gypecke praeiding afdice taffie spedked, -thiwi t chi ng
net wor ks so tlhat i nforr’rf)ation rrives at its_intended destination 20 One
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addr ess fthel @95t eant bexdifferentefrgmi yeern 1o user Andtcaanbe desiedniat puterconput er s.

The 4isansil 2350 the Sikh Iefficiency of the data communication system. The GOS of

a data traffic communication system is typically defined as the total delay
incurred in the transfer of a predetermined amount of data.

Various protocols exist for transmitting packetized traffic over packet-

switching networks so that information arrives at its intended destination.

20 One such protocol is “The Internet Protocol,” REC 791 (September, 1981). The

internet protocol (IP) breaks up messages into packets, routes the packets

from a sender to a destination, and reassembles the packets into the original

messages at the destination. The IP protocol requires that each data packet

begins with an IP header containing source and destination address fields that

25  uniquely identifies host and destination computers. The transmission control

protocol (TCP), promulgated in RFC 793 (September, 1981), is responsible for

the reliable, in-order delivery of data from one application to another. The

User Datagram Protocol (UDP) is a simpler protocol that is useful when the

reliability mechanisms of TCP are not necessary. For voice traffic services

30 over IP, the reliability mechanisms of TCP are not necessary because



protocol (TCP), pronulgated in RFC 793 (Septenber, 1981), is responsible
for the reliable, in-order delivery of data fromone application to

anot her. Widne2/4433er Dat agram Protocol (UDP) is a sinpler pror/osal43tdvat is
useful when the reliability nmechani sgs of TCP are not necessary. For voice
traffic services 30 over IF, the relidbility nechanisns of TCP are not
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link. SUMVARY . 15 Novel, and irrpr(iv‘%(} nmet hods and apparatus for transmtting
data tr affREnEsaba SRGIeIR PONYRE el aPpraaneds seliehalh sremnotedatiQRsy her ei n,

refers toroilink SRR IO roIE o TRINRIGY AN dLh assigned to a

wreless <co ni'cation se p i der. e enbodi nents descri bed

bel o0 t he chbneeb theydpartte hrcabegnitBnpaidice/ gt dfididatL taffk datea traffic
or the channel 20 nmay be_dedicated solely to data traffic. In one aspect, a
met hod i sSipglesartierchiagmel tharmisarpreserdaieadita develaprertiimabtransmissisines s

communi cat,ign _syst onprisifng: packaging a data payload into a

pl urali tySt]c.ﬁ e%’ﬁ%%%ﬁ*@&@?%%ﬁ%%ﬂ ally transmtting a first portion of the
plurality of subpackets in accordance with predetermnm ned del ays; and 25
sequentially transmtting a second portion of the plurality of subpackets

in SUMMARY

15 Novel and improved methods and apparatus for transmitting data
traffic on a single channel are presented. A channel, as used herein, refers to
at least a portion of the frequency bandwidth assigned to a wireless
communication service provider. In the embodiments described below, the
channel may be dedicated to both voice traffic and data traffic or the channel

20 may be dedicated solely to data traffic.

In one aspect, a method is presented for transmitting data in a channel
of a wireless communication system, comprising: packaging a data payload
into a plurality of subpackets; sequentially transmitting a first portion of the
plurality of subpackets in accordance with predetermined delays; and

25 sequentially transmitting a second portion of the plurality of subpackets in
accordance with channel conditions.

In another aspect, a method is presented for transmitting data in a
channel of a wireless communication system, comprising: packaging a data
payload into a plurality of subpackets; sequentially transmitting a first

30 portion of the plurality of subpackets in accordance with channel conditions;



accordance with channel conditions. In another aspect, a nethod is
presented for transmitting data in a channel of a w reless comrunication
system ooopriseng: packaging a data payload into a pl ur BCTUR016£3580
subpackets; sequentially transmtting.a first 30 portion of the plurality
of subpackets in accordance with channel conditions; WO 02/ 45327
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anot her qgra@@@ndaacmlﬂp ré@t@f@ﬁ@at@aaj@r transmtting data in a channel
of a wireless comuni cation system conpri m@gf packagi ng a data 5 payl oad
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renpot e st erfor a vel ocj.t determnatlon of the rem)e station;
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I ndicates a change from not sl ow ror stationary, then transmtting a

r emailfi ngstapmnargm tbén ﬂramrpittmgl they p(bﬂraémjz)paﬁ: lsabpadketaceqneatialty vint h

channel .condi{ions another a a nethqd is rese ted f
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subpackets; transmtting a rst su pac 0 a renot stat I on erein the
first SUtS}&ﬂ:ﬁkEtlndftQtde&Sd&rlg&rﬁmﬂﬂ dow forastatiokmgyl thdgeransmikisgage i s not
received, transmtting a _second subpacket at a predetermned tine delay to
the renptleMSRNEoPOrtiGhephi the pluslipnof sslimacker dveacosdane|with a

preangl e; pr%agtermmed delays; if the updated velocity of the remote station indicates a
change from not slow nor stationary, then transmitting a remaining portion of
the plurality of subpackets in accordance with channel conditions.

In another aspect, a method is presented for transmitting data in a

channel of a wireless communication system, comprising: repackaging a data

20 payload into a plurality of redundant subpackets; transmitting a first

subpacket to a remote station, wherein the first subpacket includes a

preamble; if an acknowledgement message is not received, transmitting a

second subpacket at a predetermined time delay to the remote station,

wherein the second subpacket does not include a preamble; and if an

25 acknowledgement message for the second subpacket is not« received,

transmitting a remaining portion of the plurality of redundant subpackets in

accordance with channel conditions until an acknowledgement message is

received, wherein each of the remaining portion of the plurality of redundant
subpackets includes a preamble. \

30 In another aspect, a method is presented for transmitting data in a

channel of a wireless communication system, comprising: packaging a data



25 acknow edgenent nessage for the second subpacket is nottr received,
transmtting a remaining portion of the plurality of redundant subpackets
in accomdanwes3aith channel conditions until an acknow edpenErtl/43e®sage i s
recei ved, wherein each of the remainigg portion of the plurality of

r edundant subpackets i ncludes a pr ea Ie 30 In anot her aspect, a nethod
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W th the ghaWhREDHA 1 mcgﬂdlréllﬁgtgﬁgﬁgﬁnce characters 15 identify
correspondi ngly throughout and wherein: FIG 1 is a diagramof an exenplary

dat a ¥ommuni cation system FIG 2 is a graph | |1 ustratl ng peri odic

transm ssions of data_traffic ackets; FIG isS a & illustrating
transni ssi on of dBRIEFDESC QNﬁIQFﬁﬁHEQD S ansni ssi on
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become more apparent from the detailed description set forth below when
taken in éonjunction with the drawings in which like reference characters
15  identify correspondingly throughout and wherein:

| FIG. 1is a diagram of an exemplary data communication system;

FIG. 2 is a graph illustrating periodic transmissions of data traffic
packets;

FIG. 3 is a graph illustrating transmission of data traffic packets during

20  optimal transmission conditions;

FIG. 4 is a flowchart of an exemplary embodiment, wherein the
velocity of a remote station is used as a criterion for a transmission timing
decision;

FIG. 5 is a graph illustrating transmissions of data traffic packets to

25 multiple remote stations with normalized means;

FIG. 6 is a graph illustrating the improvement in the data throughput
rate of remote stations at slow speeds;

FIG. 7 is flowchart of an exemplary embodiment, wherein the
transmission timing is periodic for a predetermined duration and then

30 becomes aperiodic;



decision; FIG 5 is a graph illustrating transm ssions of data traffic
packets to 25 multiple renote stations with normalized neans; FIG 6 is a
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dth 30 X i odi ¢ 02/ 45327 PCT/ 1/ 4358 8 FIG 8 i
o agr a1 s G P 2SR AR eR AP PER? SEONL AGRPIAEN . FI G o

is a flovwehissdi tan exenpl ary enbodi nent, wherein a retransmni ssion occurs
after a fixed deldy, and further retransm ssions occur 5 using channel
sensitive ti nmHG. szhiemes floltdBartl ®fi anaexiémaglaam embosimant, ngrhreeiaxanpl e of
the third exenplary enbodinent; FIG 11 is a flowhart of an exenplary
embodi medetranfiEision accuss @fteria fixed delay, anshig Sharetmasnnsions aewsdr dance

W th channel, sensitiyv, Limng scheme for a predeterm ned duration,
and f§rt H%img %@%}?iﬁ‘?%‘i %%égusgéﬂ?“grﬂgsf’i odically; FIG 12 is a diagram
illustrating r}qc.eribliglaaﬁ%ﬁfﬂ FPAAFRtARY AN xihfile JfSthROIHEIRARBREMPEEYSI tive
timng schenmes; and FIG is a flowchart ill'ustrating an exeﬁpl ry

enbodi nerembadieremitn 15 transmission timng priorities are set between new

transm ssi ons d _retransm ssi ons, DETAI LED DESCRI PTI ON OF . THE PREFERRED
ENBODI MENTS | F00astl 117 (A tHOW Ghett nok-28 exemplagy embosigshtn WheasinoA net wor k

10, 3o Sl el Bl kel TS, ULl BRpBT TR o
cont ol | etm{rBSeghedhe for a predetermined duration, and further retransmissions
occur periodically;
FIG. 12 is a diagram illustrating potential transmission delays when
using channel sensitive timing schemes; and 4
FIG. 13 is a flowchart illustrating an exemplary embodiment, wherein
15 transmission timing priorities are set between new transmissions and

retransmissions.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

20 As illustrated in FIG. 1, a wireless communication network 10
generally includes a plurality of mobile stations or remote subscriber units
12a-12d, a plurality of base stations 14a-14c, a base station controller (BSC) or
packet control function 16, a mobile station controller (MSC) or switch 18, a
packet data serving node (PDSN) or internetworking function (IWF) 20, a

25 public switched telephone network (PSTN) 22 (typically a telephone
company), and an Internet Protocol (IP) network 24 (typically the Internet).
For purposes of simplicity, four remote stations 12a-12d, three base stations
14a-14c, one BSC 16, one MSC 18, and one PDSN 20 are shown. It would be
understood by those skilled in the art that there could be any number of

30 remote stations 12, base stations 14, BSCs 16, MSCs 18, and PDSNs 20.



packet control function 16, a nobile station controller (MSC) or swtch 18,
a packet data serving node (PDSN) or internetworking function (IW) 20, a
25 publ i ov@w/assked tel ephone network (PSTN) 22 (typical | yrarawséiepshsmne
conpany), and an | nternet=+Protocol (I 5) network 24 (typically the

