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1 ZATI ON OF FORWARD LI NK BASE STATI ON pCTﬁEMﬁBALEVELS
DURI NG HA| VEEEN BASE STATI ON %ECTCRS IN A MBILE RADO
COVMUNI CATI ON SYSTEM 5 Thi s

appl i cation cl $@gﬁp&g§%ﬁg&% IFQRWAR?J LINKCBASE STATION

60/ 075, 211, fi I's pendi ng.
BACKGROND CF THROYENTI BVELS DURING HANDORFBETWEENBASE

The present invention relates to comuni cations in general, and to

synchroni z ed%g‘?’(ﬂ[(ﬂquE@TORS IN/ A MO BILE RADIOWGCOMMUNK A FTION

particul ar. ) Description of the Related Art The use of
code division nmultiple access (CDVMA) rSYSEEMN techni ques is but one
of several techniques for facilitating comrunications in which a | arge
nunber ofs system users are present. Although other t echni ques such as

time division nmultiple access (TDMA), freguency 20 dijvisio ltiple
access (FDWA) andrhl%l ﬂpplllcatml@nd@élﬁéml@&lhﬁ%“ Pro‘élﬁfﬂf}aclugégg 13l g BNp-

singl e sideb S K %@gﬁ, hash i y:qpi fi cant advant ages over
t hese ot her %%{Zﬁéﬁoﬁietﬁ%ﬁu%&gg’ e Use o per?d]%%l\m techniques in a
mul tiple access conmuni cati ons systemis discl osed in U S Pat. No.

4,901, 307, entitled "SPREAD SPECTRUM MULTI PLE 25 ACCESS _COVMUNI CATI ON
SYSTEM USING  SATELLI BACKGROUNRBRES RHE BXMENIEOIN 355i gned to the

assi gnee of the present I nvention and the disclosure of which is

i ncor porld&x ed by reference herein. In the patent just nentioned, a
mul ti pl e accgess tﬁieigi (Hg Icl%‘ di scl osed wherein a | arge nunber of nobile
t el ephone system O RGMVEINAYy a 30 transceiver, communicate through

satel lite repeat eTRe Preb&it Bieritidn RR¥es to communications in general, and to
synchronized power control in a multiple access communications system in
particular.
15 1L Description of the Related Art
The use of code division multiple access (CDMA) modulation
techniques is but one of several techniques for facilitating communications
in which a large number of system users are present. Although other
techniques such as time division multiple access (TDMA), frequency
20 division multiple access (FDMA) and AM modulation schemes such as
amplitude companded single sideband (ACSSB) are known, CDMA has
significant advantages over these other modulation techniques. The use of
CDMA techniques in a multiple access communications system is disclosed
in US. Pat. No. 4,901,307, entitled “SPREAD SPECTRUM MULTIPLE
25 ACCESS COMMUNICATION SYSTEM USING SATELLITE OR
TERRESTRIAL REPEATERS,” assigned to the assignee of the present
invention and the disclosure of which is incorporated by reference herein.
In the patent just mentioned, a multiple access technique is disclosed
wherein a large number of mobile telephone system users, each having a
30 transceiver, communicate through satellite repeaters or terrestrial base
stations (also known as cell base stations, or cell-sites) using CDMA spread

spectrum communication signals. In using CDMA communications, the



stations (al so known as cell base stations, or cell-sites) usi'ng CDVA

tSEreead s%‘%:ggrlg%ocommm cation signals. In using g:DI\/A com%:g.ﬁ%ggggso
spectrum can be reused nultiple tines ther et%/ permtting an I ncrease

0 System user aRARL bpeThintiSirOte ML SRRNLANE SERS IiGIeb BermittinVSR

hi gher spectra cy n can be achieved*usi ng ot
access techni giieseaseSin system uber capucttyt i Tihelluseedfi CDMA tchphques sassltenth a

that use analog FM _ . nodul atiqp,. the avail abl e frequency, band is divided
i nto channel s Myshchigher SPecﬂ:@@ eﬁﬂ@enew gharaviad he arhieveds using otherc aaltiple
I s divided geo%C?QgT{e%M lies into cells of varying size. The avail abl e
frequency channel's are vided into sets with each set usually

cont ai ni ng ;an equal Imugdrererdioretiaetiutar Teteptbnd r §aiems Y tivat uisar analogi EMd
to cells in such a way as to mnjim ze the possi bility of_ co-channel

i nterference. modulation, theyayailablecfreguency bapdvisdivided ite rhannels iypically

are intended t -al s eal | Zar f egi i f a
Gaa link. Lo DoKEFRR bABREE." T Bt bARCL R MEGhiEY, Rndifiialy

bet ween two ceijnts cellfof anyiopf si2zé. memaimlee&éqhue@myrmm@relé aré dividatieihto
when the receiver in the_ cell basle Station handing off the call or
connecti on not$&t® vith fachpget wsuallye gontajping an eqyal swanbes ofnchannelppi The

station f S d r thre I val 40N
level fal |aisd beﬁqgé\/&%% géédg%egra%%ggdt%eslol g“ such vagl‘”@,’ %@“hﬁ&béi*@“i & ?t}ﬁ
asks the syst epossibilityldf ao-thardel énterferenbet her a 20 nei ghboring base

station receives t bile . statign signal wth better signal . Sstrength
than the current bgééggf’gt sclipmes in contven agy”@‘f T Sxeteony are r@%ﬁ?ﬂg%o
the inquiry of C has ' ' 0,

nei ghbori ng baas]%a&gtaaﬁl%ﬁgbw' th eh%fn?g#‘?é&% %%%ﬁ%g#ﬂ Q‘th%&'%glggﬁbggr ?é\%ﬁ gge

stations then whenspewrbile stationicigsses the \benmdairy hetwleenkwo celiie Thie gnaidoff
from the yobile station.on the _specif.ied channel. Shoul d one of. the
nei ghbor i baé@“%t%q Gfid E’eﬁ_&f’fh%n I%dEHEPJFa yqtﬁﬁhlthe Tecertee Hyt Rt eelf thase
system contr ol dgfion chArdid@' bffl the AR B BOnnection notices! that ﬁt‘é%@c@i&é&ﬂ@i al
system a call is discontinued if the hando?f to t%e new base statd on
i s unsuccessf wtrengibr from etheamyobiley stagonnfalls belowofd predetermined threshold

value. When the signal level falls below the predetermined threshold
value, the base station asks the system controller to determine whether a

20 neighboring base station receives the mobile station signal with better signal
strength than the current base station.

The system controller responds to the inquiry of the current base
station by sending messages to the neighboring base stations with a handoff
request. The neighboring base stations then use special scanning receivers

25 to look for the signal from the mobile station on the specified channel.
Should one of the neighboring base stations report an adequate signal
strength to the system controller, a handoff is attempted.

In a conventional system, a call is discontinued if the handoff to the
new base station is unsuccessful. There are many reasons why a handoff

30 failure may occur. For example, if there is no idle channel available in the
neighboring cell for communicating the call, handoff fails. Likewise, if a
neighboring base station reports hearing the mobile station, but in fact really

hears another mobile unit using the same channel in a completely different
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30 failure may occur. For exanple, if there is no idle channel available i

in the nei ghboring cell for comunicating the call, handoff fails.
Li kewi se, iW0a9/43100 nei ghboring base station reports hearing RGHEU$BEP:. e
station, but in fact really hears an@& her nobile unit using the sane

“channel in a conpletely differen

t . . . .
3 cel | , celhhpardoff fpils, Handoffrcamalsg &il mehere e anphilensiatire &gt ton
fails to r i ' . ' '
nei ghbor i ng Teccf oftuRi R Enal 8 Sl BYNE el chafinBF #h BRNEENBAE
cel lul ar sysggns occurs 5 when the nobile unit approaches the border
between two cells. In this situatjon the signal |eve f the nobile

station tends to ¥etianothes handpff preblean in copventieRal cg YSYSIRIRe QFGUEs

" pi ng- i ng'y. ef ed t
phck and T or PheBe o bE RLFapBRHERES e border BERyCa TR els Ty Tl
Pat. No. 5, 1§itudtidn tRebigratdevdYoiHbe Mbilestdiidh feRds to kMMhtd MEbétitbase

HANDOFF | N COVMUNI CATI ONS I N A CDMA  CELLULAR TELEPHONE SYSTEM "
assi gned to stationssitherebyotreatagpn e ping-pongingy cpffedh, Kepeated Jequests are

which is incorpar r relm, Gua r
di scl osed fowa@%ogé S%r??logg%mi}gn?%gﬁ%% %mﬁ(?hft e ]i%tqgérf%ﬁi I'e g}eg%ﬁ%%gr gﬁ%ﬁﬁ
nore than ongtagnk. base station during handoff. In - t his environnent,

communi cation is not interrupted by the handoff from o]y
of the cHl| the nbbiYsS. Kak N bel0LS0L; ggtitled; h%ﬁ%@?téwﬁnggﬁ'ﬁi&aﬁﬁg
cell the nobj AihgSa€ i et ngi a
soft handof f Plhg)@nlg’r\]ud;n [ %asla%?s MQEFC gﬁ? C%@S{}gﬁéggﬁﬁ aﬁu\z eﬁt %?hg% 20
nore base st @BLAFLAR FELEPHONE SYSTEMI, ¢ assiphedt tat than assigneeriof the present

concurrently to . the npbile stafiaon during the ha ff. AN
i nproved sof MYRARIST ?ﬁ%xmlﬂﬂé“ei o gy =3 ‘FWPQF@EEEI?’E’(Y. refgrence hgrejpy a

2o o s SRS SHRR SE OB dica N
i nventi olf t hreobdlesstationr throughhirairei thamooepoelbbase stption dueingy bamdofferlai n.
'n the Tnpr O}c/hei(s:I etn%%pgriu%légt,ozo%u;%ﬁggljt 9 AF &ngrutpqu by the handoff from
~ the base station of the cell the mobile station is exiting to the base station of
the cell the mobile unit is entering. This type of handoff can be considered a
soft handoff in communications between cell base stations because two or
20 more base stations or sectors of a single base station transmit concurrently to
the mobile station during the handoff. |
An improved soft handoff technique is disclosed in U.S. Pat. No.
5,267, 261, entitled “MOBILE STATION ASSISTED SOFT HANDOFF IN A
CDMA CELLULAR COMMUNICATIONS SYSTEM,” assigned .to the
25 assignee of the present invention, the disclosure of which is incorporated by
reference herein. In the improved technique of the foregoing patent, the .
mobile station monitors the signal strength of pilot signals transmitted by
neighboring base stations within the system. When the measured signal
strength exceeds a given threshold, the mobile station sends a signal
30 strength message to a system controller via the base station through which
the mobile station is communicating. Command messages from the system

controller to a new base station and to the mobile station establish

contemporaneous communication through the new and current base



nobile station nonitors the signal strength of pilot signals transmtted by
nei ghbori ng base stations wthin the system Wen the neasured signal
strength exceasls/gi1gd ven t hreshold, the nobile station sends aPETARINOISH
strength message to a systemcontroller viagthe base station through which
the nobile station is communi cati ng. Comrand nessages fromthe system
control | er to siatiens.hbentthei mobiadstationhdetadisithat theisignal stteaigth <if a pilot

Lcati hr ough d b .
2 Pt At orfor ARG b igat Sk ph e Brdk 1 88PRS IhERLER FERER the mokite
of a pilot  unigOk’ AERERG Wbrhfdlich8AS! hadFalén HoWAE SpldetéMRmelN IOHIN

whi ch the nobile _unit”is currently communicating has fallen below a
pr edet er m ned thevmiobile statiame repdnits d¢hetmepsuredepignad strengtbaindicativé pfathe

strength inpdicative of,.th 5 cor.respondin ase station t.o t.he. system,
cont ol | er Sy FOFIRSPERGING AR Ration: B (e, AEplemin CEREPLIET oviBo bR HAbS SEAonS
Cormand messagfgohgRMvhiG $Y&! &hmunic&8Rk! 0CbimhAd! ﬁésssg%@t%meﬁm@ﬁﬁ&em
station and nobile“station term nate comuni cati on hrough the
corr espondi ng copdedlersttat ithe idemtifiedl base stafiomniazet iroobile hstadign t feeninhér
base station or _stati.on con:#lgue. 10 j cal cell U|€I’ or

At . .
personal commAPTREHTHRAEOR o HEPUGH ¢ o g hgoTTESPO bd@3est SHtMS - Wwhitils,
a cell having dgshinRli€atiditd Hrdugh fAY bthexIdsR' Ation or 4866nS BhtAL

e.
conprises nultiple independent fransmit and receive antennas or )
transcei v@Ps, each Aftymidalirellolar or prerspnal chmmunidadion tdysternhalso otentains

coverage area for the base stati.on. ver, the,coverage areas aof. the 1

i ndi vi dual sec,sf)g?estb\?ﬁ ﬁ€ 1Re™e _1 %Fﬁ V%tr&éﬁ“llﬁleeﬁ%‘lqﬂ?r vg, n&ﬂ&x-sec%ore%
typically bas8 Bt£ti G oiprises\inuliple fitlepRrhldenh @fahshiie RRE Féetvd ¥atdrRas
In general, a cell is divided into seCtors to reduce the total

i nterference pBwERNSELiNELS, | @adniof swhich cowerg @ areahithatt jse less| thanTithe ytosabf

Fectors oheo. BSEERRE S o o saton. "HALENE e LUbe SEATHY B0 °
bet ween nébghhnadividuabseciretwidhih the ceﬂeﬁéfﬂdteﬂtﬂb@léy &&lugivep ahd ?g@é i1

a
to a sectorized base station as disclosed in u. Pat. No. 5,625, 876,
entitled "MNETHREreAMIS atgppArithinstheegll where thesertorneverdapolin gsmepalrR cell is

SECTORS OF A W ﬁ?ﬁEsect?rs t@%ﬁu@é‘ thefoth P R rfePed ° p%%@ér%eﬁloq;ilet Bhits

present inven di scl osur
located within the cell. The use of sectors also increases the number of

mobile units that can communicate through the single base station.

20 The method of soft handoff between neighboring base stations
described above can also be applied to a sectorized base station as disclosed .in
US. Pat. No. 5625876, entitled “METHOD AND APPARATUS FOR
PERFORMING HANDOFF BETWEEN SECTORS OF A COMMON BASE
STATION,” assigned to the assignee of the present invention, the disclosure

25  of which is incorporated by reference herein. Each sector of a common base
station is treated as a separate and independent base station. Each sector of
the base station combines and decodes multipath signals from a common
mobile unit. The decoded data is sent directly to the cellular or personal
communication system controller by each sector of the base station.

30 Alternately, the data is compared and selected at the base station and the
result is sent to the cellular or personal communication system controller.
Thus, in a base station having three sectors S1, S2, and S3, soft handoff

between the sectors could occur as follows:
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\
25 of which is incorporated by reference herein. Each sector of a comon *:

base station is treated as a separate and i ndependent bage station.

Each sect orwgx99/43100 t he base stati on conbi nes and decodes nul F%W’%sﬁ%al s

froma common mobil e unit. The decode8 data is sent directly to the-
cel lul ar or -personal C ni cation.systemcontroller b ch _sector of
the base station. 30 ,&I'tergﬁ%m& Slats e w 50%%8}?&%%&533%5@38 at the
base station and the gstatibRIHIdugit aSReior S1 ththsesiviey ar or personal

s .

comuni cati on system controller. hus, in a base station having three

sectors S1, S2, and S3, soft handoff . between the sectors could occur
as fol |l ows: 2. The mobile unit can detect that the pjlot signal

1. The nmobile unit can_co | cat i t.h.the base . station
t hrough a sector S1 tra?ﬁ’é%qgg‘?l}l;&e gas‘gsmh%p‘ sedtor S%.transfﬁleverrroﬁjﬁegdﬁnit can
detect thgt the pilot i gpédetermined threshold valheength of the base station
sector S2 transceiver exceeds 5 a predeterm ned threshol d

val ue; 3 The mbile _unit informs the base station

control l er through the base Bheit imabectwnitsiinformscether base station
that the pilot signal str i le1S .
éorﬁf@i%oﬁgoygﬁug?@ %Tgé At S&&5P'S1 %anscwgr

transcei ver exceeds the thres base
station controller deahatdheapilot bighal strength of the basesstatibabsdctdrySDf
resources in station sector S2 and sends command si gnal s
to the mobile unit thrdGgrscerversexcesds the threshold value; 51 transceiver and
t he sector S2 transceiver; b, The nobile wunit then
pegins shpultaneous 154 The base GRAENA! CQritAffert! bebhRid@seRéat i on
t hrough the base station sectors S1 and S2 transcelvers;

6. The base station cavailabilityt bé resgmabs ineswitiord sector S2 and sends
command signals to the mobile unit through the sector

S1 transceiver and the sector S2 transceiver;

5. The mobile unit then begins simultaneous
15 communications with the base station through the base

station sectors S1 and S2 transceivers;

6. The base station combines the signals received
from the mobile unit through its sector S1 and S2
transceivers until either one or both pilot signal
20 strengths of the sectors falls below a predetermined
threshold value and communication through the sector
S1 and/or sector S2 transceivers is terminated by the base

station controller.

