WD 2006/ 028716 PCT/ US2005/ 030230 COVERAGE DETERM NATI ON AND SW TCHI NG
BETWEEN OVERLAY COVMUNI CATI ON SYSTEMS BACKGROUND 1. Field [00011 The
present invention relates generally to comunication, and nore specifically
to techniques for determ ning coverage and sw tchi ng between overl ay

comuni cation systens. H. Background [00021 Wrel ess comuni cati on systens
are w del yWiEI9P@i28H6t 0o provi de various communi cati on sBEVIBRE/EHBA as

voi ce, packet data, and so on. These systens nay be nmultiple-access systens
capabl e of supporting comunication with nmultiple users by sharing the

avai |l abl e system resources. Exanples of such nultiple-access systens

G v G oS Rg
systens. A TWEENOVI nCQMMUNJCcAﬁQBES%%i T) such

as cdnma2000, W deband-CDVA (W CDMA), and so on. cdnma2000 covers | S 2000,

| S-856, and |I'S- 95 standards. A TDVA system may i npl enent d obal System for

Mobi | e Conmmuni cations (GSM for BACKIGROIWNDromruni cation and General {
Packet Radio Service (GPRS) for packet data transm ssion. These vari ous :
RATs and st dndar ddeldre known in the art. [00031 Sone wirel ess conmuni cati on

t . dma2000, W CDVA . and . GSM : b g of
o ovi ai ng PR anal ket iigH sl Srnes Loty Y RRIn Bl P 30 e

di fferent chpeafiéyidt techiques focdetsplifing \ovaeges amd/ iswichiypibemieey overbayui res a
common grade of service (GoS) for all users as well as relatively stringent
del ays. | n cCORMMUERRUOKESIEEY. data service may be able to tolerate different
GoS for different users and nay further be able to tolerate variable

del ays. To support both voice and packet data services, a wreless

comuni cat i ofl. sy Baekgromudf i rst al | ocate systemresources to voice users and

abi e to o O | offElSyEruRicRnoRTeEs e ey BEESRh R RudE B & ot o
are optim zegniminida86K Sdrvidad hich la§ RIS paseP Bata,WMAAGEE dnS THERd SRtehié may be
characterized by |long periods of silence punctuated by 2 . :

multiple-access systems capable of supporting communication ‘with multiple users by

sharing the available system resources. Examples of such multiple-access systems

include Code Division Multiple Access (CDMA) systems, Time Division Multiple _

Access (TDMA) systems, and Frequency Division Multiple Access (FDMA) systems. '

A CDMA system may implement a radio access technology (RAT) such as cdma2000, |

Wideband-CDMA (W-CDMA), and so on. c¢dma2000 covers 1S-2000, IS-856, and IS-

95 standards. A TDMA system may implement Global System for Mobile

Communications (GSM) for over-the-air communication and General Packet Radio

Service (GPRS) for packet data transmission. These various RATs and standards are

known in the art.

[0003] Some wireless communication systems (e.g., cdma2000, W-CDMA, and

GSM/GPRS systems) are capable of providing voice and packet data services. Each

type of service has different characteristics. For example, voice service typically

requires a common grade of service (GoS) for all users as well as relatively stringent

delays. In contrast, packet data service may be able to tolerate different GoS for

different users and may further be able to tolerate variable delays. To support both

voice and packet data services, a wireless communication system may first allocate

system resources to voice users and then allocate any remaining system resources to

packet data users who are able to tolerate longer delays.

[0004] Some wireless communication systems are optimized for packet data

transmission, which is typically characterized by long periods of silence punctuated by



(foll owed by page 2a) large bursts of traffic. One such systemis an | S- 856
system which allocates nost or all of the systemresources to one user at
any given tine, thereby greatly increasinng the peak data rate for the user

bei ng served. [0005] A service pr gﬁo%ﬁb”%%mé)%ai operator may deploy multiple
W rel ess comunication systens to provi dé enfianced services for its

subscri ber s |arfOburs@eRMRkTo. GheSREN bEferR O3 B850 RMtedE RIIAYh AN akY ThRbEapabl e
of providing both voice and packet data servicés for a | arge geographic

area and maylldépheosystenotdsenrces it ere usenpladiiyegivén pmeyihdiaby greatkyencigating ser vi ce
for areas ere Egckettﬁgat usage.is efyipect ed to be high. The coverage
areas of th&GREG*&9e or[@&ugeél FPeoverffap, and these systems woul d be

consi dered 3g005pVeAl ayrvicey pt&nBer/ ekt bperage/ Mapr iddploy enlilimsik WhklRe abl e
to receive service fromone of the two systens af any given nonent
dependi ng omomhminjcgtean i ystenfs therowder enhincgd dsarvigeddsi nesd sghsenibae. Feome of

the chall i h. I i ncl ude (1), deter m.ni he .
boundar i es. STAPHE 1 HlF st a0 o et bR o Re bbb G R Rl Pl 0
shoul d  swi bl ph&VBRR sbRfoek W6 SMBdLsRgrdpRR0BEa Jﬂlﬁ%ﬁ%id@pléy nAsMet §ystdhe art

for techniques to deternmi ne coverage and to swtch between overlay
communi cat i eapablesoémsovisignvaRKet [daROSaticT Her praas ewhere nnasketi datapusege des a

met hod of deternini ove e of a wreless comunicat. system

Compr i si ng: cBEong By S0 rotriedt wltd GeliodrG ey dapiecly SRR for ar
| east one bagRe SkyakRNwogldesd RAndi@red alsa dveARB T RSN, ANBRItEHdde/hi6ri@i gnal
quality estimate’is different than a pilot strength nmeasurenent; deriving a

first metri ¢erbasaddnaynbe helead reeeawt saviee fivoe puedf giegivad syptenhd atyangsgivemt e f or
the at |east one base.station; and erm ni et her the covgrage.of the
Systom | s oOUTBAERTAE Chieprdn Atk b auh rertiared aSuie: SHOGRE | on
further proyideaa@me8PRAT &lcHSoldNad WsiRlLaludO T ALGRhINRY SHSI@®Mrage
conprising: a denodul ator operative to obtain at 'l east one recei ve% si gnal
qual ity est brandariesnof dhe liedisidualnsyskkaseast )i devidirg edteadth otermliank should

transm ssion, . rein the signal quality estimate is different than a pil ot
strength né&’ét\égg?m’ﬁ?‘? t}ﬁﬁﬁ’oéggﬁﬁ%rol | er operative to derive a first metric

based on t heoe) | €ffdre 19RCndACHI 18 Chrf FGNRENA sitBYdeQ&?ﬂif[ﬂ%Tc@vérQ%e bhe @t | east

one base station and to determ ne whether coverage o e systemis good

based on t hewitch between pvarlay communication systems.
SUMMARY

[0006a] The present invention provides a method of determining coverage of a
wireless communication system, comprising: obtaining at least one received signal
quality estimate for at least one base station selected for data transmission, wherein
the signal quality estimate is different than a pilot strength measurement; deriving a
first metric based on the at least one received signal quality estimate for the at least
one base station; and determining whether the coverage of the system is good based
on the first metric.

[0006b] The present invention further provides an apparatus in a wireless
communication system, comprising: a demodulator operative to obtain at least one
received signal quality estimate for at least one base station selected for data
transmission, wherein the signal quality estimate is different than a pilot strength
measurement; and a controller operative to derive a first metric based on the at least
one received signal quality estimate for the at least one base station and to determine

whether coverage of the system is good based on the first metric.



2a (followed by page 2b) 10006c] The present invention further provides an
apparatus in a wireless comrunication system conprising: neans for
obtai ning at |east one received signal oquality estimate for at |east one

base station selected for data trggﬁgkg '?Qgeﬁgerein the signal quality
estimate is different than a pilo strezz h”> nmeasur enent; nmeans for deriving

a first met (006BRSESE qitedche iatedt@astutite peeRicyesh sipaaitugual at wikkks mat e
for the at |east one base station; and neans faor determ ni ng whether
coverage of COMEUNKEOR AYSIAM.ROBRPIISHEE Means (o ebtainiag ahisestj e rp@OEdSieThe

present | IVENBQANLENSE JPLOYIIET8: BLAGERIRTA FAND] SarlBlil Qb O [ 1O

i nstruction i'na termna ain at l'east one received signal

qual ity est itedigndl Quakdy dsémate i@neflramahst apilonstichgth Meiwk@nentcoBIAsbeat i on
system and selected for data transm ssion to the term nal, wherein the

si gnal qual idegjviagta figgt mefric based patbhat lepsong regeived signab qyeliy rsa@atedhent ;
derive a nety] e ) I I | It tinmate
for the at Iiadh RERcsOBst Sl af® heoRffor JESRINGE TR cUBL X P 12

system i s gggdehasgshbdtnsédén tetfirktanetfi0006e] The present invention further
provi des a nethod of switching a term nal between first and second w rel ess
comuni cat i ¢9006gEt B presepipHiventinR fyBicaimMpYidesae proeesser &ndablecapdiadosi gnal
quality estipate . ; n . i i i t wherein
the s onal - quareyShufbn SB8RuROR, PRAIRATRL AT of Bist bhe kecel 8l POTLDY

deriving a fqualsty esbtefobatdest one bae sattioh &@s tviiss cenaiuadtish gyntdm ghdl i ty
estimate for the at | east one base station in the first system and

det er mi ni ng sAEeteh &pr data trapgmpisHon fothettpanipaly wherystherpigng! gadity ssomatedyst em
or fromthe first . base i tric.
100067 The SFEeRtoa RbIR HEne i FrdsieRisp S URhET tRPIS bbb dFe R ofR ' 2

denodul at or refedredt diyeal tualibt adtimaé fbedst atoR@str 6L b¥RAstali@ adndddébintide
estimate for at |east one base station in a first wreless conmunication
system wherdiether pevesaggrmdithe gistem 1syzoed pasedtoa thesmgirict er ent than a pil ot

aced on tndttoe] oo AR nfaRbhulfE: pBREEER AL E o S f \rblnefT | Ca

one base st ativaeniffisttdid detdit wiylsteeonanahitaighedyetemsNeombgdiR@robtdifing\at t ch
fromthe first systemto a second w rel ess communi cati on system or from
the second d¢ast eng teseivsd signakqualis tastimatsatos dit depst Rae pses stafign in ¢he fiBd06g]

The present (| Quantlieih Ukt "§hnfl" QYRS SeAMaAP R R WRI S hNG HEIR Tor
measurement; deriving a first metric based on the at least one received signal quality
estimate for the at least one base station in the first system; and determining whether
to switch from the first system to the second system, or from the second system to
the first system, based on the first metric.

