: 456789e3e: g\\], aaf 6f T: gD] WD 99123844 1 0 2 NMAY 2002 PCT/ US98/ 23428 METHOD
AND APPARATUS FOR Hl GH RATE PACKET DATA TRANSM SSI ON *G0000z* 5 [BAGKAGHIUND
OF THE | NVENTIv@DI9v,238#4 el d of the Invention The present inventi @OTAUSHELIEIS t O
data communi cation. Mre particularly, thg present invention relates to a
novel and inproved nethod 10 and apparatus for high rate packet data
transm ssion. METEDé)iDrAN]DQQP(P{jARIZ’éI’BS BORHIGH RﬁfﬁTE]Ei’Afﬂl(B"F@RTA dg
comruni cation systemis require r i ety of applications. e
such [ llen systemis a cogg{élltgsyﬁgmi pl e access (CDVA) system
whi Cmmmmmm“mmmﬁ the "TIA EIl A/1S-95 Mbile Station-Base Station

Conpat i bij?ld'ogzy St andard f @5@65 TENTY gqqg um Cel | ul ar
Systeni, hereinafter ref gAre ?@s thqugmg stgln\gg@NThe CDMVA system

all ows f voi ce and data conmuni cati ons between users over a terrestrial
| i nk. The usg EitldCoMihd Bevdntigses in a nulti pl e access comruni cati on system
is disclosed in U S. Patent No. 4,901, 307, entitled " SPREAD_ SPECTRUM

MULTI PLE ACCESS Cﬂ(ﬁ/ugh@?&{to\in$¥§ﬁ§w URlINGs SAJ Eldaltd EcSRnl ERIREEOR! Alvdpe
REPEATERS", and, U.S. tent No.. b5, 103, 459, entitled "SY AND METHOD FOR
GENERATI NG V\B9E ?h\eAPm mpienticAR E;t_mmp@lsﬂ@ﬂlmpaem Jesthpfbd to

the assi gheeand apparsisSonhighyaotpacketoddtai thaehiiesiahed by reference herein.
In this specification, base station refers to the hardware with which 30

t he nobil e stations conmunicate. Cell refers to th r the

geogr aphi ¢ cdl&lesgeptioaxnf the RelatedcAdn t he cont extﬂﬂlﬂlﬂwmlﬂm@e termis
used. A sector is a partition of a cell. Because a CDVA system
has the attributes of a cell, the teachings described M#%*%erns of cells are

uears o & conduct STTETRY SR i e AL FE ST I8 AP BbHCE 3R O 0

mobi | e st ati 6h applinationst esOne suche commugécatism asygdemnds noiidde divisiom by
oL PSRIETSES (SRR Al VRSN o T ks
o Er anam ¢ MO 1E BREHEBRS AT ok GRPRHBIGH OB f ofiakMade
second base Wileband SpreadSpectiuth IFeYhi2&0SyMemIO h2déihaftef Tefdprdl t8428he 2
;econd ”?Qi | ?%-% atét%'dqrﬁhe ?warépw dyBleBl S aliBuld RN 918N IXPM g
ase stafron 10 a nobile station and the’reverse II'nk Tefers-to
transni ssi on comanunivationsi betweent usens pyen atestestriak lisk. The| wesf S3Més,
the forward hkédifiiques in a multiple access communication system is disclosed in U.S.
Patent No. 4,901,307, entitled “SPREAD SPECTRUM MULTIPLE ACCESS
COMMUNICATION SYSTEM USING SATELLITE OR TERRESTRIAL

25 REPEATERS”, and U.S. Patent No. 5,103,459, entitled “SYSTEM AND
METHOD FOR GENERATING WAVEFORMS IN A CDMA CELLULAR
TELEPHONE SYSTEM”, both assigned to the assignee of the present
invention and incorporated by reference herein.

In this specification, base station refers to the hardware with which

30 the mobile stations communicate. Cell refers to the hardware or the
geographic coverage area, depending on the context in which the term is
used. A sector is a partition of a cell. Because a sector of a CDMA system has
the attributes of a cell, the teachings described in terms of cells are readily
extended to sectors.

35 In the CDMA system, communications between users are conducted
through one or more base stations. A first user on one mobile station
communicates to a second user on a second mobile station by transmitting
data on the reverse link to a base station. The base station receives the data
and can route the data to another base station. The data is transmitted on

40 the forward link of the same base station, or a second base station, to the
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35 user within the coverage area. In order to maintain a given level of service,
TDMA and FDMA systems resort to frequency reuse techniques, i.e. not all
frequency channels and/or time slots are used in each base station. In a
CDMA system, the same frequency allocation is reused in every cell of the
system, thereby improving the overall efficiency. The C/I that any given
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given tinme slot is fromt ' exenpl ary

enbodi nent, each base st agﬁﬁ““m’;\g(ﬁgm i&wdﬂfhe nobi |l e station
i s assi @¥ed a uni que Wal sh code. The nobile station covers the DRC nessage
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char act &%5s imehilefsjation cemsonnicatesyWithr Q) 95 MOk dasthtatipRs andompnipors2002
W O 99/ 23844hg control channels for the duration of the communication with the base
‘ stations. The control channels can be used by the base stations to transmit
small amounts of data, paging messages addressed to a specific mobile
station, and broadcast messages to all mobile stations. The paging message
30 informs the mobile station that the base station has a large amount of data
to transmit to the mobile station.

It is an object of the present invention to improve utilization of the
forward and reverse link capacity in the data communication system. Upon
receipt of the paging messages from one or more base stations, the mobile

35 station measures the signal-to-noise-and-interference ratio (C/I) of the
forward link signals (e.g. the forward link pilot signals) at every time slots
and selects the best base station using a set of parameters which can
comprise the present and previous C/I measurements. In the exemplary
embodiment, at every time slot, the mobile station transmits to the selected
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FIG 1) at ARG FATHBIRONHM bRl 21/5¢ PGk RIWERNIRVRNES o iR (R RAFSERE

forward Ilnhventionheslm:ﬁshlgm speedaizte ti'ansmldabas carerschedaledoand goweeciy from
I ol

e mup da IPRAIE s SR Mg TRAEAR BRSOy 1t e@?%‘fé%&%&%ﬁ udesk

2 MAY 2002 Wm&%uamﬂwbltmt@%%w Data is partitioned into

dat a packets WILE i C&ho@ﬁétao %6?&&9 P&ehl': fiﬁ@éﬂt‘iéﬁdtooé/rﬂ{arf&eeﬂfcéﬂlr time
slots (or chtlrre sl ot gse statjon a&g[ di rect

transm ssi @"’.ﬂ‘i&g *IIPS asg SEHLANS Y RKPn’i‘%‘H‘ ata packgiFnianeack: Mokl ?‘ﬁ ‘tq!\"e base
station.. ot nivdriddly nurhisemobtimee slodd.i mhees!bxhlby its heesnsmﬁnﬂnncailffenem th a
base Sk t| ' ) S r t d
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base stati @arstemf ithe prgsent inviensioaniorquiskly %@ﬁptct@rﬁh@seﬁéasrége@per@tm base

station. ThewiRiHmhens! dhi £4HitoRNtHD abimy&ot ﬁﬁr\irﬁftwardhth lpﬂ@k&pbver non-
transm ssions. fromthe 1

t t bi |
L S ehiOts e Dtk ARl T phelt /AEbANPn Eheadoe A TAEAR on
with the nuifisequencd hombefSpe iddrnitifpithy datdianitelwitleinsa dataopacdketsur es the

51 gnal a80- 0! SeRRyLALAIhEY BBRE: RO prllent lﬁtzgmgn ﬁ“ﬁﬂ'%a% Rl rom

t he base stations i recei ve e sta
the recei véy forwardinggthe data paskets addsessed terasprsific mobile station from a

central controller to all base stations which are members of the active set of -

the mobile station. In the present invention, data transmission can occur

from any base station in the active set of the mobile station at each time slot.

30 Since each base station comprises a queue which contains the data to be

transmitted to the mobile station, efficient forward link transmission can
occur with minimal processing delay.

It is yet another object of the present invention to provide a

retransmission mechanism for data units received in error. In the

35 exemplary embodiment, each data packet comprises a predetermined

number of data units, with each data unit identified by a sequence number.

Upon incorrect reception of one or more data units, the mobile station sends

a negative acknowledgment (NACK) on the reverse link data channel

indicating the sequence numbers of the missing data units for



15 add threshold or below a predeterm ned drop threshold , the npo iﬁ”
station reports this to the base station. Subsequent nessages fro é gtnz%e
“station direocwotobesgambi | e station to add or del ete the base stratriums)3iweo or
fromits active set, respectively. The various operating states of the
nobile station is descrlbed below. 20 If there is no data to send, the

nobi | e st at r&faristhisbivh fromnthe Hage staion. afmeotba%e@tdmcsw&acéw@mnb SNAQIKOf
data rate |nformat|o% to the base st)%tlo F IEegV\thIe the nobile station is

in the id e™PHEE MHERIE rF‘Bs’gttath epvigd WSHPDI channel from one
or nore base st altiisiyet anothee objzetct vbtlseprdsent pagemdgometos abesnoBiie Istatibare i s

control 1 or 15 S0RTt € PeChtstuaBR ErBidiths for cOiRhRarps Fheorf 680 27

each bas®2 spaodedimre Adestgibed ineslddyePatent héypplinatiopy SerialoMNoor08/696,497,

stations ! 0chlifledOPNETHGD! CAND. IAPPARSPPSS! VFORONPERFORIATNE S sdpp, base
su

station may_transm tine across 30

ch pagi ng _nessages. at
several basEANNOBRIN A WIRELES CaMMUNCATION SYSREM e rfiledoansiry o
station is 99/ 19607 48i thebaagrekeadf t@iésl?re'ghﬂt rmkéﬂtmﬁstaaqu ﬁ&o@paﬁdya ates

and decodes,t he, s ne.or nore control chann | s.to receive
pagi ng nessiyé ferf%(?n %%dqﬁgthﬂf‘é‘e mRadigent, the bpgg stahop ‘E‘t‘hg €s| ot
until the 35ddecﬂaottharmmvesseoroflthemmbiletﬂdtlot\hrf ﬂmbrdcelvs:tlaplloﬂ sr@m uses

the c/l of s iLve
set, s recebystd R e A ARSI ARARE] T MlSaeilte PR R ¥heor 6
can be obt aipiletl signateiashelowga predetespinad \dropi ﬂmes}sd)lgnalls thlét@l!rembatme
station t hegniiRldflent | the HA8S ta%aecait@é h@Hedd§ GHe %n%ess%t lpthe%&a ]S

