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Geta nel ik 1o 1, ATI Aoccos Termnal my comun e i
Access Network or a data network. WO 02/054617 PCT/US01/50641 2 When the
data is transm Atlfelgdér(r)l a@ecoér%%%sn?cal\t%n\/\s%rsbe’m Eshleeqﬁ(fr%%st% support a variety of
15 applications. One such communication system is a code division multiple
access (CDMA) system which conforms to the “TIA /EIA /IS-95 Mobile Station-
Base Station Compatibility Standard for Dual-Mode Wideband Spread
Spectrum Cellular System”, hereinafter referred to as the IS-95 standard. The
CDMA system allows for voice and data communications between users over a
20 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 REPEATERS”, and U.S. Patent No.
5,103,459, entitled “SYSTEM AND METHOD FOR GENERATING
25 WAVEFORMS IN A CDMA CELLULAR TELEPHONE SYSTEM”, both
assigned to the assignee of the present invention and incorporated by reference
herein.
In a CDMA system, communications between users are conducted
through either one or more Access Networks or via a data network for data
30 applications. An Access Network comprises a plurality of Access Points. In
one embodiment, the data network is the Internet. In another embodiment, the
data network. It would be understood by those skilled in the art that the data
network could be any kind of data network known in the art. A first Access
Terminal may communicate to a second Access Terminal by transmitting data

35 onareverse link to an Access Network or a data network.



Net wor k receives the data and can route the data on the forward link to the
second Access Term nal or can route the data to another Access Network. The
forward Wok2eo®mbers to transm ssion fromthe Access Net woPkTAS0IEF6ACCESS 5
Termnal and the reverse link refers to transm ssion fromthe Access
Terminal to an Access Network. In IS-95 systens, the forward |ink and the
reverse link are allocated separate frequencies. The Access Term nal
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that nmeasure the quality and effectiveness of a dgﬁa 35 conmuni cati on
system are the TheReWEE3t vhugbpnBceesslihirapsmits dats (030 AGEESSWO 02/ 054617

PCT/ USO1/ 5P&4inal is called the forward link transmit power. The forward link transmit
20 power is at a level required for transmitting data over the forward link reliably.
The forward link transmit power is often more than is required for a given

reliable data rate. This overage is called “quantization loss.” Quantization loss
is the quantity of transmit power on the forward link that is beyond that
required for a given reliable data rate and therefore is a lost quantity of transmit
25 power, i.e., is wasted. Quantization loss is a problem because it is excess
transmit power that limits forward link throughput efficiency and throughput.

- Excess transmit power of an Access Point causes interference for Access
Terminals being served by adjacent Access Points. This interference causes the
Access Terminal being served by the Access Point to observe a lower C/I and

30 consequently have a lower data rate. Thus, throughput is limited.

Decreasing the quantization loss would result in a gain in forward link
throughput efficiency and throughput. Therefore, a system and method that
decreases the loss due to excess transmit power is desired.

The parameters that measure the quality and effectiveness of a data

35 communication system are the transmission delay required for transferring a



3 data packet and the average throughput rate of the system Transm ssion
del ay does not have the sane inpact in data conmunication as it does for
voi ce covonmoats on, but it is an inportant netric for npapUSIVRYcdiihe
quality of the data conmunication system The average throughput rate is a
measure of the 5 efficiency of the data transm ssion capability of the
conmmuni cation system \Wen an Access Terminal is in an

interfer en@@l—a|paﬁkéteﬂ1d feadveddige thréughpiit @ate cfeihle éy@tﬂﬁﬁlaﬂ“yans&ﬂﬁs‘s‘léﬁ@%&@/
Ter m nal c&ﬁ) recﬁ'@ il ot s| ghal s rom mul t| Access Points, which
i nterfere YPEHURRVEt %Fals‘fe@’ﬁ‘ﬁac? R fema R §h%raﬁt‘t RstIOr ¥01C8er vi ng t he

Access Ter fihuniGREOBUENL ¥n iiRriEht nehBeryeBrtfien g eay 1 fer i nal

is lower on the cell 6oundar when the Access Ter m nal |s not on
cel | bounddaty. conynemceegmsystteﬁe %hce%@agetlwpﬁghpnasatals DMIASYES Qfcddrer at e and

a owey datichith B AR MNER LSRR S5 SbiREY OF i) cnimiflcaibndyCghl boundary.

The served rate’is the rat cess 0| nt sche S the Access
Term nal for sWﬂwncfm ATtuss datraina tigin an inierferenee-dimindd kiratibe, IAc,cmss Poi nt

sends forwa t he. A cess Term.pal . From a senvi poi nt of
Vrow assiiiRpdAsaeA Gk Tiat S Gl P iR Bl BEIEPRS, PY " e
Acc es s Ter At¢esb Poirltgtwhich interfere evith Hewpidietrsygiaaldrorgehe theﬁd?oiﬁdt}mlt ower
(i.e., higher, tr%nsm SSI n del Ey‘l):rpand at .a tigo datac{jl g} e., average
¢ hi oughput & 5ing) e fasers Lesungh GoRaauen i el By Hq AsisShoundary
A systm ansmimhhddoivlabniRé VeIt BSURRAS haArwhémtie Reddsd Tefrhirlal Enotastd

qui ckly services those users, is desired. SUMWARY 25 The descri bed

embodi ment&cell bowndaryt & @ Eesy Itz {he Agcash d erming dhas glowep poved 3k 2ont r ol
inaco m@%tda?a{‘raﬁ¥ $h&TWHeR tABAREREFrmifaBiHo? Bhalll f qhef or vard

power control includes an Access Termnal initiated power control. In
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20 boundary. A system and method that services more users in a period of time

and quickly services those users, is desired.
SUMMARY

25 The described embodiments are directed to a system and method for
forward power control in a communication system. In one aspect, a system and
method for forward power control includes an Access Terminal initiated power
control. In another aspect, a system and method for forward power control
includes an Access Point initiated power control.

30 In one aspect, a system and method for Access Terminal initiated power
control includes paging an Access Terminal of a pending data transmission,
selecting an Access Point based on a set of parameters, measuring an excess C/1
of forward link signals from the selected Access Point, sending the excess C/I
measurement to said selected Access Point, and transmitting data from said

35 selected Access Point at a transmit power in accordance with said excess C/1



4 nmeasurenent. In another aspect, a systemand nmethod for Access Term nal
initiated forward power control includes sending a data request nessage
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embodi ment 4, X0 02/Irq 29 tHer ggéctgsg %{ls“:fgr?ﬁa%ld method for Access Point initiated
power control includes biasing a schedule of a transmission of data from the
Access Terminal based on the ratio of requested data rate to average served
rate.

20 In one aspect, a system and method for Access Point initiated power
control includes transmitting data from said selected Access Point at a
randomly varying transmit power in accordance with said data request
message. In another aspect, a system and method for Access Point initiated
power control includes transmitting data from said selected Access Point at a

25 transmit power in synchronism with neighboring Access Points in accordance

with said data request message.
BRIEF DESCRIPTION OF THE DRAWINGS

30 FIG. 1 is a diagram of a data communication system in an embodiment
comprising a plurality of cells, a plurality of Access Points and a plurality of
Access Terminals.

FIG. 2 is a block diagram of subsystems of a data communication system

of an embodiment;



FI GS. 3A-3B are bl ock diagrans of one forward |link architecture of an
enbodinment; FIG 4A is the forward link slot structure of an enbodi nent;

FI G 4B iveobvhesseonposi t e wavef orm of the power control cherenekol/s0641FI G 5
(6) is a block diagram of one reverse link architecture of an enbodi nent;
and FIG 6 (10) is a diagramof the cunulative distribution function (CDF)
of the CI distribution in a typical hﬁaxagonal cellular layout. 10
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Access Points |In this specification, Access Point refers to the hardware

wi th whi crerbedimeitess Terminal's comuni cate. An Access Point is al so
referred to as gBaass the forbRirdahid dbsars@ltedr hrgmbstahbAp transceivers or
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with at | edtC AnswibaeRs iBel fipical hekagbral cellmtdnipgauiton. CDVA Access

Term nal s are capable of conmunicating with multiple Access Points

si mul t aneously during soft 25 handoff. Soft handoff is the process of
establjpshing a || pyepikii FDNO¥SCRIPTIGN OF 1918 PREFERRED! he |1 nk with
t he previous Access Point. Soft zes the probability of
dropped calls. The nethod and s 1 ding a communi cation with an

Access Term pal through nor han gne . Access Point during the soft handoff
process ar]r:‘gF%eéF §§'Ei‘%i‘ﬂsl3.“§.‘&?9§t9§ﬁf’“ﬁ8. 30 5,267,261, entitled "MOBILE

ASSI STED SOFT %Nﬁg{?re'gis}kﬁiMeee%bb%h@@fﬁ?@é%d%ﬁlE@{h{r' 3H gled to
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PCT/ US01/ 58f%lcce$s Terminal is referred to as a Mobile Station (also called mobiles,

subscriber units, remote station, or user equipment) in some applications. 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

20  sector of a CDMA system has the attributes of a cell, the teachings described in
terms of cells are readily extended to sectors.

The Access Terminal communicates with at least one Access Point
during a communication. CDMA Access Terminals are capable of
communicating with multiple Access Points simultaneously during soft

25 handoff. Soft handoff is the process of establishing a link with a new Access
Point before breaking the link with the previous Access Point. Soft handoff
minimizes the probability of dropped calls. The method and system for
providing a communication with an Access Terminal through more than one
Access Point during the soft handoff process are disclosed in U.S. Patent No.

30 5,267,261, entitled “MOBILE ASSISTED SOFT HANDOFF IN A CDMA
CELLULAR TELEPHONE SYSTEM,” assigned to the assignee of the present
invention and incorporated by reference herein. Softer handoff is the process
whereby the communication occurs over multiple sectors, which are serviced

by the same Access Point. The process of softer handoff is described in detail in



copending U S. Patent Application Serial No. 08/763,498, entitled "METHOD
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directional Access Point antennas, r* propagation law, and shadowing process
20  with 8 dB standard deviation is shown in FIG. 6.

The obtained C/I distribution can only be achieved if, at any instant in
time and at any location, the Access Terminal is served by the best Access Point
which is defined as that achieving the largest C/I value, regardless of the
physical distance to each Access Point. Because of the random nature of the

25 pathloss as described above, the signal with the largest C/I value can be one,
which is other than the minimum physical distance from the Access Terminal.
In contrast, if an Access Terminal was to communicate only via the Access
Point of minimum distance, the C/I can be substantially degraded. Itis
therefore beneficial for Access Terminals to communicate to and from the best

30 serving Access Point 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. 6, is limited to approximately 1:56 or 15

dB. It is therefore possible for a CDMA Access Point to serve Access Terminals



with information bit rates that can vary by as nuch as a factor of 56,

since the following relationship holds : Ro - W(C I) (1) (Eb I1~), 5
where Rowepreserts the information rate to a particul ar PCT®S&/sDes1mi nal , W
is the total bandw dth occupied by the spread spectrumsignal, and Eb/Io
is the energy per bit over interference density required to achieve a
given level of performance. For instante, if the spread spectrum signal

occupi es  awhaniglbrehdticiObiVr@fes that 288 vdiriz bga@ rheth abh €aoNBLEY, eitice BRe r €qUi I €S
an aver age Ef)/l,o equal ¢ dB, then an Access Term nal, which achieves a

0o 3
c/1 val ue filloyigg relstiopghipdaglds Access Point can conmunicate at a data rate
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(e.g. the forward |ink pilot signal séwgt every tinme slot nd selects the

best AccesstlPshandugivey the paranetepsnbiesiibns Adgpsscherainakismybiesktond
02/054617 5%;% /irgé%?%;em% 58 REERAP A BRL RN AUScal dnlfBRAMLVETRAS. The

met hod and apparatu
15  of -7 dB, reliable communication can not be supported at a rate greater than

122.88 Kbps. A communication system designed to optimize the average

throughput will therefore attempt to serve each remote user from the best
serving Access Point and at the highest data rate R},, which the remote user can

reliably support. A data communication system that exploits the C/I values to
20 improve the data throughput from the CDMA Access Points to the Access
Terminals is desired.

In one embodiment, each Access Terminal communicates with one or
more Access Points and monitors the control channels for the duration of the
communication with the Access Points. The control channels can be used by

25  the Access Points to transmit small amounts of data, paging messages
addressed to a specific Access Terminal, and broadcast messages to all Access
Terminals. The paging message informs the Access Terminal that the Access
Point has a large amount of data to transmit to the Access Terminal.

Upon receipt of the paging messages from one or more Access Points,

30 the Access Terminal measures the signal—to-noise-and-interferenée ratio (C/I)
of the forward link signals (e.g. the forward link pilot signals) at every time slot

and selects the best Access Point using a set of parameters, which can comprise



sel ecting the best Access Point using a set of paraneters is disclosed in
U.S. Patent Application No. 08/ 963,386 entitled "METHOD AND APPARATUS FOR
H GH RATBV@®ALKEGITTRANSM SSI ON, " fil ed Novenber 3,1997, 5 pervsoumbit

i ncorporated by reference. At every tinme slot, the Access Term nal
transmts to the selected Access Point_on a dedicated data request (DRC)
channel a request for transm ssion at & he hi ghest data rate, which the

neasur ed Ghle prageriteindaireyi DT theastitemenes) URsd medtiod aké apphfgnefdr for ms.
I n one enbo?inpnt

he request  indicates the 10 requested dat te. In one
enbodi mentseleqing tbglpest Arcesa Fainiising hast ofRaremelas 1 § ogeEted dat a
rate. In alﬂz%ﬂﬁkﬁg:ﬁ?&’t%m. 087963, 388E4itled ‘MBTHOBANDAPPARABOLE of data
rates, thereby indicated the reguested data rate. In yet another

enbodi ment FORHBIGHRATE FAGKEZ TERANSMIGHEON, yfited Nawemnbends 9Wi nk, which in
turn i s as ' in order to determ ne the data rate.
15 The%selé%ﬁ@glg&gggﬁgéﬁfﬁ?Fgﬁgﬁcﬁ data, in data packets, at a data
rate not exceediegeryitendalta, thetfcoescBervmidal transimite té\thessdected Micneds on t he

DRC ch .. B A f Poi ) i

stot, - mreiveaherd SHE foler PR ORCE BnaEF Sfurt kPl BiSot el Access
Ter m nal siledtdgRedt datdese, whirkshe RataRtirabOdl dat esliabdy s@PperenThei cati on
based on the procedu 6

e scribed in U S. Patent No , 151,502, issued
Novenber sHEauBdgen take ALTaaRt RERSON ABE e T SRR R o T
HANDOHD | N-efuééiRBldasSr {tMH O LAhbOM mentHe¥equébdtlie 8 nidibid! thaPhdl@ds

assigned to the assi %gee of the present _invention and incorporated by

ref er ence Werefnestedh dgkeraterhbranather emhadpnenie thaskeqpgstis apandeeind@ded t o
the activ Gy Tepnm Hef | B ' | is
above a pretggg% %f&rﬁtélgﬁte?ddgf%e, elglﬁgqagﬁi atnc? rgéggsgg%%%ﬁdoﬁgt he&g:atr_iﬁi&g&?et if the
pi | ot si grethbpdimentotheareguestandroatasdhe qualityt of theotwiard kink,ambichdn

enbodi nent N t Cti t..,f the
addi t1 onal "Ehds BRI RCACGANpRRCARRteS'8 AT E BB s L1y
signal)s and 30 ThesedededAwésst PaintrapsisitPdaty, $n dateepahketsn at hdatectate e set

exceeds a redet er m ne hr eshol d. Access Poipt having,.tr itted

energy ¢ trqng. nﬁr’iﬁ? ﬁg%ﬁ;’?&%ﬁ%@ﬁied ﬁ%‘ﬁ‘ﬁf‘e&ccf:ﬁeﬁntr&lgﬁi ?lg&ﬁ @Bgm energy at

t he Accesschal@ielll Batransmigingafioiecthe bebhiRc@ss Poitstevetytigesl@pbodi ment, the

Access Term nal sgtﬂ[lans t the data rate guests. . 35 on the DRC channel in
t

a manner sRPrOvEdthERHghRU @nsdransmigsign P& achiaxedo2/ 054617
PCT/ US01/ 50641 The Access Terminal selects the best Access Point candidates for

20 communication based on the procedure described in U.S. Patent No. 6,151,502,
issued November 21, 2000, entitled "METHOD AND APPARATUS FOR
PERFORMING SOFT HANDOFF IN A WIRELESS COMMUNICATION
SYSTEM", filed January 29, 1997, assigned to the assignee of the present
invention and incorporated by reference herein. In one embodiment, the

25  Access Point can be added to the active set of the Access Terminal if the
received pilot signal is above a predetermined add threshold and dropped from
the active set if the pilot signal is below a predetermined drop threshold. In
another embodiment, the Access Point can be added to the active set if the
additional energy of the Access Point (e.g. as measured by the pilot signal) and

30  the energy of the Access Points already in the active set exceeds a
predetermined threshold. An Access Point having transmitted energy
comprising an insubstantial amount of the total received energy at the Access
Terminal is not added to the active set.

