RECOVERY I N A W RELESS COVMUNI CATI ON SYSTEM The present invention relate
to wirel egg MAbfe and data communi cation. Mre particul ar lpgrdsifssseesent

i nvention relates to a novel and inproved nethod and apparatus for call
recovery in a wireless communi cation system 10 BACKGROUND A wi rel ess.
communi cation systemtypically includes J]a plurality of Base Stations (BSs),
each associated with a cell and/or sector, conmunicating with 15 nultiple

Mobil e Station Eﬁb?%?gm rlgglé@pmky?ﬁpg[ Station
quality of Siomais rcVEIBELES ATEINEYSTEML When o

comuni cation |ink between a base station and a given nobile station
deteriorates, it is possible to prevent losing the com‘runiHiil “mﬂm W

; e3eH| F6THTWO 02/ 47402 PCT/ USO1/ 44566 1 METHOD AND APPARATUS FOR CALL @ ,

. establishing 20 a link with at | east one ot her base stati m] mﬁ “ Hf
proces§ provides for initiation of sucHB ernate communi cat on 1 nk(s). In
a hand-of f situation, the infrastructure negotiates with the viPPBus base

stations and t mobi | e, st ation. r,. of e _Sj | .
deteriorates t quTQ?Epglqvoqnq?%ﬁetlF%\gg;{%ﬁN ?gleéfggécg&ndzggﬁ‘g%%ghgcaﬁleogld,
theref ore,Vbes rﬁarﬁeamﬁ/, ahd pRaRhatinyehBbnC delatéLaoVEryovel andaimgiryved
situations. Further, there is a need for an reliable nethod for call
recovery imethod and eppacammfor callireeovygtina witglessreommurieatians systedd
enbodi rOrents provi de a novel and inproved nethod for recovery distressed
calls ]1 n a wreless conmuni cati on system According WO 02/ 47402 2

PCT/ USOL/ 44566 t o one aspect, in apAQIeGROUNDMUNI cation system having a
plurality of base . stations, each of the plurality of base stations having
a nei ghbor set conprising neighboring .base stations, each of the

nei ghbori ng basg wiraless eenmmunicytiord sy stei typiaalhe incladesarpliraliy ofdd3ase

transmtti def t. channel 5 inpforpatiop to nobi |l e station;  detecti
occurr _ence(’(}‘g?loﬁs iﬁjéf’)' Pé&b@é?%‘%"? g‘@igg‘;ia &ﬁﬁ m/ta‘?ruiﬁlchfg C&Wmﬂé}é@t%aw&hggi n
the nejsohbag ssle Mobilé@BEdtdn (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 link between a base station and a given mobile station
deteriorates, it is possible to prevent losing the communication by establishing

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

25 There is a need, therefore, for a method and apparatus for call recovery
in a variety of situations. Further, there is a need for an reliable method for call

recovery in a wireless communication system.

SUMMARY
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The disclosed embodiments provide a novel and improved method

for recovery distressed calls in a wireless communication system. According
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respective default channels. In one aspect, a wireless apparatus includes
an antenna; a processor coupled to the antenna; transmt circuitry coupl ed
to the anvenmarsand t he 10 processor; receiver circuitry cegpluso/i43ed he
antenna and the processor; a first set of conmputer readable instructions
execut abl e by the processor to receive a list of neighbors for a base
station, the list including default charhel assignments for each of the

nei ghbors; a second set of conputer readable instructions executable by the

processor t go iof\erispbyt, an @alirel@g @oaimuhidagieny sptemdhswibkea Zalﬁfaaﬂy rBfthabe
circuitry in response; and a third set of conputer readablé instructions
. execut abl e Btatiome, gashe o othe pluzalifly| iof hbasen statiansnihaviag leemsiglber ofett he

nei ghbors. | her . el ratus includes a, transmtter
Cirourt: a FORERBERAERESne balk SRS, BHE A A RAELBERRs! piseCRabbng

- operation tbagthg@endefaudt shaiesletehivtied iPeWRIesCaahsRlittin}s defsilt Yhanded 2
power adjust unit coupled to_the recovery adjust unit and the transmtter

circui®, thinfpsmationdjtese mebileostation; vdetestingj oequrrenset phira ratlt zecovieryui t
in response,t h 0 ntr instryction. Jn sti anof her_aspect, a
conput er pr Séég%%{( Sgae%%&%gﬁgo%ﬁ P ag% r#)%hoé}szgl rtbﬁo%ﬁigﬁ’%ﬁfltgq WE‘P& W
corrputer-exeé‘gfje@ﬁk,-@ defstit Whhhaek, Wherein the programincludes a first set
of instructiofns operative to identify a special event; a second set of

i nstructions operene \agped, @i watslesscappanaban\inchpdear anganteangpex iprocessent ;
and a thir t fnstructions operative to notjfy a wireless

comuni caﬂg%ﬁleegjg‘% eth]eo?ntleﬁ.ga,s & é]iute95m1W35°uptﬂ6y@/%746‘2?@“8Rla9§ the
DESCRIGT! PbédssdrErdeBél Mrauitisy coi9sbd4b3de altenh£ahi 1Be profds8st; S fifd et

advant ages of the presently di'scl osed nethod 5 and apparatus wi'll becone
nor e appaP&rempudes readable instrugtions exequtable hyethe pradessne| tovrenkive a ikenfi n