U.S. Pat. Nos. 5,267,261 and 5,383,219, entitled “FAST FORWARD

25 LINK POWER CONTROL IN A CODE DIVISION MULTIPLE ACCESS
SYSTEM,” assigned to the assignee of the present invention, the disclosure

of which is incorporated by reference herein, describes a process that enables

a mobile unit to update on a frame-by-frame basis the base station or stations
through which it communicates by measuring the rate at which the mobile

30  unit correctly or incorrectly decodes each forward frame.

e



fromthe nobile unit through its sector S1 and S2

transceivers until either one or both pilot signal 20
strengths of WPH&43®tors falls below a predetermn ned PCT/US55/03530
t hreshol d val ue and comuni cati on through tthe sector S1

and/ or sector S2 tga ivers |s.t ) d .th a .
station controller i’r&sl%&s %aﬁ Aﬁﬁ’ %ﬁy‘ﬁgﬁgsl\gg‘)ﬁg %83 g%ﬂd%qdwél,eg%f, ﬂ%‘?ﬂe
entitled " FASinitORNRRuRRzatd N\Kyv TRV ERDreOTROLond\ tharfscRiveld F 3 §Mdtdkikdd Make
ACCESS SYSTEM " assigned to the assjgnee of the present jnvention, the

di scl osure  statign. whirc hiss enyizgrgeeat.edtbis pspbaklec thate not nalldbass iskation

t hat bl . _a.npbil it , -by-f basi
Phe base st at FaRSwverap aRPE coitpiPidasion, KAEF e SHofile vEHE cotrepfy Wecsde' °
measuri ng § hetiepewk cohtidl ddie fiohithe MebildHtatieor Whehytiis dcbafY, HRE dain

decodes each forward frane. ) L . . o .
6 settipge iaf eagh hase statiow ranaceiverr im gctive tcamamasticatiprer with the

Contori zed badiobife BRUTEES 65t Pe'SynMREGERd beoRRy' 00 BBl S, hecuss,
al | base statégdh transcéivefSEeiavsé@otiRedChaseCstaBiGHL Brad@hiieN oM tthel BAmEOPN e

unit correctly decode 5 the power control data fromthe nobile station.
Wien this occthannelhe whem the gaini sgttings efh thesetrangeeivars r dnscactive

in activ 0 i j it . il i §.pdd hr Qni.z
or may evifh oRRBREEMARON WivbdiB. e beclE olF diekBile B0t € MURRE BRLZES
base station pfepely tombiné hhe farwaiiNlink cofttatARlatiorh sigridle igRiceivest froRes
of the transceivers in active 1Q conmunication diverge, it beconmes nore

difficult foreadie Hanseedvem; of  the sectorized bgse o3BtiAR. { hAErdiaglY.| isprne
conmuni cati o ' [ @éﬂn I . ' ’
sectorized bggl? Cs ? Q{SI?% n&f kg o:éS?}]% If%u’%%drreﬁa%g rk%c %a nﬁg%edgf Cgéaljg?erﬁi g btaﬁ%
forward franestgtion tsatdcegss sinehmirized eirbgg handoff lxdtateenrsettors i« aeaded
synchroni zed during handoff between sectors I s needed.: 15

SUMVARY G THE | NVENTI ON
'SUMMARY OF THE INVENTION

The present invention enables two or more transceivers in a

sectorized base station to update the power level at which each transceiver

20 transmits to a mobile station on a forward communication link in cases

where the gain settings of the two or more transceivers would otherwise
diverge.

In particular, the present invention is directed to a method and

apparatus for controlling the transmit power levels of first and second base

25 station trénscei_vers, wherein the first and second base station transceivers

are respectively associated with first and second sectors of a cell. The

received signal strength of a communication signal arriving at the mobile

station is initially determined. A power control value that is based on the

received signal strength is then transmitted from the mobile station to the

30 first and second base station transceivers. A first received power control

value is next generated by attempting to receive the transmitted power

control value at the first base station transceiver, and a second received

power control value is generated by attempting to receive the transmitted



The present invention enables two or nore transceivers in a sectorized
base station_to update the power |evel at which each transceiv @g
transmts to“g)ﬁ%ﬁgﬁ% station on a forward conmmunication |ink ?éT PUZS30
where the gain settings of the two or nore t/r anscei vers woul d ot herwi se

di ver ge. I r{Lcul at,.th i.n i s.directed to a
nmet hod and pogsxbacro gﬁj&g #’J%frﬂéc(;aﬂrtut}'l tSI ??%‘?%gg? rsg%tg# ttgg%%/%qurev SLYypmon
first and secomdnbstepdwer statie ds chlctilatedi aethe, badeestation tdoatfolleit forNbhe first

second base station transceivers are respectively associated with
first and secod secendsbase stagion transeeivers wheni thed firsyaad seqomdgreceived

conmuni cati on Sj I LL Vi t i le tation i initiall)
determ ned. A %%‘&gira Ny glﬁ{drlojlvgg‘la ué ﬁg'tqg)(ﬁlsa_lbaslgbe o%l?ﬁg‘mmaﬁo?e(?Md}és F]@?ﬁl
strength i $ t hgandhitbedrfionedhé Fist ahd sebbnd Hasé atdtivh tRnsEEveEs i laksdrdande
second base station transceivers. A first received power control val ue

i s next gener avii Hie gemenen itrrnsmit pewer@alwe transmitted power
control value at t fi .St atyl.aon ceiver., and a second received
power control val uﬁshéiz%ﬁgigﬁlgoy%t et%“r%@ﬁ%‘%t oﬁ?éecgf)\w It h&VEPan tm‘fvh‘é‘gh

7 pover cipahsceivers! ik attivdecomeniflidagivn Swath 08 §ialeCRioMle UhiéORFEN
transmt power value is calculated at the base station control]ler for the
first andT3REBHENG MAYs basypahanired etheseby unirimiring | ox elinvinatingo thie

< hen 20 ¢ RS OB naSF Ry Nehelli 3 8obile, BRGBRTPEGRS P Selhs
i n accordance commumititiohesigmats Iariiﬁrrﬂ'(? nrbrD @v@isceRied€. with divergent BYower

i npl ementing this technique, the powe evel s at which transcei vers in
active cormmunil€¥elson wit h a single nobile unit are transmtting may be

synchroni zed, thereby g he e [ &mﬁg t hat may

occur when a nobile sta ﬁgtmmgﬁﬂgf%ﬂ on signals
arriving fromtransceivers with divergent power | evel s.

BRI EF DESGB! PTI ON' Gl e, dfRENY &Sﬁcts, and advantages of the present invention will

become more apparent from the detailed description set forth below in

conjunction with the drawings in which like reference characters identify
correspondingly throughout and wherein: _I
FIG. 1 shows an exempiafy illustration of a cellular telephone system;
20  FIG. 2 shows an exemplary base station coverage area structure;
FIG. 3 shows the forward and reverse communication links between a
mobile station and an exemplary two sector base station.
FIG. 4 shows an encoder for encoding the forward link traffic channel
information transmitted by a base station transceiver, in accordance with the
25 present invention. _
FIG. 5 shows a modulator that modulates and gain adjusts the encoded
forward link traffic information transmitted by a base station transceiver, in
accordance with the present invention.
FIG. 6 is a diagram showing the timing of a forward link power control
30  subchannel implemented using first and second rate sets, in accordance with

the present invention.



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

w | | becone nore apparent fromthe detail ed description
belowin  WEYBUWtion with the drawings in which |ike ref i&g‘ﬁjcsg&%o
characters identify correspondi ngly th# oughout and wherei n: FI G

1 shows an ex lary il].ustration .of cel lul ar .tel.ephone  ;syste 20 |
2 shows an oxdibr 2% BeuaSterh 8B, B Smie of f SBRVERE 1K Ferdoghrol
shows the forwabehaffel eyiplafieARAMUEILA! o |dnitk SoRRhVWBRR dets, in ABHYdafice
station and an exenplary two sector baSe station. FIG 4 shows an

encoder for ervwidhithg presenbinwgndion.nk traffic channel i nfor mati on
transmtted b ase_sf.ation transcejver, in accordance, w th the 25
present | nvenryﬁrlg;h%g 15 a digglam gilgm},}g g‘ Fﬁ N‘a’fwﬁ%mfﬁi &ov&qdcamrrql
adj usts thg ergBeRannel impRim&itdd ubing! fitdh' akd isBitRIARd &8, il aBsFdhh&swAYh @
base station transceiver, in accordance with the present invention.
FIG 6is a dithgrmesgmbm‘f@ttqm timng of a forward link power control 30
oh gcgﬁggg'm' Fﬁ{;@gﬁf‘%ﬁé’ H55A%h hbwing"the BedRS ORRLSE S a'r%v%%s%oiﬂﬁ“&%géﬁt h

FIG 7 is a diggs apoweeWdigrdlh@odp NiniflepherttedOnMaRELIriAKcd OMRh GRET pAdsent
subchannel inplenented using third and fourth rate sets, in accordahce

with the presénventigdnti on. FIG 8 is a diagram showi ng the timing of

a forward,kin OWRI. CO | ;. ubchannel., i | epent ed using fifth and
ixth a0 ofIE s BAR dinkrad SHAMNE e BLEHRIE 87 ARG K AP o
i s a di agram gbfwohg stibehdrins]l N@r@ictaRidayintod N ad révdieé Stinlk Npilét O&lethnel, in

| oop power control |oop inplenented jn accordance with the present

i nvention. 10acegrdangg withhg) prerent iyeatioshowi ng the structure of a
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5 invention.

FIGs. 12 and 13 show two views of a modulator for modulating the reverse
link pilot, control and traffic channels, in accordance with the present

invention.

20 DESCRIPTION OF THE PREFERRED EMBODIMENT

An exemplary illustration of a cellular telephone system is provided
in FIG. 1. The system illustrated in FIG. 1 can utilize various multiple access
modulation techniques for facilitating communications between a typically

25 large number of mobile stations or mobile telephones, and the base stations,
including CDMA spread spectrum modulation.

In the typical CDMA system, each base station transmits a unique
‘pilot signal which comprises the transmission of a pilot carrier upon a
corresponding pilot channel. The pilot signal is an unmodulated, direct

30 sequence, spread spectrum signal transmitted at all times by each base
station using a common pseudorandom noise (PN) spreading code. The
pilot signal allows the mobile stations to obtain initial system

synchronization. In addition to synchronization, the pilot signal provides a



15 invention. FIGs. 12 and 13 show two vi-ews of a nodul ator for

nodul ating the reverse link pilot, control and traffic ch i
accordance WY@ esent invention. 20 DESCRI %?WW%E
PREFERRED EMBODI MENT An exenpl &y illustration of a cellular
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signal transmtted at all tinmes by each base station using a conmon
pseudor andom nwiobéle( BMjitdyngademigr c MMSC) THbat typiqallyotinelugleal ahterfacet rend

Lo synchr oni 2 RTOSRSSIESBHHEY 10F RV IGIRG, syptemccontrol to e ‘tase skaidrs.' "THe
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strength measurenents used in handoff deterrm nati The pilot signal® as

transmitted byswit¢hest |fﬁ1$plb@m St@wbohs(RﬁI’Ndet Iﬂ@ %ppIOPNa@pr‘mm stgtiond éor

th diff t d h ts a
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center (M5Q), ddttols hkCRlutihg BF lcHIS Srorh IR hritfiiledBfhtions v at; ?éa%‘t Yhe base

circuitry for providi %ecﬁ/stem control to the base stations.
control l er 10 stftiende $IWNhe routing of tel ephone calls from the public

ik hed ol ephone MOk hEPTO e Bl S IRPER B2 JBRGE b7 adhe
such as dedicated phone lines, optical fiber links or by microwave
15 communication links. In FIG. 1, three exemplary base stations, 12, 14, and 16
along with an exemplary mobile station 18 are illustrated. The mobile
station 18, typically a cellular telephone, consists of at least a receiver, a
transmitter, and a processor. The base stations 12, 14, and 16 typically
include processing circuitry for controlling base station functions (base
20 station controller or BSC), and interface circuitry for communicating with
both the mobile station and the system controller. The arrows 20A-20B
define the possible communication links between the base station 12 and the
mobile station 18. The arrows 22A-22B define the possible communication
links between the base station 14 and the mobile station 18. Similarly, the
25 arrows 24A-24B define the possible communication links between the base
station 16 and mobile station 18. The base station service areas or cells are
designed in geographic shapes such that the mobile station will nofmally be
closest to one base station.
FIG. 2 shows an exemplary base station coverage area. In the
30 exemplary coverage, hexagonal base station coverage areas abut one another
- in a symmetrically tiled arrangement. Each mobile station is located within
the coverage area of one of the base stations. For example, the mobile

station 10 is located within the coverage area of the base station 20. In a



controls the routing of calls fromthe nobile stations via at-|east- one
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station 10 is |located within the coverage area of the base station 20 In a
10 CDMA1d8 | ul ar or personal conmmunication tel ephone system a common

frequency band is ed tion with a e stati

system t hereby al | (ﬁ} ﬁeﬁﬂﬁﬁ?ﬁé%ﬁga?&ﬁﬁﬁ?%?%ﬁa E‘E“\ﬁg‘gﬁ ’Aﬁlﬁﬁﬁf de G,
station and Ny & highlyoftieadized. SttdrPhctidle camiliak eoﬁ"ﬁérb&ihﬂ@ohﬁnhﬁ?@é% 5
very close_to the base station 20 and therefore receives a mgg si gnal

from 15 he epyironanent, basestatinn ceveragecrpas may varyyimsizef anshshape.oBade ng
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of ‘the base stdefinimg dfiférage area shapes different from the ideal hexagonal shape.
Furthermore, base stations may also be sectored such as into three sectors, as
is well known in the art. Base station 60 is shown as a three sectored base
20 station, however, base stations with lesser or greater numbers of sectors are
envisioned.
Base station 60 of FIG. 2 represents an idealized three sector base
station. The three sectors of base station 60 each cover more than 120
degrees of the base station’s coverage area. Sector 50, having a coverage area
25 indicated by the unbroken lines 55, overlaps the coverage area of sector 70,
having a coverage area indicated by the coarse dashed lines 75. Sector 50 also
overlaps the coverage area of sector 80, having a coverage area indicated by
the fine dashed lines 85. For example, the location 90 as indicated by the X is
located in both the coverage area of sector 50 and sector 70.
30 In general a base station is sectorized in order to reduce the total
interference power to mobile stations located within the coverage area of the
base station while increasing the number of mobile stations that can

communicate through the base station. For example, sector 80 would not
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station 40 a | pbarly sized signals fromthe base stations gofy 0.
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unit at location 90 mght be in soft handoff wth base stations 20
350b and 36Ub represent the possible forward communication links between

base station 300 and mobile station 340. Arrows 370a and 380a represent the
possible reverse communication links between mobile station 340 and base
20 station 300. Arrows 370b and 380b represent the reverse communication
links base station transceivers 320 and 330 respectively and base station
controller 310.
Whether at a sectorized or non-sectorized base station, a set of
multipéth signals from a single mobile unit are separately demodulated and
25 then combined before the decoding process. Therefore, the decoded data
output from each base station is based on all of the advantageous signal
paths available from the mobile unit. The decoded data is then sent to the
cellular or personal communication system controller from each base
station in the system. Thus, for each mobile station operating in soft
30 handoff in the system, the cellular or personal communication system
controller receives decoded data from at least two base stations.
In accordance with the present invention, CDMA communications

can occur on both the forward and reverse links at a number of data rates



and 120. A nobile unit at location 90 mght be in soft handoff with sectors

50 and 70 aswﬁ, 100

Referring nowto FIG 3, the fci;d’i%ﬁmﬁ:fgo
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control |l er 310. e her at a
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separately de nd 25, th G ed before fhe decodi ng_process.
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Thus, for each bi | t,at i perating i 0 .h e system
the cellular 8¢ 53??35@ hecfor i iefgrenn sy "e Hetails oéﬁﬁ ngWéFC? g@%.e\wg‘gder
decoded data hﬁﬁ{érébgy%‘itraié’%ét@ai%séﬁd bARE set forthmTableE'i-@BEWance W th
t he present invention, CDMA comuni cations can occur on both the
forward and reverse |inks at a number of data rates

12 whi ch are grouped into six rate sets based on a nunber of criteria.
The si x rate sets are then further divided into three groups: rate
sets 1 and 2, rate sets 3 and 4, and rate sets 5 and 6. The rate set 3
and 5 bl ocks contain the sanme nunber of information bits as the rate

set 1 blocks. The rate set 4 and 6 5 bl ocks contain the sanme nunber of
i nformati on bits_as the rate set 2 bl ocks.