[0006f] The present invention further provides an apparatus comprising: a
demodulator operative to obtain at least one received signal quality estimate for at
least one base station in a first wireless communication system, wherein the signal
quality estimate is different than a pilot strength measurement; and a controller
operative to derive a first metric based on the at least one received signal quality
estimate for the at least one base station in the first system and to determine whether
to switch from the first system to a second wireless communication system, or from
the second system to the first system, based on the first metric.

[0006g] The present invention further provides an apparatus comprising: means for
obtaining at least one received signal quality estimate for at least one base station in a
first wireless communication system, wherein the signal quality estimate is different

than a pilot strength measurement; means for deriving a first metric based on the at



obtaining at | east one received signal quality estimate for at |east one
base station in a first wireless comuni cation system wherein the signal
quality estimate is different than a pijot strength measurement; nmeans for
deriving a first netric based on t b fol | oned by page 3) |east one
received signal quality estinmate #%fﬁo}ggdeg%}fag%ggst one base station in the
first syst st idctBaOS sihRAl ARLET ¥tiMaRIfoMARL 2188ast 8nd BhdeCHlatfonaMthd Brst i 1 St
systemto a second wirel ess comuni cation system or fromthe second system
to the firstsystemsendnmdaasdor detetnipingi whetheretor pwitchl Giooy theT&ut sy sfamstot @

determ ne whether a term nal ha ood coverage for a fjrst i rel ess
communi cat i 65°% s‘fvérﬁxefse.cﬁl?l,mugmﬁﬁggesty gﬁ%‘t é’rs@%f‘eﬁlf Sﬁﬁﬁmé/\ﬁéﬁt%\ﬂot ﬁlesaﬁt ch
to/froma secand Mse@bgER MeMmbRiccat i on system (e.g., a voice/data system
are described herein. The term nal nmkes neasurenents for base stations in

the first d017dm Gemhnishesindetpinioe vérethen gttirneinal rstavod feoverape fu dhEtse
stations as well as received signal qualit stimates for, at | east one base
station sel SO REPIHRPR SSRPEGioont bkl AR sethmRand “helier P ARIST ol so
nmakes measungm@At § Je0bnd MEreRiss BRLRNRAGEIoAt HElefNFe.£.N a VdiCe/aQE WYStemySdrem and
obtains pilot strength estimates for these base stations. The term nal

derives var idespsibegtherain Blhs eatminnl thakep aaedsyistesisgioal bagriatatipys asthendirses and
the pilot strength.esti nmat. for the base. stations jn the first system and
the pilot  Sevengrd SBliTRbls e e Bade 1t PRRMen sl B A em
The term nalsigh§PgudlifesRimdATB for 661chf dH6 hasitaeonRAichar fof BgaGAvehagened t he
first systemis good and whether to switch fromthe first systemto the

second syst dhg teamthalsilde terarinal alfo00d®s nesurpmentadpy @ie arheore dasd siationyay
perform handoff fromthe first .systemto .the second systemif.all. of the
Pol 1 oming- o tshf ity Ryt BUR HisBerinpEs L s eiR s foe i
PCT/ US2005/ Q&84834 dedivEPTaridiR rhétfisd bsd loanhé f?éceméﬂesigd%ﬂQuﬂitP re8G@hes Fhaed
amount of time, (2) a received signal quality netric (Q ftor the first

systemis bdhowpilat gramgtoestimaiehbirdthe dhase ¢@Yiors i thet fisst sesigmhandniderpilot (V) f or

t he second syst .5 greater fhan Vth t hreshol d. conmposite pil ot
strength mecrreet e tnas B e kit Putart B hr hECHERE THEREBOR! Le RS ne
packet dat a m@ded @MetcgmRakhetidtahé e5veraRl of MRYfiREEf enMihgndoit Wiemarthe
second systemto the first systemif any one of the followng criteriais

met: (1) goctritcbirerude firy sysewdo gt seeond dystem, and vice versa.
[0008] As an example, the terminal may perform handoff from the first system to
the second system if all of the following criteria are met: (1) weak coverage is

detected




first system (2) the received signal quality netric for the first systemis
deened to be reliable and is above a Qh , threshold, or (3) a nmaxinum
pilot strength metric (M for the first systemis greater than a Mh_ p
threshold. The terminal may also switch between systens based on ot her

par anet er s WOrg06/028%16 criteria, and so on. The netric c8aPUSHIBH230cover age
determination, and switching between Systens are described in detail bel ow
Various aspects and enbodi ments of the invention are also described in

further det afl J'Ehgg{r%\ggstgﬁlfglz mQ’E ﬁ%ﬁl afp-l;leé%t\%rgg ezlilﬁlo%\@'ﬂ% %%&g?&iveﬁﬁ%%gfteﬁ;ur €s

and nature of sent i nven econe nore ap
detai | ed desqulifytmeairic §@) fof the tfinst loystemmis\bie ow anﬁQmﬂweshcldmndr(&)aipjlotvﬁremgﬂt he

drawi ngs in whi.c ke refe nce chara entify. carres ondln
t hr oughout dﬂﬁ"c\?me (glqlle sqe @]Stef—"l G &g fgﬁ%‘WS g“‘fia&{é‘ @at‘g g ROSKF, Hé rlaying
a voi ce/ dat ast@ygth Metrid @%Ay b (@ed4o a&e&m&%em@:gme%ﬁt@eqff thé’lpacll&cdﬁei data

system and voi ce/ data syste [0012] FIG shows an overview of a
mechani sm f oWstg@tisHepkai @HW@F‘&TQ@' Rﬁfoﬂﬁ@m%ﬁ@ﬂ thpagegond system tp dhe firshdup,

handdown, angdscalik, 1@{: i dhahd owEn%Q:gl%]é'E ! et g C?S %%o@eﬁ &4k dfet@ét@@for@l@ a

pilot transm’ssion ene us shows a forward
| i nk transmni frsf synstem;l(@rtbe useited sighdb-q8818y rriemﬁbl&} thel ﬁist a'swkmmsdeemsd totlee di agr am

for the opera gs of ,a t | ; 0016 7.S

procedure td® E%qué‘f# ?‘ﬁ’ea 964“'2:&‘)‘%1&‘%]%’ d§§§ l‘[“ﬁb’%ﬁt Sﬁrﬁgh @e@mqgr handup
procedur e t othgVArbtCEysteth i EreRRE Itein £, SthedsReTt. amkk tdr@bBlmdy! 4o Swhilows a
bI ock di agram of the termnal . DETAILED DESCRI PTION [ 0019] The word

"exenpl ary" PEWepnetystsms dasedion pberparapsters.yetHes, SHteERaa & on. Jhe aplEE or
i | | t t i ! n n \/\O
A tde, B sy ety et

2006/ 028716 y t0 be construed as
preferred ordealbeiowgdadeusaspectoaticemimdiinctitnedthe inventietesic glee def@idedin The
cover age det@gfp (%La]\(/)ﬂ and system switching techni ques described herein may
be used for s %Y ess” conmuni cat i on systens such as 1S-2000, |IS- 856,
| S-95, WCDMVA, and GSM GPRS systens. These techni ques may be used for

multiple (e.g., two) communication systens that (1) have coverage areas that
overl ap at BRIEF DESCRIPTION OF THE WINGS

[0009]  The features and nature of the present invention will become more apparent
from the detailed description set forth below when taken in conjunction with the
drawings in which like reference characters identify correspondingly throughout and
wherein:

[0010] FIG. 1 shows a packet data system overlaying a voice/data system; _
[0011] FIG. 2 shows coverage areas of the packet data system and voice/data system,
[0012]  FIG. 3 shows an overview of a mechanism for determining coverage of the
packet data system for handup, handdown, and call origination;

[0013] FIG. 4 shows a slot format and a pilot transmission scheme used in IS-856;
[0014] FIG. 5 shows a forward link transmission scheme used in IS-856;

[0015]  FIG. 6 shows a state diagram for the operating states of a terminal;

[0016] FIG. 7 shows a handdown procedure to switch to the voice/data system;
[0017] FIG. 8 shows a handup procedure to switch to the packet data system; and
[0018] FIG. 9 shows a block diagram of the terminal.