conjunctign. whth t raw ngs i ich like reference characters identify
correspo nglFlrﬁb)s’% ﬁ&gﬁgﬁgﬁ £ Pag}?a\, \r/bh\glb%% ﬁr.ldlgld%‘g 1‘14%?&6 5"31,35151@ 3N S dPhgr am
forma wi pgdiess tRONBIERbERA; hGRcoNE bmﬁ@&ﬁFﬁtmréﬁaBI@iﬁm%bﬁ@ Nexectithblé G5
2 illustrates in block diagramforma portion of a wreless conmmunication

syst em asbynthel grogesaer: dedidentify onallemeesdtemgniriggerGand dishblet aatrassimit
timng-diagramfarm_signal quality.of t ase stations.,in a.wreless
yot off as PRI ARl ANE A it ibaeherambrtes TratrPles irsirbetoRs
bl ock di agxamtaislenby ther igk&?:séﬁr 20 VedtABIRTS hhAdCOMWAL 3t faasfmeefafaﬁlér‘
FIG 1 during recovery according to one enbodinent; FIG 5 illustrates in

timng di agh ofe&r m signal quality of two base stations in a wireless
conmmuni cati on ﬁ/ste accordin ne enbodi | GS., 6A and 6

illustrate in 11 &g AREYo rﬂt’ ’ge ¥ Ro&3f gEc‘gtﬂu ?é’fﬁf*ﬁ%"eﬁtg%ﬁsae
stat i on ?ﬁ&@w}}ngﬁagp Ahie fﬁiﬁfhﬁ’?@t suligeient Aoagdfaﬂﬁ ﬂtet:%yéxy r&tgoﬁ' 8y
gram forma nmethod for call recovery ‘at a nobile station according to
one e#hodgemerate gipgedgtartrined rpawer cantspb dRstietiomnmandr anpamodri adjustuumit
layers of cguﬁ'l%att%n’gh%srecovery adjust unit and the transmitter circuit, the power adjust
unit operative to adjust the transmitter circuit in response to the power control
instruction.
In still another aspect, a computer program is embodied on a computer-
25 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 system of the special event.
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in FIG 1 according to one enbodinment; 25 FIG 9 illustrates in timng
diagramformcall recovery operation of a systemas in FIG 1 according to
one enbody@BBLi4ok! G 10 illustrates in timng diagram formpcirnsoi/adssgat i on
of a transmt power |evel at a nobile station subsequent to call recovery
according to one enbodi nent of the present invention; and WO 02/ 47402 4
PCT/ USOL/ =44566 FIG 11 illustrates in f3ow diagramforma wrel ess
apparatus operating i n systemof FIG 1. DETAILED DESCRI PTI ON OF THE
PREFERRED EVMBODI MENTS 5 A nethod for call recovery in a wirel ess system
according to one enbodi nent provides information regarding nei ghboring

. cells and/or sectors t hBRIEFOESGRIBFIGNAE THEIMAWINGSI | recovery for a
nobile station that is potentially at risk for losing a comunication |ink.
Each of the call recovery 10 capabl e base stations has a default forward
call recovery cfiahRglyrdsd@Bfectd, addoydvaragsiebe it Rads&anie diddoseaoiehod
enbodi nent, nore than one default forward call recovery ‘channel is assigned
per nebghtamd appataltes il becemat inome vapparanh£eomf te tdesailed tdesenigtion set

(I'nternational bile Stati,on l.dentification TLMVSI , ( Tenpor.ar . .

| nt er nat i cfﬁ‘ét?‘ I‘?B’\%"Y eWhen: Tt%}ﬂml dBnfPH @Bn)‘),’itﬁsh‘? E?ré&flﬁgﬁil{;‘ é‘éﬁ”fﬂﬁl like
Nunmber) , | &chilﬂ’}l,l bHOrIdiR 120{1-,1- EAdWhédet! | y deci de
whi ch cha?ﬁgﬁtrgﬁ%%ﬂﬂ%eacﬁsﬁgcei ve&?‘?%ﬁ;sbm ésg ns P{ragljn@{elgch recovery-capabl e
base station. TH&. rbhllustrateat irorblohkendiagyamas dotrhaia avfizelass qoanmypdication

signals froma reco:aeré base stati,on. The nobile station may be instructed
to conbi nSYBHEN 36GRHAIRE 1P Ble & euRERY s from mul t | pl e nei ghboring recovery

base gpations BGE0 PUANREARsTRISBERR Aladrify BRI % SHGHIGH) BFCASHaRIddE
base station. This may al so occur as the bile station noves into the
cover age aosamudidativnbsysterst ast inoRIGW] hecardingridione esnbodianents in an idle
state, i.e. wthout nti nuous connuni cation links, by traf.fic .channel
nessages on callﬁal'r?ll1 ustrates oy Aot ¢ OG&H'erﬁlgﬂ%‘ ﬁb’taj‘lbé osfegvgﬁq‘?ﬁes
for the i il t f g.cation
Syst em 10 TaNTSEs PPReleE el o BIGHE hRRgBay ShE g S

12, 14,16, 18, XIG.22, ilkstradesruin chlivek wididgrBSC fo8mvi @ portiett oohia wireledsace.
Each of the cells 12, 14, 16, 18,, ZOE[; 2 a4 has a corres ondd&ﬁg Qei %hbor
set, rede {PBYIiEatian syRiem 2% dbgr E‘I%ui L aPURE FECPYErYs ACSES 0 one
nei ghbor ho‘%@bogg{‘eggaml e, cell 18 has a nei ghborhood set 30 including
cells 12, ) , , 22, 24. In a spread spectrumtransm ssion system