The set of paranet rtﬁ can MAY 2002 WO 99/ 23844 PCT/ S 34 8
conpri se thé%’i@’s@ﬁ gnbesgr ¢ t‘%s(eG‘Iasn%ﬁ‘l‘%rWs 1 ﬁe’ilﬁ‘i“t theat e
or packes- eIEhefgyr@ﬁthe Hage stativmp| alreadiyeinbind adft&@sat@tct-@dts agieaeteeﬁtmeaed

b d th . h i t d i.fi
pased on UeERRE ol R ARy, LR L B0 S M
request mes$genBtied energiacomprises anr mﬁub@taa\slai taen@mt of the gotnl gaceived dat a
request cha@ﬁ@tﬁ;( HeHRlRBbHIEStatiBhYs re alideditolihe dEfifesannel ). The DRC

rressage can Cco uestH C& t:hg rate or al.ternat.i Ve|3&,_ an .
i ndi cation of th twéﬁt. wt qT Qhject; Rfeﬁ?fﬁkmc‘!ﬁ%‘ﬁﬂ’élfo{ the;mobile.stations
measur e@ent to ttearistnit tie dbtal rate Eajuests en the DRE chantfiel inca mm-reatsm}ch fhatt he

exenpl ary e t t h n of
The DRC eaih HE Kelectclf Ptfﬂtsﬁlgé BrbfE AR bag SRUBES i Sl ATET0RT, o)
uni quel y i davith fﬂ\@gn@hlée Istations isaable to dlﬁ@nm @%Csyﬁaﬁ@ggs,aﬂ‘@refore
PhCthe act] ot %‘?Qﬁt:“‘f%’%ﬁat‘“‘;**”t‘?t‘ﬁm}‘?‘?ﬂ 1B g S o A | "
code. onl y e SSEr et EATe IO Iy fhe PRRRIAT, MBI PAsE Yate AfAtion 1 cR
oper ati @6 asontmunjmatioor neth iblye tﬂttﬂ:xlmbtdtmrstsahss:gned\nat tnigue ¥alshctodthl sh

d t t t
Co o T MGk SaE! EVEEC ESTIRE. iCafEoR it WL WAAY ol 1 e
forward |i ni€orrgspondingte the gelegb@d;hm istatéon. a@hemw@@ﬁcqeart bfm@sgd 30 COVIgE base

station cangel BRC ﬁﬂ%sagest Eﬁhsaﬁﬁdoffﬁégbﬁaﬁ%aé@tat@rt?gfcﬁll datifized and
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val ue of30t he DRC nessage received fromthe nobile station. Additionally,
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Staton, ror bl The! BEdAL2RREKC hak S EIAR or §6E Hrkes! B ilch wil)
transm ssion and ‘d6codes 22PacK et cofp

pl ural i 8§ ofbedema more apparertt tfmrex@wpdeta;le rdﬁsdl‘lphﬂn se4 fqethabalmw Vtvibﬁlprl ses
30 ei ght i nfypeamid Qﬁnﬁlr{%xonaw&}{)ﬁﬂ? d?lé]\fvfrgseﬁ{ vIGER MR trefthéf® ERArdRfers
defined and are wt e _scope o sent jnvention. In the exenplary
enbodi nent , idertfydearsespondingly shrorghawiang Whefediquence nunber and t he
nobi | e stations are able to identify either m ssed or duplicative
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reverse link data channel the sequence nunbers of the m ssing data units.
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nobi |l e stations, then indicate to all base stations conmunicating with this
particul ar nobile station which data units were not received by the nobile
station. The base stations then schedule a retransm ssion of such data
units. " WO 99/ 23844
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12 PCT/ US98/ 234 2B1GH. 0% 14 & fingsams el Bi¢ eeRIpns sevarse 1pk access RmNeS st ati on
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set of nmobile station 6. In the exenplary enbodi nent, nobile station 6 can

recei ve data transm ssion fromzero or one nenber of the active set. A
bl ock diagramillustrating the basic subsystems of the data communication

system the pres FH! N‘ Cri- E@FE iyn controller
10 int er§¢ aces wlthﬁpgacbet net% € ]I_D@r ﬁngnd all base
stations 4 in the data conmuni cat Sy one base station 4 is

shown in FIG 2 for sirrplicity) Base statlon controller 10 coordinates the

commruni cati on be I Aol i
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at or near the maximum data rate which can be supported by the forward
link and the system. Reverse link data communication can occur from one
mobile station to one or more base stations. The calculation of the
maximum data rate for forward link transmission is described in detail
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In the second embodiment, the data rate is determined by base station
4 with input from mobile station 6. Mobile station 6 performs the C/I
measurement and transmits an indication of the link quality (e.g., the C/I
25 measurement) to base station 4. Base station 4 can adjust the requested data
rate based on the resources available to base station 4, such as the queue size
and the available transmit power. The adjusted data rate can be transmitted °
to mobile station 6 prior to or concurrent with data transmission at the
adjusted data rate, or can be implied in the encoding of the data packets. In
30 the first case, wherein mobile station 6 receives the adjusted data rate before
the data transmission, mobile station 6 demodulates and decodes the
received packet in the manner described in the first embodiment. In the
second case, wherein the adjusted data rate is transmitted to mobile station 6
concurrent with the data transmission, mobile station 6 can demodulate the
35 forward traffic channel and store the demodulated data. Upon receipt of the
adjusted data rate, mobile station 6 decodes the data in accordance with the
adjusted data rate. And in the third case, wherein the adjusted data rate is
implied in the encoded data packets, mobile station 6 demodulates and
decodes all candidate rates and determine aposteriori the transmit rate for
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V. Other Considerations for Forward Link Data Transmissions

25
An important consideration in the data communication system of the
present invention is the accuracy of the C/I estimates for the purpose of
selecting the data rate for future transmissions. In the exemplary
embodiment, the C/I measurements are performed on the pilot signals
30 during the time interval when base stations 4 transmit pilot signals. In the
exemplary embodiment, since only the pilot signals are transmitted during
this pilot time interval, the effects of multipath and interference are
minimal.
In other implementations of the present invention wherein the pilot
35 signals are transmitted continuously over an orthogonal code channel,
similar to that for the IS-95 systems, the effect of multipath and interference
can distort the C/I measurements. Similarly, when performing the C/I
measurement on the data transmissions instead of the pilot signals,
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The converse extreme scenario exists when a C/I estimate by mobile
station 6 is based on maximal interference. However, the actual
transmission occurs when only the selected base station is transmitting, In

20 this case, the C/I estimate and selected data rate are conservative and the
transmission occurs at a rate lower than that which could be reliably
decoded, thus reducing the transmission efficiency.

In the implementation wherein the C/I measurement is performed
on a continuous pilot signal or the traffic signal, the prediction of the C/I at

25 the second time slot based on the measurement of the C/I at the first time
slot can be made more accurate by three embodiments. In the first
embodiment, data transmissions from base stations 4 are controlled so that
base stations 4 do not constantly toggle between the transmit and idle states
at successive time slots. This can be achieved by queuing enough data (e.g. a

30 predetermined number of information bits) before actual data transmission
to mobile stations 6.

In the second embodiment, each base station 4 transmits a forward
activity bit (hereinafter referred to as the FAC bit) which indicates whether a
transmission will occur at the next half frame. The use of the FAC bit is

35 described in detail below. Mobile station 6 performs the C/I measurement
taking into account the received FAC bit from each base station 4.

In the third embodiment, which corresponds to the scheme wherein
an indication of the link quality is transmitted to base station 4 and which
uses a centralized scheduling scheme, the scheduling information
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higher than that of the first base station 4. Thus, if the C/I measurement of
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these channels are described below In the exemplary embodiment, the
traffic and power control channels each comprises a number of orthogonally

spread Walsh channels. In the present invention, the traffic channel is used
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In the exenpl ar men ach tine conprises t bursts 306a

and 25 306b %.émAH@&nndwdm@rbm fqrwqxe Shnk arcn 288 Midz andveih aim t o
time slot. the téi@rwﬁmajwm(ﬁe‘@mtemematclemk@ a@i Buithtdesdhd.s 64 chips in

duration ~., (T ch| In t absen Qr ,contr

channel dat a, (bgg?;]}% |)91a1f YoHR ofl}‘ﬁ?% bﬁnéﬁhﬁ%ﬁﬁ?s E{:fn&’%l
bursts, 15 essamerlgngth 2 d?Namdtes wduok ana\spkalflndthy thtei Kg9% standargerAodhe rat e
31 Rover so TSR MBIE clip fardd ‘*“%a“‘ﬁ’e“ N D LA L e
power cont r (R6-G/hmseer 4 ¢ 3338%% tléitb@rﬂ%e aﬁ’oﬁﬁ\b%mef‘bl t}tﬁnmﬁcﬁh&ﬁfch i s
used to conPwhansaaiéaaédnby anpwaée @fatldi'@ gewiths® thenldatd @BEThERi@tidh OM

renote statio the rev a.chtr tting. nobi St on 6
acts as s sBUER: oROWSYEs G Shnsarond 5 ddaaRasd by & WidleotefbF the
20 Dbasic short PN sequences. In the exemplary embodiment, the offset is in
increments of 64 chips. Other bandwidth and PN codes can be utilized and
are within the scope of the present invention.