DETAILED DESCRIPTION

[0019] The word “exemplary” is used herein to mean “serving as an example,

instance, or illustration.” Any embodiment or design described herein as “exemplary”



| east partially and (2) provide at | east one common service (e.g., packet
data). For exanple, one of the systens nmay be a voice/data systemthat can
provi de voice and packet data services, and another one of the systens may
be a packet data systemthat can provide packet data service. For clarity,
certai n dewa doss/@8716 he t echni ques are described for anPCIHUZ0GN3EAEL em
(comonly called a "I x" system) that dan provide voice and packet data
services and an |1S-856 system (commonly called a "1xEV-DO' or "HDR' systen)

DO
h i K i ce. 100211 .FIG 1 sh |
el oymont TOBIRERGBD it BriouSfieal Breye ohpa pibigechs IR R ARFRIE

overlays a wpdesigmdata system (e.g., a I x system)j. The voice/data system
i ncl udes a nunber of base stations 110 that can pr (i_‘\é/[i&?e oi ce gnd. acket
dat a servi cd8020, tHienfovgrage 1dgterminatipn gndi sYRem switching, dschmgues, deserihed; hoge

base stati gRRin mafibkdstd/ for VaRoRAFHEEss PBinthunieab GbyshalsUdes aaInngeels.of base
stations 120 that "“can provi de packet data service for termnals 130 | ocated

within the &56eclSa¥fe Vr(daMAofand (15AHEPBEswystemat (Thess. teghmiques mayibsrizsed f@ and 120

may be | ocated,.. | fferent si oY - ' Base
stations lldn%gﬁltﬁ I(ée!é't %gog%gg'g}aungsc? é\?nl %’rslt%@g) rtﬂa?g]ﬁ}hg?e %Bg%é@ a%ggﬁlta ﬁ%‘{eﬁ r%tvi des
coor di nat i oneangartioliy and (F)oprotilie ae ldagtsenesdoatmannserviGe (@.g.aphoket batsle Fat at i ons
120 couple to a BSC 144 that provides coordination and contrpl for these
base stati gHaMPRSRRE Al Sygteris may %é?lc?{&ﬁ*b%st% B SRR PTHCY U Fng node

(PDSN) 140 thatet dstdRBRAdeS, dnadakStherdHed ARY Yktems nedy Behéa{)a&étctﬁiﬂ@%@nﬁt}iﬁtt em and
the packet data system [0022] In general, a basé station (Ix term nology)

is a fixed swatirevidepackef dpta seoneruniFernclenly, wersntdetailscofnthadpdmigues @@y al so

be call ed an | N - ' V) « .

t erm nol ogy)qeg‘%l%ggg%lp?dr ﬁ%@@@éﬁe@ﬁé’%ﬁd@f%g,g olrxa s@‘gtgrr@) ?)rtmg\(gé er nqenol ogy.
A term nal nejcelandfpaciet data servives endoardISAEHH sybtem (bemmahlyexcilled a EV-BGSt at i on
(I'x term nol og ,»an accgl?s ter m'.cpal léql ﬁ@l DO t erm nol ogy), a user

equi pment (W AP BRLGY provide facket dafa sGf-ce . or sone ot her

term nol ogy.(ob SFI®!T o ani eRerhPBrydRPIoymBAL 1D0 WIRIEBY, a pdtRet! Rt ystems €
station" is used for a fixed station and the term"termnal" is used for a
devi ce that @8amAIAKRYIRE syptem) onerlays deoiee/dats shsterpie Zo0s/18207tew). The

PCT/ US2005/ Q302301 5ekf0Rhals Ehferlt 1scGlaldhs 11Dl ARG qaot 1 ends

i ndi cates active comruni catl on gg{)v\een a ?erm na ase station. A
dashed | i ne packet data sarvices/ fonterminels dAd locatdid cathars theeawptageareafof ahgse bade by a

e DS B bShio B SehSeBeh SHERE S A ko 0

can provide packet data service for terminals 130 located within the coverage areas of

these base stations. Base stations 110 and 120 may be located at different sites or co-
located at the same sites. Base stations 110 couple to a base station controller (BSC)
142 that provides coordination and control for these base stations. Similarly, base
stations 120 couple to a BSC 144 that provides coordination and control for these base
stations. BSCs 142 and 144 further couple to packet data serving node (PDSN) 140 that
supports packet data service for the voice/data system and the packet data system.

[0022] In general, a base station (1x terminology) is a fixed station used for
communicating with the terminals and may also be called an access point (1XEV-DO
terminology), a Node B (W-CDMA terminology), a base transceiver station (BTS), or
some other terminology. A terminal may be fixed or mobile and may also be called a
mobile station (1x terminology), an access terminal (1XEV-DO terminology), a user
equipment (W-CDMA terminology), a wireless device, or some other terminology. For
simplicity, in the description below, the term “base station” is used for a fixed station

and the term “terminal” is used for a device that communicates with the fixed station.



manner. A termnal may comuni cate with one or nultiple base stations on the
forward |ink and/or reverse link at any given nonent. The forward link (or
downlink) refers to the communication link fromthe base stations to the
termnals, and the reverse |link (or uplink) refers to the conmmunication

i nk from Woe200@028i10al s to the base stations. A term nBCT/HBR0EBAIIANI cat e
concurrently with nultiple base statiéns if soft handoff is supported. For
exanpl e, 1S-2000 and W CDVA support soft handoff for the forward and

reverse i nﬁﬁqzﬁﬁnd 1%553%6113::1%%8{2& éH%aé,tnpﬂngg‘gg fonf %étht disr ?Xcﬁéa?%elaéﬂvé but not

the forwar K. € coverage areas 0 packet data
system and tcommuviithtic bkaweenSy/etrRintl dndra tasePationi tA dashbé linowith agerrawea of each

base station is represented, by_an_ideal hexaggon. In actuality,.the coverage
area of a b£%8egd Hﬁ‘iﬁlﬁsirg"eﬂ%?'é?ﬁ? Rier By2 t%lmag?femr%ge%r%a“gacrfya'é%l&ar ain,

antenna pat trefefencd Bighdl YRkt RNgenBRfbdSKAsQ on AREGwH BNt BYE Pro%@éée@ 2 RSmoWAe
coverage area of the packet data systemnmay or nmay not be contiguous and

may over | ap manser: ove texminahmesy efmmiydcaje v/ engt or sydtindenbse statjons rasu e,

Furt hernore,. {h e ; et be
clearly der?ﬁlﬁ%ag% g@%/%[%%igfe?%qﬁﬁﬁr%{iagigggfﬁﬁﬁl%ﬁd e?irgﬁ&\ay%rrgga r[)@%ggﬁg to
comuni cat e refetstto et doninicafio kait fromithe sags stetionanal tHelterminals, ehdl deacwyst em The
term nal may,. have an upper | ayer data session (e.qg., Pqi nt - t 0- Poi nt
Protocol ( PliFﬁ}‘azﬁfa‘tpi“Jé)e‘gE‘ir s()‘t‘?)tﬁ%f%ﬂ@ﬂ“?"é‘f’n gﬁg frg ﬁ{e%“B‘lagtt? ﬂi?fl’a%%att?gf'a
session may berathi ¥y 6mmARIERE Lorftlurraitly ik ANIHPRIBISE staeRROiofchaflbff Whet her
there is any data to exchange. If the data session is active, then the

termnal  opepperigdc Fanexamps 16i2000 ek WoeDREA suppor sofidiaadeff forche fanad dat a.
Dor o o8 ! . ara S
ring the e}%gargglez Zﬁ]ﬁl&n fm& ?%gsﬁeé‘wﬁgﬁ&aﬁ&g%%“%ﬂ /Y {‘#v&sgqgﬁ%u‘? né% g%a s trom

t he voi ce/ da 1 eterm nes at the pack at a
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While on the voice/data system the termnal nonitors the signals fromthe
packet dat a bysapsideahhexagon.hin actpality, she eoveraghiraeof ¢ hase statien phdgtarmingdtby syst em

I o L e
system | n tdng shapel dhe ngverafestea qittheopacke dataapsiern ' maysorandyarotibé tomiguausdat a
sesston and may overlap the coverage area of the voice/data system by any amount.
Furthermore, the coverage boundary of the packet data system may not be clearly
demarcated.
[0025] A multi-mode/hybrid terminal may be able to communicate with both the
packet data system and the voice/data system. The terminal may have an upper layer
data session (e.g., a Point-to-Point Protocol (PPP) data session) opened for any amount
of time. The data session may be active or dormant at any given moment depending on
whether there is any data to exchange. If the data éession is active, then the terminal
opens a connection with the packet data system to exchange data. During the data
session, the terminal may periodically measure signals from the voice/data system. If
the terminal determines that the packet data system becomes ‘“unusable” for the data
session and the voice/data system is available, then the terminal initiates a handoff from
the packet data system to the voice/data system. The terminal can maintain the data
session with the voice/data system and exchange data with this system as needed.
While on the voice/data system, the terminal monitors the signals from the packet data

system. If the terminal determines that the packet data system is usable for the data

session, then the terminal initiates a handoff from the voice/data system to the packet



fromthe voice/data systemto the packet data system and a "handdown" is a
handoff of the data session fromthe packet data systemto the voice/data
system [0026] The coverage area of the packet data system may be overlaid
in patches on top of the coverage area of the voice/data system as shown
in FIG 2. whOmosmsasage area of each systemis the arepci/os2nbs/cbesy he

term nal can receive conmunication sewsvice fromthe system The coverage
area of each systemis related to the usabi Iity of the system for

communi cation with the termnal. The terns "coverage", "usabilit
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(i.e., continually handed off) between the two systens. [0028] FIG 3 shows
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data systemj h teh@lgtgﬂl?i%h F' thelcbyétided b ahd %’ég ‘;at"‘t hosipciget  data

system the ter Biai ns ot strendgth esti ase stations
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metric (C), the euniarhcan maiptam the dateisessionet A itisnehywitdnie the weicoldas spoem 16
PCTI U5200519§91%g§0de1ay in handing off to this system and further avoids disruption of service. If

the terminal thereafter re-enters the coverage of the packet data system, then it is
desirable to hand off the terminal and transfer the data session from the voice/data
system to the more efficient packet data system. Accurate coverage determination can
also avoid or minimize frequent handups and handdowns near the coverage boundary of
the packet data system, so that the data session is not ping-ponged (i.e., continually
handed off) between the two systems.

