WO 99/ 23844 g PCT/ US98/ 23428 1

METHOD AND APPARATUS FOR HI GH RATE PACKET DATA TRANSM SSI

THE INVENTION 5 |I. Field of the Invention The present invent 4 Mel ates to

data communi caty Mor e pawbsLs ALPEDRERDY @R2MAATIONV €Nt | ON

novyel

V| 3
‘vj“»-s»‘. es to a

and i nproved nethod 10 and a BT or i gh rate packet data

© transni sINBERNATION e SEPLIGATION RYBLISHEDRGNDER BHAPATENT COOPERATIONEREATY (&)

coimmu

such co%i on systemis a codq g yision multiple access (CDVA) system

* whi ch

Conpat
Syst eri2n lvengipmbioplisatiop Ninber: e tRETHSIBRIES | 18)) Dep M G, BR,
syst ert 2] a%g%%mLﬂin%ﬁgé ce 3%%&9%8?03? wﬁs&g@é (QDB Dmﬁn

terres

comuni catjon_systemis disclosed in U 9 Pat  PLT o, S5], B 8 TV,
" SPREABPSIERI PR MUL TL Rl AGsE S 1 SV [CATI cﬁ%@ ﬂw

TERRE$TRI AL 25 REPEATERS", and U.S.” Pat gnt N(IAMSQZJEJBKGW,MIBRUITI

AND METHOD FOR GENERATI N V\AVEF
1§} @MB&%Uﬁ%%q 2} %‘Ffsent DGR T O, 6 ﬁﬁl@"&? QQW Sly

refergnce herein. In this speC|f|cat|on base station refers to the

har dwg (@) Ipyentys: %gﬂég‘ %@?&‘QA xaaZ@ Gggcemmuni cate.  Cel | refers to

t he har dwaressh ot

bot h

whi ch

terns

of a ¢DVA %Efﬁ“‘é%m{em Eh%g&t‘& % cell, the teachings described in
of  CQLrS.; AlaftinehtOsk aadss nl@ﬁ%:&lﬁl JQna,SECt ors.

| (HAhtRiomab ke Dabslicalid®Ul  €d T d subpgy &Jm.a.t.r){.ﬁrphﬁwon%mﬁ&pl | calwor®/3ene
conf or to the "TIA El A1 S-95 M#d IntenStionpliPahiicaBmlateSt gt | 4iay 1999 (14.05.99)

Q)

pri1Tty Standard 1or Ddal - Mode W ;]eband Spread Spectrum Cel ['ul ar
GE,

ni cady eﬁslnb vrsexﬂ, 98 KE, 10V RF, KR, Kz
e use of CDMA techni ques LONLIQ LRALSLTDLS L, OB §5, MK, MN, MV,

Go. AT €2, willSPasinbie: s bS: 5O BLLE Xbuskska
t he '[QQMNUS)S W]IB&’U.BYA)h&BCEOﬂ 2208 (am-gsfr tit |nqm r@fflpta’tl@lekpbfl Because a sector

CA 92037 (US). GROB, Matthew; 2757 Bordeaux Avenue,
La Jolla, CA 92037 (US). HINDERLING, Jurg, K.; 4655
Serenata Place, San Diego, CA 92130 (US).

(74) Agents: OGROD, Gregory, D. et al.; Qualcomm Incorporated,
6455 Lusk Boulevard, San Diego, CA 92121 (US).

(54) Title: METHOD AND APPARATUS FOR HIGH RATE PACKET DATA TRANSMISSION '

pata | | paTA b ;-2
source| | stk :

\

(57) Abstract

In a data communication system capable of variable rate transmission, high rate packet data transmission improves utilization of the
forward link and decreases the transmission delay. Data transmission on the forward link is time multiplexed and the base station transmits
at the highest data rate supported by the forward link at each time slot to one mobile station. The data rate is determined by the largest
C/T measurement of the forward link signals as measured at the mobile station, Upon determination of a data packet received in error,
the mobile station transmits a NACK message back to the base station. The NACK message results in retransmission of the data packet
received in error. The data packets can be transmitted out of sequence by the use of sequence number to identify each data unit within the
data packets.




35 - In the CDVA system communications between users are conducted

t hrough one or nore base stations. A first user on one nobile station
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i nvention anqyiméRfipaoalct@hdRelatéLARNCE herein. Softer handoff is the
process whereby the conmunication occurs over nultiple sectors which are

serviced by the same base station. The process of softer handoff is
051 763, 408 ent i  PoBOdET Ao AR asesiety e Brired A estide i istreen
20 SECTORS GF AppliMuions BASHeSENgh oremunfyriieatiqne coysn 12 cods dixgisiegned to
the assignee gigle RcBECMDMAYEsYstedn WhitH REAFIBIALEdheY “TIA/EIA/IS-95
Mobile Station-Base Station Compatibility Standard for Dual-Mode
Wideband Spread Spectrum Cellular System”, hereinafter referred to as the

20 1IS95 standard. @ The CDMA system allows for voice and data
communications between users over a terrestrial link. The use of CDMA
techniques 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 systexh, 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




reference herein Gven the grow ng demand for- wirel ess data applications,
the need for very efficient wrel ess data conmuni cati on systens has becone
25 ‘increasingly significant. The 1S-95 standard is capable of transnmitting
traffic data /2%‘ gi,ce data over the forward and reverse Il‘,gé. oghadRt hod 5
for transmtting traffic data in code Ehannel frames of fi Slze Is _
described in detail in U S Patent. No.“5,504, 773, entitled "METHOD AND

APPARATUS F%HM%MEEBNG The varEAhK mﬂaﬁé&us%'ﬁ’&ﬁd th® 30 thee
assi gnee of the,c resent n i.on angﬁiéncor ?m% e&g reference herein. In .
accor dance l&’/ﬂsﬁ‘? g Yosa% Hgn, an ‘? A FIETS 1O, GRBEMISSON | 5 |
partiti onedfrom theondkilestationeto a hasestatinnc HndB&52xysteps the ferwerdHindat a r at es
as high as dfd thedJeRersedinki 48 aflb&asd sq&arr&&r@&ﬁﬁnbﬁaween voi ce services and

data seryices is.the 35 fact that the fornet str ent and fixed
del ay re%w rerners;‘t‘}ée 'ﬁ‘g’d{ 03%? N CRRTPYUCAtes ‘6’#&‘ %Eg %p"é%té‘ﬁ‘frarres
must be Ieséumiu@nalaﬂmmlcaﬂlmconﬁ% MIHathsayareanaﬂﬂﬂemfa
ggmg' gafagcﬁﬂﬁﬁﬁﬁcalt'ﬁx gd with qamat{gxé ebé.seestsﬁ6¢sc 'sﬁielﬁ}faﬁéordgr Cm codi na
i [ LCL I'ng
t echni ques b\ﬂﬂ‘@%ﬁ g&]ﬁl Eggﬁf °’Ee§3blPs ¥ith PH&EWLtﬁﬁge t hat
can be tol estaumdbbfpre/breakmgdhellnﬂ:swﬁhrthbprmots bamt statiorex Softl leandoff f i ci ent

di h | 555 | ] | No.
gg/ '72% ‘g%;ﬁgrh{nﬁt&?éej%@ g ébeﬂ:hﬁtg &%pg%drtéaﬁs pﬂﬂ@’iﬁetﬁeﬂ %%@%@%fa

COWOL LTI OB R R A m?*?ﬂeeataﬁev 8hsm°f9 an QBe gned to
t he assi gnelasefstation quringetite som/hmdqfﬁpmSS axeodisdpsedeish T\S. (RetentdNoe her ei n.

Another si dgibé s lenfitlbd eﬂqm@eAmmmscms FIANIROFRMEN JAl TIHRIAI Cces is
t hat t.he fo& Lﬁ?ﬁ'{ﬁ@’ Wm,corr_ 1 3ﬂe of, serv ﬁ"teegr for al
users. Typi tarHy] g}'?p oYs HEH 8 R Q&S%Sn%ee? es
15 invention and incorporated by reference herein. Softer handoff is the
process whereby the communication occurs over multiple sectors which are
serviced by the same base station. The process of softer handoff is described
in detail in copending U.S. Patent Application Serial No. 08/763,498, entitled
"METHOD AND APPARATUS FOR PERFORMING HANDOFF BETWEEN
20 SECTORS OF A COMMON BASE STATION", filed December 11, 1996,
assigned to the assignee of the present invention and mcorporated by
reference herein
Given the growing demand for wireless data applications, the need
for very efficient wireless data communication systems has become
25 increasingly significant. The IS-95 standard is capable of transmitting traffic
data and voice data over the forward and reverse links. A method for
transmitting traffic data in code channel frames of fixed size is described in
detail in U.S. Patent No. 5,504,773, entitted “METHOD AND APPARATUS
FOR THE FORMATTING OF DATA FOR TRANSMISSION”, assigned to
30 the assignee of the present invention and incorporated by reference herein.
In accordance with the IS-95 standard, the traffic data or voice data is
partitioned into code channel frames which are 20 msec wide with data rates
as high as 14.4 Kbps.
A significant difference between voice services and data services is the
35 fact that the former imposes stringent and fixed delay requirements.
Typically, the overall one-way delay of speech frames must be less than
100 msec. In contrast, the data delay can become a variable parameter used
to optimize the efficiency of the data communication system. Specifically,
more efficient error correcting coding techniques which require significantly
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the exemplary CDMA communication system, is provided by soft handoff.

20 Soft handoff results in redundant transmissions from two or more base
stations to improve reliability. However, this additional reliability is not
required for data transmission because the data packets received in error can
be retransmitted. For data services, the transmit power used to support soft
handoff can be more efficiently used for transmitting additional data.

25 The parameters which measure the quality and effectiveness of a data
communication system are the transmission delay required to transfer a
data packet and the average throughput rate of the system. Transmission
delay does not have the same impact in data communication as it does for
voice communication, but it is an important metric for measuring the

30 quality of the data communication system. The average throughput rate is a
measure of the efficiency of the data transmission capability of the
communication system.

It is well known that in cellular systems the signal-to-noise-and-

interference ratio C/I of any given user is a function of the location of the
'35 user within the coverage area. In order to maintain a given level of service,
TDMA and FDMA systems resort to frequency reuse techniques, ie. 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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The obtained C/I distribution can only be achieved if, at any instant in

time and at any location, the mobile station is served by the best base station
which is defined as that achieving the largest C/I value, regardless of the
physical distance to each base station. Because of the random nature of the
path loss as described above, the signal with the largest C/I value can be one
which is other than the minimum physical distance from the mobile

~ station. In contrast, if a mobile station was to communicate only via the

30

base station of minimuin distance, the C/I can be substantially degraded. It
is therefore beneficial for mobile stations to communicate to and from the
best serving base station at all times, thereby achieving the optimum C/I
value. It can also be observed that the range of values of the achieved C/I,
in the above idealized model and as shown in FIG. 10, is such that the
difference between the highest and lowest value can be as large as 10,000. In
practical implementation the range is typically limited to approximately
1:100 or 20 dB. It is therefore possible for a CDMA base station to serve
mobile stations with information bit rates that can vary by as much as a
factor of 100, since the following relationship holds:
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present invention exploits the characteristic cited above and optimizes the
data throughput from the CDMA base stations to the mobile stations.

SUMMARY OF THE INVENTION
20

The present invention is a novel and improved method and
apparatus for high rate packet data transmission in a CDMA system. The
present invention improves the efficiency of a CDMA system by providing
for means for transmitting data on the forward and reverse links. Each

25 mobile station communicates with one or more base stations and monitors
the 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 ratioc (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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It is yet another object of the present invention to enhance efficiency
by allowing the base stations to transmit data packets to each mobile station
for a variable number of time slots. The ability to transmit from different

20 Dbase stations from time slot to time slot allows the data communication
system of the present invention to quickly adopt to changes in the operating
environment. In addition, the ability to transmit a data packet over non-
contiguous time slots is possible in the present invention because of the use
of sequence number to identify the data units within a data packet.

25 - Ttis yet another object of the present invention to increase flexibility
by forwarding the data packets addressed to a specific 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




system the base stations operate‘at a predeterm ned back-off (e.g. 3 dB)
fromthe available transmt, power to account for variations in usage. Thus,
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energy at the mobile station is not added to the active set. :
It is yet another object of the present invention for the mobile stations
20 to transmit the data rate requests on the DRC channel in a manner such that
only the selected base station among the base stations in communication
with the mobile station is able to distinguish the DRC messages, therefore
assuring that the forward link transmission at any given time slot is from
the selected base station. In the exemplary embodiment, each base station in
25 communication with the mobile station is assigned a unique Walsh code.
The mobile station covers the DRC message with the Walsh code
corresponding to the selected base station. Other codes can be used to cover
the DRC messages, although orthogonal codes are typically utilized and
Walsh codes are preferred.

30

BRIEF DESCRIPTION OF THE DRAWINGS

The features, objects, and advantages of the present invention will

35 become more apparent from the detailed description set forth below when

taken in conjunction with the drawings in which like reference characters
identify correspondingly throughout and wherein:



7 retransm ssion fromthe base station. The base st-ation receives the NACK
nmessage and can retransmt the data units received in error. It is yet
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the best basgysié ,g;gwn candi dates for communi cati on based ophiRefzsa ®
procedure described in U S. Patent Application Serial No. 08/ 790, 497 :
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the present i nveprigsoapiser aﬁeh&lagﬂihé of theld@Rplay fdrvakd apshittcHahGelat a rate
requests on_t er, such that only the selected base
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the present invention;
FIG. 7A is a diagram of the exemplary reverse link frame structure of
20 the present invention; _
FIGS. 7B is a diagram of the exemplary reverse link access channel;
FIG. 8 is an exemplary timing dzagram showing the high rate data
transmission on the reverse link; :
FIG. 9 is an exemplary state diagram showmg the transitions between
25 the various operating states of the mobile station; and
FIG. 10 is a diagram of the cumulative distribution function (CDF) of
the C/I distribution in an ideal hexagonal cellular layout.

30 DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

In accordance with the exemplary embodiment of the data
communication system of the present invention, forward link data

35 transmission occurs from one base station to one mobile station (see FIG. 1)
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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the mobile station measures the signal-to-noise-and-interference ratio (C/I)

of the forward link pilot from the base stations in the active set, as received

at the mobile station. If the received pilot signal is above a predetermined

15 add threshold or below a predetermined drop threshold , the mobile station
reports this to the base station. Subsequent messages from the base station
direct the mobile station to add or delete the base station(s) to or from its
active set, respectively. The various operating states of the mobile station is
described below.

20 If there is no data to send, the mobile station returns to an idle state
and discontinues transmission of data rate information to the base
station(s). While the mobile station is in the idle state, the mobile station
monitors the control channel from one or more base stations in the active

: set for paging messages. :

25 If there is data to be transmitted to the mob1le station, the data is sent
by a central controller to all base stations in the active set and stored in a
queue at each base station. A paging message is then sent by one or more
base stations to the mobile station on the respective control channels. The
base station may transmit all such paging messages at the same time across

30 several base stations in order to ensure reception even when the mobile
station is switching between base stations. The mobile station demodulates
and decodes the signals on one or more control channels to receive the
paging messages.

Upon decoding the paging messages, and for each time slot until the

35 data transmission is completed, the mobile station measures the C/I of the

- forward link signals from the base stations in the active set, as received at
the mobile station. The C/I of the forward link signals can be obtained by
measuring the respective pilot signals. The mobile station then selects the
best base station based on a set of parameters. The set of parameters can



FIG 8 is an exenplary timng diagram showi ng the high rate data

transm ssion on the reverse |ink;
showi ng the transitions between 25

FIG 9 is an exenplary state diagram
the various operating states of the

nobi | e statiwpeosdash FI G 10 is a diagramof the cunul ativepéei/Bédsizbuisi on

function (CDF) of the C/I distributiongi

| ayout. 30

DETAI LED DESCRI PTI

n an ideal hexagonal cellul ar
EN OF THE PREFERRED EMBODI MENTS I n

accor dance comﬁms'ehne praeil aid/ peaitions @YD ineabuidirerts tahdcthiebifetirirate Syst em

of the pr e%arbtac e%rlnr% B2, \ggﬁ%l%lltﬂg

one base statf

bgeé
data rate W "élﬁ E%SW%W?@anym%@q%b\F\ﬁa#fw} then idemtifies the beatm
Reverse |l%sd%ﬁoﬁ@ﬁﬂﬂfﬂr@ﬁﬁ@@ﬁtﬁ@ﬁd&ﬂ@baﬁdﬂﬂh&ﬂ& dalird esiﬁ{eb el 0 one or.

nor e ba
i nk trans
into data
time slots
transm ssi
station.

BrskS %danﬁg Rl

onto

B Bac B Qe PRGMLS T O

maxi mum

SSI on |s cfl‘(gscrl ed m%géﬁsgh%)%h%@a%@m% Sh {1?1]; ?Bvﬁgéd

dheneinadter geferred s ps tha BReachaaneleiThy m&agg(;anmntme or

thé're e@fea)datd\tatemhaltermuﬁél } antifididatib off el QialRtprofdiecct data

at th the b
@%??h"%‘ﬁ*e% s R PR arhB-e b o T on
with a basdhepaekeserigziraig). aﬁpﬂmmwwh@@mtpﬂ@@qm@stahnntms

connectigd Fdlfﬁcﬁmetﬁﬂnsiﬂiambﬁ @ftmhlmncc:aéssa &su% peldfia basetstaeen ruF}I theessages
fromthe base §ta

the base starion. srh r?%g h1§]?b1{,rﬁ%1%éi¥ %@?t"gﬁ%}g’f‘%ﬁ?\ﬂ#

transmi ssi msmemmmés are e’ﬁhlé‘?!é’eh' LR’ éﬁ%xﬁ)ﬁ t"\ﬁéh she upiquecWadsh Fﬁée mobi | e
station. TiSgn@CdacN baseitaionirpttitSactiveiset oPtheda®bile tsbdtici & identifl

with the mobiy g SULIANoEPag! kgl elestdd BodfPRakiSn Wohlch°BeFGARY e ' "

si gnal -t o- nol s
15

20

30

era
identical XOR operatlon as that performed by the mobile station, with the

correct Walsh code, can correctly decode the DRC message. The base station

‘uses the rate control information from each mobile station to efficiently

transmit forward link data at the highest possible rate.
At each time slot, the base station can select any of the paged mobile
stations for data transmission. The base station then determines the data

ssages to
k for

i cation

rate at which to transmit the data to the selected mobile station based on the -

most recent value of the DRC message received from the mobile station.
Additionally, the base station uniquely identifies a  transmission to a
particular mobile station by using a spreading code which is unique to that
mobile station. In the exemplary embodiment, this spreading code is the
long pseudo noise (PN) code which is defined by IS-95 standard.

The mobile station, for which the data packet is intended, receives the
data transmission and decodes the data packet. Each data packet comprises a
plurality of data units. In the exemplary embodiment, a data unit comprises
eight information bits, although different data unit sizes can be defined and
are within the scope of the present invention. In the exemplary
embodiment, each data unit is associated with a sequence number and the
mobile stations are able to identify either missed or duplicative
transmissions. In such events, the mobile stations communicate via the
reverse link data channel the sequence numbers of the missing data units.
The base station controllers, which receive the data messages from the
mobile stations, then indicate to all base stations communicating with this
particular mobile station which data units were not received by the mobile
station. The base stations then schedule a retransmission of such data units.

nore

v
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directional transmissions are disclosed in copend.mg U.S. Patent Appllca’non
No. 08/575,049, entitted "™METHOD AND APPARATUS FOR
DETERMINING THE TRANSMISSION DATA RATE IN A MULTI-USER
COMMUNICATION SYSTEM", filed December 20, 1995, and U.S. Patent
20 Application Serial No. 08/925521, entitled "METHOD AND APPARATUS
FOR PROVIDING ORTHOGONAL SPOT BEAMS, SECTORS, AND
PICOCELLS", filed September 8, 1997, both assigned to the assignee of the
present invention and incorporated by reference herein.

