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reverse link conditions (i.e., the reverse link is weaker than the forward
link) wireless units attempt to access their associated base stations by
20 generating multiple access probes until all of the access probes are
exhausted. These multiple access attempts result in increased channel
interference on the reverse link. Under weak forward link conditions (i.e.,
the forward link is weaker than the reverse link) wireless units are unable
to receive acknowledgment messages on their associated forward links.

25 Consequently, the wireless units will not declare service, initiate calls, nor

respond to base station orders.

Unfortunately, link imbalances are indiscernible by the prior art wireless
units. Consequently, the prior art wireless units exhibit undesirable
30 behavior in the presence of link imbalances. For example, in a weak
reverse link condition the prior art wireless units can become locked into a

digital mode of operation when the digital system is, in fact, unavailable
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system may be available, the mobile is locked into a useless digital mode of
operation. Performance also degrades when the reverse link is stronger
than the forward link. Under these conditions, the wireless unit can’
communicate with the base station, however because of the relatively weak
10 forward link, the wireless unit cannot decipher the control information
transmitted by the base station. In either scenario, calls are
disadvantageously lost and system call delivery rates are reduced. A better
understanding of the performance problems created by link imbalances can
be obtained by briefly reviewing simple call flow examples in a CDMA

15 communication system.

all Flow E les and all Handshake Protocols
Tables 1 and 2 show simple call flow examples as set forth in the
Telecommunications Industry Association (TIA) specification governing
20 the operation of CDMA wireless unit and base station equipment. The TIA
specification is entitled “Wireless unit-Base Station Compatibility Standard
for Dual-Mode Wideband Spread Spectrum Cellular System,” TIA/EIA/IS-
95-A, was published in May 1995 by the Telecommunications Industry
Association, and is referred to hereafter as the IS-95 specification. As set
25 forth in the IS-95 specification, Tables 1 and 2 follow the following

conventions:
¢ All messages are received without error.
* Receipt of messages is not shown (except in the handoff examples).
* Acknowledgements are not shown.
30 e Optional authentication procedures are not shown.

* Optional private long code transitions are not shown.
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* Sets up Traffic
Channel

* Begins sending null
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¢ Sends Channel
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Table 1. Simple Call Flow Example - Wireless unit Origination
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During normal CDMA operation, when a wireless unit user initiates a
phone call, the wireless unit sends an access probe to the base station. If the
base station properly receives the access probe, the wireless unit should
receive back an acknowledgement from the base station. Once the wireless
25  unit receives the acknowledgement, the wireless unit is instructed by the
base station to wait and to stop sending further access probes to the base
station. This is necessary because too many access probes will produce
undesirable interference on the communication channel. The wireless
unit therefore waits until it is assigned a communication channel by the
30 base station. As shown in Table 1, the base station informs the wireless
unit of the channel assignment by sending a channel assignment message

via the paging channel.
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channel pair. With the call flow examples in mind, it is now possible to
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channel. The wireless unit i unable to initiate or receive calls beca%rg(g"ﬂmm
cannot receive control information via the paging channel. 5 The present

i nventi ve neMWdW2ddder ni nes whet her a failure has occurred in perisesrzibe
forward or reverse link. If a failure ogcurs in either |ink, the present

i nventive nethod determ nes whether the failure is due to a link inbal ance
condi tion. \Wemorei flllyl désatibacbe probleteseatadd bhéinkr pabatances emtd ogllulaes
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BRI EF DESCRI PTel@aIutFn EHEWQ\HF@QW@JRBO@GI s a flow di agram showi ng the
present inventive nethod for 10 determ ning whether a reverse link failure
is due to a weak reverse link. FIGURE 2 is a flow diagram show ng the

present i geenth\onki@kt) aktivork donditibns RYistiehdrein ahé aeversd llhhklsfﬁrén%@ is
due to a weak forward |ink regultr ng in Loss of the pagi ng channel
FIGURE 3 is athapdhaitagyasd Sakw FQF exAmpledBnperspialh cPRaniBlaabgns gystems

determining wWhpEBLTLE rboENR h 1S adRblUASe kS Wik (RiAg WRaladiiURE e thak
link and also due to inherent limitations of the high power amplifier
(HPA). The coding characteristics of the 13 kb/s link can cause the forward
25  link to be weaker than the reverse link. Coding for the 13 kb/s PCS systems
is not as robust or efficient as is the coding for the 8 kb/s systems. In

addition, the HPA has a limited amount of power and therefore can cause
the forward link to be weaker than the reverse link under certain
circumstances. Consequently, calls fail either during call setup due to the
30 fading characteristics of the paging channel or during forward traffic

channel initialization.



resulting in a TCl time out. 20 FIGURE 4 is a sinplified block di agraﬁ“ﬁ%sp%
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This synptom occurs wheén a w'reless unit attenpts to access a base station

a maxi mum nunber of 15 tines. In essence, the MAP synptom occurs when the
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process of seriBiTgeeiving heaagh Assignraert Plesspsesr angfailuestiy reseiving Base
acknow edgﬁentst;t%n %o%@fig%eﬁ d&{egg_r ed to as an "access attenpt."
c

Wthin ea access attenpt, dccess probes are grouped into access probe

Whether a wireless unit is attempting to originate or to terminate a call,
the call can be lost due to link imbalances. In both cases call delivery rates
will suffer. In addition, system performance is adversely affected when
30 active in-progress calls (i.e., wireless units having active traffic channels
carrying in-progress calls) are dropped due to link imbalance conditions.

Therefore the need exits for a method and apparatus that detects link



15 sequences. Each access probe sequence conprises a specified nunber pf map 200
access probes, all transmtted on the sane access channel. The first access
probe of each_access. probe sequence is transnmtted at a specified power

level relative”@®28¥ noninal open-1oop power |evel. Each subsBQUeseyzesess
probe within a sequence is transmtted ajga power level that is a specified

2 0 anount hi gheé t han th(g .Rr evi oug}igﬁcce s praobe. The acce1 s.channel used

for each sequeHPBalpnces,gad ingrugts e, wireless JHE HRsPLORHA PEPIAYIE he
access channel gigsgrciabeso th the wireless unit's current pagi ng channel.

2 5 There are a maxi num nunber (typically 15) of access probe sequences
(referred to as either "MAX RSP_SEQ' [for responses] or "MAX REQ SEQ' [for

requests] assogjated,wt ach _access atte . JJherefore, Jin an
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probe sequences all owed per access attéenpt. For exanple, in accordance with
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requests). Therefore, for exanple, in this one enbodi ment, the product of
NUM STEP and MApp®EtussE@hgepresent tinvemien pdetestst ink Bmpplaagerin ttheehudarent
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i nventive nethod, and appar at us. matter what |10 nethod is used to

conmuni cat e t heallpaceerding te the deteraunatiatess unit, the wirel ess unit will
store the MAP paraneter in a register. Thereafter, the wireless unit wll
nonitor the nunber of access attenpts it makes and it will produce a MAP

synpt om whenever the maxi "uUISTUMMARY QFCEHE PNOMENTHON t enpt ed. 15 As
shown in Table 3, there are at | east three potential causes of the MAP
synptom THe wireless unit might attenpt too many access probes because the

vt ve the pr SbEcBitne SR BEG st FoelSS, AT AERY B WG ©

synptom may befaeausddndyreveysy ik irbalantey freraedipital ThRulaevesmenhhivation
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In either caseSY® @ABdefQle RTPRESSING &Pfler ASERAIRGY- pr dP8nPTESRNthABXEREAN on

from receiving _irlﬁﬁﬁ&?égeélloael‘ixli@ryafa‘i@ssﬁl beggk@ﬁ! ceuE;Pﬁ ESMBIRRCALi O system

interference w al so prevent “the base station fromrecelving neEssages o n
2 5 the re2@r sdetecting iferwarshand revenseilink imbalances, alatenmining wehidhalink is

That a wir el osSUIRPY 3 Praarfe sl S8SiiaptCh BClR, RluriRBbblne I

order over thepp&ghhinvdiaisielimprovebeyplehDpedobmahicd bgldeertrinihg Wakshéhan
a certain threshold, Thl, and the wireless unit failed to _receive a paging

channel base sitPregrescrallpreadepped diaita link; imbalppgeiconditionso df fpathe
forward Iink. b?es%ﬂ? FVRAHEE Naked NdorréctiviO hHBR 'during subsequent system

25 accesses.

In a weak reverse link condition the wireless unit receives a strong
received signal strength indication (RSSI) on the forward link but is unable
to communicate using the access channel. Each time the wireless unit
30 attempts to access the digital system it exhausts all of its assigned access
probes and thereby fails the access process. In contrast, weak forward link

conditions are characterized by poor paging channel performance resulting
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dBmin PCS systens. In contrast, if the pilot channel power is great®f MRaB3
Thl (i.e., grwateerisidan -100 dBmin cellular systems, or greatgirdididR353503
dBmin PCS systens) and the wireless unit failed to receive a paging

channel base station acknow edgenent orddr, it is 5 likel y due to fading or

interference QR fo8¢ cffOt'h‘é’aﬁéjgih%; RkanAéldiTHeORAtdIdss GRfthi f ahwBld tanditifyepse
| i nk channel fading characterfstics can cause the wireless unit to fail to
recei ve a charreegivaseallgrhesanseribsannet weeivet tantpagindgrrontionelvia Ehegrdging as
shown in Table,3, insufficient traffic channel gains, forward channel I|ink
fadi ng probl er?é‘,ahélﬁ interference from 10 conpeting pilot channels can
prevent the wireless unit frombeing able to initialize the forward traffic
channel . Detecting and Processing calls in a Wak Reverse Link Environnent

Syst em con@i t iBrespredest inventéve method edeterminsist whetherda £zilune hampcturreds a

15 relatively .straon eceived, signal st.rength indication .(R e e
dser il | e R et beRVRR: Bt 8 R T RLNH BS ek figk, the
purposes of t hrepérasaiventivecmettd deebinihes deidthadtlas fdilerer BC@I @l afin Rt
channel power as neasured by the wireless unit. Digital cellular systens

are depl oyed iimbaianrces canditiog. f IVRER d liakd imbelanses [arakdptected, dbe presendinces
as great as 2 .(B. dgr. ! Q%H-W'Er it W e
unable to ori gf‘ﬁ% telgg 3 ér}’e@eei l&/@?%l‘%%%r%bggﬁes. verﬁ‘?}?ﬁéﬂﬁg mérahe(fzgss
unit attempts Basedanetiis idecershightioh, thespassentiteveritives eakenchrrectivge attivhl |
exhaust all of itms i gned access q@fso es and |£ i 11, thereby, fail the
access process’ eSHRISSY OF FPée%fél?}ésibc - WERRE SREEHSE iRKSNe rﬂmb_@‘éﬁ%%te%i ve
path | 0ss, exifefileskil fiveREBACmRHT Ui EURAR Sebdidk, i Loh BRI GRS by
system configurations (1.e., the system assigns an Insufficrent or

i naccur at e acobstermpianingsevisethena twieelassbihié )has @ttesrpted useaccesscd selecteddmsei ve
mul tipath problems (i.e.,, the.base station. has difficulty acquiring the
ever S6. 1 hk) SRR o deiedelrdmige RERBehart (Res oo Wet@e b aRmatt on
reviews thg Wn@@ﬁsdfbi&eﬁﬁlbﬁﬁés Bhs Gakh tédldnvitled By'dhéerapbaRe).Catlsof ahbur es
to determ ne whether the failure is due to a link inbalance. If the call
delivery or driopihas efithe ipaegent dnyentinne switches joperatign 4oasquopdaty Qigital

00/ 21314 17 P i I . ! L [ SteS

W reless unit VSREIRORES S ahRE FRaLIAE RISTRRE dlhykth BRI TARE
of the present In onendmbodiment)\th& gdesthe invertive aaéthode deterty wiakdforpaed
call failure occurs. The inveptive t.hod shown in. FIGJURE 1 .is invoke
whenever a cal I“%S ceaditigns, béfrc{led?‘ﬁﬁ‘pgggﬂt‘:‘é?gl l?aﬁ\qﬁl?F dh8cRaBog channs! p?’bﬁ?‘@ms
in the revwer seriffidkchabiel.i nventive net hod shown in FIGURE 2 (and al so
FIGURE 3) is invoked whenever a call delivery or dropped call failure
occurs due to problens in the forward Iink. 10 As shown in FIGJURE 1, one
enbodi ment of present . nvent. u . i S " ( .
"MAP") condi ti%ﬁﬂgrpgélﬁ&t %ﬂrﬁr}ngi]algﬂ g?:tf Stﬁga%e#gaérc{s%gq I n%%cgﬂf\}gétﬁ ?’gnas.t?#fﬁlct hi s
enbodi ment, i fclannel ¢higiatization (TED) eithe oat MAfureddlf hot) tHamhobile abturns to

origination attenpts, page response attenpts,,L or registration_ at ts, it
declares a revRmaal ?magamas»den% i1 réﬁ?d“lé“&ét Ves tfs%trgﬂp“me

al ternatiweg digigt ‘ﬁ;@% i I Ghip W Wh@%gufedi gﬁ,g%e&{ 1

i nvention ent e%t égétcep 1 gﬁgmﬁén% %ﬁlcgf é‘f\?svery falls (K(}‘rgpa I'n- par%rg‘ger ess
call is droppeid)beuest.o The | precerttf niethod etestss ¢he ipilot $¥rengthhdondetardisieown
in FIGURE 1 is invoke ecteeﬂ that. a. revefse

the 2 O.wireless unit has det :
Tk fai T ure nABOHRE e BOERBGAATRE] PPk S8t REP R ORe MU BN Palcbuld i
due to a |ink freRakike BAsO5tabiBPoP bb&iusE @ Segnifibant teifetetfeBhi@ phgivg i n
FI GURE 1 deterni nes i
channel. The method tests to determine whether another strong pilot
30 channel exists. If so, the method instructs the wireless unit to perform an
idle handoff and establish communication with the strong pilot channel. If

not, the method causes the wireless unit to perform a “new system exit.”