VII. Forward Link Traffic Channel

25
A block diagram of the exemplary forward link architecture of the
present invention is shown in FIG. 3A. The data is partitioned into data
packets and provided to CRC encoder 112. For each data packet, CRC
encoder 112 generates frame check bits (e.g., the CRC parity bits) and inserts
30 the code tail bits. The formatted packet from CRC encoder 112 comprises the
data, the frame check and code tail bits, and other overhead bits which are
described below. The formatted packet is provided to encoder 114 which, in
the exemplary embodiment, encodes the packet in accordance with the
encoding format disclosed in the aforementioned U.S. Patent Application
35 Serial No. 08/743,688. Other encoding formats can also be used and are
within the scope of the present invention. The encoded packet from
encoder 114 is provided to interleaver 116 which reorders the code symbols
in the packet. The interleaved packet is provided to frame puncture
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exemplary definition of the supported data rates is illustrated in Table 1.
Different definition of the supported data rates can be contemplated and are

within the scope of the present invention.



40 PCTI US98123428 in soft handoff nonitors the | ZPC Wal sh channel 68 gz@g
base station 4 i n the active set and conbines the ItPC bits in acc M
with the nethod disclosed in the aforenenti oned U S. Patent No. 5, 056, 109.
In the first wgydpdpjyent, nobile station 6 perforns the | ogi c pRrRkod/a260WN
power 5 commands. Mbile station 6 decr?% es the transmt power if any one
of the received RPC bits commands nobil &“station 6 to decrease the transnit
power. In the seﬁpac?e %M?lii?rnémb%ﬂ%leﬁtsiﬁé 'n‘?fmﬁqﬁxﬂ th rQ?en 034 4

conbi ne the s b deci si on he 1 ZI I ng ard ISIOﬂ
O her enbodarhirt § M@XIpHAE Pn"@tﬁt e 24V6i lez btintlalreum béateorate is
cont enpl at esejadted abssed bAi the h@oxfséo@d%eot/l hfefh8eatdnt NMeMd cyystelrﬁ tthe
present invention, the F?%\blt |nd s.to ?3?1' l e stations 6 det her or
not the traPFqEsHhg & Q Fﬁé(s't:%% SHED 9 J0e HERR FOrTfcHpg odes, and
transm t3 i ntheordesired nkevel hef efﬂommncé’he Ins theofexeneplady bmbotiliméﬁt/e&hbhe

al h

br oadcast | riRHRrRh defe E?e”ﬁh@sen o BT §1ff’e%ﬁ‘¢ Bl essifF ar

enmbodi nent , suprontgdCdata ra:tes is 3dBng&be a3l dRaincrément lbwndmpremlmcamsng
df 5

repeat e Oéex%kahfac&%(‘vﬁ%éh ﬁxfd%éeth%{ gécﬁxira%;ggfl :ﬂ# @}'I a}xﬂlfgleh?ttﬁﬁf’fc&i

bps. The par aneters
bit, nobil ebdaghieyad hy whﬂeoﬁﬁm% 6 Hie clpﬁsezo(%la@ @ﬁ@?ﬁ@%gvh@m:@mltso

fC (1 Jdl(% ﬂroﬁrtl(é‘ qﬁﬁhtﬂé@ﬁ‘bﬁ df%b)datb&aié@%a@écﬂ dm&wcvmatsﬁfreﬁ\?ﬁt } ahd g
or war In e e or war
link signal® gqngef Rg bftézgf Blfdg’gd'ﬁ@ eg %ﬂér?nsﬁnﬁf%?ﬂu?%t dafayraie |

i s the tot afrormtmobibe erationi 6 talbHaseatatiost at iMose dupperted adutairhtes n@quires | s
e FAC bi ke i obled 8" ehiulic  aRRL @M SRNREKS, Ard fRRERFLIG O

the FAC bit. ransm ssi on
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at one of sever dat ratﬁs %pendlpg on thg ngﬁnt 35 f data to b
transm t t edMYETERTE 1§ dirertss B thepuge, ot 2nE AUMPST O55HRP datarates a8t i on
6 can tr ansaiher diata rates than tlowedistethim Tableel.at any ti ne. In the exenpl ary
enbodi ment, data transm ssion at higher data rates requires a ~ 2 MAY
2002 WO 99/ 23844 41 PCT/ US98/ 23428 grant by base station 4. This

i npl ementation mnimzes tableteMyeffi¢ ChannehBatagseters del ay whil e
providing efficient utilization of the reverse lin k

Parameter Data Rates Units
38.4 76.8 153.6 | 307.2 | 614.4 | 1228.8] 2457.6| Kbps

Data bit/packet | 1024 | 1024 | 1024 | 1024 | 1024 | 2048 | 2048 bits
Packet length 26.67 | 13.33 | 6.67 3.33 1.67 1.67 | 0.83 msec

Slots/packet 16 8 4 2 1 1 0.5 slots
Packet/transmission{ 1 1 1 1 1 1 2 packety
Slots/transmission | 16 8 4 2 1 1 1 slots
Walsh symbol rate | 153.6 | 307.2 | 614.4 | 1228.8| 2457.6 | 2457.6 | 4915.2] Ksps
Walsh channel/ 1 2 4 8 16 16 16 |channels
QPSK phase
Modulator rate 76.8 | 76.8 | 76.8 76.8 | 76.8 76.8 | 76.8 ksps
PN chips/data bit | 32 16 8 4 2 1 0.5 |chips/bit

PN chip rate 1228.81 1228.8 1228.8} 1228.8| 1228.8 | 1228.8 ] 1228.8| Kcps
Modulation format { QPSK | QPSK | QPSK | QPSK | QPSK | QPSK | QAM’
Rate index 0 1 2 3 4 5 6
20 Note: (1) 16-QAM modulation
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FIG 4A. Howe everse ata _a I c_data
are transni lqceaeci:ehﬂmm p9sxaﬁn§heeaﬁpmswm Theanilat and mernepetrd n the

exenpl ary ephieds BRNdeschiBRd lif detaal b&owd transmts a DRC 15 nessage on the
pi | ot/ DRC channel at, each t| sI ot enever tati,on 6 J cei ving
hi gh speed data k’? atiSri §§‘F’BH lh‘\é\‘? “ﬁ‘ifi’?ﬂ"@dstgﬁ%% GfEPg‘ not
recei vi 3@ hirgerlepeed 186 tis pumn&edsm aa:r,omim)dtam |the pilatt aruh pdweerpedmir6DRC

channel conp(i§es Ibht%epé%e?ﬂoglﬁgg %%n%ocﬂﬁ?efrﬁ' 'e% %hgé}?éa\)eﬁ gﬁﬂ%tgé’%ﬁxf}ﬁses

recei ving base Sta R Ohe
4096 code symbols and the first 512 code symbols are punctured as shown in

FIG. 4D. The remaining code symbols are skewed in time to align to the
traffic channel transmission intervals.

35 The punctured code symbols are scrambled to randomize the data
prior to applying the orthogonal Walsh cover. The randomization limits
the peak-to-average envelope on the modulated waveform S(t). The
scrambling sequence can be generated with a linear feedback shift register, in
a manner known in the art. In the exemplary embodiment, scrambler 122 is
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The preamble is multiplexed into the traffic channel stream at the

start of the packet for a duration which is a function of the data rate. The

length of the preamble is such that the preamble overhead is approximately

constant for all data rates while minimizing the probability of false

detection. A summary of the preamble as a function of data rates is shown

20
packet.

25

in Table 3. Note that the preamble comprises 3.1 percent or less of a data
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generator 624. The covered sgge | ovided to nultiplexer {MJX) 630
whi ch nul tipl exes the rressag[:j)g%ﬁqgﬁ '?‘ﬂ'&“ﬂ?l‘%{’a’fﬁ’i‘%@rsrhe DRC nessage and the
pil ot data are provid Lolieors 650a and 650c which spread the data

with the PN_I and PN_Q signals,| r espeghbl®udctuddWsratibf€ PiJ ot and 30 DRC
nessage are transmntt gd—om oot the T Npase and guadr at phase of the

sinusoi d. In the exeny] Beta Rateqdi Walsh  t|hENDRipIgsOngherd fransmitted to

the sel ected base statfio I%Pd'é?ﬁ) oRClli eved by [covering jthe DRC nessage

w th the Wal sh code ion 4. In the 35
exenpl ary enbodi nent, cod@ is [1285khi pd inl.6%ngth. The derivation

of 128-chip Wl sh codgs apegkngwn i theg arige Carfe ulné(gue WAI sh code is
assigned to each base - —voim—ch—rq—rﬂ-tom €8 ith nobile

station 6. Each base dtatl5d® 4 |deco¥ers |t hel28 gngdl dné%he IDRC 0 Z MAY
2002 WD 99/23844 46 PQT/ \4g98l 23428 ghanrjel wj,th itslﬁ@%irg%d Wal sh code.

The sel ected base st atpomr—d—t+stabtre—to—gecover—tHe—BRe—+reqsage and
transnts data to the [reddddting nobil e |staiBon 4 orR.3%e florward link in
response thereto. Qhgr bagegst
requested data rate i g-rot—dtrg frenrbeca ot base stations 4
are assigned different] VA5 c he &Renpllar\3.Ebod nent, the
reverse link short PN codes for all base stations 4 in the data

comuni cation systemis the sane and there is no offset in the short PN

sequences twyli FHWQ{H. o Bieant@f&ems@t | Ons 4. The data communi cation
n

system of the prese Invention supports soft 10 handoff on the reverse
i nk. Using the sanme short PN codes with no offset allows nultiple base