In one embodiment, the Access Terminals transmit the data rate requests

35  on the DRC channel in a manner such that only the selected Access Point



9 anong the Access Points in conmunication with the Access Termnal is able
to distinguish the DRC nessages, therefore assuring that the forward |ink
transm ssvon2/etd6eny given tine slot is fromthe sel ected PcT@sel/Meiint. | n
one enbodi nent, each Access Point in comunication with the Access
Terminal is 5 assigned a uni que Wal sh code. The Access Term nal covers the
DRC nessage w th the Wal sh code corres%ondi ng to the sel ected Access

Point. It ¥@uhd the AeRPihRAH BnrhharatisKivitiethd Actdis T@fﬁuﬁélag allehgr codes
can be used to covei} t he DRC nessage I n one enbodi pent, non- Wl sh code
§

or t hogonal dis§aguish the LIRC maessagesy thereloprassisngdias the tprpard %r dance with
one enbodi FRALmisERIVER rﬂ %{}Fn @?ﬁ@slbf f%q%stﬁb @Qlect%ﬁcﬂéc%sé PBRtORLoAECESS

Poi nt to one Access Ter ajsee near maxi mum data rate
that can bembogioentedadhyAceass @mtanaonununbcﬁdonmﬂwsa éﬁceSSﬁE@m@rrsaé 1$| nk

dat : .

ot 2 CoUALGAOD SRR LI AGeessn oL 1 OO ol e,

transm ssi withi mecWalshlcbdd corresptradingtie thewselBeted Acsespsa]?dmtl hrve«zulclr’aeo dat a
ket tted

DRSS, RSt P RRERE AR SLEDEELAL Behe 00 IRy

transm ssi DRQ MedstigedCeste errdodimaht, awtvneWalsh tddeornugosicoda: 19/\zu§eh1 t he
Access Point. Initi 1%ltl?&y the Access Term nal establishes conmunication with
an Access OX9VEbihg RS E5Pedet er m ned access procedure. In this

connecfed st at ejn JRBrdMce8vith HAE BhiIdifRAt [TBARAMElIAR UAtARENGAREIR Messages
fromthe Access Point, and is able to transmt data and control messages

to the Acceesirpfom ongphecessfusktorenadaeass Thamingg fsaedilG. i hat erareasthe | i nk
for trans ”}rﬁ%xﬁﬂa daQTaid Wat AaFBS §uﬁ§6ﬂ%& gb:r%h% v MR S6d 1R s RfshﬁnAcceSS

Term nal . e actlive set contalns Access Points |
comuni cat Reversg tink tdada mgggua’«émnm occgpdrin jonglAgeess TermingbtsseneTer ni nal

neasures tfig, Shonal B e nonse ANIAAL P! HSAES R dark Pltelror Rl 1 v d

l'ink pilot Trom CCess e active se as recelive
AccesslboTer transthissioh it llesdriteel inadetpil betovei Dasd 1S|paraboned mtprcmﬂmpackats;ed add

t hreshol d or , bel redet er m ned dr t hreshol d, the Ac ss Term nal
reports thid Weﬁcﬁ\rﬁé‘?ﬁg_ﬁ‘gﬁ%%&?mﬁ’d MR OTHeEE JAgRS e i%r iﬁ@ss P0| nt
direct theAfes@semeiady, ﬂeéA&@sgﬁdnﬁrcaﬁal@tcedhtaetrmgloﬁ%rah HAcdegs or from
its active set, respectlvely I f there bs ng data to send, the Access

Ter ni nal r Ceraningl, vphigh isyforaputndcationwithdhe Mracassd2oint- ansmi ssi on of dat a
rate informati ogifQly ke ACEE&SSTPRIIAAIS ablishes communication with an Access

20  Point using a predetermined access procedure. In this connected state, the
Access Terminal can receive data and control messages from the Access Point,
and is able to transmit data and control messages to the Access Point. The
Access Terminal then monitors the forward link for transmissions from the
Access Points in the active set of the Access Terminal. The active set contains a

25  list of Access Points in communication with the Access Terminal. Specifically,
the Access Terminal measures the signal-to-noise-and-interference ratio (C/I)
of the forward link pilot from the Access Points in the active set, as received at
the Access Terminal. If the received pilot signal is above a predetermined add
threshold or below a predetermined drop threshold, the Access Terminal

30 reports this to the Access Point. Subsequent messages from the Access Point
direct the Access Terminal to add or delete the Access Point(s) to or from its
active set, respectively.

If there is no data to send, the Access Terminal returns to dormant state
and discontinues transmission of data rate information to the Access Point(s).

35 While the Access Terminal is in the dormant state, the Access Terminal



35 Wiile the Access Terminal is in the dormant state, the Access Term nal
WO 02/ 054617 PCT/ US01/ 50641 10 nonitors the control channel from one or
nore Accee@oRai4nt’s in the active set for pagi ng nessagespCt/iisStite®sda i s data
to be transmtted to the Access Termnal, the data is sent by a central
controller wwthin the Access Termnal tgQ all Access Points in the 5 active
set and stored in a queue at each Acce%@ Poi nt. A pagi ng nessage is then

sent by ongoditofPilR RS Shighd)fforh @nklte MekeAscelsPBIMaIn tHe ddigersespect i ve
control channels. The Access Point may transmt all such pagi ng nessages at

the sane tiOFPagHIRHRESASRET al Access Points in order to ensure reception
even when the,ﬁ?ﬁ&%@ﬁgfﬁ%@ trafsriiMedli tRE ARREVCERARGE $1Re EXant SentThe

Access 10 Term na ul ates and decodes the si ginal S On one or nore
control chianaeestrak contendlerr veithinghp dgicess Tarsyagkl. alUpocesa Eoints imythehe pagi ng
nmessages, f e sl I t 1 SSi I | et ed,
the Acdessaiehae Sibrbd FEa e & Ales PPUR o BB ERIRE T B e
Access Poi suns biyroriehmr raotd AecesePpirets to deeAvads dermirel bh thecegrectiee mi nal . The

C/1 of the for d link.signhals can. be qbtai ned,b nmeasuring the

respect i vecodﬁﬁﬁ?f‘%{‘ﬁﬂﬁ gf‘e%ﬂge JE(EEEH‘FE&H?W%PH%CEQaw%W 8epakt Access
Poi nt basegheGant t9@le aRfos8 LRI AlcBess Tagnts&h o@ﬁerpt@réi@ﬁf@fe&e?ﬁﬁn e¢@mpri se the
present and_ previous C_ neasurenen S‘hgﬁnd the bit-error-rate or

packet - er r Whepahe Accessdresminaldg syts BiAGesRAINEy | The fAscesg| ect ed

based 0 Oferdhigial AEQ@ALLAHES ari® ASESRIXRAE sig:ﬁlaﬁs_ A 688 or FRSrEicBatrol 88hnels
identifies the best Access Point and transmts to the sel ected Access

Poi nt a datodereiyjadle pagingagessage®erei nafter referred to as the DRC nessage)

on the data re : ' r channel ).
I n one enbodi rreqtrﬂl‘? ,%tcﬁeg&%%g thﬁgs%gg H%g%aggis,nagfcﬁ%%ggggﬁ Selgpgrél?a%gre ate. In
anot her entaditrensmissibe iDRENpRterbibadecesskaaiminalameanidies the GAl of thehe

quality of_.the rward i pk _chan e e : itself, the
Bt er s or - ok@ra Bkignaih Bt IR RECes) ol in B Hve RS bR A BBT e 1 ng
to thelX i gAcess Tetkinal. ThpEAa ke fornamtlitiicsighale cay beebtaihe@Byone
enbodi nent, whi ch conprises nmultiple,cells,2a - . .Each cell 2 js serviced
by a corr e’?ﬁﬁ?’r&?%ﬁ)ﬁ’c éE%CtP’(ﬁ _Ot EM?‘%%A,&E?égégW%itHﬁf‘ §e18?tﬁrdée di sper sed
t hr oughout bR @dadsTP SRNPALRUGH 4 96t STl @iMetdrdCIThe beAIGRISMERSTtaRl S 6
comuni cates with at nost one Access Point 4 on the forward |link at each
time comprise the present and previous C/I measurements and the bit-error-rate or

packet-error-rate. In one embodiment, the best Access Point is selected based

20  on the largest C/I measurement. The Access Terminal then identifies the best

Access Point and transmits to the selected Access Point a data request message

(hereinafter referred to as the DRC message) on the data request channel

(hereinafter referred to as the DRC channel). In one embodiment, the DRC

message contains the requested data rate. In another embodiment, the DRC

25 message contains an indication of the quality of the forward link channel (e.g.,

the C/I measurement itself, the bit-error-rate, or the packet-error-rate).

II. System Description

Referring to the figures, FIG. 1 represents a communication system of
30  one embodiment, which comprises multiple cells 2a - 2g. Each cell 2 is serviced
by a corresponding Access Point 4. Various Access Terminals 6 are dispersed
throughout the data communication system. Each of Access Terminals 6
communicates with at most one Access Point 4 on the forward link at each time

slot but can be in communication with one or more Access Points 4 on the



sl ot but can be in comunication with one or nore Access Points 4 on the WD
02/ 054617 PCT/US01/50641 11 reverse |ink, depending on whether the Access
Ter m nal v600xoidn17sof t handoff. For exanpl e, Access Poi nt PdBUSOIANNS4T t S dat a
exclusively to Access Term nal 6a, Access Point 4b transmits data
exclusively to Access Term nal 6b, and _ Access Point 4c transmts data
exclusively to Access Term nal 6¢ on tAé forward link at 5 time slot n. In

FIG 1, thevefdellthy,idependiiny dxhﬁrh@fﬂe@%hé Acest Bandndbé & ihrsafdnsifon  from
Access P0|€ 4 to Ac ess Term nal r oken |II’]?WI'[hth

t arro
i ndi cat es YM*amRlgsacEsp FPH&I‘**‘G@IESWJ&% i exgluskeelp te é&C%ﬁsglﬁémm%YLﬁa no data

transm ssi RBcesk PBEHtW@%sxRRS HEtaAexcUL‘Fvélg\{Sm&%eés' T@?nﬁﬁmla‘h@tA@&sés not
shown in FIG 1 fo i mpl i ci FI 1, each Access Point 4

transmts Brinhde tra@ﬁ@utAci?é@ ngitF@Vﬁ]IYrté?IA‘Bfeaf’e Ta%ylrtjﬂ peanitbeierwarddideat
Term n%l t@me% cﬁq{:' ﬂ\IL'It tlh eﬁolh‘aﬁ%ee\% ﬁ@rar?oﬁ?lélc&%? %@té( raﬁ@l%gs? | v€

t he pilot Signal's from nul ccess oI nts signal is
above a prfedmAcmsaé’dtht@sA(ﬁeds Téunnf@ﬂ;GTéfbmi@h lthecwith thequem t hat Access

Point 4 be t.he a of Acces m_nal . Q. cess Tern nal
6 can rec %‘affé‘éﬁ clts%%ﬂaslfe"lr%ﬁfﬁeé}’@g foéﬁlgfr%%&t ‘f menmber (s)
of the actﬂrmmﬁbmnﬁxﬁbh@ﬂltcébsd@ﬁmIThaﬁéveQSGIIillgktmmwh@mmyﬁterm of one

enbodi nent .i s ﬁf@ g) FIG ., 2. Access Point controller 10 interfaces wth
packet net%kk?r‘%n“?‘ rk Eélr?EhCIﬁSTN 30, and all Access Points 4 in the data

comunigcat i on 2R SHEWAByY PItt Y, B4tdh A6&RS Politti Mradsrhits JARMWD drie Abdess 2 for
sinplicity). Access Point controller 10 _coordinhates the conmuni catjon

bet ween ActrsRIngké af aRY S1ven momeat. Ageessdemmimale & especlyttbasalogatedner
users con %?ﬁceﬁloocﬁﬁ%? %ﬂé@%%e tl'\é‘%ﬁ{)ﬂ( Qgﬁalg‘fr(ﬁ’ﬂ% PN% %chs@q”y\ht%o

I nterfaces w users thtfou e stanhdard” tel ephone (not shown in
FIG 2). 2% Wdhepdoprsignal is V@angedqtermm@thﬂgsl‘médyAg@sea“ﬂmur@llércent s 14,

al though %ﬁéstotpgt A%cé?s? thpbé: L &ded tcg B{e a?dtfwls'ef:bf che(s)g GerfilRileor el ement

14 is assig e conmuni cati on betwe ne or nore Access
Poi nt s1%4 aAdcess & errAnce ﬁsaﬁeremmadafa tramsmmbmfwmeztewmne, b4 tlha®r madrebeen

The nocd (B pEEeARLHEAE e ol 6. "Cal | contr ol processer 16 then
processor 16 then
directs Access Rdjlotk diagapalasthetags the HRiddullysemdBit ches@tbodingéhtaont ai ns
the data, s“r@ﬁr? 1r|1 I%ICE y bﬁcéersg lqgmttcggtdrohgr 1A6: Interfaces with packet network
interface 24, PSTN 30, and all Access Points 4 in the data communication
20 system (only one Access Point 4 is shown in FIG. 2 for simplicity). Access Point
controller 10 coordinates the communication between Access Terminals 6 in the
data communication system and other users connected to packet network
interface 24 and PSTN 30. PSTN 30 interfaces with users through the standard
telephone network (not shown in FIG. 2).
25 Access Point 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 Access Points 4 and one
Access Terminal 6. If selector element 14 has not been assigned to Access
Terminal 6, Call control processor 16 is informed of the need to page Access
30 Terminal 6. Call control processor 16 then directs Access Point 4 to page Access
Terminal 6.
Data source 20 contains the data, which is to be transmitted to Access
Terminal 6. Data source 20 provides the data to packet network interface 24.
Packet network interface 24 receives the data and routes the data to selector

35 element 14. Selector element 14 sends the data to each Access Point 4 in



Term nal 6. Data source 20 provides the data to packet network interface
24. Packet network interface 24 receives the data and routes the data to
sel ect or o oBb|AENt 14. Sel ector el enent 14 sends the dat BCT@S®Eaw®b41Access
Point 4 in WD 02/ 054617 PCT/US01/50641 12 communication with Access

Term nal 6. Each Access Point 4 maintains data queue 40, which contains
the data to be transnitted to Access Téfninal 6. A data packet refers to a

predet er m e@enafBeiorOWitthaA cesyvlieGhinia$ 6. Eﬁdlep&ae@mommmﬂnﬁmsadatat e. In
one enbodi nent, on the forwarcigl nk the data pa(;&[C i.s formatted with
ot her contddeueifl wiigh sgniainst RE aé@nswtta%ﬁ% TP occurs over

mul tiple Wal sh ghafg |a§kettr@f°er§&539 ?&i&%ﬁkd‘aﬁno@ﬁmddtﬁ)'&m ijsnto parall el
streans, with each streamtransmtted over one channel . The data is

sent in dainslependentoffthe datmrate.glreore ﬂmbpdlléﬁlahﬁélthélf@m hri()tfwzdatﬁior each
dat a packe | l1¢ ghigl ds. The
dat a gkel{)ac contrg{‘rl ?‘!eglqgﬂh ?ﬁeanééﬁg{?ggﬁar&gdgg %ﬁde{:{&m(fﬂ e ail bits
conpri se atransrrmsstoetchacd(e‘tIer IﬁhbtrpieIWellshnrhannels, mhencederbp&&e(bma or nore
formatted ack i,nter Qr._reo wi thin the
encoded: paueap TPIRRRE Nt r i el SR B Teah Fp S R oot

scranbl i ngV\Zla‘is}SdﬁaiﬁﬁG;e covered with Wal sh covers, and spread with the | ong

PN code and ort. PNl an codes e sprea a i s quadrature
modul ated, i | fud ate ig sgnt atw@ek%?r&ne Ff*s%weef" RHEECRIE 44 The

forvargh | | gk F&i GHeRlddts hél@éi%ﬂahh@ﬂel@ﬁ%thh%s’&lrfs thBmebesaBécRitil 46 on
forward |ink 50. At Access Ter m nal the forward |ink S|gnal IS recel ved

by ant ennafiglds. Sthexdatamsgkeld coniral f#‘ﬂéél frape ghedk sequepsre bidpr@ngxo
recei ver fpi E‘drﬁpn@é@ 'fblfrhﬁtz d QH?eqr @Mﬁﬁeﬂ@l@%ﬂl @i ‘ﬁ%an @r&%d@éléﬂé bges the

signal . The di I zed provi ded to denodul at or (DEMOD) 64 where
it is despreael twmattq pad mnteﬂ@a;/@ddr rmdgmme anb@lﬁmlmq thedes,

decover ed Vel

scranbl i ngéﬁd%éeqﬁteiﬁ% léﬂ?he %(Q t%(ﬁ%? ?ﬁgvﬁﬁjﬁgaf%qgé&g?}y\}%%‘eﬁhﬁg eco ﬁ% 66

whi ch er fmqmntds}eeowanedrwethddvaishe:oweg;nahd[spom‘swnnhgheﬂmgl’l\bcm:lwbncb at
Access Point 4, specifically the de-interl eaving, decoding, and frane
check functhecahgrt panié e dodest éfhesspge@ida@dlsmladaat@zr@nmdmedme

har dwar e, scri.bed ove, supports tr Si.0 at a, sagl ng,
voi ce. Vi SO RGP Ao ARG LS 0AoR RE it dr b feietrgd e syt em

control anﬁgﬁﬂh@@f&ﬂsﬂﬁtt&& Rkt BSaif Hro@hartaiiR] 4668 foryard link 50.
At Access Terminal 6, the forward link signal is received by antenna 60
20 and routed to a receiver within front end 62. The receiver filters, amplifies,
quadrature demodulates, and quantizes the signal. The digitized signal is
provided to demodulator (DEMOD) 64 where it is despread with the long PN

code and the short PNj and PNQ codes, decovered with the Walsh covers, and

descrambled with the identical scrambling sequence. The demodulated data is

25 provided to decoder 66 which performs the inverse of the signal processing
functions done at Access Point 4, specifically the de-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.