25 I System Description

Referring to the figures, FIG. 1 represents the exemplary data
communication system of the present invention which comprises multiple

cells 2a - 2g. Each cell 2 is serviced by a corresponding base station 4.

30 Various mobile stations 6 are dispersed throughout the data
communication system. In the exemplary embodiment, each of mobile
stations 6 communicates with at most one base station 4 on the forward link

at each time slot but can be in communication with one or more base
stations 4 on the reverse link, depending on whether the mobile station 6 is

35 in soft handoff. For example, base station 4a transmits data exclusively to
mobile station 6a, base station 4b transmits data exclus1ve1y to mobile station

6b, and base station 4c transmits data exclusively to mobile station 6c on the
forward link at time slot n. In FIG. 1, the solid line with the arrow indicates
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Base station controller 10 contains many selector elements 14,
although only one is shown in FIG. 2 for simplicity. One selector element 14
is assigned to control the communication between one or more base stations
4 and one mobile station 6. If selector element 14 has not been assigned to
25 mobile station 6, call control processor 16 is informed of the need to page
mobile station 6. Call control processor 16 then directs base station 4 to page
mobile station 6.
Data source 20 contains the data which is to be transmitted to mobile
station 6. Data source 20 provides the data to packet network interface 24.
30 Packet network interface 24 receives the data and routes the data to selector
element 14. Selector element 14 sends the data to each base station 4 in
communication with mobile station 6. Each base station 4 maintains data
queue 40 which contains the data to be transmitied to mobile station 6.
In the exemplary embodiment, on the forward link, a data packet
35 refers to a predetermined amount of data which is independent of the data
rate. The data packet is formatted with other control and coding bits and
encoded. If data transmission occurs over multiple Walsh channels, the
encoded packet is demultiplexed into parallel streams, with each stream
transmitted over one Walsh channel.



enbodi nent, each data unit is associated with a sequence nunber and the
nobi | e statlons are able to jdentify either mssed.or duplicative
transmissions. In such events, the nobile stations communicate via the 35
reverse |ink cwsemseannel the sequence nunbers of the ni ssi nGCHESW/23428t s,
The base station controllers, which recggve the data messages fromthe
nobi |l e stations, then indicate to all base stations conmunicating with this
particul ar nobi | eThe adataris Wi Hnddeta packets, feom date auewe A% tocham@elpbi | e

st at ion. The ei&ﬁ&h tS4at F&* léachfma paticd dianel eldmestTiLs fisefts cthe wthssday a
units. Each o st

cormmuni cate fPRHO ﬁlﬁ‘ﬁﬁ Spl a %tasﬁ’%i( ﬁgg%)rﬁl tCf %g&gr;l g\k/ag}ﬁé c?1:&: %x&&ﬁq‘[& tﬁ@q
exenpl ary entandi codlettail thits annmmfgmﬁ@d darackelst Ehapnek ﬁ@npﬁ@s%tthen

i nvention SUI@R&E&& SR bor fh@&‘éofcfmmﬁdSPéél@Es aﬁadﬁuﬁérlmeb h@rr geedas) thek for

5 several reas Fl.rst,., soft E?J; oe Ne htz\gnixggﬁsg‘g% tﬂ’ &git

capacity on tF& P v ¥pithin, the enco
transnit dat acambléd withi anseapbliong se;pencguccweareduweth Wadsh cenversf alﬁ‘he base

stations can dgi'davbitxtﬂé Nheddaha thSeREABNS S4EPN PRodis. the spréed se

link signals lrgodi}f base a%ga @ncr ase thﬁﬁﬁaé’lra h:lf’}‘%‘ﬁét?eﬁ ‘gi}?ﬂn
p}ogtgh a

transm ssi on
stations.10l n REanﬂprrmeyfoewbnd:l ilmknslgnalhts fransmitted iover dhpaair tthronghhe

data transm 5&%1 Nf&ﬁ%ﬁ&araflﬁ\kpé(ﬁse”t invention is determned by the rate
requests of t b tatlon fiItIO iilﬁ%galn in the wardllgé
capacity can be aé¥rin Sight ﬁrfggelgﬁ %8 e 15
spatial filtems routed m<em¢ﬂewe>t wuthlhcfdontam;d ég-paihatmelfver fqhemllamtpigfles,

di recti onal %ﬁﬁg@;@gg&gﬁ,&m&e@m‘ iﬁ&de@ HENABRAINITAL 3 igigb@riignal is

Appl i cation ent | APRARATU 1ERM NI NG
TR TrANdS SoreridsvR deredyiRtox PR - AMCRAE YRR RS (PTP o
Decenber 20, PNXdecardl the shbeit BN a2@ Pb.hplcodesmdmowedawlwo.thesmshszl

entitled " METEBAMALBREFABRA with the identical scrambling sequence. The
demodulated data is provided to decoder 66 which performs the inverse of

the signal processing functions done at base station 4, specifically the de-
20 interleaving, decoding, and frame check functions. The decoded data is
provided to data sink 68. The hardware, as described above, supports
transmissions of data, messaging, voice, video, and other communications
over the forward link.
The system control and scheduling functions can be accomplished by
25 many implementations. The location of channel scheduler 48 is dependent
on whether a centralized or distributed control/scheduling processing is
desired. For example, for distributed processing, channel scheduler 48 can be
located within each base station 4. Conversely, for centralized processing,
channel scheduler 48 can be located within base station controller 10 and can
30 be designed to coordinate the data transmissions of multiple base stations 4.
Other implementations of the above described functions can be
contemplated and are within the scope of the present invention.
As shown in FIG. 1, mobile stations 6 are dispersed throughout the
data communication system and can be in communication with zero or one
35 base station 4 on the forward link. In the exemplary embodiment, channel
scheduler 48 coordinates the forward link data transmissions of one base
station 4. In the exemplary embodiment, channel scheduler 48 connects to
data queue 40 and channel element 42 within base station 4 and receives the
queue size, which is indicative of the amount of data to transmit to mobile



FOR PROVI DI NG ORTHOGONAL SPOT BEAMS, SECTORS; AND PI COCELLS", filed
Septenber 8, 1997, both assigned to the assignee of the present invention
and incorporated by reference herein. 25 L System Description Referring to,
the figures, ofgdomaghs ' €Presents the exenpl ary data communi cgtrosssagsisem of

t he present invention which conprises zultlple cells 2a - 2g. Each cell 2

I s serviced by a correspondi ng base statlon 4. 30 Various nobile
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t ransni % oalrdadynexperienced, oml thenewer gnte R the tdaje teansmission.  These
considerations are described in detail in U.S. Patent Application No.
08/798,951, entitled "METHOD AND APPARATUS FOR FORWARD LINK
RATE SCHEDULING", filed February 11, 1997, and U.S. Patent Application
' Serial No. ___, entitled "METHOD AND APPARATUS FOR REVERSE
20 LINK RATE SCHEDULING", filed August 20, 1997, both are assigned to the
assignee of the present invention and incorporated by reference herein.
Other factors can be considered in scheduling data transmissions and are
within the scope of the present invention. ' -
The data communication system of the present invention supports
25 data and message transmissions on the reverse link. Within mobile station
| 6, controller 76 processes the data or message transmission by routing the
data or message to encoder 72. Controller 76 can be implemented in a
microcontroller, a microprocessor, a digital signal processing (DSP) chip, or
an ASIC programmed to perform the function as described herein.
30 _ In the exemplary embodiment, encoder 72 encodes the message
consistent with the Blank and Burst s1gnahng data format described in the
- ;:-aforemennoned U.S. Patent No. 5504,773. Encoder 72 then generates and
o appends a set of CRC bits, appends a set of code tail bits, encodes the data and
appended bits, and reorders the symbols within the encoded data. The
35 . mterleaved data is prov1ded to modulator (MOD) 74.
Modulator 74 can.be unplemented in many embodiments. In the
" exemplary embodiment - (see FIG. 6); the interleaved data is covered with
" Walsh codes, spread with a long PN code, and further spread with the short
PN' codes. The spread data is provided to a transmitter within front end 62.



A block diagramillustrating the basic subsystens of the data communication
system of the present invention is shown in FIG 2. Base station controller
10 interfaces with packet network interface 24, PSTN 30, 15 and all base
stations 4-in woaesgssiea conmuni cation system (only one base StR{IVIERSS/Z3428;
shown in FIG 2 for sinplicity). Base stgfion controller 10 coordinates the
comuni cati on between nobile stations 6 in the data conmunication system
and ot her uséfle wansmittes onodulpteskbilterse amplifies nand franendts thedrevem Bpk PSTN
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contains the eélﬁg w%ta dhan{eQmQF laékxﬁmt,hedfkhfwmbyaﬁoﬁt@tw Eeg

source 20 prov to packet net Interface
networ k i nt er®Eplany embedippent t?fethﬁa}ts"agsaﬁ‘i‘ﬁ He staitonspe iy thea m ]§e§téE‘PBr
el ement 17 SeleeificGentificativn hdntbendsThixe eheh anbbile atitidra e tmhamitsnod in

communi cat i 0” Q{E Lﬁg&@%saletﬁn%\ge&%e ﬂp_ﬁ %@@Ql w&?@ggatana hilALA gat a

gqueue 40 whi ch cont ai ransm e statiron 6. In
the exenpl ar yuRigye eleasionic sgrial paumbgrvar d |ink, a data packet 35 refers to
a predeternm ned amildsectatidnis th\élréxhrséhmkld@nehﬂemteméd biyandatrm mhﬁd The

Qata packel | SecyidPid 96 Yhithal! N8F AP Y0kNAR0 SO, WkiodiigheeraRded !
ata transm sSion ocCurs over \d acket
i s denul t 13 eqeantizes thesignal and E 151928‘&@}57?% F%Sh‘ﬂ‘fei -over

one Wl sh chaQhsfnel element 42 despreads the digitized signal with the short PN codes
and the long PN code. Channel element 42 also performs the Walsh code
decovering and pilot and DRC extraction. Channel element 42 then
reorders the demodulated data, decodes the de-interleaved data, and

20 performs the CRC check function. The decoded data, e.g. the data or
message, is provided to selector element 14. Selector element 14 routes the
data and message to the appropriate destination. Channel element 42 may
also forward a quality indicator to selector element 14 indicative of the
condition of the received data packet.

25 In the exemplary embodiment, mobile station 6 can be in one of three
operating states. An exemplary state diagram showing the transitions
between the various operating states of mobile station 6 is shown in FIG. 9.
In the access state 902, mobile station 6 sends access probes and waits for
channel assignment by base station 4. The channel assignment comprises

30 allocation of resources, such as a power control channel and frequency
allocation. Mobile station 6 can transition from the access state 902 to the
connected state 904 if mobile station 6 is paged and alerted to an upcoming
data transmission, or if mobile station 6 transmits data on the reverse link.
In the connected state 904, mobile station 6 exchanges (e.g., transmits or

35 receives) data and performs handoff operations. Upon completion of a
release procedure, mobile station 6 transitions from the connected state 904
to the idle state 906. Mobile station 6 can also transmission from the access
state 902 to the idle state 906 upon being rejected of a connection with base
station 4. In the idle state 906, mobile station 6 listens to overhead and



13 The data is sent, in data packets, fromdata queue 40 to channel el enent
42. For each data packet, channel elenent 42 inserts the necessary control
fields. The data packet, control fields, frame check sequence bits, and
code tail  biygossmpyise a formatted packet. Channel el enenecridsosimes 5
encodes one or nore formatted packets,and interleaves (or reorders) the -
synbols within the encoded packets. xt, the interl eaved packet is

scranbl ed Wagthgomesagestly rgeisigiaridecodingemessaged bn \the fbrveardetontradnd spr ead*
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link signal,is receiV a 623V {.L.hin front
end 62. h@thgeF é;lugl??t?er}'s%r@}gﬁfa??es, a%‘gg%ggﬂ%(g b%e‘#g%datgfé‘sl\,qr%nd
quant i zes twithipi the scoperpbthei priesentdavertitfal is 15 provided to denodul at or
(DEMOD) 64 where it is despread with the long PN code and the short PN err]
and PN[err] codes, decovered with the Wal sh covers, and descranbled with

t he identi qnl FGvRADINODateTismsadssidme denodul ated data is provided to
decoder 66 which perforns the inverse of the signal processing functions

done at base station 4, specifically the de- 20 interleaving, decoding,
and frae checkIf uhetexemplarfhembedimiad, dhe dnitiationowf e domanemicationnk 68.
The har dvargy,gs, ARBHk sRabreE AN bt/ HAADAS bEGRS th %5 sPMifarOmatiaba as
messagi ng, VoI ge, Vi ﬁg@%and ot he comrunié{aotlo? ove t e.forw%nd l'ink.
The syst emEahigrothey r?é’at?rfr-ng% nEPTBIE R SBLofp YRnEY b]f 25 many
i npl enent atstativm 6 Tumitors dhe contydl chenmed|fos phgingl reessages. s Whilreidetive on

whether a ¢ ' 1eSbt: %'Bﬂt@&k@w&aﬁé&lﬁsmdaf #HROpR6OSiaal Ba 1 S
desired, Fo&%égh%lé%lg;?%?ﬂdi starli but ed” processi ng, channgl schedul er 48 can
be | ocat®ed WMEIRYFH@HEK base station 4. Conversely, for centralized

processi ng, charelexempbayl Bow4diagsambef [tbe aforwavd tlinly Ivighe rateadaton
control I er {0,adsi6ANbfiRe Préserle shgnidn! & sHAWHiATIE. 5.n8f Dadedstaticnar ssi ons
of miltipl ehagaagtastto s 20381t %o mobile station 6, base station 4 sends a paging
: message addressed to mobile station 6 on the control channel at block 502.
20 The paging message can be sent from one or multiple base stations 4,
‘depending on the handoff state of mobile station 6. Upon reception of the
paging message, mobile station 6 begins the C/I measurement process at
block 504. The C/I of the forward link signal is calculated from one or a
combination of methods described below. Mobile station 6 then selects a
25 requested data rate based on the best C/I measurement and transmits a DRC
message on the DRC channel at block 506. |
Within the same time slot, base station 4 receives the DRC message at
block 508. If the next time slot is available for data transmission, base station
4 transmits data to mobile station 6 at the requested data rate at block 510.
30 Mobile station 6 receives the data transmission at block 512. If the next time
slot is available, base station 4 transmits the remainder of the packet at block
514 and mobile station 6 receives the data transmission at block 516.
In the present invention, mobile station 6 can be in communication
with one or more base stations 4 simultaneously. The actions taken by
35 mobile station 6 depend on whether mobile station 6 is or is not in soft

handoff. These two cases are discussed separately below.



O her ‘i npl enentati ons of the abové described functions can be contenpl ated
and are within the scope of. the present invention. As shown in FIG 1,
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forward link. In the exenplary enbodi nenfz channel schedul er 48 coordi nates
the forward |link data transm ssions of one base station 4. In the exenplary
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Appl i cati¥n requested data rate, in the form of a DRC message, to base station 4 on the
DRC channel. In the alternative embodiment, mobile station 6 transmits an
indication of the quality of the forward link channel (e.g, the C/I
‘measurement) to base station 4. In the exemplary embodiment, the 3-bit
DRC message is decoded with soft decisions by base station 4. In the

20 exemplary embodiment, the DRC message is transmitted within the first
half of each time slot. Base station 4 then has the remaining half of the time
slot to decode the DRC message and configure the hardware for data
transmission at the next successive time slot, if that time slot is available for
data transmission to this mobile station 6. If the next successive time slot is

25 not available, base station 4 waits for the next available time slot and
continues to monitor the DRC channel for the new DRC messages.

In the first embodiment, base station 4 transmits at the requested data
rate. This embodiment confers to mobile station 6 the important decision of
selecting the data rate. Always transmitting at the requested data rate has

30  the advantage that mobile station 6 knows which data rate to expect. Thus,
mobile station 6 only demodulates and decodes the traffic channel in
accordance with the requested data rate. Base station 4 does not have to
transmit a message to mobile station 6 indicating which data rate is being
used by base station 4.

35 In the first embodiment, after reception of the paging message, mobile
station 6 continuously attempts to demodulate the data at the requested data
rate. Mobile station 6 demodulates the forward traffic channel and provides
the soft decision symbols to the decoder. The decoder decodes the symbols
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manner similar to the transmission of the error indicator bit (EIB) in the

CDMA system. The implementation and use of EIB transmission are

. disclosed in U.S. Patent No. 5568483, entitled "METHOD AND
APPARATUS FOR THE FORMATTING OF DATA FOR TRANSMISSION",

20 assigned to the assignee of the present invention and incorporated by

. reference herein. Alternatively, NACK can be transmitted with messages.

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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In the handoff case, mobile station 6 communicates with multiple
base stations 4 on the reverse link. In the exemplary embodiment, data
transmission on the forward link to a particular mobile station 6 occurs
from one base station 4. However, mobile station 6 can simultaneously

25 receive the pilot signals from multiple base stations 4. If the C/I
measurement of a base station 4 is above a predetermined threshold, the
base station 4 is added to the active set of mobile station 6. During the soft
handoff direction message, the new base station 4 assigns mobile station 6 to

" a reverse power control (RPC) Walsh channel which is described below.

30 Each base station 4 in soft handoff with mobile station 6 monitors the
reverse link transmission and sends an RPC bit on their respective RPC
Walsh channels. |

Referring to FIG. 2, selector element 14 assigned to control the
communication with mobile station 6 forwards the data to all base stations 4

35  in the active set of mobile station 6. All base stations 4 which receive data
from selector element 14 transmit a paging message to mobile station 6 on
their respective control channels. When mobile station 6 is in the
connected state, mobile station 6 performs two functions. First, mobile



state 902 to the idle state 906 upon being rejected of a connection with
base station 4. In the idle state 906, nobile station 6 listens to overhead
and 16 pagi ng messages by receiving and decodi ng nessages on the forward,
control changg)eepsigls Performs idle handoff procedure.” Mbil eceissésinsms6 can
transition to the access state 902 by jpitiating the procedure. The state
diagram shown in FIG 9 is only an exenplary state definition which is 5
shown for igdthtist 6 séle@s theBdsebaseistitivndl bagedon & aet afl parahetert whichechrand are  *
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15 slots.

In the exemplary embodiment, base station 4 transmits data in packets
comprising a plurality of data units at the requested data rate to mobile
station 6. If the data units are incorrectly received by mobile station 6, a
NACK message is transmitted on the reverse links to all base stations 4 in

20 - the active set. In the exemplary embodiment, the NACK message is

- demodulated and decoded by base stations 4 and forwarded to selector

element 14 for processing. Upon processing of the NACK message, the data

units are retransmitted using the prbcedure as described above. In the

exemplary embodiment, selector element 14 combines the NACK signals

25 received from all base stations 4 into one NACK message and sends the
NACK message to all base stations 4 in the active set.