[0028]  FIG. 3 shows an overview of a mechanism 300 for determining the coverage
of the packet data system for handup, handdown, and call origination. For the packet
data system, the terminal obtains (1) pilot strength estimates for base stations in the
packet data system and (2) received signal quality estimates for one or more base
stations selected to transmit data to the terminal (block 310). The terminal computes
various metrics based on the received signal quality estimates and pilot strength
estimates obtained for the packet data system (block 320). These metrics may include a

composite pilot strength metric (C), a received signal quality metric (Q), and a



7 maxi mum pilot strength netric (M (block 330). These paraneters and
nmetrics are described in detail below [0029] For the voice/data system
the term nal obtains pilot strength estimates for one or nore base stations
in the voice/data system (block 312). The term nal conputes one or nore
metrics ba%WéRoer28He pil ot strength estimates obtai ned PEWUSHE/3R3Ee/ dat a
system (bl ock 322). These netric(s) nmdy include a voice/data system (VDS)
pilot strength netric (V) (bI ock 332). [0030] Various criteria nay be used
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[0031] A handdown procedure 350 determines whether the data session should be

handed off to the voice/data system based on the criteria in block 340. A handup
procedure 352 determines whether the data session should be handed off to the packet
data system based on the criteria in block 342. A call origination procedure 354
determines whether a call should be originated with the packet data system or the
voice/data system based on the criteria in block 344. These procedures are described in
detail below. Higher layer procedures (e.g., for call manager, call processing, data
services, and so on) receive indications from procedures 350, 352, and 354 and may
initiate handdown, handup, or call origination with the appropriate system.

[0032]  The terminal may maintain multiple sets of base stations, where each base
station may also be called a “sector” or a “cell”. For IS-856, the terminal maintains the

following sets:

e Active Set — includes base stations from which the terminal may request data
transmission on the forward link;
e Candidate Set - includes base stations whose pilots are received by the terminal

with high pilot strength but are not included in the Active Set;



with high pilot strength but are not included in the Active Set; WO

2006/ 028716 PCT/ US2005/030230 8 Nei ghbor Set - includes base stations
advertised by the systemto be neighbors of the base stations in the Active
Set; and Remaining Set - includes all remaining base stations that are not
I ncl uded i woag6/028f16t he ot her three sets. Measurenents FGHUREESE3EBAQt i ons i n
the various sets are used to determ n8 the coverage of the packet data
system as described bel ow. [00331 The coverage of the packet data system
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[0034] Received signal quality is indicative of the transmission capability of a
communication link and may be quantified by a signal-to-interference-and-noise ratio
(SINR), a signal-to-noise ratio (SNR), an energy-per-chip-to-noise-and-interference
ratio (Ec/Nt), and so on. To estimate the received signal quality for a given base station,
the terminal first determines the received pilot power (Ec) for the base station and the
total noise and interference (Io). The terminal next computes the noise and interference
power (Nt) by subtracting the received pilot power from the total noise and interference,
or Nt =Jo—-Ec. The terminal then derives the received signal quality estimate as the
ratio of the received pilot power to the noise and interference, or Ec/Nt. The noise
and interference (Nt) term for received signal quality does not include the desired signal
(Ec) whereas the total noise and interference (Io) term for pilot strength includes the
signal power. Pilot strength and received signal quality at the terminal for a given base
station may both be determined based on the pilot transmitted by the base station.

[0035]  FIG. 4 shows a slot format and a pilot transmission scheme used in IS-856.
Each slot is divided into two half-slots. Each half-slot includes two data fields 412, a
pilot field 414, and two signaling fields 416. Data fields 412 carry user-specific data
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Table 1

Metrics Description System
Composite pilot Indicative of the coverage and quality of the Packet data

strength metric (C) | packet data system. system
Received signal Indicative of received signal quality for the Packet data

quality metric (Q) | serving base station in the packet data system. system
Maximum pilot Indicative of the strongest detected pilot in the Packet data

strength metric (M) | packet data system. system
VDS pilot Indicative of the forward link signal strength for | Voice/data

strength metric (V) | the voice/data system. system

[0038]  The composite pilot strength metric (C) is indicative of the overall forward
link signal strength received by the terminal from the packet data system. This metric
represents the coverage and quality of the packet data system and may thus be called a
coverage metric. To derive this metric, the terminal periodically measures the pilot
strength of the base stations in some or all of the four sets listed above. For example,
the terminal may measure the pilot strength of (1) all base stations in the Active Set and

the Candidate Set and (2) some base stations in the Neighbor Set and the Remaining



represents the coverage and quality of the packet data system and may thus
be called a coverage netric. To derive this netric, the term nal
periodically measures the pilot strength of the base stations in sonme or
all of the four sets |isted above. For exanple, the term nal may neasure
the pil ot $O20gedrief (1) all base stations in the ActiRE/GEP0SAKRI t he

Candi date Set and (2) sone base stati¥¥hs in the Neighbor Set and the
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strengt h eslkchipite thel composiripilonstiehgthatedrid (C) ks fodlawsunits, i.e., not in
deci bels (dB). [0039] For equation (1), a strong pilot strength estinate is
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deep fade enquid Qe Wir?dd(ﬁnﬂmandup, and call origination procedures.

[0040]  Equation (1) shows a specific embodiment for computing the composite pilot

strength metric. This metric may also be computed in other manners and/or with pilot
strength estimates for different base stations. For example, metric C may include pilot
strength estimates for zero, one, or multiple base stations in the Neighbor Set. As
another example, metric C may include the maximum of strong pilot strength estimates
for base stations in the Remaining Set. In any case, the composite pilot strength metric
is derived by summing strong pilot strength estimates for multiple base stations. This
metric is thus less susceptible to false alarms (or unnecessary handups and handdowns)
in pilot polluted areas (i.e., areas with many pilots) and in deep fade environments (e.g.,
elevators, tunnels, and so on).

[0041] The received signal quality metric (Q) is indicative of the quality of the
communication link via which the terminal may receive data transmission. If only one
base station in the packet data system can transmit to the terminal at any given moment
(i.e., no soft handoff), then the terminal derives metric Q based on the received signal

quality estimate for the base station selected for data transmission. If multiple base



el evators, tunnels, and so on). [0041] The received signal quality netric
(Q is indicative of the quality of the conmunication |ink via which the
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received signhal quality estimates in equation (2) are in linear units, i.e.,
not in dB. computgdasfolews: for deriving metric Q for the 1S-856 systemis
descri bed below. [0042] FIG 5 shows a forward |ink transm ssion schene used
In 1S-856. WheneyeL ' M 0l BSd odhe m nal
estimates the sig 5Ismthllr}gIr%ct%{/vmtl)FE @}tlﬂgﬁﬁfg)){%g{nq?%g%gggégﬁ giggg@?g%si'oﬁh?n) t he
Active Set, selects the base station with the best received signal quality,
det er m nes tThe riiejped signalagualityadsdmsitep progquetibrbi?) afecin dimkaratnits, ikkg et insdBit | on,

and sends a Dat te nir.ol (DRC) .val ue indi cative,of .t el ected data
rate. The t"g??wal??gi?m?’}tg%éf?ﬂ’@ggrﬁg’%r\%ﬁ%é&gﬁyitﬂg 1%%qscér&l{egée%§/se stati on.
The sel ecteqofppie BRI sBHwE £ For®@dVinR Graf@fition schifduded INIBBIG WhéRvracket s
to the termnal at or near the peak transmt power |evel. Each data packet

i s partitioribeltermingl desires pate tansseirsion, ectemriny eshimalek thessignah quality obthei n one
slot. The term b . t tek: - regehyi each

Bl ock for Mo gt fHeh B Saddh 60 A0 881 SolDAF HEARRy Sfiop pAGCHY AR ©
decoded cor rrecsiveyd signalaquatityatleterminasktho higheby detaraté bigigprted by thei sskected hasesel ect ed

base station transnits, t bl.oc o/ ~each dat.a,. ket ,untj | ACK is
e vea t orbuatigh i skasta e RAE GonbrRL RS Rl B PRTE 85 e eletref e it
transm ssi ommxeftedntiadl tRA&HKE thaDRC exliays e deledtb® bhdeatftith S STHe ke REBE Bisefl OF

| S-856 is described in a docunent 3GPP2 C. S0024, entitled "cdma2000 Hi gh
Rat e Packet staéion (gxjserving septprldhendpaemits dasa paskets to (hip teeminal atprmearthg peakai | abl e.

10043] The 5§30 powe! RUMIOBRN 2 PARAGE bartibhed ARABLIiRAb0R, LA WA 111k,

block is transmitted in one slot. The terminal attempts to decode a data packet after
receiving each block for the packet and sends an acknowledgment (ACK) if the packet
is decoded correctly or a negative acknowledgment (NAK) otherwise. The selected
base station transmits the blocks for each data packet until an ACK is received for the
packet or until the maximum allotted slots for the transmission of that packet are
exhausted. The transmission scheme for IS-856 is described in a document 3GPP2
C.50024, entitled “cdma2000 High Rate Packet Data Air Interface Specification,”
which is publicly available.