stationg 4 to ragejve i t 1. $S] I
stati on%6 duri ngﬁaéh\séo?’gé?ﬁ%%ggﬁr{lﬁﬁ{erﬁ%#{) r‘{yébl\]ﬁ%ggégs&%# gé\) |f$ e.g%gegg?wa&_e
spreadi ng Rdditiensef framegheck bityegpdertail hitso angrothgs contrad ifiglds4 Intthis n t he
exenpl ary ejpaelicABBh, ah MRtdRs derssaDas BirfbARatibn baguest addaltatdnit ake by
nobile stati.on 6. In the altern LVe errBodl nFnt, t he DRC nessage carries an
i ndi cati on W%W?W@Fﬁnpf’ﬁﬁs Zéjéﬂ‘ Prpapen bits. Lo o' i nformation as
measur ed by nobilhetlst axéraplady . erivbbdiment, athieoforérardnlisk nstipports tstoy datcei ve
t he forqyar } i J ; : r 0 i
perfor rrfga t ﬁ%étﬁrfdr%e%%%rvzl’#gﬂ?é %nlﬁlgg?ﬁwra:ggﬂgg g?%g‘?e %ﬁgr_@% ﬁé*/gc&?ﬁ\aé gﬁajtti on
6 then sel eomprises fiustfields anct packst format 430 spraprises Hing fieldst Fackahi ch
pa][l corr{)_ri Sta_rm]gawti? ?agi Wh?hit?ﬁl?da% aana&ummﬁﬁﬁnitmetdb AobilOsthfieh 6 .
information is forma e age can be. copveye ase
station 4 i‘f?’%?i‘é‘so?n%‘lﬁibrdé?a 297‘588? gEfﬁg@ ﬂv?‘h?cebqﬁ?gs}?tse%%ﬁéng?{ bile
station 6 t4I8ndfrthesamoDRE ofedatade Heasaubmittadhés lesguban eliedntailable ectethe
request t i i d ' ' \
sati sf a%?oﬁ?/l ) B‘é‘m?i%‘ﬁ%ie&???{‘ e ?rlté‘aaz Eggggﬁmgﬁ?eﬁﬁﬁ%h&g& Xﬁé?ﬁi?%de al
nmeasur errentwltg[ﬂdl zevos pndidssignated as PADRINGtfieldt448. maxi mum data rate which
yi el ds sati sf actmrme@ceﬁ?{;g; BRIVRlmERE FraKidERedasaydence (FES) TRMSyept i zed
a
dhe

to one of the ported ates agnd designated as’t r sted data
ater S The caich B Rantaguche CRE Saitin diisgvRir L AE: peperer e oRE Bneratet

transm t t ed1120(sed FIG 3 Axinattcbrduhcetwith anpred ddermirasip pangrasat polysempair t ed
data r s and,t he corresponding.data rate ~BEN C re .sho i n\Taplée, 1. 35
In the ecoﬁl‘q %o%ﬁeM?f \Aﬁrg?:’&ghrggﬂgi It estgg?jonﬁ @yﬁ,og!}@pi \t/%gsl §K&)i—n i cation
of the forweaid Xx1AK, althbugh otherhpobmioatialad dansbke gtsaedi amd Arenwiitiin thet i on
6 transmts j i e nt.i : I
reasur enent *OPRTATE ksl VeR 8 S SEME ek R phHG LrhBOUKERL T RO |
with a ¢/ aedalculatedmyercthe BMiTls StFthrWeE)éﬂAt pad &7ADDINKx fieldp dbiv3844
a7 provides error detection over all bits, except the code tail bits in TAIL fields
25 420 and 448, transmitted over the traffic channel on the forward link. In the
alternative embodiment, the CRC bits are calculated only over the DATA
field. In the exemplary embodiment, FCS fields 412 and 432 contain 16 CRC
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0 2 MAY 2002 PCT/ US98/ 23428 allows a finer quantization of the C/ | )
measurenent. Al so, the mapping can be linear or predistorted. For a 07 Maang
‘mappi ng, eaclwopnerseent in the C | index represents a correspeadiu’ggs2342s
increase in the C I neasurenent. For ex |l e, each step in the C/ | index
can represent a 2.0 dB increase in the | 5 measurenent. For a

predi st ort egaiBPbits) hltiRAGh oBEeTRU ghAefdtSrsChloviBHeX diffBrer@PhER{Y: Bf
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U. S. Patent ' N Sar j . 7 7 ntit "NET AND
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nmeasurement. on the EI ot Si gnal can_be_obt ai ne esprea
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si gnal 13:n besiapsthittedoutbieeqserice tbhRobilarbaiort 6)eigl forrethiizaadsibat veen
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to take i ntoupesiatethatdata unfite ldvel wedimlindaded tink needifor fxam éraghaertatior ng
t he request a | t atd gt h H‘ﬁ?sﬁ enent
can be perfgir:bntgg&log&?hgr?léﬁfrggnﬁ n ?[%%%g%gﬁgﬂn,el. %’Eg tglrlgwfsi C.C gl{mel
signal is fFREENIREAetegt GHP C‘"ttﬁeAqt%Hg‘“ISN Yeae raseiptif the FMTPRERQ A and
decover2d WLEN fibkis)y¥loblletstion §He ablel ton@étetthirteewhich) datacunitg talve beerd he

data 35 cha n [ CC t e..becau a l.arger .percent age of the
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ary odi nent,, the

DRC nessagelll Oner Smgrisiel pnd ithe worsq casp daty retransmyssior dfeq&%erf; the 74) .
][:or an 2zxenpkemplary nembodimertt, leaGh 7dataeanitt fwldmhﬂads Pyoe M@bip;:e;gﬁanédﬂe f

i rst 1024 | or t ' o r b0l | ps o
time are usgg*%%rbzﬁtgﬂlgfza |prcllM§£)fo %%}Aetggg% %}%‘“g‘#ﬁ“ﬁ@%@g*ﬁe & 3‘5@5%.
Transni ssi owhi¢h can IBREansmittesk at reacheletis approxmately 256. t Bighti bits afeot
al | ows basergfigtddOR iﬂiehﬁfﬂ@é‘&xd@f Heed PRGBS SPGRh¥rhOid) it Ren B &@IETRE! Ot
and possi bl%i} rgnsmt dat’a .at the reque,steg dat a rft e\ﬁgt t |rrrred|,[§{§
successi ve Hatghe|wersemge dal retrmsrusuPR delays gre, fass thag E)c‘B‘ﬁ?Fimi i on
system 30 t Petrqrisesiesion Flulayi iiﬂﬂlua@ fhe fitie klleyeﬁ_dgpfoxt ) Pﬁhﬁ]l@ﬁﬁeés@gté
oper ati ng enviLQnment . t alternativ o] nt request e ta
rate is conmé% {ngatb%ee'str gamngs%gnt hcg 35% o‘#aqen oﬁtﬁ e%?‘lgfsn en‘tl‘f(aa1 and
a rel ative refansemission| mttemptse whoskdreryt ,thehevatseolcase bwdsér erroe cumpri si ng
t he request [ ARkt 89:DE"d fF : . I rence
al | ows base?g%%?(?%hégbﬁ 8 ail'gwc?et er rr]% nsgg?ﬁlg degggg@édéé%?alﬁ%ﬁ Bgﬁu%%?é{éﬁ Ese
mobi | e st at PeiRgereceiyed evithputi arabiguitys Tee nuatbarrafrkif insSERsfieds A6 aadsol ut e
ref erengses, 44MBin Be $h@baRA &r HEGRBASEAL %leﬁeﬁ&ir@ bMeheefifs BNDATA Radesrsy ation
4 whi ch indicates whet her the rg&ge;&‘ed datg rate for the u gom nlg h@m&
Slot is highed the seERnSTBIssIoR. delays. e Hee PR et Number, af Bitp or 5
pr fevi ous ti fgeld_slms.aria%im@h@ec\&_ithi/n tk;i@b&#;ﬁdﬂ()ﬂ&tpﬁebm iguvbnﬁtlaxlim ts an absol ute
reference. Periogdi,Cc tyransm ssi of t ta rate,index t
request ed data rgt}'éent%assest%téqn gg‘aﬁ l?ﬁ% ag? g{aé‘sé{‘H& t8r{§8}r”§% 5??\'@?“ gﬁh@ﬁeous
receptions tife spacetavedlablef &n dDAFA dielchdd8apadeetifarmat 180 issusest dlacketut e
references and rel ative references can reduce the transm ssion rate of the
DRC nessages to base station 6. O her protocols to 25 transmt the

requested data rate can al so be contenplated and are within the scope of
the present invention.




XVl . Reverse Link Access Channel 30 The access channel is used by :ﬂ;bwlﬁ
station 6 to transmt nessages to base station 4 during the regist A 2002
phase. In the exenplary enbodi nment, the access channel is inplenmented using
a slotted strupdydgyith each slot being accessed at random by pgafideg23428
station 6. In the exenplary enbodi nent, bae access channel is tinme

mul tiplexed with the DRC channel. 35 In e exenpl ary enbodi nent, the

h
access ¢ an@o H@B@llb%«s%%%%%?od@t@‘é Wﬁhnpoae@% Sta A&té[hg%t?h t

exerrpl ary e nment , cess channel franme format 1 s | entl
speci fi ed bytheh@awsnysnsm gF @f availaple data unk® ta mokjle statiom. 6in thec

PCT/ US98 23455, hal 160 Dy |5 00 B arlard. he dl a0 anof o ke base
speci fie St andar of ,an ex

access chann®f 'B‘Sﬁs’él téa‘i‘sgn Bﬁ/np?cr*‘e}:? %436- Wﬁb ﬁ%?%f‘if‘%@fb

each ?cceSss ficldngual ccgapmsl tgemme:ofrﬁle aamberedfrhite u?ﬁ%l beiﬂg t@ainsmi’c&dmﬁsage
capsul es 724 a conpri se
nmessage 5 | eha? %gf]%% qtgﬁf éféﬁ'\pég&%ﬁg %Laéggezlz g‘%&i?’ggﬁ‘ﬁ% g&!{ér{ﬁa‘:fﬂsihbi ts
736. XVI 1. Ranee PATA fleldl4dK con aangd from OHe 25baxtets .i nvention, mobile
station 6 transm T

nessage i s general?e(}[@;ﬁremg%ﬁ%d.rg éﬁgzzﬁ&eg%ﬁgg%EQP%%ltﬁeq é%ﬁfgn 6.
In the exenpHationehbbuithe thrWYNﬁEb imende Jor packet ﬁowmﬁnﬂoo@@clmsiatg t he
Bl ank ang) Bupgdked icoftidrised ﬂmamis)bfrwmaﬁ B at0UEh bits! hﬂoﬁ:@mﬁwrimed

U. S. Patent 773. At th t has

descri gegni nlepgh &53?& Bagkets can 8 g {r"ie?ggl%‘el nvegglléocgf “gﬂnﬂékoﬁr Bitscol
can be cont earpd aredvitnd ﬁreescmpbkofrthtef}m'esempmwntﬁdsre pFers patketnforntato4s0, The
previ ous des&r | 5 d ?ﬁD‘ATA% @,?ldowifsr&%gus%bmgﬁ ffe gagVvi ded to enable any

person skilled ih I nvVention. The various

nodi fi cations to ¥héke exemplaneembadimerde PQS’A‘GF |f9rmpba4@ncanobgoaaedos@

skilled i; tbs ﬁﬁit, eaad) tera§ alﬁ ﬁﬁégsa B4, eSigledline terlpRheiSIGNBENY €ield
applied to % i TEnt S gﬁ : e gse Q%gﬂ{leﬂgﬁn\/&e&ﬁtlve facu?) Yy

r e od |rre ts Wlk B Hﬁ'—’ I
Thus, the. priterAntAsethe BREHL Of dhe sHPasaien t Senaling messagss inhectess.  In
enbodi ment s theowexeheplaiyn dmbodimeént, bSI@cchBMeﬁetd]edﬁﬁ desB bitspén c dersgtdt ent

wth the priSRORIING Gl otk ot L RRaRRE kel 7P dlE QeblMury © 2
embodiment, each signaling message comprises a message identification

20 (MESSAGE ID) field, a message length (LEN) field, and a message payload, as
described below.