In the exemplary embodiment, mobile station 6 can detect changes in
the best C/I measurement and dynamically request data transmissions from
different base stations 4 at each time slot to improve efficiency. In the

30 exemplary embodiment, since data transmission occurs from only one base
station 4 at any given time slot, other base stations 4 in the active set may
not be aware which data units, if any, has been transmitted to mobile station
6. In the exemplary embodiment, the transmitting base station 4 informs
selector element 14 of the data transmission. Selector element 14 then sends

35 a message to all base stations 4 in the active set. In the exemplary
embodiment, the transmitted data is presumed to have been correctly
received by mobile station 6. Therefore, if mobile station 6 requests data
transmission from a different base station 4 in the active set, the new base
station 4 transmits the remaining data units. In the exemplary



block 508. If the next time-slot i's available for data transm ssion, base
station 4 transmts data to nobile station 6 at the requested data rate at
bl ock 510. 30 Mbbile station 6 receives the data 'transm ssion at bl ock
512. If the newbodases sl ot is available, base station 4 tranPGTUssId2s
remai nder of the packet at bl ock 514 anginobile station 6 receives the data
transm ssion at block 516. In the present invention, nobile station 6 can
be®in comunieszhadimentt e haserstationad dransmitsoiy agearrlanes witty the JastThe

actions takefiréhénﬁEswﬁ)m daté froit gelebiod @banentond Widtchrativalp) tee aewtbase I6 is
or 1s mot 1N 2id, 43 gglsln tﬂ%&eda ur Of@%%sm% %,bﬂf@fﬂ%&i:ﬁ%asgﬁg%ege ow,
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pagi ng Nnessaggadthibdién wuatréé&v@mﬂ&%r, Y386 Stationb Imﬁe&mﬁm fhdser &athhe
reverse |ink DPTC q&}nel for %én&o‘igig s%‘ |l e station no
signal is det'BEP&Y! sf’ﬂ‘éeqﬁﬁé“l?ﬁzfﬁ da a3 ia cﬁﬁm?%‘f‘? ﬁﬁ%‘fﬁqcet he
pagi ng melkageimbern bs described belossado the exsmeplary enthqdemeat,pnfeddtcele nfomed
nunber of retr(o’iﬂ&%in’iit@a aathemts $ is &%ﬁéds&?'ésﬂhé et b8 hahABkbdthReRr OCESS

tiat [ with | di_nent
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DRC nessage, dopsidased as though receivedlin ORS. ch@hnbl station téhtransmits NNAICK

enbodi ment, rmbéshﬁes%ﬁ&ésgan RN thisshil dRG @ftd ARdOthebd Aatitghits Yaref the
forward Iig‘nk cgﬁan el e C| neasurement) to base station 4. In the

exenpl ary ‘fhe ‘3-bit DRC nessage is decoded with soft decisions
by base st at i on 4In|thetdxgmplary embodiment, each base station 4 in the active set

maintains an independent data queue 40 which contains the data to be
transmitted to mobile station 6. The selected base station 4 transmits data
existing in its data queue 40 in a sequential order, except for retransmissions

20 of data units received in error and signaling messages. In the exemplary
embodiment, the transmitted data units are deleted from queue 40 after
transmission.

V. Other Considerations for Forward Link Data Transmissions

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 mterference 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,



20 exenplary enbodi ment, the DRC nessage is transmtted within the first
hal f of each tine slot. Base station 4 then has the remaining half of the
tinme slot to decode the DRC nessage and configure the hardware for data
transm ssi onyleehidgs NEXt successive tinme slot, if that tinpepuSdsshis
avai l abl e for data transm ssion to thi,s nobile station 6. If the next
successive tinme slot is 25 not avail able, base station 4 waits for the
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t he packet alldaseistationsetateddles givesca falsshindicationt ¢igthe dorwamsl tinkségndleck woul d
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within eaclpoggmsm tted data packet, as described below. Thus, nobile

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



station 6 can term nate the- decoding process if it is determned that the
10 transmssion is directed for another nobile station 6. In either case,
mobil e station 6 transnmits a hegative acknow edgment’s (NACK) nessage to
base station 4womeas4now edge the incorrect reception of the RERASERILS.
Upon recei pt of the NACK nessage, the dagsm units received in error is
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20 Another important cons1derat10n is to minimize redundant -

retransmissions. Redundant retransmissions can result from allowing
mobile station 6 to select data transmission from different base stations 4 at
successive time slots. The best C/I measurement can toggle between two or
more base stations 4 over successive time slots if mobile station 6 measures
25 approximately equal C/I for these base stations 4. The toggling can be due to
deviations in the C/I measurements and/or changes in the channel
condition. Data transmission by different base stations 4 at successive time
slots can result in a loss in efficiency.
The toggling problem can be addressed by the use of hysterisis. The
30 hysterisis can be implemented with a signal level scheme, a timing scheme,
or a combination of the signal level and timing schemes. In the exemplary
signal level scheme, the better C/I measurement of a different base station 4
in the active set is not selected unless it exceeds the C/I measurement of the -
current transmitting base station 4 by at least the hysterisis quantity. As an
35 example, assume that the hysterisis is 1.0 dB and that the C/I measurement
of the first base station 4 is 3.5 dB and the C/I measurement of the second
base station 4 is 3.0 dB at the first time slot. At the next time slot, the second
base station 4 is not selected unless its C/I measurement is at least 1.0 dB
higher than that of the first base station 4. Thus, if the C/I measurement of



19 selection of the decoded data. The net hod and apparatus for perform ng
rate determ nation are described in detail
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larger percentage of the packet. The inefficiency at the lower data rates can
be improved by transmitting variable length data packets to mobile station 6.
The variable length data packets can be partitioned and transmitted to
mobile station 6 over multiple time slots. Preferably, the variable length
data packets are transmitted to mobile station 6 over successive time slots to
simplify the processing. The present invention is directed to the use of
various packet sizes for various supported data rates to improve the overall
transmlssmn efficiency.

VI. Forward Link Architecture

In the exemplary embodiment, base station 4 transmits at the
maximum power available to base station 4 and at the maximum data rate
supported by the data communication system to a single mobile station 6 at
any given slot. The maximum data rate that can be supported is dynamic
and depends on the C/I of the forward link signal as measured by mobile
station 6. Preferably, base station 4 transmits to only one mobile station 6 at
any given time slot.

To facilitate data transmission, the forward link comprises four time
multiplexed channels : the pilot channel, power control channel, control
channel, and traffic channel. The function and implementation of each of
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

S

&



a reverse power control (RPC) Wal sh channel which is described bel ow 30
Each base station 4 in soft,handoff with nobile station 6 nonitors the
reverse |link transm ssion and” sends an RPC bit on ‘their respective RPC
Wal'sh channel swolBedsss i ng to FIG 2, selector elenent 14 assiRgWEE9s?23428
control the conmunication with rmbile stgtion 6 forwards the data to all
base stations 4 35 in the active set of nobile station 6. Al base
st&tions 4 who dtansodbittedficidate and pagingeressages dpanebile; stationsnb: Wheri ng
message to mbédl @osﬁaatsﬁ@m pAgifR thihged Sho Qiffiv *haRnéll B alsbaefetedl to When
mobi | e statl%l) ItﬁB]Iqu'f helco nectecli state, nobil e station 6 perfornms two
functions. ) agmel ) Juy SREGIAAtON ) ect s the best base station 4
based on a set of liptheamxareplanhenthodiment thadandwidty pf the: forwardrlink Nbi | e
station 65t h@&e@@he@t Be 3.2088 MFIAt €TRR' lbeﬁawmmneelb@n&hem@ws [TR@Sulec BNt and
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1.2288 MHz chip rate, the short PN sequences repeat every 26.67 msec
{26.67 msec = 2'°/1.2288x10°%). In the exemplary embodiment, the same short
PN codes are used by all base stations 4 within the data communication
system. However, each base station 4 is identified by a unique offset of the
20 basic 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

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



station 6. If the data units are incorrectly received by nobile station 6,
a NACK nessage is transmtted on the reverse links to all base stations 4
in 20 the active set. In the exenplary enbodi hent, the NACK nessage is
denodul at ed @qulgﬁgpded by base stations 4 and forwarded tgcHesaarsas

el ement 14 for "processi ng. Upon proceégi ng of the NACK nessage, the data.
units are retransmtted using the profedure as described above. In the

exenpl a& yf %l@@ﬂ&{itmgtwhﬁs:r&%%s @5@6&&_ : omec%aAdkéﬂ&smmaWd ds:ismats h25NACK
receive om a ase stafions. 4 _into, on s 0 e
nmessage to Sﬁw'bigﬁ pé‘{‘%\?:r%ackef of Hrﬁ?dggtﬁ%vlguggglﬁl ?\ﬁ?ﬁgﬁ«g"xsé%%ﬁng’?ef |
enbodi ment therokita ewith athieoscrambling dsaquence: Hzemge sciamblere 1838st Ponctwigasur ement
and dynam Gt $18'88d séRbiblé $95 HeSabkAbed IRHetiil belod! ThaSBugswt i ons 4
at each ti slot ta i ove effigciency. llcﬂ 4415 30 exenplary enbodi nent,
since data %,ﬁ%@ﬁ?’b%ﬁ%?&sqsrtgﬁsﬁﬁ%% 8%hsse station 4 at any given
time slot, othefhbasrembled packet it provided tacvariablestate pentrollar 130 wahi whi ch
exemlary o ‘335%"%‘6@ O B e e ror
X , | se stati | .

el egnt )1/4 erg lﬂé‘??ae Fﬁhg?nqégidgiﬁrag%l S‘t?‘&ﬁ e’é‘f”éﬁ%ﬁe Qﬁ"n@ﬁnge%s 35 a
nmessage t o satambled packehtis firss demultiplesed dntov thesisyphase {D)tansl gquadialtugey

enbodi “}3 f Qgrie%ﬁ@.nsﬁi fleCskeflilAry SmBLARHERY the INAMAND RBMpRES R4lehy

L1 amsi ssi GRAPRnPbAE eBAIAE G BesaE SoRpres oRd meckel Yeeel TS Do,
base st ati aGtrednt s ferthérs demaltiplexedhiintp Kpazalleli channely rsuchethagxidvepl ary
21 embodi Ff%ghbog Bt PR SRaRtAl isOfkell tdradlb AhtaSrdtds. ATREKIaRaRNIs tF t he | ast
transm ssion update from se@[cépomql em%)nte 1i. Al t‘i%’};f’va\; I elcé theal ew base
station 4 £afkstreamy,areprovi AlpR qoyer element 133 r‘hjg}br YPEL F378 schenes
based df nehannel svitth ea¥Valsle funstiogeta rmravides ortbogenale chamngls.i oThgpdat es 5
from sel ect in PoRdE Charkfsl dRBEHR PROGIRA f'Baifll dleriibne 184 WHi@R béal&s the
data to maintain a constant total-energy-per-chip (and hence constant
output power) for all data rates. The scaled data from gain element 134 is
“provided to multiplexer (MUX) 160 which multiplexes the data with the
20 preamble. The preamble is discussed in detail below. The output from
‘'MUX 160 is provided to multiplexer (MUX) 162 which multiplexes the
traffic data, the power control bits, and the pilot data. The output of MUX
162 comprises the I Walsh channels and the Q Walsh channels.
A block diagram of the exemplary modulator used to modulate the
25 data is illustrated in FIG. 3B. The I Walsh channels and Q Walsh channels
‘are provided to summers 212a and 212b, respectively, which sum the K
‘Walsh channels to provide the signals Iy, and Qg respectively. The Lo,
and Q,,, signals are provided to complex multiplier 214. Complex
"multiplier 214 also receives the PN_I and PN_Q signals from multipliers
30 236a and 236b, respectively, and multiplies the two complex inputs in
accordance with the following equation :

(Lt + J o) = (Loan + JQeum) * (PN _1 + jPN _0)

2
= (Lo * PN _I = @y * PN_Q) + j(I 1, * PN_Q+Q,,, * PN _I) ,( )

35 where I and Quy are the outputs from complex multiplier 214 and j is
the complex representation. The I and Q. signals are provided to filters
216a and 216b, respectively, which filters the signals. The filtered signals



retransm ssions of the sane-data units by nultiple base stations 4 at
different tine slots which results in aloss in efficiency. If a prior
transnission was received inserror, base stations=4-gan retransmt those
data units out wofosssmasience si nce each data unit is'identifieddyusaseansue
sequence 10 nunber as described bel ow. 31 the exerrpl ary enmbodinment, if a
hole (or non-transmtted data units) is created (e.g., as the result of
hartdof f bet wefeomo fidtetsa 226a taatli 216b4 ateo paovidedr th awalispliars 0R189 ,anch&18b,ssi ng

data units arfé % v%ﬁmﬁsrh iés“%ﬁ@' lb”vﬁﬂ{ Othe YRphhf Sishicn 6
transmts ae corres d| ng i g dat a .unlts g@}qthese
e

data units ar atlér g atqrﬁ fWé‘s en“SSB?ql?é(ﬁ Hase
station 4 in mbdukmd wads@tmodulatel sigrats amdp;:cand@ttodalmmﬁreﬂzo 4¢hichi ch

cont ai s tghe daauteibik (@pRNiE EH KavRRihSashild yrorilSepel ected base

station 4 transmits [ LniIts e40|nas tial
order, except for IPé}(‘?m g%ﬁgoéﬁr‘e‘&f ﬂ'@a‘ia&agﬁF#%“?éE’éﬁa@er“ﬁq"%éqPBS and
Si gnal i ng mesRNgede ahd thbashexteRNM esdese sl iloren PN ichde scrmnsistes theel pdeket uni ts

are del eted f tﬂ#@ ‘%Re?&&b?fe Ef‘félswaﬂ:ht‘.ﬁ R&V; %%Q&&?Lt%% for
Forward Link a mssmns tant onsideration in the data
comuni catiord%syrsap&%ﬁ dhe packsty dadhe er iment,the pHet apnd pomeerc |

esti mat es10 orconltsl (bitspared tied comtirelc thmndl hmdatat are spread awith uther short PN

transm ssi ons Tl peTal A

perfgrrred on (E deg%uﬁhﬁtgﬁéqﬁg#wﬁ during iﬁéﬁleqi:ﬁ?é {)?ﬁ esf)lgéssg
stations 4 triifsnihe JongPN sggugnee is gepgeat gemeratar, 232 apd only
the pilot sigpwividet 6o iultiplaxet MUY 284 tThequmg @FN tmask ideteaininks thlee

oot o TR e e B A
conti nuoully @9@ eﬁW“@F‘t%oBéﬁﬁ\"‘P&S g AH A4 1§ﬂ?ﬁ jong XY sequengeAuring | s 95
systens, the thef@ath pairtion| dfi that ransiissivhe ahdr zeroeotharwises (e0g. t diifing Ghe
measur ement s. Ul Abbirer YHGROIPESARINY] Ahe! ffedidng PN sequence from MUX
234 and the short PN; and PN sequences from short code generator 238 are
provided to multipliers 236a and 236b, respectively, which multiply the two
20 sets of sequences to form the PN_I and PN_Q signals, respectively. The
PN_I and PN_Q signals are provided to complex multiplier 214.
The block diagram of the exemplary traffic channel shown in
FIGS.3A and 3B is one of numerous architectures which support data
encoding and modulation on the forward link. Other architectures, such as
25 the architecture for the forward link traffic channel in the CDMA system
which conforms to the IS-95 standard, can also be utilized and are within the
scope of the present invention.
In the exemplary embodiment, the data rates supported by base
stations 4 are predetermined and each supported data rate is assigned a
30 unique rate index. Mobile station 6 selects one of the supported data rates
based on the C/I measurement. Since the requested data rate needs to be
sent to a base station 4 to direct that base station 4 to transmit data at the
requested data rate, a trade off is made between the number of supported
data rates and the number of bits needed to identify the requested data rate.
35 In the exemplary embodiment, the number of supported data rates is seven
and a 3-bit rate index is used to identify the requested data rate. An
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.



measurenent on the data transm ssions instead of the pilot signals, 22
mul tipath and interference can al so degrade the C/|I neasurenents. In both
of these cases, when one base station 4 is transmitting to one nobile
station 6, tRepogpddee station 6 is able to accurately nmeasucaniddgsesd of
the forward |Iink signal because no ot h% interfering signals are present.
However, when 5 nobile station 6 is in soft handoff and receives the pil ot
3| gnal s :‘NLom mul Inl fHeceeafsiatt ainbodimdnt, nbbi henigiwdhi Qllataﬁrdtﬁ 1@684&¢Hﬁh .
i-scern e reg.QF S t sl T e wor st
case scenari o8 thrrgbl &h‘?ﬂt 8%% %&é‘:g%%é?@‘@fb ?ﬂé%@% %a | rsfe {S

sl ot, when selegtad ebased, qny khe wogse ecase aQ}ZInW?FWg%ﬁi‘ttaH! oﬂlﬁn?}’é‘ﬁ@ﬂ‘h Iféest ation
6, and I eceiprscesdihg gath ofl thenssiensi the dibigh cfethenerdt @orrettiig col@naall base

stationsg4 he t sur ement
at the f |5r stﬁrL %e (fesﬂ'g(f qk‘;élwﬁg W%?fo?n%%sée s tqﬁ%nés’leﬁ%]?bp gﬁg‘%‘&s rIE‘%f al se
i ndi cation 6rpporked driaantes jarekhesegrmichdtha hetwiean suceassiveot si nce
t hte slt atc;lls ghppdreedidin raRe3I3idBAt The MBEJQ!TEﬂ@ﬁt cib&n%ﬁfl rctﬂg.lséa&rhon hﬁ t
actua e 0 | 0 e 0 a
reliable degév | %igfaé&%?s[ g‘l(?‘eggle"g %‘ dﬁ{] ‘ég?%t]og ﬂ?e g:kg?neﬁsggenﬁ?é &*®onver se
extrenme scehgeriicssd by @msﬁﬂ@ 16, &g ilopsese (Wyingffidiencies) awhich sesidtsbased on
{rﬁXI rra: 10{1t €€ e gRantizationesfethe ddi rates baseld drf ﬁ{éSGVBﬁieﬁéh&ﬁié&SaﬂBen only.

e selecte n case e
estimate an%‘eb’g\%gg? ‘gﬁ&%t r?%é Bﬁggtg’) h%nc'{s%rt\?a 15%1}63 %ﬂ?e 'iegrfiﬂtﬁ‘ Eag(f"’on
occurs at afiom anohilgestation§ torhese siatien 4 oMoge EEPP@M%@HS& xidesothgeires hus
reduci ng t Pmdréavitﬁ% Edein€ify fiefreq u@wyt da&&amtlmwtﬁéﬁ@ﬁfﬁw{m ];Qis@ the U1
nmeasur enen n n ra
signal, the ;%rsdé‘g {‘?'é{\asg i)<t ﬁgaé%? (gt g@gﬁ?’ﬁguggh%%%ﬁf %S 16 tb s d8®on the
neasur efBnt C@)‘F“]PH@ nyaximumy «daty rate and; the sypportedhdpta radele 'ﬁiﬁ GPI‘Q@Mr ate by
t hree enbodimwmition isl diréds@l fo &t use of any number of supported data rates and

: other data rates than those }isted in Table 1. :

Table 1 - Traffic Channel Parameters

Parameter - Data Rates - : E 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 | 12 ] 1| 05| slts
Packet/transmissionf 1 1 1 . 1 1 1 -2 packets
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 |[channeis