Internet). For purposes of sinplicity, four renote stations 12a-12d, three

base stations ; 14a-14c ne BS 6, - C 18. .a one N .are shown.
It woul d be u@dé’?&t 815‘8()@?11 rﬁogg%s&’ilﬁf%sgwg%épﬁ%mg#l?or} kr%‘aett@?ﬁérlépé%uﬁ d be any
nunber of pa &t IRID 6 Icdori2 THAs@N6EasthABAs 19a-189Ghay he MBeBarl8, and
PDSNs 20." WD 02/ 45327 PCT/ US01/43580 9 In one enbodi nent, the wirel ess

comuni catelephanes weelkilan téleplrongsackatectiat fo daptopcesnpotens mannitig [Penot e
stations 12a-1 y be cellular telephones, celluylar tele nes connect ed
to |apt opb%#pﬁf@fngrQWiwhﬁwomsf@ P%ﬁésfqy%&%@%w%ﬁﬁoegﬂgﬁgnaﬁe| | ul ar

tel ephoneg wi L 1§85 9! Pb%%%%ﬂﬂﬁg%ﬁ-ﬁ&?e&%eﬁiﬁrﬁys&fl fﬁ%%aﬁ%&gé‘i g, d P- based,

Web- browsér applTcations. nmot € st ati ons a may vant ageousl y

be confi grnRetetstatitilsl IPaM2anaap advERtazesusly! mscordpaked t6peffopfmateced s such
as described in, e.g., the A TIA TS 707 standard. In a particular

enbodi menmore hwiradesst @askeit idate pigtecalzd syeheprat degcpbgdclint se-gesthened for
the I P 2 | at 10 t | B K into f [
o nt -t o BUSHIATSTRL SRSEER) B R rAtEcbiE SmnRRmeT ol e AT RO (o

coupl ed tpd{my g&%&a@w ga&e@'&%{iﬁ@d IfSr aQURd Qe QK DE aNBlentlpsiiAe MBC i's
coupled to the BSC 16 and the PSTN 22, and the BSC 16 is cougl ed to the

base BX at theri® fathetbdnto/irames neinigreepoint-dofpojulr pabtéad (BPBRsm ssi on of voice
and/ or data packets in accordance with 15 any of several pr.ot ocol s

i ncl uding, e. gfn, OR empp: nngwglm m@%ﬁaa&%ﬁoum}sgéwtﬁ%m@ B, Frane
Rel ay, H . I I [ 6 1S

coupl ed Eiﬁrb ggﬁ%{st%)%ﬁéépgm @8%%5BEWCCWQ§§% B§§B%| %ﬁ&%e t he PDSN

20. | n oneSENINaiEhe BIE TEivmiovpiédits disbdseastaticis Tntddwiaalelthésh t he
base stations 14a-14c over an RF interface defined 20 in 3rd CGeneration

Par t ner shiqnfiguwspd dor rangmpeion of phigsiaral/ or slpse paelenislin dcéaeanesiwa?000

Spr eal% Spgr%; (r)fj sngv%¥eﬁt1§nr(r)svvr'1‘ plgo%gozls PI?&HHFAE, e%,’El?ﬁ?gg%&ro}_lloés Transfer
Mode (ATM), IP, PPP, Frame Relay, HDSL, ADSL, or xDSL. In an alternate
embodiment, the BSC 16 is coupled directly to the PDSN 20, and the MSC 18

is not coupled to the PDSN 20. In one embodiment the remote stations 12a-

12d communicate with the base stations 14a-14c over an RF interface defined

20  in 3" Generation Partnership Project 2 “3GPP2”, “Physical Layer Standard for
c¢dma2000 Spread Spectrum Systems,” 3GPP2 Document No. C.P0002-A, TIA
PN-4694, to be published as TIA/EIA/IS-2000-2-A, (Draft, edit version 30)
(Nov. 19, 1999), which is fully incorporated herein by reference.

During typical operation of the wireless communication network 10,

25  the base stations 14a-14c receive and demodulate sets of reverse-link signals
from various remote stations 12a-12d engaged in telephone calls, Web
browsing, or other data communications. Each reverse-link signal received
by a given base station 14a-14c is processed within that base station 14a-14c.
Each base station 14a-l4c may communicate with a plurality of remote

30 stations 12a-12d by modulating and transmitting sets of forward-link signals

to the remote stations 12a-12d. For example, the base station 14a



PN- 4694, to be published as TIAEIA 1S 2000-2-A, (Draft, edit version 30)
(Nov. 19, 1999), which is fully incorporated herein by reference. During
typi cal opeonz#izen of the w rel ess comuni cati on network 1BCT/US&/438 base
stations 1l4a-14c receive and denodul ée sets of reverse-link signals from
vari ous renote stations 12a-12d engag dintel ephorve calls, Wb browsing,

or other data co t Q Each ever.ses |1 nk g rece ilved .by a given
base st at PHH“% ﬁg Eﬁ%’é&’p&%& oo ﬁl‘étforbsa E%F}IBH WA, Each
base st atah@l“th%%sé%?aﬁ‘@? 14@&Hﬂ=lﬂtﬁ"ﬁ‘éa%eé’\’wtiﬁ1 ﬁfuﬂl dhal tbithHerd fERERI0PE Stations
12a-12d by nodul ating and transmtting sets of forward-li1nk signals to the
renot e stlat, Iﬁfi!scmmiteﬂr&@us]io r Tlex sepplliing phekdiasee sdratdrdad 14h¥\BSQ216)5327

PCT/ USO1/ 43580 10 communjcates with_first and, second renpte stations 12a,
12D si rruwlaﬁbo@noyufes GH FPoUBeR: caloGationn and CBARIEY c ARERAERRRGNLL hi rd and

fourth r Sl a0k | AR iAE e ARIBLAMKLRANSOUSI o TR S3ul LflupRaghet s are

f or war de provi des ca resource allocation and

mobi |'i ty preRaderesnote fstitid 02Rl2d ¥rdcondbage bhiodr toesdd & kAbtH: Ssoft
handoffs of a call for a articular renote station 12a-12d from one base

station base JEdeiCIrD l4addaerForbagenpleani temate sstaden 12oris examplsicatingenot e
station 12 lcati t.h two base atio 1

si mul t an Ck@\?%ﬁ? yﬂ‘%w% F}’rataﬁéﬂﬂ%]é( SF; ‘r‘%@y "ng rhé};aersen?(gp enough
away fr Omﬁﬂﬁ] Pic ﬁ@%@%ee uagftﬂ mgy%qn oSGk Ihasd Sratiohb 12€ th@ragﬁd off to
t he ot her base station 14b. the’ transmssion I's a conventional tel ephone
cal | 10t heviB¥e Hénded off to tha ethiehbaseestatiored4lolat a to t he MSC 18, whi ch

provi des addlt onal routing .services for interface with the PSTN 22. |If
the transmi ssilbHh¢ sranspussien st@awemlgﬁgmeégpb@n% Gelh He BSEakoavall) |

ot he PER U R MR o fhe NS IR tfich ptiied bt A0BBfgP2C ! ©

Al t er nat isysliyes fohentdBfacd Gvith the PSTINEZL. e tﬁ@@ﬂ@@faﬁugbw@ﬁ ii)paEk)etIBh%ed PDSN 20,
whi ch sends the packets to the |IP network 24. Reverse channels are

transm ssrapwmissiomstehwse detat ¢abndestred. for AhetlB network 24, the MSC 18
15  will route the data packets to the PDSN 20, which will send the packets to the

IP network 24. Alternatively, the BSC 16 will route the packets directly to the
PDSN 20, which sends the packets to the IP network 24.
Reverse channels are transmissions from remote stations 12a - 12d to
base stations 14a — 14c. Performance of reverse link transmissions can be
20 measured as a ratio between the energy levels of the pilot channel and other
reverse traffic channels. A pilot channel accompanies the traffic channels in
order to provide coherent demodulation of the received traffic channels. In
the cdma2000 system, the reverse traffic channels can comprise multiple
channels, including but not limited to an Access Channel, an Enhanced
25  Access Channel, a Reverse Common Control Channel, a Reverse Dedicated
Control Channel, a Reverse Fundamental Channel, a Reverse Supplemental
Channel, and a Reverse Supplemental Code Channel, as specified by radio
configurations of each individual subscriber network using cdma2000.
Although the signals transmitted by different remote stations within
30 the range of a base station are not orthogonal, the different channels

transmitted by a given remote station are mutually orthogonal by the use of



base stations 14a - 14c. Performance of reverse link transm ssions can be
20 nmeasured as a ratio between the energy levels of the pilot channel and
ot her reweosm433eaffic channels. A pilot channel acconpani PETURE/436%f fi C
channels in order to provide coherenf; denodul ation of the received traffic
channels. In the cdma2000 system the reverse traffic channels can
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Rever se Dedii@apedvideotidr charcanatbn shdRévefdastimirdanBhhad efdadf€lthe a
Reverse Suppl enmental Channel, and a Reverse Suppl enental Code Channel, as

speci fi edrdsgivesidi o configurations of each individual subscriber network
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channel i zation and for resistance to phase errors in the receiver. As
ment i onedthsy dapeuERr§onpolsing offter Gowes  gowirekh bitss dempteDNALIOR st ens. | n

Cr amorm ssTora iR pels F5 sBkRl SnBH Sl H PR iR Phafremdtls "the
base st at tGbunkfSticid ahd enfRefRENRONIthUthdi feinotd stATBHEmaYyHe RAuead In

advant ageousl y ‘adj ust the signal strength of its transm ssions so that
power 10 cothisimpanman, dredpowee dfegashdadivitinabrémeter station ist dhiei wnge mfya be

reduced. Jn 10 E.hi S nmanner, ttqu ower of each .individual .renpte station in
the rangeP®ie H2teads abProYiRely figstasme mafiEhyallons Sanipn KFfBhs | or
mexi num saagga%wg. qRRAEIHYe sthBBnk 8RPHRVIHEY WAltPaAE stV e s WirtdhiBht | east
two nmeans for output power adjusthent. One Is an open | oop powet control

process ppoWwer adphshyient. hOne ésrah @pehdbop poavet conatob @irotess pecfopsrd by op
correction process involving 15 both the_ renote station and the base

station. Hswspeote satiqmaned anRiher Isi hrlosed b carraetion pEasese rRYRINAS at a
15  both the remote station and the base station.

However, on the forward link, a base station can transmit at a
maximum power transmission level to all remote stations within the range of
the base station because the issue of interference between remote stations
within the same cell does not arise. This capability can be exploited to design

20  a system that can carry both voice traffic and data traffic. It should be noted
that the maximum power transmission level cannot be so high as to interfere
with the operation of neighboring base stations.