HU




Different rate sets may be used on the forward and reverse |inks, provided
the rate setg, ¢ romthe sanme group. Rate sets 1 and 2 CO”W t he
rate sets 1 gll‘?dggg‘ggigscri bed in the TIAEI A Jnterim Standards énti 2185530
"Mobile Station - Base Station Conpati bi i1y Standard for Dual - Mode 10

W deband Spread Spectrum Cellular System"” TIAEIAI1S 95A and

TIA EIA/ 1 S-95B, (hereinafter, |S-95A and | S-95B), the contents of which are

i ncor por at ed[ gl N DY Urdter encgLabale devalde oOf the torward 11 nk encodgr
nunerology f@r_rate sét 3 4 51 and 6 lare set forth in Tables 1-4 bel ow
13 Item [Rathits Labe Val Uelf@ate |1/4 172 1 }1/8
1/ 4 12 —-p-6 B+ A 0D o o
8 g  1phnfo Bits/pock[Brec |0 B{Ps/ [0 |08 [8 [80[172] o
0 8 B 12 | Block Bl ocks Tjai | Bits C 8 8
8 8 81 __ 8 8 Bloc Bits Bits/ C P4
24 48 481 CR®6 Bits/ 192 |B 0 Bl pok Hrcod Bl 8s/ |8 12D
1/4 1/4 1/4 1/4 | [ 4 1/4 |1/ 4 Ratje Bljock [ Ra Synbolls/ E
8 8 4 4 2| Blocks; 1te Synijol e Synbolfs/ G
0 0 0 3 61=: 6 B Rat-e Lyrmft I uy'TlAu: f
768 768 76pliles  1BU 768 s 8 |85kl 8 T Endds [ g
1/2 1 1/p 1 | Block 1 1 Factqr Symjol -Synbol s Syhbol g/ J
384 768 38k 768 23R4 768 V68
Bits Bits/ C 24 |24 |48 |48 96 % |192
Block
Encoder | Bits/ D |1/4|1/4 [1/4[1/4 [1/2 |1/4 |1/4
Rate | Block
RepeatRa | Symbols/ |E 8 |8 14 |4 2 7 11
te Symbol
Puncture | Symbols/ |G 0 |0 o |o 0 0 0
Rate Symbol '
[Symbols | Symbols/ |G 768 | 768 | 768 [ 768 | 768 | 768 | 768
Symbol
[Gating | Symbols/ |] 121 |12 [1 172 |1 |1
Factor Symbol
‘Symbols | Symbols/ | 384 (768 | 384 | 768 | 384 | 768 | 768
block

Table 1. Forward Link Encoder Numerology for Rate Set 3



bl ock Table 1. Forward Link Encoder Nunerol ogy for Rate Set 3

14 Item Units Label Val ue Rate
1/8 ' 1A% 99743100 1/ 2 1 Info Bits/ A PCT/0SH9/03538 2
56 56 126 126 268 Bl ock CRC14 Bits/ B 6
6 8 8 10 10 12 Bl ocks Tai | Bi ts/ C
8 8 8 8 8 8 8 Block Bits Bits/ C
36 36 72 2 144 144 288 RBlock Encoder Bits/
1/4 1/4 1/4ltemmg 1/0nits4 1/4|Rabel | Valgeock Repeat mbol s/ 3
8 8 4 4 7 -2 HRat+e Js.“)yi"f‘i}ulL T -t oS+
G 13 |Bae 13| s us {13 u3lie nbol sy-m 1
Synbol s/ s/ /08 /95 /03] 2908 | 7P | 5600 56 | 126 1 198 )
Gating  Symjalsd |J / T 1 T2 |T |07 |7 kactdr
Synbol Synbol g4 Synbol $Block 384 768 384 7 384 768 768
bl k Tabl i croloal, fonl D tl 4
ock AN B reRC YA e e T8 18 10 |10 |12
Blocks
Tail Bits/ C 8 8 8 8 8 8 8
Block
Bits Bits/ C 36 36 (72 {72 144 | 144 | 288
Block
"Encoder | Bits/ D 174 |1/4 [1/4(1/4 [1/4|1/4|1/4
Rate Block
Repeat | Symbols/ E 8 8 |4 |4 2 {2 |1
Rate Symbol
Puncture | Symbols/ G 173 {13 |1/3|1/3 |1/3 |1/3|1/3
Rate Symbol
Symbols | Symbols/ G 768 | 768 | 768 | 768 | 768 | 768 | 768
| Symbol |
Gating | Symbols/ ] /72 |1 |1/211 17211 |1

Factor Symbol

384 |768 | 384 | 768 |384 ]| 768 | 768

el |

Symbols | Symbols/
block

Table 2. Forward Link Encoder Numerology for Rate Set 4



15 l[tem “ Units Label Val ue Rate 1/ 8

1/ 4 1 Info Bits/ A 16 40
500 go 1T Bl ock CRC g s/ B Herrodibpssse®
0 8 8 12 Blocks Tail ¥  Bits/ C 8 8
8 8 8 8 8 Bl ock Bits Bits/ C 24
24 48 48 96 96 192 __Bl ock Encoder Bits/ D
1/2 1/2 1/[Ateml/ 2 |[UhRs 1/ 2| LaBdl2 RN &lue Bl ock Repeat Symbors7 | E
8 8 4 4. 2 2 1_Ratle Sypbol Puncture Synbols/ G
0 0 0 | Rateg 0 0 0 Ratfel/8 Sypb& Synboll 4/2Symbolls1 G
384 384 3¢ 364—304——384 Syre-Cat-i-ng wiol s/ {3
s Cin o iy T B 1 1A 1 radd® 116sy 1881 F3fbol 80 8ol ls#72 |y
192 384 192 384 |¥93ck384 | 384 bl ock | Table 3.| Forward
Li nk Encoder {Nunerolodqy for Ratk Set 5
CRC Bits/ B 0 0 |0 0 8 |8 12
Blocks
Tail Bits/ C 8 8 |8 8 8 |8 8
Block
Bits Bits/ C 24 124 [48 |48 |9 |96 [192
Block
Encoder | Bits/ D 12 172|172 |1/2 [1/2 |[1/2 [172
Rate | Block
Repeat | Symbois/ | E 8 8 |4 4 2 |2 1
Rate Symbol
Puncture | Symbols/ | G 0 0 |0 0 0 |0 0
Rate Symbol
"Symbols | Symbols/ |G 384 [384 | 384 | 384 384 [384 |384
Symbol
‘Gating | Symbols/ |] 12 11 172 |1 1721 1
Factor Symbol
Symbols | Symbols/ |J 192 | 384 | 192 | 384 |192 | 384 |384
' block

Table 3. Forward Link Encoder Numerology for Rate Set 5



16 ltem Units Label Val ue Rate " 1/8
1/ 4 1/ 1 Info Bits/ A 22 22
Ioe 126 JRgovms100 Bl ock CRC it s/ B GPCTRR903
8 10 10 12 Blocks Tail 16 Bits/ C 8
8 8 8 8 8 Block Bits Bits/ C 36
36 72 72 144 144 288 Bl ock Encoder Bits/ D
1/2 1/2 1/dtedd 2 |WJRAits 1/ 2| Labdl2 Réladue Bl ock Repeat ~Synbol's7 ] E
8 8 4 4 2 2 1 fe Svnbol Puncture Synbols/ | G
1/3 1/3 1/{Ratey3  |1/3  1/3 1/3 Ru® S¢Abol Syrpb2s  Synbal s/ | G
384 384 38 4304 004 Bvrbgh—Catling
3 TES LICAA b i TA A5 W22 |22 rahoby |56 oo 1268
Symbol s/ J 19%B10384 [192 38 92 B84 (384 | ock
Table 4. Forward Link|Encoder Nunerology fér Ratp Setl 6
17 CRef errijBjtsdow t ol Bi gurel @, {bere |8 shdwn d 100 odkiodi daram fof
an
Blocks
[ Tail Bits/ C 8 |8 8 |8 8 8 8
Block
Bits Bits/ C 36 |36 72 |72 144 | 144 | 288
Block
Encoder | Bits/ D 172711/2 (172|172 (172 [1/2 |1/2
Rate Block
Repeat | Symbols/ | E 8 |8 4 |4 2 2 1
Rate Symbol
Puncture | Symbols/ |G 1/311/3 [1/311/3 |1/3 [1/3 |i/3
Rate Symbol
 Symbols | Symbois/ | G 384 | 384 384|384 |384 |384 |384
Symbol
(Gating | Symbols/ |] 121 1/2 |1 1/2 |1 1
Factor Symbol
Symbols | Symbols/ |J 19271384 192|384 [192 |384 |384
block

Table 4. Forward Link Encoder Numerology for Rate Set 6
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encoder. 400 for encoding forward link traffic channel information bits
transmtted Ryode/lpragse Station transceiver, in accordance W th pEfuBssREesd
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CRC bl ock 410 CRC bits t nf or t on blocks as 1
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rate 1/2 and tail dits to blogk wode, ﬁespréeﬁ wih ya cﬁhwobmanlmaicsdas,erbpemts to

generating the SsiahE beI | Nni y, the CRC
gener ators usé%‘gg%ee }}?aﬁl % f3te 48 a?in?St %hg%lfl ra?e Bol ra 5’%21 hYeovel§ €6
Generator1l0 make the rates or A8l'punctures to reduce the bol t b

o tﬁ@gb iRin s to reduce the symbol to a number that

Set can be carried on one or two forward sade xhannels, mtéi',leh\easdmﬁth a bit
3/62 3 -reversall I}lock interleaver, scralagg t}'\e symbols, and optlct;gaj!yl gates off 50
1 percent@;ﬂﬂésymbols 017423 Tabl e 5. Forward
Li nk CRC Cenerators ter the CRC bits are added to the input

i nformati on bl ocks G blegk 410 aPPQﬂ@% GRE hifsptm kel input dnforphation delock2@st o
bl ock codgs t Ao QNL PYineOtathAlet 1 an%lsﬁéﬁﬁgF b16A hve i ARG Y2bY CREY S]Y
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the rate 1/2 and rate 1 blocks, respectively. The rate set 2, 4 and 6 blocks have
6-bit, 8-bit, 10-bit and 12-bit CRCs on the rate 1/8, rate 1/4, rate 1/2 and rate 1
blocks respectively. The polynomials used for generating the CRC bits are

shown in Table 5 below. Initially, the CRC generators used are loaded with

20 alll’s,
Rate Generator ~Polynomial

(octal)
Rate Set | Rate Set
1,3,and 5 2,4and 6

1/8 - 0107

1/4 0633

1/2 0633 03731

1 017423 017423

Table 5. Forward Link CRC Generators
After the CRC bits are added to the input information blocks and tail
bits are appended by tail bit coder 420 to block code, the output of tail bit
25  coder 420 is alternatively provided to one of two convolutional encoders 430



18 - depending on the rate set being used. The rate 1, 2, 5 and 6

convol utionakY coder is a constraint length 9, rate 1/2 SRy Lanal
encoder. The %?944%@{] 3 and 4 convolu éonal encoder is a cons Jr%q’n

| ength 9, rate 1/4, convol uti onal enc The generator functions for

both encoders dtﬁﬁgng ﬁ%)aﬁ REOYPe L& géﬂh%s@db ey F?@;d} %,2? aﬁcp RS S8 ional

di st ances for are sARown 1 n

Sy rrbo: encédereisat constraint length 9, rate 1/2 E@méllu@ibnal gncoder The rate set
oct a Rat e et te

(Set ) 3 and 4 convolutional engodgr 5lsanzy gonstraint lengihy 9, rate 1/4,

0

0561 conQZRrQh%ha} 1encoder. The ggﬁérréfor functions for both encoders 430 are

0513 5 shown ir8 Table 6 below, and the minimum free distan&/r the endsddr8

6. Forward Link Convol utiqnal Encoder Generators Rat e

Set Rat e are shown in Tablg 7 below. 1.2.5 and 6

3and4 g ekl vbi;e—l—l-G——Forvvard
Link Convol utional EJSSEROM ni mum Ereélgrﬁ%t ance BREHOBncdder

430 is bl ocked on a per-block basi g(dal)ni tializing the encoder |state

with zero and tailing every block wWwih apn 8-bit all zero encoder - tail.

The out put of encodef 430 is provi {iRdte o synbol r8ptf Rateon unit 448et|15

whi ch repeats the syfbols 8, 4, 2 & times for the,rate 1/8, ratell/ 4,
rate 1/2 and rate 1 bl ocks, rg E‘Syeé Wg‘g 3and‘§6\fter t he gynbol s
are repeated, they af@ provide OWWI’&IG
set 3, 4, 5 and 6 symbols are covefed with a rate ependent Wl $h code
runni ng at the synbolflrate. The raj856lependent 20 VH0&A1 codes are shown in

Tabl e 8 bel ow, where Aﬁf-&LL]—I—%-p-'—esé‘”f s—the Wl sh
0513

3 _ 0473

Table 6. Forward Link Convolutional Encoder Generators

Rate Set | Rate Set
1,2,5and 6 3and 4
12 ‘ 24

Table 7
10 Forward Link Convolutional Encoder Minimum Free Distance
Each encoder 430 is blocked on a per-block basis by initializing the
encoder state with zero and tailing every block with an 8-bit all zero encoder
tail.
The output of encoder 430 is provided to symbol repetition unit 440,
15 which repeats the symbols 8, 4, 2 and 1 times for the rate 1/8, rate 1/4, rate
1/2 and rate 1 blocks, respectively.
After the symbols are repeated, they are provided to covering unit
450, where the rate set 3, 4, 5 and 6 symbols are covered with a rate
dependent Walsh code running at the symbol rate. The rate dependent

20° Walsh codes are shown in Table 8 below, where #x represents the Walsh



19 code X of an n-ary Wal sh code space. The Wal sh codes chosen are

from an = ,%l%al sh code space. The codes are chosen for .
First, the assignments are chosen so that rates |less than rate are
nmut ual |'y orthogonal. There is sone |o of orthogonality due to the

puncturing th ) n [ e | _repetition
in order to aéode%a?fn%gi?{n Y%W%%g\gﬁdzgﬁ ?@ﬁagﬁgggglsphté%%%%%%& Fo%gﬁ%m ar?
encoder / decodei-ary Walglerdoglenspeare. The raekdes eare schosenr foroged alehsond. S First, the
sacrificed. Second, the assi gnrrem are chposen so that the rate 1 code
is mutual |y ordSHIBEBRERTS; §rg-Fhosen” 5o hat, pates lgsenthan rafee 11 areamutually

contains a ru S 1O MTHerS 5 : I 0 '

t he decoder erblrlﬁi Ifaé's ST}IgeirEelT éﬁ{ﬁ} Irﬁs?&q(%m&o%lg%%%&ed% t§)rl%ft(éeg ﬁf‘%@i‘f%ﬁ '? ﬁat

runs of 0'§ orfollowsf or Howeven, panetitingk befére rsyntbalf répetiionl'ifi. order to
ansm ssions, since_runs of 0's or 1

Thi be i tant dup,i data t

oc 1: 3r : gins p?obggg{rﬁ% e Ioghlﬁ%%éﬁ ar i n% t thhs ePBY¥PhHiepalyneprpdery §‘§90d§1‘
d t 3 ATl o B d h: L6k | kel vyt

05 T o, W, MRS BB S o

15 decode a“less than rate 1 as an

20 . aBsigements avélchbse@osie that the rate 1 code is muthall¢! orthogonal to all
Pattern 1 V\Eerr]1 .+ 1/ 2 l\}/}{err]
1/ 4 W eﬂtﬁner rates when the rate 1 frame containg g run of OW(@} 1’}5. As a result of +

T+ % - -10 - the Walsh code covering, the decoder will be less likely to mistake a higher
rate block with runs of 0's or 1’s for a lower rate block with runs of 0's or 1's.
This can be important during data transmissions, since runs of 0’s or 1's
occur disproportionately often during the transmission of uncompressed
and unencrypted data. In addition, the decoder will be much less likely to
15  decode a less than rate 1 block as another less than rate 1 block.



Tabl e 8 Forward Link Rate Dependent Wil sh Covers for Rate Sets 3, 4,

5 and For rate sets 2, 4 and 6, the block has 50 percent
nor e synbol s WR a4k rate set 1, 3 and 5 bl ocks respectlgg@sgﬂ’ww’
order to reduce the nunber of synbol s280 that a rate set 2, 4 or

bl ock can be transmtted using the sane nunber of forward code
channels as a rate set 1, 3 or 5 block, the synbol 10 stream nust be
punctured. Thus,[kI¥ OUT NGNah CoWel 1 g amt t 250715 provided—to
puncturing unit {460. The|puncture patterns used by puncture uni t] 460
are shown in Taldle 9, whddabal 1 neans tr aFPatternt he synbol and a 0

means puncture tjhe_synhal Rat e Punct ure

Pattern 1 A ( bi n#tr*y) Rat e

Set Rate Sef JRate Set 1, 3land 5
2 and 6 172 4 W@ 1/8 + - 110101
110110011011 1/ 4 110101

110110011011 1/4 1/2 |w} + + - - 110101

110110011011 1 110101

110110011011 19/8Tabl e| W2 Forward Li nk}Rusckuse- Patterns he
out put of punctyre unit 160 i s alternatiyely provided to one of two

interl eavers 470 depending on the rate set being used. The rate set I, 2, 5
and 6 |nterleav { is a bit reversal block interleaver with 64 rows and 6
21 col unr@blefe interleaver is witten colum first, using a colum

t ' { '
counter in bi {Far‘%% Link ot LRpeRRLR; WA Covettclor Rate SRIL S el faek6
b[err]b[erB]b[err]b[err]b[err]b[err], then the row
b b b b b ' d. Th t t 3 and 4
“hterl caver 15 a bEDE FEbGEGH: SRORIE, e blaskdaseHl BrioRnt maresyaeis dhan ghe

col ums. Thesgafendet 1, 2A4RE S BEks MBpectively. In order to reduce the number of

symbols so that a rate set 2, 4 or 6 block can be transmitted using the same
number of forward code channels as a rate set'1, 3 or 5 block, the symbol
10 stream must be punctured. Thus, the output of covering unit 450 is
provided to puncturing unit 460. The puncture patterns used by puncture
unit 460 are shown in Table 9, where a 1 means transmit the symbol and a 0

~means puncture the symbol.