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 1228.8 | 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




enbodi nent, data transm ssioens from base stations 4 are controlled so that
base stations 4 do not constantly toggle between the transmt and idle
states at successive tine slots. This can be achi eved by queui ng enough
data (e.g. a 3o oppsdet er m ned nunber of information bits) beafewesoseides
data transm ssion to nobile stations 6. 991 the second enbodi nent, each base
station 4 transmts a forward activity bit (hereinafter referred to as the
FAE bit) which i ndh cliasgmmwoétther exemplans foesansh link| [frapee strisgturenof nidvet  hal f

tati on 6 perorm inpetifln B flultfatdd in HASCA Othe el Slanche pendi 8RS | Fac
i u | u

bit from eacﬂsmﬂg?eﬂ Fée f‘i?mefsnwﬁ'}f ‘ e’é‘%‘ﬁ%@ %GWFBT'I aﬁ%rdreégf) nds to

t he schene V\kusrthlerlemgthlaidheahomﬁl‘biseqﬂmcés ok 2&165Im$eg |Eachrfaammcanaﬂrnyo base

station 4 gndyg %@goq 631 Anff a’d%h' %ﬁﬁre%ﬁ&f%' AN GnBEE Braribhi m&ﬁ%v ng

i nformati on

nes ati o tran ed data
at each time dygnel ﬁ ratfle dnta, %seéﬁarﬁ@? e#é ﬁeésaﬂoaﬁ?ﬁe
schedul er 48 frame),vos chhebé.?/etnptga@dteerfrmﬁe;) f r'Gine noditert dfacadndréimenid can

adjust the T gﬁﬁﬁﬂ 8196

absence of da e t?ﬁ%{ig@gﬁﬁﬁ‘%%eg%%ﬁégwe st a?ﬁ%ﬂ%gﬁﬁ%ﬁgﬁg&)

comuni cat i onh's tha exsmplary embadimentpeachoframe compsises, d6ntimey plots, h‘é!lté’l at
the firsti10i n@achltirne siutrhavingidjdacation od 166Ttmsecond tima rstott sfah667 mbemg; The

measured /1 & a&veod&gbte%sﬁﬁg UeliiohCH 8 BeRlorOmc A ks SRR 6 ¢

knows that no_ a |rs tlrre
sl ot since nofeewaed ling sigaaleddy BH‘eb91°Elﬁ’£ﬂrﬁ§I7r§i‘??e%ié‘P &epregents a sufficient ng
data transm Sﬂhﬁﬁnﬁtoftthﬁe sfor efficiéntnpacked datac transmiisstorhedin die 4%e

whet her one O%mHbdim '\ﬁ:&P%ﬁﬁ i8 F@lh r@itWhE{; 1£{oaf?ﬁ1¥‘$a9@%k%t9‘a””e'

schedul er 48 can neasur e o0 take
into accoltht the alﬂcfilﬁ%?%‘t imyesytiony Sach PP@‘%?%F‘F‘B?F‘H*% oVey @BgiGfe in
t he second timereltivhe dlots hosliiva in Table 1. In the exemplary embodiment, each

forward link data packet comprises 1024 or 2048 bits. Thus, the number of
time slots required to transmit each data packet is dependent on the data rate
and ranges from 16 time slots for the 38.4Kbps rate to 1 time slot for the

20  1.2288 Mbps rate and higher. '

An exemplary diagram of the forward link slot structure of the
present invention is shown in FIG. 4B. In the exemplary embodiment, each
slot comprises three of the four time multiplexed channels, the traffic
channel, the control channel, the pilot channel, and the power control

25 channel. In the exemplary embodiment, the pilot and power control .
channels are transmitted in two pilot and power control bursts which are
located at the same positions in each time slot. The p1lot and power control
bursts are described in detail below.

In the exemplary embodiment, the interleaved packet from

30 interleaver 116 is punctured to accommodate the pilot and power control
bursts. In the exemplary embodiment, each interleaved packet comprises
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




15 transm ssions by adjacent base stations 4. Alternately, if the C1 is
nmeasured at the first tine slot when adjacent base stations 4 are
transmtting and these adjacent base stations 4 are not transmitting at the
second tine RhQbpagilannel schedul er 48 can adj ust the T pepossspERet to

take into account the additional inforpation. Anot her i nportant
consideration is to mnimze redung r et ransm Ssi ons. Redundant
retransm sgbafel &Ath re ULC statenatatteowtant de@ddhe sktat ilRnte te9<e dat a

transmssmn fheran S e Ios The
best | r‘gﬂ}gg‘ Ichgnglé f%&gﬁ}bﬁé eﬂ?ls sﬁ‘d‘? Cﬁ% %é%‘ nf° 0 él over
successi ve mﬁenléawollé byt i ¢<éd§mg|tbﬁP§°FrE%BPE’§r Egntl'@lpfpm@té‘r mately equal
C/I for these basehserdh aﬁyémbEHﬁném&héfferérﬂ Wals@llueha:mae f@l’ftt&ns in the

nmeas.ur and/;or ha | ne nsni ssi on
by diff ﬁ’frgﬁ%@a eét ? oﬁgg ?gt@ie&ﬁngﬁt rﬁe&ﬁ%@% %h a |l oss
in effici erié;blt Wedsh sgyetsmat the dmedndunrratﬁaoadaﬂ&%H@s bﬂhehaumrotbf
hyrs]terl Si S .pafdlfel 36rthé &ia@rérﬁhﬁeﬁﬁ%( r Jﬁph@éﬁeﬁh&d audzbnﬁrfssgﬂad léd %}/el
schene, a |mn conbi pation_o eS|ga ev i m ng
schemes. | rf“?ﬁté&b %pngll‘ea&??% T8Hal 29 esglgf'mscﬁ'e Pet He bg'tt%'re GXF“WE%’?urerrent
of a diff ereoxhodiment, fomlowsn dats rates; sheriphase srd quedreduresWadsh edversl ess it
S?cleggqtot P%r%ﬁoﬁ?ﬁl&fee&ﬁma gonhl 588 t6 Min®Mize cARSMlkitbNHe %@ﬁ%ﬁ%ﬂg 4 by

S S isis qu su

hysterisish ?‘5%{ ey %h}t %@"@? %ﬁuﬁ@@nﬁﬁnﬁe an {XEMRRe station
4 is 3.5 dBValsh nesigmhentris WM ethaomgly f Wizh éors g inphasee signal i and MWigs 3.0 dB
at the fi r&hr,jﬂﬁ;\ﬁ Q(;rthé utaagatﬁfg(hg{\ﬂme slot, the second base station 4 is

10 e 0t o U K hppay BARLEIG, (St 8, S K B T 11

of the first ba
first bdse rateaof 3288 Mbpsanqi lowsers Fop QRSK modwation,| eashsWVaish chanselcond base

station 4 iconipiises 8hebitedn thé exdnplafy &hbodBaGi AMBRthighestt ddt@38le ¢k 5 dB.
2.4576 Mbps, 16-QAM is used and the scrambled data is demultiplexed into
32 parallel streams which are each 2-bit wide, 16 parallel streams for the
-inphase signal and 16 parallel streams for the quadrature signal. In the
20 exemplary embodiment, the LSB of each 2-bit symbol is the earlier symbol
output from interleaver 116. In the exemplary embodiment, the QAM
modulation inputs of (0, 1, 3, 2) map to modulation values of (+3, +1, -1, -3),
respectively. The use of other modulation schemes, such as m-ary phase
shift keying PSK, can be contemplated and are within the scope of the
25 present invention. '
The inphase and quadrature Walsh channels are scaled prior to
modulation to maintain a constant total  transmit power which is
independent of the data rate. The gain settings are normalized to a unity
reference equivalent to unmodulated BPSK. The normalized channel gains
30 G as a function of the number of Walsh channels (or data rate) are shown in
Table2. Also listed in Table 2 is the average power per Walsh channel
(inphase or quadrature) such that the total normalized power is equal to
unity. Note that the channel gain for 16-QAM accounts for the fact that the
normalized energy per Walsh chip is 1 for QPSK and 5 for 16-QAM. '



In the exenplary timng schene, bdse station 4 transmts data packets to
nobil e station 6 for a predeterm ned nunber of tinme slots. Mbile 5 station
6 i.s not allowed to select axdifferent transmtting-base station 4 within
the predet er riwedymssber of tine slots.. Mobile station 6 conPCRHSE8/23¢28
measure the C/ |1 of the current transmtt;ung base station 4 at each tine
slot and selects the data rate in response to the C/| neasurenent. Yet

anot her inportant condableatTraffic ChannelOrthegenal ChannehGaing o4 10

transm ssion. Referring to ELGS __AE and 4E __each data packef format 410 and

430 contains data gnd overh[ead bits. Ilj:uh&greqy,ﬁgﬁgr@ry enbodl ngnt, the
nunber of overhead forts TS fTXed O _all_datp T ates. The nfjghest data
rate, the percent adePdt Ratee Masiujation| oWalsh ¢ tﬁ‘@rafﬁcket si ze and
the efficiency is Hi dat a raf eGharinkle JoOP&wdigRe |bits can
conprise a 15 larg t he packpgt [ L.Giercy at the

| oner data rates cd ' %Mth dat a
packets to robile {tatdsoh 6] The varli aBPSKl ehgtH~@at d patkts Jcan be
partitioned and trcnsn%tged to goblle @tpg ki op 6 pyer 'rruli}}‘ple time slots.
Preferably, the varfrabte—tepgtirdatgpacketsiaret sTtted—tjo nobil e
station 6 over sucdesdb¥6 tlne 4lotg t L | rh‘)%fl- khpllﬁoc ssing. The
present invention ils dpfectkd tg thg ugpsef yar ilwms acqutlssl 4des for

vari ous supported dqarg_.ratep to, ] mprjov Ne pver on
efficiency. VI. For £ | K enbodi nent,
base station 4 trarjsniz2s.sat |t helgraxi|nu@psswe} av4i2all e 1/82bade station 4
and at the maxi mumjdaja.ratp supportleg.! AI«th q jnmir}lgﬁatlon systemto
a single nobile st & rate that can

Byt
be supported is dynam c 30 and depends on the d
as neasured by nobile station 6. Preferably base station 4

si gnal

of the forward |ink

transmts to only mobi |l e.station 6 {] | ot
facilitate data t}xb%é%pggsegﬁm\f%nqnmwr %laxﬁl nk l%Jlnlcrhll]’;:eerg;1SI‘ Fa? Qr?r@fﬁc
mul ti pl ex8d dresmeta assistmeohilel efation fninethe oré@m%lwrélhafhﬁé}rs’c dohef ol

each variable rate transmission.

In the exemplary embodiment, the

preamble is an all-zero sequence which, for a traffic frame, is spread with the
long PN code but, for a control channel frame, is not spread with the long

PN code.
BPSK which is orthogonally spread with Walsh cover W,.
single orthogonal channel minimizes the peak-to-average envelope.

10

The

In the exemplary embodiment, the preamble is unmodulated

use of a
Also,

the use of a non-zero Walsh cover W; minimizes false pilot detection since,
for traffic frames, the pilot is spread with Walsh cover Wj and both the pilot
and the preamble are not spread with the long PN code.

15

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.

in Table 3. Note that the preamble comprises 3 1 percent or less of a data



35 channel, and traffic channel. The function and.i npl enentati on of each
of these channels are descri bed below. In the exenplary enbodi nent, the
traffic and power control channels each conprises a nunber of orthogonally
spread Wl shwigwpsgaks. I n the present invention, the traffipgerfRisesmdsls | S
used 25 to transmt traffic data ang pagi ng nessages to nobile stations
6. When used to transmt pagi ng nessages, the traffic channel is also
referred to as the control clable8l PreantblePaspmetets cation. In the exenplary <
enbodi nent, the bandwi dth of the forvvard l.i nk |s 5 selected to be 1.2288
MHz. This bandwidth s§ har dwar e
conponents designed f ¢ the | S-95 standard.
However, the data comjlpe vention can be
adopted for use with |f(f<g acity and/or to
conformto systemreqy v v bandw dt h can be
utilized to increase h938#nar| Ty32Fur hpﬁﬂr?srp Heﬁ"éan wi dt hs of the
forward Iink and the gevegge l}ji nkigan be let;ferentl,égg.g , 5 MHz bandw dt h
on the forward |ink agd 7789 NHZ_ Dan V\ll(ig ory tne_revgrse link) to nore
closely match link ca veRLY . % ady enbodi ment, the
short PN err] and PNQjco8¥s2 arle the 15| sasee Iengt]}:6°/2[e r] PN codes V\/m ch
are specified by the lS—gﬂétandaréi. A th& 1. 9428 ;Iz hip rate, the short
PN sequences repeat eyet gr—reec—{p6—6rreeg= 1.2288x10[err]}. In
t he exenpl ary enbodi nt122$ﬂ|e sanet shott P codes Ft% uded by all base :
stations 4 within the|daygygorfmunigati pn system Howevel, each base station

4 is identified by a umoueorfser—of—tmE20—bastTc—stort PN sequences. In
t he exenpl ary errbodi ment, the offset is in increments of 64 chips. O her
bandw dt h .C |I| and are within the scope of the
present in\a/gﬂq i‘/}fﬁ“ E@Nﬁf"# Mt ¢ Channel

5 In the exemplary embodiment, each data packet is formatted by the

additions of frame check bits, code tail bits, and other control fields. In this
specification, an octet is defined as 8 information bits and a data unit is a
single octet and comprises 8 information bits.
In the exemplary embodiment, the forward link supports two data
10 packet formats which are illustrated in FIGS. 4E and 4F. Packet format 410
comprises five fields and packet format 430 comprises nine fields. Packet
format 410 is used when the data packet to be transmitted to mobile station 6
contains enough data to completely fill all available octets in DATA field
418. If the amount of data to be transmitted is less than the available octets
15 in DATA field 418, packet format 430 is used. The unused octets are padded
with all zeros and designated as PADDING field 446.
In the exemplary embodiment, frame check sequence (FCS) fields 412
and 432 contain the CRC parity bits which are generated by CRC generator
112 (see FIG. 3A) in accordance with a predetermined generator polynomial.
20 In the exemplary embodiment, the CRC polynomial is g(x)=x 16
X+, although other polynomials can be used and are within the
scope of the present invention. In the exemplary embodiment, the CRC bits
are calculated over the FMT, SEQ, LEN, DATA, and PADDING fields. This
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



25 A bl ock diagramof the exenplary forward [ink architecture of the
present invention is shown in FIG 3A The data is partitioned into data
packets and provided to CRG.encoder 112. For each data packet, CRC encoder
112 gener at es wo gsmsaheck bits (eg., the CRC parity bits) anBCT/HS®/2842830
the code tail bits. The formatted packegzfrom CRC encoder 112 conprises the
data, the frame check and code tail bits, and other overhead bits which are
descri bed beparity bitse aitbpnght@hep%gengamrémr@@uims diffesendr numbepholh, in

the exenpl ar ¥, @0d ke uSSHC AHE Saré WEItRRC W stdpeasf iedp msenmﬁhemen

Serial Ko, ¢ @a&gﬁ?ﬁ Beida A1k 380 308 6F FEC bieteRE %9§P8n%§%t& Bl o >0
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114 is proviged gvh%ﬁr{réa &Pe&% &Qer{teﬁﬁz‘éﬁhﬁnt hgof edemp¥eIiokRedd t he

packet. The |nter Vi de 26 el ement
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The punct ured pac]nelhelecemp&anycmnbmdlmmﬂuﬁrm@rmab(m%ﬁek’erﬂ&tﬂmls%e dat a
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the exenpl ar irst demultipléxed into

t he i nphase %-1&‘ Yalye %Mtﬁﬁ?‘é g@,coqrapogﬁséglp@ci(qtrffopngt mpl ary

enbodi nent, the ISegueaemmmml(SEQ) iekls 4160mndeda%identifys then firsthdatQued t eam

conprises odg, JebAMrh & dE", 1@@95 to

paral |l el _cha ne?‘g suyc that t ?ﬁ@%leﬁ te g%é{({e cgn annel llﬁgﬁ%etcf]

al | dat al?Pat be trapgmitted. thﬂfeqegusxp e to mobile station 6, e.g. for retransmission of
packets which have been received in error. The assignment of the sequence

number at the data unit level eliminates the need for frame fragmentation
protocol. for retransmission. The sequence number also allows mobile
station 6 to detect duplicate data units. Upon receipt of the FMT, SEQ, and
20 LEN fields, mobile station 6 is able to determine which data units have been
received at each time slot without the use of special signaling messages.

The number. of bits assigned to represent the sequence number is
dependent on the maximum number of data units which can be transmitted
in one time slot and the worse case data retransmission delays. In the

25 exemplary embodiment, each data unit is identified by a 24-bit sequence
number. At the 2.4576 Mbps data rate, the maximum number of data units
which can be transmitted at each slot is approximately 256. Eight bits are
required to identify each of the data units. Furthermore, it can be calculated
that the worse case data retransmission delays are less than 500 msec. The

30 retransmission delays include the time necessary for a NACK message by
mobile station 6, retransmission of the data, and the number of
retransmission attempts caused by the worse case burst error runs.
Therefore, 24 bits allows mobile station 6 to properly identify the data units
being received without ambiguity. The number of bits in SEQ fields 416 and

35 442 can be increased or decreased, depending on the size of DATA field 418
and the retransmission delays. The use of different number of bits for SEQ
fields 416 and 442 are within the scope of the present invention.

When base station 4 has less data to transmit to mobile station 6 than
the space available in DATA field 418, packet format 430 is used. Packet



each stream are provided to Wal sh cover el enent 132 which covers each 15
channel with a Wal sh function to provide orthogonal channels. The
ort hogonal channel data are provided to gain elenment 134 which scal es the

data to mai ntwipheassspPnNst ant total - energy-per-chip (and hencecrossians
out put power) for all data rates. The %&61' ed data fromgain elenent 134 is
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Thea Sni{il&ﬁ%*é c?a?? piskety ehicned™® B0%E M nlrBRF S fEorkoatit, Big 1y o'
provi ded t o 2ndiare prithinsthe seepepbitheimssenteisyyentipnel For packst format #80.es the
signal s thhhééieebﬂDMSeﬁélamqsde@Qﬁﬁw{daf LEN fandl4adie quadrature sinusoid

ARG o0 e s YT
nodul at 8 watASsBYitzesp ©Of more signaling messages. Signaling length (SIG LEN) field
436 contains the length of the subsequent signaling messages, in octets. In
- the exemplary embodiment, SIG LEN field 436 is 8 bits in length.
SIGNALING field 438 contains the signaling messages. In the exemplary
' 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.

2




In the exenpl ary enbodi ment, the data packet is spread with the |ong PN
code and the short PN codes. The | ong PN code scranbl es the packet such
that only the nobile station,6 for which the packet is destined is able to
descranbl e t hewpaokssua | n the'exenpl ary enbodi nent ;" 't he pil otPCGIiBp2MRE 10
control bits and the control channel pacigt are spread with the short PN -
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the two 20 sgts_of sequences. t ormthe PN |1 and PN _Q signals,
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214. The bl ock diagram of the exenplary traffic channel shown in FIGS. 3A
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archi tect 1@ e fressagee ficon hasel statior 4 tafmobile istatiens 6. n Thaectypenf spessageswhi ch
conforms to thankmithd HMAMRE ¢1) RadcH SHrdt@iont tleksapds, a2y ;ihrg‘i‘n%\ﬂrhéﬁsa dghe
scope of the &rggent | nvent.%.on. hn égg) eéﬁ*rggggerré.ggt‘odl r[glnt ue hef ldgiat rates’
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_ 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 conirol 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




exenplary definition of the supported data rates is illustrated in Table 1.
Different definition of the supported data rates can be contenpl ated and

are within the scope of the present invention. 28 In the exenpl ary

enbodi ment, Wweoessdayrum data rate is 38.4 Kbps and t he mexipgpiisobizspsr ate i s ™
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4 2 of alﬂ-zeros (or all ones) 9:]:\5ch isSprovidedatkminltip ¢S 1563 SWriktiplier 156 1 1

! 15 covers the pllog data PAB Wiish code Wy. 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 p1lot 51gnal 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
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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
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,/], is greater than the
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
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
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



time slots required to transmt each data packet is dependent on the data
rate and ranges from16 tinme slots for the 38.4 Kbps rate to 1 tine sl ot
for the 20 1.2288 Mps rate and higher. An exenplary diagram of the
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spread Wt htransmission to all active moblle stations 6. In the exemplary embod1ment
the Walsh channel gains of inactive mobile stations 6 are set to zero.
Automatic power control of the RPC Walsh channels is possible using
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 Wj; 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, W;, 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-tatk 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.

