WD 02/ 47361 PCT/ US01/ 46969 METHOD AND APPARATUS FOR POWNER LEVEL ADJUSTMENT
IN A WRELESS COMUNI CATI ON SYSTEM 5 FIELD [1000] The present invention
rel at es wowaBbess voi ce and data comruni cation. Mre preT/UsSul4mpddy, the
present invention relates to a novel and inproved nethod and apparatus for
call recovery in a 10 wireless conmunicati on system BACKGROUND [1001] A
W rel ess communi cation systemtypically includes a plurality of 15 Base
Stations (BSs), eMRETHOD AND APPARATUS FOR BOWERLEVEBIuni cati ng

i th Itipl ' ' [ db
wth mitip R%igrsg]‘i}@N?‘ngA WERELESS CONMMVAUNTICATION SYSTEV €d by a

Base Station As a nobile station noves throughout the
systemthe quality of signals received fromthe base stations fluctuates.
When a comuni cation 20 |ink between a base station and a given nobile
stationsdeteriorates, it is possible®pBLDPrevent |osing the conmuni cation
by establishing a link wth at |east one other base station. A hand-off
process provides for initiation of such alternate comunication |ink(s).
In a hand-of f §iGQ@iThen presenti rinventionudelates nigowireless woige t &rd veaiaous

base stations 25 : Il ' SJ ality
deteriorates too%ﬁ?@@ﬁ&%gb' Méh?béﬂ&ghd?&%€éé%edr]wﬁ%g§r 'J‘Ie%g% t(ig]lsél a
need, therefore, froveh arel mpgroved apthodtarsl bpparatas | for raatiorszoyennira a
varieté of situatio.nsl. Further, there is a need for an reliable nethod for
call r&overy in AVHRIPES EQUMUNHGRHATLSYSIOM- system 30 SUMMARY [1003] The

di scl osed enbodi nents provide a novel and inproved nethod for recovery
distressed calls in a wreless communi cati on 35 system According to one
aspect, in a wrel ess comuni cati JACKGROUNRVi ng a plurality of base
stations, each of the plurality of WD 02/47361 PCT/US01/ 46969 2 base

of the mei ghbor 105 ASETeless; cE HAFAIgN VA A dvRcaly indfudes & glurafiy o °°"

15 Base Stations (BSs), each associated with a cell and/or sector,

communicating with multiple Mobile Stations (MSs). The base

stations are controlled by a Base Station Controller (BSC). As a

mobile station moves throughout the system the quality of signals

received from the base stations fluctuates. When a communication

20 link between a base station and a given mobile station deteriorates, it

is possible to prevent losing the communication by establishing a link

with at least one other base station. A hand-off process provides for

initiation of such alternate communication link(s). In a hand-off

situation, the infrastructure negotiates with the various base stations

25 and the mobile station. However, often the signal quality deteriorates
too quickly for negotiation to proceed.

[1002] There is a need, therefore, for a method and apparatus for. call

rebovery in a variety of situations. Further, there is a need for an

reliable method for call recovery in a wireless communication system.

30
SUMMARY
[1003] The disclosed embodiments provide a novel and improved
method for recovery distressed calls in a wireless communication
35 system. According to one aspect, in a wireless communication

system having a plurality of base stations, each of the plurality of



channel, a nmethod includes transmtting default channel information to a
nobi |l e station; detecting occurrence of a call recovery trigger; 5 and

i nst ruct iw@oakidebase stations in the nei ghbor set to tranBaTAS@IN6969
respective default channels. [1004] In one aspect, a wreless apparatus

I ncl udes an antenna; a processor coupled to the antenna; transmt
circuitry coupled to the antenna and the processor, receiver circuitry
coupl ed to the antleasen sidicinsdhaviegpa cwighloor, set tomprising neighboripgt lease

dabl e instructi | t t ' | st of
nei ghbors Tor & basaiontBAth B, e nelbdtRiRASS " sraali ihail,  defbur?
assignments for eagtiargiel,t encthetdhblades tearkediting dstaultl creametiormagsiabl e

i nstructions execut abl e @/ the processor to identify a call recovery
trigger and disabl® @ Mebile stalian; dateeting pgeyrrencespbraseall serpvary Migaerset of
conput e¢ readabl e 44 i tﬁfcﬁ"s riat | sh
hand-of f with at ?Hé@azlﬁgtg%ghgpa 'It ﬁégﬁgéltg '@Sriw tﬁg‘@% n Sfztér:]}o,[to h@?ﬁﬁi‘g& , a
Wi rel ess appar at usrespetiivgedefautichasnelster circuit; a recovery adjust unit

operative subse o call recover 20 operation to generate a

pr edet er m ned pg@i]gin?r?%@aqpﬁgi,r%Cergxgssaﬁgpgraﬁg%lpc%eas?nuﬂri?’t[enggwﬂ ed to
the recovery adj usprogessoragsuglée totthenamtehh&s trahsmiti dircuithe coapRid RSt
unit operative to adjust the transmtter circuyit _in response to the power

control instructi ANMePABGHD e ROCESSYnHReniverLlisaitty caupleayathe asteiyicam i s
enbodi on a 25 gmHkLe | & padi el ef : bl e
I nstr ug?i ons, wherein b%eb%{%@ggﬁ ?n@%ﬁdég ?ppﬁﬁtggtrégw%sgnfﬁggﬁﬁf
operative to i dentéXegutaliedyi e proeassordoseceivd a st aff neigbbonscior anlsase

operative to disabl.e.call r very. ' i.al event: and a.third
set of instructionstgg%grth{eiI@Eﬂlciu%ggﬁe;f/ﬂgt éﬁ&ﬁ%%@smﬁﬁégﬁ S%%‘ 05 %ystem
of the special evemdighlhdiep#|sebondrset oficémpetertreéadalsis pesttuctions @xstiitebRs s
comuni cation system,  a nethod for, call recogvery includes transmtting a

pilot strength —me PR RIAFEFRAsIientny, o cAl repPwaynindgphd dispble a
T LeaEont o LA OB fonaerotd A LA LA eathbR
02/ 47361 PCT/ USO 1/instgm;ior1§ executable by the procgssor to establish hand-off with at
least one of the neighbors.
[1005] In another aspect, a wireless apparatus includes a transmitter
circuit; a recovery adjust unit operative subsequent to a call recovery
20 operation to generate a predetermined power control instruction; and
a power adjust unit coupled to the recovery adjust unit and the
transmitter circuit, the power adjust unit operative to adjust the
transmitter circuit in response to the power control instruction.
[1006]In still another aspect, a computer program is embodied on a
25 computer-readable  medium  containing  computer-executable
instructions, wherein the program includes a first set of instructions
operative to identify a special event; a second set of instructions
operative to disable call recovery during the special event; and a third
set of instructions operative to notify a wireless communication
30 system of the special event.
[1007] According to another aspect, In a wireless communication system,
a method for call recovery includes transmitting a pilot strength
measurement message at a first transmit power level, waiting a
predetermined time period; and transmitting the pilot strength
35 measurement message at a second transmit power level, wherein the



second transmt power level is greater than the first transmt power

| evel . [1008] A wireless apparatus, conprising an antenna, a processor
coupl ed tvoODheE73ant enna, transmt circuitry coupled to thepanusmmoend 5
the processor; and a first set of computer readable instructions executable
by the processor to increnent transmt Power of a pilot strength

measur ement nessage during call recovery. 10 BRI EF DESCRI PTI ON OF THE

DRAW NGS [1009] Flsecondi irangsait goweeri lavel iscgreaieidham therfirsh transeitegewer
conmuni cati on géﬁ accordlng to one enbodi nent. [1010] FIGs. 2
illustrates in bl diagramforma portion of a wireless 15 conmmuni cation
system as in FI 3008] Acomralesm appmmﬁn‘nommisntg arl 1&dtenhall 4 pibcessor

|IIustrateS|nt|mn agram form si allt of base statio S|n
L wirel ess syst emtaubian b8 Bn@one, frAg s ERLY driied Hors piepusiand o
illustrates in bl QHbdﬁhﬁ%%‘ﬂ fandn 2 mef téefl’“oPEoﬁnﬁMtéﬁ'réé&ablé’()m%ﬁUB%HsCat' on

systemas in FIG ring recovery according to one enbodinent. [1013]
FIGs. 5 illustratexecotatlerbygthel pracesseobiominaregent tansmit power i@ phek e

25 11014] Fios. oxen kB e e DS abF BAR S AR 2 ot hod for cal
recovery at a base station according to one enbodi nent. [1015] FIGs. 7A and

7B illustrate in flow diagramforma nmethod for call recovery at a nobile
station according to one enbodinment. [1016] FIG 8 illustrates in block

di agram form architect u&wﬁgﬂfjﬁﬁipﬂ(ﬁ%ﬁm@m JN@ G 1 according to

one enbodi nent. [1017] ustrates 1n timng diagramform call
recovery operation of a system as in FIG 1 according to one enbodi nent.

Formini t1al| zar T bfoal dlushiates 1 bl Siedidot ity iisioee Catufifaden" ™
;ubseq_uent to cal |s|¥5%?ﬁ\a©bwrcﬁ¢@w dn@@mﬁcﬁjhm@ﬂt enbodi nent of the present
i nvention. [1019 | lustrates in bl ock diagram forma nohile
station in a [1010]FIGs. 2 illustrates in block diagram form a portion of a wireless

15 communication system as in FIG. 1 according o one embodiment.

[1011] FIG. 3 illustrates in timing diagram form, signal quality of two base
stations in a wireless system as in FIG. 2 according to one
embodiment.

[1012] FIG. 4 illustrates in block diagram form a portion of a wireless

20 - communication system as in FIG. 1 during recovery according to one
embodiment.

[1013]FIGs. 5 illustrates in timing diagram form, signal quality of two
base stations in a wireless communication system according to one
embodiment.

25 [1014] FIGs. 6A and 6B illustrate in flow diagram form a method for call
recovery at a base station according to one embodiment.

[1015] FIGs. 7A and 7B illustrate in flow diagram form a method for call
recovery at a mobile station according to one embodiment.

[1016] FIG. 8 illustrates in block diagram form architecture layers of a

30 system as in FIG. 1 according to one embodiment.
[1017] FIG. 9 illustrates in timing diagram form call recovery operation of

a system as in FIG. 1 according to one embodiment.



5 wirel ess conmuni cati on system according to one enbodi nent. [1020] FIGs.
12A and 12B illustrate in timng diagramformre-initiation of transmt
power of veOnplisbe station during recovery accordi ng to onkCT/@Rogdevent .
[10211 FIG 13 illustrates in flow diagramformre-initiation of transmt
10 power of a nobile station during recdvery according to one enbodinent.
DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS [1022] A nmethod for call
recovery in a w188 EEGs{Qilkistratesoindimingtdiagras fore iitisdiaatiemof atanstis

i nformation regardj [, ghhor i . r r il abl e
and capabl e of gcafﬂ&vg%ggyglr%%h{r.& g%%%ﬁqrﬁggé%qul%@ﬁwﬁéptrl S S@f gﬁ@/@H@ at
risk for |osing atomnainbatineentlainke pkssant imfentiba. cal | recovery-capabl e
base stations has aul.t . fo rd, call, recovery channel, identified by a
predet er m ned 081(9@%] F’ff;aﬁdt WH#%%%%EG’P&W?W%rﬁérmh%ranL?@? &gﬁ‘téﬂﬂ {n €or valr d
call regovery Chavﬂ\gﬁ'f‘éﬁe%%g?ﬁﬁ%rﬂe%rp;@istéﬁ'Q&Bﬁﬁin@@@oﬁ@%nﬁ@@dihﬁﬁt ation uses

a hash function (I'nternati‘onal Mobile Station Identification),
TIMSI  ( Tenpor af\020fFiGaal 2Amad Wbillustrateain imingadiagram darm eerjnitieim of

(Electronic Seri al r yst s ' eof, tg 25
determnistically t{fgﬁ}@g P@H“Fir?%c%w#é'ggs‘?@% gﬁﬁgqjggg\zélr%a&{a@ﬁg%os Cons
from each recover\embpdibtentbase station. The nobile station then may use
t hat channel to recei si.gnal s froma recover base station. The npbile
Station my be BT FGed % Boekaison® fint "TRGRY (ol resilisth ah HrSTi om
nul tipl@ nei ghbor e re IV YmbBRE 3Sfatishaldupig b¥c hﬁé@or@ﬁﬁfﬂﬁe%r@s the
nobi |l e station accesses the base station. This nay al so occur as the

mobi | e station nowsBbP@iMENt: he coverage area of the base station while the
nobile station is in an idle state, i.e, wthout continuous conmuni cation
links, by traffic channel nessages on call initiation, or upon hand-off
when the acti VBETMIED DESCRHSTION OIEHRPREFERRED EMBOUDIMENTS6 1

PCT/ US01/ 46969 _5 23] . FI 1illustrates a.wjreless comuni.cation system
10 having mult [W?@ﬁ\;ﬁe&hq forycall regovary inzgy wirgless systamacaorqing 1o ongy 16,
18, 2035 22, 24 cUMHBHIRMM ProlideBIrfotpatiba raghRfh@ ndighbohg defs tandigch of
sectors that are available and capable of call recovery for a mobile
station that is potentially at risk for losing a communication link. Each
of the call recovery-capable base stations has a default forward call
recovery channel, identified by a predetermined code. In another
20 embodiment, more than one default forward call recovery channel is
assigned per neighbor and the mobile station uses a hash function
with IMSI (International Mobile Station Identification), TIMSI
(Temporary International Mobile Station Identification), ESN
(Electronic Serial Number), system time, or a combination thereof to
25 deterministically decide which channels to use to receive
transmissions from each recovery-capable base station. The mobile
station then may use that channel to receive signals from a recovery
base station. The mobile station may be instructed to combine the
power control subchannels from multiple neighboring recovery base
30 stations by overhead messages as the mobile station accesses the
base station. This may also occur as the mobile station moves into
the coverage area of the base station while the mobile station is in an
idle state, i.e, without continuous communication links, by traffic
channel messages on call initiation, or upon hand-off when the active
35 set changes for the mobile station.