[0043] The IS-856 system does not support soft handoff on the forward link, and the
terminal selects the base station with the best received signal quality for data
transmission. The terminal generates the DRC value based on the best received signal
quality estimate. The DRC value may indicate a null data rate (i.e., 0 kbps) or a non-
null data rate ranging from 38.4 kbps to 2,457.6 kbps. Progressively higher data rates
correspond to progressively higher received signal quality estimates (and generally

higher DRC values). Since the terminal generates DRC values for normal operation



term nal selects the base station with the best received signal quality for
data transm ssion. The term nal generates the DRC val ue based on the best
received signal quality estimte. The DRC value may indicate a null data
rate (i.e., O kbps) or a non- null data rate ranging from 38.4 kbps to
2,457. 6 kbp®.2038Messi vel y hi gher data rates correspotdl/UVR0¢YE¢Bessi vel y
hi gher received signal quality estiml%s (and generally higher DRC val ues).
Since the term nal generates DRC val ues for normal operation WO 2006/ 028716
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recei ved si qual i ues nay be conve 0 derive
t he recei vedrahnegmay bejemiveiiyntiyatsed © defdye the &Mﬂ}:d txgnﬂquaﬂrtjamsttnm(@ t he

recei ved si ric IS |nd|c e of .t cent age
0O E et e 0B 3 e e ety i s ycd g sualtBaneest 8y i EARE sBkorT Pre
termnal fi |a5@r5$e bhERehRte V! tiES the t&minal febuedts ShtIhar l@l@iaerdtd%fl motr Ethisi rrpul se
response (I'N'R) Tilter, as follows: Y(n)Rngl a)Y(n 1) +aX(n) wher e

X(n) = 0 iembpgimeniRcthe derminal ofltesy ghe values, e.gs with 3 fsmgkep va'leue for
lot n n toftheIIRfllter for slot n; and a
S s G Pﬁ'l%%]}esqqngé Qi&)‘fﬂte{‘ q%g(ﬁfd%@u

is the gain o ter lter galnarangesfromOOtolo
with a smaller value corresponding to nore filtering. For exanple, a filter
time. constant ofY(apptloxe)t(ety)4128X6l)ots may be achieved by seEtli(?ﬁg a =1/
128. The filter output Y(n) also ranges fromO0.0 to 1.0. [0045] The

recei ved signal |II; t hen be conputed as: Q100-Y(n) , Eq
(4) where %’q?e%gg 'frohﬂgg/bhg:‘%%‘ﬁa%{ﬁéﬁﬁ]‘u he enbodi nent descri bed above
sets the filter input<X{Mje DRC vhiueifér s1d18 iPa-nil ue is for a non-null rate
and does not nake a distinction between various non-null rates that nay be

i ndi cated by themswlw@utpﬂhaﬂ&fﬂ@ff@ﬁbémw%t, X(n) maybe set to the
DRC val ue, and t quality metric would then be indicative
of the average t lrou %in?qq?esfﬂﬁe comuni cation |ink. In yet another
enbodi nent recei ved SI nal ual i t r be co ed directly
based on ¢ hel ol gEd &repear o it .0 bifhaearealel S ERTRRMURE B0
val ues. For muafp! epor! S@nip®R] W Afér HRY coﬁgsmadfeaﬁphﬁm%gﬂ Y2 spignay weual ity
estimate for each slot against a threshold, set th

achieved by setting « =1/128. The filter output Y(n) also ranges from 0.0 to 1.0.

[0045])  The received signal quality metric (Q) may then be computed as:
Q=100-Y(n) , Eq (4)

where Q ranges from 0% to 100%.

[0046] The embodiment described above sets the filter input X(n) to ‘1’ if the DRC
value is for a non-null rate and does not make a distinction between various non-null
rates that may be indicated by the DRC value. In another embodiment, X(n) may be set
to the DRC value, and the received signal quality metric would then be indicative of the
average throughput for the communication link. In yet another embodiment, the
received signal quality metric may be computed directly based on the received signal
quality estimates used to derive the DRC values. For example, the terminal may
compare the received signal quality estimate for each slot against a threshold, set the
received signal quality estimate to zero if it falls below the threshold, and filter the
output of the comparison over multiple slots.

[0047]  The maximum pilot strength metric (M) is indicative of the forward link
signal strength of the strongest pilot received by the terminal from the packet data
system. This metric is useful in scenarios where the received signal quality metric is not

reliable. The terminal may compute this metric as follows:



received signal quality estimate to zero if it falls below the threshold,
and filter the output of the conparison over nultiple slots. [0047] The
maxi mum pil ot strength nmetric (M is indicative of the forward |ink signal
strength of the strongest pilot received by the termnal fromthe packet
data systwm200ple8716retric is useful in scenarios wher e RHAUS258328H si gnal
quality nmetric is not reliable. The Berm nal may conpute this netric as
foll ows: WO 2006/ 028716 PCT/ US2005/030230 13 M= Max of ( pilot strength
estimates for the, Acty . 3 ' : estimates for the
Candi date Set) [0048] Wf?g?%ﬁ%?ﬁngﬁleé@laetﬁﬁlf’#&%mét%ﬁe??%h for the B@(Xe/ data
systemis indicative of thpilotefrengthgstimaigs fer hpeandidatedrit h for t he voi ce/ data
system This nmetric is useful to determ ne whether the voice/data systemis

sui table for dd . e.ternm nal V, 0 i b Con | leows: V =
vaxi mum of - SBE 0 I OB AP R SR e B RS SR o )
The VDS Act itheefobedrdilinkl sigiea$ stbrgtth &orethe tvaice/data systethheThioinosricl &t esefuigb em t hat
may transmt data to the term.nal (when actjve), and signpaling. r)vhen idle).
The VDS Act id9'€m‘8‘°ef”&‘ﬁ‘§9r &'ﬁé’l"lfgé‘atérf@“%‘?‘ ‘W‘?E’%If@) ]&”d@amg{"a&g%r‘fgg’ﬂé Bifdi ng on
t he voi ce/ dajRpsty¥ HiSmeriRREFSMowshe operating state of the termnal. The
termnal my aPso conpute netric V based on (1) the sumof strong pil ot
strength estimates for base stations in the VDS Active Set or (2) sone

ot her function ofV pMasimum pbsttpng pesirengtheastimates fo5 dhe ARSI ArYRSe n EGES)

voi ce/ data system [0049] The term nal may operate in one of nultiple

possi bl e oper aty t.at at .a l.ven nt ... The. 1 nal cute
di fferent pf%&e%@geécqvﬁ |tf1f1cel}‘1&;e\r€talgpaesrc a%‘%l}r%g‘? lllistﬂél gglcéﬁ%glﬂgtgmg@%%%g

di fferent nefandngisdata taliht temamal (wlicataetive) pRDSiBdaling Gvhén idlepwEhaWNDSx&ativE ar y
state diagram 600 of éﬁhe oper at i,q termnal . The term nal

states foy the :
enters an | r%_et f‘?ﬁ'df‘%‘“ ong, 96 iR %@ai‘?o%%ti%‘ﬁ ‘%ﬂ?n%*l*}gem the veiee/ata sy§ief udes a
Pilot Acqui shibPtheSdpRtafing batcPS¥hha tetitfall TRk ZfiD n(a@rals%ywiﬂdp@é feicod4. In
the Pilot Acquisition state, the term nal searches for and acquires pilots
transmitt ed bpsedbans@) the sum of strong piled spenskteestianates foy baserstations ihtheyYRE st at e,

the termnal, r. LV . giined pase cst | QN
synchroni zesA c’E‘?S?s‘%Z%@?%e%%&%@% 1roﬁlng F?egtl'pgg:(g?r b%%é %ghso?lg etrrﬁe t he
term nal trabikeMditangstém. an I dle state 620. In the Idle state, the termnal

my set u cal |, en ata sessi.on, nitor for., nessages fromthe packet
4 P ?00431 T%% term?na may operate in one gP multtxp{e possible operating states at any P

given moment. The terminal may execute different procedures in different operating

states and thus compute different metrics in different states.

[0050] FIG. 6 shows an exemplary state diagram 600 of the operating'states for the
terminal. The terminal enters an Init state 610 upon being powered on. The Init state
includes a Pilot Acquisition state 612 and a Synchronization (or Sync) state 614. In the
Pilot Acquisition state, the terminal searches for and acquires pilots transmitted by base
stations in the packet data system. In the Sync state, the terminal receives messages
from an acquired base station and synchronizes to system time. Upon acquiring the
packet data system, the terminal transitions to an Idle state 620. In the Idle state, the
terminal may set up a call, open a data session, monitor for messages from the packet
data system, and so on. If the system or the user initiates data exchange during the data
session, then the terminal sets up a connection with the packet data system and then
transitions to a Connected state 630. In the Connected state, the terminal can exchange
data with the packet data system on the forward and reverse links. The terminal may
transition back to the Idle state upon closing the connection or to the Init state upon

losing the packet data system.



data system and so on. If the systemor the user initiates data exchange
during the data session, then the termnal sets up a connection with the
packet data systemand then transitions to a Connected state 630. In the
Connected state, the term nal can exchange data with the packet data system
on the forward and reverse links. The termnal may transition back to the

| dl e stateW@E8H/ @888 ng the connection or to the Init SREEPHN2Y osing the
packet data system WO 2006/ 028716 PCH US2005/ 030230 14 [00511 The term nal
perforns searches for pilots transmtted by base stations in the packet
data systemgsip Pahk iR pbrfdifrs sBarbhes oY ths@itted By Mabd dtatops aigie (115) .

For each nmeasurenent period (or search interval), the term nal makes pil ot

strength mpecket datisysisny asa pegtisulas rae, e @n sverp AR ar BY milliseeandp (RYs Frreachat
measur enent ' The. term r ' S g F’ﬁx% ment s
obt ai ned forrrfé ? %ué&getﬁ rgﬁ?‘)daﬁ@r p%%lbcp %%é@’r ggrrgn%h%glﬂ o{?él? e?o&)hgac {1)' ge
station to eceasuwementspior bisestationgfoondby thewtachesiin thatmeasneesenspeatodoThe The

termnal obtains pilot strength estimates for all e stations found by
the sear cheéeqnﬁlaég@ﬁ Wéﬁ%i’gg‘e enﬂér‘?%‘?rerfﬁ‘ﬁgfﬁta*ﬁﬁg%s?re% et g prior

peri odi cal | yneR@irérRénMNpeRedsCof Sack Bads€ st@RG Rt defiSe iapilo Strérpitt estinlatd for tidid
Connected states to [ook for pilots frombetter base stations in the packet

data syst efpsettionelhe teaningbgbtsing pilvviecnighy estimates & allhoen stations Kwsd byt at i ons
near its vi i Xhes}'l\%lﬁicﬁlrx:lerl%&r%edtgt%g?cﬁtate and hence may not have pil ot

strength estinates a ase rons. In the Sync state, the term nal
may recei ve [@52] he dlthe nerasimg] esay(perigdically peSoah gedpelrea vdtile roperatsgs sgtbe Imit, | S- 856)

i denti fying._the e statiagns i.n_the veraqge, area. . Upon r.eceivi t hese
over head negé]&gaég%%ﬂ@tt"tadeﬁ%f%tgllo%ﬁr Bé‘gf‘ gﬂmf SHerfase Btﬁg‘gnsé? theimagket Izig‘ﬂver tised
by the paCk%%'stéiﬁt Thé WsrthRE) md Y Bott AV inFeHnatiGy abouedll beseRubhdgeat NevieRPosi t e
pilot strength netric (C upon entering the Init state with a partial |ist

of base statyhilgdn thenihsiptecadphipnee may Jiohiaye pilek; stength astimatey ig5r dhbei ve | st
f b t atg [ 3 L, nal
o base s aéﬁlﬁ@&. ' By tt#lkg r%ﬂ‘% %taée?rlﬁe %ﬂﬁﬂf{}eﬁkgyﬁyga&m@@fﬁ%eséﬁ?@s ;@%m‘,na may

assi gn deno ation e s (which are o | ngers” 0 process
st rong mul t iSectviPeraimeterbmsssage mtISRIS) identifiniog Aut hagse stSasnswh ¢he covgregeadtemg i n t he