‘
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The use of - baBy by bR (RIS BRI Bile sipbigns g msgr\yltsn S o PETRARY PSK,
can be cdet erthé poedr aontrelrrate)icatnba obteined bpdrabntittimgahe ftrsemruf 3ﬂrRRE|t i on.

-rrrglenlt QPEazec%%tdgﬁRgCg%&tge'm gﬂa?ﬁ%‘ﬁﬁh%h Ss%&@éﬁﬁg)éepe den he IolgtnatO
rate. The gal Pb?ar@gdaaqﬂi? 35% qvﬁr%Wéﬁadééﬁﬂ agtt to
unnmodul at ed %ﬂl@ua‘ﬂratmersn@aﬂszeﬂhekmodalatgm lpaaraﬁetefs for the RPC bits avé t he
nunber of Valgh, hhasneLSTABE gdata rate) are shown in Table 2. Also |isted

I n Tabl e I's the average power per Wal sh channel (inphase or quadrature)
such that*™the total normalized power is equal to unity. Note that the

channel gain for 16-K3blé &cPiloband Potvek Conbidt Méodwlhtibh Pakarh8Rirs Zzed ener gy
per Walsh chip is 1 for QPSK and 5 for 16-QAM 35 -

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



31 Table 2 - Traffic Channel Othogonal Channel Gains Puncture Duration
Dat a Rate Nunber of Modul ation Wal sh Aver age (Kbps) Wal sh

Channel Power per Channels K Gain G Channel Pk 38.4 1
QPSK 1/ [err }JVO 99/23844 1/2 76.8 2 QPSK PCt/udosnanns 1/ 4
153. 6 QPSK 1/ 2[err] 1/8 307.2 8 QPSK

1/ 4 1/ 16 614. 4 5%2 1/ 4] err] 1/ 32 1228.8

16 QFisksoft handbff! [mcbm}ors thé/lﬂx Wadsh Gchannell for each bhe 8@Mon 4 it 4[err] .
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preanbl e i seribodinterite haobilegstation érperdtrms dhe dogic R iof theaddwni powpr ead Wit h

t he | t th th
ong PN COQL&Q‘?\E“?% Mo sfatofl's %%’%‘&Qéw“"ﬁgﬁw?%f By BAE8idl o' 10
BPSK whi ch ¥eseiyed W36 fsl 90@15‘133 8 mobH e\ﬁ?ﬂ?ﬂcﬁnﬁ@r weawh@eumfma singl e
orthogonal pheanein rheissichdsethbedipaait; mmxeesmneaml ﬂﬁehaAHﬁﬁ, ciahe use of

2 non-zero Yo SRUShR ARSI bR RE. S8 B bl S, for

traffic frane cOover err ’l?ofhthe
pi | ot and t@&‘%r@ﬂhﬂdémﬁﬂt@ nfw mar@aanm tthe t Feceivedg q@ be The
preanbl €0 i scotiérhplitek afld iafd withie the sdopeofaharp? eéenﬁﬁﬁmt the start of the

packet. for a duglu b llie it el UG ERE 1 @&@9& e

the preanble is sucC const ant

for all datWhethesonpet ’é‘lerﬁfﬁff% changek pé the ma&d Pﬂﬁg Chansel lebe i on. A
summary of ghesmiteagiurettesnext Halfcfrare. Ghedasetof Hie€FACSbiS iRipRoves the

- C/I estimate by mobile ‘stations 6, and hence the data rate request, by
15 broadcasting the knowledge of the interference activity. In the exemplary
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 : -

(E).-. I- 2(1 ajc o -. | ®)

J#i

where (C/1); 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 i 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 XII. 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



20 in Table 3. Note that the preanble conprises 3.1 percent or less of a
dat a packet. 25 32 Table 3 - Preanbl e Paraneters Preanble Puncture
Duration Data Rate Wal sh PN chips Overhead (Kbps) Synbol s 38. 4

32 512 wo 99723844 6% 76.°8" 16 256 i 1. 6% PEIMUS823428 8
128 1. 6% 307. 2 4 64 41 1.6% 614. 4 3 48
2.3% 1228. 8 4 64 3. 1% 2457. 6 2 32

3.2% VI | 1. Feravtrlyy basekstaticxt #i cTlfs dmplEoventatich minimizes, the gevstsaplinky

enbodi ment,  each Hakan REkAIvHilE froviths eftdnt L8liaskbd idPNke Geyvéisanenkheck
bits, code tgﬁ g&tsgnand ot her é:ontro fields. In this specification, an -
octet. i s def PRRONIEE 8 information bits and a data unit is a single octet

ia_ndkconpri ses 8 i Mroexemiplary Blustratiom of ke 8ovngiagramafitbdireeerse linkedatar war d
I nk suppert 5%1&%%& : ' i i gl ' GS. 4E
and 4F. chkgjf orna 2%811% %ﬁlgg%ﬁiﬁ %lglhg? lgrr%&%cgg% .if '(r%;tgmégg
conpri ses ni Feobiley| gtatiopy & ePeROTM%t aB1 PLESS, JEQ Gohe% t B&?‘% e to be
transmitted taforealintinetaliSPatert dNG.a5289,52 ughestalilisht theclomest rateyddtal | al |
avai |l abl e Oth?xf%ﬁnél”oPﬁ rfa{refijs?e %81,?1&15 B@'aﬁpﬁifﬁﬁi%&%’t s@%t%t{o‘i’i”im tted
Frhernd

is | ess than € aval |l abl'e oc I n DATA , pac orngpt 430
i s used. The demeduwatestbe acessep TRcetves| the aqcess laﬁ%?agéat&ﬁa%a@s
PADDI NG figel (Ba#dGstation 4 grants the request for the data channel and, at slot n+2,

transmits the grant and the assigned RPC index on the control channel, at

block 806. At slot n+2, mobile station 6 receives the grant and is power

controlled by base station 4, at block 808. Beginning at slot n+3, mobile

station 6 starts transmitting the pilot signal and has immediate access to the
15 lowest rate data channel on the reverse link. :

If mobile station 6 has traffic data and requires a high rate data
channel, mobile station 6 can initiate the request at block 810. At slot n+3,
base station 4 receives the high speed data request, at block 812. At slot n+5,
base station 4 transmits the grant on the control channel, at block 814. At

20 slot n+5, mobile station 6 receives the grant at block 816 and begins high
speed data transmission on the reverse link starting at slot n+6, at block 818.

XIII. Reverse Link Architecture

25 In the data communication system of the present invention, the
reverse link transmission differs from the forward link transmission in
several ways. On the forward link, data transmission typically occurs from
one base station 4 to one mobile station 6. However, on the reverse link,
each base station 4 can concurrently receive data transmissions from

30 multiple mobile stations 6. In the exemplary embodiment, each mobile
station 6 can transmit at one of several data rates depending on the amount
of data to be transmitted to base station 4. This system design reflects the
‘asymmetric characteristic of data communication.

In the exemplary embodiment, the time base unit on the reverse link

35 is identical to the time base unit on the forward link. In the exemplary
embodiment, the forward link and reverse link data transmissions occur
over time slots which are 1.667 msec in duration. However, since data



In the exenpl ary enbodi nent, frame check sequence (FCS) fields 412 and 432
contain the CRC parity bits which are generated by CRC generator 112 (see
FIG 3A) in accordance with a predeterm ned generator polynomal. 20 1In

t he exenpl aryng j mrent, the CRC polynomial is g(x) = xlfcrusises«2s -+
x[err] + 1, although other polynom als,gan be used and are within the scope
of the present invention. In the exenplary enbodinent, the CRC bits are

cal cul at ed wasmﬁd%ﬁnFMﬁ tinEQevdrbe 1DAT Aypically BéRES NE 4 l@hers daBhrateprovi des

error detectio ver I bits in TAIL fields 25
420 and 448tl Origdy, Tl d“gjf/%a?“ ?ﬁé&%ﬁff%&ﬁgﬁfh‘g @ge forward link. In

the alternative I@’hﬁbﬁl geemplary, cembedinerd, othe TgYetse alisk SHPPOBIeVPhe DATA
field In tQRa@PHR piletyDRI eharinel AT thieadata chdineln oTHS funditraand16 CRC

33 parity bits, alth h n S o] d en unber of
parity b%t s TORlE %?tag§xg d&aregpqu& & oégé g gdplr)éﬁs)gﬁeﬁgent i on.

Al t hough FCBilpt/dIRE mr\ghdsm ofo ttﬁ@sﬁﬁués Hq‘?\?eﬂgf‘%lnaﬁ escri bed
in the cont exdss esGR@tﬁéthfayd{ahhélinsb@ltohﬁmthﬁkdamuences can be used

5 and are Wlthl t.he sco [ a check
sum can be cal cu?‘afi Bfﬁgacmé{i&&sdwer%{;ﬁ% prHl'“fhe ﬁ% fi,(kel p; In the
exenpl ary erpbmnmenﬂfomawel eEmplary sm _ one
control qpit mblﬁbeﬂs@dlns@tﬁmuhg&mﬁré e sitailar ftoanke cfopivarddirdal frashet a

octets (pack for t 410 at . @ 0 nore
nessages (p E‘V gﬁ Bﬁa 4% ?Ihe exéa&fary e od?lrrrl%h%é?@g@vm&él ue for
FMT field 4mta:©ndetpf£1¢d§ai?oa1]§a€11%§§m¥ nﬂ%‘mﬂ}“t ennthe Japhase; apdgh val ue
for FMI fi elghaddftufOrhfsRBds to packet forat 430. Sequence number (SEQ

fields 416 and 442 deg‘tﬁ{é‘g\{%{&n% ﬁbflﬁ%ﬁg%@m tstd d%t &aﬁézﬁhgs Aéﬁgand 444,

respectively. Th transmt out of
sequencelt o message: ot ﬁ'tel pilotg DRC ghanngl F‘bteﬁ%kh%?‘%s? gh V&he'ﬁfé{(?ke{‘? i ch have

been recei Veghtioh 61§ Qéceivig Iaghi gpeed rlatzd trankmissisnienAlternatively, 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 acquisition, 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 IS-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 amplifude 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 Ey, /], set point as discussed in the




nunber at the data unit level elinminates the need for frane fragnentation
protocol for retransm ssion. The sequence nunber also allows nobile station
6 to detect duplicate data units. Upon receipt of the FMI, SEQ and 20 LEN
fields, nobil ewslbsiiss 6 is able to determine which data uni PETAE#2M2en
recei ved at each tine slot sthout the uge of specgi.al signali ng messages.
The nunber of bits assigned fto represent the sequencé nunber is dependent
on+t he maxi nmuaforemestiorsd U& Ratent No. &H06A08aThscpewememtiolely mairdamed ne

S'mgt dand the Pglf”rl])ﬁﬂe cRsiens at ﬁ\ [RblAARIFRESH ORvite thy Smobile tstatictb 6 annﬁnﬁary
enmbodi ment , ch dat.a un t nt nce nunber. At

~ the 2.4576 I\/bf%‘nﬂ‘éf‘gsfnéet ﬁﬂﬁ‘hﬁm% s a%cggs:eglsa‘g)%y s whi ch can be
transmtted at each sl ot |s approxi mately 256. Eight bits are required to
identify each of the data units. Furthernore, it can be calcul ated that the
wor se caseb daXBVr Reverserhink Data §hanpel are | ess than 500 nsec. The 30

retransm ssion delays include the tine necessary for a NACK nessage by

nmobi |l e station 6, retransm ssion of the data, and t nunber of
retransmission attAnblosk diagram hm@xmpiaékwsrﬁ?u ctge of the
Therefore, 24phdshht mx}@mmshmﬁtmtm 6. t Therdatens partidoned intchelatat a

units being rec o 42 he ds
416 and 35 4k% gkcegs,la%%”pr e as{egg&g#g&gle{crieiasggyr%epengaﬁJaE%ent' ?ﬂe S|régﬂof
DATA fi el 4041generatesiine CRG paripibitsi pergethe soderiadl itk apd encedes tha dafdnber
of bits for ShHd &éﬂﬁgﬂﬂ;ﬁeﬁbddﬂﬁ&tﬁéﬁd&ei‘ bul ehtwies che pacifet i acpordancs

t Wh t | | t
6 Uhan he spiih 208, B Omii kel S0 the éfé?égjjjﬁe‘a 5 jBatehe ! O
Packet 34 #pplisatiagSerial 1‘6%508163%635& aPithay QPCP g t§ camy E?edof
data units, upnfQré lwaﬂﬁﬁxnmpemné poésent irivenkion. dAtecentoded patbetnﬁ!b'ni e

7L 00 S5 e PG At IO B0 a0 WL AP, i ol
packet fornat syebolsiipnhe packet. The mterleaved packet is provided to mu t1p11er 61
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 B, 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 652c 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 PNj and PNg sequences are generated by short
code generator 644 and also provided to multipliers 646a and 646b,

o



5 field 440 contains the value of the nunber of data units being
transmtted in that packet. In the exenplary enbodi nent, LEN field 440 is 8
bits in length since DATA field 444 can range from O to 255 octets. DATA
fields 418 aﬁ,@,g%gont ain the data to be transmtted to npbissesebesi on 6.
In the exenplary enbodi ment, for packey,format 410, each data 10 packet
conprises 1024 bits of which 992 are data bits. However, variable |length
dat a packet sespeatitely whithtmultiply destwd bets of sbqprencés tonfoomntitel BN_biand and ar er

within the he, ﬁgék FelrcRif 646 bréileR the! Boninighe si ze
of DATA fleﬁ@_ﬁnggngis s@%m ned g L ?Rtr?d 4{40 Inb{he exenpl ar13r/ltgh
enbodi nment , 9@6%&3 format 430 can be used to 15 transmit zero or nore
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contains t hensodingl ARG {afion  ony Ylﬁe TEVERDI g’?‘g %R;dlmt ratg , dpta
si gnal i ng W&se&@ﬁﬁsﬁmpan&e&ummﬂardemf iof ahé dorverd VESSAENgD)
field, a nmessageql %_NE fd1& SSOfer R I bed
bel ow. PADDI 1 ﬁgﬂﬁg%r( cont al ns pa qmﬁ]‘é%??ets %aﬂnegtass‘%gzé\r?rpl ary
embodi ment, the@rd@tewedm@% evgrse Q‘Fléﬁnd‘e 48 E¥ERe base
station # ”WVhi'&RV@mff@M@é t6lahé 1995 edtandard} camalsa bée contemplatest andoares t han

the 25 nunher, .of EVRAG QA field 418. V\hen thi S occurs,
PADDI NG fi el'd ﬂl% éu ﬁgﬁgén% %‘ﬁpag ‘oct etsl o fil unused dat a
field. PADDI NG f|Ire|th|ewn> Iy, g aél l}fe YeVEres Hé‘p Hn? RRME h of

DATA field 46&: ddtagrated sthith akeltabllagted heﬂ‘ablmr&raAddﬂ:ifﬁmirdhtadmes and/fod fields

420 d 448, |
(O(O)ancode t re‘B\E? gﬁmﬁ%\éﬁﬁe S@Agi %%?géa%r@gghé% s ﬁe%&tiz%% OI nto
a known ¥t atlevalt\tl@he Tnrthe gpxemplary izaant, thﬁ'ﬂ?édﬁ%(fézetQ ]Eeé’e&ﬁ ow

encoder 114 fk ﬁlu‘épbﬁdéﬂtwrpmetdalta pate} dscshpwak é Tablerb. tAatdescrﬂ;edbmt’é\e‘ rom one

packet are usg d\%ﬁﬂ?ﬁgewdi’ﬂnph?ﬁﬁuoﬂ_%ﬁi’cﬁot98)74@ bs, @hsfovald oW the
decoder within 1o tam errgrgr ggcéetc\glzg 8lﬂﬂeral’l es

St at 19
during the d&?@é?‘?ﬁer&%m o
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 - Pilo_i and Power Control Modulation Parameters

Pafametef - 'D.ata rates . Units _
| 96 | 192 | 384 | 768 | Kbps
Frame duration 26.66 | 26.66 | 13.33 | 13.33 | msec
Datapacketlength | 245 | 491 | 491 | 1003 | bits

CRClength _ 16 16 | 16 | 16 | bits
Code tail bits 5 5 5 5 bits
Total bits/packet | 256 512 | 512 | 1024 | bits
Encoded packetlength | 1024 | 2048 | 2048 | 4096 |symbols
Walsh symbol length | 32 16 8. | 4 chips
Request requn'ed no yes yes | __Yes




The nunber of bits in TAIL fields 420 and 448 depends on the design of
encoder 114. In the exenplary enbodinent, TAIL fields 420 and 448 are | ong
enough to force encoder 114 to a known state. 35 The two packet formats
descri bed abowgp ssrasaxenpl ary formats which can be used to f BETUPIBARS LS
transm ssion of data and signaling nessagges. Various other packet formats
can be create to neet the needs of a particular communication system Al so

a communi cati on syit showarinpEabled, shedreverss link cwansas: @ plvrality vefndake two'
packet for ”atr%tééesﬁf e e ehi’f)odfﬁ{ehﬁ,r thd iloWestoditaotat odrmeK Bpsaise | n

th t { t 10
msshges. 1 orfpeaEdopi e mapifk Hafipf € UBEh, refisRafn 1BAH ale bRBOTH T
transmtted ithel exteplan) embodiment/i mebileostations fyean t{azysnph afa %st}‘ffg
(€.9. 10 pRYeoNesPSatd 'd%thQﬁhidi‘elSta@tél(}ﬂ tfmé halot t Withdut Shatdhg it6 iéqaeaueue

for that nobil L at hort 'd ket L] 1
station 6, aI 2 st%ﬁé%pr(‘}frz m&)%i%%gg%sa 3 aﬁ&’%’i‘?&%eg’fﬂgﬁa%é{ng aaal ! e
transmi ssi onstrénsmnission®t the higheratath zates armgamsd bythe: selestpd dage siadivmages
can al so be taasaldd s%epaf §ikerkt frérﬁéte?@@ﬁaelasatﬁé sysRmVlédiiAg] harnsegpe of

the present invention n:-co Ietlo caII t u ta nobiJ e
station 6 rmn?’?‘if%tal( ﬂEO‘e@?H‘Fm‘{%ﬁéﬂHB ‘?‘h E% g‘é%%]hg'%% oed
transm ssll(a)n détattremsndssions ds |desdeibed) int dsﬁadnml ezaforementlpned he-Se tary

enbodi ment, T’E St drPSertN N @8 /798,991 mul tiplexed with the traffic data
on the trafflc ganne as shown in FIG 4A. Mbile stations 6 identify the

control nmessage by det ect ing a preambl e which as been covered with a
B e ranam £ %Y OGRS Lin PUCIORE CRefRELE™ G0t ST hed by “mobi e Station 6
during acquisition. 1In the preferred enbodi nent, the data rate of the
Cont rol chgnnel i spb e§er}$ﬂ§y block diagram of the pilot/DRC channel is shown in
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



The control channel transmts nmessages in control channel capsules. The

di agram of an exenplary control channel capsule is showmmn in FIG 4G 1In the
exenpl ary enbodi nent, each capsul e conprises preanble 462, the 30 control
payl oad, andwg¥enpaiity bits 474. The control payl oad conprcyasssmsesor nor e’
messages and, if necessary, padding bityg 472. Each nessage conprises
message identifier (MSG ID) 464, nessage |length (LEN) 466, optional address
(ADDR) 468 (chafinel withtitcassighed¥alsh chidee (Fredsdlected bpsecstition dobiabke &t ati on -
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channel pr owagestations kah the glaed covhimmications sybthyl istthe | sarst ahd therebist or

initial acqyls bffée(gq? tRQ%ﬁSlEtLﬁt@%%ﬁﬁ%ﬁeg Y B{ffererd Hadedlth GortOHDI Ni NG.