the cells 12, 14, 16, 18, 20, 22, 24 has a correspondi ng nei ghbor set, 5
made up of cells wthin a geographical and/or transm ssion neighborhood.
For exanwep2/¢Bbi 18 has a nei ghborhood set including cePCHUS®/ /46960, 16,
20, 22, 24. In a spread spectrum transm ssion system such as a Code
Division "Miltiple Access (CDVA) systerd specified by the "TIAEIA IS 95
Mobil e Station-Base 10 Station Conpatibility Standard for Dual - Mode

W deband Spread[13d&1Gurh dhistrates asydietens' commauniedtien systesn r il hawirgs "

. d
2 A L, B AP
prest st in Lot memmcasun ompls poaas dmsbormn )
2 COVA system i 5 3.1, 16, 96 Bc kB 2XbAS a asplespon N igigNbal SetPREAD
SPECTRUM MULTI PL%M%?ﬂWEW{W %Yﬂrem@ﬁo é@? § irag% sion

TERRESTRI AL REPEATERS dalsoin US entitl ed
" SYSTEM AND I\/ETHCDIGFQN)OFGENERATFQG axavErHeRN®Ill N8A hepvia GEIQIQMROGYELE@I—IC]\IE

SYSTEM " bot h fad h e pplicatio for

pat ent andohergzjllgglg‘gé{@slctfn ni% e d ?b(él %g gé 8 %p[%% sp\%‘{gum

mul tiple users trammnsmﬂssga@nﬁl subh aal@OaISdeQVBiv1§oﬁaWRJItlp?§ Ab@el;usef Gl 5
ol veing bace. s(EiAT sholo bureASedP e IRIbABE: T BRlR adse e
BS1 321ps within oablnoﬂﬁc%fm;ﬁ{tﬁn&;{ §mdar=d1%r b9§§| ;%ab' iRieBlnd 3§Pread$be' ed

BS2 and BS3, respectively, are hi n ce O respective
radio air i nterfa(,\cépfmt&mdgglllﬂ'ﬁé Sustemn herem&féer F@Wﬁ@ddinaﬂ(“ﬂEL)S‘f&&

ToTBST 55 Note | rprirdzgor, the il QRo000 SRR or, difpaeliob SRR °°
quality to and frcﬁp@ﬁﬁurﬁZSydths f ohartemafte'Forel’eaBU docabl fthehediaHosends

transm ssi ons on a ﬁ:iéﬁ’ cess channel 32, BS2 34, and BS3 36 send
channel WD 02/ 473 SOH'88 e@peefra@g.ﬂa ft 9RcRY%g&s M $hgnAg!

channejs The channgindwidth, wherein each signal has its own distinct Pseudorandom
Noise (PN) sequence. Operation of a CDMA system is described in
U.S. Patent No. 4,901,307, entited “SPREAD SPECTRUM
MULTIPLE ACCESS COMMUNICATION SYSTEM USING
SATELLITE OR TERRESTRIAL REPEATERS,” and also in U.S.
20 Patent No. 5,103,459, entitled “SYSTEM AND METHOD FOR
GENERATING WAVEFORMS IN A CDMA CELLULAR TELEPHONE
SYSTEM,” both assigned to the assignee of the present application
for patent and hereby expressly incorporated by reference. In this
way multiple users transmit messages simultaneously over a same
25 channel bandwidth.
[1024] FIG. 2 illustrates a portion of the system 10 of FIG. 1, including
base station 32, labeled BS1, in communication with MS 38. The
BS1 32 is within cell 18 of FIG.1. Two other base stations 34, 36,
labeled BS2 and BSS3, respectively, are within cells 16, 24,
30 respectively. The radio air interface provides the medium for the
Forward Link (FL) for communications from BS1 32 to MS 38, and
the Reverse Link (RL) from MS 38 to BS1 32. Note that MS 38 may
move within system10 such that signal quality to and from BS1 32
deteriorates. To start a call, the MS 38 sends transmissions on an
35 access channel. The BS1 32, BS2 34, and BS3 36 send channel



assignnent identifies the Wal sh code index for each base station. [1025]
Signal quality is generally neasured as Signal to Noise Ratio (SNR) and may
be express@dzasepi | ot signal energy per chip to total 5 pervEswvegIgower
density (Eu/10). FIG 3 illustrates a plot of signal quality as neasured
at M5 38 for BS1 32 and BS2 34. The sigmal quality for BS2 34 begins to

I ncrease at tinme to and continues to increase above a threshold |evel,

| abel ed T_ADD, by assignant Tmessagasesanl @ | paging Thaobel.pr oVhgeshannel

el erence ot ona! oLl OBl fekiat cgistsd il [ 1
up of base stat [1925] Sidgratl quatityds igerieyalyommessuradi | @) Sig mdﬂ S Nifise [Rdtlo
transmtting and gf\ﬁ% ving co ni cati ons. '!g;ge AS [ caI I sel ecr ed
from base statiod L8NG RAY Re £XpLeRReda% P ES‘@@%& 12488/ pase
15 statons that 3pgeRBRdHEREEUShSIPIENMS. 2AHEYS ﬂmms%t fo‘f df LinalB 38.
The CSis typically selected frombase s ations in th hbor Sét (NS).

[ 1026] Conti nui ng quality as@easurﬂmatel\/IShaszogB& aaanot 38&3 SX hmsnggal

I mprovi ng, the si e 20
in the energy | ev%’#ﬁ?@ebgégggl @%‘%ﬁ‘?v@ﬁ%ﬁt;gn? ggg‘&:’éﬂg aatﬁ@h?%ﬁt%%%
deterioration of tiheresisgrathevef adm%bch?eva,SlabbEadS TgARID, qlupltih’ial tf.orTre

gi ven base statio IS a&ﬁi‘?‘ée f t he, si gnal, energ at _ base

mt
Station to all ot HBFERO PlQVdeS e foforangeatonehaURll kg
si gnal ygner gy Of BvisicRAv8bey EFS Tnﬁ%tea' hé ﬁﬂdtlﬂd*tﬁé‘thé%et Qaflbﬁ t%d@a%‘a@at

appropriate action is required . Is a tri hand-of f. At tinme

t2 M5 38 transm t§tahpr|3$_1 ltszA@tn/@ %st: (A48).a Tinel Ag ist m@dgtutp ofbasarsiadons
Message (PSMM) co u ﬁ]qﬁ,p r o] BS2
34. At time t3, Bg@gﬁ‘se s %’8% H'T&”#dr?'ﬁc')‘% %@@?63%’058@E%2%ﬁu§ . The
BSC 26 contains a reeénﬂ@commlwlcﬁﬁc El'&esAS&sutypmadipmalmﬁeatfrmn hasek
form ng a "back ha nicatio e . BS1 S2 34 and
830 26 i thr espatetions’ Rt Rt of Cabiiat et 50N The coRoRaties oy i on
Messagges (HDM  contqbfidm thatf é?fe”@éh@iﬂat&efﬁ bbrbR@ BSive3 2onttAumsaiorsvignd
their associated code indices for the Forward Link (FL) 35 channels from

BS1 32 and BS? 34 MSh38. | iher @S iisntyricalyissalected frem\base; atatigns in the
PCT/ US01/ 46969 Ngighbor Set (NS).

[1026] Continuing with FIG. 3, while the signal quality of BS2 34 is

improving, the signal quality of BS1 32 is deteriorating. The increase

20 in the energy level of the signals received from BS2 34 add to the
deterioration of the signals from BS1 32, as the signal quality for a

given base station is a comparison of the signal energy from that

base station to all other signals present. At time 11, MS 38 measures

the signal energy of BS2 34 above T_ADD. This indicates to the MS

25 38 that appropriate action is required, i.e., is a trigger for hand-off. At
time 12 MS 38 transmits to BS1 32 and BSC 26 a Pilot Strength

Measurement Message (PSMM) containing measurement information

for both BS1 32 and BS2 34. At time t3, BSC 26 sets up a link from

BSC 26 to BS2 34 for MS 38. The BSC 26 contains a selector. The

30 BSC 26 sets up a communication link forming a “back haul”
communication network between the BS1 32, BS2 34 and BSC 26

with respect to MS 38. At time t4 BS1 32 sends a Handoff Direction

Message (HDM) containing information identifying BS1 32 and BS2

34 and their associated code indices for the Forward Link (FL)

35 channels from BS1 32 and BS2 34. This information allows MS 38 to



7 receive and denodul ate signals fromboth BS1 32 and BS2 34. At time t5
M5 38 receives the HDM from BS1 32 and begins to denodul ate signals from
BS2 34 i waddison to those fromBS1 32. Note that in thPeT/Es@amsb@® t here
is only one new base station involved 5 in the hand-off. However, there may
be any nunber of base stations involved in such a hand-off situation,
wherei n those base stations communicating with M5 38 forman AS. Wen the

M5 38 receives silgraive anthgemaduatesianals framdatmBSi B2eapd H523 84t i Bhs in

B 36 oree, _ ot (i Bhs
The 10’ combi nat | ort P oRbads; 2, iR e A0 i B0 52 pRARBEGRSTRE -,

and is usually cademedulate sigmatspfromaBS2a84dncaddition hg thosee fromwiBS1 32.
wei ghting based tine t6 the M5 38 sends an

' | lity. A
acknow edgenent fggo“tseh 2 ugelé?&@é? *W%'%@TR@@”%PGW hasegstefion iyaivedt i on
Messages (HCM i ndijgahé %nﬂ{éﬁﬁ&s HomRs /et Uhefd Fitlyehé @Ry Humdér difsasBaigdfdds

[ 1027] Referring again to 3, a situation may ari se wherein the signal

qual ity of BS2 34 invelveddassyahoaghariofi. situation, wherein those bagedAtations engt h
of BS2 34 with res nat g riseryd | . t he
signal quality of @ﬁ@ﬂz#ﬂg VK@ @#gﬁrﬁgéﬁéﬂﬁzgﬁpﬁgﬁhgoﬁ‘% té;c%l\gégs wth
t he infrastruct ur esignalsy includirer symbols, fion enuttiple draseesiatiors in therASai& of
such as the Pseudgrandom Noi se r&gel\% offiet neicessar %o idenIifK 2 34 or
the channel used 3P BYY CSH‘W'?J‘?J‘ §.'9r{asﬂi%?ui"i‘9é“t%[§reagetﬂ9ﬂa and®f f
procesgy as a nobiddnbhation priBassss radferretiatdsh o QOMIFERLGTA e FRHhdPase
station to the coverage area of another base station, hand-off prevents

| oss of the commurifcUadi cariiemk ouf in epEima} Jatie fcamabiaings fi.e.swith WeigHtings f |
the nobile statio ' I R Nt alns:; conpechi o Wi or, re
base stations. Thrbeasc%mif& ﬁ@%ﬁtqﬁcﬁ%f %\tgsﬂrrrﬁ%i F% fsr{eap?l g’n érg]ayé%@s ar
consi dered the 30 askmogdedgarheniviar|tbetHiBVhesdeivad fronh&S1t B2 orodiHandaffat i on

t b f d t th t.cell. Th bi tati
fake type T ecer verorpibRotiehSads RN GG 6F hetessul TR ER She ri
of theysmultiple hpsthafideffi ons. The two signals are conbined resulting in a

conposite signal w_th inproved quality. Wile each of the nultiple
[1027] Referring again to FIG. 3, a situation may arise wherein the signal

quality of BS2 34 increases too quickly. In this case, the signal
strength of BS2 34 with respect to that of BS1 32 encourages
deterioration of the signal quality of BS1 32. The MS 38 is hindered
20 from communicating with the infrastructure prior o receiving
information necessary for hand-off, such as the Pseudorandom Noise
(PN) offset necessary to identify BS2 34 or the channel used by BS2
34 for MS 38. |
[1028] In a typical CDMA hand-off process, as a mobile station moves
25 from the coverage area of one base station o the coverage area of
another base station, hand-off prevenis loss of the communication
link. In one type of hand-off, soft hand-off, the mobile station
simultaneously maintains connections with two or more base stations.
The current location of the .mobile station may be considered the
30 source cell, while the next cell that the mobile station moves to may
be referred to as the target cell. The mobile station uses a rake type
receiver to demodulates the multiple signals received on the FL of the
multiple base stations. The two signals are combined resulting in a
composite signal with improved quality. While each of the multiple
35 base stations involved in soft hand-off demodulates the signal