whet her the call delivery failure is due to a "maxi nmum access probe” 2 6 MAR 2009
condition caused by a weak reverse |link. At decision step 104, the nmethod
25 of the present invention determ nes whether a "max. access probe"

condi tion exW&09213¢ descri bed above with reference to Tabl e BCTiUSe9/23230
wireless unit stores a MAP paraneter in,g register after receiving it from
the base station (or after the wireless unit cal cul ates the MAP val ue based
upon the access probe information sent by the base station). The wirel ess
unit 3 0 conp S I C i n d VAP
condi tion mhe?%g\;edrett%iﬁsegﬁarﬁgig r%feﬁxﬁe gﬁaoﬁiéarggggg %I&%’régsh% %3% gggfr}gaﬁfegg%fed.
2 6 M 4R 2003irWention? 8l setHoithUsd e e pényimgad raw i@ cerdntliehdedieippiges ent
inventive methaod, if the wireless uni t detects a nmax. ~ access probe

condi ti on whebelpwi tPage Hg dataids phtheomvendipn qre knayyr: paymesaustacdipesal |
decl ares f aj . 4 d S .al.gernate or
eecondar v diBvarBhs aRE sHEKEE Bull oM R RRERE L LB EREL T

out cone of the MAP decision step 104 is positive (i.e., the "yes" path),
the nethod proceeds to step 106. At step 106 the wireless unit attenpts to
access a "secondary" dB&IE&]Dﬁ&C&LP N QETHE PRAWINGS y system At
decision step 108 of FIGURE 1, the wireless unit determ nes 10 whether-it
successfully acquired the secondary digital system If so, ~ the nethod
proceeds to StERPUREO i@ aeﬁéﬁbc'li'agi‘arﬁoéHBWirfgatth@rpre&ﬂth&v%ﬁ%d%é{th%ﬁs"f@fn | f
not, the nethod proceeds to step 112 and establ'i shes conmuni cati on on an
anal og sys® endetesmimingrmehetber ofrevrrsepinds éailutenisedne tmaopealareserse light | y
differently when used in a PCS system Instead, each PCS wireless unit is
programmed with a channel or "scan" |ist which contains a |ist of channels
avai |l abl e to FIGURES 2ligasflew diagkarANSh@v M theiptesdrit invantivébriethod for
specifically, after activation, 'each PCS wireless unit stares a preferred

roam ng or "sdafermining whetharna dgrwamg linkofailire df dugato asvgakt forwaed linde| ess
unit during s [ quisition. The scan list is
particularly ﬁ%@?‘ﬁﬂ??ﬁ?ﬁé’?&h%%?ﬁﬁﬁ%mi ng roam ng. Different neans

can be usesl to provide the nobile with the preferred scan list. For
exanpl e, the i st cap be entered using.the nobile' s keypad.

A ternat i ver y FGHBE 34s Sclmdiagina: shomintgha regretc nienityg ggetion dee
station or anqeiehiihid WHetlid' ¥ fGAVIIPCUNR! RPAAE i§ TR a WRAKSforWaye I fik
obtai ned, once the scan list is received, it is retained by the wireless
unit when t heresultshg és aukCh timepowter is turned off. The scan list preferably
i ncludes a set of channels (systens) and a scanni ng order specifying the
order that the wireless unit scans the channels when 3 0 searching for
service. 202 GFIGURR £308siMpIHHIBIRLR diagradodd/atypical Wvirdless tnied CDVA
systens will have nore than just prinmary and secondary digital systens and
will therefore use scan |ists analogous to the PCS scan 5 lists. The
present | nveng i dflehe ntiderd GrkP AsishatibAs it the RIS ER Rk RdiGked
CDVA syst ens. \}%egrn t ggﬁw\%rve net E%lghlmg usé‘g In PCS or m)diﬂ% ed CI%I\/A '
systens, at slikp élé@dentsast ead of accessing a secondary system the wireless
unit attenpts to access the first channel on its scan list. If this access
attenpt fails, the wireless unit shall attenpt to access each 10 channel in
the scan bikst until j ¢ TPTION @F:TH'EEI'N NTT usts the
scan list. At deci singE%e%ERPE?FeRW rel'ess unit det erv'% nes ether it
successfully acquired a channel on the scan list. If so, the nethod

proceeds to step 110. If pot, the nethod praqceeds t tep 112. At step 112,
the present i nveERYglems fhis desgiptien, ¢|£re?fefr@ r ¢ Qaémﬁﬁﬁe%%d 18ARMRERDL s

on the digi t?"shé%ﬁt Q%xgﬂdbé QohSidbtedl 8sa5eRNarl LAMMS 1ot hBQiANatiegs syt em
associated wth the nobile" s coverage area.” Anal og operation therefore
commences at s$heprédent inventiensecondary system (or one of the channels in

t he channﬁb list of a PCS 2 O wireless unit) was successfully acquired, the
met hod exit's the decision step 108 and retries transm ssion on the

secondary systgyTdesirited ibtveNetle Rfrportant function performed by the present

invention is sifting through the myriad potential causes of call delivery



channel ) at step 110. The method of the present invention therefore 26 MR ;mp
termnates at step 110 in this situation. 2 5 Returning to decision step

104, if the NAGog@Rgli tion is not net, the nmethod of the present invention
proceeds to step 114. As shown in FIGURE 1, if the maxi mum nufic3fUS3923% ess
probes has not been transmtted the reveBse link failed for sonme reason
other than a e ne re n, ot her than

a link inbal ancg)‘ ek e\{\eras%léﬁglﬁls( ng@%rt € mr{ihtueqanog usﬁ’f’t)r{}\n ik Z Fgﬁﬁl Y

nore access atwigsthér ikt Nentpilan@isy asy Ste3ponsibe VB , thac ¢ailwitedy tOntd1&hlsS- 95
specification, in order to initiate an additional cormunl cation attenpt,
the wirel ess @§farmipation magesthgmerhod apg arparae oAby RISsTIBRERtion
denodul ati ng e c el. on GURE
1 talgﬁstp fﬁ %gxleﬂ%s '? in Sé) oc&ﬂiri% gﬁfsoraep&%lp?y?%rg tl'{érgg

the wirel ess uni ers an dIe at e

transni ssi n amproeingr calbidelivgst &m@t able 31showo sbleh etitg eomditions agt on
channel and the base station, the "retry" on the pripary 5 systemat step

116 appears as SYMmP{amsepRd; thPt}?%F@Haby‘a‘t‘?ﬁé agseqiated withCall delivery {adlugess
user interfac E{Et!, step 116 is transparent to
the user. In gré@;&i %I(E:‘Eed\l/‘\ihgﬁ ?ﬁgﬁﬁpgc%elﬁ |n€etélr11t| on, the nethod checks to
see 10 whether the retry attenpt was successful at decision step 118. | f
the retry attengpti—on-the prinary systomvas.successiul the nethod exits
the decision stlep 118 anS@YMP¥Ms on the ptinary shesthikely Gasse 120
However, if the“Mexrsccass probesonr MAPpri mal Weakstaversealinknsuccessful , tlhe

met hod at t enpt § “Maxaawesspidbes’see MARy SypReverserlird ieteffetenc@hfoRel s T|r om
the 15 scan ligt in PCS systens) at step 13§xtei|'x|mi soakdad proceeds from step

106 as descri be@m@&z@m@ a CHREy E‘liﬁi{ Tn kfe‘FéHrt[ef e to
a reverse Link{failure, the present I nvent 8&6 %r@i s tﬁ 0 he

reverse |ink and switches 2 0 operation to lg, an aI system| The
al ternate di g| 1 -\rm JE? 1 me c\lcf =) and

al ternate chanfdplugso;Ieceiysbaging 18%1’?\“?i| W‘?W%"ggf@ﬁs If the mobile
fails to acqui |PiBase BatioR e digital chapinel, it swtches operation tlo
t he anal og systémkmfw@%e@%@#toﬁ@@ aad dBes| t he maxi mum access probes

condition to d¢tpdot pewsr whdO0AalBmnfbellalacke ¢xists on the Iink, and nore
specifically, woetl8rdBrthdPCS)erse |ink is yweaker than the forward link.| It
shoul d be not ed Fallafe 10 reztile/PogingeCHanRelP| DadALNY 6n forWadERRk OF | Nl Dasied
registration,” |t{pe) Basebatforunit Wil be a)h&eff@réglﬁéqgémvméerpi[&yerse 30
l'i nk condi ti ony ARGABwIQYRherOribLr eby m i m ze the possibility of

remai ni ng on t he tllePbt fle SHSE Mrelbban s necessary. A tinmer based
registration sygy U ess unit to register at fixegd

pre 2 6 PEAR

il J regi st
Conpared, for gXaHPIE0 TS i é%’?jsﬁ%eﬁiﬁﬁ' TR Ehe
ent messagen suer - up rdance with this nethod

Wi reless unit i
during power - up) Failpte i indtialize” tﬂmaréxmﬁf;fma slrvsfufﬁclagt Hgtfic ghangsl gainpos
frequency bl ock chanuelf f erent band cl ass, of faging oml foswasd dindperat i ng e.
Det ecting and Brocessing calls in a Wa a kimerferarde lfroin &herwilate n mlen t
Weak forward |inks cause poor pagli ng channel performance resulting I n Loss
of the pagpng channpipla3enLikedy CabséLofChR Delivery Fatite3GaesSDNIA! Systekfd
Consequently, the wireless unit will fail to receive a channel assignnent
nessage, fail to receive a base station acknow edgenent order, and fail to

As shown in Table 3, there are several potential causes of the symptom

et

referred to as “max. access probes (MAP).” This symptom occurs when a
wireless unit attempts to access a base station a maximum number of
15 times. In essence, the MAP symptom occurs when the wireless unit
exhausts its maximum number of probes sent to a base station. As

described above, wireless units attempt to gain access to a base station by



initialize the traffic channel. As described above with reference to TDappep 7003
3, sone of the causes of a weak forward |ink condition include excessive

path | oss, | yeédasgnce fromother cells (from base stations &gﬁh are_on

t he 15 nei ghbor list and from base stations that are not on t §?9@?5@r
list), external sources of interferenceldand inadequate traffic channel

power all ocat} ; | ALdd gy d | O emi{? i GLRES,2 3
det ect s whet héeérﬁaellﬁé oérdma/gésdgﬁtérﬁgwf aﬁ%}{g&l S Egg%lghgv%\ke%% ?(Srvvaf §OI Fzﬁ%eand
processes cal $tatiappusipgi theedcgessl chanrel enbadi mecess prolee wetiprisessas amessexi t
codes" 2 0 coq?ﬂi{}i n asﬂ@ldet ction nmechani sm_The "exitlcocies" condi tion
occurs each t FHANNeh RIERMPIe ARd) L acgess chanpels messags, ARSHIG ('R 345PEFARGE | s
attenpting tougHMHAI BROF spEaFicRNBAPRe WiteRRs | $9% BARBHIRY Yrfn [RResseX t
codes" condition occurs when the wireless unit 25 perforns a "systemexit”
functi on. SAccchatined using Sratjomiamgessiprosedigteess unit | oses a pagi ng
channel, for any reason, the wireless unit proceeds to a system
initialization state. This process is conmonly referred to as a "system
exit." The CayReDase stR{IHsOFMMPSl Thé ¥Rd M huhtbeet bOREsd Yratbid dapand
upon the state of the wreless unit when it |oses the paging 3 0 channel.
For exanpl e, tHaticAm bgitransmittedriyt any ong avicelessignid deany selecteddpase sgatdbon. -

i h | f f ] afebi ned ' f ot . 3
Cedonds) . tho TG creceuirt Gpmamis; (e NERE, BRafdet MinraadiglR (6 odiner’ , o
MAft  2003L0NO (RpStant sPETEMIpARmerss) #e afotitcédsOpur@inetery Sthessalge’s svih nthed! €

state". The wireless unit wll proceed to a systeminitialization state.