These uses af nMun) cat 1.on szstems |ch

conform to |'§1e9§a@ocorgp§m%aqgm |SHStERE O Wrﬁﬁeﬁ‘teﬁW(ﬁE}Fﬁﬁnts PPPES
signal | alkedesesh e rewbisedirk. aUsmgsﬂﬁ Samq)ahdnerN tcbées@!viﬂumsaﬁsenent

bresent | nyeios, Sl B ol ¥ 1 detaif &4 POl LIS e
of all zerostriléﬁlma?fanofﬁ‘é@) nwl?iﬂéhﬁ?‘%"fbﬁ "f“ﬂ'é%lat%’ | ethe short %ﬁe?pl i er

156 15 covedodes providé epecthal spmdatiing\ibtsdo notd ellMBreﬁorhdeﬂnﬂnmloV\abs bassode

Werr] is a aﬁ%g e of all zeros, the output of nultiplier 156 is the
pil ot dat a. e pi

the | walxsh chanﬂ%ltﬁé ege%t\ﬁall';e“bnglmrrgnltttlhelg (Q. s%agaué(ar%lgz tﬁ‘e re gec;veldded to
' : 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: mea_silred 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 embodlments

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

30 performance. The max1mum data rate is then 'quantxzed 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




which is spread by the short PN err] code within conplex nmultiplier 214
(see FIG 3B). In the exenplary enbodinent,.the pilot data is not spread
with the 20 long PN code, which is gated off during the pilot burst by MJX
234, to all owweoospasson by all nobile stations 6. The pil ot HCFAHOS23428 hus
an unnodul ated BPSK signal. A diagramil pstrating the pilot signal is
shown in FIG 4B. In the exenplary enbodi ment, each tinme slot conprises two
pi kot bursts aews arfihez3juagtisaionpt thede fLimegsutementniles, theanapping ean

L hi rfl gggrtergi%ﬁw& bté%sf%htea.- Fo@dﬁu&aemaph_ bﬁfg\lleﬁﬂ’ﬂ(ﬁﬁfér@ﬁﬁhb t iﬁaﬂ?: @/t ]915
urs i's chips I'n duration (Jp=64 chips). 4.nAhe absenc r ic
data or cont rg}deéh?%ﬁ%ﬁenﬁsa?zforﬁgggééﬁgt llngﬁeaigo%ﬁ ihs ré ﬁs%g 3 rf]ﬁl_gngi I%?Iaand
power cont r ol exampleseachastep in thg CA index cavrapresend 8 2dBrinemasruisthen§/ht t he
periodi c rat enfhsdpRibriz -EoIae%ﬁais@értécDm dalcR NnBRAMAE 1€ the /2 ihaB at ed
in Table 4. XI. Reve%rﬁsv? I(#lﬁkwgmer Contr, S—Jﬂ theugres nt |nvent|oi t he
forward |ink BORMWESPTESSIY ASHIHERERE Mifreqse mdhe C./1 meagulement, | As AR xpmple, 3
command whi chpredistortddt mapping cdn tbecusedate nquantizee theo {CA measswrement | fnk
transmission {{HM I SO RPEIREVON dfstribRtibA € FhRHRIrS S(ADFK cuRAC bft RASEY/E LI Ng
mobi | e statlog{G,gcts asﬁﬁ SOW gi 37 interference to all other nobile
stations 6 inoistEonlenas Rhowp GG e i nterference on the reverse Iink and
maxi m ze d@pacity, Ot embhndimentpotoecomfeyedod nabbicontrel dnfamaidrs from
control | ed by {3UnePQUBSn GRS bidle SARRS 4 dafhy b BorteRIMARHY a3 hiRIRh, thde
power control |oops,are simlar tp ”%t}ﬁtgf t he CDMAf ) t%}les | osed in
detail in U. SSCOR§ f-thegresent dgyentios. TS Heria AP AR ORY
CONTROLLI NG TBitsE\r<aesaxt iy \ERe cbnkoCMArBEtibh sRINOBIithEn Tthe ERbRNES SMSTEM'
assi gned t0 t Be.AFEIiARERIGH. | TRIGUARRA! nlBIEHr M2 SPELifiARND hat gijes@f{t

ref erence er Gl D5 aBRABLa SO SindlEE BPBL B ikl Ghany, S0USIRAL o

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.



10 within the scope of the present invention. The.first power control |oop
adjusts the transmt power of nobile station 6 such that the reverse |ink
signal quality is maintained at a set level. The signal quality is neasured,
as the ener qyogpsdii t -t 0-noi se-plus- interference rati o E[pernisbégasza | of
the reverse link signal received at b station 4. 15 The set level is
referred to as the E[err]/I[err] set polnt The second power control | oop
adj usts the set JpahatexempharyeaibddimenesthecDRCemebsage ip eranemiwnize thes
measur ed byl g iy BFRRE AL G Rk HR) 7A)S FBI BhALRERDIaFP Whhe SR P! 1S

critical on e revers | use the’'jrans r “of . each nobile
station 6 iL6éhmses dhe DR message AOMATIES ?2“&%4%560? rqﬁ%h’é‘sec 8?
conmuni cat i ghe tfe skits Taerembiningril@24chips bé tirearesuseldi iykbase atediont 4 power
reduces $heqLRbLTE! SF8 &a@m@%ﬁf@é ]&Iﬁ:&ﬁg 51 Cof thE {DR@RAGIshe iV t hi n
the first power control ) , the r I [err] of the yeverge si gnal
i s measur edthe: easlie pertion %ﬁwh‘Bﬁ FwHhase tﬁ%?f"é&ﬁ]ﬁ{ff:% e?*?f’e sur ed
E[ err]/1[ er flesstigehwithén Sttt gmieittimef sloheambgussibly Efansmit | datarat ithe gr eat er
than the 25__set. poknL, ' ' r ) : C o) ssage to
mobi | e st at fetﬂlfe%t. oa%écrragegég@%ﬁ@gﬁéﬁ tﬁ;%g%/\%{r"% _é-ltle\rlgsléatfi \(/)g\tlél,hﬁﬁt he
measur ed E[ pracpssing delpyiallows| the,comaunication) syster of the preseph InventioR i 1 s a
power coptrel qﬁiaﬁlzyam(?(to dhimges ifitthé operafingcerivivonesend. t he transmt power.
n the exenplary, CaRoNIEHve di¥odiRE, i0HqlardP 83A0GH & ddmbpEpRbed W Lh
o I . | nbodgi ne a high’va

one power 30 cont . I'n"the _exe ry-enbo t, val ue for

t he power cbmmh%Qbﬁéhﬁm%sP@@f%ﬂyeﬁﬁeﬂn & TeRVE e eRee- t k‘énsm’t
power alnd ?Eﬂi@Wd&@eﬁﬂ mmﬂmlﬂtm;dfaentatbmprﬁhtg;ﬂmaqzﬂed idCf tat;_nlsm' t
power . In the pr : at QN r ' ile
stations 6 Fn@%bs?ngﬁﬁ%?cg%l}/oﬁéu t h%a%%ﬁay%;reg}gﬁ#gnlu a?be %)%?g m'ﬂ-ied on the
pover 335 cdetermine thgexact datg rf’We“’&}%@?ﬁc? Vak #afiende FRE e ™Eont r of
channel conplokss betwient Bafsnissiohs gafnthe ahsoint seferinchs, amebilpr stationi 6h t he

16-bit Wals L. . e Lhe |
Lo DI E VAT S B BOUGE S roFARL WL Sod PRI o 08 VAR IR Y QU RANED URE

6 1 assi gnewiEsteRs® TR Ion N URoorBing, B F g Per Joaer. i ptagfe O
" 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 erroneoﬁs"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 stati_'on' 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 chénnel is used by mobile station 6 to transmit messages to
base station 4 during the registraﬁon phase. In the exemplary embodiment,
the access channel is implemented using a slotted s_trﬁcture 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 IS-95 standard,
except that the timing is in 26.67 msec frames instead of the 20 msec frames



38 nodul ati on phase (e.g. inphase or quadrature) for transm ssion of the
RPC bit stream destined for that nobile station 6. In the exenplary

enbodi ment, the RPC index of O is reserved for the FAC bit. The exenplary
bl ock di agr amvad odiagsgpover control channel is shown 5 ' in Fl EcT®898/25ks RPC
bits are provided to synmbol repeater 15049hi ch repeats each RPC bit a
predeterm ned nunber of tinmes. The repeated RPC bits are provided to WAl sh
cover el enent sgesifiedhby I5-8% vtardardie Thiet diagrath Qﬂwen\memplmvecccss:ahaaspbndu ng

to the RPC ingiggfe isTéove® MR B, Bt SIafiRe Féfx@iﬁ ERbBaimeRl, CERAL adieds Whi ch
scales the bit or tgexz]dulatlon so%@ intain 10 a constant total
Cransnit powefharmet ¢ ommpr /B8 TOTH M ESTRBREPTES
channel s are A% rmldl padding hitsa?26; hEaclmtméssmcapadaéZMpmmpri‘ses ewRssdgd 0 t he
t ot al avaléabie%gm W@LEI\BCH@J VSEM e.nﬁod}; 7541511%@;)%1?@% re6: 2 an be

varied as a funCtion of ti'me for efficlent "utilization base
station transmt power while maintaining reliable RPC 15 transm SS|on to

all active no tatlo the exenpl ary enbodi ment, the Wl sh
channel gai nsgyllF ﬁlﬁ‘é’t’:ﬁ/ Eﬁ(&(éﬁﬁf‘ﬂ&ﬁs 6 are set to zero. Automatic
power control of the RPC Wal sh channels is possible using estinmates of the
forward |ink quali asurepent f omthe orre a om
nobi l e stations 6. ﬁ%{ﬁﬂefrnga ’ﬁﬁ&“ ??s ‘PPB Cgvz?ﬁgxﬁgg %%EDR?R % ?\EAS

provi ded 1@ Mmessages annthehdataxchaphn rmessage iRpenenathidc for edch0
through 15 ar pagiGes iraiefebdlil e%raiy ﬂa%ﬂé Sta%ﬁrsln{ Heossmplhe efdbodiment,

respectively, transmtt d aroun he. first rs in a

sl ot (RPC bur g}enﬁégg? € tRng Rige %lg fi B{f&) I‘?’%f‘q
assigned to V\da@hfombasdwlesftq inpthe atfmfmgthomé U.BeBatent Noe 5504473 ar e ;
transmtted aroundAltheugeqw BreBEntOihvEMtiGA hi b@érﬂdésciib@& ﬁ%ﬂ@c’&ﬂf&ft%f%% in

the even T SNAGE Rl i€ FEHTR G ip S Bt e efecrmhet HECH™on " e
i nphase si gnawigvwg th %éCQWdD f\thegrresent invention.
The previous description of the preferred embodlments is prov1ded
to enable any person skilled in the art to make or use the present invention.
The various modifications to these embodiments will be readily apparent to
20 those skilled in the art, and the generic principles defined herein may be
applied to other embodiments without the use of the inventive faculty.
Thus, the present invention is not intended to be limited to the
embodiments shown herein but is to be accorded the widest scope consistent
with the principles and novel features disclosed herein.

WE CLAIM:



covers (e.g., Werr], Werr], Werr], etc.) nodul ated on the quadrature

signal. To 30 reduce the peak-to- it is preferable to

bal ance the i nphase and quadratureﬂ“lmmﬂ""mmtnmle, to mnimze

cross-tal k dugobdpsgi@nodul at or phase *esti mate"eryYor, it is [Fahmostdsgs t O
assign orthogonal covers to the inphasesoand guadrature signals. In the
exenpl ary enbodi nent, up to 31 RPC bits can be transmtted 35 on 31 RPC

Wal sh channel s in each tine slot. |gpABRMVS<Kenpl ary enbodi nent, 15 RPC bits -«
are transmtted on the first half slot and 16 RPC bits are transmtted on
the second half slot. The RPC bits are conbined by summers 212 (see FIG

3B) and the conpdsi t e Avmediast fardrigh rpegsopacket datar tpansongsianifram agdeashown i s

! InI FIG 4@-d one Isz?séﬁtaﬁgﬁtlw ﬂi'ﬁbﬂé amtialh &h@rmganb thecagps efh: cp{_gg ng! i's _
illustrated in .4B. . exe LV i pent...the RF it rate is
600 bps, or one M? og?ltets?tons?%?e%%%ﬁ ‘%&:%%%‘%ne mul ti pl exed and
transnittdd over measuring Gl of forwarg linkraigmals from3eaid ainl¢agoany base shown
in FIGS. 4B &atighd 4C. In the exenplary enbodi ment, each RPC burst is 32 PN

chips (or .2 Wl sh ol s), in.width £Tpe=32 chi and the total w dth of
each RPC Bit is é&feéq‘%ﬁisélgc%g“ﬂaie%ﬁ{‘?ﬁggfﬁb"& %gé)(&ﬂ?é?mﬁgﬁs'bit rates can
be obtained by cHdenfifying saéd seledied bage sigtions| repetition. For exanple, an
RPC Ht r gt el of ]s%tQQm%FhSda(tE @ecﬁsegpﬁteﬁsage td Qaia%eléte@altﬁsé %@%ibﬂ,%dg bt ai ned
si mul taneously or,_to i.ncre e r.control.ra e opt ai ne
by transmtting ttﬁwp@g ?«S?Fa é?’%lsa&g&\é\gf‘é%e Iﬂg??%hragtas%%g%ﬁatﬁn’d‘ 304b
and t he slécoactordance wittosakbdatsi requesh meE®geUr st s 308a and 308b. In this
case, all Wil sh covers are used in the inphase and quadrature signals. The

nodul ation parangjersdor_the RPC hits are, summarized in Table.4.. 15 Table
4 - Pilot and Powver C&i‘?rme%dgﬁ?agﬁgﬂ gawg?f& vrsflg measuring, ' selecting,
2 identifying, and sending steps are performed at each time slot until said data
transmission is completed.

-

3. The method of claim 1 wherein said measuring step is
2 performed by taking into account a received value of a forward activity bit.

| 4  The method of claim 1 wherein said measuring step is
2 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
2 added to said active set of said mobile station if a transmit power of said
additional base station exceeds a predetermined threshold.

6. The method of claim 1 wherein said selecting step is based on
2 C/I of said forward link signals.

7. The method of claim 1 wherein said selecting step is based on
2 present and previous C/I of said forward link signals.

8. The method of claim 1 wherein said selecting step is performed
2  in accordance with a predetermined hysterisis.

9. The method of claim 8 wherein said predetermined hysterisis
2 is a time based hysterisis.
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sgr ameret 1200 e Hz I\/bdlljf\gt i on fom“m‘ml“mml‘lm BPS§6([))8r ation

of control bit 64 1024 BN ¢hi ps Rept a

64 - 4 wo99s6sdol s The povver control channel has a burreTgsssidse
since the nunber of nobile stations 6 inggommunication with each base
station 4 can be less than 20 the nunber of avail able RPC Wal sh channel s.
In:this situation, sonme RPC Wal sh channels are set to zero by proper

adj ust ment of the ggi nspof g%@aah B GIHEA 8 Wibred! shidCpfuRiRIh GRRAEN!

the RPC bits aretransmtt e stations t hout codin
i'nterl eavi gy fioa 1g Vﬁlhﬂsﬁé BEisiSs | ng delays. 25 Furthernore, the erroneous
reception of the power cont roI bit is not detrinental to the data

comuni cation syst ofﬁ@&eﬁ;%%sgpa?w&e&}hé%%ﬂhﬁﬁﬁﬁdfiﬁ%%fépofs %2’ or esent

corrected in the ngXt ting ower contr.o

i nventi on, %mobylceveting isaigsd @é@ﬂ#%%meﬁsasgﬁf‘t" thah d¥alsh vﬁqdﬁ coaresprRdingetthase
stations 4 on ghideselcRwd e lstation. The net hod and apparatus for the reverse

| i nk power control for nobile station 6 in soft handoff is disclosed in the
af orenentioned U. S. Patent No. 5,056,109. Mobile station 6 40 in soft
handof f nonitors th3 RFThermethod ek slaim 1hwhesein said Valsht casle ia 128 ahvips

active set angnq nes the RPC bits in accordance with the nethod

di sclosed in the aforenentioned U S. Patent No. 5,056,109. In the first
enbodi ment, nobile station 6 perforns the |logic OR of the down power 5
commands. Mbbile sildti obhe ruegpéa@fe@lamé whereini said dlasa requeshymesseagefis t he

recei ved RPE hhiiRaROOPIesquebet |datbiadé.i On 6 to decrease the transmt power.
In the second enbodi ment, nobile station 6 in soft handoff can

14, The method of claim 13 wherein said requested data rate is one
2 of a plurality of supportable data rates.

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

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

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

18. The. method of claim 1 wherein said transmitting step is
2 scheduled by a scheduler based on a priority of said mobile station.

19. The method of claim 1 wherein said transmitting step is from
2 at most one of said at least one base station at each time slot.

20. The method of claim 1 wherein said selected base station
2 transmits to one mobile station at each time slot. '

21. The method of claim 1 wherein said selected base station
2 transmits at or near a maximum available transmit power for said selected
base station.

THIS SHEET HAS BEEN
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-
conmbi ne the soft decisions of the RPC b maki ng a hard deci sion.
O her enbodi ments for processing lﬂﬁ! m\%mﬁ bits can be 10
contenplated and are within the s pr egent invention. In the
present i nveghisshgsd Ne FAC bit indi *cates to nobile st at i ongclusvsesder or

not the traffic channel of the associaged pilot channel will be
transmtting on the next half frame. Thé use of the FAC bit inproves the
C/| estimate by nobile stations 6, and hence the data rate request, by 15 ¥
broadcasti ng t he,know.ed t erqf e h npl ary
enbodi nent, the &Jé V\ﬁt‘ gﬁ?t ghgﬁ C(Ig,*'ggltnat1 ha %}Sﬁ ane \l%%ﬁné alrr eé ﬁﬁﬁxﬁ

r epeat ed Zorpeefogmdsim%ﬁhvﬁoﬁl alshoghannelss | ting in a bit rate of 75

bps. The paranmeters for the FAC bit is |isted |n Table 4. Using the FAC

bit, nobile stat can e e lsRWS

[err] wher e (C/I err?‘?sm?tﬁggpcg clrr‘;r:ﬁalf‘surﬁeme e '[QE ﬁo?@v\%alr i nk
si gnal , Qerdl]mmeihahem@ddaéﬁeﬁterecer ved power of the i[err] forward link
signal, Cerr] is the received power of the J[err] forward |ink signal, |

is the total int rfer ce | | .bas 05 [err] S
the FAC bit of t é j[gl? %‘Pa/a ‘%‘ﬁk Si gnar ‘ AI%%S@‘C# J”’:Lgéependr ng
on the FAZ (perforged using quMepbﬁMtk@Y%nsm ssr on In the present

i nvention, the reverse |link supports varr abI e rate data transm ssion. The

vari abl e rate prquides fl exi brIr y 0; t ransm t
at one of several>dat a'F JPESP %e‘i’\%‘f’h e armuﬁtfi%% WIF? éljtso be
transm tt2d perfdyeed wsing qundmtunenampb efﬁﬁdwoénbodr ment , m)bi | e station
6 can transmt data at the Iowest data rate at any tinme. In the exenplary

enbodi ment, data ran ssr at .higher q,;lt\g natseé? S ESnS steplih 9 ant
"ﬁﬁ f2da of 4 zZes | TR

by base statron A6- Th n m nin e revers
2 performed using a directional beam :

27. The method of claim 1 wherein said data is transmitted to said
2 mobile station in data packets.

28. The method of claim 27 wherein said data packets are of fixed
2 size for all data rates.

29, The method of claim 27 wherein said data packets are
2 transmitted over one or more time slots.