[_Rate " Puncture “Pattern
(binary)

Rate Set [ Rate Set | Rate _ Set
1,3and 5 2and 6 4

1/8 110101 110110011011

1/4 110101 110110011011

1/2 110101 110110011011

1 110101 110110011011

15 Table 9. Forward Link Puncture Patterns
The output of puncture unit 460 is alternatively provided to one of
two interleavers 470 depending on the rate set being used. The rate set1, 2,5

and 6 interleaver is a bit reversal block interleaver with 64 rows and 6



useful properties. First, they create a pseudo-random tenporal separation
bet ween adj ac‘ﬁat”/?ﬂg synbols. This nakes them nore robust ovepcadusgs/n3s3o
vari ety of channel” conditions. Second, for é ss than rate 1 bl ocks, the bit
reversal interleaver results in evenly spac copi es of the repeated

symbol s. 10 Thbfuiuts.USHeintdHeaiier b ViR ldoMmD $G8UBink LBSHIAA E8dhter
the gating w | destroy exactly half the repeated synBol s and preserve
t he orthogonal irt yorder. TFhepatenleserf is read ynovol fidds| abingpaerowy.counter in bit

The output of interleaver 4 i s proyided to a scranpling . upit 480,
whi ch scr:) r anbl e?ﬁ%e‘ﬁfﬁ%?ﬁ' Z[?’fiééﬁnp’rfnt\f"t%éoﬁ’a?@ni‘rt&ﬁ rfé‘gg?aéﬁg tbe&bblhbﬁheﬂ?@ dhe

15 A standar duqqh t r ey f f : :
scranbl i ng uni {0‘*4’8%;91? 3%?%5’%(182%’ ?!(‘)Hb ap%gtsi%%g a?ljl{ralilzig 1.121t§61-ea|v8r =a bT?ﬁee‘;%%a{elg%lr?? k

i nventi on, Jat intgrleaveupyith t128 fows raxtc 6 ebhiins4, Thesadirferlédeersahave two
bl ock is gated, ¢ t he s J s wthin the second half of the block are

transnitted. FBf»efPlLﬁsoes{%fvsgbﬁlﬁ% hey 1fireaticed RSCHAGrransiamm| temparal niepagation
20 are transnpidfln BAJackAf @o3BtSymbeRy Thil hﬁék@ﬁaﬂ?erﬁh%or%y%ﬁh& Wer a

t hr ough 383 are transmtted. “During gating, the maxi mumfrane rate is
rate 1/2. variety of\ghamheély confitiansaf Secondf dombdssothaty astes1 dlecks, the bit
transmtted on the orward |,j nk usi n? conti Euous transm ssi on

However, rate geé/tegsaé,inagrfl@vgﬁ&egults m HSpa Apied ‘?fn*th zeneated sabels.
only rate g 8, Tha! 8 ﬁééfuﬁ'?fhxﬁi’%?r%@ g%?g,f@éaﬁ?ﬁifﬁ? e%gfgsﬂﬁéteﬁxde ggﬂggrsgg&l

are transmtted using gated nsm ss S e 1S use
the nobil e st adesiroyt exactlyohalft thee repeatedcgymbolsaadd presesearthe bethogpsiativg

usi ng ot her freguengies d/or .o r.technologies (in particul ar AMPS
and GSM. A nobf r@?%f’fgﬁeémgﬁal%%vwgd node for searching
will be’ comanded tPheabplt droiierlenbero Wrllis 3R rgi Al Syt
time T. The val ues of ngﬁd M depend o% t he 1t chno?%‘g;tabéeisggﬁghﬁés%}g?c ed

and the nunberwhichcseramitles He signbohstrieeth in the same maReeereditayl irothe §S-95-
Figure 5, ere | h a_nmodul gt.or. 500 t hat nodul at es and gain
adj usts tHe en osé‘g@?r%(foﬁ PF#Eat}Fle”F} gyirﬁ?etf?ﬂﬁ‘?'i on

22 out put by eTkedatpuiosk sdrﬁhl%@ﬁlgfﬂﬁﬁ%o%%oﬁ&d%&ﬁe%&ﬁﬂg}lﬁﬁﬁté )-In
The numer ol ogy for nodul ator 50071s shown i'n Table 10 el ow. This

t abl e shothe priesentuinyention, gafingisisupparted dor catersets 3, 4,13andr§. When a
codes)

block is gated, only the symbols within the second half of the block are
transmitted. For rate sets 3 and 4, this means that symbols 384 through 767 -
20  are transmitted. For rate sets 5 and 6, this means that symbols 192 through
383 are transmitted. During gating, the maximum frame rate is rate 1/2.
Normally, the traffic information frames are transmitted on the
forward link using continuous transmission. However, rate sets 3,4, 5 and 6
may be commanded into a mode where only rate 1/8, rate 1/4 and rate 1/2
25 frames are transmitted, and they are transmitted using gated transmission.
This mode is used to allow the mobile station time to retune its receiver and
search for systems using other frequencies and/or other technologies (in
particular AMPS and GSM). A mobile station commanded into gated mode
for searching will be commanded to gate N frames out of M frames, starting
30 atsystem time T. The values of N and M depend on the technology being
searched and the number of channels being searched.
Referring now to Figure 5, there is shown a modulator 500 that

modulates and gain adjusts the encoded forward link traffic information



needed to transnit each rate set. [tem Units

Val ue Rat e Set Ra te
Set WO 99/43100 1 and 2 3 an&%zmsg@gﬁd 6
Chi ps chi ps/frarre 24576 22 24576 24576

Modul at i on ols/fra 384. .1 7688 .384 .

Synbol s OEFﬁlbt kgtg\coder 450, » AR 659059%8? withgihie present invgption. The
128 Codaufabisdys for hﬁ%d%ﬂé/toy\asml is sh%wn in Table 30 below Thib taﬁe
Tabl e 10. . For war d ‘Li nk Modul at or Nuner ol og

rate sets 3, showsgthe sumbeiuloitforwsed kinkneode Shann}lSK(m\ﬁHVoWalsh codes)
alternating th ynbol s between the in-phase and
guadr at ur e- phgg%ééa?ﬁ$§ap§ Qggd}ﬁ% ? phase synbol rate by a factor or
two, 10 doulfiftBg The nu ErS. For—Tate
sets 1, 2, 3 jand 4, 2128aryV\aIsh codes afe used. Wien a |ink I S
assi gned codd channel x (with x between 0 apRats3), Set | Rags WBel Rende  Set

Werr] [err] For rate sets 5 and 6, 1 1P8-ary Wal gh code is
used. V\hen a I|nk is 15 ass gned code chamélanﬁl%\nth weer Sanghf

127), it use tcode e i Far +—stro w0 i.‘%ﬁ-ﬁ——
Nfield wi %hlpﬁéframe add ?IO of th 4%7?%5 23‘ S,

the | S-95
when used in [adedidatief W t N $yiRbelsFERihe | 384 NVENL! P8 BI L © 3R NOU DE
alif rate det 1, rate set P, rate set 3 of rate set}|4 is used.
Subfi el d rgebolsd Mal sh Code Bi t 0
CLIANL i Wl A |l ntaoarntot At i AN
235_4 321 CW%H“ FHREfHRterprofat-on 158
Code Channels 128-ary Walsh 2 2 1
5 Table 10. . Forward Link Modulator Numerology

For rate sets 3, 4, 5 and 6, modulator 500 transmits a QPSK waveform,
alternating the transmission of code symbols between fhe in-phase and
quadrature-phase. This reduces the per phase symbol rate by a factor or two,

10  doubling the number of forward code channels. |
For rate sets 1, 2, 3 and 4, 2 128-ary Walsh codes are used. When a link
is assigned code channel x (with.x between 0 and 63), it uses Walsh code

WM = 118 WIIU }
For rate sets 5 and 6, 1 128-ary Walsh code is used. When a link is
15 assigned code channel x with (x between 0 and 127), it uses Walsh code 7+ .
Table 11 shows how to interpret the IS-95 CODE-CHAN field with the

addition of the 64 Walsh codes, when used in accordance with the present

invention. Bit 6 will not be a 1 if rate set 1, rate set 2, rate set 3 or rate set 4 is

used.
Subfield Reserved Walsh Code
Bit 0 6151413121110

20
Table 11. CODE-CHAN Field Interpretation



Referring again to Figure 5, when enabled via control signals 505, the
synbol splitter (labeled Splitter 510) in nodul ator 500 alternates i nput
synbol s bet Wi I¥430pper and | ower outputs 520, 522, starti ngPGAUFIY
first synbol being sent to the upper @& put. Wen di sabl ed, the

splitter 510 5 Sl% nds .al | g{)ut synbols fo the pper out put 520 and sends
0 to the | ower "cﬁf’ﬁﬂg aga 1€ va ¥ BN \Anebledh ia |co ’@Aaﬁlgnéééoiﬁhe

the munber of VEaa spliter (RAQ AL, SO B mogdincd: AHF BrrhfeS {IRRYT
repeaters 524 sy&'ﬂﬁ:lsl between the upppeahdt loever\outpluss 520/1522¢ staptiny wiith tthelfiret

530 (Il abel ed "Co .10 I\/UItl ier") conputes Jits outputs _in accordance
with equation$ rg:)l gzﬁen to & | Wpper onep When disabled, the sphtter 510 .

24 t I

D 5 sen@s”a{ﬂgu er r)imbgligeﬁf h]\ dfﬂﬂﬂ (%\‘[? th] 52+dD ’ relnds QQ% tﬁ-? wer
(2) The otpah 522.dVHER rem]abﬂnfd)viad eﬁhﬁrol QilgaﬁalsSS@@&he Bymbelr fe@ﬁéﬁ&ﬂg S240
bit 6 of the Cg)gq—gg fi elq cr| bed above, and the Wl sh code
Werr] provi ded6t abele 81'%Rﬁ‘%te rﬁ}’@b@lsbﬂﬂ% lsumhe@u@ﬁ

the CODECHAN G &ldted b tﬂ@sl%élbeW}%?P\éﬁsable symbolI x? r%%e?# go not

i nvention, base stati o%s fransiit power cont’
power - up, pomepektthhendymb&ﬂs hdl‘lté coompheks mult1pﬂbSCt536€(laBEIed f@tdmiplex

bel ow) to bil e stat |,,S)ns on a forward |1 nk povver control  subchannel .
The for wa}léml Mﬂlt&}\’/@' cﬁ?ﬁi‘P‘bﬁess‘%@HQh‘hfélml gceor m%m%rwqtmﬁ {Heand (2)
fundament al  blyagdw of the forward traffic channel. In a particul arly
preferred enbo |rre every 1.25 mlliseconds, one or two PN-words (a
PN-word is 63 PN Chl ps) of the fundanental block is punctured. The

al i gnnment and duration of the puncturing is chosen such 15 that it
punctures one or nore conplete nodul ati on synbols. As expl ai ned nor e

fully below, in order to deternmine the information to be transmtted



on the forward |ink power control subchannel, a base station measures the
strength of a reverse traffic channel signal received froma nobile

stati on, WO94#31%en converts the neasurement into a power E&AUSSP035EQ
20 Figure 6 shows the timng for tB4 rate set 1 and 2 power control
subchannel s. Each bl ock is divided into 16 power control groups. Each
pover control groufutpudjvPdednput oP24 ImNubpr ds. The PN-wor@3 align to

t he BPSK nodul ati on synbols of traffic channel. The rate set 1 and 2 power
control subchannel Quipddy+34> Inpatst & ¢ nput,he power controf2)conmand 25
over 16 PN-words, starting at PNNword O of power control group n+2. The
starting posi {lhenWetlsh Im)dedﬁérpmmded)ItoanmmmBBQnSMEOfqu@m\t@bl% ef kkhe
streamis determned by bits 23, 22, 21 and 20 (b[err],b[err],b[err] and

blerr]) of th&€ODE_CHAN fieRl a@y@ibeaoascsxfé AP YRe M&W%dewf \rAgJIOGIdéaOt

n+1l) scranbling sequence. The starting position of the power contro
group i s P wanike0536,0538 cdrvespronids| & bjts[ % thigugh 0] ob the @ODE: GHAN figldup
n+2. % he startl ng position of the power control conmand is
det erm ned, 2 98p% €representing the power control command is

25 i nsert ed Qéntd h ur r e

up conmmand (Fﬂ Eljléfjl;ﬁrc,?om"ran{cajvl |8%:1at P%%ét{fg bﬁ%eéan%&\lt @?{A’t%?oﬁl"z ouI d

increase its umfanmatiorpo(m, t;;ovae:pupdepew&r-mbdvmnandt .Power-hdld r epmansnds a

down conmmand g# cfl i t the nobile statign_should 5
decrease its {HSGHSHA d@tg\‘%‘ o gtatingnPn) 2 Horwazd dirletpawer he
BPSK synb | dur o] r s

PN- wor d |ﬁ¢du§gﬁr§# M&%dﬂél ’Pﬁég%rg&%rdshlaﬂv\lg ? E’g%t% r(ﬁbﬁﬁf r§4§‘f) e%lelset

3 and 4 power puoaturetl into thefundanerital bloek of the dorfveard hrafﬁi«atchaﬁﬁél. 3angl 4

power control _subchannel s .10 lar .to the fLpng.for the rate set 1

and 2 power cgﬁﬁ“&{] ’gXbBFFg?Hﬁﬁise %oglm\ﬁf‘f"h ec"ﬁ@’eicé@p?‘%&ﬁ S/t ABCt PHitHEP i s

advanced by 1BPNRWomMiEd@m PNiwoid 088 PN d@s?réﬁrthfeo fhﬁﬁuﬁ%r{t&? BRlcRY iff
na

t he power control Ioop Thus assunmin receive sig strength 1s
measur ed duri pyngawed. cBre elignmentp dtmatlon of ﬂm/\@runctlmngl iscchusandsuch

(R VL NS O AIENETR W g
more fully below, in order to determine the information to be transmitted
on the forward link power control subchannel, a base station measures the
strength of a reverse traffic channel signal received from a mobile station,
and then converts the measurement into a power control bit.

20 Figure 6 shows the timihg for the rate set 1 and 2 power control
subchannels. Each block is divided into 16 power control groups. Each
power control group is divided into 24 PN-words. The PN-words align to
the BPSK modulation symbols of traffic channel. The rate set 1 and 2 power-
control subchannel randomizes the start of the power control command

25 over 16 PN-words, starting at PN-word 0 of power control group n+2. The
starting position of the power control command in the fundamental block
stream is determined by bits 23, 22, 21 and 20 (b,,b,,b, and b,) of the
previous power control group’s (power control group n+l) scrambling
sequence. The starting position of the power control group is PN-word

30 (byshybyba)y of power control group n+2.

Once the starting position of the power control command is

determined, a BPSK symbol representing the power control command is



reduces the average delay in sending the power control conmand from 1
1/ 3 power control groups to 5/6 of a power control group. In addition
reduci ng t he WPrPB"g’coot akes the robile station to make the powe®CEGHOPBFS30
adj ustnment from 1/2 of a power control grou§5to 1/6 of a power control 20

roup, reduces.the power ontr e fr an erage of 1 5/6
gowelﬂlro cont lrJoI g6 1B PWGOB g‘g‘ﬁg @E‘y VHm "t reprogenthiith R
Figure 7, eachc&heﬁkn&n(we f%ﬁﬁmnar %Hi& A&t t'h% naob,lléj' yelag]itsg gbm&ﬁ

power control groups. Each power control group is div
PN-wor ds. Agai incredse iditzamsodt pbingn hwa?red@é%m@ahﬂumﬁ 2A -Byaprdsentsf a

the traffic ch nnel Ie set and 4 power c I .. subchan
FBndom 265t hodGRa FOmVmaRE themercommans) TnitAang ok tha gnobile ol phoud
starting ats P'\'d@&regselﬁs‘%fazﬁﬁ‘&? oW 3"5 r‘ﬁ‘éﬁﬁfkrﬂﬁ%?d e ﬁﬁ@fthg rate set 1, the

p05|t|on of the power control Conman he traffic c annel st ream
det ermi ned by BPSK g&nbdms 2P Nawnebrds mhﬁmanbnb[fén'rrhtelﬁetm the BFBKbi)anbi)D isof

t he previous p r 8ntro| group's (power control group n) scranbling
sequence. The qu Pysition of the power control command is

PN-word (12+b[err] bf-‘ r]eb{'/' esr}fc;vpé Qﬁ]ﬂ{rﬁftF] f&¥ the rate BEB" at®" Lwdl’ 86ftrol
n+1+[(12+b[err]b[err [err]b err]
26 tyy Theltiming forgtheerate sehB8eanidhé pmmmmgrqﬂosmbcﬂmnmﬂs

t he power . Gon ommand i s determ ned for, rate sets nd_4, a
symbol 10 r’épﬁlafgiaﬁt hg" 1&&@9 s 5ot drAfeha Fversoniveh subchrRR Sof
t he punc .