WD 02/ ~7: ~02 5 HGT/3AhétrateS6iHh timing diagram form, signal quality of two base

stations in a wireless communication system according to one embodiment;

FIGs. 6A and 6B illustrate in flow diagram form a method for call
20 recovery at a base station according to one embodiment;
FIGs. 7A and 7B illustrate in flow diagram form a method for call
recovery at a mobile station according to one embodiment;
FIG. 8 illustrates in block diagram form architecture layers of a system as
in FIG. 1 according to one embodiment;
25 FIG. 9 illustrates in timing diagram form call recovery operation of a
system as in FIG. 1 according to one embodiment;
FIG. 10 illustrates in timing diagram form initialization of a transmit
power level at a mobile station subsequent to call recovery according to one

embodiment of the present invention; and



such as a Code Division Miultiple Access (CDVA) system specified by the
"TLAVEIA 1S-95 Mbile Station-Base Station Conpatibility Standard for Dual
I\/bde Wde@ r},g/4§§ head Spectrum Cel lul ar System ™ hereinaft epr/ighBissesl to as
"the 1S-95 standard,”™ or the "TIA/ EIA/ 1 S-2000 Standards for cdna2000 Spread
5 Spectrum Systens, " hereinafter referred to as "the cdnma2000 standard,”
spread spectrum signals occupy a same ctannel bandwi dt h, wherein each
signal has its own distinct Pseudorandom Noi se (PN) sequence Operatl on of
a CDVA syst em igGAes §hidtestes in tow dRgtrafi fd¥en adwi2bless ?E tirGPREAD
SPECTRUM MULTI PLE ACCESS COVMUNI CATI SYSTEM USI NG SATELLI TE 10

. TERRESTRI AystREPERFIERY." and also in U S. Patent No. 5,103,459, entitled

" SYSTEM AND METHOD FOR GENERATI NG WAVEFORMS | N A CDVA CELLULAR TELEPHONE
SYSTEM " both assigned to the assignee of the present application for

. patent and her ehrTAIPEEFPESCRIPITION OFTH B PREFERRFDEMBODIMENEY mul tiple
users transmt nessages sinmultaneously over a sanme 15 channel bandw dt h.
FIG 25illustrates a portion of the system 10 of FIG 1, including base
station 32, |abeledBS], . in muni cati.on W t 38., The_BS1 32| wi t hin
cell 18 of | Fl G, DeHEpd: sy . ECRYES! o s itelpls [Hstebd Graebdie, hche
respect i Vehodinfert! gi’t‘:ﬂdﬁ@hhﬁ)rﬁ@atl&fl refE SRS tﬂéégmionﬂ ece'lf@.dalﬁiﬁéﬂ sectors
interface 20 provideS the nmedium for the Forward Link
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and BS2 34. The signal quality for BS2 34 begins to increase at tine t0 and
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_this exanple there is only one new base station involved in the hand-off.
However, there nmay be any nunber of base stations involved in such a
handof f sybWalhen, Wherein those base stations comruni cat ipog/usbi/ssS 38
forman 30 AS. Wen the M5 38 receives signals, including synbols, from
multiple base WD 02/47a02 7 PCT/USQO /44566 stations in the AS, VB 38 may
conbi ne these signals resul ting in a st r5)nger signal. The conbi nation
process is referred to as "soft combination" of the FL and is usually

carried oghqph “asoat CBEE Dﬁlbfbrpqom RO AdceSs (CIONIA) ey 3étl @ﬁe@ﬁé&dby)rthg

signal quality. time t6 t sends an acknow'edgenent for the HDM

. recei ved f'Tbay BB&/I&%M@bllaﬂﬁmmn-BeserpﬂtehonnCmm@@htyr@andamd| foatPual-t he
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recei ving 1 nformation necessar f or . hand- S the Pseudor
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coverage area o anot ase station, 15 ‘hand-off prevents | oss
conmmuni catsiystent isnkescribeddndJ Sy Patextt WNand,90f {307 seritiitled fGPREAD tIREGTRIUM

Statl 8255'N?ﬁr@ﬂﬁﬁe%cyﬁ@%{&@h?wﬁﬁﬂﬁﬁmwéﬁ%@ﬁ%wﬁﬁﬁ%mf SRt he

sour cgpcelpg RR‘EB’*'] AﬂeRﬂmqerké “thd d E&Eﬁuﬁm@é epsieat NG, stmsasweﬁaueae

referred to as the target ce ‘The nobi |l e station uses a rake type
receiver Z’SYBE[‘EMnﬁBI[DaNEﬂ"H@E FOR GENERAJING MHEE\FQRMﬁ tihe A ICPDMAe

Comobi o GHALAR HEVERMHON SN, Goh GXzators TR meraf oShate
stations | ¥§’én‘feé:la le fnh cﬂaggfeﬁfc fmﬂ?&@fﬂﬂf&ﬁ@gggg raf&C %y"l%%rence.