Al t er nat i vel ypagingt changiel.e| &g saqeprdance witha the siS9 specifisationt theyantite does
¢ : . o def | od of

lime (ocg . TPRLeRndl SendRion: HEESRECI] Beodtuy W0 (LB B aBR A o0” ©

"exit codes" ackibwiedgntint”fopsthadimesggads eélentdl to a9 ady Shemsnatesptst ate. "
The wirel ess wl_it will again proceed to a systeminitialization state.
w

Ref erring now'Yishiny @ﬂE arCesp (9IRS cAiceISnDk F(ﬂ{e&{f’épgds‘t"é‘b afggs_slgrobe
whenever g5 Cak%la_'&?\lcéé’erc‘%&féaa‘&e%s%bﬁoseguﬁﬁée%\E?Mﬁxlﬁrﬁeﬁ mesﬁeémaa AbnBEr ¥ heN

t he net hod sho in Fl 2 1s 1 nvoked, el ess uhit has _determ ned
that a f orwar dedessprdheis] all érapsmitteddon theveamve adcedsachapoel.t dheefigtraagess

whet her the fail.ure is,due to a link inbalance ne_ ot her, cause., As
shown 1 n' FI GUREOBS &% dnkh Adbers prBbe bdueriB B ARRFmBled AT sl BOURE 6L o1
step 132 to fidlativéleoethdl ASmifiAL lipentlasp Cpbivetldbveler Eatlvisubk@quent aReésd a
| ost pagi ng channel. If the call ellver% failure is_not due to a | ost

e

pagi ng channepPrgbe withinpesequence,is trangavitted ghaspewen leyel thak isatspsgifieshyes

deci si on ep . R 3 L |

tops. ar & dosaripd Fiahep MR IE TpAiblic dfeess pithe BRI RHEREINE o
If 2 0 the cafdr efehi segquenéaid chigseinson Leepsendo-taysionp dgsis froimaameing( alleof t he
"yes" exit path fromstep 132), the t hqd | eaves .deci sipon step.132 and
proceeds to d sqcﬁ?‘?ss‘flé%mf&.as‘?ﬂ%‘a \X)Q&H #nwlfﬂvshﬁvg%éﬂr thEREEe of
weak pagi ng chrawmedl. power 25 or weak pilot channel power. The paging

channel power nay be weak due to an incorrect gain setting at the base

station. If so, there is very little the wireless unit can do to establish
conmuni cag i on-w e affecte A58 L ON 11, Thar t t he
pr esent ?én%entrrwsgr?té s%rr%%’gﬁhue’gr l(%‘cel v%%?gﬂ%(}[nys?%ngq -g{:o-?\ i Sg@f%%%%ng{as step
136 if it det ¢fefériedl (& deci séiterd3 0“BIAX_RSRP)SEQrat ffee wiregparsesjuni ér | ost
the paging channel . Nbre specifically) at step 136 .the wireless unit tests

the ratio of t NAKeRERQSEQ |léar eeqnesis]iassoriated anth eacBcagesssy a§BRY- Thi s
ratio is refe it leSA i fhcah i O
00/ 21314 PCT) S&\S&fggez 38}1 & lemBoatRa fiHeaMAP BarameteP N HetePRindlP by
multiplying the number of access probes per access probe sequence by the
30 maximum number of access probe sequences allowed per access attempt.
For example, in accordance with IS-95, the number of access probes per

sequence is determined by the variable referred to as “NUM_STEP”. The



23 the "pilot strength.” As defined in the IS-95 specification, the ij(MA 00
strength is the ratio (in dB) between the pilot energy accunul ated over OM
pseudonoi se ( Ly period (E~) to the total power spectral density in
the recei ved @I%ﬂ%ﬁh (10). 5 In one enbodi nent, the nethod d%?’gpﬁ?%é?o
whet her the pilot strength is less than aspre-defined threshold val ue
(Th2). As shown in FIGURE 2, at decision step 136, the esent inventive
et hod det or i REERRTCPh Ao B BUEI R AP R A Preater AeThRp s fdlegRg to
embodi nent, Th3sensaks RSP3SEB)” 1fdr MebSorises)aot _MAO@RE(%!SE@N h&dr réquests).
empirically determ ned based upon field experinments. Qther threshold val ues
can be used degdemiate ufon pwamplail i thist eneerpmbediments. the prednit oof
strength is no @ i1 ot .St th._i fficiently

hi gh) the met ! %‘f—@gggaa‘{sh‘pﬁé?de%‘%&éﬁibgCe‘?"f‘%é)srr%hea%ﬁ@g|Pgr%'§‘ﬁge§ff, and
retries conpuni cation with a neighboring 15 base station as descri bed bel ow
in nmore detail. However, if the pilot strength is less than Th2 it is

i nsufficient afiPwenernthe paesansdasertive methpd; and apparates is mottlimitedc o1 ed

th il ot .S 1 ffhGi I L ~[ 1905 | th
poveron The gty SHORIAL 5y UM Nori Fl SR, EBeE sHoile
strong pilot chennake deffervng laakdss técbinidites vdride déffering)INIAP! paruinétees cahrisgg

pilot is available the nethod proceeds to og‘{%ci siQn step 146. However, if
anot her st rong Ysed aYitk e RIEsery inyentive Metiiod, apkaPRaratye pNecBatisr tshat ep
140 to detgpm Qﬁet%éi'ifsmgﬁetoa&?nﬁﬂﬁbf%attwhgmrbFéfaﬁh@c@f té ]tgﬁe %ﬁix@le%?%nfthe
wireless unit is too tar away fromthe base station; or (2) significant
interference ethsaraesst heitpwilbtstarhadhaeVAR perametenean airegistess Theteaftery be

conpeting for the pil.ot chann . A ci sion st 140 the present nethod
conbar est he. mihi PBresectn il higritosdRe THBer” PhASSRORHOTRR G, Akef
mobil e’ s RSSI ijg \Jiﬁsﬁrécﬁi&‘_ Bhﬁﬁlﬂ‘rsgﬁﬁ%ﬂ Wikhdvek OtheMRESMUS | AinBeP of
because the wireless unit is too far "away fromthe base station. In this
case the nobi | @aceass paghes isattemptedh a secondary system However, if the
nobil e's R§§I is greater the threshold, the pilot signal-to-noise ratio is
| ow due to 2 s MAP zoo3 WD 00/ 213l 4 PCT/ US99/ 23230 24 pil ot channel
interference. |As §{dven dASFable!s; thereidre ak Méa3t shise poicntial ahases\bf the MAP
specifically, and referring ,aglai nto FIGURE 2, at decision step 138 the
met hod det er ni S¥ERMAEY hERe Frigeleasqnif GighhplemphtoQ manyces? ar%eéatyﬂcause
determ ned thr e - B : : VB e 3 AU S,
t he val ue of Tﬁﬁ@?és&[g%%l#lg?é P{/ea? 1%%@&&#}%%;{%%?? aafé gfe%illoﬁﬁ g%ig%?ggngﬁtaﬁ%
-103 dBm for P@sreivesttbasprabesedur to thmmakatayersearlinds aAdtermatitegipnce M ARon

t he coverage |ink hudget. The |ink,budget is dependent upon, several system
bar anet or < 0uc AVPRG T4 Berraraed g darerse nk GRIRGRhe ORne oleterie, ik | or
(LNA) and the rpgeferéiceneirs defcatisideby bkteirtd s8GRtes) or b9IBupb avirdleds (inis. .

the nobile is too far away fromthe base station) the nethod proceeds to
stép 142. At stBeither ¢ase, the sevesse binkt infexfergncs et pEevend Hes bagnatation

digital system e i bl $h 2tHePMRosi S As Cr} a
with reference ff%gFF%Eﬁh%f @ggﬁg%% é}})ngl syst%gnst:(ﬁ;%%%ellde ?ﬁét ﬁé@%‘%’at 2%\/]@
States wi || at tintepferemmeewsll aise peévenh dhedlase statioa frofn reretvingameksagesion i |

the list ig_exhausted. If the rel ess unit acguires.no syste Lt
initiate a 5anz§ﬁ%g"i¥8FﬁﬁJﬁF i \é\fﬂa nGSSHMNG, 1B Ltsless, Unih q@“awy 18
avai |l abl e. Therng&rsgf,ulii{‘&taﬂqngtgc@éggttoftaé lcRahmelstep 142, the wirel ess unit
switches to an anal og node of “operation. If the nobile's RSSI is greater 2
O than Thl at decision step 140 (i.e., the pilot channel energy is |ow due

to interferenc e pr nt e, ep .hdd . wherein t
wireless unit 2‘?1‘1%% grea ' ﬁggte%ﬁ%agsgig{aggsﬁgﬁ%@esg a 1§@ve1?1 éﬁl\é%n%et%h{(}'(f Q%ase
det er mi nes whetsegtiorn agkhowdedidmiénti srderSonmithabpagiapg cleirrlon IStthp pHdt | f
anot her strong pilot is available, the nobi l\e g‘aﬁfrﬁges et her the pil ot
channel beP8ngshapngl pawerds dessdhan GueRItadn thrrsheld ol s sanshihe wirglesspiyt
list." Each basg; Lon. fer ' ' I- S ;0f
et ghbor 1 ng badsicd & FARLRY £ et ihaRRE BuocutaRGN o Ow REfelfbrt et S 1B,
of a system t hdikelys daeneiagiieak forvearsl lirk.t heofe @nbokliment, [Thlais -€l®ndBircéni on
system designed in accordance with the |1S95 specification. In PCS systens,

t he nei ghbor list is provided by neighbor |ist nmessages and extended

nei ghbor |ist nessages.



2 6 MAP 2003 WD 00/ 21314 PCT/ US99/ 23230 25 Wreless units are only QW?O[H
to performidle handoffs to "nei ghboring" base stations, i.e., to b
stations th% §§ on the nmobile's neighbor list. If the base station is on
the nobile s'R /g'ﬁb‘br list, the wireless unit initiates 5 an PGTAIIRAZAIGof f "
and attenpts access on the new pil ot chgnnel. If not, the nobile perforns a
"new system ex and enters an idl ‘ﬁ;ﬁt ate, Mre specifically, . and

[ty k . Y, .
referring aga?rehu]caé ystenrez and isprd O3 €iBn dngbSrsystraas-wha cretrashéf the eilptpi | ot
is a neighbor hSJaPl i i _R6h HEWR'; t hod
proceeds to scth gfan%ﬁgbavhbg?s eg%\e%g%%é\%nrFgﬂt'letsgg&ﬁ%r%ﬂ%k%aer?f ggdr)rs an ol é{lguﬁ?
handof f" and systemsesr tgreatentlesi eh03odBrhannB@Spsyistémshandethe wWireless ateitt wo

types of handoffs.in a. COMA system n awreless unit is already. .
cggwuni cati nga'&%ff Hy reEetYeaA Pﬁﬁ@hcj}?ﬁ@wg?secgﬁtlﬁeﬁcépﬁ“aeé&“c‘i’f"?mt %‘E&%&gﬁflst 0
switch be%"\’eq{kels)y\?ug ik ff@diﬁgtorqa&?fe%ﬁéé SR f%he ot atpBdR! fﬁdag%lw Yoth

W reless unit i n communiFcation with a first and 15 secon

si mul t aneousl|fprwamld ande reviersd divsk whianneli faclimg dwrackeristits eant causeséhend

cell when it noves out gf ft’(}ie cover age ﬁirlea egf a . first cell. In contrast,
t'A ufdnes A

i dl e handof f VBEEH WHeP dAL 1 FRERES 2,AMnne! ASHIBBEMENNTIejass PYEF thsrfic
channel . 1dl Epla?i’fﬁ:@lﬁﬁe?c%ﬁame& S A NI TaBES BE SRk F1iRichit | t?éffig haiiflel as

in step 148. "If e pilot 1s not a neighbor, the nmethod proceeds 20 to step
150 and per f @ains, aforwavd sgharavel elink. 'fadingt problernst arnde interéérenee ufriam

enters an,.dle state an oes not _retry transm.ssion o he digital stem
ot o1 11 ng oW orP g ARt ek Bt Yerts B R irded upth AR Peher iad¥a 5%
i nk fail ure ihRisgize QHBf6FRsrdaRdffidendra@l.ng channel is not lost. If there is
n o |l oss of paging channel the present nethod checks for the occurrence of

a Traffic Channel Initialization (TCl) tinme out in decision step 160.

According to Iﬁélgct{}:%' %ﬁi ?’?(gc%sfihg%%l,f_)ﬂt aawl Jég é#?seoﬂmlp%ﬁi%z?Q?n?ver. the

w rel ess unit a given 3
0 interval ofSystem.cohtiitionECexist wheteih hasirekssrurid, wilbeligplep ehit itrivenki ve
met hod tests for, | jnk i mbal ance, as descri b?&xﬁzove Wﬁgﬂ&&f erence to Fl GURE
2 (i.e., By t'8 Wﬁb' st recsived sigRat strengthy ndicasign ( gbthe pger will 7 ¢
NCR 2003 WO G{l YN ]e) : | Qb i I+H N0

i mbal ance i nq% g@féo@%b%&gné%rggf}%ﬁ t}ﬁ?ﬂﬁglﬁ%ﬁgﬁﬁeﬁﬁdgﬁ?fﬁﬁﬁﬁf et&e
however the fprresentdnwestiont RESE is defined s thebrdceived pilobkchamneihpowkoras, i f

a TCdl tine out did t gccur._the presept Jnventive nethod returns the
Wi 1ol ess unt dnetsuted iy " Wi OR, SAE2Blglil)’ SUF {EHeIRE Al 4Ry Tang
again referr iaieasaﬂahﬂ?t forvafiVRRdIevbie RARSSAth loBY efibal£éndeBtd30ttedehe 201 NES

whet her a TCl tine out,  conditjon exists i ri decisjion step 160. |f no TCl
time out 28 d Hbclinderdhererqonditionsciheqwinelessiupt ill e upgbleciooxiginae o3| ess

unit resunes 0al ' tpéé\.gv [ : t,] R S +hkhe
met hod pr oceelggélgg t%}ggﬁét?%%ms};f ep 4%etpgi‘gléggessp¢ﬁt st r@hg? %%lsésgsttg%t ed.
The remai ni ngligitalpsystemwonder Fhé3dREoRd jpimrfsoiimwitle ekhawadt! glltaf itheseigned

descri bed above with referenc 0o _FlI E..2. Specifically, step.,164 perforns
the_ same. f unclorest FIBDE A 36 erehyaa, the, acBe prode, Sea Oh s cabss 174,
and 176 of Fl4gyrkaldrdRirsOtinks NAclndBTexcEsivé Puth A8ss; eXBEmABShtedtdfonck4én 146,
148, and 150 of FIGURE 2. The only exception is that instead of entering an

idle stat?s (ehg. reverssp linkd arid AmpuRPer)system copfiggeitions dieatthe sysbemThi
at _deci sion sf %%P%ggl i@&‘@@%&‘%{n‘g'r?%%{?ﬁée&h‘réteraectcgéé“ﬁaéa?n&% 15 enE eSO fHerSt OP

162. Cther tH&
causes include excessive multipath problems (i.e., the base station has

difficulty acquiring the reverse link), and excessive loading conditions.