30 The system control and scheduling functions can be accomplished by
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 Access Point 4. Conversely, for centralized processing, channel



many i npl ementations. The | ocation of channel schedul er 48 is dependent on
whet her a centralized or distributed control/ scheduling processing is

desi red. wooroagkeanpl e, for distributed processing, channebPCruk@dobar 48 can
be I ocated wthin each Access Point 4. Conversely, for centralized
processi ng, channel WO 02/ 054617 PCT/U§31/50641 13 schedul er 48 can be

| ocated within Access Point controller *20 and can be designed to

coor di nat eschb@uida chh degpt£6d ovichiafAdodbd Poine coneeBer Foand Sar{lbe G her
i npl ement ati ons of the abovgﬁ&crl bed funct ns c s“ﬁe co .e %;at ed and
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Term nal s Gy 1éﬂeﬁ§a%n5%¥wwe &éb%rleQtfénWhQ%é&ﬂeWtédf‘ and can
be in communication with zero or one Access Point 4 on the forward I|i nk.
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transmgsssi ons o 0 fg@] &%q{a) chedul er
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4 and rece:ﬂa/tesotrhnuqlstetlensyztemmdcdm bgin thmancmmWIthramtme of data
to transmif to Acc Ter n.on t ul er 48
| ocel voa he'eRe 5T Aton B M Rar Rlinko 4R e sRITREALTEED cnaRRRINELISRPER T 7 1O
data comuicgdinates thySoermmslibpodhta fahanssidns b one s%mgg Roiang nin;ene)ns on
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data or é W?r&n%}m@?f 8%‘6613‘1 ?%Eeffﬁéo 3 agpue %@g‘géj a’i‘%e encoder 72.
Cont r gjg e_relzﬁneﬁamz hﬂthlﬁpi&mmtuma etV es i qutluetize, whibh & opr ocessor, a
digital signal processing (DSP) chip, or an ASI lprogran’med to performthe

function afdirasiveiosdbe paosimy of data te transmaik#R dicsesstleraipdldaroneencodes t he

message COolRhShHN t%ﬁa{}u{épgche@mwel%g e %@ﬁ!egga%egl%h%@@t
described 1nt or enentioned U S Pat ent No 773. Encoder 72 then

gener at es "Esrdruapbeﬁqu a set of CRC b| ts, appends a set of code tail bits,
cncodes e Sau oY ARRANIEH, i dw Rl SROIGE L0 ALl 1
Modul atibor héssage timmsimipdienson e revegnmiynlerrbbduneﬁcncsss Terrmmxal 6,embodi rrent
(o2 F1S e e AT LSRR 00 Bk verad A W B0 GO0 g o
spread datmebsaigpheheedlert72. aCdriteslieri T6t@h B itiplBrriehesnt irenghibcortheller,
transmtter
a microprocessor, a digital signal processing (DSP) chip, or an ASIC
. programmed to perform the function as described herein.
20 In one embodiment, encoder 72 encodes the message consistent with the
Blank and Burst signaling data format described in the aforementioned U.S.
Patent No. 5,504,773. Encoder 72 then generates and 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 interleaved data is
25 provided to modulator (MOD) 74.
Modulator 74 can be implemented in many embodiments. In one
embodiment (see FIG. 5), 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. The transmitter
30 modulates, filters, amplifies, and transmits the reverse link signal over the air,
through antenna 46, on reverse link 52.
In one embodiment, Access Terminal 6 spreads the reverse link data in
accordance with a long PN code. Each reverse link channel is defined in
accordance with the temporal offset of a common long PN sequence. At two

35 differing offsets the resulting modulation sequences are uncorrelated. The



30 nodul ates, filters, anplifies, and transmts the reverse |ink signal
over the air, through antenna 46, on reverse link 52. In one enbodi nent,
Access Tavoomeddsey spreads the reverse link data in accorBanosomiotdt a | ong
PN code. Each reverse link channel is defined in accordance with the
tenporal offset of a common | ong PN sequence At two 35 differing offsets
the resul ti ng nodul ati on sequences are incorrel ated. The WD 02/ 054617
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accordance w uni q nuneri ca ldenti 1l c 1.on O C ,
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transmts on one uncorrel ated reverse Iink annel determned in
accor danceThis leagh gcmasdieerrem@lcﬁmmmltsénuoaﬂe ‘«mﬂ@b@latEdA@Vﬂéﬁbbgk Poi nt 4,

Lh . RF t
ah re S e e EBted i J EPRARE o ARG ScaBc BEAIMERRELS T Al
and provides that AlcgeSSlemit sitheadverse hﬂn]amgemlal sl nemamed by ant@randtednck| enent

42 despreads t tize nal the s and, 10 the | ong
o Codo anamidrd B Bl ufCE, RP AR 4 élﬂ?wmﬁgw EflERsdBebver i ng and

Si |t0t Snd t@ébrt%@hgﬁtal a1|€a1 provatestiendigitizbd sh tthaﬂﬁélSeleﬂlB@t gpenodul at ed
at a eco e e-1nteri ea a _

function. Gh@n%g@b%an%?t %espéeagf ‘g‘ﬁ aléltzsgé% ?@%\ﬁ%@a apgd

sel ecty Edh%rISH%PMco&el@H&Mel@l&ﬁ&mzulﬁscs ?Eﬁf@ﬁn&ﬂ@emﬁw%& message to the

15 appropriate destination. Channel elenent 42 ma alsoforwardaquallty

i ndi cat or deroseringtand piletrang DRG exwictiani Ldhagmnel ﬁlént?@ﬁd?tth@hreﬂ el
recei ved dgfgje Cr)ﬁ@t‘ft?lﬁ&e%&l&%@co%l@@ﬁé Hsnﬁteﬂteg@e ga&s anag); eMidiAls tRAERE I ect

the transm ssi nessage to a speci s Point by the use
of a Wl shcheoldunetivre iThe decadedudity, ¢.getheidatasr nhessages esspropidet to The DRC

ressage Synhols, 866 B Gh UBLNELY (LR UGB D e ML AE, WA SfoCOde.

Si nce each’S 've 'se cce m na

i dentif3 eda;iipr rmm de@ﬂé&jloah ogeel el@zniemtuﬂen hBOtfﬁldN;A@b@Qﬂalﬂgl nt which
performs th |dent|c pe S er,f.orne ces
Torm nal , \CISAPHE SirotetieAnG ke &fﬁgaahvcea#‘%s BBR P etsieed HaGore

message. T}b&k@gcess Poi nt uses the DRC nessage from each Access Term nal

to efficiently transmt forward |ink data at .the _ highest possible rate.
In one embodiment, the Access Terminal can direcfthe transmission of

the DRC message to a specific Access Point by the use of a Walsh code, which
20 uniquely identifies the Access Point. The DRC message symbols are
exclusively ORed (XOR) with the unique Walsh code. Since each Access Point
in the active set of the Access Terminal is identified by a unique Walsh code,
only the selected Access Point which performs the identical XOR operation as
that performed by the Access Terminal, with the correct Walsh code, can
25  correctly decode the DRC message. The Access Point uses the DRC message
from each Access Terminal to efficiently transmit forward link data at the
highest possible rate.
At each time slot, the Access Point can select any of the paged Access
Terminals for data transmission. The Access Point then determines the data
30 rate at which to transmit the data to the selected Access Terminal based on the
most recent value of the DRC message received from the Access Terminal.
Additionally, the Access Point uniquely identifies a transmission to a particular
Access Terminal by using a spreading code, which is unique to that Access
Terminal. In one embodiment, this spreading code is the long pseudo noise
35 (PN) code, which is defined by IS-95 standard.



At each tinme slot, the Access Point can select any of the paged Access
Termnals for data transm ssion. The Access Point then determ nes the data
30 rate avowhosakit o transnit the data to the sel ected AcceewrUT@rishdtal based
on the nost recent value of the DRC nessage received fromthe Access
Terminal. Additionally, the Access Poipnt uniquely identifies a

transm ssion to a particular Access Tégm' nal by using a spreadi ng code,

whi ch is uni queTh®Alcb@k TReEERS, foferichahe dath PatkeestaeinRal recehies ther eadi ng
code is the | ong pseudo noidsgg 35 (PN) code, V\/r]1:J CQ is defined by |IS-95
standar d. Y¥ROMIBAEIoN potdasodesBAiata PaClisle Each data ReckAL AMPTiSgF anhi ch
the data 'f&ltity'éfdaﬂ& 8AHSdIn HRE BMHRiMBAE, atBHtA uhf Wb EsdsQierand decodes
the data packet. Each data packet conprises a plurality of data units. In

one enbodi méonmationibite althougbehifferandslagt yhit sizescan hadednediand argl t hough
differont A U dcopkBPind Abob: SREASH. AREnEEmbBANEAL RalliBaRoGRE LT 1 he
present I nventl on. one e odl nent, eac ata unit 1s assocl ated wth a
sequence nassbenteghdithireseguenssniisber pad she Aeceds| fertronals deatbleytoei t her

m ssed or dcative transm,ssi.ons. |l n such. events, .the Access, Term nals
Cormuni cat EeDHE EHRSrRisEPE B FEpkoaye RS R e Such SRS WA of "the
m ssing daTémntifalssconThanittess theirstersotihkalatetisanni tichsépeacye 10 the data
nmessages fromb'fwhe cess ,Ter(fi nal s, %Ee indiIgate to aliflﬂ‘ Ac{c\e s Paints
conmuni cat VAEPRFS O HNRMRISHRIAAEY MRS AC B8 SRS TRIRLFORFP T SAA PN TR ¥ wer e
not rgrei 4R ntdiBaAGTRSH thEABBA TerilifaRCHRHSNEREM & dINARCES PoHUke a
retransm ssion of such data units. Each Access Termnal in the data

comuni cat fRmsydeatingcwithdbismasticulas Agcess herminpl whighedata umiisiverediptt he 15
reverse |i . 58% e "p%gl?]- ) PRI ' em supports
sof t handlg%?wgg sot t er %an 0 Paggﬂtl %tc?ees\%erse I.tﬁﬁrfgé?%ﬁg%éeral reasons.
First, softetramamdssion dbsischndatacovitsubiechnddessdeamindpadhe datin t he reverse

link but rather . r iR ] t.athe

i i mum ponginy o Sstd c2f CGREn ARl hpIEAT LS PR ek
reliablly devertke lile lthadree erfeadinent?therdate pbimpmumicatitie systesr sppartsikso$i gnal s
by nore Acces oi nts.i ncre S e reliability of .the trapsm ssjon and
oyt equi Satatbang pate SHRIRAR SR reveres MRk frb vl FEontn Rk S&tbod: ent
the forwarkaiddtkdeapast donsaine diriiélahal daFaaﬁyrbﬁ&h@aeve&y@nﬁmbhsmiﬁbler m ned by
the rate requests of the AcceaZ; Term nals. Additional 25 gains.in the

forward | idlowaficfesess dprpmaiz in Baaimpydala phfednpuaiymg power level such

that at least one of the Access Points can reliably decode the data. Second,

20  reception of the reverse link signals by more Access Points increases the
reliability of the transmission and only requires additional hardware at the
Access Points.

In one embodiment, the forward link capacity of the data transmission
system is determined by the rate requests of the Access Terminals. Additional

25  gains in the forward link capacity can be achieved by using directional
antennas and/or adaptive spatial filters. An exemplary method and apparatus
for providing directional transmissions are disclosed in copending U.S. Patent
No. 5,857,147, issued January 5, 1999, entitled "METHOD AND APPARATUS
FOR DETERMINING THE TRANSMISSION DATA RATE IN A MULTI-USER

30 COMMUNICATION SYSTEM", filed December 20, 1995, and U.S. Patent
Application Serial No. 08/925,521, 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.



antennas and/ or adaptive spatial filters. An exenplary method and apparatus
for providing directional transm ssions are disclosed in copending U S

Pat ent  NeO 0598617, 147, issued January 5,1999, entitled " MTFHOB) AN
APPARATUS FOR DETERM NI NG THE TRANSM SSI ON DATA RATE IN A MULTI - USER 30
COMVUNI CATI ON SYSTEM', fil ed Decenber 20,1995, and U.S. Patent Application
Serial No. 08/925,521, entitled "METHOBOAND APPARATUS FOR PROVI DI NG
ORTHOGONAL - SPOTTBEAVEMbOBErh &S the/da it {x(ekibdidn is sdhleti@tbSeae8TAarBon 1997,

bot h assigned tq t% assi gnee of the present invention and incorporated by
ref erence Her@ality potiopeemasuicabion udo 1 ABEEEmPlary (INBREIEHIBARYHER, t he

data t s Qed - ' i ' i
ata tr ansma} %id@ tl?éit}i‘slgénﬁﬁﬁglro&%?@bééédw ﬂleQH\kyéltE%ﬁ‘ié%s;c%bﬁ% it O£,

conmuni cati on An ex conmuni cation s sel ects the

t r ansni ssi BatenaAg@pbigation Sariahidol 084744320, enfitles 'WIEEHSIRANR U. S.  Pat ent

PROVI DI'NG a@@%@@i] gﬁﬁﬁ L ﬁ@% ", filed

Sept enber IN A CEQEUIaSR IENEIRONMENT" asleddleptembert He 199€ sesignedtetite on and

i ncorporated.by reference herein. The . schedu] i of. the data c ni cation

can be basﬁl%*eégéﬁ? PB‘F?&F‘pubv ngaggﬁtmsﬂ?o%%g&reﬁrgn@)ge@mt ﬁgguuser, t he

queue si zescHel@lihgRe thé ddat @mint@ickBioaraue bﬁs_el_ﬁejhaa)dcﬁﬁbﬁﬁldy experienced,
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and the error rate of the data ransm ssi qn. eratj
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* METHOD ANDrARRABATLSy BlfRad  SRUARE deiMin RAEC SEHERUIOENG dafiop Serial No.
08/ 798,951, filed February” 11, 1997, and U.S. Patent No. 5,923,650, issued

July 13, 19ensmissian: | Erpsesonsigderationarre dpsuaierus detrl REVERSRtGNINK RATE
SCHEDUL I NG, 1 1 ) f @QQFQ' ReEORO the

assi gnee O@pp#&é%@ﬁﬁ?@??%%%&f ?@%ﬂea(%g&/ﬂltgg%(r)y%gbe%%y refer encg herein. In
one enbodi FEORWARRLINKRATESSHEPUIANG', qpetrriad Nd A8d98 A5 bdiled\ccess

Term nal ipitiated, f d c | n-~ANoL o¢li . e 20
data tr ans%bsréﬁagﬁ?}’sﬁgzﬁge urzégd %ﬁé%ng(rjﬁ%’%’%z r‘? ,é;\‘sé) C%g%gﬁllﬂﬁgﬁ 1 g?gt%g%telﬁé@or war d
power tHNt IMETHOD. AN APP ATRATUSHOR RBVERSHIL POKRA TESCGHEDULING,

The use.of idcbtgustatifes SPlh ofurich e Bl e FRueetint Rerrgl

invention and incorporated by reference herein.

In one embodiment, the data transmission is scheduled based on an
Access Terminal initiated forward power control. In another embodiment, the
20 data transmission is scheduled based on an Access Point initiated forward

power control.