(51, -1y o WERPGCRpHon fat e itk fAKAREN By2 ER- A ORI This R iche

synmbol is 2 in orl¢ntormsuce the r@ﬂa}onf the power contr‘olglmp 8Thtsasstintinig theng

for the rate set 5 and 6 pover ont r ol d %1 channel s. The Elmn for the
rate set 5 andSePEWSISAINTFIREty ik impARted durifigs pawsr gpnirgl ( GOUR . nthe

for the rate sgéwdr %@Ltfblp&ﬂﬁhlﬁﬂi‘tﬁ Qtarted GRaHe a3t 119 o%“é’&%%%ﬂung g‘td‘ﬁﬁ

that puncturing is aligned to even PN-words and 1s an
PN-wor ds i1® du’ll*hhl@ﬁhel'l'ﬁhénl thed fivst Bé2anfspower cardfdli group nehanfheis timing

modul ation symhol Sedlife 1’553\'&) Gy 2 8eh Ch'tﬁe pc;vsrr]erdgor?’crof) command from 1

1/3 power control groups to 5/6 of a power control group. In addition,
reducing the time it takes the mobile station to make the power control
adjustment from 1/2 of a power control group to 1/6 of a power control

20 group, reduces the power control group delay from an average of 1 5/6
power control groups to 1 1/6 power control groups.

As shown in Figure 7, each block on the forward traffic channel is
divided into 16 power control groups. Each power control group is divided
into 24 PN-words. Again, the PN-words align to the QPSK modulation

25 symbols of the traffic channel. The rate set 3 and 4 power control
subchannel randomizes the start of the power control command over 16
PN-words, starting at PN-word 16 of power control group n+1. The starting
position of the power control command in the traffic channel stream is
determined by bits 23, 22, 21 and 20 (b,,,b,,,b,,, and by,) of the previous power

30  control group’s (power control group n) scrambling sequence. The starting

position of the power control command is PN-word {12+b,;b,,b,b,),, of

power control group n+1+[{12-+b,;b,,b,,b,0)/ 94].



As shown in Figure 8, each block on the forward traffic channel is .
divided into 16 power control groups, and each power control group is 15

di vi ded i nt oWIH99AM@0r ds. The rate set 5 and 6 power control REFTRIHAIBO
randoni zes the start of the power control @gnmmmand over 16 PN-words,
starting at PN-word 16 of power control group n+l. The starting position of
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control |oop 6 sihitar to thonBAR fondentitebet Bend aVp6wer lcoRkrdl! AfRthahingis,
power control |oop. uses the forward |ink power™ control subchannels

(descri bed0abdvith the @xsepden dhat puncturing is aligned to even PN-words and is an

27 w th _EiLgu =8 g nsm t power of the bile..
stations on tﬁ?e . ﬁﬁﬁ‘brgév)éfr %’gl IG\{H%EE q%—li éﬁfaeﬁéﬁsu rili\éa\goqeh&efwgrgg Halﬁ%c
closed | oop pehennel modutativrt symbelsaare R BdeivorisS108 BN &hiy)Sh d@seionound
trip delay of 512 PN chips, it is _safe to assune that the worst one

way over the air dé¥aghown gydigure 8, eactp biogknonnthes forsyardetraffic ehannelmis
| ’ ay T _ . : iialio
wor ot cage. mogiTided ifto 16 pdver, contrOl #¥hupel S, SRE YRR BnE Sl 40 0F

256 PN chilps (dividedxintat2d PN2@0rds. Thersate estebanut b powat lcontiot dsifbrhahhel

nobi | e station t8 decode and act. qn t he power control command. Since
t he base st at FBRAPRUZES tsF?étrﬂf iPewgr control command over 16 PN-words, -

starting at PN-word 16 of power control group n+1. The starting position of
the power control command in the traffic channel stream is determined by
bits 23, 22 and 21 (b,,,b,, and b,) of the previous power control group’s

20 (power control group n) scrambling sequence. The starting position of the

power control command is PN-word (12+b,,b,,b,,0),, of power control
group n+1+[(12+b,;b,,b,,0)/ 4.

Referring still to Figure 8, once the starting positibn of the power

control command is determined for rate sets 5 and 6, a QPSK symbol

25 representing the power control command is inserted in place of the

punctured symbols. A ‘(+1,+1) represents an up command. A ‘(-1-1)

represents a down command. For rate sets 5 and 6, the QPSK symbol is 2
PN-words in duration.

Referring now to Figure 9, there is shown a diagram illustrating the

30 timing of delays in the reverse link closed loop power control loop of the

present invention. The reverse link closed link power control loop uses the

forward link power control subchannels (described above in connection
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group n can be sent PN c start of power con
group n+2 or 7R®eRe¢ dhilps Bigure 9 summaeizes atite abversee linkordssed Mdplrpmér
In order to allowth random zati on use for rate_ se

rmunt of
and 2, the rat®Ee! gefa&’ng‘fi &t SSPRTERE cRMVeTsE case roupdniirislela of 512 PN
random zed OVEdhi l;8
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aver age powger thant 266 ENrmhlpd déimge dhe Imakfmpavelengtint power contgdsIOlh@ﬁ,ls 2

i ncl udi ng the sur Lnterval,. Ln addition, it results_in an

average power 5‘? T&%E@éﬁ%ﬂrsdﬁ u@@’b&h@r“’@éﬁt fase mebilpsstatinn| waseine

t he neasuremne nternval t e

link in the prqté%ﬂeen%sellggelalﬁl S}rlllpf'S i's tﬁgltg(gﬂrfﬁ %ggl?ﬂ{ej rk)}l‘#%t gaéﬁ%r?%@ﬁ seg{’%dj
forth in the |Bi@bs&ostdshdamtiocated fomttayr mni’rﬂleedtdiwrem ducodef i aceon THHES,

the pilot channel uses | sh cod = [err] Although the pil ot
channel carri d2OW8r Ha?gvﬁﬁﬂm@aflﬁer%?v&e base statieR neasuyes\the rp%@rem an

Werr], ngp U%rﬂ&e?&ﬁr@r %Bﬂ?roW%bﬁ*: the 354 ls a%'ﬂl gegelve tihé gg 1%.? LN f Orlgs

statlonsthat I nte te the pil ess
Wal sh code W eAn]additional 2561 ENuehips (approxlmateEhQOS)mitromeﬂs) 4s edioeatedne

forward link i resent venti on as the sync channel
set forth in tfﬁéttﬁ%bgge gtagltogn Mmeasure the rece1ved mgnaeYTEtrength and >%um around

28 i ncor pRE afaSWeP eécﬁ{tfblbléohﬁi‘lﬁhﬁncerhg e, tfﬁe tﬁ¥ NGrorh 'E??é ﬂ{%e f)o%rs h

code Werr] err] tem opera
accordance w tae. qoramentd assomated/mth dime pbwema:oaiticl igroppve rcandm seﬁit 768

control wer , | of .t traffi naI sent_ fromthe base
gt ation tﬁr‘asmsgﬁ"I P ke ga/ﬁnt&elséa&%ftﬁ’%weﬁﬁ?{‘ﬁé’f gro PTHF4&F J 6B; I%N) chips after
generally drivhe sttt iof PBRvEr Esiti6] gry 781 B0 o288t td 5ABW the same amount of

randomization use for rate set 1 and 2, the rate set 3, 4, 5 and 6 power control

commands are randomized over the last 12 PN-words of power control
group n+l and the first 4 PN-words of power control group n+2. This
20  results in an average power control command delay of 1 5/6 power control
groups, including the measurement interval. In addition, it results in an
average power conirol loop delay of 2 1/6 power control groups, including

the measurement interval. .
The pilot channel used on the forward link in the present invention
25 is the same as the pilot channel set forth in the IS-95-B standard,
incorporated herein by reference. Thus, the pilot channel uses Walsh code

W™ =" W § Although the pilot channel carries no data and is therefore

l[ll

effectively Walsh code W , not using Walsh code Wo* = Wi § would
disable mobile stations that integrate the pilot for less than 128 chips.
30 Therefore, Walsh code o™ =We* . Wei® I is used.

The sync channel used on the forward link in the present invention
is the same as the sync channel set forth in the IS-95-B standard,
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for each frane. t
As mentioned above, forward link power control when the reverse

link is rate set 3, 4, 5 or 6, is a frame signal to noise ratio based power control.

20 © By way of an overview, this forward link power control system functions as
follows. Each frame, the mobile station measures the p_ér symbol signal to
noise ratio (Es/Nt) and subtracts from it the expected Es/Nt. The mobile
station reports this signal to noise ratio delta (FWD_SNR_DELTA) to the
base station on the reverse power control subchannel. The base station then

25 uses this signal to noise ratio delta to adjust the transmit gain for the next
frame, usually changing the transmit gain by a factor inversely proportional
to the delta. During soft handoff, because base station transmit gains may
become out of synchronization, the base station controller resynchronizes
the base station transmit gains once per frame.

30 The mobile station preferably chooses the expected per symbol signal
to noise ratio (Es/Nt) such that a target frame erasure rate (FWD_FER) is
achieved while minimizing the required per symbol signal to noise ratio. In

one embodiment, the mobile station generates the expected per symbol
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I n accor nce th on Tabl e 12 shows the ( ationship

bet ween t ¥t ed by t he nobi*fe station, the
per synbol SI gnal to V\QBFERTI:J(ESIM) measured by the mobi | e station
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by the nobil epjctrﬁ‘u.orr 1 Y Porecee @)

| FWD_FER )
15

where Py, e max = 0.5.
It will also be understood that other methods of calculating a signal
representative of received signal strength may be utilized with the

20 invention as well. For example, the mobile station may perform maximal
ratio combining of the receive paths using the received pilot signal and the
received traffic signal. ~The mobile station may also calculate the
FWD_SNR_DELTA using normalized per frame expected and received
signal to noise ratios.

25 As men;ioned above, for forward link power control, the mobile
station sends the resulting difference between the measured and expected
values of the signal to noise ratio in decibels (FWD_SNR_DELTA) to the
base station transceiver on the reverse link power control subchannel.
Specifically, the FWD_SNR_DELTA for forward frame n-1 is sent by the

'30 mobile station to the base station on the power control subchannel of
reverse frame n. In accordance with one embodiment, Table 12 shows the
relationship between the FWD_SNR_DELTA values transmitted by the
mobile station, the per symbol signal to noise ratio (Es/Nt) measured by the
mobile station for a frame, and the expected signal to noise ratio (Es/Nt)

35 calculated by the mobile station.



30 FWDSNRDEL TA (binary) - :
(deci bel s) G eater Than Not (3 eat er
101 -1.5 -1.0 30 110 -1.0
-0.5 111 _— Qo 0.0
000 0.0 FWD_SNR._BELTA 001 +0.5
+1.0 Off: A0 —165
011 v [, e 12. F5BSHELTA Transmit Mappi ng
In the preferred enboﬂl ment, the eteR THam 1 ' ansJaNYE Gredter! Bhany
uses the FWDSNRDELTA pjalue sent tolit by the nobile|station on the
power control subchanpHl0 of reversg frane n to adjudt-1thhe forward gajn 5
(FV\D_GAJ N) it app| i esjg__f_g;_wa,]_d__f_ﬁ;?g o+l I fthe pover—cont ol
subchannel FWDSNRDELTIALGLs not erask by the base stet‘;@n, the “fbrward
per synbol signal to ' ' t - [ he
base station transceijvér is set to J’.1 Q herwi se, tle base station '
transceiver will set ppfih the FWD RSELTA and FWD_JINRYALTD 10 valups to
0. Upon recleipt at the bhase station transdejver. the FWS LTA
is converted to a deci®#® value in{@Bcordance with Fat).2 13 bel ow
FWDSNRDELTA %ma-uy—)——éd-e& 4—beb S5
100 . -1.75 |00l S 710 +1.01" 25
110 -0.75 e 025
000 20,25 |0 1.0 o1 1055 75
010 +1. 25 011 +1.5 '

Table 12. FWD_SNR_DELTA Transmit Mapping

In the preferred embodiment, the base station transceiver initially
uses the FWD_SNR_DELTA value sent to it by the mobile station on the

power control subchannel of reverse frame n to adjust the forward gain

(FWD_GAIN) it applies to forward frame n+1.

If the power control

subchannel FWD_SNR_DELTA is not erased by the base station, the
“forward per symbol signal to noise ratio delta flag” (FWD_SNR_VALID) at

the base station transceiver is set to 1.

Otherwise, the base station

transceiver will set both the FWD_SNR_DELTA and FWD_SNR_VALID

10

values to 0.

Upon receipt at the base station transceiver, the FWD_SNR_DELTA

is converted to a decibel value in accordance with Table 13 below:

[ FWD_SNR_DELTA

| (binary) (decibels)
100 -1.75
101 -1.25
110 -0.75
111 -0.25
000 +0.25
001 +0.75
010 +1.25




31 Tabl e 13. FWD_SNR _DELTA Recei ve Mappi ng The forward

gain initial ed by the base station transceiver tr ] to
f orwar d tran%‘t%)ﬁkdgne n+l is then calculated in accordance ﬁ&ﬁ%’ﬁ?}ﬁg"’o
equation (5) bel ow FWD GAIN[n+1] = BlFPWD GAIN. M N, where

FWD GAIN[err] < F\D_ GAIN_M N 011 155 —FABy GAl N_MAX, where
FWD GAIN[err] > FWD_GAI N_MAX : | FWD|GAIN err],

ot herw se (5) vvnere F GArN[erri—=10

FWD_GAIN[ N *10[ err] err] danpi ng factor that can be nom nally
equal to 1/6, Tabhk 13 FW NFRQEDEBTASRasemaM a 3 bit, twos

conpl enent nunber. rsto hou t hat ot her met hods of
cal cul ating the Fffﬂ’ﬁ»’lﬂr\flgI ajf 91{3 he base stafipp, franscgiver

cases such as n%n§191fxftef1 ‘%6 deikail ?fa?tsﬁu’i"?’?éﬁt% 748l PRert z:aéc%gteﬁomgthgﬁagﬁg

with nore than one of the transcelvers In a sectorize

all the bdse with equatiom(®delowrs in active communication with the

nobile statio orre he j nformation contained in the 20
reverse |ink ¢A@§ﬁt ﬁo‘l sE%"ﬁt’agmcﬁ nSKhee VB Sl aamshi FWEPsFAM N
When this occurs, the FWD GAHMEQGAMM»( eahéreofwnheAsng,t or FEDl GAIN_MAX
transceivers in active comup et b R%H the nobi | e station may, ?ot be
synchroni zed and may even di verge t:t“s° SWE%hns of restoring t

FWD_GAI N val ugshere® FWEYIGAINDi Zed state is needed to prevent the nobile 25
station in soft handoff from éxperienci ng undue difficulty in conbining
CDVA si gril s FWID_GAIN{N#10" ’ﬁﬁ?‘ﬁ?%t“h‘a\%’é"%@éﬁ'ﬁ-‘ﬂ‘&hlﬁm tted with the

same PN spreadi ng code from each of the sectorized base station
transnmitters.«< = dam pinfc c o g that t &en | beenidBinall dyn seqstga\lnql@r op/gatdrgw
problemis solved 30 as follows. First, as explai ned above, each

sectorized baEWIRtSNRaPEETAsiepssmed tovses 3abiy, tvoos complemenb rSNRbEEL TA
\é?l Engregte ]E(r)xaﬁrrl:la EX,[ yﬁg&gﬁg Ide g\ougﬁt attf\an Sthet "B s COPT LGy al%l%%hamee !
FWD_GAIN are env181oned.
15 .

However, in cases such as a soft handoff where a mobile station is
communicating with more than one of the transceivers in a sectorized base
station, all the base station transceivers in active communication with the
mobile station may not correctly decode the information contained in the

20 reverse link power control subchannel transmitted by the mobile station.
When this occurs, the FWD_GAIN applied by each of the sectorized
transceivers in active communication with the mobile station may not be
synchronized and may even diverge. Thus, a means of restoring the
FWD_GAIN values to a synchronized state is needed to prevent the mobile

25 station in soft handoff from experiencing undue difficulty in combining
CDMA signals with divergent-gains that have been transmitted with the
same PN spreading code from each of the sectorized base station
transmitters.