35 base stations involved in soft hand-off denodul ates the signal WO

02/ 47361 PCT/ USO01/ 46969 8 received separately, each sends the denodul ated
and decoaed o2/umbprmati on to a BSC. The BSC contai ns a sel PCT/@R01148949 sel ect s
the best frame fromthe nmultiple frames received. Oher types of hand- off
may be used for a variety of conditionsg8and systemrequirenents. 5 [1029]
In Mobil e-Assisted Hand-Of (MAHO , the nobile station nmakes a neasurenent
of the signal qualr'ngivédrsemwatéiy,pielaoh sénaal thef demoduidted pard bdesoded

stations. This info ma on |s t he .source ) ati o The
signal qualities dM&' Pg%ga LégPhQOé‘gﬂI&SQ% seke&?qé!gg{ E%ISPQS % for
addi ng base stati Qﬂﬁsttfﬁarﬁélﬂ?r%thé fmlﬁlﬁ@esfrérﬂ@b réBeigoal l@ﬂ‘le@ft}ﬁibsgbi\/ﬁ@n@i | ot
is greater than a pilot detection threshold, T ADD, then t ilot is

added to the AS. IGif Bxayde uﬁ%f@a\éaﬁﬁmpﬁeﬁmdltmln%aa¢|saﬁt%§ewemm3a to the
5 1 rss and themsdid MoniAssided Heid-off (fAHD) SHROBoRe 'sgagﬁplrggg%é anster

of the status o ase station rom one anot her .
recovery provi des measureataninot dhe kmgmnlbqhahm iaarl the dfleailobfsignalsefromn t he

case when hand- of f n@grt 'hatloﬁq hs notT 0SS . Cal l rﬁ verhﬁs initiated
in a variety of si'THHP[%AESE H N Hral ' BpdlP Hof'h'g reReEr PBHCEnd t he
base station use thydsgasthfion.0 THE sk HEl R@alitied are Gorap&redoeyarious thrdshblds
exanpl e, nobile stations operating within 20 system 10 use a variety of

t hreshol ds for dedpéﬂ@her?&@ﬁ*@’wquﬁ‘i@@@msetﬂam te e Avat ifothe %'QP@'ported
back he b
ack tgythe base yaoq'a"evep"@i!%o?%da‘g* %I‘? % |I3PH§&éHBHVt‘FW%S

indicatesasigna I ng a station to t .
the nobile station A@Belﬂnes dhai pifcdl is k&ddetbdeutm ASovelrT axDBlterhatenobi | e

station 25 noves th as ti |.ng re ntly
for that base stﬁﬁﬂgnﬁﬁ f’h%p ﬁ?qsm?)‘n%f %@‘#‘%‘? i’ﬁeatcgg] ? ?ﬁg%fth t;ahﬁ(?ugh
its existing AS. A®otheffett)iies faeehold_dNoWs, foptravistie f ahe sgas ofluddsey

| evel bel ow which a baSﬁgst ation will be dropped fromthe AS. Wen the

nobi | e station recdalis ”b?@?lﬁﬁ”tor?dlm asures bel ow T_DROP for 30 a
duratipg | ongery Ltd@?hell-l@%? VI@BQ ihrPafibh 39 tﬁ@‘?ﬁéﬁl%aglléhén dpRRdi & on to

t he syst emthro exl st In each case se stations in the
AS relay this i nf dimat irothe @:aaebwbensh@nd off negotiation is not possible. Call
recovery is initiated in a variety of situations. In normal operation the
mobile station and the base station use triggers to determine their
proper operation. For example, mobile stations operating within
20 system 10 use a variety of thresholds for decision making with regard
to what information is reported back to the base station. One
threshold, discussed hereinabove, T_ADD, indicates a signal quality
level for adding a base station to the AS. When the mobile station
receives a signal that measures above T_ADD, the mobile station
25 moves that base station into the CS, searches more frequently for
that base station, and reports this condition to the system through its
existing AS. Another threshold, T_DROP, provides a signal quality
level below which a base station will be dropped from the AS. When
the mobile station receives a signal that measures below T_DROP for
30 a duration longer than T_TDROP, the mobile station reports this
condition to the system through the existing AS. In each case, the
base stations in the AS relay this information to a base station
controller.
[1081] For call recovery, the base station in an AS looks for any of a
35 variety of possible triggers. A first type of call recovery trigger occurs



controller. [1031 ] For call recovery, the base station in an AS | ooks for
any of a 35 variety of possible triggers. Afirst type of call recovery
trigger ovauor/$7360 02/ 47361 PCT/ USO01/ 46969 9 when the FL BCOU&O/4mo@l ity is
bel ow a threshold | evel for a duration |onger than another threshold. This
type of trigger includes when the base9station receives continuous Power
Control (PC) requests from the nobile station to increase the transmt

| evel at the base when it FL5signak quality l%élﬁéO\&taaﬁh@ﬁhO@ levektadya dueation t ti ng

to the nobile stat t he
FL traffic trans rhbgg %%?@ﬁ%@%@lgt '121 Sﬁ&g% ?f \F/iégér 'SER‘?‘*%% @1 m ned
tine pgrl od. UII.he [()z1:0] kmtlst'&?bceweamlpnﬂauﬂumﬂmbmfre@umols R®) remmeemﬁrom;g
power, i.e., co t.er nat e npbi | e, st at.i r epor.t an
abundance of er asJH.mjl 5&'\9 station. o @G{Qﬁ%e e‘ﬁa'iﬁm ghgtaalﬁsé %@F'Bni evel
of bitssare recei vgloMihé Base SUMdrfRNERRYy ﬁé&%mﬁﬁr@&%e HROHE stdtioraget her

case, the npbile station transmts nessages i ndi Ing to the base station
that its outer |ocp Eexjpoimt cedingi gowsr kavel.i ts‘:afaﬁxﬁmﬁ%l toene BL | U\’ﬁé‘lc or

at those levels f £x

occurs when a cerﬁéqrﬂs%'gé%ﬁﬁg &ft%eg%ébﬁ&fﬂ)r@ E@C%‘:t&epé%g@ﬁ{ ut no
response, or a di fﬁe:‘rrcmntTheeaolmtmetatuon mayceenednaﬁylr@que,sw@tmfncwamﬁre

i ncludes | ack of acknow e ment f%%ma% 5‘%&5 E o a nmessage sent
by the base statiRV&h4E- HigGPMmEma ' YRR eﬁi@'%é‘%

be re-ggnt a predeér?%ﬁhﬂ@énéb“@?%ra@ure%' R Sfaishre to‘écﬁr?!st ki merd ifan a
trigger. This predeterm ned nunber nay be fixed or variable and changeabl e

over the air. Si mthEﬁSWD'd tevel Qfa@és gteataceivedayitheudaondideneg ehthsdini@ndass sages
fromthe mobile stafi waéncﬁﬁ?t“'cr?ge?gh%aﬁ\%ﬂ %“%lgﬂgﬁeﬁénsﬁq@serrﬁégsé

nessages are recei ve, ‘subsequen ase s on transm Sssi on an
acknow edgenent . [|ﬁdﬁallng\td> hlne dbasgrmﬁtqﬁn thatglgeusuteelcmpesetpomlt @higihadn &ty of
the reverse |ink, RL i s above

R of th
Ty eenord 1 oyl Reximiaiowss RLS e H505e Bids L atantaT il | ool
for a ppredeterpouxqAt 's@@oﬁ@rt‘ypé oﬁt’mégﬁeraaéémr whichuat b@ﬁanﬁHVesfp@h@ea.shl gh

30 RL setpoint. The base station to be added to an AS al so has cal
expected from the mobile station, but no response, or a dlfferent
response, is received. This type of trigger includes lack of
acknowledgement from the mobile station to a message sent by the
base station that requires an acknowledgement. The message may

20 | be re-sent a predetermined number of times prior to satisfying the
trigger. This predetermined number may be fixed or variable and
changeable over the air. Similarly, the base station may receive
repeated RL messages from the mobile station that require an
acknowledgement, wherein the messages are received subsequent

25 . to base station transmission of an acknowledgement.

[1033] A third type of trigger relates to low quality of the reverse link, e.g.,
when the Frame Error Rate (FER) of the RL is above a threshold
level. Alternately, the RL may be maintained at a high level for a
predetermined time period. Still another situation may have a high -

30 RL setpoint. The base station to be added to an AS also has call
recovery friggers that initiate recovery action. The most significant
trigger is a notification from the BSC that a potential problem exists
with a given mobile station. On such an occurrence, the base station
begins to search for signals from the mobile station.



recovery triggers that initiate recovery action. The nost significant
trigger is a notification fromthe BSC that a potential problemexists
with a giwen2msbi | e stati on. On such an occurrence, the bREEUSMAH6IEON
begins to search for signals fromthe nobile station. WO 02/47361

PCT/ USO01/ 46969 10 [1034] The nobile stédion may al so use a variety of call
recovery triggers to enter call recovery. Afirst type of trigger occurs
when there are [HEH4dTiel mabilestatioh pay @lso use ahariedy of caltiradoyagl kigges

Chr eshol d Tevel - 118 one! caidalmd? KeC Pty FHeREDePurt S hEleiath. v e
frames experienci rgpbroraslnimber dfhersoreds éhe rbeeivddisighalsst &ot eramipld, RLUr n
off the transmitter portion of the nobile station, and nay turn the

transmitter back JHoORHEP RVEleds{MAViP IjﬂinéiBH%éEﬁYi oxceqd fgye ﬁ’(ﬁ‘é’_”\'ﬂ?d
erasureg. 10 [ 1035y agdel YPR Ynd &ray&dithent) WrthPéghotkﬁ‘q?V@lb'ié 82

station occurs when the _m)bl | e stati on receives PC con_mands rom-t h_e base
i nstructing i ncr esgansecutiywiamesTiexpeaercing arasurerain ibleis neasendghe dnébilecul ty

15 (10301 A (hird c BRI sl 8 R ARgBel BERER, BLAR, hetie SIS i ' o
nmessages that requnag tarktmviedgaitert bacloont ke &t deadtainico AL ohisebativerei ng

acknow edged. This is reﬁ‘éﬁrred to as retransm ssion retry trigger.
Similarly, there fMBeNANCINPSEHIRS-ate response or no response from the

base sygtion togﬁ)ﬁﬁségéoﬁd Ypd g r@Eé\%:éLr? ntzi?gé{* Y- the0 ok Nathfién LoREArLT

trigger occurs cei pt of repeated ages requiring an

acknow edgerent , swierdirenmahilet statippbreceivesti@ncomaands| fronr dhe nhase ng

h know ed . f I
the mobi 1o st ot 1 oSyt indeades, n Aiet, ) FHer BRYE' diolioh BRRL, (gl "e"
period. In this cadifficuRp reteivingatheuRbdsighalt dueetdlarge path Igsdds frgnt theough

to the base station i‘\“r sufficient energy.' [1038] In one enbodinent,
fl exi bl e threshol d8°8i@StaoNenented for the one or multiple of the various

call regovery t!ic%ﬂs thitd'@y 5@l df FROUMRS Yrigder! B8RS WReh RihebaF Ao RL
multiple attenpts to transmt within a
messages that require acknowledgement from the base station are
not being acknowledged. This is referred to as retransmission retry
trigger. Similarly, there may be an inappropriate response or no
response from the base station to a message from the mobile station.
20 A similar type of trigger occurs on receipt of repeated FL messages
requiring an acknowledgement, subsequent to the mobile station
actually transmitting the acknowledgement.
[1037] A fourth type of recovery trigger occurs when the mobile station
transmits at a high level for a predetermined time period. In this case
25 it is assumed that the RL is not getiing through to the base station
with sufficient energy.’
[1038]In one embodiment, flexible thresholds are implemented for the
one or multiple of the various call recovery triggers. The call recovery
triggers may be based on multiple attempts to transmit within a
30 system 10. These attempts are often made in the link layer between
signaling and the physical link. The link layer is referred to as Layer
2, and is discussed hereinbelow with respect to FIG. 8. In recovery-
capable systems, such as system 10 of FIG. 1, MS 38 performs a
recovery procedure to maintain a call when the communication link,
35 such as the FL, is deteriorating. A trigger often initiates a recovery



30 system 10. These attenpts are often made in the link |ayer between
signaling and the physical link. The link layer is referred to as Layer 2,
and i s diwaouzssdl herei nbel ow with respect to FIG 8. |n rprCDUSIy469apabl e
systens, such as system 10 of FIG 1, MS 38 perforns a recovery procedure
to maintain a call when the comunicatibh link, 35 such as the FL, is
deteriorating. A trigger often initiates a recovery WO 02/47361

PCT/ USO1/ 46969 1lopsietien, wheraimdheitfiggerendicaese whenda garaselgicor metric

paraneter or metri S c,
adapting to COﬂdi#ISOs%g %ﬁﬁ?gga'?ygfﬂ%éiﬂ‘%gﬁ&gﬁv, %’Z%%e%@h‘?‘?%?twanhe

t hreshol ds may be cljditidrad diasiesl temhim and osnitomnexiti caBimiendy;, dttf 5
Fepeat ed t ransm sShERRIARE (Y bae ol o Besed 8 nBplRst o SGaBUeak Poard of
erasureg, or the dhsablib gfﬂ{egﬁte,ﬁ&dransmtter may be in response to an
I nstruction transmtted rom system 10 infrastructure, such as BS1 32

and/ or BSC 26. [138]Inonelerapedimensntbediuraber, olrepeatat tsansmtssansm thef i ned
for the particular a u wabl e
re- transm ssions. ’ 8} %qﬁgé%%ﬂﬁg% %ﬁ?g‘ﬁ{% eﬂ:ggﬁ?égn@% ﬁgg‘ﬁ"’lﬁﬁw

I ?C%}S i gg provi desdss tranggﬁt(tjer rﬁhsz e Wrelspbnseftotdmmetrucmn transmittad froavel

0 to a predetermn ned np m val ue r ec

Qher triggers | ndnGdYSIAIE HLRVASTUBK e HSich 45 S B a8 aeonBSTpEa Rl of
transmygsi ons in thereiie’ SMbolmerd, dahicel éaﬂaﬂrét@f‘%r déﬁ}% fdiqME drfagae!
wherein the M5 38 desired SNRis different fromthat provided bé the i nner

| oop, etc. Still Adion, esddidiated sSpesifiedc spaximein heuspeti ofi ellpsableetrer and

the” obi | e condi ¢ el iskichd9 Pandilel MRS SHBLFBLAL coRifaR et e

may provide the I\/é oper ati ona orma ron h
det er mi ni ng t he t Hoeatior [.'iEDWIieS aMQgered‘dmeepmmmltyggﬁtm carnshtimnshielesabh