III. Access Terminal initiated Power Control

In one embodiment, forward power control is initiated by the Access
25 Terminal. The use of Access Terminal initiated power control reduces forward
link rate quantization loss (a result of there being finite rates on the forward
link).
The Access Terminal reports to the Access Point the excess C/I estimate
for the selected rate. The Access Point then reduces its transmit power by an
30 appropriate amount when serving that Access Terminal.
Excess C/I is a result of there being finite data rates on the forward link.
The excess C/I measurement is the amount of C/I that is beyond that required
to achieve a given performance for a given data rate. The use of the excess C/I

measurement enables the reduction of quantization loss due to forward link



link rate quantization loss (a result of there being finite rates on the
forward 1link). The Access Termnal reports to the Access Point the excess
C/1 esti made2ofor7 t he sel ected rate. The Access Point thePCT/Educ®s41it s
transmt power by an 30 appropriate anmobunt when serving that Access

Term nal . Excess C/I is a result of there being finite data rates on the
forward link. The excess C/| nmeasuremddt is the anount of C/I that is

beyond t hagrahgai gbler Bedn@ehtire (RaistieyaireBI6f 8 GTRACRIRBle datdiryenIdata rate.
The use of the excess | maasurerrent enabl es the reduction of

quant i zat | 9ne eEbedinent $he erores §/ 1 mearsyyenaetas usad toredugsthe trapamit 17
”ansmt g@&ﬁ@ Bﬁ'tngtregm@cﬁa%@l LFad Witd tse &c\é?an{Ph{e%?&x%n@é%t?i rate.

one e ment e excess measurenment is used to reduce the
t r ansnit Jooee embodimpent; did ¢>@esﬂﬁﬁhmea@mmm§u$ used (o raduch helrensmitcy |

measur e to
reduce 1 nePorehdntbe g ower”%ﬁ %ﬂzﬁlféﬁﬁﬁﬁeé%%vﬂ%?#% JFih hepkes
com‘rensuraCa‘Imdabutdmer&xcess rreasurerrent An exenplary definition of

t he supported data rat C t hres e |IIu rated in Table 1.
TABLE 1 < Traf f PO KRR ¢ P‘Bﬁ@ em&w&oﬁﬁ é%’ﬁs 38.4 6.8
153. 6 07. 2th3BdhAd5 sk fluddatedlizZBabde 228 81843. 2 2457. 6 048 1024 1024 1024

1024 1024 1024 1024 048 048 3072 1096 its Packet length 26.67 13.35.67 .33

3.33 1.67 TAﬁEllﬁi'rgffﬁ7Ch§,§m]a&raﬁ1@@§) lots/ 16 1 1 1 1 .5 packet lots/
16 221111 1 TransmssmnThreshoId11597683938060818

3.7 .5 .7 (dB) a'r(-‘- lodex 0.2 3 7 8 9.1 10 10 1t would he ynderstood by
those ski| ||darameteid [date Rates KRpdii f f er ent
38.4 [76.8 [153.6 B07.2 B07.2 |614.4 614.4 [1228.8[1228.8[1843.2 R457.6
0048 1024 (1024 [1024 [1024 [1024 [1024 [1024 R048 P048 p072 K096
bits
[Packet lengthP6.67[13.336.67 B.33 P33 |1.67 [l.67 [1.67 [l.67 (.83 [0.83
(msec)
Slots / 16 B 4 1 D 1 2 1 D 1 0.5
packet
Slots / 16 8 4 D D 1 1 1 1 1 1
[Transmission
Threshold [11.5(9.7 6.8 39 |38 |06 (08 [1.8 PB7 [F5 0.7
(dB)
Rate Index [0 1 D 3 4 5 6 7 3 o 10

10
It would be understood by those skilled in the art that a different
definition of the supported data rates can be contemplated and are within the
scope of the present invention. It would also be understood by those skilled in
the art that the use of any number of supported data rates and other data rates
15  than those listed in Table 1 can be contemplated and is within the scope of the
invention.

Table 1 shows the C/I thresholds required to decode each data rate at a
dpacket
1% packet error rate (PER). PER = #badpac e%goodpackets The forward link

has a limited rate set and the thresholds required to decode a packet

20  successfully 1% of the time for consecutive rates have a gap of as much as



definition of the supported data rates can be contenplated and are within
the scope of the present invention. It would al so be understood by those
skilled iwoorbmeert that the use of any nunmber of supportpdrgsatiasos4t es and
other data rates 15 than those listed in Table 1 can be contenplated and is
within the scope of the invention. Tahle 1 shows the C I thresholds
required to decode each data rate at a 819 packet error rate (PER). PER =

#badpacket 3/7&59@1@&9@116 Adeitfieialprid the estimdtesl @/1 ik gréatar thainethaet and t he
t hreshol ds re d tohd code a ket 1?,0 s(ucce;afull 1% of the tinme for
consecutlv%e Hehighes a('.‘ﬁt QUIL\RAN FOR e F AP I RS 950641 18

3.7dB, for exaan(fSer &simetdemﬂidrﬁdaw éxla@ss&saﬂgm&%“@/rloflaﬁ AFR34 Phinthan t hat
required for the highest rate the Access. Point can reduce its transnmit

pover. O euises ifexfReenceifor Hecasadryninale BEagisearRehPY 2gigRRnt dfcesh Access
Poi nt C%‘“%&ﬂtﬁ%?é@?%{?gﬁc@ reafiS&EHe ARRHN 'P%Jrﬁmlaf‘s'wn géned H%@Q&&‘%e”t

Access 5 Points erence causes the Access erm nal’s being served
by adj acenAcceSsd’@Ststsmlth@'VE@lob@eﬁ/d aad| coneeq@nitlyanayingadewee fotwardavi ng a

| ower for d [ an
Access Poifi f'ﬂfiggﬁ E% ?{\ %mg H%ﬁréé&?‘gtr S%QfgarErA gsn@alflosn? IXeglarlfgcj&:‘fser ved by
adj acent AtedsgerRaentesfor Ad@esee"qumunaksé:&ﬁﬁglgenvled b@dd]ms Weeesstaintsf t he
Access Terpminals. The.10.i sed | nts cess Term nal s
causes an Hk’é? a%r?ﬁlqglg‘er&@gﬁ'@g?‘g&nfe&%\gfﬁlel ?ﬂ?sﬂg?'é“\”:ifse € the Access
Ter m ng) s. intagask T Aafesbucéien RSIHE QRdsST@nih e cAasash iTRfédsBah theray
result in an increase ;{{:,ag effectig served dat a ra%e. . Once ézfe Access
Ha he At s

Terminal rE§sestedipEwa detq rate b the-pecess pgrminals nlhe increasg

transmt poaE R¥ndils BPROREdeRE TeANRIAN m Ei'@s&lf st drb e 1hcéntéfﬁatctlvé‘ccess
Termnal. This ensures that the Access Tefm nal decodes the requested

packet wi t$eryed dpfERte.| n addition, the forward |link interference observed
channel carri esOrnl OrGRETSh ISEu Ape FOUREBIBETC b (R ERR Pl o,
that i15i sredsgaétstteahsinio powien byraa approprm&namouhemhlm trmmgm@tcsﬂnat
COnt 21 15 SR8 JeF i T UTHE g G SR R8Pk el
enbodi ment paddee wirced% FER. leadditiore e igwand/lindddtdrierancd dsserveebbpge on a
separate f %Edggc%lgs Q]?rlr’]ur}\all ’s in neighboring sectors is reduced.
The DRC channel carries information about the requested rate and the
20  sector that it is requested from. In one embodiment, the DRC message also
contains an excess C/I measurement. There are additional bits in the DRC
message codeword to indicate the amount of excess C/I. In another
embodiment, the excess C/I measurement is included in another message on a
separate feedback channel.
25 Once the Access Point receives an indication of the excess C/I from the
Access Terminal, if it chooses to serve that Access Terminal, it reduces its
transmit power by an amount equal to the excess C/I indicated by the Access
Terminal. Transmit power at digital baseband is modified in order to reduce
the Access Point transmit power.
30 In one embodiment, the range of excess C/I is from 0.5dB to 3.5dB.
Assuming 0.5dB steps and 7 levels, 3 bits represents this information. It would
be understood by those skilled in the art that the steps can be any dB increment
and that there can be any number of dB levels and are within the scope of the

present invention.



25 Once the Access Point receives an indication of the excess C1 fromthe
Access Termnal, if it chooses to serve that Access Termnal, it reduces
its tramsonropeer by an anount equal to the excess U | padusar®we4iby t he
Access Termnal. Transmt power at digital baseband is nodified in order
to reduce the Access Point transmt pqﬁgr. 30 I n one enbodi nrent, the range
of excess C/lI is fromO0.5dB to 3. 5dB. sum ng 0.5dB steps and 7 levels, 3

bits reprepeniAvcéds Poinbimitizbéd Powek Conerdld be under st ood by those skilled
in the art that the steps can be any dB increnent and that there can be
any nunber of dB ¢rvenbodimerly fomiardippwérecontapés pérfotmed putasemousiyent i on.
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one enbodi or war ononous at t he
Access PoiB@ntﬁhaathaltf@rwamhpmicontrbb Ehmadcésed’dmmammedémmﬂndess Poi nt

initiat d forward wer control. .The Acces int initiate rward 5 power
Cont r ol5 apBYBELHONEOLERIOG oseed0dn thes hecEmPis RISy Ed ek o " hat
receive a glafpbdeividdtigalmiant affountioeidterfenere. The MeeesBoiRblatiesiagies its

transmt power over tine either randomy or .in synchroni smwth nei ghboring

Access Poi FaRSIH wrém%mwthwa@é@wmor iR SPRIERISHY MHEnReighbering cess
Poi nts var ﬁ@?&ﬁt&?ﬂ‘%éorﬁﬁ%ﬁﬁcdt{brﬁs stdnt i me-synchroni zed fashion. In

anot her e Access Points vary their transmt pomer in random
patterns. In onk& @maembﬂénnentt Al Acgessdipinfsacargtheig tysesnotipewpnin er n such as

a sin id r t he
randolr%f(gat eps%qtgﬁgd%ng%%?alsg e p;%r?; 8341%@5 ?rg a%ﬁ%&%%eg(gﬁﬁ%& y those
skilled i nthehetrmstmnt Ipa)werhn randompaiErner n coembbdimenyt, tHéranidoed of
pattern

) e vari-ation in transpt power. Agcess, Term nals
eneur e dbafemepuriofe Py RitE 2 RaRo il BRBkin OK Bhand BECRREE "
Vﬁ” able Qn ar&ﬁhetaembbgllmaﬁct:/u&&iraMOtﬂl atﬁ@gﬁlsan dﬁiodla_bﬁttémdﬁwdadxﬂ nt uses
the rate reque t varja e n it SC Ul .1 orithns I n one
enmbodi ment D€ HRgerstqmhby t hqsmé@hﬁiewﬁ‘srartﬁ a&the%v%%épa%ﬁbeﬂﬁgbew of the
Accesslfou@hd%q%t{em variation in rate requests to bias its service to

Access Termi nal s when the requested rate of an Access Term nal is higher
than the averafje ageswlbaf thervariptionia trenseais posreri fAggess Terminals measure

a variable C/I. The Access Terminals send an indication of the variable C/I as
a rate request to the Access Point. The Access Point uses the rate request
variable C/I in its scheduling algorithms.

20 In one embodiment, the forward link scheduler, i.e., channel scheduler
48, of the Access Point uses the variation in rate requests to bias its service to
Access Terminals when the requested rate of an Access Terminal is higher than
the average served rate of the Access Terminal.

In one embodiment, the channel scheduler 48 selects for the next data

25 transmission, the Access Terminal I that has the highest ratio of the

instantaneous DRC requested by the Access Terminal to the Average Served

Rate for that Access Terminal:

DRC,(n)/R, (n), where R; (n)=(1-1/tc)*R,(n-1)+(1/tc).
30
R, (n) is the average served rate in slot n-1 to I, and tc is a scheduler time
constant. In one embodiment, tc is 1000 slots. It would be understood by those
skilled in the art that the time constant could be any positive integer greater

than one and depends on the application.



I n one enbodi nent, the channel schedul er 48 selects for the next data 25
transm ssion, the Access Termnal | that has the highest ratio of the

i nst ant ameOUF0PRC r equest ed by the Access Term nal to theréwEsagwdsSer ved
Rate for that Access Termnal: DRC, (n)/R (n), where R
(n)=(1-1/tc)*RL(n-1)+(1l/tc). 30 R1 (né is the average served rate in slot
n-1tol, and tc is a scheduler tine 8nstant. In one enbodi nent, tc is
1000 slots. It waudceheTermainast 00d 1sb1)t1té1hi@&&ce Hkiitddedhen thédceess t hat t he

time constant co posi ti |nte er ter han ne and depends
on the app ?r(%‘tf‘?gﬁqo g?}/@B&Bélr?C %/05‘(9%’ the pte gg%mTer m nal '
adilis 'nté‘dfa@érﬁ'&@ﬂs|lfrﬁhé@I‘@B%@B%tﬁ?&ﬁ%@essf%mﬁmhsh&é%?{r@ﬂ@én or near
cel | |nterse!ct|ons by the interference from adjacent cells. If the CI

observed athet/heceas Tenimmbmiguid obtain @i highenty] relativenan pyrrage Edd domer ni nal
woul d_abt aldind HRLABROE fid tf! A F o & AP RYSADS dielavbRige AABPld acti on of

the tinme a ative to the average remalnder of
the tine. fEmeaiAderebthedime. The ducessdvinhealanletesgbe averagedpiltfrem theural ity

of Cls it _receiv ccess_ Ter.m nal The A nal

observe b RIEREY s JeERES BofR ATe08 fremingls HerReetad Thdhds it
schedul er. obs@H?@ﬁ higladrahan aaerage CHnse detietiled byahe Auccess@aiat scheduler.

transm ssi %%d are 10 within the éhﬁfsgﬁ ofdthe%}?sent i nvention. In the
embodi nent Ot ftops ¢an b fonsidergdns H&dalp AT oNgAgs fMEAFE transmit
power M aW%mﬂ{@gHop@@ffﬂa@ﬁf&@ntﬁ\\lvbnﬁ@ﬁt ors of an Access Point are power
controlled such that "the tine that the maxi num power occurs depends on the

Access Point's bohesmbiodimentimwiigh all of therpcgess Poants appghanging tyeir Cos(2 *
n*t /T ﬁ er} cﬁmerpﬂa‘s?n{cﬂf‘orﬁﬁ@&%%hfdﬂ Al s@@ﬂ@r@@f ath ARBSIHHoiREYRr; O is

t he Azi nmut he time to scan 360(1 to 2 seconds); and a=
peak, Vari Iatvwencti)rltr@mswhlth@bﬂlﬁjlgne thal thermaaxinmumi powerasyrsTéepanss| s at

or near : o fhens
gtatl onagy&éwgﬁé‘{%%ﬂﬁ?ﬁﬁgﬁ%&%’b%ﬁa&g@ varying even i ey are
P(t) = P,(dBm) +9(dB)* Cos(2*m *t /T —0)

where,

P, is the Access Point nominal transmit power;

0 is the Azimuth angle;

20 T is the time to scan 360° (1 to 2 seconds); and

9= peak, Variation in Pmax = 1 to 4dB.

This results in Access Terminals at (or near) a handoff boundary having

a time varying C/I even if they are stationary and their maximum C/I would

25  be better than their average C/I, by 9 dB. When an Access Point increases its
power in the direction of an Access Terminal, the other Access Points around
the Access Terminal are decreasing their transmit power. The time period for
the power variation is such that it is within a forward link scheduler time-
constant. The synchronized approach can be viewed as a process, which

30 dynamically moves the handoff boundary perceived by fixed users, i.e, Access
Terminals.

In another embodiment, all Access Points vary their transmit power in
random patterns. Access Points vary power randomly i.e. in an uncoordinated

fashion.