30 The present invention reviews the many possible causes of call delivery
and dropped call failures to determine whether the failure is due to a link

imbalance. If the call delivery or dropped call failure is due to a link



2 0 remaining steps of FIGURE 3 function as described above with reference
to FIGURE 2. Thus, in summary, the method shown in FIGURES 2 and 3 i< 6 MAR 2003
i nvoked whenew@no@i3f4r €l ess unit encounters a forward |ink fai

shown in 2 5 FIGURE 2) the nethod first J}iet er m nes whet her the‘l(g\ﬂ'r/"risegls’éézgo

unit | ost the paging channel. If not, thée nethod proceeds to step 160
(FIGURE 3) to; Lneuhetheh dintehtidn Badidis RS QLEHEdLdinit f 100G ti e
out has occurrlggga?%r{r?g'the Ea%:a{r}é (l:’\hanneln V\I%.S nsot | ost), {Shgl?lgré\rlgrg-%%%k
failure i s notcodreetive aatidm b prodisk ahe eallCoFtse qushod yof thieepresehothyperai@eds

to step 3 0 162 wherejn the wreless,ynit resynes nornml. operation.
However, i1 tHS IBEGKe, WACHAYEF fusall dliver T BrRRRAchERIl il ihec pern sThe
132), or if thavdflivé| FRMEY! shGRndgheFIGIRE 11 idefivpien %ﬁ&lé\@g),

et hod proceeds to =2 6 MAR 2003 WO 007 31314 PCT/ UB90/ 23230 27 Lo el

t he causes 5f ordelivereor droppeddiall failuae odestsrdietb problems iddheaidevhesedimabove.
As shown in FI.GURES | -3, the nethqd of the nt, i, nventi o i.Lehes .5
operation to & HBYe%t_\?‘éq I %F@‘ih@?ﬂ%? (réi]f@?ﬁsi g ?@é@%gﬁﬁ@gt anlés
shown in FlI GURRvéKk&d whéndieri 8lcainaaindrd, 8s élagg_adldanﬂéﬁﬁgso@c@add@ yhen
it debermnes that a |link inbalance condition ists. Although it may
appear | ogi calproblems irctheofpewarddink.o a sea~ndary system or different
channel, it should be noted that the I S-~5 specification nornmally prohibits
wireless units 10 fromsw tching to other channels when a problemis
detected am a g£9gRowh. inRBIGERE 1 hthel &mPodipest fofabe ipresdmnigdeasiohhabest fe
wireless unit enfiers a systeminitialization state wherein the wreless
unit sel ects tHBaHEMM @oMss Phabpie(oraMdF soaditien ps sympterotedetest yeak:
unusual for a w[&hg %e*\aitg%%f.o e %&b[&ﬁn!e 2% §R§ﬁbfeb§%fdi??je&é%{§¥“ tch
operation to other channel's enh it encounters problens on a firs
channel . I n acdaRlesreditionh glurhey tdll bigimetion attainpts) pagerrebpoisselattérApts; ©r
normally only permtted to switch to another chanﬁg& \g%it it is_instrucgted
to do so byt hereBifstaEion pHORPE,, it declapes, A Jekerss Hpknarilang rapnditier eardng
cal | del i very flhis88 1(8UaCtdbhatiTeHigRaPehdrthdlne forward and reverse

| i nks. The present” inventive nethod peFmts wreless units to both 20
deflect link inbalance conditions and to switch to other channels if an

i mbal ance condjtdi on exists. | .Sswi_tching. i r ef erabl ormed in a
mnner ¢ hat _dobeeitihe o B HCURER. (8 prestl IpkfafibR SRR HeBIR i ERE on
provides a nmedi a4l gelivery ﬁaﬂgqesahrm-lgﬁigresbetdlmr drdpped)dee toofasitge Y thenk
i mbal ances that conforns to the IS 95 specification, 25 The nethod of  the

present i nventie¥Arser Bnkr akyhenexeumather ahawer aprBKddBEr 1ol drrledidhg
processi ng é)dev‘ivfr‘élésé‘ uhfthad dRL&EST HU S-reﬁ!::'g? N EYRY hab cﬁ?ﬁeﬁ?‘ﬂo@«ﬁ&re‘?e

i mpl ement ed using any conveni ent or desirable sequencing device such as a
st at e machi ne, it gloes @ot kabat e-hethér shefailaies & due tboglink ombéalaske or some

programmbl e gate. ALLaY. fNE SGventiZe” thetitod Ahowi 100 FHGURE " Uerermires> "

whether the call delivery failure is due to a “maximum access probe”
condition caused by a weak reverse link. At decision step 104, the method
25 of the present invention determines whether a “max. access probe”
condition exists. As described above with reference to Table 3, the wireless
unit stores a MAP parameter in a register after receiving it from the base
station (or after the wireless unit calculates the MAP value based upon the
access probe information sent by the base station). The wireless unit
30 compares the number of access attempts it makes and produces a MAP
condition whenever the maximum number of access probes has been

attempted.



In summary, the invention includes a neans for 4eterm ning whether a
forward or reverse link inbal ance exists, and a neans for processing %QIW@ 2003
based upon the determ nation. The present invention advantageously reduces
interfer ence,w?ﬁ%‘c}%s system capacity and i nproves call del i P&TUS3923B@s

in adigital cellular comunication sysigem By reducing the anmount of

access attenpts nade by wireless units having |ink inbal ances, the present
invention reduces interference to other users al ready conmmrunicating on the
system Conseqaeaédoxfdaﬁééewm&{t k@é&ﬂ”iﬁ%tid@prrgé(ﬁ%gcai'f'tt&?%ﬁél&é’s H1E
present invention is particular fuseful I n 10 broadband wi rel ess éllgltal
comuni cat i on deyette asmexcaccess BOMA coptitivmrwhers tinititingo weigtnation,apage 6irnds
utility in COMA _PCS. and ot her digital cellular comrunicatj.on systens. ,The
handshake pr ot%%’(?%t’tﬁ’é‘si&?rﬂgb' é‘bg%a’fﬁ@ }aa t iqf(ﬁ)\eirﬁv%rg? Hifkh e %RdSt he
PCS systens, apGrehReffit€ orWsboordRaee” dsehli systdne. WEbt e«BRWle! & Rown in
specification. The only significant” 15 différence between'the COMA cel | ul ar
and CDVA PCS FIGIHRE 1 & theeutcame of the DAATsdecisidnfstep tohiaupositive die., Bh&GURE

4 i i pl i f,j ed, bl gck . di f a typical Wi it.400. The .
i el ose unit 480 PRADatu AU, Proetis R sfen e aRiRp Moune bt nit 2 o
406, a codec 4QRBmE tHfactdsadl ‘Qefsritiion@iital stecm(aismtaadvbﬁhethﬁmﬂgwy)

subsystem 410, an ‘anal og baseband processSor 412, a speaker 414, _
n cr ophone 416ysteme ditidesisiorosiem Yot SHUREs 1t the RiiretessFupith setararingso,

t he anal og,bas proce 1 .he ry 404 n he righer.al

(whi ch | ngPude‘sggt?:‘%rd‘é\ﬁ égezsgfa“éé’kéﬁ/%&o‘gerddé%g%s;%%“a%&’ ‘?‘ﬁ%ﬁf w@ﬁ‘-cﬁ?&’afﬁai ode
di spl ays, ringréthod prodeeds epbrpel 14116, edtalslishheompaatieitichd on The seddgidairp|
oot Coun SR b o ot ot 6 e SR

or bo c8Ptu r ds” r St i re
control s nost : I | i activates the features of the
wireless unit .&%ﬁu@%ﬁlﬁ#@ltngg%gln%%&igggbglrsﬁrﬂ'm is one of the several routines
stored in the nenory 404. The software is executed by the enbedded

m croprocessor, Wthin the djgital nodem 402. 2 G VAf ~ 2003 . WO 00/ 21314
PCT/ US99/ ggzso'f% metheroef th PERISENi AYANEOBr OPREAIRE & éhﬂYigéf-?ﬁ?l?tgh WheR
been descri bed,selighes PCS's%t_%m.']!nsYéaH', ehéh rodenRbRes uhhals ¥rdgdr@thined with
nmodi fications nmay be nmade”wi thout departing fromthe spirit "and scope of
the invention.a fanmelesniigdan” lishavipeh omtaing e tist oh channels cavailable &9 yhef
syst em par anet Lt a . .hec vakl.abl e). i j e
det ecti on nec h‘gﬁ?lse(r?% u pgtdxe@ggll‘%g 2 g\?/rg %‘% g’r[f&el%eérﬂ)%élélférgr% t ?#?ﬂhge@g‘{ag{sbg‘m

i nvention useseachePCHavirelassC@isis sfured asprefrtedredaning ol ¢tent” Hstv@aktaingngr se

i nk inbal ance. .In the er‘g)odi nment descri bed, the present inven{%ﬁqn useg t he
"exit codé®d" 1HYIRAHER othat| 2ewsts, the JWireless unite dugingTeystemySelsgton ; gn
detect a weak r § Mo 1 : i ' i3 not
So i ted Ay apacdulstion T IMeRER LR DR euhllp AP (i KRG, T2
i mbal ances candimingsedmingh Differenteneans i qandre sed topeyide chaumpbide ivoith
carriers can opti onzll 1 YsSe Lihe resent L“vnvtﬁnti ve .I'tnk i mbal anﬁe det %ﬁti on
nmet hod and 15 tg‘ﬁp@l’i’e FRIEY SEMURY S FRETRI S Sesca‘?#‘é fan Re SRESTRHABPIRE ) i nk
i mbal ances. SomBbilats’ keypadiByAlbanativelyy tHeblist cai ecehtebed | Wngag ksetPice
systens available in case of link failures. Qthers may not. The present

i nvent i on 2GherRfOgramyming statian G BRaPVektheseirogesviseaprovisioninge OFySP)
conmuni cat i on i en ' bt doSnt ts

invention is nrg‘ta 5{1%' blgow}g%lf\gg{ag& C{Jg;el% gpﬂgtgi %c?% 1%?%3@%&?%&8 lgq g%ﬁ?rﬁeerﬁ l,wbut
only by the scihpewideldsseurippeinate the wireless Whitts pewer as merheds off. Th& dcaAR
2003 30 CLAIMS. 1. A me‘D od of detecti?g i nk i?bal ances in a digital
cellular co tcpreferably, includesy et Of dranngls, (systemys)ofnd,ia &f &nPiderang
a plurality Ofsg&ﬁ?h? Fhé ObRter IR CiHE {WHEREL SShRNScdnsOthd Néhdi@es Skllehons
to the wreless units are made using forward radio communi cation |inks and
wher ei n t Bénsnseasching for sarvites wirel ess units to the base stations are nade
usi ng reverse radi o communi cation |inks, and wherein each forward sink

i ncludes control and forvuard traffic channels, and each reverse link

i ncl udes control and reverse traffic channels, the nethod conprising the
steps of: a) detecting a link failure In a first radi o comruni cation |ink
between a wireless unit and a first base station during a call initiation;
b) determ ning whether the link failure is due to a Link inbalance in the
first radio communication link; and c) initiating by the wireless unit
conmmuni cation using a second radio communication Ilnk if the |ink inbal ance
exi sts.




2. The link inbal ance detection nethod of claimi , wherein the det ecéi n@t
step (a) includes the step of determ ning whether the failure in the i6rNEAR 2003
radi o conmuni loBRzq4 NK conprises a reverse link failure or | i nk
failure. 3. Tﬁ?qofzrl&mi nbal ance detection nmethod of claim2) f&’r({.lﬁ@wkgzm
conprising the step of determning if thd9reverse link failure is due to a
weak reverse link. 4. The |ink inbal ance detection nethod of claim 2,

further conprising the step of determning if the forward link failure is

due to a weak forward |ink. 2 G BAR 2003 31 5. The link inbal ance

detection nmethod of claim1, wherein the digital cellular conmunication

syst em conpri sModifiediDMA sgtems withbaye mrotenthanajisé piémant pod seeendatyof

claim1l1, whereiz.:ih i qit |l 0 i Lon te onpr bses. a_PCS
cyatem 7 Thedruiktl oy Ristle- i Sl BePltor NBY RSP LSRG R ERPES HEC o
of det er m ng nglisfs. tTiee peasensmventivefraethed wilk bk aised widkarigviarsgh POX and

i ncludes the step of determ ning whether a maxi mum nunber of access grobes

has been transmaditad fyDMb syptedisesWhem the snventivg methpdsis usediinoRCSor The
I i nk i nbal ance : i t i 0 i o %>§i nmum
nunber of accegg?&plﬁg%egmlhggt %gesrﬁng’t tgi te?tépnagg’\,\gﬁ:tgés% (gaggéﬁeyﬁé sa[ r?tggcg%ge )
which is sent bysteine theé ndteldsaamithttempits tooaddess the fitse ehammeltoroiterscan 'list.
control channel aﬂgi;oci ated with a_ folvard |ink of sﬁwgﬁ first base station.