L1 gger t bt eshol a0 MS %3865, sREAARTT e, MHUE Velud oima vioger rodle by
cal | _”Pﬁt are 25 g¥pglé n@%r&ﬂ@@é%&udé‘%q@ﬁﬂ?oﬂwpﬁ%s rﬁéaé’t.:rb@rﬁiﬂ
enbodi nent uses the Io of t RL to set and :ﬁéUSt thresholds. “Still

al ternate enbodi neHBASUIRSYO y@”ﬁﬁ@i‘ll@’@am e eurmest 26, wa tdefigittindnner loop
power control, wherein the MS 38 desired SNR is different from that

provided by the inner loop, etc. Still other embodiments may
combine the specific parameter and the mobile condition as triggers.
20 [1040] The system 10 infrastructure may provide the MS 38 with
operational type information helpful in determining the thresholds of
call recovery triggers, and may use such information in selecting fixed
parameters provided to the MS 38 to use as trigger thresholds. In
one embodiment, the typical number of re-tries by call that are
25 experiencing trouble or have been dropped. An alternate
embodiment uses the loading of the RL to set and adjust thresholds.
Still alternate embodiments may use the location of MS 38 within the
system 10, such as the sector of a given cell. Still other
embodiments consider the day of the week and/or time of day in
30 coordination with known mobile traffic patterns. A combination of any
of these mechanisms may also be implemented where applicable or
needed.
[1041] In the system 10, of FIGs. 1 and 2, each base station, 32, 34, 36
transmits overhead information to mobile stations with which it
35 communicates. The overhead information for each BS 32, 34, 36



system 10, such as the sector of a given cell. Still other enbodinents
consider the day of the week and/or tine of day in 30 coordination with
known nolwoOe2smaf fic patterns. A conbination of any of thepESOREHENI SN
may al so be inplenmented where applicable or needed. [1041] In the system
10, of FIGs. 1 and 2, each base station]232, 34, 36 transmts overhead

i nformation to nobile stations with which it 35 conmunicates. The over head

i nformati on for edaglugss 3, regpectde Weighbon 1igh 1 Themeighorisiddentifies the udes

its respective nei r.li.st | roakd ' tifies

correspgndi ng Pseu%gfe%ﬁgbﬁﬁ%ig%%&@%ﬁe I\i#'%et@qgféé%e 0'%?%8&@?
[1042] Referring trmifhisors4, BSC 26 responds to any of the variety of 5
triggers by settin a backh conpnection with BS1 32 and BS2. 34. In
accg?danceywi t hbc%%] é%f)‘“d’(ﬂ'ﬁﬁem éréref"h%é@ﬁ &esRQNds tq apyver the vasialy; oht ed
as illustrated in 6 : [ ' l\dsi Okof

exanpl e§i s illust rtE{;g%rsi P\y -éllég'@ﬁbliﬁtb ﬁ%&gédg)%eg@ﬁtvhfgg@ﬂsé%iﬂd tB (I?%
identify M5 38 as 3favi hy acqawdamnce awithpromg eembadimerts3nethedt H80c af | call

recovery nethod 1 f_.on : , nen | dinFElGs.. an , at
step 102 BS1 32 sggagv%&f §uﬁ%8%%:%efllusgéteﬁzm¢'s df‘orﬂ}engggg?’%f S,Snng
neitghbori ng base smuigfp(os)fprz oné/ﬁxaﬁwplé' lr?irlllubaawdsrnaﬂi@r&f itlmtﬁib@xag}m@,bor
set are recovery-capab) e, units Y necessary s re and/ or
hardware to inpl eﬁgg{e i$ tg o fd@@Bg'eW:i%aﬁg@VW ﬁ@t%ﬁ'@gpﬁé%rﬁr ea(s)

over| appi ng t haﬁ(ﬂ‘b]immé)ééﬁréc%oﬁfghgﬁwetﬁé@qm%ft&% 8fi3BAENS Rlustr ﬂ,ﬁjymﬁf aul t

channel assignnents identify efault channel code 1 ndex use ase
stations within t fdGsnebfhpod 6Bt ati aigpudiOZg BSie Fdbdendsr deBriltschamneh of
t he base stations,d ' 0, t. & r C h a
default 20 spr eadisanégs'ibc%rﬁgmsﬁg?ﬁ% %gtscg@eﬁél‘gﬁd) r?@%%%nﬁ%ﬁé*ﬁﬁ%@ﬁ gs’sﬁi} lon in
need of call recdeaseystalibes $ptEadeighboodet afe secovarpodpatsivtuniits, davipeci fic
Wal sh code. The B§6934 sends a

r

2t step 104, The AGPERERPaN: SR ALen FyaNls ¢ KneleTHiE 2 GRkEoves.
retriegsthat the MpPhaving eoddragy Bfcdaps) bleldpdihgithBOofaht Fasd QERNMAT Y
operations. The BS1 32 then determ nes I'f a recovery
sending the neighbor set. The default channel assignments identify
the default channel code index used by base stations within the
neighbor set, including the code for BS2 34. Each of the base
stations in the neighbor set that are recovery-capable have a default
20 spreading code that will be used to identify a mobile station in need of
call recovery. The spreading code of one embodiment is a specific
Walsh code. The BS2 34 sends a retransmission retry trigger to the
- MS 38 at step 104. The retransmission retry irigger dictates the
number of retries that the MS 38 is to allow prior to initiating call
25 recovery operations. The BS1 32 then determines if a recovery
trigger has occurred at decision diamond 106. If a recovery trigger
has not occurred, processing waits for occurrence of a trigger. On
the occurrence of a trigger, processing continues to step 108 to
instruct all base stations in the NS of BS1 32 to transmit on their
30 respective default channels corresponding to the MS 38. Note that
some of the base stations within the NS may not be able to establish
a communication link due to the weakness of the FL or RL, however,
each base station within the NS begins to transmit to the MS 38. The
muitiple transmissions provide a stronger FL signal at the MS 38 and
35 a more reliable RL to BSC 26.



trigger has occurred at decision dianmond 106. If a recovery trigger has
not occurred, processing waits for occurrence of a trigger. On the
occurrence0o0f/4m6t ri gger, processing continues to step 108PC€DUSIIMBDGIUCt al
base stations in the NS of BS1 32 to transmt on their 30 respective
default channels corresponding to the M3 38. Note that sone of the base
stations wthin the NS na%anot be able to establish a comunication |ink

due to the weakb®4<]bote ibairacenrding i peesenterphodiments the insimnber of n t he
NS begins to transpii ot et | rovide a
st ronger FL si gnalﬁ’g{artest ?\Dé ?E gg ﬁﬁedg S-ggg’ aéwnl[t)ftr'éepérl@fjlhgﬁlqg% ?@g%d%&dm
02/ 47361 PCT/ US01/ct6@66utivics3efabinel, akedetdrminedbydhdiBRC 26 arkpmvidezhto

enbodi nent, the n 0 retries.qf .an. R ssage, or e amupt qf time
al | owed for consgggtew@eé@r"é% L'i_?g'g, I_"ﬁ? Qea@f‘t%ﬁféc?%s‘ﬁs tarﬂﬁ gg@df%sgnd%‘n
providesl to the MhepFatel anfbedirfent tisesleslifie@begarmasiegedistingt RoppdsRst s. An
5 alternate enbodi nent uses a fixed paraneter, distinct from other

parameters. One eRfsaMeiers. | ApergBbedineni incarperaies g funglonwhithe mobile
condi tions. Nobil E‘co%?iﬂ;gjé{s' ORFoBIRY cORGTOAS 'maY Edrshits B ag‘s&é’%e.?ctugl
o] ma ransm evel .

transm ssion | evel 38 1S I n conparison’to a maxi mum
Simlarly, anotheriransmnibsiondedltofdMScthis idecamphdsaruid atrpaximunhérab@nil,

such as erasures qn the.current . Still another mobile . conditio

consi ders. an 1 nenSYdopSLAr Y enotee Mgkl STGU ePTaers AP 8 ence
betweefpa target AR gneh tae FREIER! oretRd duirrdnteABNNEStill | RRh&ICmd¥iRt her
enbodi nent conbines the nobile condition with the type of transm ssion. 15
[1045] The al | onafiOdifiprbeonsigersan inaer iagp deficilj Tike dinerdeer defigit isthe
statistics relati r ﬂ{& : P t here
may be an averagerlﬁftﬁér%ggéo rg?ﬁiadeisa?%%o%@ho icﬁ.ﬂeagﬁm'@ﬁi g?ﬁ"tféjé%'w tﬂrB c;ﬁ%?red
calls do not recoveop RheAnctheri erabadimerd domibinde théranchile conditiong withhe

| ocation of MS 38, ar,[ld/or {rhe ti of day, or date. In the 20 |atter case,
certain nobile trép?i)éoepgt Y53 %ct the nunber of nobiles requiring a

fast ci| recovpions) Th4allowdié i Mumber of BrBEGnagroe tuSEE afoiding! G Nes
the current AS of S5 at step 110. The BSC 26 then initializes an HDM ti nmer
at step statistics relating to dropped calls or troubled calls. For example,
there may be an average number of retries above which a majority of
troubled calls do not recover. Other considerations include the RL
loading, the location of MS 38, and/or the time of day, or date. In the
20 latter case, certain mobile traffic patterns affect the number of
mobiles requiring a fast call recovery.
[1046] Continuing with FIG. 6A, the BSC 26 determines the current AS of
MS at step 110. The BSC 26 then initializes an HDM timer at step
112 and transmits the HDM at step 114. At this point, the system 10
25 desires to move the communication links off the default channels.
The default channels are available for use by any of the mobile
stations within system 10 and therefore, use is to be optimized.
While MS 38 utilizes a given default channel, that channel is not
available for use by another mobile station. The base stations in the
30 NS are instructed to initiate transmissions on an alternate or new
channel in parallel with the transmissions on the default channel. This
is the initiation of a hand-off condition.
[1047]1f the BSC 26 has received a message from the MS 38 indicating
the hand-off is complete at decision diamond 118, processing
35 continues to step 120 to discontinue the MS 38 communication links



112 and transmts the HDM at step 114. At this point, the system 10 25
desires to nove the communication |inks off the default channels. The
default ohannegidst are avail able for use by any of the nobi PeT/USt12t6PENS
within system 10 and therefore, use is to be optimzed. Wile M5 38
utilizes a given default channel, that thannel is not available for use by
anot her nobile station. The base stations in the 30 NS are instructed to

initiate transni ssvithgnembers af the NG endhendefauli rehaneels. n Psegessing thart h t he

condi 11 on. T 1047 I ReS Rt TRES ContBl by Eirkd bbbl bR dhpib At '
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021 47361 PCT/ USoL/dRRIR58 clamard i 2ae:fbBiesHEI {imeT RESHATRG. '%é‘prbbﬁéénw’l
nel s.
Processsng then cpihiR¢Banhe| férﬁﬁnétéé tra%?r‘{l@éu%ﬁéwo S :’eé‘ecé]ﬁ%&o%bé is
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expired at deci siaamcelladnah sterp 224, and heag®wf botreihendefault ghasdel antkthe

appropriate 5 defaul l..term t 1 $5L0 t

recovery is canci]tévia&%%%?f e'B qggb&%‘%ﬂj&ia@ag} ?g%t %ehgohﬁ??§p9?%w%nel
and the new chaggghun{r\?sdasmaplm?ld #t e ettmérZIngsThet RXpired @uogeatsiavg 122
resunes at step t timer has not expire si on i anon

¥ ocesei ng T et or neEORd: 123.0PIARESRAENUIE Rolgiidoh the arseas SORMB N5 35
at decijgi on di anonfedddye IrdRAHAL 38 & d6&sidAlRamdNa A, L1 on of nethod 100,

wherein the step 110 1s illustrated as initializing a tinmer at step 130.
The BSC 26 checE D48 F1G. 6BSigimils arpavBos®f anethedi Hok rvkrreining s©p. 110 ist he

PSWI has been " 1 eqfi floq BLIARARAAY a1RRb] BB UGCRLER: B 58 chBk I £ 10

i ncl ude 15 nelghbors I'n no PS I'S TEcelve
processi ng conti nIRSMIW frdet MS 68 atideutizioh tiginond deRerlhtheePEMN Inas Heerer

(initialized in step 13Q) has ex |re | f the ti has ired,

processi ng conti nJ@EG'ﬁ’Sgdeﬁqcﬁsﬁ Slt943tepf{§‘{133 §§}Tﬁ}epﬁ§stq151clude

expi regs processi %léﬁ’éd’(&n%dllﬁ’d&fcms'tﬁé gignmind 18%0 20shid4R réf:él@édthe AS
is set at step 134, Tf the is to be enhanced at decision di anond 136,

BSC 26 det er m nes Arpcesping Qmélnuﬁgv taedegisionsdiamond 138 to determine if the
timer (initialized in step 130) has expired. If the timer has expired,

processing continues to decision diamond 144. If the timer has not
expired, processing returns to decision diamond 132.

20 [1049] After the AS is set at step 134, if the RL is to be enhanced at
decision diamond 136, BSC 26 determines if there are any neighbors
not included in the PSMM that have acquired the MS 38 signal(s) at
decision diamond 140. These neighbors are referred to as Hearing
Neighbors (HN), and are added to the AS at step 142. Processing

25 then returns to step 112 of FIG. 6A.

[1050]If the timer expired without receiving a PSMM, BSC 26
determines, at decision diamond 144, if any neighbors acquired the
RL MS 38 signal(s), i.e., HN. In this case, the AS is set to include
these HN at step 146. If no HN is found at decision diamond 144,

30 then call recovery terminates at step 148 and the call is terminated.

[1051] At decision diamond 110, the method determines if the transmitter
of MS 38 is turned off. If the transmitter is off, the BSC 26 instructs
the MS 38 to turn the transmitter on at step 110.