25 be better than their average C/I, by a dB. Wien an Access Point
increases its power in the direction of an Access Term nal, the other
Access Pavabzoaasound the Access Termi nal are decreasi ng POBRUSIIB4ISTI t
power. The time period for the power variation is such that it is within a
forward |ink scheduler time- constant. The synchroni zed approach can be
viewed as a process, which 30 dynam calzlly noves t he handof f boundary

perceived by fikeeshdie@bsdirnes, tdaCpsWwer FedoMtiMed. ThRAndtidrheibaitheei,Tent
all Access Points vary their transpt power in r(igdomp tterns. Access

Poi nt's var SheRiv@ichraReiaRd,the teatficshapnelies spairplleddn #BRAERBN. WO 02/ 054617
PCT/ US01/ 5&ggg,ﬁirggntl Bngf‘ﬁxemg'cﬁ%ﬁ'ﬁel it ?B@ale Eeﬂﬁ’ﬁlléé- control l ed. In another
the pil ot “channe f

enbodi nent , and the traffic channel are controlled. In
anot her enbodinment, only the traffic channel is power controlled. 5 V. No
Handoff Case In the no handoff case, Access Term nal 6 conmmunicates with

one AcGess bR £ ring to FIG 2, the data destined for a
particu arVA(F:Ig&e)ssan?deor ﬁﬁ;ag 6 is provided to selector elenent 14, which has

been assi gned tH §RHd RAnAJTE caded ALEYs TR indialW ddinfritdicaA6S RSt okRy Abdeas 6.
Sel ector el enent 1? forwards the 10 data to data queue 40 within Access

Poi nt 4. ARed4- Bsferring iqddired tedladadsstinathior aprificuiar £5688 Hymisakage on
the controjs LRI to LRLEGSIENLAE 14 vm?_n haQ‘B@iaﬁ g&ﬁgﬂﬁ&?té E%ftghki nk DRC

channel for "DRC nessages from Access Term na no signal 1s detected
on the DRCahanmutationcwébsthpbineess Teaminaldt Setecton elemenpdgforyards tagye untii |
the DR M35396 dafa ﬁg%&&&g%ﬂéﬂt@ce?s ﬁ%n?&.e%%%&rsrﬂd?ﬁﬁ; a’ggﬁ?@s’ th@data
retransm ssion atterpts, Access Polnt can  térmnate’the process or
re-initi atanditraabinitgiat paghog esessdgr om Had cdhtrolchansele badssBoint 4Abers s

R FE T TS A N X AN
Access TerTermainab6.t Ifawssighal igkletartéd ot itODRIC Eleenrpliah édeys POind# dahe forward
erbod mont eURSBELL hFE RGeS BaH (e RCantuess i e RusduAtREA o
Access] ol ]!t%ed%terhﬁn@d' BUAIRWf FefthnsrhidsioaetdRSBAARCAsS Foikt 4 &rl ONg and 1's
decoded with soft decisions by Access Point 4. In one enbodi ment, the DRC
nmessage i sterminate the process or re-initiate a call with Access Terminal 6.
In one embodiment, Access Terminal 6 transmits the requested data rate,
in the form of a DRC message, to Access Point 4 on the DRC channel. In
another embodiment, Access Terminal 6 transmits an indication of the quality
20  of the forward link channel (e.g., the C/I measurement) to Access Point 4. In
one embodiment, Access Terminal 6 transmits an excess C/I measurement to
Access Point 4.
In one embodiment, the DRC message is 3-bits long and is decoded with
soft decisions by Access Point 4. In one embodiment, the DRC message is
25 transmitted within the first half of each time slot. Access Point 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 Access Terminal 6. If the next
successive time slot is not available, Access Point 4 waits for the next available
30 time slot and continues to monitor the DRC channel for the new DRC
messages.
In one embodiment, Access Point 4 transmits at the requested data rate.
This embodiment confers to Access Terminal 6 the important decision of

selecting the data rate. Always transmitting at the requested data rate has the



25 transmtted within the first half of each tine slot. Access Point 4 then
has the remaining half of the tine slot to decode the DRC nessage and
confi gur avo hyvos4her dware for data transm ssion at the next PeEDTSEE®bAME ti e
slot, if that tine slot is available for data transm ssion to this Access
Termnal 6. If the next successive ti slot is not avail able, Access
Point 4 waits for the next available 3G<tine slot and conti nues to nonitor

t he DRC ch@@m{tii@fha& ecce@\TdPRGnal@Rka6we svhikh dagerasbodipant ThAscess Poi nt
4 transmt

e requested data rate. . Thi odi co fers to Access
Termi nal 6 FFESi ﬁﬁ%?@agrﬁorﬂﬁéegi lafes agél‘iﬁ’?ﬁ)aﬁ@{ﬁ) fggtcg‘a @én Al ways
transm t ti AgopdartddviiRINE s&@t&ata%t@ b@&egdﬂpol\éwa%/e@%%zv@g / US01/ 50641

22 advantage that Access Termnal 6 knows data rate to expect. Thus,
Access Ter WRnghite BESSAZEdadegess Eyminal ngtﬁbépémg whicly datpiratedhRAE® i n
accor dapce qﬁﬂﬁ ed data rate. Access Point 4 does not have to
transma“dzt1 a rresﬁ;’wag S th%s Termnal 6 indicating which data rate is being
5 used by Acceshl@membédlmentoaﬁeerﬂaeplﬁlmpf theapaging meesspge, drccess t he pagi ng

nmessage, cess nt i 0 dul ate ¢ data at

the request & Hat ?Bouﬁég[ #@?%ﬁﬁélo% ieﬁgﬁ'&}%ﬂ gtaggﬁgﬁeeqqegfe\ﬁa&ﬁ Atraffic

<c:I hangel aﬂﬂht@.l’ A\td:eldsei’erﬁﬁlfldl Mhsdoht@whb;fbm&m tﬁhﬁi(ccte@ndﬁr and'p m(;dées)derk
ecodes the synhols an r r.ame, check on_ the 0 packet

to det erm?ﬂsf PIRBSY SBQ@\&‘%‘\%B? hﬁ?s 119‘6151966&%@?3 the SVF“ cket was
recei vgyl Gﬁer%rfrﬁsf tHY frafneldABck BAGKE Hedbteddhd&et RFdéeFmANOWhethefEkeS S

Ter m nal the frame check woul d indicate a packet error. AI ternatively,

the AccessPackehivrgireeciviedrerrieetheslf thepagket avasreseiyedin Byrosobif thesis. I1n one
enbodi ment %an&?g R?%r ef‘éc'i@d‘ﬁn'r aﬁo'tl?er%@&%ﬁ ?e&ﬁn%?ﬁ eﬂh@‘ffbﬁné"ﬁﬁé&lke&oélcﬂ ata

transm ssi cted for 1t base rea 1S 1 ncorporated
wi t hin eaclmtducraaenematck@tderm aﬁlfb@mlaévelyrmAcme(Issrmrlaérﬁrdem‘bdldatﬁrtheer m nat e

e Secoct aa,orainsl k3. 5LSLIAEALA Al FLARIEN S5 91 cct o
a negali vedetekning etigthenasiatdNa@smissoagalitectédd bmsit baddRon apréarhble,
SR R UNTER(ETIE T o RN TN G
transm ssi Dérnfinal fealpkineeshgRiecodihghsrocss 1erfﬁglaecémﬂn@d tmrRer simlar
to the tr atrrlgrrgrrsuséls%rr]l 1gfc11rtegteede or %Lotl:hrgg I14\(EcactesosrTebrlrrturla 6. ?n elr}lérhc%s%ess
Terminal 6 transmits a negative acknowledgments (NACK) message to Access
20 Point 4 to acknowledge the incorrect reception of the data units. Upon receipt
of the NACK message, the data units received in error is retransmitted.
The transmission of the NACK messages can be implemented in a
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.
25 Patent No. 5,568,483, entitled "METHOD AND APPARATUS FOR THE
FORMATTING OF DATA FOR TRANSMISSION", assigned to the assignee of
the present invention and incorporated by reference herein. Alternatively,
NACK can be transmitted with messages.
In one embodiment, the data rate is determined by Access Point 4 with
30 input from Access Terminal 6. Access Terminal 6 performs the C/I
measurement and transmits an indication of the link quality (e.g., the C/I
measurement) to Access Point 4. In another embodiment, Access Terminal 6
performs an excess C/I measurement and transmits the excess C/I
measurement to Access Point 4. Access Point 4 can adjust the requested data

35 rate based on the resources available to Access Point 4, such as the queue size



system The inplenentation and use of EIB transm ssion are disclosed in

U S 25 Patent No. 5,568,483, entitled "METHOD AND APPARATUS FOR THE
FORVATTI N @F0IMTA FOR TRANSM SSI ON', assi gned to the asspgnesoiafoc4it he
present invention and incorporated by reference herein. Al ternatively,
NACK can be transmtted with nessages. .In one enbodi nent, the data rate is
determ ned by Access Point 4 with 30 izlzlput from Access Term nal 6. Access

Term nal 6@ fHOsvBlabletrfAdmitPFAset dRithetivd dridasparasusfor eﬁf)eﬁﬁlhg)nhof the
.n_anot ner

link quality (e.g., the 1 neasurenent) to Access Point 4,

enbodi nent tatadetsEinion fis de@mE@iLf inAriLin li%cg%tgn_t:NO- readdieretiedand
transmts Még X465 efifitled "RESHIOTEAND AFEARATUPFOR BETARMAMNING! Nt 4 can
adjust ther 2u sted data 35 rate based on the resources available to

Access Poi BH JEACOF REGH Y ER DAel A ilNeA WA RRABEE RATHCT/ US01/ 50641 23 and

(ne 2val| SeLRA RGN EeTile ABLOoFAL R0 Sriplioh 0L 00T 1012t
May 12, 199817%590B1, eﬁo'%ﬂd@WAWlﬁ’FWR@R}DBEEFFﬁE&]?E Eercj:
RECE VED O N O EALG BV o SO TR 20 xtober
FOR DETERMCOINIKAUNEA RION SFSHRENE) Mel ust I8N 997V BRARsg1AlTto the

COVMUNI CATI ON SYSTEM', filed August 8,1997, both assigned, to.th assi gnee
of the pr e%%r&nqerafgh% pweahweﬁgenaefidpé@p@yaﬁeé%reei%rgnﬁ%h%qem- Acgesse 10

Term ngj  6TéMARANG EAnBmMNAGKNIRSE 38R sase Sea6dckibed aBBOY & the dub®@rAdbEaEe of
the franme check is negative. VI. Handoff Case In the handoff case, Access

Terni nal 6fracweraherk iregaiveh nultiple 15 Access Points 4 on the reverse
link. The Access Term nal initiated power control operates independent of
handof f. In handoff, an Access Terminal is swtched from being served by
one Access Point to being served by another Access Point. At any tine, the
transmt pYheHapfoff{easaccess Point serving the Access Terminal is reduced

according to th XGess | nmeasured by t Access. 20 Term nal. bei ng served
by the Access Pﬁ]‘ﬁ‘@%@ﬁl@%@é CG88% ner ma?géfgﬁnb’é\ﬁé'fes%‘ﬁgh}ﬁnB %0 operates
i ndeperyleni «Qfss PoANE afldn thtePeGe Stk T ahE Addesd TesRindBthilitedfowecess Poi nt

with which the o
control operates independent of handoff. In handoff, an Access Terminal is

switched from being served by one Access Point to being served by another

Access Point. At any time, the transmit power of the Access Point serving the

Access Terminal is reduced according to the excess C/I measured by the Access
20 Terminal being served by the Access Point.

The Access Point initiated power control also operates independent of
handoff. An Access Terminal is served by the Access Point with which the
Access Terminal measures the highest received C/I. That Access Point
schedules forward link data to the Access Terminal when the Access Terminal’s

25 requested rate is higher than the Access Terminal’s served rate.

In one embodiment, data transmission on the forward link to a particular
Access Terminal 6 occurs from one Access Point 4. However, Access Terminal
6 can simultaneously receive the pilot signals from multiple Access Points 4. If
the C/I measurement of an Access Point 4 is above a predetermined threshold,

30 the Access Point 4 is added to the active set of Access Terminal 6. During the
soft handoff direction message, the new Access Point 4 assigns Access Terminal
6 to a reverse power control (RPC) Walsh channel which is described below.

Each Access Point 4 in soft handoff with Access Terminal 6 monitors the



Access Term nal nmeasures the highest received C/I. That Access Poi nt
schedul es forward link data to the Access Term nal when the Access

Ter m nal 'wo 85034equest ed rate i s higher than the Access Tepai/madi/®eser ved
rate. In one enbodinent, data transm ssion on the forward link to a
particular Access Termnal 6 occurs frgm one Access Point 4. However,
Access Term nal 6 can simultaneously ceive the pilot signals from

mul tipl e Aegese RN Rissrissidn artdgerdslanRBE Wik fieiPfespBctAeCRBS Waisht 4 i s
above a predeterm ned threshold, 30 the Access Poi nt is added to the
active setChyN&cess Terninal 6. Duri ng the soft handoff direction

message, the nege fo PG séie@t%‘f'eﬁﬂﬁerﬁcﬁea%& %Hrfb%htroﬁt}{eo a reverse
power control (RPC) | sh channel which is des bel ow. Each Access

Poi nt 4 i ncoypfuricaiips withi Aecess Tersinpbp dotveards th@dataofmalk AsceppPomte 44617
PCT/ USQ1/ 5 var m [ n their
respec'?‘il veglggéa\(f\g? %& ogﬁ%%ﬁé ?&réérn?g?'r fA?]l;Ath%s]Q_Péxﬁgﬁ Cﬂ?g%ivglc%aﬁé;m 14
assi gned tfvonosdleardr ellamend:MrmmsrratapagmgtmessﬁgewAfeesthuﬁalfﬁnmvards t he
data to al), Access  Point ive set of cces erm 6. Al
Access Poi WEY #5P %ﬁjilivgrfopgrggcb%mﬁ? aaﬁ} Mg%ﬁ% FW“@#@ ZF W‘Sﬁ ﬁn a
pagi ng Wessta@eAtc@esmtéeﬁﬁnale?mﬂﬁ@ﬂm@mﬁ fuhdtiins. lFﬁspeﬂcddeysaTmmbs channel S.
When Access Ter g tthlg\[ge ect ed tate, Acce 6

s.Ter
per f orns t%eqt% Cogss 1'&1n Ory@ S ofrargmieter| Pe‘é’?‘@‘t‘ﬁ‘é‘ Access

Poi nt 1y basad o rﬁea%a&erﬁénp%@éégé TEAMind 6 thert e &8 aldiRa #tebest T |
measurenment. Access Terminal 6 then selects a data rate corresponding to
the C/1 neeSTRsPOBAING fontheife/ Iews@mrﬁﬁwt I-ereembediment, AgcessrkgiEinald a DRC
message t oy ?h%ﬁt@%&%& S o fiRl ddlected Aese%g@owm@@ées@@ﬁﬂmawcsﬁt
transm ssion o % to a particular Access Point by covering
t he DRC ne@sagéramsnhssme OMhes R€omessagesp griadticelar Meacessdfaintdbar 15 Access

Poi nt 4. lﬁﬁ? C r cess I
nmeasur enre par [ cu W&@e@? a;@ﬁté&gﬁ%s@ et;ﬂrz%lE auIa&él?at tenpts to
denodulmat eAtd‘BBs Poirvtal: dnl anmlthem gnibddinmentad caess Tacminl oHrdrseiteauestessl dat a

rate at e subsequent ti.ne smtting the pagi ng nessages,

te
al | Access PisASuLpIRent tﬂéh%B?ﬁt{Féﬂ%@&%%FP%\?QZO t he DRC channel for a DRC

nmessage from ACAe@e%sT@frmmls e itd deBeuRNSe the ferWiRd livdssi §llhs cover ed
with a Wal sh ¢ t he sel ect ed cess Point 4 assigned Wﬁ e identical
Wal sh coved<cp ameévnﬂa thpeesirestedrdatpreterqt saghyeub sequiet fime Slot.” After

transmitting the paging messages, all Access Points 4 in the active set monitor

20 the DRC channel for a DRC message from Access Terminal 6. Again, because
the DRC message is covered with a Walsh code, the selected Access Point 4
assigned with the identical Walsh cover is able to decover the DRC message.
Upon receipt of the DRC message, the selected Access Point 4 transmits data to
Access Terminal 6 at the next available time slots.

25 In one embodiment, Access Point 4 transmits data in packets comprising
a plurality of data units at the requested data rate to Access Terminal 6. If the
data units are incorrectly received by Access Terminal 6, a NACK message is
transmitted on the reverse links to all Access Points 4 in the active set. In one
embodiment, the NACK message is demodulated and decoded by Access

30 Points 4 and forwarded to selector element 14 for processing. Upon processing
of the NACK message, the data units are retransmitted using the procedure as
described above. In one embodiment, selector element 14 combines the NACK
signals received from all Access Points 4 into one NACK message and sends the

NACK message to all Access Points 4 in the active set.