separatel ¥y, each nodul at e rmation"to a BSC
The BSC cdnt ﬂrusrswaysmhelmpler uBbrst hansadt emessages dmeﬂta‘neantelyf ravrert hesame

mul tiplLe f |\1a1 Q her types of hand-oft may be used for a variety
of conditi &"tlé ‘requi rements. In Mbile-Assisted Hand-O f ( MAHO),
the mobile Stat e;t'znﬁ Rirafed APBEER 0t Hle 9381ehh OALS 716 1 YnkRidindhdse

pi l ot signals romrru.rpem)r & Stations: s information i s reported
to the sowta:xﬁ:rbaﬁelmtdd B81, iftheosinynaicafiongweth IN8s38&r @heoBHhr32dist withdni ous

t hr eshol ds | si qns for, ad in ase /47402 CT/ 44566
stations tCG ﬂg Q\g IE'E:rcl't h&n"g? gﬁg}er f«?a*arn% g) 8‘?21 qu 8%§29 aé‘(Lﬁis gﬂé%’han
a pilot d h t bgn | d t I n
an alter ng‘tggl&ée%j néﬁef@?t g'lt:)l ?raggbééﬁ%(ﬁ%% t%lgécgfd’ip r g%tt gﬁhe%t&hcgn to
the AR0 | lpreirictestthetmedilimefs:hdhel Forivard Iink (Fldderf eommiunivetionst nermoBSa

base statl 3” fM%n% P ar and theeI&everséle EOt h?liL) from MS 38 to BS1 32. Note that MS 38
may move within systeml0 such that signal quality to and from BS1 32

deteriorates. To start a call, the MS 38 sends transmissions on an access
channel. The BS1 32, BS2 34, and BS3 36 send channel assignment messages on

25 a paging channel. The channel assignment identifies the Walsh code index for
each base station.

Signal quality is generally measured as Signal to Noise Ratio (SNR) and
may be expressed as pilot signal energy per chip to total received power density
(E./I,). FIG. 3 illustrates a plot of signal quality as measured at MS 38 for BS1 32

30 and BS2 34. The signal quality for BS2 34 begins to increase at time t0 and



Call recovery provides information to the nobile station ahead of tinme, in
t he case when hand-of f negotiation is not possible. Call recovery is

i nitiatedypmazaeariety of situations. In normal operationpthrsoniisbe
station and the base station use triggers to determ ne their proper
operation. For exanple, nobile 10 stations operating within system 10 use a
variety of thresholds for decision maki My with regard to what information
is reported back to the base station. One threshold, discussed hereinabove,

T_ADD, i ndafhess @o%&@aée Gbevé bthkastelld flevelndghalsd ar DEDD, Syatiirentlt oThie
AS. When the nobile station receives a si gnal t hat nmeasures "above T _ADD,
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WO 02/ 47402 12 PCT/ USCOLl/ 44566 Referring to FIG 4, BSC 26 responds to any
of the variety of triggers by setting up a backhaui connection with BS1 32
and BS2 3¢q ghA7@scordance with one enbodi ment, nethod 100 pefr/usad/saseecovery
IS initiatec? as Illustrated in FIG 6. The particular signal quality plot
for one exanple is illustrated in FIG 5. In 5 this exanple, there is tine
to identify M5 38 as having a potenti al fbrobl em In the call recovery

met hod 100 of one enmbodinent, illustrated in FIGs. 6A and 6B, at step 102
BS1 32 senggicigf ®itHe plsanTfeheasighalngwdlity dfod given tdb greaghhhanng pikste
stations) to M5 38. The base stations in_the neighbor_ set _are
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recovery. Continuing wth FIG 6A the BSC 26 determ nes the current AS of
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Processing then continues to step 124. Conversely, if the 30 hand-of f

conpl ete nmessage is not received, the BSC 26 checks if the HDMti ner




WO 02/ =t 7402 14 PCT/ USOL/ 44566 has expired at decision dianmond 122. |If the
HDM ti mer has expired, the appropriate default channel term nates

transm ssyges.te2 M5 38, call recovery is cancelled at stepctaso/anck usage
of both the default channel and the new channel is discontinued at step
125. The normal operation resunes at stg) 126. 5 If the tinmer has. not

expi red at decision dianond 122, processing returns to wait for the
hand- of f conpl ete nessage from Ms 38 at decision dianond 118. FIG 6B
details a Bf{rhaflls.Of ATedrnatelyOGhe Wafblen stdtﬁ)rﬁtrﬁﬁxliébdﬁ bh! slsti@drece F
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recovery tiner 1s started at step 218. 1f the wait tiner has not expired,
t hen pr ocd=egingte sedrtin fos signatiefronmitime mdtfilet stetitds 38 has returned to a
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228, embodiment, the threshold level is 12 consecutive frames experiencing erasure.

In this case, the mobile station will turn off the transmitter portion of the



if the HDMis received or if sonme acknow edgenent is received confirmng
the PSMM the MS 38 proceeds to wait a predetermined tinme period X, after
whi ch t hey8%92450bpdated. I f no HDM or PSWMM acknow edgenenpcrasogesse/ed at
25 deci sion dianond 230, processing continues to decision dianmond 232 to
check that the PSMM has not been transmtted nore than a maxi nrum al | owabl e
nunber of times. If the PSMM can be reséht, i.e., the maxi mum has not been
reached, processing returns to step 228 and the PSMMis resent. However, if
t he nmaxi maolias shRRM, I &et gy tofoaRe siragsnittdri bads ono wi@p atJeastngivbhEL cal |
30 recovery is termni nated. WO 02/ a7402 16 PCTI USO1/ 44566 According to an
. al t er nat e cABSEcHEivef frames h&?@oﬂ@@?s‘g% 26 notifies all of the