[1052] A mobile station call recovery method 200 for one embodiment is

35 illustrated in FIG. 7. At step 202 the MS 38 communicates with base



not included in the PSMMthat have acquired the M5 38 signal (s) at

deci si on di anond 140. These nei ghbors are referred to as Hearing Neighbors
(HN), anwanr4mdded to the AS at step 142. Processing 25PChEROW®YEr NS to
step 112 of FIG 6A. [1050] If the tinmer expired wthout receiving a PSMV
BSC 26 determ nes, at decision dianondld44, if any nei ghbors acquired the
RL M5 38 signal(s), i.e., HN. In this case, the ASis set to include these
HN at step 146. | fstaionaNin thd &&t0). atThik idegitifies dheneureent 44S5. 3t)atmnvea’||

Goct st on di amond 11805 fbS hobitial B detisifi diarBph AR, JRbessing E85ndeg’™Ss | <
turned of f. If theaotdevision dignond 208f , THeRCBHEN2Bi gasboul@lt@e ohdef Mps8 to
turn the transmtter on at sterg) 110. [ 105 m)bl station call recovery

met hod 200 for ondligsHsseAnbatenapoves qr @%s%'?eéf‘@@ FW"Fﬂth atginesMp 3802 the
MBS 38 communi cat eg; thrgs Fesc e@%@?&ﬁﬂ?ﬁ% YsLsd @96 dbab Iéé 'tHQTfL' n the

AS(0). This |dent| I'es the curr a recovery trigde s occurred
at deci sion di anorumrmmmqamoodml nkj reotriggen escuts) riwoisd |op|erailoai)m(mdnm The

i ternate | ndcat A ERE0E nDefisih SBpal 2HECAER TR P 52 bapstinder,
i.e., M5 38 is praistdsid esaiigdt ﬂfethElirartSﬂﬂﬁymsC@iame‘dmrbkesdlfﬁg gontiriiesoer
occurs, nornal operatlon resur%f]c nat Stﬁ,f)%ZOG |on di anond 208

determnes if the {or¥d8RM4 &N Nsthes 3@nﬁ'?ﬁ"‘éi§ ara frigger congpion akr s
enabl egy processi NG idMRend A0St BR Hikber @Bﬁdlltlt)n@(ﬁsts kha |P@C§%S%§Ct > on

for a trigger condition at 10 decision di trigger con
exi sts that indi ca383ss e disgblé dhe dratisseilies thee apmnpnabt actjont Isetaken at

S °FE ho't i gger PR A BaTRLBoprSyB cofinBRE I SRR P sobs ek ne,
processing conti nihat the tehemiitdris tr?t 8Iegcmt§églgwmptodoeﬁsggpf?§?lﬁi§s ttthZ

wait timer is checked 15 a
recovery timer is t@Péﬂed'B‘BFte&éﬁﬁl‘%a't finey g Sghi SR?M‘%T* RS '%Bli‘e‘gs?ﬁli red,
then pygcessing Ceﬂ”éléél&i%ﬁ H%nﬁtﬁi&@%”%rﬂd‘c hhéxﬁiﬁt%% ﬂ%’sré&iv'éhﬂ‘?%érolsa

nor mal oper ati ng node at deci sion di am)n eration contl nues
fromstep 206, el sdapedaéstamyis. eifdhaswalbtlmar has @pt @xpre tthem processing

continues to determine if the MS 38 has returned to a normal
operating mode at decision diamond 222. Normal operation
continues from stép 206, else processing returns to wait for expiration
20 of the wait timer.
[1053] Continuing with FIG. 7, from step 218 if the transmitter of MS 38
is disabled, at step 220 the transmitter is enabled. The MS 38
transmits a predetermined preamble for time period Y. The preamble
provides information about the MS 38 transmission but no actual data
25 or symbols. The MS 38 transmits the PSMM information at step 228.
At decision diamond 228, if the HDM is received or i‘f some
acknowledgement is received confirming the PSMM, the MS 38 .
proceeds to wait a predetermined time period X, after which the AS is
updated. If no HDM or PSMM acknowledgement is received at
30 decision diamond 230, processing continues to decision diamond 232
to check that the PSMM has not been transmitted more than a
maximum allowable number of times. |f the PSMM can be resent,
i.e., the maximum has not been reached, processing returns to step
228 and the PSMM is resent. However, if the maximum has been



20 of the wait tinmer. [1053] Continuing wwth FIG 7, fromstep 218 if the
transmtter of M5 38 is disabled, at step 220 the transmtter is enabl ed.
The M5 38oO00r/amssnits a predeterm ned preanble for tine pePCDUHSM/46369e
preanbl e provides information about the M5 38 transm ssion but no actual
data 25 or synbols. The M5 38 transm tsl@ he PSMM i nfornation at step 228.
At decision dianond 228, if the HDMis received or if sone acknow edgenent
i s recei ved confi rreaalged,hproegsgingtcantinBesgo giepzafianddhaeatall kgcovery is
predetermned ti g, Bﬁ{i?‘%ﬁx’ after which the ASis wupdated. If no HDM or
PSMM acknow edgerreﬁ N@%%cei ved at 30 decision di anond 230, processing

continues to deflicg4dAcdoriimntb 23 altetrmats esthoti ludtcall hecd @V BSS agohofiffesn
transmtted nore tf]ﬁn a_. maxi nrum al | ov\fabl e. nunber of tines. If the PSMM can
be resent, i.e., 3hOInlg ﬁ%‘?ﬁ%‘cﬁeﬁbﬁeé‘ﬁ@i’é’&e‘éﬂ Tocs 9fng pentiak ¢ o

step_ 298 and the ReMdWS TRS BYC iﬁwﬁ‘é‘@rthei st B8 PHtirA A 'H?étﬁéﬁ@mé't‘ﬂ;ﬂ
02/ 47361 PCT/ US01/°'46969 16 reached, processing continues to step 236 and

the call recovery partion of M$88eand [nstvgls thedeass sigtion(shuin the eeighber sett hod

of call recovery, Ly al f r | & nei ors of
BS1 32 of a potgnttgigt&gf%%SI @ﬁs%hed '?3@8“'{‘&3@{%ﬁﬁ%ﬂ'%‘%@%ﬁ%&’38’2’ on
the L [) ansmitter prSismefaéh Maﬁa&ta?tm%imliﬁrm@ghbmh@thmnsitsaair@ptﬁrs.) 'I1h]lc@ the
nel ghbor set to listen for the . etection or acqulsitlaon a

S gnal Trom VB 3deBHER H8sEcad JAM @ SHESHGPbIGEE SelotFaRbRet e
reportjgThe repordhsat ?na[yeqh%ldd%dalf base atatdrsth b rﬁ@ﬂn&ts@t'&%pom&r en

the 10 subset may include’all base stations in the hbor set or a
portion of base fabasmsiations. BIbe2BStotd6 netifiehdhedSs38roft the defaulil t

channel s of each ' i a i

subset then use tE%%S'B%irsggr?%he&d%f}%&ﬁ#ﬁi'ﬁghnenge-‘l%sfég’ iST(r?llletStlS %eeﬁgﬁ%'ﬁ%w%}n{lh ation
with M5 38. 15 [ 1Ghubset nthen | usanthdreappriphiate alegalls etharingl heéo nénitilleor set
is determ ned based on a nost . ntly transmtted PSMM A probl em exi sts
in that the |ast Q%ngcﬁggﬂ“ﬁ‘r@ms not have been received correctly,

in whigh case t pFBPMVEHPaRother hiiRGH ¥ stibsetvitRBheightod Get lseddterfihed
based on a most recently transmitted PSMM. A problem exists in
that the last transmitted PSMM may not have been received correctly,
in which case the PSMM used to identify the subset is incorrect. As
an example, when the last received PSMM identifies BS1 32 and
20 BS3 36, but MS 38 sent a subsequent PSMM identifying BS1 32 and
BS2 34 that was not received, call recovery is thwarted. The BSC 26
sets up a backhaul network with BS3 36 and BS3 36 begins
transmissions to MS 38 on a default channel. Unfortunately, MS 38
assumes that communication will be established with BS2 34 for call
25 recovery and prepares to except on a different default channel. The
excess transmission from BS3 36 is wasted and effectively creates
more noise in the system 10.
[1056] When the call recovery is initiated by the MS 38, a timer may be
used to delay such initiation subsequent to occurrence of a call
30 recovery trigger. The time period of the timer may be sets by the
BSC 26. On expiration of the timer, the MS 38 transmits a preamble
on a RL pilot channel. The preamble includes an call recovery
message. In one embodiment, the preamble is a predetermined
constant, that may be set by BSC 26. In an alternate embodiment,
35 the preamble is a variable length determined by the system operator.



an exanple, when the |ast received PSMMidentifies BS1 32 and 20 BS3 36,
but M5 38 sent a subsequent PSMMidentifying BS1 32 and BS2 34 that was
not receiwedy4wsal | recovery is thwarted. The BSC 26 set spapuaoibmedohaul
network with BS3 36 and BS3 36 begins transm ssions to M5 38 on a default
channel . Unfortunately, MS 38 assunes that comunication will be
established with BS2 34 for call 25 recovery and prepares to except on a
di fferent defaul t Sukasgeient Tioe traggoussion r ahsthes preamblep MISEB&B arsiswast ed

fecovery 15 it dnevap PRI A I olBrRly” be et e Y e,
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time period of the ti_mﬂ) ga%ebe sets by the BSC 26. On expiration of the
timer, the M5 38 t/PERPRPY Pteanble on a RL pilot channel. The preanbl e
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pr edet er m ned onstant, at may be set .
enbodi ment, 35 t hdoprcalinmsicovery. a Inaonalenebodingnt, decall meermeprpymethodsisst em

P eanbl . Mo 35 sairaedon et TRSmiian AREOHARDL bh il S0 R R g0
may be a PSWM Theatiors s gieenihe hamntofanms ;ﬁv%mﬁfﬁgﬁg%\?ﬁj |es

recei pt by BS2 34. 5 [1057 jnations, : >
various advant agessm@ILre-Qa%’l t%eggé&e?@/.w"f nsrvst el dherdigighbore 30 transmit er y
met hodig s based | L SShiQ@N Al el |
base ISQ[ ation. V\hgﬂ] E{S@e{]cﬁ?%giretf %@pﬁgégh Ig'r sﬁﬁzﬁ@g&:ﬁB?%t%gvééﬁfﬁgg%I%g S
smal |, e.g. 2, thdragsqitier & enabladtwithautza detay. t Fer farpghbeissoft beighbarsti t 10

O anea e e ol L g e b RO s e
are recovery- capabisten foresigfals #6mMS 3BnAftarct délag imaurgdtbior waiting for tHeen f or
Feport on whet her NAPEa10EBR B WHSHHEr ey R KESSRe SEBATEE® HSatng
nei ghbpys are instifysd MdaliAgUidghttts dabankirucieandelise thSidefad tanndisa PSMM
Is received fromM 38 within a predeterm ned
Similarly, if a PSMM is received from MS 38 within a predetermined
time period, those base stations identified by the PSMM are
instructed to use default channels. - Note that when the FL is
operating properly, as defined by a fixed number of consecutive good
20 frames, the PC commands sent via the PC subchannel are
considered valid.
[1058]FIG. 8 illustrates the architecture of wireless communication
system 10 of FIG. 1 in a layer structure format. The architecture 700
includes three layers: a signaling layer 702; a link layer 704; and a
25 physical layer 706. The signaling layer 702 provides upper layer
signaling 708, data services 710, and voice services 712. The
signaling layer 702 provides for voice, packet data, simple circuit
data, and simultaneous voice and packet data services. Protocols
and services are provided at this layer corresponding to the bottom
30 two layers. The link layer 704 is subdivided into a Link Access
Control (LAC) sublayer 714 and a Medium Access Control (MAC)
sublayer 716. Applications and signaling layer 712 protocols utilize
the services provided by the LAC sublayer 714. The link layer 704
serves as an interface between the upper level protocols and
35 applications of the signaling layer 702 and the physical layer 706.



time period, those base stations identified by the PSMMare instructed to
use default channels. Note that when. the FL is operating properly, as
defi ned woa24i3%ked nunber of consecutive good 20 franes, PORURG/4se6MBNdS

sent via the PC subchannel are <considered valid. [1058] FIG 8 illustrates
the architecture of wireless conmunicatil®n system 10 of FIG 1 in a | ayer
structure format. The architecture 700 includes three |ayers: signal ing

layer 702; a |ink ThydMAGsublayer &185uphesinsiudasayutitiptexng ansl Ql@ﬂim phg

I 702 d 8,
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sinple circuit daetlgnaldaylers‘;’mmm amWhysmal lgen@06paieephysical lapenv70® $s

Protocol s and servi es ar vided at this |ayer carresponding to the
bot t om 30 two Iayeﬂ"? ﬁhﬁp?yygg;@fc qnzzéﬁdfaxﬂsﬂ'éﬂsf’ﬂto a Link Access

Controls5 (LAC) sHysD€IG 7@‘&)r@\ﬂ6e§a'\l’ﬁﬂﬂn§r§oéﬁaﬁéSfo@ﬁéréﬁbn QM‘\@ systepl Rysf 716.
Applications and signaling |ayer 2 protocols utilize the services

provi ded by the LA ub|%g¢@rdlmg4to rpn@ ¢mhrdikgdr Pederepeevissmadeaty the

i nterface between per

signaling |ayer 7d§gan FI yS| qu'B)%Qgce)}r' ;gg.q“\/\%o@%?fsf%%p%rﬁéghﬁww
18 The MAC subl ayeand’ Jiﬁef uetticar axis | ne@eesemd;tiihpl @ariogs actthr@edd i usedoffor
Service (QS) deliyvery block £22. The i a ples t. n
Cayer 702 %o the pISEaRRay Ui seRe el Hrscaiaton E RS s eoudeitt ) o
the phygi cal channg|ddié4wRérd eSS wtraﬁsrﬁqilt%ﬂina% Gaffic RhaMhele MS i m ng
scenario for operatlon ‘of the system 10 of FIG 1 according to one

embodi ment . Ref er é¥be |W0nﬁﬁ@rﬂﬂst¢f@ illysiratads forr the 4S 3 asliapsmissionThe
hori zontal axis reif?{a‘?ﬁ\ T“Tﬁ %hcﬁ"ﬁ reﬁBRI/e} Eﬁa#ﬁéltﬁfaﬂ\@%c%nr%\ﬁgg‘%?@ﬂ rta{b'?:i

vari ous channel s used ransm e source cel ase s I on, BS1
32 is provided in fbhehh&(becmmh manmmrlam aho Rt |Alsonktustreﬁednmtataeighbar a