Upon recei pt of the DRC nessage, the selected Access Point 4 transmts data
to Access Termnal 6 at the next available tinme slots. 25 In one

enbodi mrewoQ 0%eaes’s Point 4 transmts data in packets conmpPCHEURE/50641
plurality of data units at the requested data rate to Access Termnal 6. If
the data units are incorrectly recei vsg by Access Term nal 6, a NACK
nmessage is transmtted on the reverse“finks to all Access Points 4 in the

active set. In I@nﬁ\e@ﬁb@dﬂn@ﬁ}AcédE@TNﬁ%Mﬁgﬁeteacﬁaﬂgéhhh&he(ﬂ)eaﬂ"ld decoded
Points 4 and f rvvard to selector el enent rocessi ng.

by Access
Upon proc eégl Rgasigrement apg request %ﬁaér?}}ﬁnﬂ]éa%% rlogg agﬁé’ﬁﬂ t ed

using the REQLEPHIRSs Q%t egﬁﬁﬁfdem Bhfiové BffRiéh TSI ERNbRe SEl ect or
el enent 14 conbi nes NACK signal s received fromall_Access Points 4

into one momwg@ataﬁda@@na@on lpscungAexrnady age Acsess Foink¢ akanpoi nts 4 in
the actgv 6g1%81t1 TIM§§/0%$6AZC§Eﬁ6% §gt§é1§c&x%5se't h t%métge‘g chA\CCess

Ter m nal measur ement an ynam cal | y
request dadaaturdtssifianyj hmbéen\dmrmmmmddptAccAs&E@sniml ot ndnat each tine

slot to i ef fi dat a _tr.ans i on
occurs fr g%‘gﬂﬁ ﬁ‘ﬁqz%‘éguﬁb Cﬁesgt Oé%f%?%ﬁ&??% Y ntalgtqrﬁpéﬁgAccess
EOI nts 4 |d1tatbhﬁar8ﬁh$91@1 SSéleétayeMelrba4&hemeel\Mﬂ zi:fr;nbesd skefetolinl Aﬁcessf any, has
een transpitte Access Tern na n enbo the trangmtting
e cnss por Bainis £irt GerAehige pet (n/on corosrlinter e FARTU LR data esLr

Sel ectiy elosimRtbebt bRt eedsved PR AIRER Tedndhal $®1@&§for5’qlf Plcest i N the
active set. In one enbodihent, the transmtted ata i s presurred 10 to have

been cor r ebemyinake equegtsratateasmissinrem aglif qt}eer &cgess Paint hircihes
Ter m nal Gacrtﬁz‘&‘é%§ttﬁe H@Jv%&aeggﬂﬁmn%a't%swegm e tatdArfsSHPehet 4 in

t he active set, new Access Point 4 transmts tHhe remal ni ng data units.
I n one erﬁmuodmmnt thwm:&cn@s@e,l@n%hﬁnsmhsnaﬁgeﬁrﬁgncmwa&btbcd@ﬁice with the

| ast ”ar&%%‘ilks?nﬁis% l{ﬁﬂf"attgfgo E@lé&b?gl’ée erﬁ'l‘im?ﬂkerﬁﬁtrlgén}gm&{e’}?e% Wekdss the new

Access 15 next a units usi ng pr edl ctive
schenel$ balBadt 4celeatstthe osxisdath uaststth dranseribgsingpaadittive isadnemed leasedd pri or

spda s 11 oSSl eCL o Tl TSRS E A SR MR Bl o1 v
di fferent deletonsélement Mll Tlheserrﬁééﬂairﬁsrhﬂ nﬁnirﬁfz% duplibtive lr@.lﬂ@ﬁ‘smllséloﬁs prior
transm ssion was received in er Geess Poi 4 can retra t those
data uni t soidhe SB‘F‘%‘%&% YRt Lé’lrﬂﬁ lFé%lé‘\i? é)mt?rﬁ tq f??er% Ane slots, uni que
sequence NWEIRRE irfe 1518 36 bIREEHGEIPWpricR tRIHmission was received in error,
20  Access Points 4 can retransmit those data units out of sequence since each data
unit is identified by a unique sequence number as described below. In one
embodiment, if a hole (or non-transmitted data units) is created (e.g., as the
result of handoff between one Access Point 4 to another Access Point 4), the
missing data units are considered as though received in error. Access Terminal
25 6 transmits NACK messages corresponding to the missing data units and these
data units are retransmitted.
In one embodiment, each Access Point 4 in the active set maintains an
independent data queue 40, which contains the data to be transmitted to Access
Terminal 6. The selected Access Point 4 transmits data existing in its data
30 queue 40 in a sequential order, except for retransmissions of data units received
in error and signaling messages. In one embodiment, the transmitted data

units are deleted from queue 40 after transmission.



enbodinment, if a hole (or non-transmtted data units) is created (e.g., as
the result of handoff between one Access Point 4 to another Access Point
4), the wosydsagi7data units are considered as though receP@BUSIWSOELIr OF .
Access Terminal 25 6 transmts NACK nmessages corresponding to the m ssing
data units and these data units are rgtransm’tted. I n one enbodi nent, each
Access Point 4 in the active set maint#Pns an I ndependent data queue 40,

whi ch cont giNsSFévaardatiakiTrabc Ohangael tt ed to Access Terminal 6. The
sel ected Access Point 4 transmts data existing in its data 30 queue 40 in

a sequenti al orAdlpcledmgpamiaronedoraashiisk aoristegfurdatf anaentodiseat ised i n
error and signali sages,..,.lnh _ang.. ' the.transmitte ata

ini s are SR PG oHR o B Bain S AP BrSTRE TR a0 BT RERRS 16

PCT/ US01/ 5QBR&lencdder Yi2.. Fdragashrdhtd pakkety GRO encCiantikd geéndphies fragiergr am of

one forward |ink archite e qof one enbodi t is, shown in FIG 3A The
dat a ig\ﬁa&ich’éﬁ%'gr'ﬁﬁ‘%% aaﬁ%hﬁgé%S#%@T%@di%tal %éflf{CTgﬁcoder 112. For
each data Ragtstled fdeke ERERIERClkZodeP EIRESADTE& MU AN ABK fRIhS H&KT. . the
CRC parity bits) and inserts the code tail bits. The formatted packet from
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provided to variable rate controller 130, which 20 denultiplexes the
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multiplier 120 comprises the scrambled packet.
The scrambled packet is provided to variable rate controller 130, which

20  demultiplexes the packet into K parallel inphase and quadrature channels,
where K is dependent on the data rate. In one embodiment, the scrambled
packet is first demultiplexed into the inphase (I) and quadrature (Q) streams.
In one embodiment, the I stream comprises even indexed symbols and the Q
stream comprises odd indexed symbol. Each stream is further demultiplexed

25 into K parallel channels such that the symbol rate of each channel is fixed for all
data rates. The K channels of each stream are provided to Walsh cover element
132, which covers each channel with a Walsh function to provide orthogonal
channels. The orthogonal channel data are provided to gain element 134 which
scales the data to maintain a constant total-energy-per-chip (and hence constant

30 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
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

35 the I Walsh channels and the Q Walsh channels.



I n one enbodi nent, the | stream conprises even indexed synbols and the Q
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The Imult and Quult signals are provided to filters 216a and 216b,
respectively, which filters the signals. The filtered signals fromfilters
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sinusoid SIN(wt), respectively. The I modulated and Q modulated signals are

provided to summer 220 which sums the signals to provide the forward
modulated waveform S(t).

20 In one embodiment, the data packet is spread with the long PN code and
the short PN codes. The long PN code scrambles the packet such that only the
Access Terminal 6 for which the packet is destined is able to descramble the
packet. In one embodiment, the pilot and power control bits and the control
channel packet are spread with the short PN codes but not the long PN code to

25 allow all Access Terminals 6 to receive these bits. The long PN sequence is
generated by long code generator 232 and provided to multiplexer (MUX) 234.
The long PN mask determines the offset of the long PN sequence and is
uniquely assigned to the destination Access Terminal 6. The output from MUX
234 is the long PN sequence during the data portion of the transmission and

30  zero otherwise (e.g. during the pilot and power control portion). The gated

long PN sequence from MUX 234 and the short PN| and PN sequences from
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20 contemplated and within the scope of the present invention.

In one embodiment, the minimum data rate is 38.4 Kbps and the
maximum data rate is 2.4576 Mbps. The minimum data rate is selected based
on the worse case C/I measurement in the system, the processing gain of the
system, the design of the error correcting codes, and the desired level of

25 performance. In one embodiment, the supported data rates are chosen such
that the difference between successive supported data rates is 3 dB. The 3 dB
increment is a compromise among several factors, which include the accuracy
of the C/I measurement that can be achieved by Access Terminal 6, the losses
(or inefficiencies) which results from the quantization of the data rates based on

30 the C/I measurement, and the number of bits (or the bit rate) needed to
transmit the requested data rate from Access Terminal 6 to Access Point 4.
More supported data rates requires more bits to identify the requested data rate
but allows for more efficient use of the forward link because of smaller
quantization error between the calculated maximum data rate and the

35 supported data rate.
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An exemplary diagram of the forward link slot structure of one

20 embodiment is shown in FIG. 4A. In one embodiment, each slot comprises
three of the four time multiplexed channels, the traffic channel, the control
channel, the pilot channel, and the power control channel. In one 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. A

25  description of the pilot and power control bursts is disclosed in U.S. Patent
Application No. 08/963,386 entitled “METHOD AND APPARATUS FOR
HIGH RATE PACKET TRANSMISSION,” filed November 3, 1997, previously

incorporated by reference.

30 VIII. Forward Link Pilot Channel

In one embodiment, a forward link pilot channel provides a pilot signal,
which is used by Access Terminals 6 for initial acquisition, phase recovery,
timing recovery, and ratio combining. These uses are similar to that of the

CDMA communication systems, which conform to IS-95 standard. In one



channel, the pilot channel, and the power control channel. In one
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power cont ¢1gp
absence of traffic data or control channel data, Access Point 4 only transmits the

pilot and power control bursts, resulting in a discontinuous waveform bursting
at the periodic rate of 1200 Hz.

20 IX. Reverse Link Power Control Bit Gain

In one embodiment, the forward link power control channel is 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 Access Terminal 6 acts as a source of interference to all other

25  Access Terminals 6 in the network. To minimize interference on the reverse
link and maximize capacity, the transmit power of each Access Terminal 6 is
controlled by two power control loops. In one embodiment, the power control
loops are similar to that of the CDMA system disclosed in detail in U.S. Patent
No. 5,056,109, entitled "METHOD AND APPARATUS FOR CONTROLLING

30 TRANSMISSION POWER IN A CDMA CELLULAR MOBILE TELEPHONE
SYSTEM", assigned to the assignee of the present invention and incorporated
by reference herein. Other power control mechanism can also be contemplated

and are within the scope of the present invention.



send the power control conmand which is used to control the transmt power
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transmt  Access Point 4 transmits a power control message to Access Terminal 6 to
increase the transmit power. In one embodiment, the power control message is
implemented with one power control bit. In one embodiment, a high value for
20 the power control bit commands Access Terminal 6 to increase its transmit
power and a low value commands Access Terminal 6 to decrease its transmit
power.
In one embodiment, the power control bits for all Access Terminals 6 in
communication with each Access Point 4 are transmitted on the power control
25 channel. In one 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 Access Terminal 6 is assigned an RPC index
which defines the Walsh cover and QPSK modulation phase (e.g. inphase or
30 quadrature) for transmission of the RPC bit stream destined for that Access
Terminal 6. In one embodiment, the RPC index of 0 is reserved for the FAC bit.
One block diagram of the power control channel is shown in FIG. 3A.

The RPC bits are provided to symbol repeater 150, which repeats each RPC bit
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first pilot burst within a slot (RPC bursts 304 in FIG. 4B). The RPC indices of 16

through 31 are assigned to Walsh covers Wy, through W, respectively, and are

20 transmitted around the second pilot burst within a slot (RPC bursts 308 in FIG.
4B). In one embodiment, the RPC bits are BPSK modulated with the even

Walsh covers (e.g., Wy, W5, Wy, etc.) modulated on the inphase signal and the

odd Walsh covers (e.g., W;, W3, W5, etc.) modulated on the quadrature signal.

To reduce the peak-to-average envelope, it is preferable to balance the inphase
25 and quadrature power. Furthermore, to minimize cross-talk due to
demodulator phase estimate error, it is preferable to assign orthogonal covers
to the inphase and quadrature signals.
In one embodiment, up to 31 RPC bits can be transmitted on 31 RPC
Walsh channels in each time slot. In one embodiment, 15 RPC bits are
30 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. 4B.
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b t he power control | oo
y P In one embodeent the RPC bits are transmitted to Access Terminals 6

without coding or interleaving to minimize processing delays. Furthermore,

20  the erroneous reception of the power control bit is not detrimental to the data
communication system since the error can be corrected in the next time slot by
the power control loop.

In one embodiment, Access Terminals 6 can be in soft handoff with

multiple Access Points 4 on the reverse link. The method and apparatus for the

25 reverse link power control for Access Terminal 6 in soft handoff is disclosed in
the aforementioned U.S. Patent No. 5,056,109. Access Terminal 6 in soft
handoff monitors the RPC Walsh channel for each Access Point 4 in the active
set and combines the RPC bits in accordance with the method disclosed in the
aforementioned U.S. Patent No. 5,056,109. In one embodiment, Access

30 Terminal 6 performs the logic OR of the down power commands. Access
Terminal 6 decreases the transmit power if any one of the received RPC bits
commands Access Terminal 6 to decrease the transmit power. In one
embodiment, Access Terminal 6 in soft handoff can combine the soft decisions

of the RPC bits before making a hard decision. Other embodiments for
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neasur enenteasureglansas follqws: (Ca G ~aj)G jai 15 where (C/1)i is the /1
measurenent of the ith forward link signal, G is the total received power
of the ith forward link signal, § is the received power of the jth

forward link sig@al, | isGhe total interference if all Access Poi§ ts 4 are
transmtting, a _flis‘tlh_e Qop?@ of the jth forward |ink signal an( can be 0
or 1 depending on the £AC bI't./ 20 X. Reverse Link Architecture In the data
comuni cati on system of one enbodi nent, the reverse |ink

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

received power of the i forward link signal, C; is the received power of the "
forward link signal, I is the total interference if all Access Points 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.

20 X. Reverse Link Architecture

In the data communication system of one embodiment, the reverse link
transmission differs from the forward link transmission in several ways. On
the forward link, data transmission typically occurs from one Access Point 4 to

25 one Access Terminal 6. However, on the reverse link, each Access Point 4 can
concurrently receive data transmissions from multiple Access Terminals 6. In
one embodiment, each Access Terminal 6 can transmit at one of several data
rates depending on the amount of data to be transmitted to Access Point 4.
This system design reflects the asymmetric characteristic of data

30 communication.

In one embodiment, the time base unit on the reverse link is identical to

the time base unit on the forward link. In one embodiment, the forward link
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In one embodiment, Access Terminal 6 transmits a DRC message on the

pilot/DRC channel at each time slot whenever Access Terminal 6 is receiving
20  high speed data transmission. Alternatively, when Access Terminal 6 is not
receiving a high speed data transmission, the entire slot on the pilot/DRC
channel comprises the pilot signal. The pilot signal is used by the receiving
Access Point 4 for a number of functions: as an aid to initial acquisition, as a
phase reference for the pilot/DRC and the data channels, and as the source for
25  the closed loop reverse link power control.
In one 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 standard. However,
other bandwidths can be utilized to increase capacity and/or to conform to

30 systemrequirements. In one embodiment, the same long PN code and short
PNj and PNq codes as those specified by the IS-95 standard are used to spread

the reverse link signal. In one embodiment, the reverse link channels are
transmitted using QPSK modulation. Alternatively, OQPSK modulation can be

used to minimize the peak-to-average amplitude variation of the modulated



phase reference for the pilot/DRC and the data channels, and as the source
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transnit t egPMEWNCAtWEPEhg ﬁ%e%ssTﬂngeaﬁé apd %Wﬂ%@ fagemitted pat 4

Channejg A § 9ekrel 8ok aiddcuesll sspier se | ink architecture of one enbodi nent
is 15 shown in FIG 5. The data is partitioned into data packets and

provided to encoder 612. For each data packet, encoder 612 generates the
CRC parity bits, inserts the code tail bits, and encodes the data. In one
enbodi ment 1 eReQLGe Liﬁﬁ%ﬁ?@ﬁﬁﬁ\eﬁhe packet in accordance with the encoding
format di sc} osed In the aforenentioned U S. Patent Application Serial No.
08/ 743,688. Ot her encoding 20 formats can al so be used and are within the

scope of the pr nt. inventiagn. The encoded packet from encoder 612 is
provided to bl ohiblpek dgEma Oel_f&,evwﬁﬁiwﬂ FERaGE ?fft@ec%ﬁ 0 1$ in the
packetys Thedvih 81 FRE\B ArRAgK@tis parttidddingo Hata patiketPdreprdidded YA ch covers
the data with the Wal sh cover and provides the " covered data to gain

el ement 61@ncodgr A12| Eoreachalaga packelisendeder Al gereratasitha GRC parity bits,

inserts the code tail bits, and encodes the data. In one embodiment, encoder
612 encodes the packet in accordance with the encoding format disclosed in the
aforementioned U.S. Patent Application Serial No. 08/743,688. Other encoding
20 formats can also be used and are within the scope of the present invention. The
encoded packet from encoder 612 is provided to block interleaver 614, which
reorders the code symbols in the packet. The interleaved packet is provided to
multiplier 616, which covers the data with the Walsh cover and provides the

covered data to gain element 618. Gain element 618 scales the data to maintain
25  aconstant energy-per-bit Ey regardless of the data rate. The scaled data from

gain 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

30 provided to summer 654a and the filtered signals from filter 652c and 652d 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
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Other architectures, such as the architecture for the reverse link traffic channel
in the CDMA system, which conforms to the IS-95 standard, can also be

20 contemplated and are within the scope of the present invention. An exemplary
scheduling mechanism for high speed data transmission is described in detail
in the aforementioned U.S. Patent Application Serial No. 08/798,951.