recovery- capabl,e i rs..of . Of tentli e C
natract st ho. HEsASnEBE b eorSihy iekes T st Riskie SRS Reols SR ihe
- i nstruct s mokile shitfth $eediVenPC bOminkendie ifEAOtheS Basd MhsthidtRiy fidrehdts Mp 38.
On det ect ing?] 1or 55 acqui silti on of a signal from M5 s38 each base srteati on in
t he ned ghipowesretThe basastation mepdra having didfioulty receiving dhe 84 sigoalsadueabset
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As an exanpl e, en the I'ast” 15 received PSMMidentifies BSl 32 and BS3 36,
but M5 38asmassagedrdmetneemobilg\siptignnt i ginnidaIBEIPBOf triggeEIXCBYS Ohaeceipt not
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BS2 34 for call recovery and prepares to except on a different default
channel . The extxefourth atype ofi racoverymtBggesfdcursvaiwhen &hel wobidet istatign

creat re naise,in the,system 10. en the,call recoyery i,s initiated by
the NS 38 RSt At aolialt GRSl o gsedsietmined e sl s bstie v b 15
occur renc@sQimad bt the RIY & Mot gbgﬂg thrzshght toTeh® Yake Gtforl REH isk@FicieRy be
sets by the BSC 26. On expiration of the tinmer, 25 the M5 38 transmts a

preanbl e eneegyRL pil ot channel. The preanble includes a call recovery
nmessage. | n one_enbodi r]gsrat5 t he E@?%e i d%e re.det%rm' eﬁbésor]c?\t ant that
Ty be set by Be@Nsempodiment: APBI treahidlids e tonpleminlet fex the e or
variabl e | detiRE FhiiBts b;uutraso@fgttﬁ eRer The rcall&ééé@é%@&lgéé?s may be
transm ssion Of the preanble, M5 38 5endS a nessage reé;ar ing the FL WO

02/ L7202 basedonusaltiplestésmpts to transmit within a 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, such as
25 the FL, is deteriorating. A trigger often initiates a recovery operation, wherein
the trigger indicates when a parameter or metric passes a threshold. These
thresholds may be dynamic, adapting to conditions of the system 10 and
environment. Similarly, the thresholds may be adjusted based on a history or

statistical record of operation of the system 10.



change(s). The nessage nay be a PSMM The nessage may be sent a nunber of
times to ensure recei pt by BS2 34. Conbi nati ons of the above nethods

provi de wWgpigeMHoadvant ages for call recovery. . In one empotiuseni4sea cal |
recovery nethod is based on the radio 5 transm ssion environnent of the
source cell base station. When the nunber of neighbors that are
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wherein Tx(0) is the transmt energy prior to the call recovery, Rx(0) is
the receive energy prior to the call recovery. In this way, the transmt
power is wo\iesRgs=47402 22 PCT/ US01144566 adjusted accor dpgu/uso1/4436s
previous ratio of transmt power |level to receive power level. A wireless
apparatus Ms 38 operating in system 10 of FIG 1, such as a cell ' phone or
a personal digital assistant (PDA), is i#lustrated in FIG 11. The M5 38 5
i ncl udes an antenna 300 for transmtting and receiving. The antenna 300 is
coupl ed tg &L&tﬁ%éa; 16erfa§%ﬁdlm t e fheCBIVRI tRAbN Kdsoekpired, the
transmtter pat he dupl exor 1s coupled to the receiver circuitry 308
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25  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. If 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 reached, processing continues to step 236 and the call

30 recovery is terminated.
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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 recovery
20 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.

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 recovery trigger. The
time period of the timer may be sets by the BSC 26. On expiration of the timer,

25  the MS 38 transmits a preamble on a RL pilot channel. The preamble includes
a call recovery message. In one embodiment, the preamble is a predetermined
constant that may be set by BSC 26. In an alternate embodiment, the preamble
is a variable length determined by the system operator. Subsequent to

transmission of the preamble, MS 38 sends a message regarding the FL
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processor cﬁ@ﬂgﬁg‘égaﬁ'}\@%@é@ ¥% A8y hed PSRAVIOCERE Ghessagk maj(uiéeseat efwaibere,

t he processor be any cgnven¥| onal processor, controller,

. m crocont rofltimes tooenstratreceipt hiyBS2 3he sof tware nodul es 10 coul d reside in

B & T e R e

. storage ' ne i h oi : /ot
shown) Qﬁg&d@rg O o ERBodlithen, # QMIOfRBYFy Hithbe {s'BadedNoRthASkAAi6!

may reside in a tel ephone ( shown). In the alternative,
t he pr6cedsarsmisyionesheironmentt of éhésoarceTeal paseceiation. nWhere ths number

i mpl t i nat i f a DSP. and ' as t
e oo ST O S BPo e SBlE FRE 58l o et
descripti o tﬂé r{aelrig, m%ft%rtfr&fﬂsrﬁimptf@&ﬁvé dePfY cHEShAIS. anRbhs Ao @Aedon

skilled in't f to nake or use present 1nvention. The vari
nodi f i cat iamads the NMBe8® teadmmittarnis enabledbevitieauli 1ay detgyar efar largehomts 20

skilled in the art, and the generic principl defjned herei n may . be

2ppl i od t GbeiNegts habareeros G CRBRRIE: Hie 1BC 06 Witk Mstorich Feonpiebhiory to
Thus, 1hhe J: t] [ [ bd ey 1Wailkihe
enbodilprentlgﬁééﬁ?%% r%?nh%g? ?Ig;yg b%gg%%?gg%y?%éé%\nﬁ%%sﬁ s‘;g%ltggl%cé%l:sitgteent
with the pdigithg@ise® sepbrbareiwliethenrtheydisc resive regedls. fraf \WESCBS) ttose WO