In a system using variable rate encoding and decoding of voice traffic,
a base station will not transmit voice traffic at a constant power level. The use

25 of variable rate encoding and decoding converts speech characteristics into
voice frames that are optimally encoded at variable rates. In an exemplary
CDMA system, these rates are full rate, half rate, quarter rate, and eighth rate.
These encoded voice frames can then be transmitted at different power levels,
which will achieve a desired target frame error rate (FER) if the system is

30 designed correctly. For example, if the data rate is less than the maximum

data rate capacity of the system, data bits can be packed into a frame



maxi mum power transm ssion level to all renote stations within the range of
the base station because the issue of interference between renote stations
wi thin tveosams2tel |l does not arise. This capability can bpeT/@s@l/43580ed to
design 20 a systemthat can carry bo&% voice traffic and data traffic. It
shoul d be noted that the maxi mum poweér transm ssion |evel cannot be so
base.stati,ons. In a
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25 of variable rate encoding and decoding converts speech characteristics
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rate is lmsignebanthidprevext mvientidataad iaterporprd by réfbrdne hevgheBindat a bits
can be packed into a frame WO 02/ 45327 PCT/US01/43580 12 redundantly. If

such a rébandanimisaion @f veicergaffisofiemesodeesmnatoneeassarilynuitizertbece t o
other rennte stations be, r educ ecause. t he process. of .soft .conbining
at the r eCRTEMAYENE i%i‘fvf"és FEX@V@? 33%?’318‘?)?? H‘a& franstpi, pg %ZSfl vari abl e
rate e”CQﬂit&‘&affi‘@cé}%@ﬁ‘aﬂgrrﬁ@ec@ﬁﬁ%g'tﬁ@geéi&uﬂeﬁcﬁbér.' n US Patent 5 No.
5,414,796, entitled "VARI ABLE RATE"VOCCDER, " "assigned to the assignee of

t he dfesent i ilemte ifra woide fracoe oraiseditied atef givendesther €itnat )SdBdait t he
transm ssjon of vojce traffic franes does not ne,ces?g{ri ly. utilize the

maxi mum pBR&RsE &tptiog bas mpAmUrR tRISEISYAR (CBRAGH) © n theradst i zed
data traffi ] [ Ldu .. 10 He , if
ot oe f AMr-OxPaB rO8abARRoNbL HER iR bB%st %o LERLANAIRWE 1D Fenee, 1 8

station has a Tiexipiodast r e sfarsalifthe apagi tryffef witldRoitdharnffibedad be (Y - X
dB residual power that can be used to transmt data traffic. The process of
transm t tpreblegeatic. t rSinee cthei vhicgotreffia fugones agentrvesmiteshleé mdifferentSi nce t he

voi cqstralll el sian® Igov%le 15&&5,‘,3{11& E;{Sgnt?’}y %‘(—f fxgr(%] s unpredictable. One
method for dealing with this uncertainty is to repackage data traffic payloads
into repetitious and redundant subpackets. Through the process of soft
combining, wherein one corrupted subpacket is combined with another
corrupted subpacket, the transmission of repetitious and redundant

20 subpackets can produce optimal data transmission rates. For illustrative
purposes only, the nomenclature of the cdma2000 system is used herein.
Such use is not intended to limit the implementation of the invention to
cdma2000 systems. In a cdma2000 system, data traffic is divided into packets,
which are composed of subpackets, which occupy slots.

25 For example, if a remote station requests the transmission of data at
76.8 kbps, but the base station knows that this transmission rate is not
possible at the requested time, due to the location of the remote station and
the amount of residual power available, the base station can package the data
into multiple subpackets, which are transmitted at the lower available

30 residual power level. The remote station will receive the data subpackets



15 transm ssion power |evels, the quantity (Y- X) db is unpredictable. One
nmet hod for dealing with this uncertainty is to repackage data traffic

payl oads wo nv/es3eepeti ti ous and redundant subpackets. Thr opghvuséuet3psoocess of
soft conbi ni ng, wherein one corruptegd, subpacket is conbi ned with anot her
corrupted subpacket, the transm ssionof repetitious and redundant 20

subpacket s:can produce .opti mal data, transmssion rates.. For.illustrative
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Such use i figkelsth 284¢k 1R ddtiayldie WIRLeARRLD:Me R he | nvent ion to
cdma2000 systens. In a cdna2000 sgllstem data traffic is divided into

packets, whi chhiarmethododegyd iofpreblepaticeinsthattthe hreouate pyatidrotsust 2 For

exanple, if a renote station requests the transm ssion of data at . 76.8
kbps, butablﬁetObcé%téds@la@iqtlﬁﬁoaﬁot%@ aqgtitionp) subpackets sSmse the @5@@0}%@&

nd che ShetadfetbrOET EhuhelRy, S2 ABndaly K8t FhepRaieelelfr B hE LDl age

the data additi@nAlddbacReBUblAskRifcredd Sl BvilyadsretrhfiSmakidnge | ower

avail abl e 30 residual power |level. The renote station,will receive the data
subpacket s WO Op¢438¢thoCthalsowil 3880w 18 wimbtec ostatipn edio bidetect bilte can sof t

conmbi ne the uncorrupted bits of .th subpackets tqQ receive th ta payl oad
Wi ant SIS B S St B Se pPSRPErS VPl TRATS ho
remt e St aldign MislaRple ARltachd8 RCh ARy deaROS shiBaadd! hateal i
subpacket??ems)clmﬁc tﬁg%a%%’i ttleona?l 5 su]l")sgac nets garsr yﬁ?gﬁ'nda%t% dgtea payl oad
bi t s, 10 hepteaatidaicasiienirdbrinhtion iddntiifying avhishbeaaketstation s be tagerred to
alternatively as "retransni ssi on One nmethod that will_ allow a renote

station tdéegpgen afrde @%?Erw%%ciéf'ﬂ"éﬁ@ﬂsﬁrﬁﬁ%ogéﬁtﬁ chéhe Pabpaghehiadst ons at
peri odic {LGINALSr L Rictts JIBANGLyrd RESATIES IR AlAATHEGL e f1rst
pacKet, erein the preanble carries i

ration
i dent i f yi aghidhi o tHe mRiieals bt dubpacRetb N el ahgeperid@it imtaiva0s Hfwhie data

payl oad, the transm ssion rate of the subpacket, and the nunber of
subpacket etigethissionmary schedflgd tanawive, ¢ watedlypay poedkfinpde systemi ng of
the afdi Ve ranerdt AT S Systirnaces fot BEVe 30GE o' HfEorparatiertt) thifling
information may also be included in the preamble. Other information, such
as the RLP sequence numbers of the data packet, can also be included. Since
the remote station is on notice that future transmissions will arrive at specific
times, such future transmissions need not include preamble bits.
20 Rayleigh fading, also known as multipath interference, occurs when
multiple copies of the same signal arrive at the receiver in destructive manner.
Substantial multipath interference can occur to produce flat fading of the
entire frequency bandwidth. If the remote station is travelling in a rapidly
changing environment, deep fades could occur at times when subpackets are
25  scheduled for retransmission. When such a circumstance occurs, the base
station requires additional transmission power to transmit the subpacket.
This can be problematic if the residual power level is insufficient for
retransmitting the subpacket.
FIG. 2 illustrates a plot of signal strength versus time, wherein periodic

30 transmissions occur at times t, t,, t, t, and t,. At time t,, the channel fades, so

the transmission power level must be increased in order to achieve a low FER.



retransm ssions are scheduled to arrive, is usually a predefined system 15
paraneter, but if a system does not have such a system paraneter, timng

i nf or mat ivodomeds2al so be included in the preanble. O her |ipP€DURBII43680, such
as the RLP sequence nunbers of the data packet, can al so be included. Since
the renpte station is on notice thdt future transmissions will arrive at

specific tjnes, such future transm ssions need, not include preanble bits.
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determ ned at a base station through information 5 transmtted by a renote

st at i ofesadped rial copendidls EbhdPateshArplicasion e £5819%3e@38hfiledgAnchannel
state dnforymtion carri,ed b ta re SsS or ower
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information can be transmtted by a variety of ways, ich are not the
subj ednhveitiorhengdrinemporaieg! by atferemce Beodinnédho dseagnee ofles opiioed i n

co-pendi ng U. S._  Pat ent lication . 08/931,535, filed on.
15p c%amqel condition ?s theAgg'\ount of Cfn’cex"?grence ue to other remote stations.

Another measure of an optimal channel condition is the Rayleigh fading

condition.
The method of transmitting only during favorable channel conditions
is ideal for channels that do not have predefined timing intervals for
20  transmissions. In the exemplary embodiment, a base station only transmits at
the peaks of a Rayleigh fading envelope, wherein signal strength is plotted
against time and the signal strength peaks are identified by a predetermined
threshold value. If such a method is implemented, then an easily detectable
and decodable preamble is vital for retransmissions.
25 FIG. 3 illustrates a plot of signal strength versus time. If the base
station determines that the signal strength to a remote station is good at times
t, t, and t,, but not at times t, and t, because the signal strength is not above
threshold x, then the base station will only transmit at times t,, t,, and t;.
Since the decoding of retransmissions is dependent upon the
30 preambles attached thereto, the preambles may need to be transmitted at a

higher power level than the rest of the subpacket or may need to be



Sept enber 16, 1997, entitled, "CHANNEL STRUCTURE FOR COVMJNI CATI ON
SYSTEMS, " assigned to the assignee of the present invention and
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| nt erval Siok Gruchhihg $edTbIes 99 deshibdd i exPERkAYUBTTAEADplidatias e

station only transni at the peaks of a Rayl eigh fading envel ope, wherein
si gnal stNengt filedsorpNovesder 29230061 entithesl ANREAMBISE GHNERATIOYN.1 peaks are

i dentified by redeterm ..threshol d l.u If such a nethod is
ol enrent ed. t HEW AT GRS OT Ghead B8 doaltins B BRER Tt al f or
retransmssi . j | Ver sus
tinme. IgI f ?%g?@glge&ﬁgfvg%gg dgé?ﬁ%ﬁgﬁtﬁg?h? 'elﬁgsri eaéﬁg&ﬂé’tsr?%;ﬁg{ggttt c;:aa r enot e
station ipregadfe & K bit®tong, the tata paﬁloha,is Riividedtingd M istBpadiketgngd 3

a

because the sitﬁ%nal strength is_not ove threshold x, then the base

stati on viteltot Inpmabermefits for alli swhpackets iuN. ahlgen 8 pegodietranemigsiondi ng of
retransm,gsions . s dependent upon t 30 preambl e ed thereto, the
br eanbt s ibgceEss PEREEN PorthR kil hevs BRI ERBE 6L K/AT B8 AP HR (he fest
of the subpaaKebf ‘éﬁ_e@ytd“ﬁrﬁﬁsﬁrﬁ s ES\@eﬂ%/aﬂE@aZ)ldDg%T (RIAQY/ 48386verl For
structured so that it~is nore easily detectabl e and/or” decodable. A nethod
f or shOr ucapariowjc pirassvhissions sthdé sreqittredai preaoye nidi nepctl. Subpadkeht the
Application No, .--, filed.on Novenber 29, 2000, entitled "PREAMVBLE
GENERATI (Y erhepihds K/ H Shstie BTG 6 BRI A BRTY! HHAOYSEAd s ssi on

power . 5 dr?él M%'{@gm herwi se be used to carry data traffic. For exanple,

suppose tha nble is Kbits long, the data payload is divided into M

subpackets, anthe teh@m@ir?l ebodieneretb dbstSbédhepdih iackebenefitshof Then a
periodic transmssion_ that requires only one preanble will have an
over head b KWR Brethodnihove Anirgmigngr e megetigasatnectshiof theer head i s

101 oglQ (tﬁ/eMOdsrb\QﬁﬁForughf fllese embodiments are described in the context of a
channel carrying both voice and data traffic, the methodologies detailed
herein can also be applied to any data traffic channel wherein retransmissions
of corrupted data packets occur.