PADDING field 446 contains padding octets which, in the exemplary
embodiment, are set to 0x00 (hex). PADDING field 446 is used because base
station 4 may have fewer data octets to transmit to mobile station 6 than the

25 number of octets available in DATA field 418. When this occurs, PADDING
field 446 contains enough padding octets to fill the unused data field.
PADDING field 446 is variable length and depends on the length of DATA
field 444.

The last field of packet formats 410 and 430 is TAIL fields 420 and 448,

30 respectively. TAIL fields 420 and 448 contain the zero (0x0) code tail bits
which are used to force encoder 114 (see FIG. 3A) into a known state at the
end of each data packet. The code tail bits allow encoder 114 to succinctly
partition the packet such that only bits from one packet are used in the
encoding process. The code tail bits also allow the decoder within mobile

35 station 6 to determine the packet boundaries during the decoding process.
The number of bits in TAIL fields 420 and 448 depends on the design of
encoder 114. In the exemplary embodiment, TAIL fields 420 and 448 are
long enough to force encoder 114 to a known state.



1. A nethod for high speed packet data transm ssion from at | east gﬂﬁzﬁz
station to a nmobile station conprising: neasuring at the nobile sta

set of paramay@wermgsoci ates with forward |ink signals from sacgugbsiasst
one base station; selecting at the nobi I,% station a sel ected base station
fromsaid at | east one base station bas on said set of paraneters; (

sending a data rggeafio g&%@%ﬂ&@r&e&&%é@%b@ §¥ea&ké}ﬂ IRy SfrshateWatitRd
base station; and recgei data at the .nobile stati froin sai d sel ected

base stati of2Rt P& Usstate @@h’tﬁea&r@&sw%eanfhdgfa. andasignalingednessagenge. ~

s 2. The newmd)@fotﬁbavpatﬂetvmgmatmcmlbd drefs Ubimeet &f ﬁéédsn@f aqmitx&aml ng
are perforned_at each. tine sl ot 0_Ian‘gcl)urallt .of tinme sl oté?gn t.i| ‘?30

data trans mCQE}IBanC?“@&“rﬁY%tF@d THETHHGUPN YHTN 1CapnRE dFHisey

measuri nf i sacpEnfradatel npretthin the itwioopaadkes fomats rdeseribed abavele of a forward
activity bit. 4. The nethod of claim1 wherein said neasuring is perforned
on forward link pilot signals fromall base stations in an active set of

sai d nobi | elgd%tgr%r ual-<r ?l{@&heﬂ?l%?]c# 11’{'34 wherei n an additional base
e sai d ac

station is a I've Se e nobi |l e station based on whet her
a power of a signal received at the nobile station fromsaid additional

hererntsers S 58 ALBHSH LT AL GRAE by LB TLDER S
7. The n8ét hoﬂessﬁgesl &iom Ibashetation datod mresHikec startipnis S6. bd‘shad typespofenessages
T e
t he sel ect edeigatiepagaa ispecifig seehile station i6that theéwl dan ia ﬁteequm%fq: tltatect ed
( mobile station 6), (3) short data packets for a specific mobile station 6, and (4)
ACK or NACK messages for the reverse link data transmissions (to be
15  described later herein). Other types of messages can also be transmitted on
the control channel and are within the scope of the present invention.
Upon completion of the call set up stage, mobile station 6 monitors the
control channel for paging messages and begins transmission of the reverse
link pilot signal.
20 In the exemplary embodiment, the control channel is time
multiplexed with the traffic data on the traffic channel, as shown in FIG. 4A.
Mobile stations 6 identify the control message by detecting a preamble which
as been covered with a predetermined PN code. In the exemplary
embodiment, the control messages are transmitted at a fixed rate which is
- 25 determined by mobile station 6 during acquisition. In the preferred
) embodiment, the data rate of the control channel is 76.8 Kbps.
The control channel transmits messages in control channel capsules.
The diagram of an exemplary control channel capsule is shown in FIG. 4G.
In the exemplary embodiment, each capsule comprises preamble 462, the
30  control payload, and CRC parity bits 474. The control payload comprises one
or more messages and, if necessary, padding bits 472. [Each message
comprises message identifier (MSG ID) 464, message length (LEN) 466,
optional address (ADDR) 468 (e.g., if the message is directed to a specific
mobile station 6), and message payload 470. In the exemplary embodiment,
35 the messages are aligned to octet boundaries. The exemplary control
channel capsule illustrated in FIG. 4G comprises two broadcast messages
intended for all mobile stations 6 and one message directed at a specific



base station by a hysteresis value. , 9. The nethod of claim1 V\MEQ? sai d
selecting is based on whether the signal |evel of the selected bas A0
exceeds the signal | evel of a previously selected base station for a

pr edet er m ne uration. ~ " 10. The nmethod of claim1l wh ' 3@{3'
sending is pglr(# orrre by covering said dg%a request nessage WiFﬁng g%

code corresponding to said selected base€station. 11. The nethod of claim

10 wherein 23 gﬂa\é@i&&}x% ?Csllﬂ%%lc?%?%e‘t nkﬁ'agt»bhe@?ea Jrhﬁog?lgé‘gﬁ &' aim

1 wherein sai 'S 1n |ca rve o requ rate.
13. The netiegqtires an|aaidrre$2ﬁeflﬁe(eg+ w@h@r utesq@bs@waaaoaarsaeelfmsnmg a
plurality of supportable data rates. 14. The nmethod of claim 13 wherein
sai d supportable data rates are selected in accordance with a cunulative

di stributi oR. ff‘d%%hi’ﬂuﬂi Pﬁ/oi Cﬂah'ﬂgi‘ ~ cell wthin which the nobile station

and the sel'ected base statlon asi 15. The nmethod of claim 1l wherein said
data reduest message is indicative of a quality of a transm ssion link. 16.

Th t hod of cl 1 wh ' . I
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from at nospilonsigoal which ds useshby roakile staticnsaé |folnnat1alaact1utamens pbase 0 2
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A of ST

usi ng ortho nne s 19. The aim wherel n each
or t hogonal Fsﬁ c nr@MﬁsCWR’éﬂaHSf‘a %Yéffﬁns which ' conform  to 15-95

10 standard. In the exemplary embodiment, the pilot signal is also used by
mobile stations 6 to perform the C/I measurement.
The exemplary block diagram of the forward link pilot channel of the
present invention is shown in FIG. 3A. The pilot data comprises a sequence
of all zeros (or all ones) which is provided to multiplier 156. Multiplier 156
15 covers the pilot data with Walsh code W,. Since Walsh code W; is a
sequence of all zeros, the output of multiplier 156 is the pilot data. The pilot
data is time multiplexed by MUX 162 and provided to the I Walsh channel
which is spread by the short PN; code within complex multiplier 214 (see
FIG. 3B). In the exemplary embodiment, the pilot data is not spread with the
20 long PN code, which is gated off during the pilot burst by MUX 234, to allow
reception by all mobile stations 6. The pilot signal is thus an unmodulated
BPSK signal.
A diagram illustrating the pilot signal is shown in FIG. 4B. In the
exemplary embodiment, each time slot comprises two pilot bursts 306a and
25 306b which occur at the end of the first and third quarters of the time slot. In
the exemplary embodiment, each pilot burst 306 is 64 chips in duration
(Tp=64 chips). In the absence of traffic data or control channel data, base
station 4 only transmits the pilot and power control bursts, resulting in a
discontinuous waveform bursting at the periodic rate of 1200 Hz. The pilot’
30 modulation parameters are tabulated in Table 4.

XI. Reverse Link Power Control

In the present invention, the forward link power control channel is

35 used to send the power control command which is used to control the
transmit power of the reverse link transmission from remote station 6. On

the reverse link, each transmitting mobile station 6 acts as a source of



20. The nethod of claim 1l wherein said receiving is perforned using UZMAYZUUZ
quadr ature phase shift keying. 21. The nethod of claim1l wherein said

recei vi ng i Sweegofag4ded usi ng quadrature anplitude nodul ati on pEFPHSBYLS-
22. The nethod of claim 1l wherein said g;ta is received in data packets.

23. The nethod of claim 22 wherein said data packets are of fixed size for

al | Qat a I &neSrferendd toTXIE dlﬁéxh%bﬂlfe SladoRs28 inh@ieeinBtwatied d?éaml@ﬁﬁiﬂ%es_ are
recei ved over Qne or nore tine s).ots. The met hod of  claim 22 wherein

25.
each data pRENESTEREEN thesreyerseclink and maximize capagity, she Lransmib POWer ei n
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loop adjusts the set point such that the desired level of performance, as
measured by the frame-error-rate (FER), is maintained. Power control is
critical on the reverse link because the transmit power of each mobile
station 6 is an interference to other mobile stations 6 in the communication
20 system. Minimizing the reverse link transmit power reduces the
interference and increases the reverse link capacity.