Sync, ldle, ,and Conr d states. The terminal t i ved signal
qual | ty est AR SECHEE e ueiiead messagsns s tomilnal éat soR T for LR AT nger o
and may denivetised BRthe/pdcka dadrsysiambh The @rminké1al €fafti ddadputiByth camposptenput i ng

the received signal  quality nmetric ( based on the DRC val ues, as
descri bed abdolestrepgth nestyicy (¢hwpomyetering theelnit state with a partial list of base stations

and may compute this metric with a more comprehensive list of base stations in the Idle

and Connected states.

[0053] The terminal may assign demodulation elements (which are often called
“fingers”) to process strong multipaths for base stations in the Active Set when
operating in the Sync, Idle, and Connected states. The terminal may compute received
signal quality estimates for the base stations processed by the assigned fingers and may
derive a DRC value for each slot. The terminal may start computing the received signal
quality metric (Q) based on the DRC values, as described above, while in the Sync, Idle,
and Connected states.

[0054] The terminal may operate in a slotted mode while in the Idle state. In the
slotted mode, the terminal goes to sleep most of the time, powers down as much
circuitry as possible to conserve battery power while asleep, and wakes up periodically
(e.g., every 5.12 seconds) to check for messages from the packet data system. The
awake time may be short (e.g., one frame) and may be insufficient to compute the
received signal quality metric (Q). Thus, metric Q may not be reliable in the slotted

mode and the maximum pilot strength metric (M) may be used instead.



and Connected states. 100541 The terminal may operate in a slotted node
while in the Idle state. In the slotted node, the term nal goes to sleep
nost of the time, powers down as nuch <circuitry as possible to conserve
battery power while asleep, and wakes up periodically (e.g., every 5.12
seconds) twoch@&aksfer nessages fromthe packet data sysREYS2III@30280ake ti me
may be short (e.g., one frane) and naelf be insufficient to conpute the
received signal quality netric (Q. Thus, netric Q may not be reliable in

the slotted e t he i_mum pi .l ot ] j G- «aw heqused

i nst ead. V\D[%g/ O%TGIWW%ﬁﬁgg‘Z@%%% i%’@%ﬁ%ﬁ‘.*@iﬁﬁ?hg’ gnnect ed
state, the weiceidatakystey tpmaketieasatements tforrbade statidnkén thissystemd dkbe teryrsnakm t o
make nmeasurenents for b sfationg in .thjs stem The term nal y
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voi ce/ data gpyghem [0056] The terminal may thus conpute different netrics

at different rates and in different operating states. The term nal may
conput e met 190861 i Thedemningl gnayniup sompute [defferesy fretrigsyptediffgrent @isAedtiagd

states. The ] [ j t period
ani 1o i n ¢ ndfk SFeaR e STl g comBRE ol QTR e I RHE RIBE P
metric V foiSysgddieandeCamegted siattdeThectemsinal anay ®yputermethics € and M freeaCbnnect ed
state. In general, the.netrics be, computed as needed,.e.q.. in the
States in wHCGHIEEN PSROR wiRIF de it di 2Bd Compefedcielpy. ZREisiiind! Mp¥os7)
Metrics C  Gompite némiRY fBfedchithneddwaga8 tikSvoideldaVeystemGrhile in. the Cutectd, , and
Eq (7) M= Mm, where Q~{;1-ils an initial value for netric Q and Cm,, fand

Mrin are | owaieallneeneralsthemelrics say be spmpuipd ssprsd; 9-geinythe plaes Badigh &e q | |
may be equal rgcgdlgfsgs\g}léttggsg%%glrig al*bS&gcJtéH metric Q Cd,, and Mn,, may be

t he | owest possi ues metrics C and M respectively. The terninal
may i nitial i[@e87het MetsicCCAQRNNM pay be imitdalizedjastfhlow: 1 ot  Acqui sition state or
the slotted node in the Idle state. The termnal may initialize netric Q
upon entering th Pi_Icgt Acqui sition state or the slotted node and upon
tuning back to the Comnected state fromthe voice/data system The term nal
may | eave netrigp Qgg% ,and M unchanged upon transitioning frongg(m Idle
state to the Conrllv?cteM

where Qini; 1s an initial value for metric Q, and Cpy, and Mm, are low values for metrics
C and M, respectively. For example, Qi may be equal to a Qu threshold used for
metric Q. Cpin and Mp,n may be the lowest possible values for metrics C and M,
respectively. The terminal may initialize metrics C and M upon entering the Pilot
Acquisition state or the slotted mode in the Idle state. The terminal may initialize
metric Q upon entering the Pilot Acquisition state or the slotted mode and upon tuning
back to the Connected state from the voice/data system. The terminal may leave
metrics C, Q, and M unchanged upon transitioning from the Idle state to the Connected
state.

[0058] FIG. 7 shows a flow diagram of an embodiment of handdown procedure 350
in FIG. 3. Handdown procedure 350 may be executed while the terminal is in the
Connected state and has an opened connection with the packet data system for an active
data session. Handdown procedure 350 determines whether the coverage of the packet
data system is poor and whether the data session should be handed off to the voice/data
system. Handdown procedure 350 may be disabled in the Init and Idle states when the
terminal does not have an active data session since (1) the terminal is not exchanging

data with the packet data system and there is no immediate need to switch system and



state. 100581 FIG 7 shows a flow di agram of an enbodi nent of handdown
procedure 350 in FIG 3. Handdown procedure 350 nay be executed while the
terminal is in the Connected state and has an opened connection with the
packet data systemfor an active data session. Handdown procedure 350

det er m nesWr80die8716 he cover age of the packet data sysREU$280553¢80 and

whet her the data session should be halded off to the voice/data system
Handdown procedure 350 may be disabled in the Init and Idle states when the

term nal do t _haye actiyv t SSi.0 ' 1 r 4 I S not
exchangi ng e@a{ﬁg c\?vlwfa}%get ﬁ‘gthﬁa?gﬁlﬁe? dg%tsgﬂgrgsrﬁé@'mg%gwg%ﬁne}ﬁ &snlaﬁ%ﬁel?lm%g I'at e need
to switch sysdsinmbteocsmedQcHOO 6l D Pt it HANISAON prddd3ditd Gnayldiso &) disdbdedciaver age
of the packet data system be gpod again if and en th ata .session
becones act i%ggﬁne&tc_ éia?r‘fgﬁ%é‘?&ﬁaq%&dﬁﬂmb}sd%&ﬁ% ﬁ%ﬁ%g’g@tmﬁ led in
the Connect gghySkeafn@hé CohfiRtdaatdie FordnRd ?@mmed@ing%theﬂmﬁofpfocml e, the
termnal may "be in the Connected state for the purpose of executing

aut hent i cat ivoth {he deesisiatéion evghtthoughdht packeisdata paspiorvenot IRsugin Whieh gaseket dat a
session is R% o ' ddown functionality may not be

desi red. 108’%‘} hgu?éélr&r% n ﬁqﬁ%qeﬁ?ﬁl ock 712 until the next neasurenent
peri od arri\e&s9] THEhettemmihalabaitshieblockpRues! thd hetthmeasaemost peeiopiatroes.st r engt h
metric (O sed on pilot str h estimates obtajned.in.the current

measur enent rt?‘BHr,‘al(ﬂf)“ @H@_“Feézgl%éﬁmgp?jﬁglpl °‘q§"§f‘ yIGTRe gq:)cba.(saﬁo%gﬁ d on the
| at est r eceigefbtl edidtesIdbMihdd/inQhé LiFBdn® easiiéindn® peridte (MRe révielved sighilengt h

nmetric (V) based on pilot strength estinmates obtained for base stations in

t he voi ce/ davalityyratig(Q)hepadpn: the lafeskreceivadesignabquality astimates, aad EMtioVBSK 714) .
The term nal . g}g@f %Hﬂﬁ*%t | tricis
| ess than ap&okﬁg&ﬁﬁ%s 0 %s%‘@?%?ﬂ&%?gtﬁ? t éescg)ﬁ%{\}\éed?folrggsr¢$e&gb& i?ﬁen t he
term nal st ahé¢ eoice/dutmdystenvdtiag ¢he 18t tome awhy tothis systere (blbeks7 14pt Thd teeaidyl been
activated (bJock 722), increments the. timer b t he el apsed tinme since the

| ast measur éhghbetﬁﬁl%?fdwgﬁtﬁ"ﬁrgﬁ‘e?%’iﬂos’éﬁ(?H‘Betr Bta%lgﬁxsn{eglcbfsgiqgs 2802 (o trer wi se,

i f metric Cthestbl®@ick RORNfHe SEWarl is tYed Neft? tExenihd]s@5H9 @l wbak chRagdehe
termnal resets the weak coverage tiner (block 726) and then returns to

bl ock 712. tweryabihis #men kas kot alpsady lpeent astingterh(blepkt @R kiineremepie isdimer iy weak
couctoge TR gy R Bt Rt AP b PO IR |
si gnal qual i139. rdthemwdse] & thetsis @ agreaterQhhn do equtah tee el sl o thieshddd, /1B thel f t he
ansver s altesr(r)nixl;a Er'\ess't'atsftl%rwé) %8\‘1(eng% imér?t?lgckt ﬁ%) ;[a.nec{ tmannl%ltmns to block 712.
[0060]  In block 730, the terminal determines whether the weak coverage timer has
exceeded a Ty, gn timer threshold. If the answer is “Yes” for block 730, then the
terminal determines whether the received signal quality metric is less than a Qu g
threshold (block 732). If the answer is also “Yes” for block 732, then the terminal
determines whether the VDS pilot strength metric is greater than a Vi, 4, threshold
(block 734). If the answer is “Yes” for block 734, then the terminal provides an
indication that the data session should be handed down to the voice/data system (block
740). Otherwise, if the answer is “No” for any of blocks 730, 732, and 734, then the
terminal returns to block 712. Exemplary values for the various thresholds are shown in
Table 2.
[0061] Although not shown in FIG. 7 for simplicity, the terminal may freeze the
weak coverage timer during a tune away to the voice/data system to search for pilots in
this system and may resume the timer upon tuning back to the packet data system. The
terminal may also reinitialize the received signal quality metric (e.g., to Qu_an) upon

tuning back to the packet data system.