Fig. 4 is a flowchart of a first exemplary embodiment, wherein velocity

20  estimates of a remote station are used to determine the timing of the forward
link transmission of data traffic packets.

In one aspect of the first exemplary embodiment, a velocity estimation
scheme, as described in U.S. Patent Application No. 09/519,004, entitled,
“VELOCITY ESTIMATION BASED GAIN TABLES,” filed on March 3, 2000,

25 and incorporated by reference herein and assigned to the éssignee of the
present invention, can be used to determine the velocity of the remote station.
A general observation is that during instances of fast fading conditions, the
received pilot power will cross a given power level threshold faster. The
envelope level crossing rate (LCR) is defined as the average number of
30 positive crossings across a predetermined level, R, per second. In one

implementation of the embodiment, the level crossing velocity estimation



10 aperiodic transm ssions that require a preanble for each subpacket, the
overhead is MK/N and the anobunt of energy to transmt this overhead is
1010910( M0 Bb/453The exenpl ary enbodi nents descri bed her ei nPerplai43s8ohe
benefits of the two nethods above WSI:6I e mnimzing the negative aspects of
the 15 nethods. Although these enbodi'nents are described in the context of

her o n cARURTaHCR8 ARBFAAY TEE NP aBua b 301 sErRRAIET WReRErgfatre ¢ o0
retransmg i&ﬂ?or%t%?fﬁé’ﬁ%ﬁ&i%?aﬁ@%@ﬂo‘ésiﬁ Gife (A0, 4 is a flowchart of
npl ar t, wherein velo

a first ex y enbodi ne city 20 estimates of a renote
station are uded ) bedled edrfichevavieterigtivithgnof the forward |ink transm ssion
of data traffic packets. In one aspect of the first exenplary enbodi nent, a
velocity estinmuti on&cégdhems, as described in U S. Patent Application No.

09/ 519, 004, entict Fet;=-VELOCI TY ESTI MATI ON BASED GAI N TABLES, " filed on
March 3, 2000, 25 an%ﬁf;ncorporat ed by reference herein and assigned to the
assigree of the present invention, can be used to determne the velocity
of the renote station. A general observation is that during instances of
fast fading conditipns, the received pilot power will cross a given power

| evel threshol tof st Z'?R dThe envelope level crossing rate (LCR) is defined

as the average nunbeV<of 30 positive crossings across a predeterm ned
| evel, R per second. In one inplenentation of the enbodi nent, the |evel
crossing vel oci ti/ estimati on WO 02/ 45327 PCT/ USO1/ 43580 16 technique is

appl i ed tif yphichef .k h8 thenihdee of 1ovet BrREMEH pePEeddifl, TUAN A HemKED)
conponent of the signal using a zero crossing rate (Zfﬁ). Let X, be the

carrier vERkeREbRindsh@ihes e dighliersdeéchero), anfC 1s4GR constant that is

10  the base for the natural logarithm (In). Then Yrcr is the estimated velocity
using level crossings and Vzcx is the estimated velocity using zero crossings.

In énother method for velocity estimation, the velocity of the remote

station can be determined through covariance estimation. An estimate is

made of the auto-covariance between faded samples r[i]. The faded samples

15 r[i] may be the envelope samples, the squared-envelope samples, or the log-

envelope samples. The value 7, is defined as the samples spacing in units of

seconds per sample. The value p, (0) is defined as the energy of the received

signal r[Kk] (u (k) being the covariance). For the squared envelope, the velocity

of the remote station may be estimated in accordance with the following

20  equation:

) |V
O 2mr, \ u, (0)

N
where V = —1——2 (rlk + ] - rik1)* , k is the sample index, N is a moving window
k=1

size, and V is an average value of V. The signal energy, p.(0), may be
estimated in accordance with a number of methods known to those of skill in

25 theart.
In another method for velocity estimation, the velocity of the remote

station can be determined through Doppler frequency estimation, which is



ZCRr in which LRRM5S is the nunber of |evel crossings per second, LZCR is
the nunber of zero crossings (tinmes the signal crosses zero), and e is the
const ant war/433g7 10 the base for the natural |ogarithm (P@y/USHIM3SSOVLCR i S
the estimated vel ocity using |evel crf)]ssi ngs and ~ZCR is the estinated

vel ocity using zero crossings. In another nmethod for velocity estimation,

the velocity of. ¢ r.enote ..statdon .determ ned t.hrouagh covari ance
st mat | orrobap gt REvbbag FINEeriRR i gT OO RP R Rl hEEAdeR A S e
sanpl es riid perfdfifed 2dRE BRsWledge b thd trhnsmYH&BpbiiRr @AN@LDHIS, 28ERhES,  he
squar ed- envel ope sanples, or the |og- envel ope sanples. The value ; is
defi ned ahetrhmodanlion aphe bage statiomi t s of seconds per sanple. The val ue

rr(0) is defined as_the enerqgy of the received _signal r[k] .(rr(k) being
t he covari ancgl)“. apgther paet E]é%P’éd’e@rWI esbenation; the rearen conFolibits ptgt e

tati ot ed. i t f ' 2 tion:
PV FRovRvdtfhlsI 6d DuF CERHARTING! [hahfie | SUAbRE SEREIA (0T °\
i's a novigtpewratiny it Nskddiefh#Rd did power aondotiageamake@ivid Yy te signal

energy, RJO, may be estimated in accordance with a nunber of mnethods
known t o tenu¥e stitigrkwith a #% ggor patearlden¢enthenlsanemissionhpewenleveld ofi t y

estimation, the velqcit f.the rennte station.can,.be t ef,m ned t hrough
boppl or 1 PEEHRES SLUTTART hE BRRPETIE: RS IRElS TS0, Ipsaa0e! 17
proporti et QohRR1 ISkOGDH! MonsuBEt%nﬁEHﬁt&lﬂ%E a%jz@é‘-la%@@'ef‘éen@.ﬁ TRRL 1 on can
al so be perfornmed using know edge of the transmtted power control bits,

at eitherinfdrimeati@niridicsitathatnit Brreasunablst stakeiaomandmissioatgowemietrblod f or

velocity estimatign, the power control_ bits are advant ageously used to
esti mat e PHEURFIHAT RHHARG @nguﬂ%wdafgﬁow(%sf&% s Teqeivesl B3t them ned

that powelnGRBLtRlorPot By Ushng £6ahHRY & )bo%]@r control bits transmitted by the

base station.
Knowledge of the cumulative sum of the power control bits can be
15 used by the base station or the remote station to determine the average power
of the remote station’s transmissions, which can in turn be used to determine
the velocity of the remote station. The power levels of the received signals are
used to determine the envelope level crossing rate (LCR), excursion times,
and excursion depths. This determination is made through direct observation
20  of the number of positive going crossings per second made by the transmitted
power control bits. In turn, the level crossing rate and the excursion time can
be used to determine velocity information. It should be noted that the profile
of the envelope LCR is similar to the transmit power profile of the remote
station. In an embodiment, the power profile of the remote station, which is
25 composed of 1 dB incremental steps, may be replaced by the profile of the
envelope LCR, which can be smoothed by taking a geometric mean of
successive powers of the received waveform energy per PCG and curve
fitting the values.
Other methods for determining a velocity of the remote station can be
30 implemented within the scope of the first exemplary embodiment described
in FIG 4.



renote station with a 4%error rate. Hence the transm ssion power |evels of
the renote station and the transm ssion power |evels indicated by the
actual poowr4ssontrol bits so not substantially differ byrParisegssgpercent.
This 10 information indicates that it;ds reasonable to nake a transm ssion
power |evel estimate either by using a nunber of power control bits

received by th [.eno t athorn o usy a. nunber;. o wer._control bits
transmtt eé by‘gi; hsetgp b%l(geosfs?géi gﬁ.g lkﬁ%\?vl %%ggnofs t%élo%?ﬁi]lyzt 'a\’}‘énBﬁ}%f t he
power Ccondublackéts cabBfin® @latd rabePaPloaing RASGeSaidrNo raﬁﬂ%ygﬁfﬁﬁ e

station to determ ne’the average power of the renote statio
t ransm sstherrengefaif che base stativor dt bleowlddee notedethar singe the trmnsalissionsy of t he

emte gt on, e BYEr Levelsof e regelxed pignal g are tsed (0
cxout § Onglen g oA CELAITIAAN S BB Wil B cobagEie O

transni t t@GvideRoti€Ots o abmbitd statibn thut Retrdieniseival weilldss higvihgtg aand t he
excursion tinme can be used to determine velocity information. It should be

not ed t hapredhterpriped tiene periedhe envel ope LCR is simlar to the transmit

power profile .the . renmpte statjon. .l.n .an.enbodinen t he rofile
of the rempte ‘8{ 3‘%%130%’ ANRTERSTS5 2 %%85@8 bgpe fgaélg_ni %%?%ﬁggﬁgé?gps, may
be repl agegsttynd F@nafeoéthhfané stainafy V8l PRIkt Rat WHIE6W SHadbeASHBRt hed by

taking a geonetric nean o successi've powers of the received waveform

ener g pespePd@anrin: desigmated i20tkilogndtae pexlhms. orQess howetvendsshiaulddet er mi ni ng
a velocity of fhe_ renot tation can be 30 inplenented within the scope of
the firstiaizg ﬁ%@faws Unsthnlfonticisariela represERiative Hgwre shatssilvary

PCT/ US01/. 43880 ;- 4, . St.at | | -Sq: Lodically
transm ttviéﬁg ﬁlsdl}%ﬁgié@&e%?&g%f%ﬂl %Sﬁ{fgt Sé t?“gf %%FE)IZy oga H}B(S)%rngl%k’emset ations

oper at i ngvelbdifii nay ive detegindd bhetheasensteadthBion dit tiehoelbditpenaptird t hat
since the transm ssions are periodic, only the first subpacket” of a
pl ur al i t ydesermsinegalex shesbaserstyiiony H the determination of velocity is performed

15 by the remote station, then a transmission carrying the velocity information is
sent from the remote station to the base station. -

At step 42, the base station discontinues periodic transmissions of data
traffic packets to the “slow” remote station and begins transmitting
aperiodically, during optimal channel conditions. In one aspect of the

20 embodiment, optimality of the channel is determined by fading conditions on
the channel. In such an instance, transmissions occur at times when the
Rayleigh fading condition is above a set threshold. The set threshold is
chosen as a normalized mean of the fading characteristics of the channel. FIG.
5 is a graph illustrating the transmission of packets carrying data traffic

25 payload at points {, t,, and t, above a set threshold of x dB. Each subpacket
transmitted during this step includes preamble bits.