Within the first power control loop, the E,/I, of the reverse link
signal is measured at base station 4. Base station 4 then compares the
measured E, /I, with the set point. If the measured E,/I; is greater than the

25 set point, base station 4 transmits a power control message to mobile station
6 to decrease the transmit power. Alternatively, if the measured E,/I, is
below the set point, base station 4 transmits a power control message to
mobile station 6 to increase the transmit power. In the exemplary
embodiment, the power control message is implemented with one power

30 control bit. In the exemplary embodiment, a high value for the power
control bit commands mobile station 6 to increase its transmit power and a
low value commands mobile station 6 to decrease its transmit power.

In the present invention, the power control bits for all mobile stations
6 in communication with each base station 4 are transmitted on the power

35 control channel. In the exemplary embodiment, the power control channel
comprises up to 32 orthogonal channels which are spread with the 16-bit
Walsh covers. Each Walsh channel transmits one reverse power control
(RPC) bit or one FAC bit at periodic intervals. Each active mobile station 6 is
assigned an RPC index which defines the Walsh cover and QPSK
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estimates of the forward link quality measurement from the corresponding
DRC channel from mobile stations 6. The scaled RPC bits from gain
20 element 154 are provided to MUX 162.

In the exemplary embodiment, the RPC indices of 0 through 15 are
assigned to Walsh covers W, through W5, respectively, and are
transmitted around the first pilot burst within a slot (RPC bursts 304 in FIG.
4C). The RPC indices of 16 through 31 are assigned to Walsh covers W,

25 through W5, respectively, and are transmitted around the second pilot
burst within a slot (RPC bursts 308 in FIG. 4C). In the exemplary
embodiment, the RPC bits are BPSK modulated with the even Walsh covers |
(e.g., Wy, Wy, Wy, etc.) modulated on the inphase signal and the odd Walsh
covers (e.g., Wy, W3, Wy, etc) modulated on the quadrature signal. To

30 reduce the peak-to-average envelope, it is preferable to balance the inphase
and quadrature power. Furthermore, to minimize cross-talk due to
demodulator phase estimate error, it is preferable to assign orthogonal
covers to the inphase and quadrature signals.

In the exemplary embodiment, up to 31 RPC bits can be transmitted

35 on 31 RPC Walsh channels in each time slot. In the exemplary
embodiment, 15 RPC bits are transmitted on the first half slot and 16 RPC
bits are transmitted on the second half slot. The RPC bits are combined by
summers 212 (see FIG. 3B) and the composite waveform of the power
control channel is as shown is in FIG. 4C.



atransmtter within said nobile station configured ~o transm t Y?TZU
request nessage to said selected base station) r ., wherein the trans ta er
within sai d ¥ 2384 base station transmits data at a data raPETiU[9I8/23428
accordance with said data request nessage. 43. The apparatus of claim42
wherein said receiver is configured to generate said C | neasurenents at
each tine slot dA dnﬁhgrdiaigirgmobftﬁheepswﬂmcomdl vdhaneieh sailthistrfled M AY

2002 55 conticeldeerul i BALhBHES rhBodhaf! Bbe Hheheds MRSl A g at .

each tinme ransmtt er Wlt n sal
configured RB tblarp@mttmsaﬁlqt dﬁaahrl@a@éyt igrbisee g uitiplexedt andmtrsmsmlttem The

appar at us ohy&l BV REC PRSI éswt bﬁ?ﬁb 804a ahd 30465, NR"shoWY IiHUE
gener at sal sur enent unt a recerLve aI ue of a

I nt (0}
forwar d ct‘i“?ﬁl%: Bmtﬁeﬁem%%ﬁw&ogﬁ bt aghaRECAbugs d5 &2 PN ghaps (or 2
transm tterWulélhsymBalsgi inogd ke ( dp@tszocthxfasbr At rthe ao®iliwRith of each NBCSHit cover

cor 1 espond: Bk ahinp GEANAR ixtldon Ui BRC Whesian can bR ADaMA B m 42

wher ei n eactharigisgithle aunibeasif symebolamspetitiani oFof exaingile, carmRAG bit xatequéue

for storing, t ho ot of
each data paﬂ@ttﬁ3 Qg g &tg}gj R) ?&?}R’(obﬁregéé%%\% @%g&\%f‘_%n% ?l&oé§ of d\{ﬁ% ré

wher ei nl&ai ﬂleo[P@N@r copsrad r@tqﬁ,caglbﬁ @bfarreedoby frapsmtting therﬂditfsekeﬂ%m&l‘ﬁ i on.
49. The ”EtBQQonRPdI%MF&t% Mﬂﬂraﬁld”s@%' Fhd RS HEddHH sEtCOEHL RPE bRs b REE NY
are perforned du dﬁfg@ | urali f time slots. %do ?‘ hod of
ol ai m 49 whBHEH8 Hﬁﬁrcamaily alsh roveryaze Herd an ShedBpPBAsE ned
fixed duratamd. uadratu.re 3ign aTéle Tret hesd wihtiohapardfietdierfor the RPC bits are

pr, edet erm ng z% f%blgrh is approximately 1.67 mlliseconds. ' 52. The
met hod of ci ATz wﬁ ard forward link pilot signals are received
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station. Table 4 - Pilot and Power Control Modulation Parameters

Parameter RPC FAC Pilot Units
Rate 600 75 1200 Hz
Modulation format QPSK QPSK BPSK
Duration of control bit 64 1024 64 PN chips
Repeat 4 64 4 symbols

The power control channel has a bursty nature since the number of

mobile stations 6 in communication with each base station 4 can be less than

- 20 the number of available RPC Walsh channels. In this situation, some RPC

Walsh channels are set to zero by proper adjustment of the gains of gain
element 154.

In the exemplary embodiment, the RPC bits are transmitted to mobile

stations 6 without coding or interleaving to minimize processing delays.

25 Furthermore, the erroneous reception of the power control bit is not

detrimental to the data communication system of the present invention

since the error can be corrected in the next time slot by the power control

loop.

In the present invention, mobile stations 6 can be in soft handoff with

30 multiple base stations 4 on the reverse link. The method and apparatus for

the reverse link power control for mobile station 6 in soft handoff is

disclosed in the aforementioned U.S. Patent No. 5,056,109. Mobile station 6
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embodiment, the FAC bit only changes at half frame boundaries and is
repeated for eight successive time slots, resulting in a bit rate of 75 bps. The
parameters for the FAC bit is listed in Table 4.
Using the FAC bit, mobile stations 6 can compute the C/I
20 measurement as follows :

(%) o T ' (3)

where (C/I); is the C/I measurement of the i'" forward link signal, C; is the

25 total received power of the i forward link signal, G, is the received power of |
the j™ forward link signal, I is the total interference if all base stations 4 are
transmitting, o is the FAC bit of the j" forward link signal and can be 0 or 1
depending on the FAC bit.

30 XlII. Reverse Link Data Transmission

In the present invention, the reverse link supports variable rate data
transmission. The variable rate provides flexibility and allows mobile
stations 6 to transmit at one of several data rates, depending on the amount

35 of data to be transmitted to base station 4. In the exemplary embodiment,
mobile station 6 can transmit data at the lowest data rate at any time. In the
exemplary embodiment, data transmission at higher data rates requires a
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longer time base unit can be used to improve efficiency.

In the exemplary embodiment, the reverse link supports two
channels : the pilot/DRC channel and the data channel. The function and

5 implementation of each of these channel are described below. The
pilot/DRC channel is used to transmit the pilot signal and the DRC
messages and the data channel is used to transmit traffic data.

A diagram of the exemplary reverse link frame structure of the
present invention is illustrated in FIG. 7A. In the exemplary embodiment,

10 the reverse link frame structure is similar to the forward link frame
structure shown in FIG. 4A. However, on the reverse link, the pilot/DRC
data and traffic data are transmitted concurrently on the inphase and
quadrature channels.

In the exemplary embodiment, mobile station 6 transmits a DRC

15 message on the pilot/DRC channel at each time slot whenever mobile
station 6 is receiving high speed data transmission. Alternatively, when
mobile station 6 is not receiving high speed data transmission, the entire
slot on the pilot/DRC channel comprises the pilot signal. The pilot signal is
used by the receiving base station 4 for a number of functions : as an aid to

20  initial écquisition, as a phase reference for the pilot/DRC and the data
channels, and as the source for the closed loop reverse link power control.

In the exemplary embodiment, the bandwidth of the reverse link is
selected to be 1.2288 MHz. This bandwidth selection allows the use of
existing hardware designed for a CDMA system which conforms to the 1S-95

25 standard. However, other bandwidths can be utilized to increase capacity
and/or to conform to system requirements. In the exemplary embodiment,
the same long PN code and short PNy and PN, codes as those specified by
the IS-95 standard are used to spread the reverse link signal. In the
exemplary embodiment, the reverse link channels are transmitted using

30 QPSK modulation. Alternatively, OQPSK modulation can be used to
minimize the peak-to-average amplitude variation of the modulated signal
which can result in improved performance. The use of different system
bandwidth, PN codes, and modulation schemes can be contemplated and are
within the scope of the present invention.

35 In the exemplary embodiment, the transmit power of the reverse link
transmissions on the pilot/DRC channel and the data channel are
controlled such that the E, /I, of the reverse link signal, as measured at base
station 4, is maintained at a predetermined E,, /I, set point as discussed in the
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by base stations 4 in communication with the mobile station 6 and the
commands are transmitted as the RPC bits as discussed above.

5 XIV. Reverse Link Data Channel

A block diagram of the exemplary reverse link architecture of the
present invention is shown in FIG. 6. The data is partitioned into data
packets and provided to encoder 612. For each data packet, encoder 612

10  generates the CRC parity bits, inserts the code tail bits, and encodes the data.
In the exemplary embodiment, encoder 612 encodes the packet in accordance
with the encoding format disclosed in the aforementioned U.S. Patent
Application Serial No. 08/743,688. Other encoding formats can also be used
and are within the scope of the present invention. The encoded packet from

15 encoder 612 is provided to block interleaver 614 which reorders the code
symbols in the packet. The interleaved packet is provided to multiplier 616
which covers the data with the Walsh cover and provides the covered data
to gain element 618. Gain element 618 scales the data to maintain a constant
energy-per-bit E, regardless of the data rate. The scaled data from gain

20 element 618 is provided to multipliers 650b and 650d which spread the data
with the PN_Q and PN_I sequences, respectively. The spread data from
multipliers 652b and 650d are provided to filters 652b and 652d, respectively,
which filter the data. The filtered signals from filters 652a and 652b are
provided to summer 654a and the filtered signals from filter 652¢ and 652d

25 are provided to summer 654b. Summers 654 sum the signals from the data
channel with the signals from the pilot/DRC channel. The outputs of
summers 654a and 654b comprise IOUT and QOUT, respectively, which are
modulated with the inphase sinusoid COS(w,t) and the quadrature sinusoid
SIN(w_t), respectively (as in the forward link), and summed (not shown in

30 FIG. 6). In the exemplary embodiment, the traffic data is transmitted on
both the inphase and quadrature phase of the sinusoid.