I r

9. The |ink i ndfthiscaccass altemph fails, Hbg Wirelessiunig FHRIPPE dAREress rRpchhe

steps of: f) -chifidll 31 8@ Bdard I'l%t V\q;]t‘it‘ﬂl q{sf%,uﬂégsgﬁﬁnﬁ/mﬁtg*i & OPhMhel or it
secondary communi cation systemif the maxi mum nunber access probes has
been transmi tt eshdusts tibe wcare lliss sSAtrderisian step 108, she baireless atriiomteterndings

entering by the wireless unit. an idle state and,then,re-inif{.i.at

communi at | on WA 5F erereserully; adaidl A et Mol ofiuhE siPB iy s b oy thene
maxi mum nunber n@thé&cﬁ@%eéﬁs%eﬁeq?ﬁo.n% n&e e (rhethod piReedy td BRPMIZ! @5S
unit to the first base station. 10. ~ The link inbal ance detection method
of claim9, fustepellZdhprpreseny invensiospdngiructs thecmghiler tmlepingfe access

comuni catTon SERRH AR REEAGy R AP ARt skeb AT ihs anslos,

renmai ni ng on t bgstpin EBsocidted)i with ehé | mbbile’s oopvutag@tdrea SWtatog | dpération
communi cati on s successful) else prgzceedi ng to step (b); b) 1nitiating by
the wirel ess ubieretsgFORIRERGES Rt SRR b2 secondary conmuni cati on system and
c) determ ning whether the wireless unit successfully acquired the

secondary communi cation systemand initiating ~ the wireless unit
conmmuni cat i on &htherseaoadary sysvemu forconé ofitheyciaamels in fee sbhawmelalist of a PCS

conmuni catlon sy.stem not suc fullv.agquired., 11. The |ink. i nbal ance
et ecti on 78 nSNIERAERPE: sTttERdRmv atiblo e Hosned i e B Pislar o
link failed duggand retrids franymighion bn tiecsecd@dary system (or on the next PCS

» channel) at step 110. The method of the present invention therefore

terminates at step 110 in this situation.

25 Returning to decision step 104, if the MAP condition is not met, the
method of the present invention proceeds to step 114. As shown in
FIGURE 1, if the maximum number of access probes has not been
transmitted the reverse link failed for some reason other than a weak
reverse link condition (i.e., for some reason other than a link imbalance).

30 In this case, the wireless unit will attempt one more access attempt on the
primary system. However, according to the IS-95 specification, in order to

initiate an additional communication attempt, the wireless unit must be



the steps of: a) determnii ~g whether the control channel tranthkg@Wznm
the first base station was |ost and proceeding to step (b) If the contro
channel was not |ost, else proceeding to step (c); b) determ ning whet her
the wirel ess WAP¥213Hoduced a traffic channel initialization (PCrjuspi/ze3i®ut
and instructing the wireless unit to re®urn to normal operation if a TCl
time out was not produced, el se proceeding to step (c); ¢) neasuring a

f orwar d channeermdyiatingtthenbgsh paging \ohdnhyl.t h€on the ecasomi tas fshomw hien

first base stat] d proceedi ng t.p ste i},L% the forwar hannel . si gnal
strength is s%ﬁﬁg]&gﬁt L %ﬂwegﬁ%g@giﬂﬁe o(aQt eHh@d) state t]ﬁg g%é’%rrﬂtr&’ﬁ%nel
si gnal strengifinstisdio ! fonCi @Rl ; pibhafiet Sydtei NGt ERpNer1el Ne d I BbESSiHEN t
received a sufficiently strong second signal froma second base station and
proceedi ng t o cemrepunicaticn MtRrzed andidtheghasefstatienf thei‘@atryy et thagrimennd
signal was_received | se proceeding.to step.(e), .e),determ,ni whet her a
o6 ved P ongVtER i 1 ARRErORS F LoRPGotigobh BV UnF b Sia 4R iclest
than a predet e dasbrtintaedtal dHYMeyr, the retr9UiBsMPe %tdd1€16Ms" &laﬁ%ﬁxrh'ﬁtt an
idle operational node if received signal stfength indicator is greater than
t he t hreshol dto#heiuserel se , initiating by the wireless unit comunication
on a secondary systenm g) determ ning whether the second base station is a
nei ghbor base station to the wireless unit; h) - exiting by the wreless
unit the digi fal aerdahek CHithothé Yisleséhiti inddiRiGeCom@ RAsMoH adHeeks ito Bad a
nei ghbor to the wireless unit; and i) , perform ng by the wireless unit an
I dl e handd®f avitethen thexretriyattemptrivasasuceessink at deasioncstep bk e lfsthet resy on a
second radi o i cation | j f tati 2] g r to
Tho wi rel ess CRCRL,OR T prifleey sybih AEIRCASRuE fid HRetting” BRI
wher ei n the pideoisiosi step 18 ahd remeainy el they ptiddd rygsysterntdtetép 1201BHoWevar, ot
energy received by a wreless unit and accunul ated over one pseudo-noi se
(PN) chip per itbthe retsy ?WEWHE%&@I PPHRAEY SSEIR WiAS JEHICESSS fttﬁé rﬂﬁgtq‘f/ed
bandwi dt h (| o) ' ' 1?(?5}2 t i :
wherein the piartgé%%}gﬁaékisghgb{%gh | i%ﬁ%&lﬁf (c%glapghit@glgias&{t%anrﬁ%f%%

14. The | LBk iscdralistiodPCfesysterns)matrabaphtdb. ofhe medthod2 pradeedsifrom rtepl0@as
strength is sufficient, if Er/lo is greater than or equal to -13 dB. 2 G
E~~r; 28 34 §C.r€bﬁﬁleahqvﬁk i nbal ance detection nethod of claim17 , wherein
the predeterm ned threshold value is -100 dBmin CDVA systens, and wherein
the predeterm.ned threshold value I's -103 dBmin PCS systens. 16. The |ink

i nbal ance det dpsusrmant iforicel deliveny attempinfailsidue teageeesedink fitrenthehol d

val ue i s depe u LN €f.: oG} j h o] ni i
i nk between t g%wtre egglouni&ég#ggtﬁgﬁ??rg ag"gegewsvieg eit oﬁpﬁlgﬁa, SE’%XHPTan
i mbal ance2det expleratioretohani alterhate diigitalt sysjemn. nkThebaltenmates digital diysteral

cel lul ar comuni cati on, system conpr.i si ng urality of w.,reless .units and
2 bl Lral* Sty GPTERTs dha PMA R AUMERT T A SEERS P AerRs BactAndls fons
to the wirel e WY indbAEQ FRAQIsYShNECS Syerhd. TREhE REPIR Thitdtd ABqlikd1kRe and
wherein transm ssions fromthe wireless units to the base stations are made

usi ng rever se altethate digitaln¢heamebnit switches opepation rtg: the) analegssystemdellet i ng

alink failure_in first.radio.,co i i j.n we W el nit
and a first b}srgs %a{nleg o%u&%ﬁgﬂ}f (’:ma%ﬁ{i h‘ﬁ%}lt i%gg%sjgn?r%l? Sn§§ﬁgﬁ1%s%o?}?e\fg to
the ~ |inksfaiwhétbet¢éinbalaneg eximagon therlinlet andi morg speificllyl wehdthek the

failure is due to a_link inbhalance in_the )
reverse link is weaker than the forward link.

It should be noted that if and when service providers implement “timer
based registration,” the wireless unit will be able to detect weaker reverse
30 link conditions much sooner and thereby minimize the possibility of
remaining on the digital system more than is necessary. A timer based

registration system would require the wireless unit to register at fixed pre-



first radio communi cation |link; and c) neans) responsive to the determ’z%i %
means) for initiating conmunication using a second radi o communi cation®l ir‘ 2003
if the fink iwpdopnsg exists. 18. A conputer program execut abl &

general purpose conputing device, wherein the programis capabﬁece‘ﬁg? /23230
detecting link inbalances in a digital &llular comunication system

and whor oi'n't  ANeRridd Raeof By it (BEP BBl U6, Rbhefru 2 G RiRbeRy

made using f or wisthlodadivbee@RITLAE C &tikdless| iuks tevde deirihgt rFReEF-ap. ONdnf rom
the wireless units to the base stations are made using reverse radio

comuni cat i on PI9RINCENHh Biisgrethod, unng pover-gp. the wirelesstunistswitches

i nstructions f i.ng: | | [ | | cation
|k betveen alsrt gk e besradldicl biBct f SlererBal BafR TR L o

b) a seconds sehltefatenspetieingomodeor determ ning whether the link failure is
due to a link inbalance in the first radio comrunication link; and c) a
third set of instructions for initiating conmunication between the wreless

it 1 ] ¢ :
I g ;gggmt&aq O PR LA il DW d i Eq¥oakd Tink [ Gnippe fue Lo a

| : :

program of cl aWeakSforwaeddinks hsuser posrapaging echanntk ebfiprmanes ereshilting dose
conputing device i he wireless ynit. 20. The. conputer_ program of claim
18, wherein t nioep b e PaEN B BRaRe dv g égﬁr@&aﬂepﬁggarm%}%@g eesgritale-
device. 214 Th@oﬁ?é"q;*éh‘%lry, RROWRMes ufltaivil 181 tméke %Qﬁaﬂﬁ@lgragg@ﬁ'rég%ntp\

executed by a general purpose conmputing device in the base statio
wi rel ess comumessigep faibppaeceive adpee atatioa acknawledgement hedert dmdl fofl t ai m

1. 23 . The net had.of ..cl ai m.1,, wher,ei etem i.nl ng whet her the i ai.l ure
e o T mBeE pie Balid ot c R A Bet BB le A Telernta 0 TR B 1
i nbal ance is asé@e Of thégahdedlof aRahlafsiovarddink variditien SneRARUBkEREiveNpath
apparatus, conprising: a digital processor operative to control

communi cat i on @sehinterferesicep feam s pther ofellsn (froms tagg stationsnghatagre on the
comuni catjon |] . y 0 ' I | Qi {.al
processor, i?heh%9§qy o%}fggp%év})%%e é g??%g%hp%g%~%?~&%obg%@og P?tl)’st
set of conput eexteaalabberces sofr itetferencepernat iineldquacte tteaffic neh@nnélnkpower

i tbal ance in the first radi.o. comunjcation |i Plk W th ItéﬁREgrst gafe
station: and 2 ocation at initialization. e method shown in F 2 an detects

whether a forward link failure is due to a weak forward link, and processes

calls appropriately. In one embodiment, the method uses an “exit codes”

20 condition as a detection mechanism.

The “exit codes” condition occurs each time that the wireless unit exits the
system with which it is attempting to communicate. For example, in an IS-
95 based system, the “exit codes” condition occurs when the wireless unit
25 performs a “system exit” function. According to IS-95, when the wireless
unit loses a paging channel, for any reason, the wireless unit proceeds to a
system initialization state. This process is commonly referred to as a
“system exit.” The causes for performing a system exit function vary and
depend upon the state of the wireless unit when it loses the paging
30 channel. For example, if the wireless unit is “idle” and does not receive
good paging channel messages for a first pre-defined period of time (e.g., 3

seconds), the wireless unit will exit the system with an “exit codes”



a second set of conmputer readable instructions responsive to the first _set

of conputer readable instructions, the second set of conputer r eadablZe6 MAR 2003
i nstructi onsﬁ‘(pcf)erati ve to initiate conmmunication using the second radio
communi cati oN A Wi th the first base spation. 25. An appar atPGI/ysgp/23230
detecting link inbalances in a wirel ess Communication system conprising: a
processor; and a storage medium coupled to the processor. and containi ng

i nstruct i ons eNEitionBf esysferadpss iy idde state” .t She qwirgless anif yvilk pracged tpip a

first radio c is i : et\gfe&g 1 j al?'ﬁii fir e
station duri n% a céﬁﬁiﬁh(rzl?ttlé)g?lﬁé% Aet e??ny%\!i%gﬁgaf%l%% I rtliisfda}i?w%gﬁqs due
to a |ink i nbadcasscatatenaridhét Hoeshot adceiveo ipagingrehannk] raeskages tfoate
comuni cation using a second radjo. ¢o nication |ipk if the |ink jnbal ance
exists. 26. ﬁréoagﬁﬁﬁeﬁgeaaveaog’i Hetmeret ol %6951,015 §r"‘é§rﬁle§~°ai181tahﬁhred‘tlhs i s
di sposed in t | uni te, 27 2 3 |l j I, :25)
wher ei n thfg V\P‘r%e esgcghgvg%%'r:\ c§%< ll%ocr? dggstcg%H%%#sgésﬁ%g&h&mﬁe%&éme
appar at us as systémestcess sthti’m The whmledsnuhite willr eg@iss poaserdnicc at spstesy st em
conprises a P.(:S.sl stem 2 G ~~af; 20 37 29. ~ ~ The apparatus as
clained in cl H}lﬂ?g@)‘l"\ﬂhﬁﬁﬁ'n sai d processor determnmines whether the |ink
failure is due to a link inbalance in the first radio conmunication link if

a reverse link failed by detern ni ng whether a maxi mum nunber of access
probes has beBeferringsnowt éd BIGURE i, r theegoregentt inventienf i ergersbagtep si3 i on.