Velocity updates are performed so that the timing if the
retransmissions may be periodic or aperiodic in accordance with the speed of
the remote station.

30 It should be noted that the exemplary embodiment may be

implemented with the base station starting with the step of transmitting in a



5 specific data | oad needs to include a preanble, wherein the preanble
provides notice to a renote station that retransm ssions will be arriving
at a predevssisened tinme period. At step 41, a processi ngPel/@ranM3sson t he
base station determines that at |easj,one renote station is stationary or
travelling at a slow speed. A slow 10 speed can be designated 20

| ess ed that this

Ki | hour.,. h A ' houl d b
t hr eahol ARG SR FEs andyiter, WRARKE ransroians (heg RBL"Srrpeuapgmaly
| ndi vi duaby $y84raBle’ SRMAE MBI dEtoAS UFatel Gelobits SMpRdirBRBte stdifon ¥e! ocity

may be determ ned by the renote station or the velocity may be determ ned
by the badeteshitddoto blef ntoderatet@r frist athieolbasef statibncivily stest penborittirds 15 by

the renote sta{(i on, then a transm ssion carrying the velocity information
is sent $HmAckeis Peglesi@llSt ation to the base station. At step 42, the base

SLa o 9 SCOnM B LA HAPRILETL O o R WALl o 1o (he

"slow"” renote s ransmtting aperio

optimal chesRel feRdhireditste staticH)@hasReEhnShidsiths26) eI statRRL | mal ity
of the channel is determ ned by f adi ng conditions on the channel. In such

an i nst aneeese and hserfervhiniig vedunrdant stbpackefthare direard®dy| ei gh f adi ng
condition is e a set threshold. The set threshol i chpsen.as a
normal i zed negﬁ?%f6 Brit 8F g ngsélf?élf‘&c rlﬁaﬁ08§wie%f%§ﬁﬁésﬁpﬁp@r 5is a

graph ill ' j . i dat Iﬂ%é; c 25
payl oad a%{ﬁ{)egnﬁé\tltes% gattg&%tt%lé@égﬁ% t§ gé gl% (‘)A\egep%&ﬁ%fd ?ﬁ@gétﬁéltgg gg ﬁx&ﬁfé{ ch
subpalfket embodimsenitt t Bdr<dlnj By, Bl 4a,sFepod, e, Bhe Papragainide ihdicste Wed ocity
updates are perforned so that the timng if the retransm ssions nmay be
peri odi ¢ ¥rerage Aatdthronghput of dadbeswithovhthe geplemgntation of dhe digstst at i on.

50,11 2ol " PR EROLL D 7 e LR A o
02/ 45327 QISR 472 e dQtactiabighpaebs B5i MSHJTREINGT theWirst RiBriplafsni ssi ons
occur only during optimal or favorable channel conditions. If theé velocity
of the reembedignertti ohs shown, the data throughput rate is doubled for the remote
15  stations with the use of the first exemplary embodiment.
FIG. 7 illustrates a second exemplary embodiment for transmitting data
traffic and voice traffic together on a single channel. Alternatively, this
embodiment may be used for transmitting data on a designated data channel.
Using the embodiment described herein, a base station may transmit data
20 traffic payload to multiple remote stations using residual power levels.
However, for illustrative purposes only, the method is described using only
one base station and one remote station. In the second exemplary
embodiment, the subpackets carrying the data payload is divided into a first
portion and a second portion by a scheduler unit. The first portion of
25 subpackets is sen’g with a constant delay between transmissions, and the
second portion of subpackets is sent only during favorable channel
conditions.
At step 70, a scheduler unit in a base station has received data traffic
for transmission to a remote station. In accordance with efficient data coding

30 schemes such as the one described in U.S. Patent Application No. 08/743,688,
the data payload is redundantly packed into a plurality of subpackets, which



determ ned to be noderate or fast, the base station will start transmtting
subpackets periodically. 5 At any point during the process outlined above,
if an ACRVv@ay4i3een received froma renote station, then PeTN&Ns3FHSI ons to
that renote station cease and the r i ni ng redundant subpackets are
discarded. FIG 6 is a graph illustrating the inprovenent in data

to the Ti e XanehBrly TP BrTkal B R ah iR, "RofuR i RIEE BT °C,
9a, and l&astHaligt anlike EuerEBRoaRlarddd BYUMU silipatRek PRSsHYIAYBY t he
i npl enentation of "the first ‘eXenplary enbodi nent. "Bars 1b, 2b, 3b, 4b, 5b,

6b, 7b, 8hotedithatpdwedlzoninedlibitatare tphmchvredaigéo dae aubpadkethpuintedfvaBs kbps
using the first exenplary .enbodi ment. As shown, the data throughput rate
i s doubl ertk‘SPE t‘??&a%n{iﬂ éUbng%‘%taFPB@twsPht afe the ereéPﬂ_%rlfge Bunctiredy el ary
e”bOd's'TE”éubéﬁg&ts?né;%g{#@éﬁfe% ’c&lt%ee%‘aﬂ%tﬁ%&?”p' ary enbodi ment for

transmttin ata t Ic and voice traffic together on a single channel.

Al ternativel y, At bitgp 72ptihei sebatiulmyubie eseeblé ahet frangwissionnof datfasion a
desi gnated data channel. Using the enbodi nent described herein, a base

stati on npgrtionaefsthietsubpackets te papmiote plajiovawhereimeach gif she enbpacketsat i ons

usi ng residual power, | evel s, wev.er r_illustratiyve purposes,only, the
net hod i sar(?e@%ﬁp%mgeduwﬁb aoB’I‘edé‘?%HémSgs‘ig@f Hetrwhen fach _I‘Féi%lpé e‘?‘e tion. In
the $9P0”&a%§1€mf%rp&edéﬂ@%é@ﬂbla 1158 sRytRpRlek SlvBefdh LY G0t e 98ha payl oad
is divided into a first portion and a second portion by a scheduler unit.
The fli0r stlopgrt iThe dirst25ubphgatketrsairs peecaminiet hita attaxdtednto dikayglatact ween

transm ssions,, and the. second portion of subpackets _is sent only during
f avor abl es"gﬁPﬁﬁh%tr wheggigy fhepamolg statigp I?G}Ot%feacqi"éaﬁ Sarther subpackeisase

station h@ﬁléﬁﬁ%%ﬁﬂ%?%@et Iﬂfrfeid%c'jﬁﬁgﬁteg%aﬁé‘.sm ssion to a renote station. In

accordance wt ent data co schenes such as the one descri bed
in U S PatentAfgiepiRathoscHydul @8hrt4 vb88or bheAdt 6r paNAGK frend g@@undant |y

PACKES T Mamte Station. % step 73, b ACK arrives and the scheduler unit discards .
15 the remaining subpackets carrying redundant data payload. No further
action is necessary.

If an ACK has not arrived at step 72, then the scheduler unit decides at
step 74 whether any further subpackets that are to be sent periodically
remains. If none remain, then the scheduler unit begins transmission of the

20 channel sensitive portion of the subpackets at step 75. Since the remote
station has no way of determining when a subpacket addressed to the remote
station will arrive, a preamble must be attached to each subpacket, with the
addressing information for the remote station.

FIG. 8 is a diagram of an example transmission and retransmission

25 pattern time t, to time t,. Data traffic payload is packed into 16 subpackets,
wherein each subpacket is redundantly packed with the data traffic payload
or a portion of the data traffic payload. It should be noted that the number of
subpackets is for illustrative purposes only, and may vary in accordance with
system requirements. At time t, the base station starts transmitting 8

30 subpackets on the forward link, with predetermined time durations between

each subpacket. At time t,, a NACK is received. At time t,, the base station



are sequentially transmtted to a renote station. Redundancy refers to the
substantially simlar data payload carried by each subpacket. It should be
not ed t havopoy¥#se7 control bits are punctured into the subpRPCREBGL/4580
intervals wthout regard to subpacke% content, so that the resulting
punctured 5 subpackets may not be id htical to each other. At step 71, the

schedul er _uni t .tcotglt rols.the %ra%}%si on of a.first .gt)or o) f th
subpacket iérafl%l_nésr frot e 8t aE 8n™ gl e aegeTdingen ¥it}, op tSrange

transmit t gghdmibis AoRhECSasHE aﬁﬁg%%eﬂ@éwm@%hs%gﬁac ket. An exanple
of a predetermned delay is 3 slot cycles, wherein each slot is 1.25 ns 10
|l ong. The firsFIGUbhctettes arthiridnexqmelanp leenbizidimeat tod drednhietingd eattat a

subpacket herein the renpte station_js noticed that K further subpackets
will arri tré}[g;%- Emgwepﬂeai%empkw erhedimend, orlysong\retsargmission; orsust hedul er

i ' f T ' A 73,
Ak art i vaLah PtRRE e el Tond SR H e AR R BNRY SR Bfacker s
carrying geeﬂlseql@éﬂtiau@ad@mgﬁmdblemawéltJaﬁ{diﬁ@i@g.iAﬂsﬂe? ges eSsRier | an

ACK has not arrived at step 72, then the scheduler unit decides at step 74
whet her ahy afhaserssatioubpeaikes datahtiaffae éont rapeméssinn pera oelinot btationenai ns.

| f none remain hen the, schedul unit pegins transm ssi on qof e 20
channel s E&}\ is e%@%?%@#“ﬁ%ﬁb’u%%éﬁ@? C@S'sééﬁt%.l'é‘sﬁﬁé%‘ﬁ@\’gerr enot e
station hagsnfif;ivaysQf ‘glg{g } BHA% c : renote
station w I? arri vcla, 3 ragdgg%l e w%‘f{?@@g%ﬁ%&?@ﬁé@%rg)%ﬁ%??&gﬁéc%kx}eét?f W th
the Hddraf$ai agreddtamnniedaturhton) heetambsebsdcket Brtrafdridtted] atsstep 9Bagr am of

an exanple transn ssion and retransm ssion 25 Eattern time ti to tine t4.
Dat a t r af Hj & paGKodd nok 1sseived athstsp18osuhpdk leskaowledgasethe agamwatibpacket

&
i dundgnt | ' f1. | gad ' f th
data trarednEREAEE i Jrlir PhBaN B el W R i f e B ket 1
for illus§dhatiuke bI@gfr{Q(I@eﬁﬁanﬂﬁﬂiﬁ% RO ELENINBE b Atk 8B GA 0GR eV driditivay St em

requirenments. At tine tl, the base station starts transmtting 8 30
subpacketmannet laé dtep s d At aky tiinteh dprisge ther metranisthissiond pradessnthebet ween

2ach. SHPPAgKShIer Will e réGandniNsions hor Ftelpivor at ACK St distard
remaining subpackets at step 96.