According to the invention, this asynchronization problem is-solved

30 asfollows. First, as explained above, each sectorized base station transceiver
uses any non-erased FWD_SNR_DELTA value sent to it by the mobile

station on the power control subchannel of reverse frame n to adjust the



32 forward gain (FWD _GAINerr]) it applies to forward frane n+l in
accordance with equation (5) above. In addition, each sectorized base
station WO %4318 ver sends the FWDSNRDELTA and FVD SNR VAEFHYSIP/RsS0
that it received in connection with revers® frame n to the base station 5

controller w h th decod ormat i The ase st )
control | er g@E} em &aeua& l\ﬂéleFA Qal EWFF%N?%?I‘W‘Gt Ralyalnes
it recei r r m t

fol | ows: é[é’c%rc‘ié}{ce whe éﬁad‘tfo@i%g%bt)ﬁ/ﬁe I@Zasﬁfea;ﬁﬁﬁ e?a[edl'ttzﬁéeit(:::ﬁﬁéslﬁ %ﬁ%ﬁ’_ %%tﬁﬁ\

val ue recei veﬂaﬁsamv&rhsemtscﬂtﬁ EWMSN@E&TWSMCFWQ)JSNR VALID values

FWDSNRDELTA di F SNRDELTA
val ues renai \ht%a? it recetved 1 m connecuggs with reverse %@&\? r%lq cptatiqn, e

Mexi UM 5  controller withF IESHEESdetPiraffic information. The3base ét&tlﬂﬂ contr?ller

FWD SNR DELTA val ues remain, the base 15 station contro
sets the FW3kRDEIs@lacts a,ndmgle FWD__ SNR DEIFMD SNFkuG’AfnoDivallud:he t valites 1t
The base station, co trol kl_ en se&ds thﬁb %%a NRDELTA val u

cal cul at ed i nfeSEY6P QEE%VW? e hsirers ey nseeiyet as fgllowsy

base station transceivef, anldopgghtm%gsgst @,;Hé;g fHea'Iﬁ/V?) VAR 'W?L‘I@ cul ates
the 20 FWDGAI N val ue that should have been applied to forward frame n+l by

each of the sectorized valve mceivesh fromnthecsenos if 0, che Ebespomiog |) by
appl yi ng he single F%ﬁ cal.cul.atgd i ccordance with
steps 1- 3; above to equ m value s %‘Eatfaﬁaed base station
transcei ver then conpares the FWDGAINerr] that was previously applied 25

to forward frame n+l tQ.the EV\&@AFW]QrsNR/e[bEgTAha{,aﬁﬁ@ulrgn{ﬁye fHheen
applied to forward frame n+l (as determined in accordance with steps 1-3

above). The difference RaRD_sfatigrer r fgniselleren selestsFheAl Npexdiinumd
FWD GAI N[ err] val ues ISFWi-B| ﬁq{tﬁEﬁqujst up or down the gain applied to

_ 3. If no FWD_SNR_DELTA values remain, the base
15 station controller sets the FWD_SNR_DELTA and
FWD_SNR_VALID values to 0.

The base station controller then sends the single FWD_SNR_DELTA
value calculated in accordance with steps 1-3 above back to each sectorized
base station transceiver, and each base station transceiver then calculates the

20 FWD_GAIN value that should have been applied to forward frame n+1 by
each of the sectorized base station transceivers (ie., FWD_GAIN, ) by
applying the single FWD_SNR_DELTA value calculated in accordance with
steps 1-3 above to equation (5) above. Each sectorized base station
transceiver then compares the FWD_GAIN,_,,,, that was previously applied

25 to forward frame n+1 to the FWD_GAIN
applied to forward frame n+1 (as determined in accordance with steps 1-3
above). The difference (FWD_GAIN,,) between the FWD_GAIN,_ ., and
FWD_GAIN,,,., values is applied to adjust up or down the gain applied to

urger Value that should have been

the next forward frame sent by each sectorized base station transceiver (this
30 next frame is denoted frame n+2+Tbackhaul, where Tbackhaul represents

the processing delay in frames for the base station controller to calculate



the next forward franme sent by each sectorized base station transceiver

(this 30 ne is denoted franme n+2+Tbackhaul, where Tb
represents woﬁlé?@r ocessing delay in fraé?s for the base stai‘f‘ll"}(‘)}ﬁgklSws53o
33

controller to cal cul ate

FWD_GAI N[err] leg @?ﬁ]%] i tet Qﬁf%ﬂd” it B ksﬁf i 'séfigngé‘%%a%% dtfsh fransceiyers )

transcei vers. ormar gai n appll each sec
station transthuyethe forwai | gain applied by eacte sedtﬁti‘z'bdclkds&tétaﬁbhl tragsceivent

above.using {AWng f%%r%ﬁpé“%es%&%@sﬁé@{ﬁ W3l FepreseRl &%?iaq?ﬁﬁ%éh?ﬁé’g
by Che sect orTomR- GG, Salud (et RUR ECHALA) oy HalEribbE phQuE AHETRE

sent by tife FWDSNNReDEIAA oraldes sergt b;e\thesmobﬂarmaﬁaﬁﬁtbﬁn hewerse frame
and FVDSNRVALPLAV A Barther TR G A fecmcratie that Bocniculetad %u hersecepriend |
a Reverse T 3ldCoAbhClangui0e: Wind %HWB'NJ} DELTA 20hfiel SeRE 1 En &N

t he base station contro er sen val ues di scus
above for eacinobilenstationtdherimgsevertsatframet mahsThickdauli n a For war d

Traffic Packet havinng t he format shown Icﬂ 'l;)abl e 15, bel ow .
34 Field one  EMBEAENET; aspe $E3HOR | frAngcejvep send  the

8 I t
Vit ual C]P?annléw enWA dan FWlﬁaéN‘Rn VAEID values for each fraie to the

base station controller in a Reverse Traffic packet having the format shown
in Table 14 below, and the base station controller send the FWD_GAIN

values discussed above for each frame to the base station transceivers in a

target

Forward Traffic Packet having the format shown in Table 15 below:



QUALI TY
FWDSNRVALI D
field is

1
WO 99/43100

t he base station

adj ust the traffic channel

gai n.

Received franme quality indicator.

| ndi cates that the F T
24 valid and m@%@
FWDSNRDELTA

transcei ver to
3

Forward per synbol signal to noise ratio delta. RVSSNRVALI D 1

| ndi cat es t hfReldT® RVS_SNR_O REYT TS | Description ,

valid. RVS SNR _DEITA 3 Reverse per synbol sjignal
to noi se rat{MSGeRa. FRAVEGED Message Identification. The frame
sequence nunpggy SET TO the [GOVA tual channel identifier.

systemtine Lo unites of 20mlliseconds I’T’(dlﬁ Q

16. FRAVERATEQUALITY 4 |8 Recefted frame-quafityt indicatonf f i ¢
channel franm p 0 tr—3 ——
channel ! AMFWD_SNR_VALID |1 Tndicates that thze:PI_\gglthEhW TPELTA field is
3=Rate 1/8. valid and wasqugdabyr the RRmVELHIOR
8 x FRAME_LEN The |S-95 traffic channghsctiva® aBf¥ @aehaffic channel gain.

FRAMVE LEN de

rate set. TapFWDLaNRERERTA 3 on Reverse T dPTTaEd Pa@Polsignabip noise ratio delta.
35 FI PBRUS_SNR_VALID-enogf h (DI tTs) $ GhdifhtdsOfat the RVS*SNR DELTA field is
Message ‘I denfification. FWDGAI N 8 14 he full rate
forward digifal gain at whidh vaid. thIS
forward traffRUSISNRIDBELTAL O [& Reverse per symbol signal to noise ratio delta.
transmtted. %ICTHRES (] Tha ravarca | i nk closed
loop power | FRAMESEQ 4 The frgme seuench, nuehesy get 9 t&ﬁlngéf
deci bel s. FRAME_SEQ 4 sylsbeen fitha fife usies bL2CAilliecdnds . mddalo
to the 16
FRAME_RATE 4 The rate of the traffic channel frame.
‘ O=Rate 1.
1=Rate 1/2.
2=Rate 1/4.
3=Rate 1/8.
4=FErasure.
FRAME_DATA 8 x FRAME_LEN The IS-95 traffic channel frame payload.

FRAME_LEN depends on FRAME_RATE and

rate set.

“Table 14. Base Station Reverse Traffic Packet Format
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ERANE RAT |4Ver se WWWW '
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¥ © 1=Rate1/2.

2=Rate 1/4.
3=Rate 1/8.
4=Null.
[FRAME_DAT |8 x | The IS-95 traffic channel frame payload.
A FRAME_LE |FRAME_LEN depends on FRAME_RATE
N and rate set.

5 power control groups in the reverse link pilot channel.

10

Table 15. Base Station Forward Traffic Packet Format

Referring now to Figure 10, there is shown a block diagram of the

reverse link power control subchannel which is punctured into selected

As mentioned

above, in rate sets 3, 4, 5 and 6, the difference between the expected and
measured forward per symbol signal to noise ratio (FWD_SNR_DELTA) is

sent from the mobile station once per frame on the reverse link power

control subchannel. The reverse link power control subchannel is created
by puncturing .the 3-bit FWD_SNR_DELTA values into a fundamental

block of the reverse pilot channel. More particularly, numbering the power

control groups on the reverse pilot channel from 0, the power control

subchannel is punctured into the pilot channel during power control groups
9,10, 11, 12, 13 and 14. Each power control group is divided into 24 PN-



power control subchannel nust be punctured into power control- groups

that are transmtted during gating. |If the power control subchannel is not
so 10 posit MENEM10en it woul d not be sent during gating. ThETEYIPOIF v
power control groups 8, 9, 10, 11, 123613 14 and 15 may be used.
Second, the powe frol hannel .cannot be transmtted during the

| ast power cthorrGi; Num%g’-mﬁo th?f Ao LRAwWel contohioaip fgqm O, the
transmitted dgaw@g cbAfrol %%’bchannelpi%"‘?ﬁn&‘?ﬁ‘éﬁ +9 TN Ry f&keTQt*ﬂf PzaﬁﬁdSié‘Bkon

woul d not be able to adjust the ransmt Tevel before the ‘begi
t he next franpowEhepnfrol groupy %d0etl, 12, 13cont L4l Ayt exemyflary poWer édntrbZ

13, and 14 ma be used. , Howev f seven omer (of0) troI roups are,
used, the nu gi'( §h8v§?1u’i‘%u |TEVEFECHRPYRY ¢ ontrolv\ﬂ;. kShesyq in
Therefore,5 si g quo control groups are used. Power control group 8 is

not used in order to give the nobile station nore time to 20 determ ne
FWD_SNRDELTA. Fi nalhg, revieesepquaewer aruntool subbchannel is spuncturpdnéitey gsbivet o

e § P oecenoycoiEor Sretmsr g i 1, ?%oféﬁa{lﬁaf‘f B9 i FOUOWEYE reasons fﬁ?@?l)?ée' "
deri ved 17 om bb@gk chhbioPsubehahie] BhLS! HVBInauBONCIGOBLYRE M

In a preferred enbodi nent, the FV\D SNR ues are transm Bn

the reverse pdwatare mansmlttedutdurmglghhngntlf tlse pgwbar -control smbichagnelais not 50
1 bi-orthogonal

nmodul ati an., The T enco

To0uL BT b DS FYDRATIER f {REI K shr ot ring Retings p Thratons Iy St
k adiftr d t

t han Eﬁre”modm HOUPDBHY) 10, 19PERI Y 14arld T5nay B (ER6E, S0lchd, FhgPower

diversity forcqrtteolcgugcmpml eannot be transmiftberd ndumeing| thgy lastdpperet ocoremok

g]; the rever S%%%%V\’eif ﬁfé”%%%’ver contr n{sl[l naer{nell SWSePeO \fc@ar{snmlg-rtﬁaaugu}'ggb%g VYast

!:‘I2|1O't2 !3(2)\1\65 B&REF Bbntrol group, tHehAfHE basd s@FBhwWould ndtebé BBlS to adjust the
15 transmit level before the beginning of the next frame. Therefore only power
control groups 8, 9, 10, 11, 12, 13, and 14 may be used. However, if seven
power control groups are used, the numerology (shown in Table 14 below)
will not work well. Therefore, six power control groups are used. Power
control group 8 is not used in order to give the mobile station more time to
20 determine FWD_SNR_DELTA. Finally, the power control subchannel is .
punctured into the center of the power control group in order to minimize
the bias in the frequency and time tracking loops that are driven by
estimators derived from block filters of the pilot over a power control group.
In a preferred embodiment, the FWD_SNR_DELTA values are
25 transmitted on the reverse power control subchannel sent using bi-
orthogonal modulation. The FWD_SNR_DELTA message is encoded into

1 bi—orthogonal symbol. The 3-bit value ¢t = t,}t, is mapped into the code

work & iy°w, .. The code word is repeated 96 times. The code word rather

than the modulation symbols are repeated in order to provide time
30 diversity for the code symbols.
The numerology and performance of the reverse power control

subchannel is shown in Table 16 below:



Channel Fraction 5/ 6: 1/ 6 Val ue
Length Bits 3 Val ue Dur ation
power cont r oWQyPAHeD 6 Val ue Length nBePa e #0
synbol ' 384 Wal sh Code L8Rgth chi ps

4 Modul ation Type

bi - ort hogonal Item Repeat Rate |Units Value

96 Ant efpra—bi-rersty — 2 2 T
Processi ng Gain deci bel s 0.8 3priot | Powergppjro
deci bel s -22.0 8.9 Bit Error e bits/bit
243E- 06 Tiabl e 16. Reverse Link Control Channel Nuner ol ogy

Ref erring now tjoChagnek Stengther e ijDedibelsa bl ock di @ of -2in2

encoder 1100 for_encoding the revedse link traffic ¢ Lnf oromtion—
transnitted by [{ChennekFgachamn, i accordance with t sdA@ i nventi on.
5 Rate sets 3,WW S-St e—Hrk—chamel
rates 1/ 8, ?14‘1,8 D8M 2, 4 & B. The rates above ra 1 are creatled
by packing — [JHIdd BE=HBIC DT OCHpOREPcapEbIEEsuPs fne- Effgodrg and —
interleaving isl done over thid packed franE. By Wway of foverview,
encoder 1100 t akéalumsLength nput moblealatboresymbaolafifi ¢ i n{884mtion bitg,
appends a CRC, jappends_tail bits. td block 10 frane ncodes. with a

convol uti onal dnt@dh Cadepbength o i|ifhiBsise t he synbol G

6144 synbol s,
reduce the nuni

eto 614

590

41

4te to at |edst
- 0

bl ock interl eaVieRepeHtR&GRL I ONal Ty dates of 1 50 percent of T[19gSynbol s.
The details of |the reverse |ink endoder nunerol ogy f ratelsets 3. 4. 5
and 6 15 are diAsterina Dibkrsityl7- 20 bel ow 1 2
SUBSTI TUTE SHEE%-@RUL-%Z-% - -
rocessing Gain decibels -0.8 30.1
[ Eb/Nt decibels 220 |89
Bit Error Rate bits/bit 243E-06

Table 16. Reverse Link Control Channel Numerology

Referring now to Figure 11, there is show a block diagram of an
encoder 1100 for encoding the reverse link traffic channel information
transmitted by a mobile station, in accordance with the present invention.
Rate sets 3, 4, 5 and 6 support the transmission of reverse link channel rates
1/8,1/4,1/2,1, 2, 4 and 8. The rates above rate 1 are created by packing
multiple rate blocks into a single frame. Encoding and interleaving is done
over this packed frame. By way of overview, encoder 1100 takes as its input
the reverse traffic information bits, appends a CRC, appends tail bits to block
10 frame, encodes with a convolutional encoder, repeats to increase the symbol
rate to at least 6144 symbois, Walsh covers to make the rates orthogonal,
punctures to reduce the number of symbols to 6144, interleaves with a bit
reversal block interleaver, and optionally gates off 50 percent of the symbols.
The details of the reverse link encoder numerology for rate sets 3, 4, 5 and 6

15  are given in Tables 17-20 below:

SUBSTITUTE SHEET (RULE 26)