In the exemplary embodiment, the data is spread with the long PN
code and the short PN codes. The long PN code scrambles the data such that
the receiving base station 4 is able to identify the transmitting mobile station

35 6. The short PN code spreads the signal over the system bandwidth. The
long PN sequence is generated by long code generator 642 and provided to
multipliers 646. The short PNy and PNy sequences are generated by short
code generator 644 and also provided to multipliers 646a and 646b,
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In the exemplary embodiment, the reverse link data channel supports

four data rates which are tabulated in Table 5. Additional data rates and/or

different data rates can be supported and are within the scope of the present

15 invention. In the exemplary embodiment, the packet size for the reverse

link is dependent on the data rate, as shown in Table 5. As described in the

aforementioned U.S. Patent Application Serial No. 08/743,688, improved

decoder performance can be obtained for larger packet sizes. Thus, different

packet sizes than those listed in Table 5 can be utilized to improve

20 performance and are within the scope of the present invention. In addition,

the packet size can be made a parameter which is independent of the data

rate. -

Table 5 - Pilot and Power Control Modulation Parameters

Parameter Data rates Units

9.6 19.2 38.4 76.8 Kbps

Frame duration 26.66 26.66 13.33 13.33 msec
Data packet length 245 491 491 1003 bits
CRC length 16 16 16 16 bits
Code tail bits 5 5 5 5 bits
Total bits/packet 256 512 512 1024 bits

Encoded packet length | 1024 2048 2048 4096 | symbols
Walsh symbol length 32 16 8 4 chips
Request required no ~yes yes yes

25
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FIG. 6. The DRC message is provided to DRC encoder 626 which encodes the
message in accordance with a predetermined coding format. Coding of the
DRC message is important since the error probability of the DRC message
needs to be sufficiently low because incorrect forward link data rate
20 determination impacts the system throughput performance. In the
exemplary embodiment, DRC encoder 626 is a rate (8,4) CRC block encoder
which encodes the 3-bit DRC message into an 8-bit code word. The encoded
DRC message is provided to multiplier 628 which covers the message with
the Walsh code which uniquely identifies the destination base station 4 for
25 which the DRC message is directed. The Walsh code is provided by Walsh
generator 624. The covered DRC message is provided to multiplexer (MUX)
630 which multiplexes the message with the pilot data. The DRC message
and the pilot data are provided to multipliers 650a and 650c which spread
the data with the PN_I and PN_Q signals, respectively. Thus, the pilot and
30 DRC message are transmitted on both the inphase and quadrature phase of
the sinusoid.

In the exemplary embodiment, the DRC message is transmitted to the
selected base station 4. This is achieved by covering the DRC message with
the Walsh code which identifies the selected base station 4. In the

35 exemplary embodiment, the Walsh code is 128 chips in length. The
derivation of 128-chip Walsh codes are known in the art. One unique
Walsh code is assigned to each base station 4 which is in communication
with mobile station 6. Each base station 4 decovers the signal on the DRC
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) - base stations 4 in the data communication’ system is the same and there is

no offset in the short PN sequences to distinguish different base stations 4.

The data communication system of the present invention supports soft

10  handoff on the reverse link. Using the same short PN codes with no offset
allows multiple base stations 4 to receive the same reverse link
transmission from mobile station 6 during a soft handoff. The short PN
codes provide spectral spreading but do not allow for identification of base
stations 4.

15 In the exemplary embodiment, the DRC message carries the requested
data rate by mobile station 6. In the alternative embodiment, the DRC
message carries an indication of the forward link quality (e.g., the C/I
information as measured by mobile station 6). Mobile station 6 can
simultaneously receive the forward link pilot signals from one or more base

20 stations 4 and performs the C/I measurement on each received pilot signal.
Mobile station 6 then selects the best base station 4 based on a set of
parameters which can comprise present and previous C/I measurements.
The rate control information is formatted into the DRC message which can
be conveyed to base station 4 in one of several embodiments.

25 In the first embodiment, mobile station 6 transmits a DRC message
based on the requested data rate. The requested data rate is the highest
supported data rate which yields satisfactory performance at the C/f
measured by mobile station 6. From the C/I measurement, mobile station 6
first calculates the maximum data rate which yields satisfactory

30 performance. The maximum data rate is then quantized to one of the
supported data rates and designated as the requested data rate. The data rate
index corresponding to the requested data rate is transmitted to the selected
base station 4. An exemplary set of supported data rates and the
corresponding data rate indices are shown in Table 1.

35 In the second embodiment, wherein mobile station 6 transmits an
indication of the forward link quality to the selected base station 4, mobile
station 6 transmits a C/I index which represents the quantized value of the
C/I measurement. The C/I measurement can be mapped to a table and
associated with a C/I index. Using more bits to represent the C/I index
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10 Other embodiments to convey the rate control information from
mobile station 6 to base station 4 can be contemplated and are within the
scope of the present invention. Furthermore, the use of different number of
bits to represent the rate control information is also within the scope of the

4 present invention. Throughout much of the specification, the present

15 invention is described in the context of the first embodiment, the use of a
DRC message to convey the requested data rate, for simplicity.

In the exemplary embodiment, the C/I measurement can be
performed on the forward link pilot signal in the manner similar to that
used in the CDMA system. A method and apparatus for performing the C/I

20 measurement is disclosed in U.S. Patent Application Serial No. 08/722,763,
entitled "METHOD AND APPARATUS FOR MEASURING LINK QUALITY
IN A SPREAD SPECTRUM COMMUNICATION SYSTEM", filed September
27,1996, assigned to the assignee of the present invention and incorporated
by reference herein. In summary, the C/I measurement on the pilot signal

25 canbe obtained by despreading the received signal with the short PN codes.
The C/I measurement on the pilot signal can contain inaccuracies if the
channel condition changed between the time of the C/I measurement and
the time of actual data transmission. In the present invention, the use of
the FAC bit allows mobile stations 6 to take into consideration the forward

30 link activity when determining the requested data rate.

In the alternative embodiment, the C/I measurement can be
performed on the forward link traffic channel. The traffic channel signal is
first despread with the long PN code and the short PN codes and decovered
with the Walsh code. The C/I measurement on the signals on the data

35 channels can be more accurate because a larger percentage of the transmitted
power is allocated for data transmission. Other methods to measure the C/I
of the received forward link signal by mobile station 6 can also be
contemplated and are within the scope of the present invention.



|)53?M4! 18" &@&! X, Y$10% 2, 2& ()-M!\, Y$1090(0( & () - MB#109%&' () - le%&'O(; _'WTMZ/&
" () - %@rL0%& () - h\=f wUBMA! 1t | Y$10%2H2&' () - MB! 60, Y$10%@8% () - MB! p0, Y$10%D@
@' ()- VB! OP3dstess <& ()-MB!a', Y$1096<5<& ()-MB! a", Y$1095258& Akodviadani [ Mt
11t Y$10%R2H2 10 10

100(0(I Y$10%)(0?(&0E) I\/gl(O(Y$10%3(e(& ?? Me! 0, Y$10% - - & () - I\/BI Y$10% AW/
& ()- 'VBI 1P52X53|V{%! tHe ?‘%}g eéﬂb&ﬁh?érﬁ#m&/%ﬁdxhe% %%Qr( i .
ROl o TR YOG e SN i 9103 xdgu
a;l\/nl LT 1Le67100%eo, the DRC edsapeomaspijes the first 1024 chips or 0.83 msec of
L$10% o0& % %

10% 0&0()9%\%&%8/%1@( %%@}ﬁwﬁﬁéﬁ)ﬁa@%ﬁ@ base 130 1449 oo,
'()- vSBuzdemodulate 20d)decode dbe nigssage.+Fransmission | of theDBGmes{adge i@
+$10‘V &

100" 52%0%%4) F%J%é&ifg% bziii t? ‘5346‘8*/@?‘?5 aﬁl ‘6’%?(55" SF%%’.‘L&&«B {gcode the DRC

10z[ 9<4! | | Np@sageaWithip1 the: samestime: slot1 andyposgb -tsanssaﬁiomta()atsthesmo%

& () -S?[\] "Yewmeswd! A0 rdeh- 20Uke (l}nr&@a@}/@ §ﬂcces§a0e1@1m N lot. sh

L0l ) B S Bt b i Chop i (v sno
W& ()-)! NP Aejay. @ § %W}&C?S‘ §sig P vention

wx6r S4!1100 N' Q’&ly( do M&D&l&r{g}es i the Bpedairig ehhr@nnﬂ‘elﬁ‘y& () )! Xy $10%& ()

-) I NOy: $10% () -phViR tdrnbifhebi M he” Qe%é%‘te@ a3 r A zonveyed to
base station 4 by the use of an absolute reference and a relative reference. In
this embodiment, the absolute reference comprising the requested data rate
is transmitted periodically. The absolute reference allows base station 4 to

15 determine the exact data rate requested by mobile station 6. For each time
slots between transmissions of the absolute references, mobile station 6
transmits a relative reference to base station 4 which indicates whether the
requested data rate for the upcoming time slot is higher, lower, or the same
as the requested data rate for the previous time slot. Periodically, mobile

20 station 6 transmits an absolute reference. Periodic transmission of the data
rate index allows the requested data rate to be set to a known state and
ensures that erroneous receptions of relative references do not accumulate.
The use of absolute references and relative references can reduce the
transmission rate of the DRC messages to base station 6. Other protocols to

25 transmit the requested data rate can also be contemplated and are within the
scope of the present invention.