FIG. 10 is a diagram of the transmitted data payload from time t, to
time t,. Data traffic payload is packed into 16 subpackets, wherein each
subpacket is redundantly packed with the data traffic payload or a portion o

20  the data traffic payload. It should be noted that the number of subpackets is
for illustrative purposes only, and may vary in accordance with system
requirements. At time t,, the base station transmits one subpacket. At time t,,
no ACK as been received, so the base station transmits a second subpacket.
At time t,, no ACK as been received, so the base station starts transmitting the

25 remaining subpackets in a channel sensitive manner, wherein the remote
station is unaware of the time of arrival of the remaining subpackets.

FIG. 11 illustrates a fourth exemplary embodiment, wherein the data
traffic is transmitted in both a channel sensitive manner and a channel
insensitive manner. In the fourth exemplary embodiment, the subpackets

30 carrying the data payload is divided into a first portion and a second portion

by a scheduler unit. The first portion of subpackets is sent during favorable



WO 02/ 45327 PCT/ US01/ 43580 21 transmts the remaining 8 subpackets in
accordance with optimal channel conditions, so that the tine delay between
retransmv@ooms2vary. FIG 9 illustrates a third exenpl arpCeruwbadissent of
transmtting data traffic. In the thiyd exenplary enbodi nent, only one
retransm ssion occurs 5 after a predéterm ned delay, and the renaining

condi t 1 ord BT SEHRRT aREC I SRR pRricn A ieell i PBnBelL T -

traffic festwdeAANBdAseSkaond.0 a renote station, which is then packed
redundantly into subpackets. At step 91, the scheduler transmts a first
subpacket and Mabtep 116y a basergrtion haareceBied datndtaffie e trevsmBsimit tera a

predeterm ned duratiop, a second subpacket is transmtted at step 93. |If
an ACK i sTeAaRtesiRiiny eth 4608 %r&eg‘g}tﬁ«ﬁﬁ 1gignh dRiRovAcng sshemes sedhpatie

decoding gle A& ARLAA ! ﬁafen‘? HHANA)! 6§F74§3’B8§2fhset %ﬂ%ta}’%ﬁ%&n gﬁt s, the

schedul er 'begins transmtting t Fenal ni ng subpac

sensi ti veredimdaatlyapackednin®d .a plualiyy lof reibpackers, Whech akeé %@gﬁéﬁﬁdlgﬂ
process, the 15 scheduler will end retransm ssions upon recei pt of an ACK

and di scafransrhidted tormiemnoty statinsacket s at step 96. FIG 10 is a di agram of
the transmitted, data,payl oad fromti tl to ime t4. Data traffic payl oad
i s packed into ié? _uEIJ c%é&%‘%c{%e}réiarr:ﬁaesﬁcﬂaﬂ% &Hksetfaf‘éfnﬁ@&&nﬁéﬁ?‘i y packed
with the dﬁ%‘tﬁ)nt befd ﬁ;b?f%)éké’c@dcooa{ rémBf éthﬂ@n%%Ocﬁafﬂﬁxeﬂééﬁsiﬁfr?frﬁdrﬁle??w oad.

It shoul e noted that the nunber of subpackets is for i1llustrative

pur pddes Sinky,thantemely statipni hascwovdgned detehminingewhenequsubgraekets. At
time t1, t base station transmts_one subpacke At time t2, no ACK as
been rece?ddgsseshia e rratesttation Avill aniie ﬁsprsa@é% mest ispatached toar tine

t3, Al ' ; t at | itti t he 25
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station i s unameseepolll letdchedaleranaity dbr ah AQK oerRl NACQKSkdpagiets. Fl G
11 illustrates a fourth exen}ll)l ary enbodi nent, wherein the data traffic is
transmi t tEote SN a Adisdem L3, sun K verifehand thagchedigndiscardniensi ti ve

Tannels ! r%rftlar}%rfgosljllrl}pgcﬁég %B{'r?fwg ?er@ﬁ)rg&aﬁ Yata E)Q)eflosa'é'{p SN(S l%ﬁ{'t?\er action is
necessary.

If an ACK has not arrived at step 112, then the scheduler decides at
step 114 whether any further subpackets that are to be sent aperiodically
remains. If none remain, then the base station begins transmission of the

20  periodic, second portion of the subpackets at step 115. Each of the subpackets
are transmitted with a predetermined delay between each subpacket. An
example of a predetermined delay is 3 slot cycles, wherein each slot is 1.25 ms
long. The first subpacket contains preamble bits attached to the data
subpacket, wherein the remote station is noticed that K further subpackets

25  will arrive at the predetermined time intervals.

In a fifth exemplary embodiment, the data traffic payload is divided
into larger sized subpackets for transmission purposes. For example, rather
than transmitting 16 subpackets, 8 subpackets are formed. The smaller
number of subpackets can then be transmitted in a manner as described by

30 the other exemplary embodiments.



30 carrying the data payload is divided into a first portion and a second
portion by a scheduler unit. The first portion of subpackets is sent
during favonakser WO 02/ 45327 PCT/ US01/ 43580 22 channel cpadiusoiossso and t he
second portion is sent with a constagﬁ3 delay between transm ssions. At
step 110, a base station has received™data traffic for transmssion to a

renote stationgdn,Acgor.dance w th effi.cient data codin chenes. such as
the 5 one dechIrC%'b]e% 1ﬁ%st£§ﬁ§s_ aPSF%ﬂF%I%? CCE‘FPB%I RS9 87 %3 agg@lssi% dat a
payl oad i gheffidndanbhie BaGkAGahEED vehdtbiH a_éég; Yadth RNPRREIC % ot are
sequentially transmtted to a renote station. At step 111, a ‘scheduler in
a base stfmednr betypamsnissians mayt hogoecufriwithin pdimélppesfodt Neorsexapaplket s to a
renote station in_a channel sensitjve nner. = 10 Since the renote station

has no we¥t Bfedet enbasertiatipr Alses tedadpraaation t@ detrmisadhat st at i on
will arriye.. 'sQiBﬁanﬁdﬁgéﬁésérﬁe?JtﬂﬁﬁlﬁcI?ﬁge {e%ot%%i{hdérfé’%%ﬁ%%ﬁo ta\#ggsbgﬁggul or

I
addr essi ng 1 nformation renote station.

vai ts forwheredkdadp arliNd@eclikd fot f&elorfge?@ﬁ@dﬁftﬁé ireRtt oMtirihleBndel dor an ACK
arrives and the schedul er discards the 15 renai ni ng subpackets carrying

r edundantreganampsjorsacduldiocewratio nfige ailong vacoeptabdedelay. | f an ACK has not
arrived at st 112.. then the scghedul er .deci des. at te 4 whet.her any
further subpagﬁé? S, gigergp%ary@n%%g gt é%ﬁa{}mgpgﬁatfi Ratseq %he_none
renain, tQHeRdLRe RIS e BhbONaPBH It Sel HAOSAESBLN A rebRsFsREHS BY C
second portion of the subpackets at step 115. Each ofe t he subpackets are

t r ansifii t t @drenttdtatiorpaadeatesy tramsohiskidmy tche neme ptatianh Habackebtirads a exanpl e

of a predeterm ned delay is 3 slot cycles, wherein each slot is 1.25 ns
| ong. The51¥‘i?‘r%’?e saéeaépdaaﬁ%iﬁéswpe]a%%ﬁévaﬁ?ﬁ?@ﬂr&@%es data watlifat a

Subpackelp el 3o dBBh I G0 ALiORrhSreAbLGE Sl Alpdihbid RES gapibpacket s

25 w || Ive a e predetermne erv exenpl ary
embodi nenfraffichpaylabd int@frttlangay! eabpicked. viAediep N80, Y BAse StaARM

subpackets for transm ssion purposes. For exanple, rather

transmits at least one subpacket to the first remote station at a time where the

15 first remote station will receive a strong signal. At step 132, the base station
receives data traffic payload for transmission to a second remote station if an
acknowledgement has not arrive at step 134 and repackages the data traffic
payload into redundant subpackets. At step 133, the base station determines
whether to begin transmissions to the second remote station or to retransmit

20  to the first remote station. At this step, a scheduler unit in the base station
assigns a relative weight of importance to the transmissions to the second
remote station and the retransmissions to the first remote station at a point
x(t). If a long delay has occurred at x(t) since the transmissions to the first
remote station, at step 135, the base station retransmits to the first remote

25  station rather than send a new transmission to the second remote station.

In this manner, the base station may reset transmission priorities in
order to reduce perceptual transmission delays to the user. Retransmissions
to remote stations can be scheduled to occur at times well below the threshold
energy levels set for channel sensitive transmission schemes.

30 Thus, a novel and improved method and apparatus for transmitting

data traffic using channel state information have been described. Those of



than transmtting 16 subpackets, 8 subpackets are fornmed. The snaller
nunber of subpackets can then be transmtted ,in a nmanner as descri bed by
30 t he otwen2/esenpl ary enbodi ments. WO 02/ 45327 PCT/ USO1/ BEGE8601/B380FI G 12
illustrates a problemw th channel segfi tive retransm ssion schenes. In
sone circunstances, wherein deep fadeS may occur, an optimal time for

retransm gs{;ons C 1.t hyi ' . L od... For ex I at time
ot ansm SRS 0B GHIc kb B hh TRLY BRI RO BB, 2t
transm sshyaules) dit@ids aakde alirithen -stéfs dRScHRPER &ritlec@Bn SRS $hd NtO a
region wherein deep fading occurs for a |long period, the next optiml tine
for retremboiiseoysdisdosadl bewmim naay b8, ingflewented angleatrantebamabiaredel ay.
The sixth exer‘rPI ary_.enbodi ment for trans 'ttthg ata traffi¢c uses the

schedul er SURPHE; SPHWages 8T seambBiRtionsset Mathor i The svariiyedhustrative

hedul er ¢ 58 esvitediuse
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base st at g@terakkpeinvasrmiatef thef fhectipayligad Wilethdranhen fgicadniltyaid i r st
renote station and repackages the data ftraffic payload into redundant
subpacket Bnplamesteg @81halt<%’éa11§?asf§ sofvare  dependsi tipont theaparidndasubpacket

to the fi t,. r enot tatl t Ny wh t 15 fi t Sstati
Wil recerutiGBO: G EhisnriioitspritSeon dhe 3se] bR ili{es "dat a
traffic paysead rb@sgriv@ R iffdrBhrikeaBild CONHaf BIRC afl AdfRPalel uRler

acknow edgenent has not arrive at Step 134 and repackages the data traffic
pay| odd i these cadunttartces ubphbket kestAb isiEpmed8 the desdrisel Atrationnlitlet er mi nes

whet her t rbegiﬂn transm ss&.ons to the second . renpte station or to

retransni PAHERF BP iFalien e At %’EE}IBBI?_S' thet TATEOW: Bistrative Hegisrkr uni t
in the b%l%cﬁé,%baﬂles?éﬁbﬂ S dhd &1 eHst al %thggfﬁa&ﬁ%édrﬁ? ChARS&i O wiflE

transnm ssions to the secon reno e retransm ssions to the

first renlecerabadinantgidistig@ediered(inay be infpleatatste baypehfasnedcwithed at x(t)
since the transmssions to the first renote station, at step 135, the base
station réigiahstignal poceseor i(PSP)r enpeppligdion spedficr mthgratedagiradhd a new
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device, discrete gate or transistor logic, discrete hardware components such
as, e.g., registers and FIFO, a processor executing a set of firmware
instructions, any conventional programmable sofiware module and a
processor, or any combination thereof. The processor may advantageously be