02/ 47a02 27 CLAI M5 PCT/USA /.| =t 56 - L, rel | gat.l t
D A aving piehoosk e Srarrena b vl e HEBh S bR SR Y s
stations h%ﬂ@i@ré&%i@@ﬁbn? QIS B WRithh rhgpﬂﬁiég%kgﬁfﬂeﬂgtiﬁ?é Pefibal AL b&ach

of the nei'ghboring base stations having a 4 't channel, a nethod
conpr i si ngtatiorenitdrttified by¢haMSMMhane dhstrndted ntet i1s defawdt rohbinhelsst Ndten; 6

detecting occurrence of a call recovery trigger,; .and instrpyctin 11 base
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conprising: 2 establi'shing soft hand- of e nei ghbor set wherein each
of t h@Oneisigdingslalyetr Fé2ysniink layerdiddahnd arpitysicahtayes|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 two layers. The link layer
25 704 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 applications of
the signaling layer 702 and the physical layer 706. The MAC sublayer 716
30 further includes multiplexing and Quality of Service (QoS) delivery block 722.



5. The method of claim4, further conprising: 2 receiving a hand-off

conpl ete nessage fromthe nobile station. 6. The nmethod of claim1l, further
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10 receiver channel: Rx,and Rx,. Also illustrated in a neighbor base station that is
a target base station, BS2 34. The default channel and a new channel are both
illustrated. The new channel is 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

15 transmitting on a traffic channel for the source cell BS1 32. At time tl a call
recovery 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 for
the MS 38 and the BS1 32. Also, the MS 38 and the BS1 32 may not recognize

20 the trigger(s) at the same time. Often the MS 38 may be in a position to
recognize a trigger prior to BS1 32 during FL failures.

When the trigger is identified at time tl1, the BSC 26 initiates a default
channel transmission from the neighbor BS2 34. At time t2 BS2 34 begins
transmitting on the default channel to MS 38. The transmission is parallel

25 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 t3 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 identified in the AS(1) are all the base stations cited in the last PSMM.



4 transmt circuitry coupled to the antenna and the processor; receiver
circuitry coupled to the antenna and the processor; 6 a first set of

conmput er gadars i nstructions executabl e by the processopctrasigsssye a
i st of neighbors for a base station, the list including 8 default channel

assignnments for each of the neighbors; a second set of conputer readable
I nstructions executable by the processol910 to identify a call recovery
trigger and disable a transmt circuitry i n response; and 12 a third set
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the call recovery., WO 02/:1L7402 30 PCT/ USOL/ 44566 18. A _conputer ram
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15 completed and BS2 34 is current source cell base station for MS 38.

An alternate scenario is illustrated for receiver channel Rx, Here the
AS(0) remains active until time t5. Subsequent to time t5, the MS 38 continues
to receive from AS(0) for a predetermined time period X, after which there is a
change to AS(1). This allows for extra time for the base station side to

20 determine on a subset of the recovery-capable neighbors of BS1 32 for the
transmission to MS 38 for recovery. At time t8 there is a subsequent change in
response to 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.

25 Once call recovery is completed and the hand-off has been 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
additional open loop method of power control. Open loop refers to transmitter

30 (either mobile or base station)-controlled operation where the receiver is not
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109&' () - Mpomedrid@svigtal) theyMS/38 begms transrmttmg at an initial power level. The RL

15 transmit power level may resume from just prior to disabling the transmitter

of MS 38. The power level may remain at this initial level until closed-loop
power control resumes.
In an alternate embodiment, the power level is initiated at the last level
prior to disabling the transmitter and then gradually increased at a
20 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 loop power control resumes.
Another embodiment starts recovery with open loop control based on
total received power in the band. This procedure is similar to the access
25 procedure defined in IS-95 and IS-2000. This may be corrected for multiple
forward link base stations visible to MS 38. The open loop control continues
until 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

30 time tl the transmit power is at an initial power level. After a first time period,
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is adlaptlve Q\d responds to the condltlons of the system 10, wherein the

5 increment value may increase or decrease from one time period to a
subsequent time period. Finally, a predetermined maximum transmit power
level may be reached after a predetermined number of time periods. The
transmit power then is at a ceiling awaiting the resumption of the closed loop
power control. |

10 In still another embodiment, the injtial transmit powei‘ is based on the
signal quality of pilots received. The signal quality is measured by a pilot E./],
or a pilot E, for the intended AS. In open loop power control, the transmit
power typically has a relationship given as:

IL=(CR)+k )

15 wherein k is a constant, Tx is the RL transmit energy and Rx is the FL received
energy. For a closed loop power control method, the transmit power typically
has a relationship given as:

T.=CR)+k+y(@), @)
and y(t) is an cumulative correction variable based on all the valid power
20 control command received up to time t. The term (k+y(t)) is referred to as B