38 ltem Units Label Val ue Rate -1/ 8
1/ 4 1/ 2 1 Info bits/ A 16 16
40 40 WO 99/43000 80 172 packet CRC PQ/¢59p/03530
B 0 0 -0 8 38 8 12 packet
Tai | bits/ C 8 8 8 8 8 8
8 packet Bl ocks bl ocks/ D 1 1 1 1
1 1 1 frame Bits bits/ D 24 24
28 28 Ttem96 |Units96 |Labdd¥alue frame Encoder  Dbits/ E
1/ 4 1/ 4 /4 /4 a4 /4 1/4 Rate- syrbols
Repeat  synb¢R&E g das  |V%4 3pi/d - 32 |12 16 116
8 Rate symeol's Hongt ure [asynfabs/ [167 a0 40 Of80 88 (172 ¢
0 0 0 Rat 4 X syinbol § Synbgl s synbol s H 6144 6144
6144 6144 6144P3%eE144  61aa frane Gatihg symbdl s/ | J
1/ 2 1 CRQ/ 2 |bits/1 B’ 02 ol 0 1 Hactor |8 synfigol s ISyﬁ'ﬁ | S
synbol s/ J' 3472 4ot 644 3072 6144 " 3072 6144 G144
Frame Tabl e]17. ReM&FSE' Li fk Endoder Nunero ogy flor Rat¢ Setg 3, 5
Tail bits/ C' 8 8 8 8 8 8 8
packet
Blocks blocks/ D' 1 1 1 1 1 1 1
frame
Bits bits/ D 24 24 28 28 96 % ]192
frame
Encoder |bits/ E' 1/4 1/4 1/4 1/4 1/4 1/4  |1/4
Rate symbols
Repeat |symbols/ |F' 646 64 32 32 16 16 8
Rate symbols
Puncture |symbols/ |H' 0 0 0 0 ) 0 0
Rate symbols
Symbols |symbols/ |H 6144 |6144 [6144 [6144 6144 6144 |6144
frame
Gating  |symbols/ |[] 1/2 1 1/2 1 1/2 1 1
Factor symbols
Symbols |symbols/ |J' 3072 |6144 |3072 6144 3072 |6144 |[6144
Frame

Table 17. Reverse Link Encoder Numerology for Rate Sets 3, 5

SUBSTITUTE SHEET (RULE 26



Rat e ' 2

39 Item ~Undits Label
4 bits/ A 172 1
172 wobIBIB | cre bits/,, B 12 FeTussags0
12 Bl ock Taill bits/ C 8 8
8 bl ock Bl ocks bl ocks/ D 2 4
8 frame Bits bits/ D 384 768
1536 Item frane|Ehutsler | Labebijts/ E 174 174
1/ 4 Rat e synhol & Repeat dynbal s/ E 4 2
1 Rate Ratg/mbol s Puncture symp@ s/ H 4 8 0
0 Rate i fa"n‘aul S 3":“6).;: S &yr‘ﬁsul e 175 e+44 173 6144,
6144 n frame @?I ng Sy ls/ J 1 1
1 Factor Synbol s Pyidrd s synbgl s/ J 6144 6144
6144 frane Table 18. Revyerse Link HEncoder Nungrol ogy for
Rate Sets 3 pGRG Medi ufrbiRsf e B’ 12 12 12
Block
Tail bits/ K 8 8 8
block |
Blocks blocks/ " | D' 2 4 8
frame
Bits bits/ D 384 768 1536
| frame
Encoder bits/ E' 1/4 1/4 1/4
Rate symbols
Repeat symbols/ | F' 4 2 1
Rate symbols
Puncture symbols/ | H' 0 0 0
Rate symbols
 Symbols symbols/ | H 6144 6144 6144
frame
 Gating symbols/ 1 1 11
Factor Symbols
Symbols symbols/ | ' 6144 6144 6144
frame

Table 18. Reverse Link Encoder Numerology for Rate Sets 3 and 5 Medium
Rate




40 Item Units Lab Val ue el Rate
1/ 8 4 1/ 2 1 Info bi ts/ A 22 6
56 126 %‘%99"2%39 bl ock CRC bits/ B 6 PCT"Z"%”""”S?’és
8 10 10 12 bl ock Tail 40pi t s/ cC 8 8
8 8 8 8 bl ock Bl ocks bl ocks/ D 1 1
1 1 1 1 frame Bits bits/ D 36 36 72
72 144  1Pfen?S9 | Units Gader  nrrsy E 14 14— 1y4
1/ 4 1/ 4 4 1/ 4} Rat e synpol s Repeat synbols/ F 64 64 32
32 16 6 8 Rhte syetbol Punctur synbols/ H 1/3 1/3 {/3
1/ 3 1/ 3 1.3 sybpl—Rate-Synbols _synbols/ H 5144 144
6144 6144 didate g1ah 6144 1/8%rane $l/f%g sybb@A s/ 3 |12 1
1/2 1 1/ 3 et or synbot sypot-st==5; 3575144
3072 6144 O c1apti1aq | A T2 R bl 0o, | B el 120 |38
Encoder Nunerjol ogy folblBake Sdts 4] 6
41
CRC bits/ B' }e6. 6 8 8 10 10 12
block .
(Tail bits/ C |8 8 8 8 8 8 8
block
‘Blocks | blocks/ |D' |1 1 1 1 1 1 1
frame
Bits bits/ D |36 [36 |72 |72 |144 |144 [288
frame
[ Encoder | bits/ E' |1/4 |1/4 [1/4 [1/4 |1/2 [1/4 [1/4
Rate symbols | -
Repeat |symbols/ |F' |64 64 32 |32 |16 |16 |8
Rate symbol
Punctur |symbols/ |H' |1/3 |1/3 |1/3 |1/3 |1/3 |1/3 |1/3
e symbol
Rate
Symbols | symbols/ | H | 6144 | 6144 | 6144 | 6144 | 6144 | 6144 | 6144
frame '
'Gating | symbols/ |J | 1/2 |1 172 |1 172 |1 1
Factor | symbol
"Symbols | symbols/ [J° |3072 | 6144 | 3072 | 6144 | 3072 | 6144 | 6144
Frame '

Table 19. Reverse Link Encoder Numerology for Rate Sets 4, 6

SUBSTITUTE SHEET (RULE 26)



Item Units ’ Label Rat e 2
4 0 bi ts/ A 268 PEGRIS99/03530
268 wosuastipl? | CRC bi t s, B 12
12 bl ock Tai | bits/ C 8 8
8 bl ock Bl ocks bl ocks/ D 2 4
8 7 frane Bits bi ts/ D 576 1152
2304 Ttem | rjapnits Eﬂcbﬂﬁl bifs/ E' fl/ 4
1/ 4 syinhol s Repeat synbol s/ E' 4
2 jBcture sypdbols/ H 8 1/ 3
1/3 fem b
6144 rane ting @%/nbol s/ J
1 1 bloék Hact or synbol s Synbols pynbol s/ J'
6144 6144 6144 frame Table 2D. Rever sd
Li nk Encoder| CR@er ol dobitsi/or RatjeBSets 4 g2 6 Medi yid2 Data Ré2e 5
In a preferrfed errbodinﬁgg the rate set B and 5 bl dcks contaip the game
nunber of information Té, as tjhe rate spt 1 blocks, and the fate set 4
and 6 bl ocksWW—g‘mu et ToT S'JiTa st it 2
bl ocks.
block
Blocks | blocks/ D’ 2 4 8
frame
Bits bits/ D 576 1152 2304
frame _
Encoder | bits/ E' 1/4 1/4 1/4
Rate symbols '
Repeat symbols/ | F’ 4 2 1
Rate symbols .
Puncture | symbols/ | H' 1/3 173 1/3
Rate symbols |
Symbols | symbols/ | H 6144 6144 6144
frame
| Gating symbols/ |J . 1 1 1
Factor symbols
[Symbols | symbols/ |7’ 6144 6144 6144
frame

Table 20. Reverse Link Encoder Numerology for Rate Sets 4 and 6 Medium
Data Rate '

5 In a preferred embodiment, the rate set 3 and 5 blocks contain the

same number of information bits as the rate set 1 blocks, and the rate set 4
and 6 blocks contain the same number of information bits as the rate set 2
blocks.



42 Referring still to Figure 11, CRC bl ocks 1110 append CRC bits
to the i informati on bl ocks as follows. The rate set

bl ocks have @B@F}fﬂ’bg and 12-bit CRCs on the rate 1/2 and rafér%s%g%s,
respectively. The rate set 2, 4 and @2l ocks have 6-bit, 8-bit, 10-bit
and 12-bit CRCs o rat g8 1 e t / ] o&!gs
respectively. Ther%% glﬁég\ sg}liétgslzé%@#eo%l,%Ré/élgﬁféé;"ég}(%gfvp%gg&gtgpg%qg e

shown in Tabligpat iRfdravatidrnblockk lag, followsCRThe rate @¢11¢3 ahdrSblovks have 8-bided

wth all 1's. Rat e ner at or
Pol ynomi al ~ and 12-bit CRCs on the rate 1/2 and ratq @ﬁ%if, respectively. The rate set 2,

Tag:n d5 4 an¥% bﬁgi‘%}ﬁa’g 6-bit, &biéeltoil?ié and 12-bit CRCs on the rate 1/8, rate
0107 5 1/4)/rdte 1/2 and rate 1 blocks respectively. The polpfidthials used forl/ 2
0633 © 03731 1 017423

017423 Tganesating theveREebitp are showredar Takles21 below. Initiallye the HeRERC

bits are added._t ' ' [ 0 l.ocks and tail 10 bits are
appended to ggatté)g%‘el!s&?%ge %)u d%&‘{%%#“{rlrb £i pl exer 1120 is

alternatively prpPRage€d 10 one of ifGeRerabbvol Ut onal encg@@yﬁoﬁﬁgp
dependi ng on thejrate set being usled. The rate set 1 convolutional encoder
is a constraint fength 9, rate 1/3 (ostalbl uti onal encoder. The rate set 2

convol utional enf ' e ' > =ofal 15

5 i~ OIDL a ()
encoder. The ratég R Envol uti onalPEh&ERr | rai nt
ENBARI 5 The gene or the
abl e 22 bel ow,_and frde

|l ength 9, rate 14, convol utional
t hree encoders 1130 are _shown in

di stances for thplfhcoders are shown in Table 23 bel 6407

43 174 ' 0633
1/2 0633 03731
1 017423 017423

Table 21. Reverse Link CRC Generators
After the CRC bits are added to the input information blocks and tail
10 Dbits are appended to block code, the output of multiplexer 1120 is
alternatively provided to one of three convolutional encoders 1130
depending on the rate set being used. The rate set 1 convolutional encoder
is a constraint length 9, rate 1/3 convolutional encoder. The rate set 2
convolutional encoder is a constraint length 9, rate 1/2 convolutional
15 = encoder. The rate set 3, 4, 5 and 6 convolutional encoder is a constraint
length 9, rate 1/4, convolutional encoder. The generator functions for the
three encoders 1130 are shown in Table 22 below, and the minimum free

distances for the encoders are shown in Table 23 below.



Synbol . Gener.at or Function (Cctal)

Rat e Set Rate Set Rate Set ) 1
2 WO 9983105 and 6 0 557 PCT/US99/035807 53
0765 1 663 43 0561 0671

2 711 0513 3

0473 Tabl e 22. Rever se Li nk Convol uti onal Encoder

Generators Rat—-e —Set—Rat-e Sei_Rate

Set 1| Symbol Generator , 3,4, 5 and

18 12 FunctxonF(rOctal 24 5 Tgbl e 23. Revelse

Li nk Convol uti opal Encoder M ni nrum gt ance : Encoder 31130 is

bl ocked on a pef-bl ock basi $Rayei nitial igetrjdRdtee enc@r Rate stat@t\W th
zero and tailing every block with an 8-bit jzero encoder
The output of ehcoder 1130 {¢ provi ded to sﬁw‘ool repetitl%ﬁrﬁﬁﬁl@élo 1140,

o0

whi ch repeats tTﬁzayuuuua o+557u, +6—8—4; OZE?E"G 11 T’Zéfés L...c rede 1/8,

rate 1/4, rate rate 1,|rate 2, rate 4, rate 8 Rl

respectively. Aitep3the synbol s WWM ded
to covering uni 1150, Iwhere the ratefset 3, 4, 5 and 6 synbolsjare
covered with a fate depébtent Wal sh cqde runni ng af 0688 synbol ¢{ate.
The rate depend bt 1B WAl ch caode i rnrr'l where {-nr r'IT ‘r’?&w he
Val sh code x of gn n-ary Wal sh code space and R repl)roéz nts the gynbol
repetition rate —The Varsh codes—chosemr—are—fronra 64—ary—a&t-sh' code
space. For rate sets 2, 4 and 6, the block has 50 percent nore

synbol s thanTable 22. r aReverse 1, Linknd Gohvobiigonales pelridodlry. Genefidfs t 0
reduce the nunmber of 20 synbols so that a rate set 2, 4 or 6 block can be

transmtted using the sane nunber of synbols as a rate set 1, 3 or 5
bl ock, the synb‘mr'ea'nmr—b'esﬁet Rate Sot | Rato ot
1 2 3,4,5and 6
18 12 24
5

Table 23. Reverse Link Convolutional Encoder Minimum Free Distance
Encoder 1130 is blocked on a per-block basis by initializiﬁg the encoder
state with zero and tailing every block with an 8-bit zero encoder tail.
The output of encoder 1130 is provided to symbol repetition unit
10 1140, which repeats the symbols 64, 32, 16, 8,4,2 and 1 timés for the rate 1/8,
rate 1/4, rate 1/2, rate 1, rate 2, rate 4, and rate 8 blocks, respectively.
After the symbols are repeated, they are provided to covering unit
1150, where the rate set 3, 4, 5 and 6 symbols are covered with a rate
dependent Walsh code running at the symbol rate. The rate dependent
15 Walsh code is %72, where ¥~ represents the Walsh code x of an n-ary
Walsh code space and R represents the symbol repetition rate. The Walsh
codes chosen are from a 64-ary Walsh code space.
For rate sets 2, 4 and 6, the block has 50 percent more symbols than the
rate set 1, 3 and 5 blocks, respectively. In order to reduce the number of
20  symbols so that a rate set 2, 4 or 6 block can be transmitted using the same

number of symbols as a rate set 1, 3 or 5 block, the symbol stream must be



44 punctured. Thus, the output of covering unit 1150 is.provided to

puncturi ng unit 1160. The puncture patterns used by puncture unit
1160 are showo 99/33100 Table 24, where a 1 neans transmt thecayudopsssed a
0 nmeans puncture the synbol . 44 Rate Punct ur e
Pattern (bi nary) Rat e

Set Rate punctured. Toats, Fa¢ eutput of coveringainit 1150 is provided to puncturihg 3

and 5 2 and 6 1/8

110101 unit 1160. Thflgg_rltgwfogqttems used by puncture unit 1160 are shown in
ﬁgigi Table 24, wheﬁg 11]118:%%1}% Jiu}ansmﬁ the S)ir{lgol and a 0 means puncture the
110101 symbol. 110110011011 Tabl e 24. Reverse Link Encoder
Punct ure Patt egns The output of puncture unit 1160 is

alternatively pF8t€ ded td one of Puncture wo interl eavers 1170 depdtadterg o
the rate set bging used. [The ratﬁb (%y% and 2 interleaver is the sane
as the interlepver for ragte set an described 10 in the |IS-95B

st andard, incofporated hgrRate DY reiSet§aee 1NE rate Set| Rate o zapre§ IS
interleaver isja bit revgrsal block interleaver with 128{rows and 48
colums. The ipterl eaver ik 3@nd ben coll@m first, usi ng h4eodim counter

HEP- -~ |

in order. The e e-fveft—tS—t—at—or
reversed order 1’% is, {if the row.co 0]i ndi cat es
b[err]b[err]b[=140[err[ [ErT D[ eT T Ol $RAHI0L e the TS5 T1TO7

bl[err]b[err]b[ ar{ blerr]Q[err]blerr] bl rr (?s read. 1001]10%}3 out pyjit

of interleaver|1A70 is priovided to a gaftit@lunit 1180. |h11011001F081pr esent
i nvention, gat}lpg-is—supdorted for ratée sets 34 5 andl6.__\Wien g

frame is gated| Lonly the synbol s wi t hi 11i19|1@1second hal f p}141380310dke are

transmtted. At Ty e e ot trare—rat e+ Ss—at-e—2——Not-ed--y-
20 the traffic information franes are transmtted on the reverse |ink

usi ng c Tablen2h (Revterse Limk BreodenPunhdtlie Pxgepisi on of the 1/8 frane
[ [ However, rate sets 3, 4, 5 and 6 nmay be conmmanded into

\thnggel > mg?fa%gm 9umfe°f1pnn%ﬁeu4¥t4iieﬁ9dsraét@netlzelm prewidgdeto one of
o e diory LRGN e S0 N RS e B
and search f andé%/mteﬂea\terl mghetslame as the interleaver for rate set 1 and 2 described
10 in the IS-95B standard, incorporated herein by reference. The rate set 34,5

and 6 interleaver is a bit reversal block interleaver with 128 rows and 48

- columns. The interleaver is written column first, using a column counter

in order. The interleaver is read row first, using a row counter in bit

reversed order. That is, if the row counter indicates b,b;bpb,b,b,b, then the

15 row byb,b,b;bb.b, is read.