30. .ot appar at us as,,cl ai med ,i. | ai.m 29,., wher ej,n val .f.or (t,he

nmaxi num nﬁ(ﬁbe f‘e‘é?fcéscgnpfieg-"ﬂggy f%ﬁ]ﬁ ﬁHﬁstﬁiat ?déglrlenma € ﬁggl&?l%me‘{v&@
nessage, Whi Cthd é&@BH RhoWhe ihi RGURS 2 sfsalhwokdd) Hhe Wirefds8S tinii hapver
a control channel associated with the forward |ink of the first base

station. 31. dHetermpped dhak aaforwiand nhink | failurei eacagedahoweyersdt dapr yatetssor
Initiates Corgt%'trsl'ng\%é %&ﬁ'ep%ﬁ RRGN s 'R & gmﬂhﬁqaatlér?& ok Wrdd Jefi&e ! 1 NK
v causing the w 0 ini

i mhbal ance ex reless uni iate comruni cation on

a secondary cesasenAsahowh BYEIGURE 2, the mvethiodu of e¢sent inceriion perdees has
been transmtted by the wire|less unit to the first se,station. 32. The
appar at ust3is APEFiRB a1 toi tisst detepming; W&’é’&li“?f e E%PVF{Yr fEH-B-}ff? sANes
the wrel ess Lt Lot 1 110 n i i
systemif t he@gclgﬁﬁg?é}hgo%ﬁmﬁﬂgggwghg?}?gt g?n%‘? ﬁ%@éﬁ%w# uPl%agc%EE red.
33. The appar pagingahanhel (st the ‘Giali exi2 Pathifeomi step didd), pthecrethod flerveser :

causes the wirel.ess unit.4f0 enter an idle atg and,to -initiate
cont nuni cat | off€SiFIPR 8 Ppiﬁ%ﬂffpwﬁﬁ%%g'ﬁf’oﬁ%ﬁ‘ﬁ@ﬁ | fan[ci]gs ﬁﬂﬁ‘f%ﬁ‘rﬁenffﬁﬁ%r of
f;ccesst p{ obes afageskfibed 8€ Inbreddefiil hefkiRbelohe witheted&enddith FIGURE 8. 115t
ase station.
20  the call delivery failure is due to a lost paging channel (i.e., the “yes” exit
path from step 132), the method leaves decision step 132 and proceeds to

decision step 136.

The forward link may have failed because of weak paging channel power
25 or weak pilot channel power. The paging channel power may be weak due
to an incorrect gain setting at the base station. If so, there is very little the
wireless unit can do to establish communication with the affected base
station. Therefore, the method of the present invention measures the
received pilot signal-to-noise ratio at step 136 if it determined (at decision
30 step 132) that the wireless unit lost the paging channel. More specifically, at
step 136 the wireless unit tests the ratio of the received pilot energy to the

overall received energy. This ratio is referred to in the IS-95 specification as
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processor further: causes the wireless unit to in(tiate conmunication on

t he secondar ywa@oerensnd cati on system when the re-initiation of t€rsseniazo
comuni cati on was unsuccessful. 35. The agpparatus as clainmed in claim 25,
wherein said processor determ nes whethef°the link failure is due to a link
i mbal ance in Ttl'i@\’,’\?lﬂétsétrér@@lh.ﬂ a@rdafiteciadn e ISL98<spdcific fiomMahé pilopktrbagited
by: determ ning whet her the control channel transmtted by tIE:e first base
station fail ed thenatiediredR hetweamhthenplobenergyfacsuandaies) overn onalpseadpon
time out occurr [ he .cont r a t ] e f1r.st .page
station did n\rr/"t0 13‘Sgaiq’l.\ls3 .15 %ﬁ(gdpp@a%?hgsE%Eg;’gﬁ%gﬁdﬁgké?%?mdgggl%grél‘en

sai d processoredeivdd barebyRRAIUNI cation using a second radi o comuni cation
link if the link inbalance exists by: causing the wireless unit to perform
an idle hahdoff and to initiate comrunication with a primary comrunication

cysSteman 2 S‘i@%’?\% ér@ﬂ%&i&mﬁ%‘}ﬂéét\%’a deffrdihes dvRAhal b g:{li%lt ﬁﬁe&@{l@w
roma second base station of € prinmary communi catl on systemi1s
sufficient; aiestthenseprrdefitar tiniesholh vakied (Tie2)ghAsshbaae is tRIGURE 234t -

The apparatus as clainmed_in claim36, wherein sajd processor causes the
wirel ess unit de6ision stepHgoc B¥tbReseRt iipNertive emeﬂw RS &t 5§ on

Is nvt a nei ghfog sh%ﬁgtﬂsaﬁegsoma §h2Nen NRAERIGYiRRNE| FhBUdls Chidp, 36.

wherein, said processor causes the wreless unit to initiate  communication
on a secohdar hig st emtypical vdué thatnisledPpideally pldtetmiriegnbasat npogt fiefd om a

second base statign of th rimary.c nication stem,i s, i nsyfficient;
and a recei ve&xg?ﬂﬁ‘zfﬂtsst ré‘?ﬁ?%r{ﬁﬁ%‘ih@i orva:hé‘isei‘i?é‘dﬁ%y yshd 6&%’8?5% dH® i s
less than a p?ﬁ?ﬁ&ﬁﬁﬁbﬁﬁ@&ﬁ&ﬁﬂ?&%’n@n@' Ue thdBilof RereARRAAANEE 1&S tRARITEH 1 n
claim 38, wherein said processor further: causes the wireless unit to

initiate commii¥.cthei pilototreagth itaswificignglyehighy) thaimethodo predeeds fienstepckdi on

on the secondary,system f.ails. — . ap t s cl ai in . Mm 36)
wherei n sai d petioReRo Edebeft o B RERREM A ciort R el iy iR )
the recei yed daghatatiin asaleberivedl dalow irearbe ddiyilt h¢foweedresids thei pilos
greater than a predeterm ned threshold, val ye; and é‘_hg cont r(gé channgl
transmitted bytieRsth jis dessptiea dihg jtojs ingytbigient janghe smethod jrroseeds| 59 ned
in claim 36, ‘Mé@fs%.frpst@ﬁilg&pr ocessor causes the wireless unit to resune
normal operation IT; the received signal strength indicator received by the
wreless unit is greater than a predeterm ned threshold val ue; and

If the received power on the pilot channel is insufficient (i.e., E/I, is less
20 than Th2), the method proceeds to decision step 138 to determine whether
another strong pilot channel is available to the wireless unit. If another
) strong pilot is available the method proceeds to decision step 146.
However, if another strong pilot channel is not available, the method
proceeds to step 140 to determine why. There are only two possibilities: (1)
25 either the wireless unit is too far away from the base station; or (2)
significant interference exists on the pilot channel (i.e., other wireless units
may be competing for the pilot channel). At decision step 140 the present
method compares the mobile’s RSSI to a pre-determined threshold value.
If the mobile’s RSSI is less than the threshold, the pilot energy is low
30 because the wireless unit is too far away from the base station. In this case
the mobile attempts access on a secondary system. However, if the mobile’s

RSSI is greater the threshold, the pilot signal-to-noise ratio is low due to



the traffic channel initialization time out occurred. 42. The apparatJg MAB 2003
claimed in claim 35, wherein said processor further causes the wrel ess

unit to resu?;%dmrﬁ(@l operation if: the control channel transmtted by the
first base station failed; and the traffic channel initializaPFBHS28B00ut
did not occurred. 43. The apparatus as @ained in claim 36, wherein the

pil ot signal strength i s neasured taking a ratio (in dB) qf pilot energy
recei ved by tho?cga%neH,mLer Brces W%F@st%m‘)bdﬁ?&“é% Fﬁ?é %®ver one
pseudo- noi se (PN) chip period (E~) to the total power spectral density in
the received bandwidth (lo). 44. . The apparatus as clainmed in claim 36,
wher ei n t he pMase specidicglly, argd referring agem ta FIGURE 2 satidecisiomatep- 138 i 45

~~ ~ The apparatus ,a | ai.med i.n claim3 re,n the pilot.strength is
sufficient i f“Eiﬁ‘adi deferdufich wha%tﬁesrt@sqﬁgﬁi“?%n s dioblls. SrhEoupgapitus as
clai med ins cl gefargfinedhehfisRold evaliedetamMmi maded hrugéholtgpieal URn i Sbuag& dBm
in CDVA systens) and wherein the predeterm ned threshol d value is -103 dBm
in PCS syst enparyqeteThetheppalugt of Tl d$ girefedably -d08idBmsforwdigital reelladar

det er i ned_t hol | ue | dent | i nk_hudget i at ed
W th the comtnteRerai Tihetieie BT NER oFtetym s iR e PR bin e
station. 48. Jbgefd@étodpas thé 2o¥Bfgertink dudigét. IHRr BAK' bifdtiedl 16l depbAlBANY

whether the link failure is due to a Ilnk inbalance in the first radio
comuni cat i onupPPRisaveral gystenamaramgters such dscbgphreshold gignal mawergofuthet her

et orm nit Wit e CARBIF AR A b Rl i he it BB Resl P e ¢

det er m ni'hg et her a nnel “inhitializa

the control ctienThlt(l.anss inbbile by tddfarfawst flons ahetbasé statidny thetmdthiod 49.
, The nethod as clgi med in _claim48, wherein initiating by the wireless
unit communi cRF¥RAadPrYeR 14écdhusterdlds theniirgless UBK AltaTapts acerss |gmia

i nbal ance exi ri; : i [SIRTY SSridad t f n il e
andor  and t ORI L EREr iR, PARER orrhBhER MR to COREL e A0
comuni cat i ondesibad abowe withaeferenc w EGRE I 1c /[Scand sorke isfstemsZoltside-4R
ZOC3 41 ilgt si rength froma second se statjon of the,primary
di gi t al (a:]e§ I uﬂ?ﬁ' ﬂfﬁ%ﬁ%&%ﬁ %E?gf%trﬁ‘?cgsss‘?ﬁ ERE éﬁ‘?f‘n nd! %Fe@d@r?gs%e
station is a [l gRBP'thBARE i§lekhh@ited SOIf the MSrelBRs Nadt avqhilrds MRIsysierhl 4 M
49, further conprising exiting by the wireless unit the comunication
systemif thewdlcinitialsasn anadeg sommuninationmaisifpen naleg styatemyrif ®he fhe

(o imitiate ORI Bar iorvare Kol A GRRDE A0 pRBELN Ap "Rl BRL o1

from a secondswitghes tatanoanalbg trnederefmeperacionnUIf that inobilessRESI iis greater
i nsufficient; and recai ved si%al ?1 rength _indicator received by the
wirel ess $hi t than [Tddsat degisignsiter; d#@ (+6-nEie PHPESh3nBel snefgy is low due to

interference), the present method proceeds to step 144 wherein the wireless

unit enters an idle state.

As described above, the method determines whether a strong pilot is
25 available at decision step 138. If another strong pilot is available, the
mobile determines whether the pilot channel belongs to a base station
found on the wireless unit’s “neighbor list.” Each base station preferably
sends to each wireless unit a list of neighboring base stations referred to as
the “neighbor list.” One example of a system that uses neighbor lists is the
30 CDMA cellular communication system designed in accordance with the IS-
95 specification. In PCS systems, the neighbor list is provided by neighbor

list messages and extended neighbor list messages.



52. The nmethod as clainmed in claimb51, further conprising initiating bygtNpe 2003
W reless unit comruni cation on an analog systemif initiating of

comuni cat i onworsoim4secondary systemfails. 53. _ The net hod pegnasdoghfBg 1 N
claim49, further conprising entering by the wireless unit an idle state

ifi: the received signal strength indi caPor received by the wirel ess unit

is greater than a predeterm ned threshold value; and the control channel
transmtted by the first base station failed. 54. The apparatus as clainmed

in claima49, f¥ineless welsAteany allavesd trypeyformeidle handaids o neighbaringre
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The apparatus as,clajnmed in claimA48, further conpri %I ng processor further

causes t heSwi raf ddie andoft cand atfemRis AReasS Op<hariesnPilet chapnelonk mat, tiannel

transmtted bym%;ﬂﬁe f;&érf&r Sae'ﬁ[%é\ﬁt bﬁﬁe&abkﬁd?aﬂ”%{é}? 44 3ltd GeB2a"bre

Initialization trnme ‘out did not occurr.

A [ A A3?. ASigedifically, Abhd\r referristg-. afainARb . IGUREAR YtheAsmetloel Adetbbininés

. AYR. A  AL. AY. AF, AHR. A. ASR. AFI f\ . A% AS .@! Al AR AIL, A5l1 AIfAIHF . A3. An9. A4
ot hbor at ep 146.