In an alternate form, the following relationship holds:
‘7;+Rx=k+y(t)a ’ (3)
The determination of an initial transmit power applies the B of the previous
transmissions to the new transmissions. The new transmit power level is then
25 calculated as:
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
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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
10 310 that provides the control of the amplifier 304. The amplifier 304 receives
the transmission signals from the transmit circuitry 306.
Received signals via antenna 300 are provided to a power control unit
314 that implements a closed loop power control scheme. The power control
unit 314 is coupled to a communication bus 318. The communication bus 318
15 provides a common connection between iodules within the MS 38. The
communication bus 318 is further coupled to a memory 322 and a recovery
adjusts unit 316. The memory 322 stores computer readable instructions for a
variety of operations and functions applicable to MS 38. The processor 320
performs the instructions stored in memory 322. For normal operating
20 conditions, the power control unit generates a PC signal to power adjust 310 via
multiplexor 312. The power adjusts 310 then transfers the PC signal as an
amplification level to the amplifier 304.
When a call recovery occurs, the MS 38 may disable the transmitter.
When the transmitter is re-enabled, a hand-off complete signal is provided to
25 the recovery adjust unit 316. The hand-off complete signal instructs the
recovery adjust unit 316 to generate a predetermined PC signal. The PC signal
so generated may implement any of the schemes for 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.
30 Subsequent to call recovery, the PC signal generated by the recovery adjust unit
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320 operating on software instructions or may be implemerited in hardware for

efficient, reliable operation.
In one embodiment, specific operations of the MS 38 or BS1 32 are
considered special events. The special events include a variety of conditions
10 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 call
is not distressed. One special event is a mobile position locator search. The MS
38 is instructed to search on an alternate frequency for a Global Position System
(GPS) signal. The GPS provides a location of the MS 38 or partial information
15 of the location of the MS 38. The mobile position locator search is done
periodically or aperiodically. Typically, the MS 38 has a priori information
regarding the timing of such searches. Other events may include candidate
frequency search in preparation for an inter-frequency hard handoff where the
mobile station tunes to another frequency to search for signal from base stations
20 on a different frequency.
Other events may include actions taken by the MS 38 during which a
trigger is to be ignored. In these type events, the MS 38 notifies the source cell
BS1 32 of a special event. In one embodiment, a special event is a candidate
frequency search, wherein MS 38 tunes to a different frequency to look for
25 signals from neighbor base stations on that frequency. This allows a better
transition between coverage on different frequencies, e.g. switching between a
Personal Communication System (PCS) frequency and a cellular frequency. On
occurrence of this type of mobile station initiated special event, the MS 38
notifies the source cell BS1 32 to ignore triggers with respect to MS 38 during a
30 specific time period or until further notification.
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including at least when the event is to begin and the length of time allocated to

5 the event. The MS 38 and the base stations in its AS disable the call recovery
trigger(s) from initiating a call recovery during the special event.

In an alternate embodiment, MS 38 notifies the BS1 32 of an upcoming
special event or a set of these special events. In response to the notification the
BS1 32 may approve the special event, veto the event, or reschedule the event.

10  Again, this provides the MS 38 and the base stations in its AS with sufficient
information to disable the call recovery triggers during the special event.

Thus presented herein is a novel and improved method of maintaining
communications within a wireless communication system. When the
communication link between a mobile station and a corresponding source cell

15  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
predefined default channel adapted for soft hand-off with a mobile station. The
default channel is only used temporarily during the initial portion of hand-off.

20 Each rescue base station is instructed to use a default channel for rescue
transmissions. The rescue transmission is considered a call recovery operation.
The mobile station establishes a soft hand-off with rescue base station, wherein
the FL uses the default channel. The rescue base station then initiates
transmissions on an alternate channel. Once hand-off is complete the rescue

25 base station discontinues use of the default channel with respect to
transmissions to the mobile station. In one embodiment, the source cell base
station provides the mobile station with the list of recovery-capable neighbors
as overhead during transmissions and prior to development of the

communication link problem. In this way, for situations where the FL is lost
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MS 38 and BS2 34 each store a deterministic function, such as a hash function,

10 to map the identifiers to a specific channel. The use of 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 BS2

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

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. A hash function is

20 deterministic and stateless. That is, the return value depends only on the
argument, and equal arguments yield equal results. It is important for hash
function to minimize collisions, wherein a collision is defined as two different
arguments that hash to the same value. It is also important that the
distribution of hash values be uniform; that is, the probability that a hash

25  function returns any particular value of predetermined type should be roughly
the same as the probability that it returns any other value. In alternate
embodiments, other forms of cryptographic functions may be implemented for
identification of the multiple default channels on call recovery.

As examples, the various illustrative logical blocks, modules, circuits,

30 and algorithm steps described in connection with the embodiments disclosed




11 Y(109%&ZZ& ()- 1!Y(10%Z& ()-

11 1098 () - 109&' () - 10%& () - BWW3MB7! : Y(109% {& ()- 1!sXY(10%& ()-

11 Y( 10%m@o(h/arbti - Y(109%&' ()- 11 Y(10%c& ()- 11i (Y(10% (PeTAIS01/44566

| " #03BuuVAT | SS$10%AUS' () - M~ 10% U&' ()-910% U8 ()-10% U& ()- 10## 10##

10##! | Y(10%##& () - 1uwU3uV4!p 9%d0% U U& ()-(! %40% @ @' ()-('a

%409mUnNU& ()-(!' T 9%40%NaN& ()- (!X 940%@eeUsL ()- (! 9%A0%/UVUL () - (Dbwi [ MA! p
%40% U U 10UU 10UU 10UU 940%JU& ()-(!'T ° 9%0%a& ()-('t 9%0% U U& ()-(!"
Ya0% herein may be implemented or performed with a digital signal processor (DSP),

an application specific integrated circuit (ASIC), a field programmable gate array
(FPGA) or other programmable logic device, discrete gate or transistor logic,
discrete hardware components such as, e.g., registers and FIFO, a processor

5 executing a set of firmware instructions, any conventional programmable
software module and a processor, or any combination thereof designed to
perform the functions described herein. The processor may advantageously be
a microprocessor, but in the alternative, the processor may be any conventional
processor, controller, microcontroller, or state machine. The software modules

10  could reside in RAM memory, flash memory, ROM memory, EPROM memory,
EEPROM memory, registers, hard disk, a removable disk, a CD-ROM, or any
other form of storage medium known in the art. The processor may reside in
an ASIC (not shown). The ASIC may reside in a telephone (not shown). In the
alternative, the processor may reside in a telephone. The processor may be

15 implemented as a combination of a DSP and a microprocessor, or as two
microprocessors in conjunction with a DSP core, etc.