The output of interleaver 1170 is provided to a gating unit 1180. In

the present invention, gating is supported for rate sets 3,4, 5 and 6. When a

frame is gated, only the symbols within the second half of the frame are

transmitted. During gating, the maximum frame rate is rate 1/2. Normally,

20  the traffic information frames are transmitted on the reverse link using
continuous transmission, with the exception of the 1/8 frame which is

gated. However, rate sets 3, 4, 5 and 6. may be commanded into é mode

where only rate 1/8, rate 1/4 and rate 1/2 frames are transmitted, and they

are transmitted using gated transmission. This mode is used to allow the

25 mobile station time to retune its receiver and search for systems using other



45 frequenci es and/ or other technologies (in particular AWS and GSM .
A nobi |l e stati on commanded into gated node for searching wll be
commanded t oWRI¥HPE r apes out of Mframes, starting at syst emfGIfHS99/03530
The val ues of N and M depend on the techno45)gy bei ng searched and the 5

nunber of channel s bein ear ched. Thi ating is synchr W th
forward |i nkafg%t‘tl‘tlf?ﬂfles atld/oF o eq:ltsér}?%élo ¥ PS”%%‘QW &Rl 65 ) A
modul at or forp,BBAE! akd¢ieht QSmnr:]tandé&V%%@ gr?@éﬁ Phidde f! thlﬁﬂg Gl fibe

channel s, in accordance with t res I nventi on. e reverse
traffic chanreiminahdedatc gatepho fiataes tmlttchiaM(framesLusmrnng atnsystemr Hmel T

and 13 corre onds.to t out of e coder 110 ep ent
i nventi on, valss: 8 ﬁ) ﬁgf #SPE? O itHR f(er:ggology be%ﬁ??"&heafart‘{té

transmit sowe{ur%et r(ﬁ@fﬂ:’&t%’l@'b%ﬁé%@ﬁiﬁ%d””%@ ﬁ s Rct?ronﬁus Qﬁ‘ﬁ?the

station), is performed as follows ase stat res
si gnal to i ntferwerd hindk gemng) (Ep/10) of the reverse p| I ot over a povver

control 15 rou This M i.s,conpared, to a.thre I [f th p/lo
val ue is mor o P Fighigs 1 5G4 G (e, SiRARHel & ATGQHIAE! foF GROTHIRtRES Ehe
station sendsegefdyMpiplk Jnlot rc%?ftﬁﬂe%'dngra?ﬁ é‘l@{]nrtéqs, Bébr Hﬁnéé‘%i‘fﬂbgks

station (i.e., a comman I ndi catin station shoul
i ncrease i ts presergninveptines Bhye aeverse qnaffnhethameiemfenmamion) provided &pthe

h d I h h h '
R L L I F v
(i.e., a Commnd Itﬁdﬂt‘eatpregeﬂthﬁtvéﬂtfoﬂvaidﬁer contrdll 3bh OtheS I}E%fésh%i Id%m .

transmt power constant t he Ep/Io lue is nore 5 de
above the t hcontrsl of ﬁlherﬁnﬂmltmespéﬁrmsmmamﬁmﬁhb mobilerstptiondota ng

a down conmap he .nobi st atii on I ndi cat i a
the nobile stbgf‘% gI?t"s‘II%uISdP gégpgggleasr f@?‘?’%nsﬂi’“’t %ﬁﬁﬁ\égatb‘gp Jneasures the PHO%
predet er m neg@jg@ial ubtinterfé¥enbe WatioWEp MY Ef KWV @88 FIRWESvdIoh Hower control
commands _are sent %the base statlon on the forward |ink power control

subchannd?P diggeupsckhigiealue is compared torpdhmedhiold. sIfaItheoEpdkt wahiends mbre

' d d
w1 resul b e TS HoER b he WResRONT A bale SR BEREL APl
sends a down repfésaﬁdn ca bwemtp lcommand! & iths, mbBﬁ@ étﬁﬁoﬁDQIe' a Yohirhd

wll turn down_ ts trans | f any base station sends a hol d
conmmand and sndicatingd Wbﬁ g@\gglg stadiomnn should increase its transmit power by a

predetermined amount.) If the Ep/lo value is within 0.5 decibels of the

20  threshold, then the base station sends a symbol representing a power hold

command to the mobile station (i.e., a command indicating that the mobile

station should hold its transmit power constant.) If the Ep/Io value is more

than 0.5 decibels above the threshold, then the base station sends a symbol

representing a down command to the mobile station (i.e., a command

25  indicating that the mobile station should decrease its transmit power by a

predetermined amount.) The power up, power down and power hold

commands are sent by the base station on the forward link power control
subchannel discussed above.

The mobile station determines what to action perform by choosing

30 the power control command received that will result in the lowest transmit

power. Thus, if any base station sends a down command to the mobile

station, then the mobile station will turn down its transmit power. If any

base station sends a hold command and no base station sends a down



46 command, then the nobile station wll not change its transmt
power. If al base stations send up commands, then the nobile station

I
will turn up“fQ%gmmo transmtter. The foregoing deE‘c‘T’Pﬁ?%"BFP%f
the preferred enbodinments of this 5 inveMion is provided to enable a
person of ordj Ki 0t t. 1.0 Qr us he invention
cl ai med hereit. (Ia"a\’/zgir1 %&ge %ﬁ?ﬁ% (lsgétil%rﬂggﬁlonpﬁgggngg ifs ‘IJHB%IHBH{%%H 3l pe
readi |y apparise statidrizosend kdp beghrhand§etidsr .thangobile stationpwm%ﬁhe?p its
descri bed may be applied to oOther enbodi nents wi t hout the use of * any
i nventive faduangmiti®ierefore, the present invention is not to be 10

limted to the speﬁi i inents disclgsgd but .is to b corded the,
wi dest scope consi st en@rgﬁlﬁg sﬁ"?ﬁf?f‘plo sﬁb%cPWé%Féfsﬁ%aﬁ‘g@ea‘?%cPf)é@&
herein. 5 inVifioh 3 Prdévided toSenable a person. % K/Jé:lmgry skill in the art to make

| n a

47 .
t el ephone syast@sa theyinvieption pglaimedahergine ofheovarpus 4amodifications to these

aesoct at od werPAIPTEE” VRS Feacif arpabbot R SohEk b4 S 0RE o nd the
transceiver ggRdpRisedesttibbdanafdrdppléd @ othet BbdlinerdGwithout the use
of any inventive faculty. Therefore, the present invention is not to be
10  limited to the specific embodiments disclosed but is to be accorded the

widest scope consistent with the principles and novel features disclosed

herein.

WHAT IS CLAIMED IS:



nobile station, a nethod fer controlling the transmt power 8

| evel of the first and second base station transceivers,

conpri si ng t MEO8Y43380 of : 10 (a) det er m nPRE/USSHBR3ISI0

received signal strength of a 47 communi_cat.i on_si gnal
transmtting a

arriving at the nobile station; 12 b

power control value based on the - ”illmmummlﬂwﬂm
strength to the first base station 14 . nd
t he second base station transceiver;

generating a first received power contrQLAIMS by 16

attenpting to receive the transmtted power control
val ue at the first base station transceiver; (d)

generating a second recgived r_contr Iu
attenpting toir ecei ve t 5%5%59?& Sﬁggﬁ!? %Yﬂ?%l agbase station - controllet’

value trangnitted from Eé’s%dm@d heith tAk@Hridéd (cBH, 8FH30Base station transceiver
base station transceiver; 22 (e) cal culating, at the
base station controll eassoglated thh a first sector of the celbamdra semslnbasepnmaon

val ue for the transceivgrs if. and..,secaond
recei ved pbwer control pﬁ%egvgﬁ élssoc1ated with a second seceto qh?ﬂ cell §6

(f) transmtting the gaEBlénseAdOM héehakd ?610'Ebniﬂ2ﬁhn% the transmit power
first and second based station transceivers in accordande
with the dmon transmnilevebwef ¢he uélrst and second base statlon transceivers,

48 2. The V\/nerel n the received signal
strength is 2 n?&gggxgl:gg%l maasur! ng the difference between
an expectyy @)gnaaetanﬁmﬁg td | fecae Ik gﬁaluajtre'iﬂgm@abft q
noi se rati o. 3. The nmethod of claim 1, whefein the nobile
station also 2 eompunication algnahemwm at the mehild statiome
received g gnal (b) SEJa%Q%Mé V%lo ér control value based on the

received signal strength to the first base station
14 transceiver and the second base station transceiver;
(c)  generating a first received power control value by
16 attempting to receive the transmitted power control
_ value at the first base station transceiver;
18 (d) generating a second received power control value
by attempting to receive the transmitted power control
20 value transmitted from the mobile station at the second
base station transceiver;
22 (e) calculating, at the base station controller, a
common transmit power value for the transceivers if
24 the first and second received power control values are
unequal; and
26 (3] transmitting the communication signal from the
- first and second based station transceivers in accordance

28 with the common transmit power value.



4. The et goqf (LHI'“”E“IH\IH" "Immlllln the comon transmt power 2

value is not changed if mo recei ved ssignal strength is valid. 5.
The net hod ofWe@PH#IN, wherein the received signal strength 2 PCT/US99/03530
comuni cated to the controller with a reved8e frane n is used

by the controller to genperate . th opmon_transmt power 4 . .
val ue conmuni Qated to t &glefmﬁﬁ}ocgﬁg ngb%“&%@nsﬂé& rgeeived signal strength is
transceivess for a forwybth hi:ARR T %;ﬁ:ﬁ#[?‘ijhe WL Enbe b&;wteﬁret an expected

Tbackhaul represents a processing rames caused

base controll er. ignal to noiseliwtiomhdiath adtual sigial to Woksectdtid.he comon
transmt power 2 val ue corresponds to a gain applied to the
conmuni cati on signal sent fromthe first and second base

station transgeivers. [ <. wherein e
(c) further cg'rrpri ses 2The ofethod of é%*}yﬁﬁtgﬁé’m%ﬁﬁ ngll'e: ﬁ°§°§’[e fsﬁaﬁ%r} §isop
gai n of th2 communi cati communicates to the cohtrodlert wiiesher tthe fdeMdd&ifhast

base station transceiver in é\ . . accordance with the first

recei ved power control SHEDgth i yalid. step (f) further conprises
adjusting, during a second frane 6 subsequent to the first
frame, the gain of the comunication signal transmtted from
the first basd. station Thensethiowrofidlaitn 3, wherein the corasictanegnsvith pawer

di fference, between the copmon transmt _ . . . power value and the
first rece?ved power coNais is\agt anged if no received signal strength is valid.

49 8. The nmethod of claim 7, wherein step (c) further
conprises 2 adjusting, during the first frame, a gain of the
comuni cat i on5. The methaed grfaclaimabswitiereih ftherpecbivedesigndl Bafshgth

station transceiver in . .
f‘ communicated to the controller with a reverse frame n is used

by the controller to generate the common transmit power
4 ‘value communicated to the first and second base station
transceivers for a forward frame n+2+Tbackhaul, where
6 Tbackhaul represents a processing delay in frames caused by the

base controller.

6. . The method of claim 1, wherein the common transmit power
2 value corresponds to a gain applied to the communication

signal sent from the first and second base station transceivers.

7. The method of claim 1, wherein step (c) further comprises

2 adjusting, during a first frame, a gain of the communication
signal transmitted from the first base station transceiver in

4 : accordance with the first received power control value, and
step (f) further comprises adjusting, during a second frame

6 subsequent to the first frame, the gain of the communication
signal transmitted from the first base station transceiver in

8 accordance with a difference between the common transmit

power value and the first received power control value.



4 : . accord61 }I! ‘I['“l mtnd recei ved power control value, and
step (f) furipe rhik | ,»during the second franme
subsequent t .’{?/étgfb?prjst frame, the gain of the comunication PCrUS99/03830
signal transmtted fromthe second base st4dion transceiver in 8
accordance wigh a diff n .ra ] .
power val ue aéﬁd t he segg}g&dgﬁggg ve f)fgv%vglr 92%?%+£v§ eF(C) furtherggompr1ses
In a cell@lar comuni caidjastingsdetinghthe fitstaofrmee asg#inhi Ghthe? communication
controller associated with a sectorized cell, a first base station )
transcei ver associ at ed S\gR#H Bapsmitted Szowy the seepnd diape station Jeansrgiver in
base statijon transceiv Bﬁﬁaﬁﬁi | t t Qr .0

cell, and4a nobi | e st at%rctc)n, anegﬁggtgraeugecggﬁeg%%ﬁ%cfho%ert oer{t?gl value, and
transmt power |evel ofstépéf)f furtiieratomgaisesdadijgsting} ahirdilg the second frame
transceivers, conprising; 8 . (a) . neans for L
determini Ry the receisibgequeninty the first frame, the gain of thet eemgnunigation
comuni cation signal arglyl . iLl.e tion;
(b) neans for transm tSE n%n%ag%%égg%éfg??lo@?/gﬁ?&dl? ase Stahéﬂ)%énscg}‘%r i
based on Bhe recei ved sicoplarcerwitd A Hifféleacti b&tivdeasthe common transmit
station transcei ver and the second base station 14

transcei ver: power value and (the seepng secaived @awen q:cp;gtroh‘)qilqest
recei ved power 16 control value by attenpting to receive
t he power control value transmtted fromthe nobile

station at ti9e first 18n a cellular communicabidse sistérnohavirgssebaser station

(d) neang for generati n?‘ a fegcond received power 20 . .
control value by attemSPPiplies asseeiated widhpe sestozizeds eqll, a first base station

value transmtted fromdhe oRALLEREALUADid a BG SR 6k 82 cell and a second

base station transceiver;
50 4 ' base statjon travsoeivet cassocialtedi with ng secdnd sectozasfethe
station cell, and a mobile station, an apparatus for controlling the
6 transmit power level of the first and second base station
transceivers, comprising:
8 (a) means for determining the received signal
strength of a communication signal arriving at the
10 mobile station;
(b) means for transmitting a power control value
12 based on the received signal strength to the first base
station transceiver and the second base station
14 transceiver;
(c) means for generating a first received power
16 control value by attempting to receive the power control
value transmitted from the mobile station at the first
18 _ base station transceiver;
| (d) means for generating a second received power
20 ~ control value by attempting to receive the power control
value transmitted from the mobile station at the second

22 base station transceiver;



first "R o< Sttt on”ranscer yer s e 35;,‘;@

first and 26W099/43100 L decénd*recei ved power control PGTUS
unequal ; and (f) 5S@reans for transmitting the
comuni cati on signal 28 frP the first, and second base
station transceivers in (€) means for calc aAtcethf ¢ Pasee statinpn

transmt ppwer val ue. céfroller, 2 comfloft ﬁ%héﬁ'ﬁ@{po%erp%ﬁﬁn?&r e first

comuni cation system having a base tion control
associated with a sectori zedandl Secoandf basde dtaiien transcelvers if the sﬁﬂa‘tl and

transcei vy, associated with a t sect of the tgj and a 4
second b station transcei §,%qo HOWeFrFogt Hes arg ynequal; and

of the cell transceiver, and (& m)m%a%%@ttkﬁﬁwgﬁngp%@ggéfg%‘gﬂfcanﬁn signal

controlling the transnit power |evel of the
base stat38%n transceivers, cfrmmlﬁien@rst and second base station trfA3ceivérs in

processor in the nobile station that dete nes t he
recei ved signal strength of A°O5AANGE ¥4th GHE’ §pgﬁgpn1@ansm1t power value.
arriving at the nobile station; (b) a transmtter
that transmts a power control value 12 based on the

recei ved si gnH). strengtin acellndar or pwersmw communication system havmgt atbasé
transcei ver and the sec ngase st scei ver;

(c) a processor in th Ps‘?m?té‘&@?‘iléﬁs‘?qﬂ%dg\é@%‘r arsestorizesd cell “irst base

first received power cogthtigh ti’ﬂéé@lv'e? a%?éd?&’t%ﬁewitﬂ 4 Bigst sector of the cell and a
power control value transmtted fromt

station; 4 second base (stijtion dramsvebss cassociatdtk witlt andedoeek seetor
that generates a 20 ..___secagnd re ived ower contr ol value
in response to the of the cell transceiver, aﬁ@\/\é Frﬁ? 0y G2 EPRAGHS den

fromthe gobile 22 controlling the transphi! Egﬂﬁer level of the first and secm{cf)
processing circuitry in the base station control

that generates a conmorPasesiation tp@wsﬂlm&wmpnsn'tga
8 (a)  a processor in the mobile station that determines

the received signal strength of a communication signal
10 arriving at the mobile station;

(b)  a transmitter that transmits a power control value
12 based on the received signal strength to the first base

station transceiver and the second base station
14 transceiver;

()  a processor in the first receiver that generates a
16 first received power control value in response to the

power control value transmitted from the mobile
18 station;

(d)  aprocessor in the second receiver that generates a
20 second received power control value in response to the

power control value transmitted from the mobile
22 station;

(e) processing circuitry in the base station controller

24 that generates a common transmit power value for the



51 . : ”IIIIIIIHIHr“I""aIH(HIHtcond base station transceivers if
the first and 26 *+ ¢ L M s =second received power co ol val ues
are unequal ; V¥p§r43100 (f) atransmtter iﬁ&ﬂﬁ’?‘%ﬁi}{
base station transceiver 28 Sl and a transmitter in the
second base station transmtter . that transmt th
conmuni cation signal in acco&’d'%ﬁ%d ggcond base station transceiveps E-{]%E%g}-rﬁbﬁﬂgn
transmt pgwer val ue. second received power control values are unequal; and

3] a transmitter in the first base station transceiver
28 and a transmitter in the second base station transmitter
that transmit the communication signal in accordance

30 with the common transmit power value.