Lrarfi o channel (GAR oBon! I BOATRL SeC bk AThY "BEA T e Wi, °
ilTlustysted for tdrannefahde néWasHginel Rreé b@ﬂd:ll&t?ate&' SPhé hbwséHamedlid N a
nei ghbor base station that is a target base station, BS2 34. The default
the channel to be used for communication with MS 38 after hand-off.
Processing begins with MS 38 receiving transmissions from a first
AS, identified as AS(0). The MS 38 is simultaneously transmitting on
a traffic channel for the source cell BS1 32. At time t1 a call recovery
20 " trigger occurs. Both MS 38 and BS1 32 recognize the trigger. Note
that the trigger may be a common event, such as continued PC
requests from MS 38 to BS1 32 to increase the transmit power of the
FL, or may be separate events. Also, the MS 38 and the BS1 32 may
not recognize the trigger(s) at the same time. Often the MS 38 may
25 be in a position to recognize a trigger prior to BS1 32.
[1060] When the trigger is identified at time t1, the BS1 32 initiaies a
default channel transmission from the neighbor BS2 34. Such
initiation may be performed through the BSC 26. At time {2 BS2 34
begins transmitting on the default channel. The transmission is
30 parallel with the same transmission from BS1 32. On occurrence of
the trigger, the MS 38 disables the transmitter for a predetermined
wait time period. At time i3 the wait period ends and the MS 38
transmits the preamble for a time period Y. At the same time, the AS
of MS 38 is changed from AS(0) to AS(1). The base stations
35 identified in the AS(1) are all the base stations cited in the last



15 channel and a new channel are both illustrated. The new channel is the
channel to be used for communication with M5 38 after hand-off. Processing
begi ns wwooME388 receiving transm ssions froma first ABCTUdeEnspds ed as
AS(0). The M5 38 is sinmultaneously transmtting on a traffic channel for
the source cell BS1 32. At time t1 a cal? recovery 20 trigger occurs. Both
M5 38 and BS1 32 reco%gl ze the trigger. Note that the trigger may be a

common event, suctPSMMonini anealtepaater eqbesiraent; dhe MESE3 may w1 aff20ft the

i ncrease the tran L, or may be separate events. Al so,
the M5 38 and thesrgééh@c%%y n%?%lseogogm ze the trigger(s) at the sanme
tine. O;)tzen[tlgg([)‘i‘%\)é&t n‘mﬁle b the preanlmlestérn?nat?e re&'mbghezlflsazglt@@ms prior
to BS1 en the ified at tine t t he
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transmtting on the def ault channel transm ssion I s ar a
t he same transni ssthmHDMigsls B ctmngm@mhee%ﬁéoé\ts (2) atetlmenggéwlqtetthet I\/B 38

Chelhart bori ou- cmbbkrEsMil i€ sBAEATHHE 1Y herelf ESHIMT P SEhE Peridlichly™ *°
RS The bast st e R 1), oa ol 11 ho b
) ona e L ase IT0eh A% g i BE2 Ak Depe s mistbn o 118 s Avamise) dor
al terngge enbodi mys, ad. h?hé%é)sgfﬁ’éngﬁn@dn AEM Wi RIcgRPot rAiRhic?

al so. [1061]At time t4 the preanble term nates, gi ns
transmtting the @frtranamissione fonMS880sthe defasdeshanned at hmeP@NMn theat

ts: g'rslaltg tthgecﬁgﬁgg&gﬁ Qﬂ Remﬁg%édi@( E’é t§ nlc%a#@?btcgwmpgb n%e?{t ﬁmelgtﬁggw IS
sent at tine t7, vbanmatessSMifmedte Atdimhe i@ handiofidiblcpmpleteddant BER 34 nal s
{ho now channel f GHITSDS SRR CRLeol PR Riaign FLHSREs an HOM whi ch tri ggers
the teygsnati 0“[10@9‘3] Aneaiedtha®l sthdrieris Mist@ited fdrheceiebrehanfdlanaelHale ti ne
t9. In the scenario illustrated in FIG 9, call recovery begins at tinme t2
and the AS(0) remains active until time t5. Subsequent to time {5, the MS
38 continues to receive from AS(0) for a predetermined time period
X, after which there is a change to AS(1). In this scenario, AS(1)
includes only those base stations that are able to receive signals from
20 MS 38. At time t8 there is a subsequent change in response {o the
HDM from AS(1) to AS(2). This scenario corresponds to the method
wherein only those neighbors able to acquire signals from the MS 38
are instructed to transmit via respective default channels.
[1064]Once call recovery is completed and the hand-off has been
25 accomplished, the MS 28 must determine an initial transmission
power level. According to one embodiment, the system 10 of FIG. 1
uses a closed loop power control for adjustment of transmission
power levels. Alternate embodiments may use an open loop method
of power control. Open loop refers to transmitter (either mobile or
30 base station)-controlled operation where the receiver is not directly
involved. For example, a particular reverse link open loop power
control calls for the mobile to adjust reverse link transmit power
based on the power level of signals received from the base station via
the forward link. Closed loop power control expands open loop
35 operation whereby the receiver actively participates in making the



termnates at time t9. At tinme t9 hand-off is conpleted and BS2 34 is
current source cell base station for M5 38. 15 [1063] An alternate scenario
is illustwabmersbor recei ver channel Rx2. Here the AS(0) PETVEBOIH69 | Ve
until time t5 . Subsequent to tinme t5, the M5 38 continues to receive from
AS(0) for a predetermined time period 20 after which there is a change to
AS(1). In this scenario, AS(1l) includes only those base stations that are
abl e to receive sipgwersadiusimers dasisien. Aortaxample, fareRb dleses loopseawent

corr ssponds &b 1 neIraich TP bR Pl AR5 308 Honlr VA DR Febeive
signals fromthe Nr8a given imsiileutd @dthresholdme vTherleagee station thfmaul t
channel s. [1064] Once caléem&?very IS con&ngt ed an%the hand- of f has been
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| oop power control for adjustnent of transm ssion power |evels. Alternate
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I n maki ng the 02747361 PCIT/USO1/ 46969 2 ower adj ustment decision. For
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The base station then e to |nc ecr ea
reverse |ink transtrartsrﬁttpoméM&éSedl’ hmpbWer lambmaysrremalﬁxm\tblssmltlal, levele

nobil e nonitors rg g&v%/er | evel ﬁnla s received on the FL, and
provi des feedback U Closeddadp PPY)’GBFOP @' BPUYESt he base station. O osed
| oop opgration [‘R)Ga}ﬁﬁdnté?teﬁ%’@eé’rﬁﬁé@nfé?ﬂ ﬂh@VﬁlfwéH I!évéluiétlhmatédaétsl%@' lased
with fading, such as Raleigh fadin | ven |ink. 65]

| medi atel y after l@¥@ldrignito &fﬁﬂbﬁngdge ﬂr@nsmét @sambthmwa ) lr\m@sed at

a predetermined rate until power control resumes. The speed of the

increase is typically set by the BS1 32 and/or BS2 34, and may be a

fixed value or variable. The increases continue until the RL closed
20 - loop power control resumes.

[1067] Another embodiment starts recovery with open loop control based
on total received power in the band. This procedure is similar to the
access procedure. This may be corrected for multiple forward link
base stations visible to MS 38. The open loop control continues until

25 closed loop power control resumes. FIG. 10 illustrates the power
adjustments according to this embodiment. The horizontal axis
represents time and the vertical axis represents the transmission
power level. At a first time t1 the transmit power is at an initial power
level. After a first time period, at time 12, the transmit power is

30 increased by a predetermined increment value. The increment value
may be a fixed value or may be variable, either increasing or
decreasing with increasing time. In one embodiment, the increment
value is adaptive and responds o the conditions of the system 10,
wherein the increment value may increase or decrease from one time

35 period to a subsequent time period. Finally, a predetermined



control, the M5 38 begins transmtting at an initial power level. The RL
transmt power |evel may resune fromjust prior to disabling the
transm t tve® 00i73M65 38. The power | evel may remain at this parwsal46bevel
until closed-I1oop power control resunes. 15 [1066] In an alternate

enbodi nent, the power level is initiatedlat the last |evel prior to

di sabl i ng the transmtter and then gradually increased at a predeterm ned
rate until power d@ﬁxmmrtmbpowéleygbmyche raashed aftes gsleredstaryinedl | y

set by the BS1 32 r?d}ﬂ 4pe ‘Fr ﬁsmflt' ey ghd IQVat"aréé’}m% The
the osed Ia ro

i ncreases continue un Wer con r esune
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power control resunes. illTustrates the power adjustnents according
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axi s represents t *Lg}rﬁfo?”?ﬁé St?ér%?’mt%éﬁﬁér §ényAf1tasaa éna %r‘tiétf‘& nc\&jer’i ngs

transmt power is an’ initial ter a period, at

time t2, the translﬂI:(PRV\}%Fkl,Wh’ﬁ?ellnnkrl@&ﬁednﬁﬂ’atﬁlepbeld@étﬁfﬂfbﬁﬂﬁahﬂcrﬁ@nt
val ue. The increment val e may be a fixed value or nay be variable, either

i ncreasi ng or dedheaBLntyamsmh enargyea&ndw@ﬂ isnthe Fh moeivatbedergynt Fo’rhaa

I d d h f
10, “wibrein the iaeSeRBine BalE i HE el i FefS AR pBirelhbaE e 35
per| od to a subseq@fdtionshie ghrin @8- TF'—'”@Jld ?’+ k- Pedpb Y@ e hnVadeRichaP61

PCT/ US01/ 46969 21 maxi num transmt power *[ evel” may be r'eached after a

predeternmined nurhighuletivé icorrepBon edeablEheTHa BTAN{K+yPWR refdresd icagtga
ceiling awaiting the resunption of the closed | oop power control. [1068]

In still another dntzuakemate fdnmn, itne follalving eslativrishijpheldsi £, bRsed vR(¢).5 t he
signal quality of pilots recei ved. The signal quality is measur ed by a

pilot Ec/lo or &1QG&9]dthemeteamingtieniofesrioiial isgnsmii povear appdigs pase? of Bt rol |
wherel ISk 15 5 curRIPUBUS ST SIS fodBRatIhteneiliFgons. The new transmil
power level is then calculated as
T.)=(-R ()+T,(0)+ R, (0),wherein Tx(0) is the transmit energy
prior to the call recovery, Rx(0) is the receive energy prior to the call
recovery. In this way, the transmit power is adjusted according to the
20 - previous ratio of transmit power level to receive power level.

[1070] A wireless apparatus MS 38 operating in system 10 of FIG. 1,
such as a cell phone or a personal digital assistant (PDA), is
illustrated in FIG. 11. The MS 38 includes an antenna 300 for
transmitting and receiving. The antenna 300 is coupled to a duplexor

25 302 for isolating the receiver path from the transmitter path. The
duplexor is coupled to the receiver circuitry 308 forming the receiver
path and is coupled to an amplifier 304 and transmit circuitry 306
forming the transmitter path. The amplifier 304 is further coupled to a
power adjust unit 310 that provides the control of the amplifier 304.

30 The amplifier 304 receives the transmission signals from the transmit
circuitry 306.

[1071] Received signals via antenna 300 are provided to a power control
unit 314 that implements a closed loop power control scheme. The



the RL transmt energy and Rx is the FL received energy. For a 10 cl osed

| oop power control nethod, the transmt power typically has a relationship
given asW0Q 024736t R,) + k + y(t), and y(t) is an additi onaPCT@waMmM6add% ve
correction variable. The term (k+y(t)) is referred to as ,6. 1In an
alternate form the following relationsBp holds T,, +Rx = k + y(t). [1069]
The, determ nation of an initial transmt power applies the /3 of the 15
previ ous transni sPAOM entraldiniicdi 4 isaeeunied ite mscompuinieation bus & 8. Thewer

evel 15 hen ol Sl ion o W1 hofton 4 oo Tns by e
recei ve energy primodulestWwithinathe MS88veTke domianicatiop, bush818 rierfarthér power

' dj ust ed di to.the 20 ' ti f trapsmt . | |t
recei ve power | eveloUNa®18]a ANGTIEY S22 &8 aiSROVREY SIS evl B16- | st em
10 of HG 1, SsuGhefiorf 38 5tdi89R@nPutdr PEASMIA!insirGeilons % f%gﬁélty 6FPDA) ,

is illustrated in FIG 11. The M5 38 includes an antenna 300
transmitting and reresaiiong anthinghors epplicable socM$pB8d The pracgasex 225 302

for isolating the lL\er,.pa r h nsm r T or is
coupled to the recrgeﬁogrwscitpguﬁgrt@cg%éf%ro‘r'éd;\lgﬁ't H}éé'?'&!é?‘%’/% B%rhﬂgﬁhgrs
coupl ed to an anplogerating@énditidns r ilvespowerccantrol tunit géiterafesr sarP@sighel to

transmitter path. The anplifi 304 is further c led to a. r..adj ust
uni T 310 that - prowiati ahstaiDraR mplipleok iz TR Bowe? sliub St |
304 reggi ves the tyaiuiBisthbPT Sighadhs ah' AiphifftatiohadsdTié thé hiriplifiér 30406.