20 a microprocessor, but in the alternative, the processor may be any
conventional processor, controller, microcontroller, or state machine. The
software module could reside in RAM memory, flash memory, ROM
memory, EPROM memory, EEPROM memory, registers, hard disk, a
removable disk, a CD-ROM, or any other form of storage medium known in

25 the art. Those of skill would further appreciate that the data, instructions,
commands, information, signals, bits, symbols, and chips that may be
referenced throughout the above description are advantageously represented
by voltages, currents, electromagnetic waves, magnetic fields or particles,
optical fields or particles, or any combination thereof.

30 Preferred embodiments of the present invention have thus been shown

and described. It would be apparent to one of ordinary skill in the art,



order to reduce perceptual transm ssion delays to the user. Retransm ssions
to renpte stations can be scheduled to occur at tines well belowthe

t hreshol avoenes3gy | evel s set for channel sensitive transnPewiuso/sssvenes. 30
Thus, a novel and inproved nmethod an pparatus for transmtting data
traffic using channel state informati have been described. Those of WO

02/ 45327 01/ 43580 2 ill in the art ul.d understand that the

vari ous iﬁﬁ%?%a%?/temlu&?ﬁo : Iaﬁ%ﬂ‘f%t&%s, mapé)cﬁﬂn@géq‘& itﬂ% ﬁ#@, 115'1‘?8%6111‘38}1}_ t hm
steps desgistIBed | WithoRReddpaRAngi fbnt e Qﬁﬁﬂdbﬁ%bagdbﬁ qhesgdefgbRi N may be
i npl emented as el ectronic hardware, conputer software, or conbinations of

bot h. TheThenefaasthid presentanierich sompdndetlinitbd exéept imadedréanceividui t s, and
st eps havq%@bfeﬁn descélréi, bed generally in terms of their functionality.

Whet her tHE PuRBENSR&TEy is inplemented as hardware or software depends
upon the particular application and design constraints inposed on the
overall system Skilled artisans recognize the interchangeability of

har dwar e WEICE@fIM@r e under 10 t hese circunstances, and how best to

i npl enent the described functionality for each particular application. As
exanplPes, the various illustrative logical blocks, modules, circuits, and
al gorithm steps described in connection with the enbodi nents disclosed
herein may be inplenmented or perforned with a digital signal processor
(DSP), an application specific integrated circuit 15 (ASIC), a field
programmuabl e gate array (FPGA) or other programmable | ogic device,

di screte gate or transistor logic, discrete hardware conponents such as,
e.g., registers and FIFO a processor executing a set of firmware

i nstructions, any conventional programuable software nodule and a
processor, or any conbination thereof. The processor may advantageously be
20 a mcroprocessor, but in the alternative, the processor may be any
conventional processor, controller, mcrocontroller, or state nachine. The
software nodul e could reside in RAM nenory, flash nenory, ROM nenory,
EPROM nmenory, EEPROM nenory, registers, hard disk, a renovable disk, a
CD-ROM or any other form of storage nedi um known in



25 the art. Those of skill would further appreciate that the data,
instructions, commands, information, signals, bits, synbols, and chips

t hat may ve 02/43322r enced t hroughout the above descri pti on PePUSUVGENOageous! y
represented by voltages, currents, eiéectrorragneti c waves, magnetic fields
or particles, optical fields or particles, or any conbination thereof. 30
Preferred enbodi nents of the pres?twu on have thus been shown and
described. It would be apparent t ordinary skill in the art, WD
02/ 45327 PCT/ US01/ 43580 25 however, that numerous alterations may be nade
to the enbodi nents herein disclosed w thout departing fromthe spirit or

scope of the iAvensihed. fofherekaifingt heatar aaent dHaneRel i 60 4 Swikdleds0 be
limted except in accordance with the following claims. WE CLAIM 5 WO
02/ 45327 eOTIUSIBRtMRSHBtemaobIpHifgEg: 1. A nethod for transmitting data in a

channel of a wrel ess co ni cation system,. c rri sing: packagi ng a data
payl oad into PIFABHIS 2 faFrPay ﬁé{{}é@@gluﬁaﬁ%qﬁé}ﬁ%@lﬁ%& ?angn‘i ttigngga first
ortign of th i i M rm ned

porti of eseghaﬁagm;& ﬁaglfsrrﬁ &lf&&tsgoft{brf"SP &{déjgﬂﬁﬁh n&g?@cg;gg%%

del ays; and 6 sequentia tran tting a secon orti urality

of subpadaketsrdancaedd gesdeternhinbd clebnseangondi tions. 2. The net hod of
Caim1l1, wherein the step of transmtting _the second 2 portion of the
pluralfity of s¢Hpaeiely fangeitisgned sacoRdp@sktion #f REYe ephialityadeing

envel ope, erein.th k is.determned through a threshold value. 3. The
met hod ofsugf) F%ti}n\%ﬁ%ﬁglgﬂcee‘g’g% ngglglﬁnélc(f?&dﬁé?nﬁ'he second portion 2 of the
plurality of subpackets have a different size fromthe subpackets in the

first portion.
2. The method of Claim 1, wherein the step of transmitting the second

2 portion of the plurality of subpackets is performed at a peak of a Rayleigh

fading envelope, wherein the peak is determined through a threshold value.

3. The method of Claim 1, wherein each subpacket of the second portion
2 of the plurality of subpackets have a different size from the subpackets in the

first portion.

4. A method for transmitting data in a channel of a wireless
2 communication system, comprising:
packaging a data payload into a plurality of subpackets;
4 sequentially transmitting a first portion of the plurality of subpackets
in accordance with channel conditions; and
6 sequentially transmitting a second portion of the plurality of

subpackets in accordance with predetermined delays.

5. The method of Claim 4, wherein the step of transmitting the first
2 portion of the plurality of subpackets is performed at a peak of a Rayleigh

fading envelope, wherein the peak is determined through a threshold value.



4. A nethod for transmtting data in a channel of a wireless 2

conmuni cation system conprising: packaging a data payload into a plurality
of subpacke@dx3s347 sequentially transmtting a first porti oPCDUSeIMBs ural ity
of subpackets in accordance with chagnel conditions; and 6 sequentially
transmtting a second portion of the™plurality of subpackets in accordance

w th predeterm.ne el 5 . ahhm 4. wherein the step of
Cranshi tng o Peffd i TnERREP bubRict S M HeBdgtioR P

per f onmegfahe pliRQdky of sabiaket) Bive 4 Adtaienesive fRRA thybebLAdkeld iR PRAK 1S
determ ned through 'a threshold val ue. WO 02/ 45327 PCT/US01/ 43580 27 6. The
met hod offir6t pontioh. wherei n each subpacket of the second portion 2 of the

plurality of subpackets have a different size fromthe subpackets in the
first portion. 7. A nethod for transmtting data in a channel of a wreless

i rtio  tra : el
ol ural 11y of SubhiaRal BaBen g YHANM0A FAbAeP I T HIRSG,

renot @ stc@tﬂrﬁﬂmcaﬁbﬁ@?meﬁgcamis@@g;ty determ nation of the renpte station;
6 if the velocity of the renpte station is slow or stationary, then

transm tting thekpgingat ideje phylwagpatk atplusdifier sulipagkets, wheaeioothéance with
channel cpnditions;. and.if.the velqgcity. of the renpte station is neither

sl ow %o_r aﬁpgyl%taadﬁgg%nq%g{ atﬁeghcgﬁ]s{%o?:}g the plurality of subpackets
sequential |y W%rﬁﬁﬁﬁﬁg_%ﬂfe%éi’c}l@et@frﬁﬁ?attr%hrﬂfﬂﬁgr%b?éfs%aﬁ&q; The net hod of
Claim?7, further conprising the step of updating the 2 velocity

det er i nati on of the rerbtle selatitpef thé ratheteusidtiords slemoor statiohatye renot e
station indicates g.hchange from 4 slow or s%ation ry, then transmtting a

remai ning portion GRERHEARMHIENE ¢ the pluralifyp oF atbparketa segraaieley wnt h
predegerm ned del ayg. .2 ce with channel conditions; and

if the velocity of the remote station is neither slow nor
10 stationary, then transmitting the plurality of subpackets

sequentially in accordance with predetermined delays.

8. The method of Claim 7, further comprising the step of updating the
2 velocity determination of the remote station;
if the updated velocity of the remote station indicates a change from
4  slow or stationary, then transmitting a remaining portion of the plurality of
subpackets in accordance with predetermined delays; and
6 if the updated velocity of the remote station indicates a change from
neither slow nor stationary, then transmitting a remaining portion of the

8  plurality of subpackets in accordance with channel conditions.