) * Y] wh whether the strong pilot is a neig decision st the pilot 1s a

Y' e>}w nhb] V\U]ﬁa%m&{ Rk C AItROG agwéle&@]tsa&teg]opfs] GRHez@nC ahe adhrreMdssal &l caVv]

ca] ca] ca] ca] ca] ca] caf cal] ca] cal] a”caU] ca O9ROh o )

o) LAy omalel sl oo e o o i
a N N N

$, B wql f a\ Virh 6 ﬁ#&%@%a%dameé]\gc‘&ﬂ@%é{] 82@%(:%@%&}1 AR 2rav

ca] cal] caV] ca]waMesalat ciaUhikaddplcordmahiatiag] GRBIA " ira®#fie! chafinel it can

L9l hiti i {upje_YT]ca cayglca] caV] ca] caV] ca] ca] caV| ca] caV] ca] ca] ca] ca] ca] ca
] ca] ca] caV] ca]rexfgronp fsofit ¢ hpndpHfojsvdjduhetwieen tyve, ifferent base stations. Soft

cal call ca] ca) LR JoEuf Witen,p ufidlest Ml i) MRS NAR £ RG] o
e 250 s sl st o s stn,
ca] Ea] ca V]| c’\atPc?\gﬁcé’l“é ‘{?pcé"gfga‘f %W%P&B?% %Y%gg%é@‘?%lﬁs&]@ﬁ f

CCDD" DpDDFGA | o s KEHILI A OYES S¢ctir [whdif Bl dlifddszalitialis abl eaklensiical ¢id cal C

a] ca] ca] ca] ca] ca] cal] ca] ca] ca] caV] ca} ca] ca] ca] ca] ca] ca] ca] ca] ca] Cal M NNNNxP
P" QRSSSOTT U, \chanvigl. Idle handoffs occur when switching between two pilot

W VWS XXXY+Y7Y: Y{ val gb\ cal.cal. c a calc
a] ca] ca] ca] ca] %?P%‘S%agéﬁ‘\é\g%ﬁcg‘?é&ﬂaff%fgéfogggﬁgg%]c%ﬁqégﬁra?b‘%ﬁ%ﬁkg‘ Lg&gaegg%abgd
Meee* f qf zfzchhhiai dtkp 5K kha {pettarisdh] idevalsgatankeial calicatis gloin] ehdlverbled ca) c
a)J ca] ca] ca] ca] ca_ica] ca] ca].ca] ca] ca] ca].cal ca] ca] ca] ca] ¢a] ca] ca! nn! ogopppppr
ssst | wawxj yxyy§is grtes\qncidie. stage ging doegyBIpK| EEY) EareRisit At deaf &Pea) ca
]ca]caUlca]c a] @e]rfa\/j calcalca V]c"a]cha

V] ¢Ma] ca] ca] caL’J{sca calU] ca] ca] ca] ca] ca

~~Yz| 7] @ $nBJQer ~yt 0j d_ZU] ] ca] ca] caV] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca

e o o hgabelsohy et i healet rpalaal dn PR TGN o ©

25 link failure is encountered and the paging channel is not lost. If there is no

loss of paging channel the present method checks for the occurrence of a
Traffic Channel Initialization (TCI) time out in decision step 160.
According to the IS-95 specification, a TCI time out occurs whenever the
wireless unit is unable to initialize the traffic channel within a given
30 interval of time. If a TCI time out has occurred, the present inventive
method tests for link imbalance as described above with reference to
FIGURE 2 (i.e., by testing the pilot strength and the RSSI). However, if the



V] cMa] c*a V] c™a] ca] ca] cal] ca] ca] ca] ca] ca] caU] cal] ca 2 b6 MAR 2003
&il'an} y{ </]@ h{ wr]nhc’\Yj d] ZU] V] ]:] cia] chaJ} ca]U]ca] i:a] i:a] i:a] i:a] i:a\/] ﬁ?] ga] ca]cal ca] c

a] ca] caV]ca a] ca] ca] ca] cal] caU] ca] ca] ca]calca]ca h!c

zupkfa\ W V] ]Vgg]og/g] cg] caj] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca\ﬂ‘%‘é‘]’%%?f”&%ﬁ:’l?a] ca

] cal ca] cal] ca] ca] ca] ca] caV] ca] ca] caU] ca!p

Y, : FL\ ACRY
cYJa] cal] cal C;‘fo ?caﬁca] ca (]Q%Qgglfeggflgaﬁl?yg ag.gé}ega qglaf%];r%}&agr%%%gsga] cal
60py >} CY/ <?L} buskeh cTHG [fondad] link dailled Hoedvn] tod talwe] vabealt ahle 8 aalink] ca] ¢

] Ch cal o4] CRNEAR R EYC JPeHS k] ohP ch A e i ok A 40 GaPiNical b

] ca] ca] ca] ca]
[ 2*yY} xsni d_Zifl?]ég?%lgg]lgg]o?af%al%rc%]ﬂc%mg]l%sg’] ‘ég]tcac] cra rcrg]alcafge ahan a] Ste]Dca] ca
] ca] ca] calsca] B} ca] ca] ca] ca] ca] ca] ca] ca] ca! k% Q=Vdgi y

I #AHASESSSVE' } xsnid_Z] ] ca]] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca! "} 9(- )f)s) v) E**=Vdgi y

" HAHHSESSIV
| ca] ca] cal cal LTS apeaficaltf] phd] £4f ek c@']’ﬁ‘% s e FIeLtg og) 6l sbeatccal ca
10% () &9%10%Igz}§v¢ mgmf?&degermmw vovithar @) TCL 108 o) condition 1BaES&L( ) - | X
f- #10%/& ()- y&d %%e +1\98h|}%)9@ iﬁl% ma Gy, AichOgcyy the mgthod gpggceeds to step

10DD! pl /™D YOLRY hetelith /thd GHPI8sd ).m'itf keslddes &okrhmaM op éra}cioﬁp@-i&%vér) ita 3
109 ()- '1\%3 "109%& ()- - 10%& ()- yM 10%&(9 3! ~yM 109008& () -3 e>wX9.
107S TCI time out did occur, the method proceeds to decision step 164 wherem

109%&' () - s, 2" 1Q% 09 % o% 0%&: (
rg 10! a3y" 10 &E %s g gﬁ/gt%ogﬁag%t‘%% ng fﬁ% n(g)z St%q E%S}g%&%) H‘g%%%é ()- 3
10 10RH} [ <E 1PérforiR %denticallly o™ thbeebdescribed alsdve MMRSLE érentt 13’ FLOURBE.() - My
10% ()- 3y" 109%&' () -0hdE: /
Specifically, step 164 performs the same function as step 136. Similarly,
15 steps 166, 168, 170, 172, 174, and 176 of FIGURE 3 perform the same
functions as steps 138, 140, 142, 146, 148, and 150 of FIGURE 2. The only

exception is that instead of entering an idle state (e.g., step 144 of FIGURE 2)

when the RSSI is greater than Thl at decision step 168 the wireless unit
returns to normal operation at step 162. Other than this exception, the

20 remaining steps of FIGURE 3 function as described above with reference to
FIGURE 2.

Thus, in summary, the method shown in FIGURES 2 and 3 is invoked
whenever a wireless unit encounters a forward link failure. As shown in
25 FIGURE 2, the method first determines whether the wireless unit lost the
paging channel. If not, the method proceeds to step 160 (FIGURE 3) to
determine whether a TCI time out has occurred. If no TCI time out has
occurred (and the paging channel was not lost), the forward link failure is
not due to a link imbalance. Consequently, the method proceeds to step
30 162 wherein the wireless unit resumes normal operation. However, if the
paging channel was lost (as determined in decision step 132), or if the TCI

timed out (as determined in decision step 160), the method proceeds to
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As shown in FIGURES 1-3, the method of the present invention switches
5 operation to another available channel (either via a seondary system as
shown in FIGURE 1 or via an idle handoff as shown in FIGURES 2 and 3)
when it determines that a link imbalance condition exists. Although it may
appear logjcal to switch operation to a secondary system or different channel, it
should be noted that the IS-95 specification normally prohibits wireless units

10 from switching to other channels when a problem is detected on a channel.
Rather, the IS-95 specification mandates that the wireless unit enters a system
initialization state wherein the wireless unit selects the best CDMA channel
available. Itistherefore very unusual for a wireless unit conforming to the IS-
95 specification to switch operation to other channels when it enmunters
15 problems on a first channel. In acordance with the IS95 specification,
wireless units are normally only permitted to switch to another channel when
itisinstructed to do so by the system. However, IS95 provides no medanism
for processing call delivery failures caused by imbalances in the forward and
reverse links. The present inventive method permits wireless units to both
20 detect link imbalance conditions and to switch to other channels if an
imbalance condition exists. Channel switching is preferably performed in a
manner that does not conflia with IS95. Therefore, the present invention
provides a mechanism for processing call delivery failures caused by link

imbalances that conforms to the IS-95 specification.

25 The method of the present invention preferably executes on a
microprocessor or other data processing device in the wireless unit.
Alternatively, the method can be implemented using any convenient or
desirable sequencing device such as a state machine, present state-next state

discrete logic, or field programmable gate array device.
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forward or reverse link imbalance exists, and a means for processing calls

based upon the determination. The present invention advantageously
reduces interference, improves system capacity and improves call delivery
5 rates in a digital cellular communication system. By reducing the amount
of access attempts made by wireless units having link imbalances, the
present invention reduces interference to other users already
communicating on the system. Consequently, the present invention
improves call capacity. The present invention is particularly useful in
10 broadband wireless digital communication systems such as CDMA cellular
systems, however it also finds utility in CDMA PCS and other digital
cellular communication systems. The handshake protocols described above
are identical in both the CDMA and the PCS systems, and are more fully
described in the well-known IS-95 specification. The only significant
15 difference between the CDMA cellular and CDMA PCS systems is the

frequency bands used for communication.

FIGURE 4 is a simplified block diagram of a typical wireless unit 400. The
wireless unit 400 includes a digital modem 402, memory 404, peripherals
20 406, a codec 408, an RF (radio frequency) and IF (intermediate frequency)
subsystem 410, an analog baseband processor 412, a speaker 414, and a
microphone 416. The digital modem 402 controls the RF & IF subsystem
410, the analog baseband processor 412, the memory 404, and the
peripherals (which include such devices as keyboards, keypads, liquid
25  crystal diode displays, ringers, the microphone 416, and the speaker 414.
The digitial modem also contains complete digital modulation and
demodulation systems for both COMA and AMPS cellular standards.

The wireless unit 400 software controls most of the functionality and
30 activates the features of the wireless unit. The link imbalance algorithm is
one of the several routines stored in the memory 404. The software is

executed by the embedded microprocessor within the digital modem 402.
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Nevertheless, it will be understood that various modifications may be
made without departing from the spirit and scope of the invention. For
5 example, the present invention may use a variety of system parameters (if

and when they become available) as link imbalance detection mechanisms.
As described above, in one embodiment, the present invention uses the
“max. access probes” parameter to detect a weak reverse link imbalance. In
the embodiment described, the present invention uses the “exit codes”

10  parameter (loss of paging channel or TCI time out) to detect a weak forward
link imbalance. However, the present invention is not so limited. Any
other system parameter or means that reliably detects link imbalances can
be used with the present invention. Also, communication carriers can
optionally use the present inventive link imbalance detection method and

15 apparatus to address the adverse affects associated with link imbalances.
Some carriers may have very robust systems having back-up systems
available in case of link failures. Others may not. The present invention
therefore is a solution that may be optionally utilized by communication
carriers.

20
Accordingly, it is to be understood that the invention is not to be limited by
the specific illustrated embodiment, but only by the scope of the appended
claims.

What is claimed is:
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CLAIMS

1. A method of detecting link imbalances in a digital cellular

communication system comprising a plurality of wireless units and a plurality of
base stations, wherein transmissions from the base stations to the wireless units
are made using forward radio communication links and wherein transmissions
from the wireless units to the base stations are made using reverse radio
communication links, and wherein each forward link includes control and forward

traffic channels, and each reverse link includes control and reverse traffic
channels, the method comprising the steps of:

a) detecting a link failure In a first radio communication link between a
wireless unit and a first base station during a call initiation;

b) determining whether the link failure is due 1o a fink imbalance in the
first radio communication link; and

c) initiating by the wireless unit communication using a second radio

communication link if the link imbalance exists.

2. The link imbalance detection method of claim 1, wherein the detecting step
(@) includes the step of determining whether the failure in the first radio
communication link comprises a reverse link failure or a forward link failure.

3. The link imbalance detection method of claim 2, further comprising the step of
determining if the reverse link failure is due to a weak reverse link.

4. The link imbalance detection method of claim 2, further comprising the step of
determining if the forward link fallure is due to a weak forward link.
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7. The link imbalance detection method of claim 3, wherein the step of
determining if the reverse link failed due to a weak reverse link includes the step
of determining whether a maximum number of access probes has been
transmitted by the wireless unit to the first base station,

8. The link imbalance detection method of claim 7, wherein a value

for the maximum number of access probes is transmitted in an access
parameters message which is sent by the first base station to the wireless unit

over a " control channel associated with a forward link of the first base
station.

9. The link imbalance detection method of clalm 8, further
comprising the steps of:

d) - initiating by the wireless unit communication on a
secondary communication system if the maximum number of

access probes has been transmitted by the wireless unit to the
first base station; and

b) entering by the wireless unit an idle state and then

re-initiate communication with a primary digital cellular
communication system if the maximum number of access probes
has not been transmitted by the wireless unit to the first base

station.