XII. Reverse Link Pilot/DRC Channel

25 One block diagram of the pilot/DRC channel is shown in FIG. 5. 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 determination impacts

30 the system throughput performance. In one 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
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assi gngfl t @ RAWiIAK FRITifRRItRE sélecteWN &Bsd Poink 4C PBHA efidRiheiit, ithe Access
Term nal 6. Each Access Point 4 decovers the si naI on_t he channel

withits awlﬁh@cma/wlgﬁ chipgan lemgthy Theqesitadip <chip Wielsh cpdessagiee t o
d h
ecover thg, DR H‘?ﬁééﬂe%E{ﬁ@mfsﬁ&ﬁE%a ?gr(é&ﬁtoree%}l%édew&ﬁwss

Terminal 6 on th or war I n response t her Access Points 4
are able twhmhmnmnmmhmtcatmw1éq6@s¢sed"edamalrﬁat&dBAc@ss Pdintdct ed to them

because thgse o) 20 In
one errbodléré(ﬁ’tve es}&/elg)ézth?iﬁﬁé cﬂﬁﬁ%&gﬁﬂh% r ﬁ?fsgggggsﬁl 0| nts 4 in
t he dais csuleated eacessPaiyss snble td decmmhamk(f hessagesarbtrafdmits data t he
short PN sequences to d stin UISh ffe t AC"sCF]zS P0| nts 4. .The data

conmuni cat {% e§§§‘t‘%ﬁﬂ“@f 87585 SRiTBHL 85‘?’? B {0 OR8PS thshettne
reverse |iQkherlsédess PomtS2aR: shlerd dBN:rﬁﬂﬂ@%er thl rétgléstéosaétaab{e%@owl tiple
n

25 Access Points 4 to receive the sane_reverse |i 3 m ssjon from
AcCcCess directed to them because these Access Points 4 are aSS1gned ifferent Walsh
codes.
20 In one embodiment, the reverse link short PN codes for all Access Points

4 in the data communication system is the same and there is no offset in the
short PN sequences to distinguish different Access Points 4. The data
communication system of one embodiment supports soft handoff on the
reverse link. Using the same short PN codes with no offset allows multiple

25  Access Points 4 to receive the same reverse link transmission from Access
Terminal 6 during a soft handoff. The short PN codes provide spectral
spreading but do not allow for identification of Access Points 4.

In one embodiment, the DRC message carries the requested data rate by

Access Terminal 6. In another embodiment, the DRC message carries an

30 indication of the forward link quality (e.g., the C/I information as measured by
Access Terminal 6). Access Terminal 6 can simultaneously receive the forward
link pilot signals from one or more Access Points 4 and performs the C/I
measurement on each received pilot signal. Access Terminal 6 then selects the
best Access Point 4 based on a set of parameters, which can comprise present

35 and previous C/I measurements. The rate control information is formatted



Term nal 6 during a soft handoff. The short PN codes provide spectral
spreadi ng but do not allow for identification of Access Points 4. In one
enbodi mrewQ 02/b/d6DRC nmessage carries the requested data raPerTgol/Meaess
Term nal 6. In another enbodi nent, the DRC nessage carries an 30 indication
of the forward link quality (e.g., the | information as neasured by
Access Term nal 6). Access Termnal 6 S4n si mul t aneousl y receive the

forward | jnf i DRIC Slegddgleswihi@tA{16e nvEed tOGRESs Peinblsn 4nabd per f or ms
the C I neasurenment on each received pil ot signal. Access Term nal 6 then

sel ects t hieveplembedimentpoi nt 4 based on a set of paraneters, which can

conpri se presenin Gk ARPaBAMOUS LS TRARN CHERLRits TR eI
information is Tormafted WD 02/ 054617 PCT/ US01/50641 39 1nto°the DRC

nmessage, wih the reauebted sty eated The regeested Patannatetisithe dighest sugperded|

enbodi nent lL.n, one. ' ' 7 ) ssage
based rggn ??’utg r%equgus‘:?\gag@fgggﬂéfaaf @%%%Zfo}%?ggg {eg\%d%{ lglq‘r%g%%%fig)y%gc I ghest
support ed Bertwainhal 6.aFeomithe i /f nedadairanents AxcessrFerpandlos cdoglateattheé he Cf |
measured by Access, Termnagl. .6.. Fromthe C/| asur ene Access Termi nal 6
cal cul at es%ﬁﬁgnuﬂh%tﬁﬁ ed&g‘éch ¥ields W*S%ft%yeﬁ’%gor%ﬁ?f zi‘???rt@eper f or mance.
Once the mRAxiMuMm dathdatei® hiep dbeilated) el rabtehurhiiatibxieVthegiat 2 rate is

then quantized to one of the supported data ragtes and desi gnated as the
request ed d¢rnfized tpaane ol the SuaperPa deta ??J%&ar&i)aﬁ%gﬁ%ﬁe 3% f‘?éeq%'ét‘i‘gquest ed

data rgf e dsta rhfeNBHE &a{tﬁ‘iiafeQnH@?céﬁ%?p%rﬁﬁn@@@ﬁ%r?q%%@fedﬁat@?a@%@@' ary set
of supported data rates and the corresponding data rate indices are shown

in Tabl e ltrapgoited thahgisplectesl Aresss Bainddh aheexemplasy sesef wnportessdatanent .
The excesg, d@'?? rFéEﬁBhdhfg]&&% rtd i Bgé@gﬁge Lhnifaublef for
pertornmance. one e

satisfactory 1 odi nent, Access Termnal 6 transmts
a DRC nessage Aassd Termined 6@130 cdaslatesitbakexcdss G/Minseasmpententerthe t he Access

Point 4 cal cul ates the maxinu t te L. sat.isf ory
bor 1 or manca <o &7 Ehebn TR Ml Poliit R hedtlifd SR BhAALER 0T o
messages bag@for@nandeotlh onkentBddireas LA erees Teanthal beransotisssa DRC measageenent .

e TR TH Y e Seh ! I oot BRSSO
nmeasur emengaléflated@hé HaAimdm ARG A 8RS yRAUDbatkfsa@bakpaifemhhe@. MaXi mum dat a
rate that yields satisfactory performance and reduces the traffic channel
transmit pdvthepgbgdiment, Accéss Terminal 6 transmits a DRC message based on
both the C/I measurement and the excess C/I measurement. In another
20 embodiment, Access Terminal 6 transmits the excess C/I measurement on
another channel. In embodiments wherein the excess C/I measurement is
calculated, the Access Point 4 calculates the maximum data rate that yields
satisfactory performance and reduces the traffic channel transmit power based
on the excess C/I measurement. Then, the Access Terminal 6 demodulator 64
25  scales the traffic channel transmit power by the reduction.
In one embodiment, wherein Access Terminal 6 transmits an indication
of the forward link quality to the selected Access Point 4, Access Terminal 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
30 withaC/Iindex. Using more bits to represent the C/I index allows a finer
quantization of the C/I measurement. Also, the mapping can be linear or
predistorted. For a linear mapping, each increment in the C/I index represents
a corresponding increase in the C/I measurement. For example, each step in
the C/I index can represent a 2.0dB increase in the C/I measurement. For a

35 predistorted mapping, each increment in the C/I index can represent a



on the excess C/|I neasurenent. Then, the Access Term nal 6 denodul ator 64
25 scales the traffic channel transmt power by the reduction. In one
enbodi newoQ ombsaseri N Access Terminal 6 transmits an indi cap€CDUSo1cH6i1he
forward link quality to the sel ected Access Point 4, Access Termnal 6
transmts a C/| index, which represents the quantized value of the U
measurenment. The C/| neasurenent can bé*Omapped to a table and associ ated 30

with a C | diffgext inbidab@inBHeaC Pl ir®adi@eb@it € 38N dxtaengsle) a pétixtoadedows a fi ner

quanti zation of the C | asur emrent o, the mapping can_be |inear or
pr edi stort%PP%C@P?Hégt%Wtﬁ,m@mmﬁ%ﬁ‘%ﬁ%‘r‘i’f‘PF%r’f\a el i ndex

represent Scuxﬁu%"cﬁ{e\feg/ﬁlgﬁﬂﬂigﬂﬂ\ fubeliSASEDF) chi® & the TBASUERRIHon ﬁ%o@é@@' e

each step In I ndex can represéent a 2.0dB increase in the
measur emenin FI€g6. a 35 predi storted mappi ng, each increnent in the C/' 1 index

can rep esent 0 014 %ﬁ%/ 4, b i in the
c | rreg“{surerrenfb Yl%sr egé]@(gxarrp tggé pr (ltlﬁg'? %tgetcg %0%%{8?%‘3[“8%%%3‘?%4 to
quanti ze tTerrdinal ftaecessdidint 4 cambe konteenplatedhdrat aneewithit thelsabpenf f uncti on

(CDF) curvg of the.C/l distribution as sho N FlLG 6. 5 her

ot ment Seerergthayn it R0 VR APt S AR BE Prer i nal 6
to Access Rpraderd tit@ratdeofol @ifdmitesh Rrdsdwethih the scdpeefshopeesent t he
present invention. Furthernore, the use of different nunber of bits to

represent ¥¥&NHQRe control information is also within the scope of the

presenfy i nventjpine &RbbaiAEe:, BEOA ARAbureni t @hld dRESUT ETRIBhs i BREheRX CESS
C/'1 measurenment can be perfaornmed on the forward |ink pilot signal in the

manner si n¢arabe performed ondhe foryvanddirdppibotsignalin the marnes sindanieghabt us f or
performn . Res tal ' ' . 903, 554,
entitled T H(rjlg41 Jous PERRRL L Eﬁﬁiﬁﬁéﬁggéﬁ’%ékﬁﬁﬁéf@gﬁ%@}ﬁ%@‘ A C%(PIREAD 15
SPECTRUM ODiekeiNeareTit (hdBviesed/in ULS.| Radersado dndes, 5347 entitled "MIHIHOBY to the
assi gnee o ' o ' re herein. In
sty ANEAPHERET S BIRVEAL ARG TR AR PN SPRERTS D)

despr edidi NgPEGERUA ORIMEINIGA TN IS YSTEM h fildd Séptentes 27 T1H96 Adsigned

e RN RN E RN e
actual datm $UrRRBAY She @Y1 theagtiteneAbed ithepilot difRaluse Y obitammebAly bi t al | ows
despreading the received signal with the short PN codes. The C/I
measurement on the pilot signal can contain inaccuracies if the channel
20  condition changed between the time of the C/I measurement and the time of
actual data transmission. In one embodiment, the use of the FAC bit allows
Access Terminals 6 to take into consideration the forward link activity when
determining the requested data rate.
In another embodiment, the C/I measurement and excess C/I
25 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 channels can be more accurate because a larger percentage of the
transmitted power is allocated for data transmission. Other methods to
30 measure the C/I of the received forward link signal by Access Terminal 6 can
also be contemplated and are within the scope of the present invention.
In one embodiment, the requested data rate is conveyed to Access Point
4 by the use of an absolute reference and a relative reference. In this
embodiment, the absolute reference comprising the requested data rate is

35 transmitted periodically. The absolute reference allows Access Point 4 to



Access Terminals 6 to take into consideration the forward link activity
when determning the requested data rate. In another enbodinent, the Tl
measur enavo oaedexcess C/ 1 25 neasurenent can be perfor nreBCDOSe@6410r war d
link traffic channel. The traffic channel signal is first despread with
the I ong PN code and the short PN codes. and decovered with the Wal sh code.
The C/'I neasurenent on the signals on 4lhe data channels can be nore

?CCUG ate b&@@ﬁ&&@tﬂe@x@@ﬁ%&&&ﬁ&%@g%t@d biyYeccebd aasnink hl edermfmh timeal | ocat Sd
or data transm ssion. O her net s, t 0 asure the | a e receive
forward | fRt %W&?n&?nﬁ%%%%“sﬁégr]%eﬁgﬁ&g%%?ﬁgr%%‘Ai%e%,so ré‘?'}ﬁﬁg%ed and are
W thin t heysR8ARs Afrellfi® e RERSENE tbV&@BES Phint BRVINRR iSdRatks Wetdthet i@  equest ed
data rate is conveyed to Access Point 4 bé}tt he use of an absolute

reference eaqeatedaaip rate fpethe eprasningimpislot iehigbar deer. arfBe 48861ast e
refer erg:el ﬁ&%@kgétg% dttherartQ %m%zﬁe%h t+ndd Qx't.SPgéociiEélEf,r%&tegéjTernﬁn

1
peri odica sol'ute reference all ows Access Poli to WO 02054617
PCT/ US01/ 56 Grdhsmits adethsphite eeferencex Fetiodixt mansmissioapfdbe datamatabuiexs

Term nal 6., For ,.each ti | t m_sSi f sol ute
refer ences‘j‘u%‘@% géesreﬁgF %"ﬁ{ﬂa?%%t? rtgﬁ)tg\r%gfts% aaﬁﬁg‘ﬁgts?%ggggfeg\rs 3%1%2[}1? g Access
Poi nt 4 wheebnénd reaéptorsheftrekativielreferewaps eki mot atatimulatee Theruseloé upcom ng

time slot is higher, lower,, or .the sane as 5 the r ested data rate for
he previ oo RdelreR s Bath BlptivTelFToDesh sad redien Rtransos ARt fedtan
absol ufee r gfeEDRUGAessBEES ROAECEsE PRSI 65 D Ber Proforelsdattarsaiietiendguestalll ows
the requested data rate, to be set to a known state and ﬁﬂfures t hat

t
erroneous fel@dpte Gnsale be spntemplateskandaresvithiy hescape ghtheRiesenthe use of
absol ute rgfenrapaes and rel ative references can reduce the transm ssion
rate of 10 the DRC nessages to Access Point 6. Qther protocols to transmt
the requested The Revense Link Agress Ghannehisaigeddedicensd Iermingl6iPn t he scope

of the pre A LON. S8 1k %gg}%l i ed by
Access Ter %gﬁ%ﬂmtéﬂ %’l%%%ér)%négn&tg s Erfg}é?élg(géﬂr}t‘% h}kégl%gg o] % tf?clcgsc} t he
regi st tat i Terminaté trapsmasSNACK MessdgealondheReverdetISnkACKCike€banged. on t he
Reverse Link NACK. Cha | . Al though,th resent inventi h
described in t hgﬁ&())hlgggﬁe Bf‘esgnpﬁh u pg}ag(%zfe{\ Iateﬁcerﬂjlf emot?1 B(gﬁg%éﬁgggot ocol
can be conNen@Kagiretbcal)dh@use ofvut MTK phetosclope s cartempiftedahdiasgent i on. The
previ ous desgri % ion of .the disc]osed, enbodinments is provided to

within the scope of the present invention.

The previous description of the disclosed embodiments is provided to
20  enable any person skilled in the art to make or use the present invention. The

various modifications to these embodiments will be readily apparent to those

skilled in the art, and the generic principles defined herein may be applied to

other embodiments. Thus, the present invention is not intended to be limited

to the embodiments shown herein but is to be accorded the widest scope

25  consistent with the principles and novel features disclosed herein.

WE CLAIM:



20 enabl e any person skilled in the art to make or use the present

i nvention. The various nodifications to these enbodinents will be readily
apparent woorbrase skilled in the art, and the generic prraTipbiewsdefi ned
herein may be applied to other enbodi nents. Thus, the present invention is
not intended to be [imted to the enbodiments shown herein but is to be
accorded the w dest scope 25 consi stenf2with the principles and novel
features disclosed herein. WE CLAI f XE\PG/ 054617 PCT/ US01/50641 42
CLAIM5 1. A nethod for packet data transm ssion fromat |east one Access

2 Point to an Access Term nal conprising: paging an Access Term nal of a
pendi ng data transm ssion; 4 selecting an Access Point based on a set of
parameters; nmeasuring an excess C/|I of forward |ink signals fromthe

sel ected Acces 6 Ppi n e SHIE

sel ect ed Accesz1 Poi n@&ét@&%ﬁﬁ%ﬁ%ﬁ Bf&ﬁ ag lnff?gr?lhals{alu F CtC§ Access
Poi nt at d’dmattsanAcpeméTerrmnalmmimg:e vmth sai d excess C/I measur enment .
2. The method of claim,€1l %r ai.d transm.ttin ste 2 schedul ed by
a schedul er basRA®dH B AFFH i Fffmcﬂa S5 P PR ?&%Q tf‘etf%‘ § The nethod of

claimy, whereidlezaing JEASES B@mtf’eﬁhétiibhlagset aﬂﬁaraznaefsdl ng steps are
performed at each tinme slot unt]

|ddtatransmSS|o eted. 4.
The method of JRERTHIING Wlé%“’tﬁsﬁcs@iog?qrf"éﬂ{ itk $ignals feqm; eséeﬁéﬁg@ﬁﬁ% usi ng
a diregti gpght.beam 5. The nethod of claim 1, wherein said data is
transmitted to said 2 Access Terminal in data packets. 6. The nethod of
claim5 furt herseading thsiaxgess G/k mgpsireneant {0 saidaghactarbAgedss SRintaenent

(NACK) g mssagey%gﬂa@g Eagfrigﬁlts%n@g&leﬁgae%&%gs Péﬁrﬁ%kgtr%?\%ﬁﬁ@?&%gmrga'- 7.