9. A method for transmitting data in a channel of a wireless
2 communication system, comprising:
repackaging a data payload into a plurality of redundant subpackets;
4 transmitting a first subpacket to a remote station, wherein the first

subpacket includes a preamble;



6 if the updated velocity of the renpte station indicates a change from

nei t her slow nor stationary, then transmtting a renmaining portion of the
8 pl ural W@ omi#s3gubpackets in accordance with channel condPCT/OREL43880 A

met hod for transmtting data in a channel of a wireless 2 conmmunication
system conprising: repackaging a dat’?8 payload into a plurality of

redundant subpackets; 4.transm.ttin .flrS ubpacket to a renote station,
wher ei%n t he filf?il adgﬁ%‘ﬁ%\ec {“‘?’Hé’f‘fﬁ&g%g%f fb‘?telgeﬁ%lvg,a’ &éw@p&)aﬁefong

PCT/ USO 1/sﬁﬁg§&1<et?a§ ﬁgréd@&m%a%ecmﬁgem theseRg8 52tBAl WIREShVEL.
transmtting a secon subpacket at a predetermined tinme delay to the

renot 8 stsatarehsulypeaket doedmot iBclsgleanpresuibpgeket does not include a
preanbl e; and ,éf an ackn v‘\ggedgemant messgqg);e for the_ second subpacket is not
10 recei ved, tF &8s ACKRPWIEAgeMlaMestAgendT ithe 9CoRd eSHIRACKES 4y nstt

r edundan a d C i h A §l..an
oknag cdsSIERp ARk RRARER, HorloR WTRE SRRA R Tedlidini™
portion alibbheed Ui abddrilafde witbdthagael codinaak eihsil b GlckAewlal le. 10.
The nethod of 9, wherein the remaining portion of the Flurall y of 2

r eduddantmesghgatkieceivadewhepeivleage of il remaiping abitign of tHegplyealitydipacket s.
11. A net hﬁd éor tui)ans i tti qg data in channel of a wireless 2

comuni catt on kR TEAeR2 PEeaiSi ng a data payload into a plurality
of subpackets; 4 transmitting a first subpacket to a renote station; if

t he channel conditions are optimal, transmtting a remaining portion 6 of
the plurdlity Tife sebipadicétS whetdie the metraisingt portjoranfl thé fliwealichainel

condi tions _are not optj nal vvithiﬂ aqo,redet rm.oned tinme 8 duration, then
transei ttrﬁ%ngamew&ﬂ)ﬁp RfS B5% FeRsKKagec Mio pRlvElity pf birgetsinrackes. during
unfavorabl e channel conditions. 12. The nethod of Claim 11, wherein the
step of transmtting the 2 remaining portion of the plurality of

subpacketld. i f A hensthadnébr candsmitdng al®a in a channel of a wireless

2 communication system, comprising:

packaging a data payload into a plurality of subpackets;
4 transmitting a first subpacket to a remote station;

if the channel conditions are optimal, transmitting a remaining portion
6  of the plurality of subpackets to the remote station; and

if the channel conditions are not optimal within a predetermined time
8  duration, then transmitting a remaining portion of the plurality of subpackets

during unfavorable channel conditions.

12.  The method of Claim 11, wherein the step of transmitting the
2 remaining portion of the plurality of subpackets if the channel conditions are
not optimal is given a higher priority than a new transmission to a second

4  remote station.

13.  The method of Claim 11, wherein the remaining portion of the

2 plurality of subpackets are resized.



not optimal is given a higher priority than a new transm ssion to a second
4 renote station. 13. The nethod of Caim1l, wherein the remaining portion
of the 2v@buszskity of subpackets are resized. WO 02/ 4532FCPCT# 1388/ 43580
29 14. Apparatus for transmtting dat@a in a channel of a wireless 2
communi cati on system conprising: nedfis for packaging a data payload into a

plurality ,of subpackets; 4 neans. for deciding whether, to sequentially
transmt 151' fi 19?}‘8&% o??roftral%sﬁ%ltml%lrgﬁﬁ ymofas&glﬁ%?}etcgf ih y&%eg?séance W th
pr edeber rdoRgdubRaBYE s95tend C@ﬁwﬁ%ﬁll |y transmt a second portion of the
plurality of subpackets in accordance wth channel conditions. 15. The
appar at us of Gheans fod packagingma ddie paghoasl ihtr a pboiatibyngf sisgmckets? Rayl ei gh

er channel conditions, are favor.abl e,

f adi n% envel ope to decjde ,vvhetﬂ
wher ePn the cHafHS %éﬁf&ﬂdmgn‘g ather fo peqagntially: tranemita, fEstRerignigig
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subpagketssqh@vealty didrisefient setal fgsrtivhhef thelplaekleds of ubbackdts sh portion.
17. Apparatus for transmtting data in a channel of "a wireless 2 ,

comuni cacrendanyge with casmsl cendigionseans for packaging a data payload into a
plurality of subpackets; 4 nmeans for deciding whether to sequentially
transmt a first portion of the plurality of subpackets in accordance with

channel cgndi t"l*k@‘ﬁgﬁérat@s SequRithi A, | WhEFAN Sk mBarfC e HeBAlld @BeOh the
plurality of subpackets in accordance wth predeterm ned del ays. 18. The

appar & uRafleighdadinprenwdhepetandedide metiserfdnandekeatiditions exe favoabRgy| ei gh
fadi ng envel ope .t o deci de whet her channe] conditions are favorable,
wher ei n tWRerghHiferh congitiongage aawa%lsl ig the Ray ighiading ﬁnvé@wﬁg

envel gpe s dbde 2BONEBrRIRATHELMoNEd threshol d.

16.  The apparatus of Claim 14, wherein each subpacket of the second
2 portion of the plurality of subpackets have a different size from the

subpackets in the first portion.

17. Apparatus for transmitting data in a chamnel of a wireless
2 communication system, comprising:
means for packaging a data payload into a plurality of subpackets;
4 means for deciding whether to sequentially transmit a first portion of
the plurality of subpackets in accordance with channel conditions or
6 sequentially transmit a second portion of the plurality of subpackets in

accordance with predetermined delays.

18.  The apparatus of Claim 17, wherein the means for deciding uses a
2 Rayleigh fading envelope to decide whether channel conditions are favorable,
wherein the channel conditions are favorable if the Rayleigh fading envelope

4  isabove a predetermined threshold.



WO 02/ 45327 PCT/ US01/ 43580 30 19. The apparatus of Claim 17, wherein each
subpacket of the second 2 portion of the plurality of subpackets have a

di fferentw@bzes3Tom the subpackets in the first portion. PROUSHpEEs0at us for
transmtting data in a channel of a ;%rel ess 2 conmmuni cation system
conprising: neans for packaging a data payload into a plurality of

Suapackend: ., TEAPGEEnl Be WhAnDTY DAL, SERT SR of HETLGnt 211 O

nmeans for “perform a velocity determnation o € renote sta n, 6 and

means2f olpor86R1 ¥f NHet PRurAlitY 836 bibpacieudiaskens dafferehhesive! feid Ythe 8
determnation of the renote station, and further for: if the velocity of

t he renptsebpacketin the fabopodiorst ati onary, 10 then transmitting the
plurality of subpackets sequentially in accordance w th channel
conditions; and 12 if the velocity of the renote station is neither slow

nor _stabonaidopdlan {oaNfHrshlind Napl Und! 4 L ¥n@ing UGk Shuirelcd
sequentially ir*accordance wth preteternined delays. 21. The apparatus of
G ai np20 contirnricatibheysreansofprisheg:f orming a 2 velocity determnation is
further for providing an_updated velocity estimate. 22. Apparatus for
transmtting aagaxnsiierpadkaging aoflata maylerddato 2 plwmify ehsHbpadkety em

conpri,si ng: neans r _repackaagi a, dat a .into a plurality of
redun ant%%e%a%ﬁé{a%%f’gy O_r?@a{ﬁ ©p red_r egéﬁlﬂ?ﬁhq;g‘cgg%gloﬁl’ural ity of redundant
subpackets, f@hearB fof gi&fﬂrhﬁhgga delocitpldeserppinalieh dfothe re@ftre @taicH;i on,
wherein the first subpacket 1 ncludes a preanble, and for; WO 02/ 45327
PCT/ UB01/a48580 31 8 if an acknow edgenent nessage is not received,

transmtting a second . ,
9 néane for receiving the plurality of subpackets and the velocity

8 determination of the remote station, and further for:
if the velocity of the remote station is slow or stationary,
10 then transmitting the plurality of subpackets sequentially in
accordance with channel conditions; and
12 if the velocity of the remote station is neither slow nor
stationary, then transmitting the plurality of subpackets

14 sequentially in accordance with predetermined delays.

21.  The apparatus of Claim 20, wherein the means for performing a

2 velocity determination is further for providing an updated velocity estimate.

22.  Apparatus for transmitting data in a channel of a wireless
2 communication system, comprising:
means for repackaging a data payload into a plurality of redundant
4 subpackets;
means for receiving the plurality of redundant subpackets, for
6 transmitting a first subpacket to a remote station, wherein the first subpacket

includes a preamble, and for;



subpacket at a predetermined tinme delay to the renote station, wherein the
10 second subpacket does not include a preanble; and if an acknow edgenent
nmessage oo oviB2second subpacket is not 12 received, trar€MUBI43630a

remai ning portion of the plurality of redundant subpackets in accordance
wi th channel condi ti ons until an ackdbw edgenent 14 rressage IS recei ved,

wherei n each ﬁf i_.ni ng ;E)ortlon of theeglu allt%_ﬂl redund
subpa8ket s i nélapy dgRBIea! megsageis nRiFsreived spnSmitiing & secon he means

r ocundant UHESHE ?ﬁl?eb?terﬁ“ﬂ PP R R, EEROE fatah Rty ) et us

for uoan%&dﬂdﬁﬂ)pi@k@tddbsamhﬁﬂaabaqueam%ié ahess 2 conmuni cation system
conprising: means for packaging a data payload into a plurality of

subpackets; i apanaskiawledgamenit miesrpga fsiruile |S?9011tfi ibpeskeleis nos a renote
stati means for d idin af.ter the.nmea transmgtti lurality
of 612ub5‘§1‘?ﬂ<\§"’t‘§ FagsTy ﬁﬂgn‘?t RIS Pé’fh%tfgaﬂ}?epl Wﬁ@[ Ciplg“faﬁ‘g channel
condi ti OQE e?é&e%ofr{ ARbrd el WAASHhndl é(ﬁ"f@h_ &H@ﬂnﬂﬁaﬁ’%EﬁHWl&f ehfs@tpl urality
of subpac sto e renote station; and it the channel condltl ons are not
opti mal whésBage B re&élvpd,exdhtemlmeaddof threeretherintrigoportidreof the pluedgyiof a

remai ni ng ortion of the plurality of subpackets duri ng unfavorabl e
channel andangsyb pz@etsmc%aﬁw £ O aim24, wherein the neans for

deci di ng |s 2 configured to grant a higher priority to the remaining
portion of the plurality of subpackets than a new transm ssion to a second

rendbte s©8liOThe apparatus of 22, wherein the means for repackaging the data
2 payload can also repackage the plurality of redundant subpackets into a
plurality of larger subpackets.

24.  Apparatus for transmitting data in a channel of a wireless
2 communication system, comprising:
means for packaging a data payload into a plurality of subpackets;
4 means for transmitting a plurality of subpackets to a remote station;
means for deciding, after the means for transmitting a plurality of
6 subpackets has transmitted a first subpacket, whether:
if the channel conditions are optimal, to transmit a remaining
8 portion of the plurality of subpackets to the remote station; and
if the channel conditions are not optimal within a
10 predetermined time duration, then to transmit a remaining portion of

the plurality of subpackets during unfavorable channel conditions.

25. The apparatus of Claim 24, wherein the means for deciding is

[\

configured to grant a higher priority to the remaining portion of the plurality

of subpackets than a new transmission to a second remote station.