XVI. Reverse Link Access Channel

30 The access channel is used by mobile station 6 to transmit messages to
base station 4 during the registration phase. In the exemplary embodiment,
the access channel is implemented using a slotted structure with each slot
being accessed at random by mobile station 6. In the exemplary
embodiment, the access channel is time multiplexed with the DRC channel.

35 In the exemplary embodiment, the access channel transmits messages
in access channel capsules. In the exemplary embodiment, the access
channel frame format is identical to that specified by the I1S-95 standard,
except that the timing is in 26.67 msec frames instead of the 20 msec frames
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The method of claim 1 wherein said measuring, selecting, and sending are
performed at each time slot of a plurality of time slots until said data transmission is

completed.

3. The method of claim 1 wherein said measuring is performed by taking into
account a received value of a forward activity bit. | ,
4, The method of claim 1 wherein said measuring is performed on forward link
pilot signals from all base stations in an active set of said mobile station.

5. The method of claim 4 wherein an additional base station is added to said

active set of the mobile station based on whether a power of a signal received at the

mobile station from said additional base station exceeds a predetermined threshold.
L)

6. The method of claim 1 wherein said set of parameters includes a C/I of said

forward link signals.

7. The method of claim 1 wherein said selecting is based on present and

previous C/l of said forward link signals.



09- &10% (& () -: 6' O4AO7TOFCOPAQR| [ : bU410 ,  YH10%88& ()-4  YHL0WA& ()- 4
Y#10008& ()-4 $10988& ()- s10088& ()- L10%BA& ()- RRTTUVX| [ : bU410
YH10990& () -4 YH10990& () -4 OY#10990& ()-4 ° Y#109%60& ()-4 02 MAY 2002
(" YAL0988& ()-4 YHL0988& () - 4XYYYYYYYYVUA10 L$s10% & ()- &LO% & ()-

s10% & () L' 109% & ()- 109840984096 # XH10988& ()-4YZ[ @[] C [: vU410

1" 105 () Te meindsket i) RBieTD soiduen S8l e, <chesstkon whelferine ing)

fof/tel/o% %\@\Ik 9 1t|(%)<% /(E%Méd 8%?8 O/%?}%‘?érp _é‘f(?%éogﬁ&ttt:e)cﬁﬁng%%%ﬂb[p%@i&psélected

&MOW&b@pesjmmmseamEtermsmm L $10% $1 & ()-1" " : $109%$b& ()-1"

. $1094 $] & ()-1" :$10%g$g& ()-1" *:$10% $] & ()-1"
10994 () - hij kSkkBI O |[:-4101 % " F7@10% % & ()-S F7@10%& ()-S 34
10%& (). ’I$|b0t°ri8&\dd) of Claim 1SWAS 8ald sélécting is based on whether the signal
(0" : $109%6&' () D El R Al al pl hA4101 % L&L0% (& ()-' 6 $510% (& (
10% (& (gvel @IG% @&lqo}ed pasedigtion exceeds ther signahieveh gt arpreviawsy wlected

o Latonaep fotélﬁﬁé@%%'@ne%'m?%% v oLz

0S&MLO%AE! () 10 _(10_ (10 L&10% (& ()-'6 p L&L0% (& () -

510984 (- 1) Fheomaliod ot ElpioRdavigrsin Saklesqd rﬁab”“loesmgé?qﬁ(?‘?fﬁ‘qrir?gg%ﬁmo

10858 oo el i ¢ MW i ) W

mlO%{& Eatops10$10$ , " $109%6& () - 174>B|\ <vU410 D10% & () - WDL0% & () - w

L10% & ()- 109% & ()- ~@10%& ()- * @10% & ()- BFLRSX\uY9vU410

D10% & () - wDL0% & ()-w) 2d\ u{ D10% & () - wD10% & () - wD10% & () - W _dghzuY9vU410
D10% & (11~ WONBK riethodvdf tlair PO WHefein)saidPWIIS code 11 28CRips)in U410

D10% & () - WDL0% & () - w) 2d\ u{ D10% & () - WD10% & () - WDL0% &' ( ) - wuYOvU410
D10% & ()-wDL0% & () -w) ?d\ u{ D10% & () - WD10% & () - wD10% & () - W uZ9vU410

(L0, S L S e A i Ry

Oy &@*10Yetdested daty RE@10%e' X& ()-zN| [ bUA10 " y#10%Se$S& () -
y#100Ke$X& () - F& 10%$& ()- 9%1 10%$& () -w 10%$& () -
| ML0%$& ()-N1|[:bU4L0 0 "$3 1094#& ()- ~$3 10% & ()- ( y#10%$& () -

Oy#10%5aRS& :
e e potos, SheimeliblOF BT 10)wheisit 4 dehuedten et Patts one of a plurality

a(#lOWe@&svppowIQ@M&ate; CbA410\ e$\ L& 109R & ()-z #sS109R & () -
109R & ()- Y109 & ()- &3109R & ()-mi0\e$\ 10\ e$\ CM [: A410\ e$\ ° &IOWR & ()-
00 &109%& () -

14. The method of claim 13 wherein said supportable data rates are selected in
accordance with a cumulative distribution function of C/I within @ cell within which the
mobile station and the selected base station rgside.

156. The method of claim 1 wherein said data request message is indicative of a
quality of a transmission link.

16. The method of claim 1 wherein said data request message occupies an
earlier portion of a time slot.

17.  The method of claim 1 wherein said receiving is from at most one of said at
least one base station at each time slot.
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phase shift keying.

21. The method of claim 1 wherein said receiving is performed using quadrature
amplitude modulation techniques.

22. The method of claim 1 wherein said data is received in data packets.

23. The method of claim 22 wherein said data packets are of fixed size for all data

N

rates.

24. The method of claim 22 wherein said data packets are received over one or
more time slots. .

»

25. The method of claim 22 wherein each data packet comprises a preamble.
26. The method of claim 25 wherein said preamble is spread with a long PN code.

27. The method of claim 25 wherein a length of said preamble is based on said
data rate.

28. The method of claim 22 wherein each data packet comprises data units and
wherein each data unit is identified by a sequence number.

29. The method of claim 28 further comprising transmitting from the mobile station
a negative acknowledgement (NACK) message for data-urﬁts;incprrectly received by
said mobile station.
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30. The method of claim 29 further comprising retransmitting said data units not
received by said mobile station in accordance with said NACK messages.

31. The method of claim 1 further comprising sending data from the mobile station
to all base stations in an active set of the mobile station. .

32. A method for high speed packet data transmission from at least one base
station to a mobile station in a CDMA communication system comprising:

transmitting a pilot signal from each of said at least one base station;

measuring at the mobile station C/I of said pilot signals from said at least one
base station;

selecting at the mobile station a selected base station based on a set of
parameters;

sending a data request message from the mobile station to a selected base
station selected from the at least one base station; and

transmitting a data packet from said selected base station to the mobile
station at a transmitted data rate in accordance with said data reciuest message.

o
33. The method of claim 32 wherein said measuring, selecting, and sending are
performed at each time slot of a plurality of time slots until said data transmission is
completed.

34. The method of claim 32 wherein said sending comprlses covering said data
request message with a Walsh code corresponding to said selec‘md‘base station.

35. The method of claim 32 wherein said data request message is indicative of a
requested data rate and wherein said transmitted data rate is equal to said

requested data rate. B

36. The method of claim 32 wherein said selected base station transmits said
data to one mobile station during a time slot.
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37. The method of claim 32 wherein said selected base station transmits at or

q

near a maximum available transmit power for said selected base statien.

38. The method of claim 32 wherein said data packet is transmitted over one or
more time slots.

39. The method of claim 38 wherein said data packet comprises data units and
wherein each data unit is identified by a sequence number. .

40. The method of claim 39 further comprising transmitting a negative
acknowledgement (NACK) message from the mobile station to the selected base
station identifying one or more identified data units incorrectly received by the mobile
station.

41. The method of claim 40 further comprising retransmitting said identified data
units in accordance with said NACK messages.

42.  An apparatus for high speed packet data transmission from at ieast one base
station to a mobile station comprising: Y 1‘\. )

a transmitter within each of said at least one base station for transmitting
forward link signals to said mobile station;

a receiver within said mobile station configured to generate C/| measurements
of said forward link signals;

a controller within said mobile station configured to receive said C/I
measurements, wherein said controller is further configured to select a selected base
station from said at least one base station based on said C/| measurements; and

a transmitter within said mobile station configured to transmit a data request
message to said selected base station, v

wherein the transmitter within said selected base station transmits data at a
data rate in accordance with said data request message.

43. The apparatus of claim 42 wherein said receiver is configured to generate
said C/I measurements at each time slot of a plurality of time slots, and wherein said
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wherein said transmitter within said mobile statidn is configured to transmit said data

request message at each time slot.

44. The apparatus of claim 42 wherein said receiver is further configured to

generate said C/| measurements by taking into account a received vaiue of a forward

activity bit.

45. The apparatus of claim 42 wherein said transmitter within said mobile station

further comprises: .

a Walsh cover element configured to cover said data request message with a

Walsh code corresponding to said selected base station.

46. The apparatus of claim 42 wherein each of said at least one base station

further comprises a queue for storing data.

47. The method of claim 24 wherein the first time slot of each data packet is

received with a preamble. »

48. The method of claim 24 wherein said one or more time slots are of a

predetermined fixed duration.

49. The method of claim 1 wherein said measuring, selecting, and sending are

performed during each of a plurality of time slots.

50. The method of claim 49 wherein each of said plurality of time slots has a

predetermined fixed duration. & »

51. The method of claim 50 wherein said predetermined fixed duration is

approximately 1.67 milliseconds. K

52. The method of claim 4 wherein said forward link pilot signals are received

within pilot bursts transmitted from each of said at least one basg station.
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62. he method of claim 32 wherein said pilot signal is transmitted as a plurality of

pilot bursts.

63. The method of claim 62 wherein said pilot bursts occur at fixed intervals and

are of a fixed duration.

64. The method of claim 63 wherein said fixed duration is sixty-four chips.
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69. The method of claim 32 wherein said selected base sté'tion transmits based
on a predictive determination of remaining data. ’