10. The link imbalance detection method of claim 9, further
comprising the steps of:
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system if the communication was successful, else proceeding to
step (b):

initiating by the wireless unit communication on the
secondary communication system; and

determining whether the wireless unit successfully acquired the
secondary communication system and

initiating by the
wireless unit

communication on an analog
communication system if the secondary communication system
was not successfully acquired.

The link imbalance detection method of claim 4, wherein the

step of determining if the forward link failed due to a weak forward link includes

11.
the steps of:
a)
b)
c)
d)

determinirig whether the control channel transmitted by the first

base station was lost and proceeding to step (b) if the control
channel was not lost, else proceeding to step (c);

determining whether the wireless unit produced a traffic channel
initialization (TC!) time out and instructing the wireless unit to return
to normal operation if a TC! time out was not produced, else
proceeding to step (c);

measuring a forward channel signal strength received by the
wireless unit from the first base station and proceeding to step (i) if
the forward channel signal strength is sufficient, else proceeding to
step (d) if the forward channel signal strength is insufficient:
determining whether the wireless unit received a sufficiently strong
second signal from a second base station and proceeding to step

2 6 MAR 2003



10%bé& ()-!!10%b& ()-! 10%b& ()-!! 10%b& ()-!! 10%b& () - [[[[[[[[OngMApznna
1 109%b& ()-!10%b& ()-!!10%b& ()-!10%b& ()-!!10%b& ()-'[[[\\\HAStRC
11109%b& ()-!10%b& ()-1!10%b& ()-! 109%b& ()-! $\F\Y\ 2\ 1\ m n\\ nv4C

11109%b& ()-!10%b& ()-!10%b& ()-!b! 1pYbb& ()-!"' 10%b& ()-\\\\\\\\ sQ4C

1 10%b& ()-!!10%b& ()-!10%b& ()-!!10%b& ()-!"' 10%b& ()-1\\\]1]]6] 7] oM6C
11 10%bé& ()-!10%b& ()-!!10%b& ()-!! 10%b& () - |7]N]O]P]0]p]q]]nV4C

1008 ()1 (109ba 8} ~H%8§ Serdy | SIOresseont. SkRaLIR ) reRpvibh AR o cn¢
. C 1110%b& ()-!109 %, &i&b&e) | 10%b& () - ! cAdAAAA m kJ)
d0" 10%%-& ()- d0"1 %~%~& 10/@/& ().-

10%b& ()-!b! 18Yob& qqtermmmwhe 13recaivest signal sieualh Rdicatayoregeived) -

18%/5 1 gL~ ((3/3~ 10~00/os~ gﬂaéggg{%%f’{'%)ﬁi% Ak 350‘%%'%“( A 6’4@%‘9@?§‘ }(fksgolzﬂ value;

"109R& ()-) i"HO0%& ()- &3 16Misfingloy)tha witblessurit 4 ;dlebquazrbhghmp{:leaf410&

i LO" 109%&R& ()- LO" 10%&& 0% 9) 1.0% & 9 0%
9&@ 10% & & () - hhhhhFRGEHR @@nalé &ﬁ%/é@'%m)f I3 g¢ /%’L % Pifeshdid™ O
$10% L% & ()- &10%LYERe %é tsel ( Y10% L%Grdtidting3t: @&@&!rbleskbhttlcbrrﬁﬁﬂﬂ&aﬂon
10%L%& ()- @10%L%& ()- - 100/a|_0/a& ()- 1"10%L%& ()- LI"10%9%& ()- 3
3|10%:ZL|6?£&I (%)I I @rlnnnloﬁﬁsm sEeMIzE ()- | *"10%L%& ()-3

*n Uk ()-3 1
' 10%L50a ()1 opprorando frhsb s Sppead bass, ation 5 = poighser base,
_3"10%.9%' ()- p3" 10Wasﬂ&tz:ﬁb)the2vlr91m%& ()-pqr”ss’ tu|[ vu410 :

GsS" 109E&& () - S" 109%6& () . ke R e 1QUEUEL () - &
o 10%\I%\I& () - &u]wxgyhyi yj yxyyv%ﬂmm %F?@SW@{'@%@%@@%%
L5"109%E&& ()-Z B-* 10‘3ﬁi&€erﬁ)ﬁm‘é8§édwm§e($taﬁwi§ﬁ@{a[nelgmtoMWWB)%S()-
s3 10% )& ()- 4|10%||)' s’ 10%)& ()- s$10% )& ()-

10%) & () - {{v}<}~e|‘[" %W10% )& ()- S 10%)& ()- "10%' ()-3 G

"10%) & ()-3 s- H0%)& ()- | " pefibondin wikdlesd Ot
@) "10% )& ()- G3)"10% )& ()- %3) 10%?%%?%% g&lgoﬂhjfg)?%mm
109 ) & ()-| [: NA41010 initedingop ccommenisation With ms@ﬂc@ on a

M 109%9& M 10984,
e - tore tes 3 d A8 i %h[lrnk‘lﬂ%%o%%%iw«)ﬁoa(sb station Is a

100/91%1& () - xyz7] bAm to teowirglegs Unit. 1 10%-1)~& ()- 9! 10%1 ) F& () -
b9| 10%4)& ()- (10%)& ()- 10%0% @i [: A410% F#"10% )& ()-3 , 10%)& ()-

¥S'10%) & ( )12 T?’\g ﬁn](‘%‘m@alatgn"\ce':&eté%r) ﬁﬁe‘ﬂod S i 1(1), wherein the pilot strength
is measured by taking a ratio {(in dB) of pilot energy received by a wirsless unit
and accumulated over one pseudo-noise (PN) chip period (Ec) to the total power
spectral density in the received bandwidth (Io).

13. The link imbalance detection method of claim 12, wherein the pilot strength
is insufficient if Edl, is less than —13 dB.

14, The link imbalance detection method of claim 12, wherein the pilot strength
is sufficient if EJ/, is greater than or equal to -13 dB.
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between a wireless unit and a flrst base station during a call
initiation;

b) means, responsive to the: link failure detecting means, for
determining whether the link failure is due to a link imbalance in the
first radio communication link; and

c) means, responsive to the determining means, for initiating
communication using a second radio communication link if the link
imbalance exists.

18. A computer program executable on a general purpose
computing device, wherein the program is capable of dstecting link
imbalances in a digital cellular communication system comprising a plurality of
wireless units and a plurality of base stations, and wherein transmissions from
the base stations to the wireless units are made using forward radio
communication links and wherein tfransmissions from the wireless units to the
base stations are made using reverse radio communication links, comprising:
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is due toa llnk imbalance in the first radio communication link; and
c) a third set of instructions for initiating communication between the
wireless unit on a second radio communication link if the link

failure is due to a link imbalance in the first radio communication
link.

19.  The computer program of claim 18, wherein the program is executed by

a general purpose computing device in the wireless unit.

20. The computer program of claim 18, wherein the program is executed by

a field programmable gate array device.

21.  The computer program of claim 18, wherein the program is executed by

a general purpose computing device in the base station.

22 A wireless communication apparatus operative to implement the
method of claim 1.

23 . The method of claim 1, wherein determining whether the fink failure
is due 1o a link imbalance further comprises:

determining whether the link imbalance is a recurring link imbalance.

24 A wireless communication apparatus, comprising:
a digital processor operative to control communication with a first base
station on first and second radio communication links; and

a memory storage device coupled to the digital processor, the memory
storage device storing:
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communication using the second radio communication link
with the first base station.
25. An apparatus for detecting link imbalances in a wireless
communication system, comprising:

a processor; and

a storage medium coupled to the processor and containing instructions
executable by said processor to:

detect a link failure in a first radio communication link between a wireless
unit and a first base station during a call initiation;

determine whether the link failure is due to a link imbalance in the first
radio communication link; and

initiate communication using a second radio communication link if the
link imbalance exists.

26. The apparatus as claimed in claim 25, wherein said apparatus is

disposed in the wireless unit.
27. The apparatus as claimed in claim 25, wherein the wireless
communication system comprises a CDMA system.

28. The apparatus as claimed in claim 25, wherein the wireless

communication system comprises a PCS system.
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base station.
30. . The apparatus as claimed in claim 29, wherein a value for the
maximum number of access probes Is transmitted in an access parameters
message, which is sent by the first base station to the wireless unit over a
control channel associated with the forward link of the first base station.

31. The apparatus as claimed in claim 29, wherein said processor

initiates communication using a second radio communication fink if the link
imbalance exists by:

causing the wireless unit to initiate communication on a secondary
communication system if the maximum number of access probes has been
transmitted by the wireless unit to the first base station.

32.

The apparatus as claimed in claim 31, wherein said processor
further:

causes the wireless unit to initiate communication on an analog

communication system if the secondary communication system was not
successfully acquired.

33.

The apparatus as claimed in claim 29, wherein said processor
further:

causes the wireless unit to enter an idle state and to re-initiate
communication with a primary communication system if the maximum number

of access probes has not been transmitied by the wireless unit to the first
base station.
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34. The apparatus as claimed in claim 33, wherein said processor

further:
causes the wireless unit to initiate communication on the secondary

communication system when the re-initiation of the communication was
unsuccessful.

35. The apparatus as claimed in claim 25, wherein sald processor

determines whether the link failure is due to a link imbalance in the first radio
communication link if a forward link failed by:

determining whether the control channel transmitted by the first base
station failed; and
determining whether a traffic channel initlalization time out occurred if
the control channel transmitted by the first base station did not fail.

36. The apparatus as claimed in claim 35, wherein said processor

initiates communication using a second radio communication link if the link
imbalance exists by:

causing the wireless unit to perform an idle handoff and to initiate
communication with a primary communication system on a second radio
communication link if:

a pilot signal strength from a second base station of the primary
communication system is sufficient; and

the second base station is a neighbor base station.

37. The apparatus as claimed in claim 36, wherein said processor

causes the wireless unit to exit the communication system if the second base
station is not a neighbor base station.

38. The apparatus as claimed in claim 36, wherein, said processor

causes the wireless unit to initiate communication on a secondary system if:
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a pilot signal strength from a second base station of the primary
communication system is insufficient; and

a received signal strength indicator received by the wireless unit is less
than a predetermined threshold value.

39.

The apparatus as claimed in claim 38, whereln said processor
further:

causes the wireless unit to initiate communication on an analog system if
initlation of communication on the secondary system falls.

40. . The apparatus as claimed in claim 36, wherein said processor

causes the wireless unit to enter an idle state if:

the received signal strength indicator received by the wireless unit is
greater than a predetermined threshold value; and

the control channel transmitted by the first base station failed.

a41. The apparatus as claimed in claim 36, wherein said processor

causes the wireless unit to resume normal operation if:

the received signal strength indicator received by the wireless unit is
greater than a predetermined threshold value; and

the traffic channel initialization time out occurred.

42, The apparatus as claimed in claim 35, wherein said processor

further causes the wireless unit to resume normal operation if:
the control channel transmitted by the first base station failed: and
the traffic channel initialization time out did not occurred.

43. The apparatus as claimed in claim 36, wherein the pilot signal

strength is measured by taking a ratio (in dB) of pilot energy received by the
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the total power spectral density in the received bandwidth (l5).

44. The apparatus as claimed in claim 38, wherein the pilot strength

is insufficient if EJ/\, is less than =13 dB.

45 The apparatus as claimed in claim 36, wherein the pilot strength

is sufficient if Ey/l, is greater than or equal to —13 dB.

48. The apparatus as claimed in claim 38, wherein the predetermined

threshold value is =100 dBm in CDMA systems, and wherein the
predetermined threshold value is =103 dBm in PCS systems.

47. The apparatus as claimed in claim 38, wherein the predetermined

threshold value is dependent upon a link budget associated with the
communication link between the wireless unit and the first base station.

" 48, The method as claimed in claim 2, wherein sald detemmining

whether the link failure is due to a link imbalance In the first radio
communication link if a forward link failed comprises:
determining whether a control channel transmitted by the first base
station failed; and
determining whether a traffic channel initialization time out occurred if the
control channel transmitted by the first base station did not fail.

49, The method as claimed in claim 48, wherein initiating by the

wireless unit communication using a second radio communication link If the
link imbalance exists comprises:
causing the wireless unit to perform an idle handoff and to initiate

communication with a primary digital cellular communication system on a
second radio communication link if:
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the wireless unit to initiate communication on a secondary system if:

a pilot signal strength from a second base station of the primary
communication system is insufficient; and

a received signal strength indicator received by the wireless unit is less
than a predetermined threshold value.

52. The method as claimed in claim 51, further comprising initiating by
the wireless unit communication on an analog system if initiating of
communication on the secondary system fails.

53. ~ The method as claimed in claim 49, further comprising entering by
the wireless unit an idle state if:

the received signal strength indicator received by the wireless unit is
greater than a predetermined threshold value; and

the control channel transmitted by the first base station failed.

54. The apparatus as claimed in claim 49, further comprising entering
by the wireless unit to resume normal operation if:

the received signal strength indicator received by the wireless unit is
greater than a predetermined threshold value; and

the traffic channel initialization time out occurred,
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585. . The apparatus as claimed in claim 48, further comprising
processor further causes the wireless unit to resume normal operation if:

the control channel transmitted by the first base station failed; and

the tfraffic channel Inijtialization time out did not occurr.