[1071 ] Received signals via antenna 300 are provided to a power control

unit 314 that i Q7Wben aacealkdgcprvey peais, ciher M S8hemay disableydhe
02/ 47361 PCT/ USOl/t@Bs?#qtﬁézv@r?a}‘?ihecﬂabérﬂhtéggés tr%-%ééglre%,%oHé“cﬁgffg:% lete

communi cati on bus conmuni cati on ovides a c
connecti on bet weersignaldisl providacito theerdddvaf, adjust amimBiiGeatlihenhbnd-o¥18 i s

further coupled to a nmor 22 .an recover djust.unjt 316. The 5
rerory 325 stor es QPG dheb ety fhe feraonadiist g 1 goperEis a
operati®ns and funsedersmaiidl | Peblsgyriat. MSTRS. PEhasigh&IC 89S Yendrfled PRTdyor Mms
the instructions stored in mem)r]y 2. For normal ~operating conditions,

t he power control ionplemgeheanyt edf dhpcsshgmes tfer initial RL transmit power
generation discussed hereinabove, or may implement an alternate

method. The hand-off complete signal is also provided to control the
multiplexor 312.  Subsequent to call recovery, the PC signal
20 generated by the recovery adjust unit 316 is forwarded to the power
adjust unit 310. In parallel, closed loop power control begins. Once
closed loop power control has fully resumed, the hand-off complete
signal is negated, and the multiplexor 312 selects the PC signal
generated by power control unit 314 to provide to power adjust 310.
25 The operation of recovery agent unit 316 may be performed by the
microprocessor 320 operating on software instructions or may be
implemented in hardware for efficient, reliable operation.
[1073]In one embodiment, specific operations of the MS 38 or BS1 32
are considered special events. The special events include a variety
30 of conditions and procedures that may cause false triggers to occur.
In other words, special events may produce a situation where a call
recovery trigger occurs, but the trigger has no import. One special
event is a mobile position locator search. The MS 38 is instructed to
search on an alternate frequency for a Global Positioning System
35 (GPS). The GPS information provides a location of the MS 38. The



power adjust 310 via multiplexor 312. The power adjust 310 then 10
transfers the PC signal as an anplification |evel to the anplifier 304.
[1072] Wvedoz47sed | recovery occurs, the M5 38 may di sabl eP€Ch@Sot/46069si tt er.
When the transmitter is re-enabled, a hand-off conplete signal is provided
to the recovery adjust unit 316. The hal3l-off conplete signal instructs
the recovery adjust unit 316 to éenerate a 15 predeterm ned PC signal. The
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Qnit 310, In paral VEPOT:{TG0ais pisulp DRIREOTEGALFBH e gPRgial ¥ ol osed | oop
power cgntrol h?ﬁoﬂi'dtﬁef%%ﬁ%dméW%dM’d@' a@inbnsqanéﬁt@y tﬁé%@' 38 Sduipt ed,

and the nul tipl exor "312 selects the PC signal generat'ed by power control
unit 314 to provi aehich pdiggerais igsbe 3guoregs irhéheqmtma snemis, thee M@ 138 agent

st ructi one or naolES et shife . Gof B shard pocrePBl Bl T Rl &
operation. [1073] démbgdma‘ltbml:llspmual evelﬁll ﬁ$Ca0m1|icﬁﬂat@n$raafueh1J¢d§&rBB or
BS1 32 i dered.s i events eci a ts jnclu vari ety
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events may include actions taken by the M5 38 during which a trigger is to
be ignored. |In theddlfypheragdifieation.ne vs 38

[1075] According to one embodiment, in order to avoid such false
triggers during special events, the source cell base station, such as
BS1 32, notifies the MS 38 the timing of the search, including at least
20 when the search is to begin and the length of time allocated to the
search. The MS 38 disables the call recovery trigger(s) from initiating
a call recovery during the special event.
[1076]In an alternate embodiment, MS 38 notifies the BS1 32 of an
upcoming special event. In response to the notification the BS1 32
25 may approve the special event, veto the event, or reschedule the
event. Again, this provides the MS 38 with sufficient information to
disable the call recovery triggers during the special event.
[1077] Thus presented herein is a novel and improved method of
maintaining communications within a wireless communication
30 system. When the communication link between a mobile station and
a corresponding source cell base station is in trouble, the mobile
station and the infrastructure prearrange potential rescue base
stations. The source cell base station contacts all recovery-capable
neighbors as potential rescuers. A recovery-capable neighbor has a
35 predefined default channel adapted for soft hand-off with a mobile



notifies the source cell BS1 32 of a special event. In one enbodinent, a
special event is a candi date frequency search, wherein M5 38 tunes to a
di fferentwéoseusency to | ook for signals from 10 nei ghbor bap®set@bisons on
that frequency. This allows a better transition between coverage on
different frequencies, e.g. switching Detween a Personal Conmunication
System (PCS) frequency and a cellular frequency. On occurrence of this
type of nobile st a&taion. Thededawtckawiglds ovlyaused tempavBrilysluiing thedsitinhe
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call recovery trigger(s) frominitiating a call recovery during the
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of an upcom ng special Ak LES Lf ' he.BS1 32
25 may appr ove t it paAEHEb shefnbEe DRBRDAI 7 Bipleté fio kel eA 8, ot
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ca recover tri ers auring the special event. us, presente
erein i s a novel BATSTIRHPY d8 TR ROAIeFIatRH; 261 RTOSHAGR G GRS ¢ hi n
a Wi rej@ss communiGatpAe stdflos yrbfabs Yhe MdBIR SIaNBH WifAiHORst lof Mechrdrypeen a

mobi | e station and a correspondi ng source cell base station is in trouble,
the nobile stati ciapabte Neighbers ;a3 ovetheasl glugngr Wiangmissionst and priarcige base

stations. The SOUr e cfholoP 1RS HoyfRales e blodighor ShAnERAY. Sar

nei ghbors as potential 'rescuers. recovery-ca

predefi ned def aul tsitubtionewhada thee &Lfislostqfriorhandeaipf ofhard-aff imiorieativys)
02/ 47361 PCT/ US01/,46969, . 24 station. The default channel is oply use
Cemporari |y duri ndlGHBODI fralioh Hag suibiest THaMRAUFT 10 presPatkeRb e hade
statiofsis instrucded to use a default channel for rescue transm ssions.

The rescue transm ssion is considered a call recovery operation. The
nmobi | e station B&78)In amegliernate embodiment, more than one default channel is

assigned to the neighbor BS2 34. The use of multiple default or

rescue channels increases the call recovery capability of a system

10. Each neighbor is then able to contribute to call recovery of more

20 than one mobile station, such as MS 38. In operation, prior to call

recovery, the source cell BS1 32 provides to MS 38 an identifier

corresponding to the multiple channels associated with BS2 34. The

MS 38 and BS2 34 each store a deterministic function, such as a

hash function, to map the identifiers to a specific channel. The use of

25 a hash function in particular is a pseudorandom procedure. In

addition, an electronic serial number is assigned to the MS 38. The

electronic serial number may be stored in the MS 38 or may be

provided to the MS 38 on call recovery. On call recovery, the source

cell BS1 32 provides the electronic serial number of MS 38 to the

30 BS2 34. The BS2 34 and the MS 38 both apply the predetermined
function to calculate the appropriate default channel.

[1079] A hash function for a data structure allows recognition of a key

word in a set of words using exactly one probe into the data structure.

A hash function maps its argument to a result of predetermined type.

35 A hash function is deterministic and stateless. That is, the return



5 a soft hand-off with rescue base station, wherein the FL uses the

default channel. The rescue base station then initiates transm ssions on
an al t er vad e2/¢13annel . Once hand-off is conpl ete the rescurChase/463¢%ti on

di sconti nues use of the default channel with respect to transm ssions to
the nobile station. In one enbodi nent, 2he source 10 cell base station
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el ectrtp@j\ic serial ragB@ss, may be stored in the M5 38 or may be provided to

the M5 38 on call recoverﬁ On call recovery, the source cell BS1l 32
provi des the el EIB03RIN cabrreapveuniee reebilsstationotramemimaywer texe! shaoksy 34

Appr opr i at e def aul 1 ARV G35 SKAGRED Ap HBnbAM, SR SAFE ohiE,
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i's, thesreturn WO d2hé/gizhniiid/ ddied PSMIAGE p r%@et@hﬂk@edi?ﬁ@ﬂtﬂé call recevery/he

argunent, and equal argunents yield equal results I's i nportant for
hash function to nihg it lewel may khesa fixed level or may be dynamlcally adjusted

based on the system configuration, environmental considerations,
geographical considerations, history of use, or any of a variety of
factors having effect on the communication.

20 [1081] With respect to the system of FIG. 1, the MS 38 determines a
transmit power level for transmitting the preamble and PSMM
information. Various scenarios may be implemented for adjusting the
transmit power, two of which are illustrated in FIGs. 12. In one
embodiment, illustrated in FIG. 12A, the preamble and PSMM are

25 sent at predetermined intervals designated as ki. The transmit power
level is predetermined to a fixed value, Prixeq. The fixed value may be
the last transmit power level before entering call recovery. The fixed
transmit power level is the last transmit power level adjusted by a
difference, increase or decrease, in the total received power at MS 38

30 since it last disabled its transmitter. Alternately, the transmit power
level may be calculated as a function of the previous transmit power
level, such as adding an increment value, A. In one embodiment, the
transmit power level is a constant level previously sent to the mobile
station by the base station. In another embodiment, the constant



wherein a collision is defined as two different argunents that hash to the
sane value. It is also inportant that the distribution of hash 5 val ues be
uni form woar/i4i3s]y the probability that a hash function rePQT/USo1/4n6o
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probability that it returns any other vabue. In alternate enbodi nents,
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level is deterninedetagpiesi thg Forwarpilink hasordesuate auabiy fas teansmissions or

In one embodiment, a quality criteria is satisfied by two consecutively

received correct frames via the Forward Link. According to one

embodiment, as the Forward Link quality becomes adequate for

20 transmission and reverse power control resumes, the mobile station

also resumes the transmission of normal traffic on the reverse link as

it continues PSMM transmission spaced at k4 apart without preamble.

The adequacy of a link to satisfy transmission quality criteria is

typically determined by the system configuration and parameters,

25 however, any of a number of criteria may be used. Additionally, the
criteria may dynamically adjust to the operation of the system.

[1083]FIG. 12B illustrates an alternate embodiment, wherein the

transmit power level is incrementally adjusted during the re-

initialization of the transmitter. The first preamble and PSMM are

30 transmitted at a first power level, P1. The ratio of the total transmit

power of the PSMM and preamble to the transmit power of the

preamble and subsequently, the pilot channel, is maintained at a

predetermined ratio, y, expressed as decibels. The preamble and

PSMM are repeated at k; intervals, as in the embodiment of FIG.

35 12A, however, the total transmit power increases with successive



exanple, alimtation related to the transmtter capabilities. [1082] As
illustrated, a first preanble is transmtted at tine t1l, with the PSVW
transm t tved 0a4736i ne t2. The preanble and PSMM are 5 tranBaT/usedicosst il tinme
t3. Note that in the exenplary enbodi nent, the preanble is the reverse
pilot that is active during transm ssidv of PSMM At tine t3 the interval
k1 begins and continues to tine t4. At tine t4 the next preanble is
transnmtted. The @couwescesnt ilhaeincigase smehmavsbgslmememw ahere the
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however, any of a nunber of criteria may be used. Additionally,
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02/ 47361 PCT/ USO1/ PSRPis received while the reverse power control by the base station

resumes when Forward Link reception quality reaches a predefined
level.

20 [1084] FIG. 13 illustrates a method 400 of transmitter re-initiation at a
mobile station during call recovery according to one embodiment. At
step 402 the transmit power, Py, for the preamble and PSMM is
initialized as a function of the last transmit power level of the mobile
station prior to the recovery process, PryoLp. In one embodiment, Prx

25 is set equal to Prxop adjusted by the total poWer received at the
mobile station prior to the recovery process, Pgrxop, and the total
power received at the mobile station after initiating call recovery,
Prxnew. The equation is as given in FIG. 13, step 402. The initialized
transmit power level is the last transmit power level adjusted by a

30 difference, increase or decrease, in the total received power at MS 38
since it last disabled its transmitier. The preamble and PSMM are
sent according to this power level. Alternate embodiments may‘apply
a predetermined power level for the initial transmit power. The
mobile station waits to receive an acknowledgement from the base

35 station that the PSMM information is getting through. In the



27 occurrences. The increase size may be increnental, where the increnent
or step size is predeterm ned and specified for the system Alternatively,
t he i ncr av@nt/4wp1 step si ze may be provided by a base starPCDUStwI6Péve nobil e
user. Note that alternate enbodinents may 5 inplement varying tine
intervals. Additionally, the transnittalStines for preanble and PSWM

i nformation may vary over time or fromone, G occurrence to the next. The
transmt power | evidstiaied emeedimens theamakils stalior chegls forrrseintaelsthe

power |evel does i t e al ue
for successive 10 @gﬁgﬂgggllg@hsasﬁ]r?ngh@de H‘géllfgrﬁ%d% %Hgbpﬁﬁ@qt%&@%ﬁ’
deternined by thdapsl 23ackndwladgesrantt etl RPSMME 3$tlllAlanethHIt emboblidenent s

g‘ginof/v: édégﬁehfvgkmﬁggﬁwﬁqﬁﬁﬁgé|a8I<g q%gr\?ﬁ Wﬁ@mThem%H c and

rever ses power contgigior frafsinite thepredrhblel @fd PSMIW idfdtendtionldt lgNneirvashat e
enbodi nent, the transm ssion of the preanble and PSMM continues until an

HDM or a |ayer 2 &Q&W@@ﬁe‘@lﬁr@'ﬁﬁloaﬁ, améwhwms transanigaigngniheemehile statians e

power control by t

qual ity reaches a%‘j\é@ﬁ??%@%@bfz %rl {@@momﬁgﬂﬁ@é%m h u%?&gtagcg}r!a t hod

400 of transm ttertheek—niniarvalt thenmmbila statidyi tetustsato nornelrtraftic peddessagpvery

according to one 402 the tra sr’[i;géorﬁomer PTx for t he
h

preanbl e and PSI\/I\/I é)tep %’awr?é%fnagéglgr%rﬁ’c?ﬁ"feénc i ILEs: WHR HEWel, o ner

level ¢ the nobil@nil aﬁstﬂjbtbhsorrecbﬂ/eﬂhﬁoﬂ’rﬁﬂﬁé’@fa\ﬁepﬁ@ﬂ@ﬁS IfFHx PUDMI i one
enbodi nent, PTx 25 is, set equal to PTXO.D adjusted hy the total power

received at the rf86eive Q%FQJH%WW@W%“@%@‘Q@W@F?“;WQR%’@?; tol*—’l%@@ﬂ'ﬂi and
the total pover ng %eﬁé!)& Ranidle dRPPSMRL 2t E%é'%r gfaﬁbh'@drg@%e%awe
13, step . The

recovery, PRXNEW The equation is as given in
initialized transurendvansniibpewerrs Prhdol tet maximem popendevelePeahx,a8l ust ed

by a 30 difference, i e r Nt he t I I ved r.at M5
35 since i1 1 at dnckgh SRRt SEECHRE el 1, Shg: Slboalfefy BEARPRS “sem
accordifng to this gheieRs thevelalityAbt eieadcciesd aginsetissiontsubapglsnt ® step
predeterm ned power level for the initial transmt O& wThe nobj | e

S

station waits to i VI8 QREaRXGBRICe dG8 nRiPceps nacke 0 consecutively

received good frames. If two consecutive good frames are not

received the process continues to decision diamond 408. However, if
two consecutive good frames are received, the process sends the

20 preamble and PSMM at a controlled power level and the process
jumps to decision diamond 4186.