determ nes whether the VDS pilot strength nmetric is greater than a Vth do
threshold (block 734). If the answer is "Yes" for block 734, then the

term nal provides an indication that the data session should be handed down
to the voice/data system (bl ock 740). Qherwise, if the answer is "No" for
any of bl oelos200@02871¢32, and 734, then the term nal retRECTIES0¢/0B028¢Kk 712.
Exenpl ary values for the various threbholds are shown in Table 2. 10061]

Al t hough not shown in FIG 7 for sirrplicity, the term nal may freeze the

weak cover af(ﬁ)& Hlergogylg gﬂ% a etipwn 1 qﬁe %/e%fiﬁ{ rq)%% Xr?ﬁ fiilld Eﬂ”t earch

for pilots I er uni ng to the
packet dat at}&yﬁdlmfﬂataTbﬁ;terﬁ ef ail Mlthd'r&yloazh@ocﬂtemm atel mbi: &) week lce;-@mgeesl si gnal
quality netric (

Qh d tuning back to th t, dat
dyatem Vo el be meek deBobePBabe st thi b GEsSFieBo] HEOEENt shown
in FIG 7, {he,)aomnedbeeiRY sRAAI m(vhﬁe"tH@tsfbemv tHeh @, ynothﬁe@mat@dq%@m if all

of thefollovmng Criteria are ne weak coverage Is det’ect e or the
packet dat a\@&pl&thr@lgthrmﬁmthhalheaopﬁ é@tetsmtm ircgreaterohen thefViintlareshold h d)

(3) the " UREouffed rel e s dath TRlCHT % 4nldE 6% eI ERMBEGRR, and

(3) the VD %e vor ce/ syste eater than

the Vth_dn thégihmetic is Gelavr tgeCf @,rthtebmcmadhetcomgbmeqym etergth ohewiveild t o be
weak if the conposite pilot streng]th metric.js gﬁpow th Cth dfl hreshol d.
The conposi P&eddP|obtain p sensg O theegeppial average geplityo éﬁaﬁkeé 13 S¥EeTRf

general coverageq Gigﬁ!u' JuéliQf mtle iPaEHR) cOtih MASHEToveth fok %ceeﬂemelalsﬂsgnal
quality netric is used to'confirmthat the coverage for the termnal is

poor. The VDSopi The @S oHot siremethr inetric sis wsedd ta: ebtaibt Hisense o the quality tapd qual ity
and avai | al%val aB:’fl 8f ﬁthh%o*cgfdgtgl gsgésrﬁ ?%%@ﬁ? 81 Yo sﬁl}tgf ?o ﬁ)@ghﬁe&lgta V%térﬁh to the

voi ce/ dat a sys one ‘usa IS receive romthis
system Thi $)nl§,'rllf'fa6lelaﬂrbrﬁ\lﬁalﬂ6 pHot isirédepved dromnthés g'btﬁnt h'€hit eriterioalavdidsrpor ari | y

| oses covera acket data s switches. . to the voice/ data
System _and SPyE WDy SRSl DR I cupiiee HThe BEke APOEE The
term nal thusnté}wsttsm?esv&ee/adwsygwn«;%daﬁxﬂs iat sRh I o inbitteer SYdt@AGaRibkoOt 1S
received fromthe voice/data system [0063] FI'G 8 shows a flow di agram of

an enmbodi memeceyrd-hThel tgymnab thug gwitcles to the voredatazystprrlyify dosgpilet 1852 may
be executed Xg‘él\)eﬁ’ﬁrn{ﬁ hé%lgg/{l‘]@h)js in the Sync, IdI e, or Connect ed_ state on
e as ‘a

t he packet data system an ormant data session with the voice/data
system |f t[0m$3pac KAG. 8ahewsy flvwe diageant afsdn, enibodimenhef hiandup prateduer3sadncal |y
FIG. 3. Handup procedure 352 may be executed while the terminal is in the Sync, Idle,
or Connected state on the packet data system and has a dormant data session with the
voice/data system. If the packet data system is lost, then the terminal periodically
searches for base stations in the packet data system using a preferred roaming list
(PRL). The PRL contains information to assist the terminal perform system selection
and acquisition. Handup procedure 352 executes once the packet data system is
acquired. Handup procedure 352 determines whether the coverage of the packet data
system is good and whether the data session should be handed off to the packet data
system. Handup procedure 352 may be disabled when the data session is active to
simplify system operation.
[0064] The terminal initializes the metrics as shown in equation (7) and sets a
Use_Q variable to “False”, e.g., upon transitioning from the Pilot Acquisition state to
the Sync state (block 810). The Use_Q variable indicates whether to use the received
signal quality metric. The terminal waits in block 812 until the next measurement
period arrives. The terminal then computes (1) the composite pilot strength metric (C)
and the maximum pilot strength metric (M) based on pilot strength estimates obtained in

the current measurement period and (2) the received signal quality metric (Q) based on



searches for base stations in the packet data systemusing a preferred
roamng list (PRL). The PRL contains information to assist the term nal
perform system sel ection and acquisition. Handup procedure 352 executes
once the packet data systemis acquired. Handup procedure 352 determ nes
whet her t hwocowergrge of the packet data systemis goodPCANES204548128¢ t he dat a
session should be handed off to the p#cket data system Handup procedure
352 may be di sabl ed when the data session is active to sinplify system
operation. [,00 he term.nal initiali rjics 0, [ guation
(7) and set ghea é%ssrei V?fla?g@gﬁgal{% e§t_rx_:ga|té§é(5?)cﬁe%34)%%e0%npﬁngln§eﬁflﬂgriﬂﬁ sEggf romthe
Pi | ot Acqui vafidbdentoStTaie® if i0 has doatimonsly stoaitered kHedfokwadd Onk sigha quidey §f thar i abl e

i ndi cat es whet her to use_.the recei.ved si | gyalit tric. The term nal
wai ts i n bl GaskebdEsa gysiem f%ﬁéfeﬁ%ti??‘?@aaﬂﬂ“@g&ﬁlme G‘g'r-qpbé’lgﬁrgil@)es. The ter i nal
then conput ggoesl) TR t&RIRA T SicRthRks WhétRGThE coBdsite pli&DstreRAAN nlef® §BXI MUM
pilot strength netric (M based o ilot strength estinates obtained in the

current neastaatershan %)@miuﬂﬁlr@h@lld(@;d? §e0) Jlé dhrevanswer ignafesuthen thy temtipalc (Q
based on 10,2008, 024746, RETLLRILB0RAO. 1) el SB o 56 a0

qual ity estinates he term nal se ariable to
"True" if itsydvas (slock 840).0 Miheywisenif theranswdrlie “No' faxrbibcki &2R, thewthelterquedli t y of
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strengt h melgefofming whth@Potan&ljaNif the@d2_QRafify1e Salrek (B 8stkmiidd)in bldckt he

answer is "Yes", then the term nal provides an indication that the data
sessi on sho®R?d) bed Wi arsdived fsignal geaityardtes i greater dhan enQé o durshgldoyas
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metric to détherliden@ vakishlé é&r “Rabseh Gasdieferminéd irhklotls 822) and thatmheimu pilatue” (as

det ined in block . 822 t h ' ' | l.i ic i t
than & G h_ e BERSTHEEaE Da FeMpn S PHISPORETmR n Pk cben e nar
pr ovi des a_haasid ol00HERtEDR HoiChaRn (iddk 8419, URoRI¥NaRRL Gor e’ Fal Se”

(as determ ned in bl ock 822) and the maximumpilot strength nmetric is
great er t haryagensyhngsholdsiapg dhewslimTee2.det er mi ned i n bl ock 826), then the

term nal al ovi . gg]ﬁaq I ndi ] . | ues for
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not strong (as determined in block 826). If the answer is “No” for block 824 or 826 and

if the terminal enters sleep in the Idle state (as determined in block 830), then the
terminal resets the Use_Q variable to “False” (block 832). Regardless of whether the
terminal enters sleep, the terminal returns to block 812.