The nmet’hod of conpri sing retransmtting sa
packet s ncﬂccos:kmwedtlbyaldaaxdes&(ﬁﬂwea'ﬂrrammlt in accordance with said NACK
nmessages. WO 02/ 054617 PCT/ US01/ 50641

2. The method of claim 1, wherein said transmitting step is

2 scheduled by a scheduler based on a priority of said Access Terminal.

3. The method of claim 1, wherein said measuring, selecting, and
2 sending steps are performed at each time slot until said data transmission is

completed.

4, The method of claim 1, wherein said transmitting step is

2  performed using a directional beam.

5. The method of claim 1, wherein said data is transmitted to said

2 Access Terminal in data packets.

6. The method of claim 5 further comprising :
2 transmitting a negative acknowledgment (NACK) messages for data

packets not received by said Access Terminal.

7. The method of claim 5 further comprising:
2 retransmitting said data packets not received by said Access Terminal in

accordance with said NACK messages.



43 8. The net hod of
for all data rates.
t ransm t tvead 02/@s4617er

claim5, wherein said data packets are of fixed size 2
9. The nethod of claimb5, wherein said data packets are
one or nore time slots. 10. The net hoBCDUSEl/364m 5,

wherein each data packet conprises a 2 preanble. 11. The nmethod of claim
10, wherein a length of said preanble is 2 based on said data rate. 12. A
nmet hod for packet data transm ssion frédfh at | east one Access 2 Point to an
Access Termi nal conprising: paging an Access Term nal of a pending data
transm ssion; & selBue ineghehodennd, Phientinisagbdatarpagketstareof fixedsizeer s;

TEAsUr NG @ AXEGSS,

Poi nt; "sendi ng a da

tgél of forward link signals fromthe sel ected Access 6
a " request nessage including the excess C/| neasurenent

8 to said selected Access Point; and transmtting data from said sel ected

Access Point at.a tr

h, sai d excess,C/ |

nsmi r,. in_ 10 accordance w
measur enent. 13 The?%m? ‘g\f%ﬁﬁl?ﬁ’f‘rﬁ T’%er%bﬂegﬁéfaa?é?a&kﬂtitaée r@ﬁ‘ﬁg‘éﬁe%ssage
is 2 indig@driore ifmard eaeefded data rate. 14. The nethod of claim 12,

wherei n said request

ed data rate is one of 2 a plurality of data rates.

15. A nethod for packet data _transrri srsi on from at Ieast_ one Access 2_ Poi nt
to an Access Tejgn nafh&ﬁilzmacfbpaairﬂ%gmraﬂ cABK B3 JEIKE Banp?fseda PENdi ng

data transm ssi on;

4 selecting an Access Point based on a set of

par ametZer spregmide/ 054617 PCT/ USO1/ 50641 44 neasuring an excess C/ | of
forward link signals fromthe selected Access 6 Point; sending a data
request nessage on a first channel to said selected Access 8 Point;

sendi ng the excHss (The me#Hsed efeatmdf, whessinrdengthmfshid presamble id0 sel ect ed

Access 2Poi

12.

1tr>]z:{s;ed%rrlldsaid data rate.

A method for packet data transmission from at least one Access

2  Point to an Access Terminal comprising:

paging an Access Terminal of a pending data transmission;

4 selecting an Access Point based on a set of parameters;

measuring an excess C/I of forward link signals from the selected Access

6 Point;

sending a data request message including the excess C/I measurement

8  to said selected Access Point; and

transmitting data from said selected Access Point at a transmit power in

10  accordance with said excess C/I measurement.

13.

The method of claim 12, wherein said data request message is

2 indicative of a requested data rate.

14.
2 aplurality of

15.

The method of claim 12, wherein said requested data rate is one of

data rates.

A method for packet data transmission from at least one Access

2 Point to an Access Terminal comprising:

paging an Access Terminal of a pending data transmission;

4 selecting an Access Point based on a set of parameters;



transmtting data fromsaid sel ected Access Point at a data rate in 12
accordance with said data request nessage and at a transmt power in
accor danomeow/odacrai d measured excess C/ 1 neasurenent. 16. pTh@semetohad of
claim15, wherein said data request nessage is 2 indicative of a requested
data rate. 17. The nethod of claim15 erein said requested data rate is
one of 2 a plurality of data rates. 1 4 A method for packet data
transm ssion fromat |east one Access 2 Point to an Access Terni nal
conpri sing: recBPIHNGIAR gxeess be/dtof herysargdink signals frorothe pelpcterl Agcesss
Term ngl s;py4¢.cal cul ating an average served rate for each of the plurality
of Access c11erm nals; 6 calculating a ratio of requested data rate to the
aver age served Seadfmg adatesgjuest mebragplonrafiist yhafineldo esisl sedeated Alcsess8
schedul8| n a Eransm ssion of data fromthe Access Term nal having the
hi ghest BYof requested data rate to average served rate; and 10
transm ttl ng dafeading@thes@dcdssS€) Eaieasurdatet 9nRpsatbndichannelrtdeald, varyi ng
transm t po n acc dance with said data request nessage. 19. The net hod
of cl ai0m 158 C\R??‘FL%F??S it 3apdo s calculated as: DROI 2 (n)/R (n), where
R (n)=(1- 1/ t c)trﬁhs(xﬁnﬁﬁgm\éé ﬁbm mlsémteHSAéd@gs refitesheftdaitainrate of
Termnal | at a slot n;"R .(n) the average served rate in a slot n-1to
|; 4 123nd aceordange gvitfa sridedata irﬁ@%bmecsa%ﬁe ar\ﬂbatmr@!ammtmmmsoy 50641 45
20. A et npdofPincRagkRLaidAheadir B BIES 0N héMBrdhehgast one Access 2 Point
to an Access I'n a communi catlon system conprising: receiving
data request messages froma plurality of Access Termnals; 4 calculating
an average ser\v. r t I nals; 6
calculating a rlgf’sl oaﬁf Iﬁ%%%ﬁ&%ﬁ%ﬁ 13 Bfe %lﬁgglt%%ﬁévg&g%z%ee%% Srate for
each of2 thﬁdmamvalofta)reqﬁes%eddssa fg¢e.mi nal s; 8 biasing a schedule of a
transm ssion of data fromthe Access Term nal based on the ratio of
requested data rate to average served rate; and 10 transmtting data from
sai d sel ected AcxessTIRoOinethéd ofclhirinSWhereBV&did réquesydt daRniasdiswnetof
nei ghborl ng [Access tPé)l nts in the conmunicati on syStemin

a plurality of data rates.

18. A method for packet data transmission from at least one Access
2 Point to an Access Terminal comprising:

receiving data request messages from a plurality of Access Terminals;

4 calculating an average served rate for each of the plurality of Access
Terminals;
6 calculating a ratio of requested data rate to the average served rate for

each of the plurality of Access Terminals;
8 scheduling a transmission of data from the Access Terminal having the
highest ratio of requested data rate to average served rate; and
10 transmitting data from said selected Access Point at a randomly varying

transmit power in accordance with said data request message.

19.  The method of claim 18, wherein the ratio is calculated as: DRC;
2 (n)/R;(n), where R; (n)=(1-1/tc)*Ry(n-1)+(1/tc); DRC,(n) is the requested data
rate of Terminal I at a slot n; R, (n) is the average served rate in a slotn-1to [;

4  and tcis a scheduler time constant.



12 accordance with said data request nessage. 21. A nmethod for packet data
transm ssion fromat |east one Access 2 Point to an Access Terminal in a
comuni ca¥® ono\yEt em conprising: receiving data request ParRus@g®s41f rom a
plurality of Access Terminals; 4 calculating an average served rate for
each of the plurality of Access Termnals; 6 calculating a ratio of
requested data rate to the average servi®d rate for each of the plurality
of Access Term nals; 8 scheduling a transm ssion of data fromthe Access
Term nal havi ng2@he Ahhgthesk for paicketatata dgnestissionifrom atleast anesretesge served
rater and BOuHSGRRMAH AR T PRARDSSIGAL A ACaRARIEN At 2
transm® power T n “Synchroni smw nei ghborin ccess Poirnts in the
communi cati on sysbiing datali2qaestandssages friotha phidlitlaobAcezpadermimedsage. 22.

The net hod of cl ai 1, wherein the transnit po is at..a maxi mum
dopenad on ¢ he sitaafsafmvet g etted EXBIPhtAd Shige BTBYt oAt nod of
claim 22, T&er@als;the transmt power 2 P(t) = Po (dBm) + a (dB) * Cos (2 *
77r * t /| T - 0) where, Po is the Acceds)a Poi nt n%m' nal transg}'st p%ower; 40
is the &zinuth gﬂ@pl@gmg ajratipiod requested datedRtesispthe aygrage s§oyesbrage for

PCT/ USO01/ 5884 10¢ tﬁgg},%agiopg@gesisqegﬁngg An Access Term nal, conprising: 2

a receiver for rec pagi ng nessages on a forward |ink signal and

perforing a C/ biagi nlesofamtransmissioropl date deam she AcsessTerménalor war d - 4

i nk si 9nabyee PR/ Alib S rEQuhEtlabe SR fb LRAEHY Bl bATakebsfY Vi NO sal d
pagi ng nessages, measur enents and exces I “measlrenents fromthe
recei v, said trensihitihgelats &loat saidgebactett Aegss Pointtat adnahBnia pomeemsni t t er
coupled to_said controkler for.tr it3i.ng .daf a_request .. mess S
el ud ng DIEETERLE N e flrs AR ERB S AT R 4,
AccesslPoi adcordargerwithgid @ata reqaestneesshge. receiving C/ | neasurenents and
excess C/ | neasurenents;

21. A method for packet data transmission from at least one Access

2 Point to an Access Terminal in a communication system, comprising:

receiving data request messages from a plurality of Access Terminals;

4 calculating an average served rate for each of the plurality of Access
Terminals;
6 calculating a ratio of requested data rate to the average served rate for

each of the plurality of Access Terminals;
8 scheduling a transmission of data from the Access Terminal having the
highest ratio of requested data rate to average served rate; and
10 transmitting data from said selected Access Point at a transmit power in
synchronism with neighboring Access Points in the communication system in

12 accordance with said data request message.

22.  The method of claim 21, wherein the transmit power is at a

2  maximum depends on the Access Point’s boresite azimuth angle.

23.  The method of claim 22, wherein the transmit power

5 P(t)=Py(dBm)+03(dB)* Cos(2*m *t/T ~9) where,

P, is the Access Point nominal transmit power;
4 0
T

is the Azimuth angle;

is the time to scan 360°; and



4 a channel schedul er coupled to said receiver for receiving said C |
measurenents and excess C/| measurenents fromthe receiver, said channel 6
schedul ew@et/eati’ng an Access Term nal for data transm ssPONVUS@deH
transmitter coupled to said channel scheduler for transmtting data at a 8
transmt power based on the C/I neasurements and excess C/| neasurenents.
26. A communi cation system for high spéded packet data transnission 2 from
at | east one Access Point to an Access Terminal, conprising: a transmtter
Wi t hi ngeach of @aﬁlgba&tinlcﬂst one Access Point for 4 transmtting pagi ng
messages wWithin a forward Iink signal to said Access Termnal; 6 a
receiver wthin said one Access Term nal for receiving said paging

messages and performing G| neasurenents and excess C/| neasurenents of 8
said forward I|nk SI nals fromsaid transmtters within said at |east one
Access Point; priqcesd Berminahicamgaisingsf sai d at | east one Access

Ter m nal said said C |
Teasur Grrent s and&&%“’sfz’f%?fﬁ&ﬂﬁéﬁ?%é%fﬁ%éaéﬁﬁ%‘fﬁéw'%%‘;%é%9%?%“ at

nmeasur emenperforsaing aGAI mebbwfenmeates bind pxogss £ Aeheaturdmantsess thediontvard and 14
a tran mtlt r within said Access Termnal coupled to said controller for
transmi dal'd@"r equest nessages. 27. An Access Point, conprising: 2 a
means for r ecei ¥ édtdrolbdraouplidest sald serpes for amening yaial padingneieanss
Termn ? a neans for c&l cul aléé);g an avera e ser}(\ed rate faqr. each of the
pl sl ' Gf1 Megraeserts A greess &) TeasEesRdao R N TPSRver $AE o of

request ed é@&ﬂ)lr&ggeggnggﬁ@éggsqgﬁm sgidved rate for each of the plurality
of Access Term nal s means for scheduling a transm ssion of data from

the AcSess Ter nd HansmierGogplasktorsaid eentroler for ranseyting datagaduestat e t o
aver age Sirhces geghf‘clu&’l'ﬁ the ca/I'Hé‘@a{é%ré&renisrafHaﬁmetéa&Q& At Aeh&RBhRA

sel ected ol nt a randomy varying transmt power I n accordance
with said data request 12 nessage. 28. An Access Point, conprising:

25.  An Access Point, comprising:

2 a receiver for receiving C/I measurements and excess C/1
measurements;
4 a channel scheduler coupled to said receiver for receiving said C/I

measurements and excess C/I measurements from the receiver, said channel
6  scheduler selecting an Access Terminal for data transmission; and
a transmitter coupled to said channel scheduler for transmitting data at a

8 transmit power based on the C/I measurements and excess C/I measurements.

26. A communication system for high speed packet data transmission
2  from at least one Access Point to an Access Terminal, comprising:
a transmitter within each of said at least one Access Point for
4  transmitting paging messages within a forward link signal to said Access
Terminal;
6 a receiver within said one Access Terminal for receiving said paging
messages and performing C/I measurements and excess C/I measurements of
8 said forward link signals from said transmitters within said at least one Access
Point;
10 a controller within each of said at least one Access Terminal, said

controller coupled to said receiver for receiving said C/I measurements and



2 a means for receiving data request nessages froma plurality of Access
Termnals; 4 a neans for calculating an average served rate for each of the
pl uralitweob2oaeress Termnals; 6 a neans for cal cul at i ngpar/matl/zeaf
requested data rate to the average served rate for each of the plurality
of Access Termnals; 8 a neans for biasing a schedule of a transm ssion of
data fromthe Access Terninal having t#fe highest ratio of requested data
rate tQ average.served rate; 10 an megns.for transm.t{ing data from
Cai g oB cpiaceEutspaidncie 9t St ATTAS e sRE R AR BB 1
accordanceaydth said data request nessage. 29. An Access Point,
conprising: 2 a neans _for receiving data request sages froma plurality
of Acckks  Ter md Hansmitgy withamsred 7sose Tesmunebempled b said copliader e

cal cul ati ng,dmAMER %g@als&iél\éggn{egga%egor each of the plurality of Access
Termnals; 6 a neahs for ctalculati'ng a ratio of requested data rate to the

average served rate for each of the plurality of Access Termnals; 8 a

means for bi asi@g a %ﬁgﬁ%g%ﬁr)gl |t’gco‘8§ﬁjrﬂsgq. ssion of data fromthe Access

Term nal havi ng the ested data rate to average served
rate; 210 and aa means férarectivams datatrequestatesshgenframi alphehbtt @dAdesess Poi nt
at a 12 tyansm t?.power in synchronismw th nei ghboring Access Points in
the comuhP &P on systemin accordance with said data request nessage.

4 a means for calculating an average served rate for each of the plurality of

Access Terminals;
6 a means for calculating a ratio of requested data rate to the average
served rate for each of the plurality of Access Terminals;
8 a means for scheduling a transmission of data from the Access Terminal
having the highest ratio of requested data rate to average served rate; and
10 a means for transmitting data from said selected Access Point at a
randomly varying transmit power in accordance with said data request

12 message.

28.  An Access Point, comprising:

2 a means for receiving data request messages from a plurality of Access
Terminals;
4 a means for calculating an average served rate for each of the plurality of

Access Terminals;
6 a means for calculating a ratio of requested data rate to the average
served rate for each of the plurality of Access Terminals;
8 a means for biasing a schedule of a transmission of data from the Access
Terminal having the highest ratio of requested data rate to average served rate;
10 and
a means for transmitting data from said selected Access Point at a
12 randomly varying transmit power in accordance with said data request

message.

29.  An Access Point, comprising:
2 a means for receiving data request messages from a plurality of Access

Terminals;
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a means for calculating an average served rate for each of the plurality of
Access Terminals;

a means for calculating a ratio of requested data rate to the average
served rate for each of the plurality of Access Terminals;

a means for biasing a schedule of a transmission of data from the Access
Terminal having the highest ratio of requested data rate to average served rate;
and

a means for transmitting data from said selected Access Point at a
transmit power in synchronism with neighboring Access Points in the

communication system in accordance with said data request message.