[1085] Similarly, note that while the mobile station checks at step 404 for
receipt of the HDM, or other PSMM acknowledgment, the reverse
power control is reactivated after receipt of two consecutive good

25 frames. The effect on receipt of the two consecutive good frames is
to jump out of the process of increasing the transmit power for the
preamble and PSMM.

[1086] While P14 is less than Puax processing continues to step 412 to
increase Prx. The increase may be according to a fixed increment

30 value, or may be a variable step size. Alternate embodiments may
transmit at each transmit power level multiple times prior to each
increase. The mobile station transmits the preamble and PSMM at
the adjusted power level at step 414. Processing then continues to
decision diamond 416 to determine if the time period for transmitter

35 re-initialization has expired. If Py is equal to or greater than Pyax



35 station that the PSMMinformation is getting through. In the WD 02/47361
PCT/ US01/ 46969 28 illustrated enbodi nent, the nobile station checks for
recei pt o¥ovtig736HHDM at deci si on di anond 404. An al t er nat erenosaii4sesst checks
for Jlayer 2 acknow edgenent of PSMM Still another enbodi nent checks for
either a layer 2 acknow edgenent or an POM The nobile 5 station transmts
the preanble and PSMM information at k, intervals. Between transm ssions,
and during transnmiyoressingt Genimugs eloststepod10c dat i iraesmissiatised fRuaxt he

HDM When t he HDM Y/ d EValy e on
returns to nornmnal (P?%q'ﬁﬁ@é pf?%'éeéslésc}'ér}gn %?ﬁmﬁd 4%‘6f @){e ,&{é pg@&é ”S?é bél{/\e
control continues epgitedprecesdng asturns tondémsnohl dmmdrwbaouedlﬁ themtihtee base
station. If no HDMisd[hecel ved duri nge he ki interv bile station

t he
prepares to transrR&rod fas expiredh tBspPRile siptiegyerm e?rHlﬁ P&PE%C&VP%“

conpares the currggp qiygansnmt power, PTX to the maxi mum power |evel,
PMAX, at deci SI on di anond 408. Note that in one enbodi nent, the process 15
checks the qual [t0873in ohe erebmhmttmamlﬁfysamldmaeamlytt@g@erm calb6. In

rame: 1 two coneBeinv e rilishoPerBRRe tiptEpbns TR P agen

continues to deci searclingnforda4hérd Haweveff carfdndatmfreqnemut | Dariggothid r ames
are received, the rocesiges ﬁﬁ t he ZO%greanbl e a P MM at a ontrol | ed
Fyser ;,

power level and t e mog'ieo?«.way Qlfﬁ"e[‘tl ggyency
Simlagpy, note ”féP a"‘ﬁ'ﬂnleepéﬂ'&l gﬁiﬁble‘ﬁt f’rélair nﬁpeﬁﬂsre%bvéﬁﬁpBé}%of/ﬂing

recei pt of the HODM or ot her PSMM acknow the reverse” power
control is reactuvaanmleﬁtmrwrtbe@agesmthw\maéﬁmgeszn@i%ag@@bcalsreqoa{ﬁas The

effect on receipt franes is to junp out of the
Gindiliin, HO cERRRERUN Keaaiaeh

process of increasing trans preanbl e and PSMM [ 1086]
While PTX is | efko88jém plalkwel mlt’rcﬁ'sesrtragsnnmen erEtlallﬂammpthélﬂlobﬂle staktiorease

T e, norease e B B I ot Rinier MM sl diesly ™
transm4 pover | evgdfingd byptlwe bbﬁ@écme%orfrébteﬁtamesl REeRR%Lat THE MBBild €
station transmts the preanble and PSMMV
station. Upon recovery, reverse power control is enabled.
[1089] Thus a novel and improved method and apparatus for power level
adjustment in a wireless communication system has been described.
Various examples, embodiments, aspects, and figures have been

20 provided for clarity of understanding and not to exclude alternate
embodiments within the spirit and scope of the invention. Those of
skill in the art would understand that the data, instructions,
commands, information, signals, bits, symbols, and chips that may be
referenced throughout the above description may be represented by

25 voltages, currents, electromagnetic waves, magnetic fields or
particles, optical fields or particles, or any combination thereof.
Similarly, while various embodiments are described with respect to a
particular polarity scheme, assertion and negation are relative terms
and not strictly limited to high or low logic levels.

30 [1090] Those of skill would further appreciate that the various illustrative
logical blocks, modules, circuits, and algorithm steps described in
connection with the embodiments disclosed herein may be
implemented as electronic hardware, software, firmware and/or
combination(s) thereof. The various illustrative components, blocks,

35 modules, circuits, and steps have been described generally in terms



t he adjusted power |evel at step 414. Processing then continues to

deci sion dianond 416 to determne if the tine period for transmtter 35
re-initi avoaasizon has expired. If PTX is equal to or greaPer/UshianI®dVAX WO
02/ 47361 PCT/ USO1/ 46969 29 processing continues to step 410 for

transm ssions at PMAX. Continuing frons@ecision dianond 408, if the tinme
period has not expired, processing returns to decision dianmnd 404. If the
time period has exfptheidfunchienaliiipi | ¥Whather dine tfunetionadies is hnpbmenteécaa/ery
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for a time period g@’f‘@‘i’ c@'@'ﬁ@m’f dP e9Mige e ﬁ‘né"t ngg@@{)’yf@ ydwarianthg an

i ndi catson to the sf&ﬁﬁ‘ar%tt%dé?rihéé”@blr& §te{uﬁ8§8fln§mo@@béﬁ toclﬂ\glerhéﬁﬁﬂ%r y

condltlon the call recovery is avol de n parall
transm tter re-inidesgribedtfuoationdlity fvbeach pagidutar apglicetionor Additidnallvar d

consecut v cor eclith TaRRast BN lforb, A, el REfonh debs macr

reverse power conti@lintercheingetiad. kdepiitPvithhihe epiripent stogei dfptheveesant hod
and apparatus for power level adjustnment in a wreless conmunication

system has been ddS¥EMUH. Vvarious exanpl es, enbodi ments, aspects, and

figuregyhave be éﬁngPn"eO‘(/b%Gsfiﬂﬁsﬁétﬁfe' tygiehl WTB’&{SStﬁ‘iBQUI& at.?ﬁ:qut arfd

excl ude al terna nbodi nents w thin the spirit ahd scope’ o
i nvention. Those oalgosuhm! | stepst Heserihedadnl gonnetiast awith tihet eneodicaeats

i nstruction its and

Ith;t lrJnatyI beS r ef e@%@gge? h@r%@ho 43'0%3 ﬁeﬁ'i‘%@?‘&e cg & | ? %&%@'Wegr g@}égent ed
by 25 ?/ol tages, cuigralt grocwssot ml nedn capication nbnwmo dnflegedtdd circuit
articles, optica S or rticles r.an CcCO i nati

B Ty P A el briara RS (o B A h (FEG BT, Sther
particykar polari tdro@%rﬁﬁﬁbl@ﬁ)w HbOn@eaBlécﬂﬁE%?dt@rbr%Fa%s"ﬁb?Fd e dissrBe and

not strictly limted™to high or low logic |eve hose of skill
woul d further appri@dwese tmeﬂ@tSarﬁoQQOQGSISQEt@@GUU@ a set of firmware

instructions, any conventional programmable software module and a
processor, or any combination thereof designed to perform the
functions described herein can be designed to implement the
20 functionality described herein. The processor may advantageously be
a microprocessor, but in the alternative, the processor may be any
conventional processor, controller, microcontroller, programmable
logic device, array of logic elements, or state machine. The software
module could reside in Random Access Memory (RAM) memory,
25 flash memory, Read Only Memory (ROM) memory, Elecirically
Programmable ROM (EPROM) memory, Electrically Erasable
Programmable ROM (EEPROM) memory, registers, hard disk, a
removable disk, a CD-ROM, or any other form of storage medium
known in the art. An exemplary processor is advantageously coupled
30 to the storage medium so as to read information from, and write
information to, the storage medium. In the alternative, the storage
medium may be integral to the processor. The processor and the
storage medium may reside in an Application Specific Integrated
Circuit (ASIC). The ASIC may reside in a telephone or other user
35 terminal. In the alternative, the processor and the storage medium



| ogi cal bl ocks, nmodules, circuits, and algorithm steps described in
connection with the enbodi nents disclosed herein nay be inplenented as

el ectroniwohasear e, 'software, firmmare and/ or conbi nat POTVS)1/46b@r eof .
The various illustrative conmponents, blocks, 35 nodules, circuits, and
steps have been described generally in 3krnms WO 02/ 47361 PCT/ US01/ 46969 30
of their functionality. Whether the functionality is inplenented as
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modul ejgnd a  proGgg&son. OWF@“Vaﬁ&J@hﬂﬂﬁﬁdﬁﬂlthQb%EsQ%hBB@iﬁmérﬁs R fgy m the
functions described herein can be designed to inplenent the

functionality descerpiyappaEn to Tfﬂféeepﬂﬁﬁ%%ﬁbfhenﬁgf and ahe QQB@U@ pyingiglesa

m croprocessor, b%efin%dtﬁ@eﬁl rtq S/rl?é h ied ¥ offle! Fﬁf‘dﬂ]mgﬁ)'s th&@y’(he
conventional processor, con ro crocon CorTer progr amma og c
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di sk, a renovable disk CD-ROM or any other formof storage nedium
disclosed hereln




known in the art. An exenplary processor is advantageously coupled 30 to
the storage nediumso as to read information from and wite information
to, the svonagsénedium In the alternative, the storage PeTOUSIW4EBEY be
integral to the processor. The processor and the storage nmedi um nmay reside
in an Application Specific Integrated ®rcuit (ASIC). The ASIC may reside
in a tel ephone or other user 35 termnal. In the alternative, the processor
and the storage nmedi um WD 02/ 47361 RIAIUN®1/ 46969 31 nmay reside in a

t el ephone or other user terminal. The processor may be inplenented as a
conbination of a Digital Signal Processor (DSP) and a m croprocessor, or
as two m c QE)CEISAMA:s in conjunction with a DSP core, etc. 5 [1092] It
woul d be apparent to one of ordinary skill in the art, however, that

nuner ous allt er atf 8i¥4relass sempuHEcation susteRpa dnetbrddonealbiagoveiyscl osed
without2depa&§,h.{ix)ﬂsi§,I omthe spirit or scope of the invention. The previous
description o e greferred enbodi nents is provided to enable any person
skilled in the &ansmittingke pilot sirengtie measseamend messagei aha fiist tkansimitis
nodi fications to thes§ en‘ﬁodi,rrents will be readily apparent to those
skilled®in the art, 8 ger eE\Ved;eneri c principles defined herein may be

appl i ed to ot hewagirepdipheddterminedaime pbfodsgnd of the inventive faculty.
Thus, the present inyentign is not intended to be limted to the

enbodi nent s shoWANEEYENG Hig Rilet i Yrengthcmeageenaet mesiagssat saopecond
consistent with the [WafaIt I I IR i
02/ 47361 PCT/ USO1/ 468%‘53%@5@%?%9”%%\/@& &\ sBEondRESRCHoNSE el is"0
communi 8at i on syst engreateethasdhedirsidsansmiépower Jyeve conpri si ng:
transmtting a pilot strength neasurenent nessage at a first transmt 4
power level; waiting a predetermined tinme period; and 6 transmtting the
pi l ot streggth Maastethoendf diaias dgwhateimtisesesshd transmit power level is a

2 maximum transmit power level.
3. A computer program stored on a computer readable medium operative
L2 to perform the method of claim 1.
4. In a wireless communication system, a method comprising:
2 initiating a call recovery; and

incrementing a transmit power level prior to receiving a hand-off direction

4 message.
5. The method of claim 4, further comprising:
2 transmitting a pilot strength measurement message at each transmit
power level.
6. The method of claim 4, wherein pilot strength measurement messages
2 are transmitted at predetermined time intervals.
7. The method of claim 4, wherein the pilot strength measurement
2 message includes a preamble message.
8. A wireless apparatus, comprising:
2 an antenna;

a processor coupled to the antenna;
4 transmit circuitry coupled to the antenna and the processor; and



transmt power |evel, wherein the second transmt power level is 8 greater
than the first transmt power level. 2. The nethod of claim1l1, wherein the
second t veasmisépower level is a 2 maxinmumtransmt powePCT/@8&l469®. A
conput er program stored on a conputer readable nediumoperative 2 to
performthe method of claiml1l. 4. In a $reless comunication system a

nmet hod conprising: 2 initiating a call recovery; and increnenting a
transmit power Bdirel sqirdf eomputeerssicableginatriatiensogxeatitake bydhe procassonge. 5.

moasur cttent message. 10 MO uhBHRE PRkBRier & AloRRREhoh RlaRuBdth o c A
4, wherein pilot stremgshgeahsingassinbcowsyages 2 are transnitted at

predetermned tine intervals. 7. The method of claim4, wherein the pil ot

strength nmeasurenent 2 nmessage includes a preanble nessage. 8. A wireless
appar at us, 9conpd ngiapparatpsof claimeBurthar ePmpESEsF coupl ed to the antenna; 4

transm4 circuitr I € : roce X d

b aa561 por Ut PeEdis' 68,08 ddHindit e'{é%gflﬁrcég&%%&e@'bﬁgaggﬁuéa@ﬁspy&ei ons
execut abl e by the prpoesessor 6 Mmainiain dhentransmits powepdvalowod magxirhom
strength nmeasurenment nessa g during call recovery. 9. The apparatus of
claim8; further conﬁpwariﬁi'%'z a second set of conputer readable

i nstructions executable by the processor to maintain the transmt power
bel ow a maxi mum 4 power |evel.