30. The method of claim 27 wherein each data packet comprises a
2 preamble.

31.  The method of claim 30 wherein said preamble is spread with a
2 long PN code.

32. The method of claim 30 wherein a length of said preamble is
2 based on said data rate.

33. The method of claim 27 wherein each data packet comprises
2 data units and wherein each data unit is identified by a sequence number.

34. The method of claim 33 further comprising the step of :




transm ssion delay while providing efficient “ﬁm the reverse
| ink resource. An exenplary illustration “%\\\‘ gram of the reverse
lipk data 5 transmission of the present i ioh i's shown in FIG 8.
Initially, at eigdorsaanobile station 6 perforns an access RFHVYS2338
described in the aforementioned U S. Pagent No. 5,289,527, to establish
the | owest rate data channel on the reverse link at_block 802. In the sane

slot n, bask stati tansmittingcainegativer acknovrledsmenbUNARK) messrgessforlataccess
nmessage at bl Qgls & reckPredBsF aidlrabbildstdtighant s the request for the data
channel and, at slot n+2, transmts the grant and the assigned RPC i ndex on
the control channel, at bl ock 806. At sl ot n+2, nobile station 6 receives

the grant and is paSer Temmethadeaf elpim 34dfurther romprising the) stk 0808,
Begi nning a sl ot pdpansARRAE sBildoddte tnfts ot reBeilved By 34id imibild1 8talidnOin

si gnal and has | di ate accy 9@2&2}9 the 15 |owest rate data channel on the
reverse |ink. 79 Wi ME538SBr fic data and requires a high rate
data channel , m)bl | e statlon 6 can initiate the request at block 810. At

sl ot n+3, base staggon fhéﬁfeﬂxd&%f&lﬁﬁn@ﬁﬁ&feﬁ%ﬂmﬂﬁ &&%’c@ﬁfof :at bl ock
812. At sl ot n+5, ase sta transmts the

channel , at#bl ock Smengda tO%qB?serFﬂtgl 7B AN V&tSFB P%m&é’&‘it?‘&e {"r’fé gr ant

at bl ock 816 and begi ns h| gh speed data transm ssion on the reverse |link

starting at slot n46, aghdlBehodlss cigﬂﬂ 36%%{'@11% bdiBKsebctbd iRk WistioR

In the data_conmuni.c t|o syste ent nvent.l on, .the reverse
li nk transn®sdrasmits %%Hf?ﬁ*@‘f‘b&%ﬁ#g of LEARDg datai 1 sever al

ways. On the forward I|nk data transm ssion typically occurs from one base
station 4 to one mapi | epﬁsxhamoa%@m%mﬁaéar packBt 1K@ &@r\éﬁ%ﬁoﬁ'ff&n aﬁq&{stbase
station 4 can congurre recei tiE@Btrans 3&8 from,3 {e%n

nobi | e st at £ orffePase iy &M% gRHeE; He hEOBBYYRiC oﬁl’i}'ﬁ can
transmt at omompnsmg/&tea:ttepmoﬁ rat es dependi ng on the anmpbunt of data to be
transm ttedgto bas‘i‘u%&&h&ﬁtﬂn Fﬁoﬁ! BnRMadeR | Gioh' &f At & fast say¥BmE! i C

characteri StIC of. data cormunl I'n the exenpl ary enbodi nent, the tine
base unit on t¥&H9%verse |ink

6 measuring C/I of said pilot signals from said at least one base station;
selecting a selected base station based on a set of parameters;
8 identifying said selected base station;
sending a data request message to said selected base station; and
10 second transmitting data from said selected base station at a data rate -

in accordance with said data request message.

39. The method of claim 38 wherein said measuring, selecting,
2 identifying, and sending steps are performed at each time slot until said data
transmission is completed. -

40. The method of claim 38 wherein said sending step is
2 performed by covering said data request message with a Walsh code
corresponding to said selected base station.

41. The method of claim 38 wherein said data request message is
2 indicative of a requested data rate.

42. ' The method of claim 38 wherein said data request message is
. 2 indicative of a quality of a transmission link.
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35 is identical to the tine base unit on t r\\‘\‘g . In the exenpl ary
enbodi nent, the forward |Iink and revers \ﬂ 1 SSi oNsS occur over

time slots

transm ssi onyglesdasy reverse link typically occurs at a | ovectrusssasast e,

which are 1.667 nsec in durat VYer * since data

42

a

| onger tine base unit can be used to |Stpiprove efficiency. In the exenplary

enbodi nent ,

the reverse |ink supports

channels : the pilot/DRC channel

and the data chagmnel Theéhmethow tof ataian B85 whergihesaidt sdlected Maseastatiad t hese

channel @re, descr.i e /tBI;w’g annel is used to transnmt the
pil ot si gnafraar{ﬁt?gegfgglo(%ﬁe Sta-m)?“w Q{’ 3 lP

he da a channel is used to transmt

nessages an

traffic data. A diagram of the exenplary reverse link frame structure of

t he present

| Nnveq i oTheSmiethads tof adlfith 138 Whereir Asaitinsdléted imisp | stutjon

ik £ v arte’ PRI At OE KR el FRTR bl v Yot Bhid Qupey 07 7€

pi | ot/ DRC dbasg stafiPreraf fi c data are transnitted concurrently on the |nphase

and quadr at

transm ssi OByert Gk 6Piioke tizheslodN the pi | ot/ DRC channel

signal. The pilot signal is used by the receiving base station 4 for a

nunber of f

t he cl osed

ure channels. In the exenplary errbodi ment, nobile station 6
transmts a DRC

. I
whenever nobil e gat ms%%&o%ngggﬁ# L\%QM@Q“ n%afl%fﬁgtg%l‘mtds’g? oc?\ .
Al t er nat i2v empbiletasation i | dats paeketi V6h¢r§uh(§ﬂldr éefel Padkgtshpten trapsmitterh

unctions : as an aid to 20 _initial ach|S|t|on as a_phase
reference for tH. pi IThe/ mRashef claimd4d yvhereinneach dafacpacket Kempsises e f or

HeQARuRIRVARIES®hbielk eftOVEita GO 5 ddentifiediByea exquEica nynsbEpodi nent
t he bandwi dth of the reverse link is selected to be 1.2288 MHz. This

conpri ses the p|Iot

»

bandw dth sel ection allows the use of existing hardware de5|fgned for a CDVA

syst em whi ch comr nsfhegmethed|of cim 46

2

10
12

14

er comprising the step o
transmitting a negative acknowledgment (NACK) messages for data
units not received by said mobile station.

48.  The method of claim 47 further comprising the step of :
retransmitting said data units not received by said mobile station in
accordance with said NACK messages.

49.  An apparatus for high speed packet data transmission from at
least one base station to a mobile station comprising : -

a transmitter within each of said at least one base station for
transmitting paging messages within a forward link 51gnal to said mobile
station;

a receiver within said one mobile station for receiving said paging
messages and performing C/I measurements of said forward link signals
from said transmitters within said at least one base station;

a controller within each of said at least one mobile station, said

controller connected to said receiver for receiving said C/I measurements,

said controller identifying a selected base station;

a transmitter within said mobile station connected to said controller
for transmitting data request messages; and

wherein said transmitter within said selected base station transmits
data at a data rate in accordance with said data request message.
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25 standard. However, other. bandwi dt ”"lmmlulululullluuud to increase

capacity and/or to conf ormto systemréqufrenerts.s In the exenplary

emhodi ment, the sane long PN.code and short PN err] and PN[err] codes as

t hose speC|f|edvoby/zssh.e | S-95 standard are used to’ spread t he pOIES9&/R34R8 Nk
signal. In the exenplary enbodi nent, thg,freverse l'i nk channel s are
transmtted using 30 QPSK nodul ati on. ternatively, OQPSK nodul ati on can
be "used to m' ni m z80.t helhee apparetusvefrdagjen 4fpyhereite saidrieativen peffotthe said

modul at ed sji emr%\t_y 3&%&{? sﬁéaeht tu'n@ él&iP rsam%znfaﬁe? Iy g g c@éd

di fferent sys e dul at 1 on sc

cont enpl at ed iﬂ?ﬁ%? stpdon At ﬁ?‘%‘ fl“FF@ Si‘ﬁoﬁé‘i 6?1 I&Emﬂ}‘ﬂ Eﬁe §5at10n I'n
t he exenpl a&yhxanhmtsrsnﬂdathheqﬂesﬁmatgembmh tilnet dlet.r everse |ink

transm ssions on the pilot/DRC channel and the dat a channel are controlled

such that the E[err]/I[gr of the vers | nk, si .as neasured at base
station 4, is main?hine ﬁ""a?-PHa F‘E"o‘étj"g A (YI"’II’E?'EWr @Fqnyeggpr toEms tsaigh

di scussed i ﬂﬂmeasﬂﬁemémsebyemﬂungedtw aicolett & ecdived Svdi(6, 3f08 . forardpower
control is mai, ‘.;yt}pgﬂ by base stations 4 in comunication with the nobile
station 6 and“the commands are transnitted as the RPC bits as di scussed
above. 5 XIV. Reverse Link Data Channel A block di agram of the exenplary

reverse |ink archlsiecturl&eqfa dratusiufetan 49 whepdih aid srafhaier withixGsaft The
data is pargi Eﬂcﬁﬁ tgérgﬁ%gﬁ&@@g% and provi ded to encoder 612. For each

dat a packet, enco es the CRC parity bits, inserts_the
code tail bits, an@l "Xﬁ’é‘bd’@é’ei ment for covering é%éérﬁﬂt%lﬁﬂl@ﬁbmmt‘oﬂtbrﬂ:oder

612 encodest t Walphebdd cortespondirgpracaidsdlbcted basnstationg f or mat di scl osed in
the aforenentioned U S. Patent Application Serial No. 08/ 743,688. O her
encodi ng formats can also be used and are within the sc (ge of the gresent

i nvention. The enc®¥ed Fharparatusof chim49 - whesein each of ssid ot lragt ene
i nt er| eaver2 6 statiokhi fuﬁl@ﬁﬁdﬁﬁlphﬁeiéﬁu@@fbr storing data.

54. A method for high speed packet data transmission from a
2 _mobile station to at least one base station comprising the steps of :

sending a request for high rate transmission. at one of a plurality of
4 supportable data rates on a reverse link signal;

receiving and granting said request for high rate transmission;
6 sending said grant to said mobile station; and _

transmitting data at said one of a plurality of supportable data rates.

55.  The method of claim 54 wherein said mobile station transmits
2 data a low data rate without a grant from said at least one base station.

56. A transmitter for high speed packet data transmission
2 comprising :

an encoder for receiving data packets and encoding said data packets
4 into encoded packets;

a frame puncture element for receiving said encoded packets and
6 puncturing a portion of said encoded packets to provided punctured packets;

a variable rate controller connected to said frame puncture element
8 for receiving said punctured packets and demultiplexing said punctured

packets into parallel channels;
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synbols in the packet. The interl e rovided to nultiplier 616
whi ch covers the data with the Wal mﬁn ID des the covered data to
gain el enment 618. Gain el ement 618 stalcest o mai ntain a constant
ener gy- per - biyyo &psg@agar dl ess of the data rate. The scal ed Gtraushi/dars gai n
20 elenent 618 is provided to nultipl |%s 650b and 650d which spread the
data with the PN.Q and PN | sequences, Tespectively. The spread data from

nul ti pli s 652b AWhISEeevear demeny iconnkdted to héldr\&rﬁblﬁorﬂé(toﬁ&wer for

respectivel Yre il haT &@% f rs 652a
and 652b are row% %‘ % SH%TITYEI‘ aa;[gg:oghllntlg ﬁid |gnaaF'SJI rk)"lmE ilter
652c and Bs52Waish coyess ERBW‘GQGI orhoganaleshapsels: avdmers 654 sumthe signal s
fromthe data changgh eMrhéntt benriec@datossaid Walsheopet elentdne foraebeiving he

i ch ar &4 ni%q?%fﬁla%ﬁ%‘ha@%@@%%gﬁéﬁgﬁﬁ%é el s 5 RaFapae

quadrature ssqaipsh w[err]t) respectively (as in the forward |ink),
and sumred (not shovvn in 30 FIG 6). In the exenplary errbodi ment, the

traffic data is tg.ans Lt t atur h of the
sinusoid. In the ge7>a<1errprilihartgans ttgf’ 0? t %g%gfgn?%gds%rg \Ma'tdﬁpgrr?szong PN
code and 2hechansels Ian adfinedatamtel ong PN code scranbl es the data such that

the receiving base station 4 is able to |dent|fy the transmtting nobile

station 35 6. T t | _.over. the system
bandwi dt h. The | ofg Pﬁlﬁééﬁm«g %grl épé}gﬁ'gggtfgﬁhgll 08 ’Q’nggde generator 642 and
provi ded t20 rrultlaplm‘élrtw @6 . cormectedorte saig egain alemqnm[ eid madfiplexes are

generat ed byrailep 1]61991%! Poder Ccbindd buabts Owith sidledaled dhehhéB! ter s 646a
and 646D, mvrggﬁﬁ CKS lswhl ch nultiply the two sets of sequences to
formthe P ﬁ% Si gna‘? respectively. Timng/control circuit 640
provides the timing reference. The exenplary bl ock diagram of the data

channel architect%e Jhe transmitter of claim 58 wherein said pilot and power
2 control bursts are located at fixed locations within each time slot.

60. The transmitter of claim 58 wherein said pilot and power
2 control bursts are provided at two locations within each time slot.

61.  The transmitter of claim 56 further comprising :
2 a multiplexer connected to said gain element, said multiplexer
multiplexing a preamble with said scaled channels to provide Walsh
4 channels.

62. The transmitter of claim 56 further comprising :
2 a scrambler interposed between said frame puncture element and sa1d
variable rate controller, said scrambler scrambling said punctured packets
4 with a scrambling sequence.

63. The transmitter of claim 56 wherein said each of said Walsh
2 covers is 16 bits in length.
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5 shown in FIG 6 is one of numerous architectures which support data
encodi ng and nodul ation on the reverse link. For high rate data

transm ssion, an architecture simlar to that of the forward link utilizing
mul ti pl e orthoswmz3sahannel s can al so be used. O her architeRCIEN82MENL as
the architecture for the reverse link traffic channel in the CDOVA system 10
whi ch conforns to the 1S-95 standard, can al so be contenplated and are

wi thin the scope of the present invention. In the exenplary enbodi nent, 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 V45 jnvention. In the exenpl ary
enbodi ment, the packet size for the reverse link is dependent on the data
rate, as shown in Table 5. As described in the aforenentioned U S. Patent
Application Serial No. 08/ 743,688, inproved decoder performance can be
obt ai ned for |arger packet sizes. Thus, different packet sizes than those
listed in Table 5 can be utilized to inprove 20 perfornmance and are within
the scope of the present invention. In addition, the packet size can be
made a paraneter which is independen rate. Table 5 - Pilot and
Power Control Mbdul ati on Paranetgrs/Paraneter Data rates
Units 9.6 19.2 38.4 76. Kbps Frame duNation 26. 66 26. 66
13. 33 13. 33 nmsec Data packet ength 245 41 491 1003

bits CRC | ength 16 16 16 bitg, Code tail bits
5 5 5 its T |ts/packe N2'56 512 512
1024 bits Encod P enit h 1024 2048 4096 nbol s
Val sh synbol | &g |ps Request r&quired
no yes :

6

}w/ﬁ>~”
/4
| °‘>)-®
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45 As shown in Table 5, the reverse link supports a plurality of data
rates. In the exenplary enbodinent, the |lowest data rate of 9.6K bps is
all ocated to each nobile station 6 upon registration with base station 4.
In the exem\g mgﬁbodi ment, nobile stations 6 can transm gcriessszamst he 5
| owest rate dat annel at any tineagipt w thout having to request

per m ssion from base -st-at--o1+ 4.~ +~n--H‘re--e-xeﬂ<p+afy enbedi ment, data

transm ssion at the higher {Igf ates are grapleds b) ‘the sel ected base
station 4 based om a set of| y&t ¢m paranete $ the system | oading,
fairness, and total throughpud® pn exenpl ar {ng nmechani sm for high
speed 10 data tr&nsm ssion |idescbr| bed i n the aforenentioned
U. S. Patent Application Serj 8T2Z99 Reverse Link Pilot/DRC

Channel 15 The exenpl @r n‘b ocH dfjagr pi | ot/ DRC channel is
shown in FIG 6. The DRC n@;s%eﬂ-’préw gncoder 626 which
encodes the nessagye in accdfdahceg wi FE ined coding format.

Codi ng of the DR nessage i & port gnt&Zsi r br probability of the
DRC nessage needdyto be suffl (ﬁently I8w cprrect forward |ink
data rate 20 detégrm nation agts .the sy (p—th+oughput performance. In
the exenplary enmbedi nent, QC ngoder 626 ils 4 rate {8,4) CRC bl ock encoder
whi ch encodes thev3-bit r’r%s hge into an -big cptle word. The encoded
DRC nessage is provided to rigt+pl i er 628 whidh_coviels the nmessage with the
Wl sh code which umg;uel y@idedtifjes the destinafi on: base station 4 for 25
whi ch the DRC messag c}+ réghed| The V\al sh cod¢ i sy provi ded by Wal sh
generator 624. The co mep dtd multiplexer (MIX) 630
whi ch nul ti pl exes,t he¥nessi with the p| 1ot data. The DRC nessage and the

pil ot data are prb&vi d/%\-t-o m:l-t-l-pl-l-er-s -650a -and 650c whi ch spread the data

with the PNI and P signals, respectively. Thus, the pilot and 30 DRC
nessage are transm on both the |nphase and quadrature phase of

: S <q |' 9
5 1 85 |1 &
\: g E% =B :
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the sinusoid. In the exenplary enbodi nent, the DRC nessage is transmtted
to the selected base station 4. This is achieved by covering the DRC
nessage With the Wal sh code which identifies the sel ected base station 4.

In the 35 exewplosmassenbodi nent, the V\al sh code is 128 chi ps PCR/USesRIHS.