The previous description of the preferred embodiments is provided to
enable any person skilled in the art to make or use the present invention. The
various modifications to these embodiments will be readily apparent to those

20 skilled in the art, and the generic principles defined herein may be applied to
other embodiments without the use of the inventive faculty. Thus, the present
invention is not intended to be limited to the embodiments shown herein but
is to be accorded the widest scope consistent with the principles and novel
features disclosed herein.

25
WE CLAIM:
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neighboring base stations, each of the neighboring base stations having a
4 default channel, a method comprising:
transmitting default channel information to a mobile station;
6 detecting occurrence of a call recovery trigger; and
instructing all base stations in the neighbor set to transmit on respective

8 default channels.

2. The method of claim 1, wherein the call recovery trigger occurs when the

2 FL signal quality is below a predetermined threshold.

3. The method of claim 1, wherein the call recovery trigger occurs when:
2 acknowledging a first message from the mobile station; and
receiving the first message from the mobile station a predetermined

4 number of times subsequent to acknowledging the first message.

4. The method of claim 1, further comprising:
2 establishing soft hand-off with the neighbor set wherein each of the

neighbor set transmits on an alternate channel.

5. The method of claim 4, further comprising:

2 receiving a hand-off complete message from the moblle station.

6. The method of claim 1, further comprising:

2 determining an active set of the mobile station.
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receiving a pilot 51gnal measurement message from the mobile station,

the pilot signal measurement message including signal strength
4 measurements for a set of base stations; and

assigning the set of base stations to the active set.

8. The method of claim 6, wherein at least one base station in the neighbor
2 set has acquired a signal from the mobile station, the method further
comprising:
4 assigning the at least one base station to the active set.
9. The method of claim 1, wherein a first neighbor in the neighbor set has a

2 plurality of default channels.

10. The method of claim 9, wherein the mobile station uses a deterministic
2 function to determine one of the plurality of default channels to use for call

recovery.

11. The method of claim 10, wherein the deterministic function is a hash

2 function.

12. The method as in claim 10, wherein a first identifier is associated with
2 the mobile station, the method further comprising:
transmitting the first identifier to the first neighbor; and
4 instructing the first neighbor to use the deterministic function to
determine one of the plurality of default channels to use for call

6 recovery.

13. A wireless apparatus, comprising:

2 an antenna;
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a first set of computer readable instructions executable by the processor to

receive a list of neighbors for a base station, the list including
8 default channel assignments for each of the neighbors;
a second set of computer readable instructions executable by the processor
10 to identify a call recovery trigger and disable a transmit circuitry in
response; and
12 a third set of computer readable instructions executable by the processor

to establish hand-off with at least one of the neighbors.

14. A wireless apparatus, comprising:
2 a transmitter circuit;
a recovery adjust unit operative subsequent to a call recovery operation
4 to generate a predetermined power control instruction; and
a power adjust unit coupled to the recovery adjust unit and the
6 transmitter circuit, the power adjust unit operative to adjust the

transmitter circuit in response to the power control instruction.

15. The apparatus of claim 14, wherein the predetermine power control

2 instruction is based on the transmit power level prior to the call recovery.

16. The apparatus of claim 14, wherein the predetermine power control

2 instruction is based on the transmit power level prior to the call recovery.

17.  The apparatus of claim 15, wherein the predetermine power control

2 instruction is based on the transmit power level prior to the call recovery.



<& ()-[ Normal" "Heading 13]c" "Heading 23]c" "Heading 33]c" "Heading 43]c"
"Headi ng 53] c" "Heading 63]c" "Heading 73]c" "Heading 83]c" "Heading 93]c"A
"Def aul t Walha@faph Font"Z% e7"@HP* Ycb#kss| 8"""$ " $&( * &$pBinfUsHiRsds
ba! $X(*[ 015s9: i @ CDUHKMR4U*\ h~ct ej 4nsv, { G t HOI b9u<] KDZN; " 6Ti nes New
RomanAri al Courier New'h Root EntryWrdDocunent H
| " #$9&' () *+, -./0123456789: ; 30
<=>? @GABCDEFGHI JKLMNOPQRSTUVWKYZ[\ ]~ ~ahcdef ghi j kl mopqgr st uv y4 ~
18. A compg’?er prograr[n ]erﬁbodied ogn Ja compel er-reaci/gl?[e{ |rr}tedium
2 containing computer-executable instructions, the program comprising:
A first set of instructions operative to identify a special event;
4 A second set of instructions operative to disable call recovery during the
special event; and
6 A third set of instructions operative to notify a wireless communication

system of the special event.

19.  The computer program of claim 18, wherein the special event is a Global

2 Positioning System (GPS) search operation.

20. The computer program of claim 19, wherein the special event is a

2 candidate frequency search operation.