The derivation of 128-chip \al sh coggl: g er known in the art. One unique

WAl sh code is assigned to each base™ tﬁa on 4 which is in communication

Wi t*h nobile station 6. Each base station 4. decovers the signal on the DRC
46 channel with its assigned Wal sh code. The sel'ected base station 4 is
able to decover the DRC nessage and transmts data to the requesting nobile
station 6 on the forward link inr 53 e thereto. O her base stations 4
are able to determne that the re % data rate is not directed to them
because 5 these base stations 4 ? i gned diffierent Wal sh codes. In the
exenpl ary enbod nt, the reverse? %hort PN codes for all base stations
4 in the data c nlcatlon systerﬁ‘us e sanme and there is no offset in
the short PN sequences to distingui/gsh ANfferent base stations 4. The data
comuni cation system of the presgptjlinyention supports soft 10 handoff on
the reverse link. Using the saneyhort PN COUES. W LN NO OTTSEt all ons
mul tiple base stations 4 to recei\e-the)'sarrecgai’érse | ik Qanem Qlﬂﬁﬁrom
nobil e station 6 during a soft handpff4y The short PN c spectr al
spreading but do not allow for identifijcati on of base Sffati

In the exenpl ary enbodi nent, the C e ca a’_es t dat a
rate by nobile stgtron 6. 11 the Yl podi nent DR nessage
carries an indgcation of thg for | 4Pk al ti;(eg
i nfor mati on asw ured by npbil e df at illon 6) ile s
si mul t aneousl y he flor war\g Ii@( pi | i gnal s¢ base
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20 stations 4 and perforns the C/ | neasurenent on each received pil ot
signal. Mbile station 6 then selects the best base station 4 based on a
set of paraneters which can conprise present and previous C'| neasurenernts.,
The rate consfenigaf Ormation is formatted into the DRC nespepessshsed can be
conveyed to basée station 4 in one of several enbodi nents. 25 In the
first enbodi nent, nobile station 64} sansmts a DRC nessage based on the
requested data rate. The re ted'dlata rate is the highest supported data~ .
rate which yields satisfact performance at the C/| measured by nobile
station 6. Fromthe C/| greasprenent, nobile station 6 first cal culates the
maxi mum data rate whi dhuv el ds satisfactory 30 performance. The maxi num
data rate is then quantijzed o one of the supported data rates and
designated as the requegtet—flata rate. The data rate i ndex corresponding to
the requested data rate [i$tlansnitted to the sel ected base station 4. An
exenpl ary set of supportleq.dpta rates and the correspondi ng data rate

i ndi ces are shown in Tagre—# 35 In the second enbodi ment, wherein
nmobil e station 6 transnift$ah indication of the forward link quality to the-
sel ected base station 4, gpbll e station 6 transnmits a C/| index which
represents the quantized-walye of the C | neasurenent. The C/' | neasurenent
can be mapped to a table amdjassociated with a C 1 index. Using nore bits
to represent the C/| indexs 47 allows a finer quantization of the CI
measur enent Al so, the pp+-a{ can be |4 or predistorted. For a |inear

=
mappi ng, each increnment |ifthe CI .in ngrepresents a correspondi ng
increase in the C/'| neasjurgnmgnt. For /ekanplle, each step in the C/'| index
can represent a 2.0 dB iperefse in there—-5 neasurenent. For a
predi storted mappi ng, edcti pcrene ih ¥hd C/ 1 indef can represent a
different increase in the measyr engné. |As an e ol e,] a predistorted
mappi ng can be used to ze tHe C Fegsur ene \ o]
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match the cunul ative distribution function (CDF) curve of the I
distribution as shown in FIG 10. 10 * ° O her enbodi nents to convey the
rate control information fromnobile station 6 to base station 4 can be
contenpl at ed awc9923844ni t hi n t he scope of the present inventi BART/US98/23428
Furthernore, the use of different nunfds of bits to represent the rate
control information is also within the scope of the;present invention.
Throughout rmuch of the specification, the present 15" invention is
described in the context of the first enbodi ment, the use of a DRC nessage
to convey the requested data rate, for sinpli city. In the exenpl ary

enbodi nent, the C/ | neasurenent n be perfornmed on the forward |ink pilot
signal in the manner simlar t t used in the CDVA system A nmethod and
apparatus for performng the (/ measurenent is disclosed in U S.

Pat ent Application Serial No.&Z0(8 2,763, entitled "METHOD AND APPARATUS
FOR MEASURI NG LI NK QUALI TY I D SPECTRUM COMMUNI CATI ON SYSTEM',
filed Septenber 27,1996, assiprfEd&®o the assignee of the present invention
and i ncor porat ed b‘y--re-f-e-r S -h-er-en-rr insunmary, the C/1 measurenent on
the pilot si gnaIgQS ca @ ned by despreading the received signal
with the short PNcodes N pasur grent on the pilot signal can
contai n inaccuracy & &8s n&.tl on changed between the tine of
the C/' 1 measurene) atg;a.l data transm ssion. In the
present inventi on- Ot he AC b¥*} all ows nobile stations 6 to take
i nto consideratioo.the. flofhar d. 3. Link-activi ty when determning the
request ed data rate. ~kr{the-akterrgti-ve -erbodi-nent---t-hre--G/4~» neasurenent can
be perforned on the fe, d linke[®Affic channel. The traffic channel
signal is first despr E ith t Edng PN code and the shor} PN codes and
decovered with the vva\; ode. e/ | neasurenent on the sjgnals on the
data 35 channels cah re accegdte because a larger percentage of the
transmtted power is! al#ocated forfdaya gransnissipn. O her: nethods to
nmeasure the C/'I of the regei ved flor d & nk S|gng) by nobile station 6 can

;-n

al so be contenpl at ed: and arekgthl p E sgn} invention.
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48 In the exenplary enbodi nent, the DRC nessage is transmts in the first
half of the tinme slot (see FIG 7A). For an exenplary tine slot of
1.667nmsec, the DRC nessage conprises the first 1024 chips or 0.83 nsec of
the tinme sl %QoJWe”ai ning 1024 chips of tine are used bpcimsverzpesti on 4
to 5 denodulate and decode the nessage. Transm ssion of the DRC nessage in
the earlier portion of the tine slot allows base station 4 to decode the

DRC nmessage within the sanme tinme séds and possibly transmt ta at the r
requested data rate at the i medi ate successive tinme slot. short
processi ng del ay—attpows the communj cati o system of the preFent invention

10 to quickly gdoptjto changes injthe operating environnenf. In the

al ternative enbqdi meht, the requested daja rate is conveyed|to base station
4 by the use of |an soluje referepce andl a relative referepce. In this
enbodi nment , th§ al&o ute feference|conprigsing the requestedjdata rate is
transmtted pef ocgecally.. The absojute r¢ference all ows bas¢ station 4 to

15 deterrJ‘i ne the expct dhta rate [equesfed by nobile statipn 6. For each

time sl ots betwgen tyansmn ssions of the &bsolute references] nobile station
6 transm’is a [l atijve reference tp baselstation 4 Qnich i nfli cat es whet her
the reque I.ed-.§:'ra te fi com ng|tinme slot es-highet |ower, or the

revious ti r}* S{eeé|. | Peri odical ly,

1
sane as the reqe&ed data rjatejfor the

mobi | e 20Gz-gtet-Her—6 transnijts ar—pbsqgrtte referencegPertpyli c transm ssion
of the datdfrag Epdex allows the [eqyested data rgt# tg set to a known
state and,eRsufds 3 hlat erroneous rkcefdtions of rel &N ve f frences do not
accumnul at_ty_]'b_e_\ uSe pf absolfute referdnces and relatilve r §prences can

reduce the trangmgssj on rat the DRC fressages to{ﬁasq”st ation 6. Ot her
protocol s.ta.2%} £t anhsmit ested ¢lata rate ¢ al sa be contenpl at ed

and are V\*’(hi n&lhe scope pf the present fnvention. . Revprse Link Access
Channel é‘ : «
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30

emodi nent, the access ch
wi th each sl ot wiosi9nsgsacce
exenpl ary enbodi nent,
channel . 35

annel
ssed at

I

The access channel is used by nobile station 6 to transmt
messages to base station 4 during the registration phase.
is inmplenmented using a slotted structure
random by nobile station
t he access channel
In the exenplary @idodi nent,

In the exenpl ary

PCT/YSAS/2I428
is time nmultiplexed with the DRC
t he access channel

transmits nessages in access channel capguges. In the exenplary enbodi ment,

t he access channel
‘standard,
nsec franes 49 specifi
access channel capsule is
each access channel capsu
capsul es 724, and paddi ng
nmessage 5 length (MsSG LE
bits 736. XVII. Reverse L
station 6 transmts the

nmessage i s generated for

In the exenpl ary enbodi nefpt,

Bl ank and Burst signaling
U.S. Patent No. 5,504,773
descri bed in the context
can be contenplated and a
previ ous description of t
person skilled in the art

nodi fications to these enpo

skilled in the art, and t

franme fornmat

_is identijdal to that specified by the IS-95
timhg 1s 1h 2867 nsec franmes instead of the 20
d by | S-95 ptarjdard. The di agram of an exenpl ary
sho in Fl 1B. I n the exenplary enbodi nent,

e 712 conpr)seq preanble 722, one or nore nessage
bi t ___Each |[nmessage capsul e 724 conpri ses
N) fijel d ssage body 734, and CRC parity
if nk CK Chahnel|l In the present invention, nobile
CK 10 nesshgeq on the data channel. The NACK
ach jpacket frecdined in error by nobile station 6.
tlhhe NACK nmegsfiges can be transmitted using the
dat g format| as qgsclosed in the aforementioned
Al tljhough the pr2sent invention has been
of a |15 NACK prlotocol, the use of an ACK protocol
e wihint sqope of the present invention. The
ne_prietS enmfjodi ments is provided to enabl e any
td Make Use|the present invention. The various
grents wiH—+ke readily apparent to 20 those
1e§generic [@ringi pl es defined herein may be
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applied to other enbodi nents without the use of the inventive faculty.

Thus,

CLAI MS 1.

selectedobaseCBtatlon cand fDansnitting dat
ta ratein 1fCaccordance witH
erein said neasuri

ormed at each ti

station &t a &
of claim 1
steps are p

The net ho
and sendi

t he present
enbodi nents shown herei n but

with the priweesties and novel
A nmet hod for

ase station;

ected base s

invention i s not
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| east o
on based on
sendi

transm ssi on |s onpl et ed.| 3. The net hod
nmeasuring Rkej 2 peer§ py taking in
forward act y bit. elnmet hod of c
stepis 2p for d on fo}mard Il ink pilot
an active se sai d nobif€ slation. 5.
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hi gh speed packet data transm ssion from at
2 one base station to a nobile stat8/eh conprising the steps of:
nobil e station of a pending data transm ssion;
forward |ink signals from said at
selecting a s
sai d sel ected

intended to be limted to the
is to be accorded the w dest scope consistent |
features disclosed herein.
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addi ti onal

link signals. 7.

base station exceeds a fPredetern ned threshold. 6.
of claim 1l wherein said selecting §tep is based on 2 /|
The met hod of claim 1l wherein said selectin
based on 2 prewe®2a8#d previous C | of said forward |ink sigRgf

The net hod

of said forward

sggas The

met hod of claim1 wherein said seIectlng step is perforned 2 in accordance
9.9/15The net hod of claim8 wherein said

with a predetermned hysterisis.
pr.edet ernmined hysterisis 2 i's a time based hysterisis.

hysterisis. 11.

51 10.
met hod of claim8 wherein said predeterm ned hysterisis 2 is a |evel
The met hod of claim1l wherein said sending step is

The
based

performed 2 by covering said data request nessage with a Wal sh code

correspondi ng 4
wherein said
1 wherein sai
rate. 14. Thé&
of a plurality
wherein said su

P
cumul ati ve dlstrlbutlon functlon of T

select

>(gta.t|\||. -2
| engt h
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erelnFsaid re
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ed data
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18. The nethod of claim 1 wherein said transmtting step is 2 schedul ed
by a schedul er based on a priority of said nobile station. 19. The nethod
of elaim1l wherein said transmtting step is from2 at nost one of said at
| east one baggopbsgid On at each tine slot. 20. The net hod miTusansmes 1
wherein said selected base station 2 transmts to one nobile station at
each time slot 21. The nethod of claim 1 wherein said sel ected base
station 2 transmts at or near a nma®¥Xum avail able transmt power for said~-
sel ected base station. TH S SHEET HAS BEEN REPLACED 52 22. The nethod
of claim 1 wherein said transmtting step is 2 Ep'erforrred usi ng \@ t hogonal
Wal sh channels. 23. The met hod o%ﬂcl aim 22 whepein each orthoq,o.nal Wl sh
2 channel has a fixed data rate. & The net ho f claim 1 wh in said
transmtting step is 2 perforned ﬁi ng quadr at u;f phase shift k&4 ng. 25.

The method of claim 1 wherein safftd transmttin ged using

P - L L L E L T T X R R R - - - .- - - maw

quadrature anpljitude nodul agi on. 46. The$rethodfjof claim 1 wheregin said

transnitting step is 2 perf@Meq USLNG (Brecu:gg}l feam 27. THe nethod
of claim1 whenein said datMis fFAfsnitted to <At 21 nobile station in
data packets. 28. The net hod &f cl ai*n 27 V\:h* ein s-*d data packetts are of
fixed 2 size fgr all data r 1 28 The QFEMTOd JfF £fai m 27 whenein said
data packets are 2 transmtg el oge org|nill ¢ t8peE {l ot s. .
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30. The nethod of claim27 whereifi each data packet conprises a 2
preanble. 31. The nethod of claim 30 wherein said preanble is spread with
a 2 long PN code. 32. The nethod of claim 30 wherein a |length of said
preambl e is 2 Wa9e@ssdh sai d data rate. 33. The nethod of cl FHUBITHE ei n
each data packet conprises 2 data units and wherein each data unit is
identified by a sequencelnumbgr. 34. The nethod of, claim33 further
corprising the step of: £53 2 11/1%ransnitting a negative

acknow edgnent (hM(IQ_nesESbes for data units not received by said nobile
station. 35. The netHod of claim34 further conprising the step of: 2
retransmtting said dqata pnits not received by said nobile station in
accordance with sai d [NACK]I messages. 36. The nmethod of claim1 further
conprising the step d¢f: 2 sending data to all base stations in an
active set of said nﬁbiie station. 37. The nethod of claim 36 wherein said
sel ected base statiorf 2 tfansmts based on a predictive determ nation of
remai ning data. 38. A nejhod for high speed packet data transm ssion from
at least 2 one base gteat+pn to a nobile station in a CDMA conmuni cation
system conprising thg _steps of: 4 first transmtting a pilot signal
fromeach of said at |easf one basf seatji on; 6 measuring C 1 of said
pil ot signals fron1saiéza | east ghp—bade station; selecting a selected
base station based on a skt of pafapefer|s; 8 identifying said
sel ected base statior; sepding a/dat asr gquest nes p said sel ected base
station; and
bt
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10 second transmtting data from sai d-sel ected base station at a data
rate in accordance with said data request nessage. 39. The nethod of claim
38 wherein said neasuring, selecting, 2 identifying, and sending steps are .
perforned atywgegiigdyl Me slot until said data transm ssion ipcTousspbsated. 40.
The nethod of claim 38 wherein said sending step is 2 perforned by
covering said data request nessage ad/ih a Wal sh code corresponding to said
sel ected base station. 41. The nethod of claim 38 wherein said data *
request nessage is 2 indicative of a requested data rate. 42. The nethod
of claim 38 wherein said data request nessage is 2 indicative of a quality
of a transm ssion |ink. 54 43. The nethod of claim38 wherein said

sel ected base station 2 transmts to one nobile station at each tinme slot.
44. The nethod of claim 38 wherej d selected base station 2 transmts

at or near a maxi mum avail able t a;r power for said sel ected base
station. 45. The nmethod of cl erein data is transmtted to said 2
nobil e station in data packe said data packets are transmtted
. over one or nore tinme slots thod of claim45 wherein each data
packet conprises 2 data upfts and vygprtin ea ba unit is identified by a
sequence nunb nmet hod of im4 upt her conprising the step
of: 2 tfansjr t §i.agl a negatl‘g Knowy/e r’rgn (NACK) nessages for data
units not recgive Ea ¢r mobi | efgfdk|on/” 48] “The nmethod of claim 47
further conprilsin e?ts cof: 2 J2V| fetrapsmiting said data units not
received by s |8 pimtion in ra)
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accordance with sai d NACK messages™ 49. An apparatus for high speed packet
data transmission fromat 2 |least one base ‘station to a nobile station
conprising: a transmtter within each of said at | east one base station for
4 transmttiryopIRMMy nessages within a forward |ink signal PEYUSEHRHobi | e
station; 6 a receiver within said one nobile station for receiving
sai d pagi ng nessages and perf.orm ng C”r‘ {Beasurements of said forward |ink
sidgnals 8 fremsaidtransmttiers 2 aidat |.east

control Il er wiXlhi nSgach of sdid at ligast ope nobile st at|
controller conrec & (o said recei rgf forjreceivjng sai
said controll@r &tlfying la sel e¢ed bage stat|Bn; 12
within said npkll St ati ormes+ed to sa‘l‘d’*eeﬁroller fogtransmttlng
dat a request &ss S =14 wher ein sgald trans S thin said
sel ect ed base®qt njtransmts data at ajoata=rs ' nce with said
data request ngss 55 50. The appraius s ein said
receiver perforwm-d 2 C/'1 measurenents % d
controller identifying said sel ected ba@ % Slot, and
said transnitter within said nobile stat} 9 ‘arequest
message at each tidre slot. 51. & The appa rein said
receiver perfornms %aid 2 </ nBasurenent -, aking into accgqunt a
received value of a forwarg activity bj .___The apparat@gs of claim49
wher ei n said ebransm tter wethim sai rmbl I @ station furtmer conprises: a
Wl sh cover megt fer cov @1@ sgqi d dat a_reqquest nessjpge with a 4 Wal sh
code correspon\dl.[:r:ngdo sai d selmoeb c‘.'ébase dtation .
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53. The apparatus of claim49 wherein each-of said at | east one base 2°
station further conprises a queue for storing data. 54. A nethod for high
speed packet data transmission from a 2 nobile station to at |east one
base stationygeifpigisi Ng the steps of: sending a request forcrnusybreaszd e
transm ssion at one of a plurality of 4 supportable data rates on a reverse
link signal; receiving and granting said request for high rate

transm ssion; 6 sendi ng sai d4fypsant to said nobile station; and
transmtting data at said one of a plurality of supportable data rates. 55.
The met hod of claim 54 wherein said nobile station transmts 2 data a | ow
data rate without a grant fromsaid at | east one base station. 56. A
transmitter for high speed packet data transm ssion 2 conprising: an
encoder for receiving data packets and encodi ng said data packets 4 into
encoded packets; a frame puncture elenent for receiving said encoded
packets and 6 puncturing a portion.of said encoded packets to provided
punctured packets; a variable rat coqtroller connected to said frane
puncture elenent 8 for receivi i & punctured packets and denul ti pl exi ng
sai d punctured packets into pa8allel, channel s; 56 10 a Wl sh
cover el enent connected to sai|vdienablle rate controller for receiving said
paral | el channels and covering baidepanal |l el channels with 12 Wal sh covers
to provide orthogonal channel sgiand™a ¢§Ri n el enent connected to said Wl sh
cover element for receiving 14/ swaid orft hpgonal channels and scaling said
ort hogonal channels to providg al e channels. 57. The transmtter of
claim 56 wherein said each of el

-
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2 chanhel s has a fixed data rate. $8. The transmitter of claimb56 further
conprising: 2 a nmultiplexer connected to said gain elenent, said

mul tipl exer nultiplexing pilot and pomer control bursts with said scal ed
channel s to 4woevisga Wl sh channel s. The transnitter oPCHVSASR283
wherein said pilot and power 2 contrqgéﬁprsts are located at fixed

| ocations wthin each tine sl ot he transmtter of claim 58 wherein
sai‘’d pilot and power 2 control bursts are provided at two |ocations within
each time slot. 61. The transmtter of claim56 further conprising: 2

a multiplexer connected to said gain elenent, said nmultiplexer nultiplexing
a preanble with said scal ed channels to provide Wal sh 4 channels. 62. The
transmtter of claim56 further conprising: 2 a scranbl er interposed
bet ween said frane puncture elenent and said variable rate controller, said
scranbl er scranbling said punctured packets 4 with a scranbling sequence.
63. The transmtter of claimb56 wherein said each of said Wal sh 2 covers
is 16 bits in | ength.
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