[0067] For the embodiment shown in FIG. 8, the terminal may perform handoff to
the packet data system if any one of the following criteria is met: (1) good coverage is
detected for the packet data system, (2) the received signal quality metric is deemed
reliable and is above the Qu ., threshold, or (3) the maximum pilot strength metric is
greater than the My, , threshold and metric Q is deemed unreliable. Metric Q may be
deemed reliable if the terminal has continuously monitored the forward link signal
quality of the packet data system for a predetermined amount of time. FIGS. 7 and 8
indicate that handup is triggered based on satisfaction of fewer criteria than handdown,
which suggest that procedures 350 and 352 favor operation in the packet data system.
However, different threshold values are used for the handdown and handup procedures,
as shown in Table 2, to provide hysteresis and prevent ping-ponging (or continual

handoffs) between the two systems.



not strong (as determned in block 824), and the maxi num pil ot strength
nmetric is also not strong (as determned in block 826). If the answer is
"No" for block 824 or 826 and if the termnal enters sleep in the Idle
state (as determned in block 830), then the termnal resets the Use_Q

vari abl e twO'2P88716 (bl ock 832). Regardl ess of whet her RGTAUS20@039238k1 enters
sleep, the terminal returns to block ®¥12. [0067] For the enbodi nrent shown in
FIG 8, the termnal may perform handof f to the packet data systemif any
one of the f er| for the
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determi ne whether the forward link for the voicel/ data systemis good for
handdown. THhwitehing characieristigs petwigew dher PAckelt @tww@m lsad thgoice/den fysteas

i ndeed ent d .1|.0Sst cover age)
for the pacgég"@;@%oggs %%ﬂ%%ﬁ)( SO s ﬁBuslﬁ %g%&%ﬁs ies for the
various thresholds. Qher threshol d values may al so be used. The threshol d

val ues may be deternined by conputatTeble2i mul ati on, enpirical measurenent,
and so on, to achieve the desired

Thresholds for Handdown Thresholds for Handup
Pin_dn -11dB Pth up -104B
Cin_dn -7dB Cih_wp -5dB
Qin_an 50% Qun_wp 75%
Vin_dn -14dB Mih_up -7dB
Tin_dn 4 seconds Uth_uwp 300 ms

[0069] FIGS. 7 and 8 show exemplary embodiments of handdown procedure 350
and handup procedure 352, respectively. These procedures may also be implemented in
other manners and/or use different metrics, thresholds, criteria, timers, and so on. For
example, handup procedure 352 may use a timer to ensure that the coverage of the
packet data system is good for a predetermined amount of time (Ty ) prior to
performing handup. As another example, procedures 350 and 352 may omit the
composite pilot strength metric (C) and rely on the received signal quality metric (Q)
and/or the maximum pilot strength metric (M) for the packet data system.



switching characteristics between the packet data system and the voice/ data
system (e.g., to favor one system over the other systemin various
operating scenarios). Table 2 Thresholds for Handdown Threshol ds for Handup
Pth dn -11 dB Pth_up -10 dB dh do -7 dB Cth_up -5 dB Qh do 50% Q h_up
75% Vt h_dwo-2086/d®1bt h up -7 dB Tth do 4 seconds Ut _npPGRUS2065/p@I691 FI CS.
7 and 8 show exenpl ary enbodi nents of2handdown procedure 350 and handup
procedure 352, respectively. These procedures nmay al so be inplenmented in

ot her manne nd/ use. di.fferen LGS, .Lhr.eshol ' ' | mers,
and so on. @7 81 ex?ﬁgloél,gl%g%ﬁﬁ’cf)&r%%gg upéeiefggégrrt% cg‘éegg g ﬁ%?g kgt %?Ir*ésur e t hat
t he cover ageystein tfepropidek e indiidatdors Ywsoreginadts a datactafl wittaa peted aystern wieich anount

of time (Tth up) prior t perform ng handup. apgt her. exanpl rocedur es
350 and 352%_3""&% Pactkﬁb_gatéé)’ﬁ%% iof éhepYQ‘???‘ijaé‘t ?yé%l'hr}ﬁ%ta_g‘ih&y Pﬁ%ﬁéﬂ“ eglél y on
the recei vegowet£g8dbr ik Phikel datBsystéin pdr to@ANoSEInkiléh FEBYESRE J&bbdblilitﬁ bfengt h
metric (M for the packet data system WO 2006/028716 PCT/ US2005/ 030230 20
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desirabl e. g8071] Call origination procedure 354 may be inplenented in the

sane nmanner 33 miyaaliapbepirplemented 38 othasdmanngrsy s &or exasplee cellj eriginationnd
h hol d . |f ' ' /
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[0072] FI G ofle 8h@eSerthitl ORKFIG. 20TGHMHe ffordar® [0 dh HRkhn D17 RicaiveRforWa@X, Wwhi ch
is one of the termnals in FIG 1. On the forward: |ink, an antenna 912
recei ves f olikpignals from base stations in the packet data system and the voice/data system and
provides a received signal to a receiver unit (RCVR) 914, Receiver unit 914 conditions
(e.g., filters, amplifies, and frequency downconverts) the received signal, digitizes the
conditioned signal, and provides data samples. A demodulator (Demod) 916 processes
the data samples and provides demodulated data. A decoder 920 deinterleaves and
decodes the demodulated data and provides decoded data. The processing by
demodulator 916 and decoder 920 is typically different for different radio access
technologies.
[0073] On the reverse link, data to be transmitted by terminal 130x is processed
(e.g., encoded and interleaved) by an encoder 940 and further modulated by a modulator
(MOD) 942 in accordance with the applicable radio access technology. A transmitter
unit (TMTR) 944 conditions the modulated data to generate a reverse link signal, which
is transmitted via antenna 912 to one or more serving base stations for terminal 130x.
[0074] A controller 930 directs operation of various processing units within terminal
130x. A memory unit 932 stores data and program codes used by controller 930 and
other processing units.
[0075] For coverage determination and system switching, a searcher 918 within
demodulator 916 performs searches for pilots from the voice/data system and the packet

data system, as directed by controller 930, and provides measurements for pilots found

by the searches. Controller 930 averages the pilot measurements to obtain pilot strength



link signals frombase stations in the packet data system and the voice/data
system and provides a received signal to a receiver unit (RCVR) 914.
Receiver unit 914 conditions (e.g., filters, anplifies, and frequency
downconverts) the received signal, digitizes the conditioned signal, and
provi des deOR0428MNes. A denodul at or (Denod) 916 proceddEUSHHO3P] a sanpl es
and provi des denodul ated data. A decoder 920 deinterleaves and decodes the
denodul at ed data and provi des decoded data. The processing by dem)dul at or
916 and decqg p Is

t echnol ogi es. &Ea&%%ﬁd %qﬁ%/r éo verrg(l'ee{‘{elﬁn%Ll i‘%gtﬂ%&&%&t%rrfgrng%dgteﬁé y term nal
130x i s prosessds) baée;lguthemlloOdEelsummbntsnt@mtleuere‘lii)O dso eommitesdbie vardwe and

further nodul dul at MOD) cordance
bl i cabi o Meies e 48 SPRERIR oS g9 chaeerar e sl HER SRR Hohifoilh 930
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coverage dettter forwad livk mamidostirsereandssoi anc Hiimgr 93 dlemindivates 9hen sﬁarthsnare

denodul at or ¢ é eor@rfo%ns searches for pilots fromthe voice/data system and
the packet ‘YRTH t&m as directed by controller 930, and provides

measur enent §047e] pl’mﬁt &véﬁlgachetdﬁmﬂaﬁ@l SfdIsghesR . swimhingotecbiq@3Odassriiedges t he
pil ot measurenents to obt ain pilot strength WO 2006/ &%8716 PCTI US20Q05/ 030230
21 esti mat edCEHYMAY,PE Haplew by ¥ariqus mealy Eorgxample, these rehnlquesgiggdes or 1 he
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al so comput es the various nmetrics used to determ ne the coverage of the
packet data lmpbtnematlm rthe ptacessing3mits fthat tdemputenpetans rdetermmedpvmasprand edur e
350, handup cedur 5 and | C 5 mer 934
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t her eof . Forelegtroni¢ tinrts designed to perform the functlons described herem or a combination
thereof.

[0077]  For a software implementation, the techniques described herein may be

implemented with modules (e.g., procedures, functions, and so on) that perform the
functions described herein. The software codes may be stored in a memory unit (e.g.,
memory unit 932 in FIG. 9) and executed by a processor (e.g., controller 930). The
memory unit may be implemented within the processor or external to the processor, in
which case it can be communicatively coupled to the processor via various means as is
known in the art.

[0078] The previous description of the disclosed embodiments is provided to enable
any person skilled in the art to make or use the present invention. Various
modifications to these embodiments will be readily apparent to those skilled in the art,
and the generic principles defined herein may be applied to other embodiments without
departing from the spirit or scope of the invention. Thus, the present invention is not
intended to be limited to the embodiments shown herein but is to be accorded the widest

scope consistent with the principles and novel features disclosed herein.

[0079] WHAT IS CLAIMED IS:



i npl enentation, the processing units that conpute netrics, determ ne
coverage, and decide switching between systens may be inplenmented within
one or nore application specific integthed circuits (ASICs), digital
signal processors (DSP5), digital signa processi ng devi ces (DSPDs),
programuabl e | ogi ¢ devices (PLDs), field programmable gate arrays (FPGAS),
processors, @oAims! | ers, mcro-controllers, m croprocessors, other

el ectronic units designed to performthe functions described herein, or a
conbination thereof. [0077] For a software inplenentation, the techniques

d bed h b modul d
uncti ons, and o0 o) & AT PBLAF IR THETE (AHEEEB A DXEPEBbA REPEI A e

sof twar e co@;zsielﬂayo ishfored in a nenmory unit (e.g., menory unit 932 in
FIG 9) and executed by a processor (e.g, controller 930). The nenory unit
may be inpl ement ebtaningiah laabieonsr seeissdrigoal guelier astimato fohet lsagcmsswss in

whi ch case i n nicatively coupled to t rocessor .vi.a. various
moans ao s SHABNHOT RS FHTGAG FnsTutil, VPRI ML SR FBRA Urtelee
di scl osed eq@ggiﬂmﬂg§mh§hHﬁgghgggnto enable any person skilled in the art
to make or use t present Invention. Various nodifications to these

enmbodi nents wi | | degvingadifiryt mppar basedt@n theose leki bhedeéaivadneigaalt qualignd t he

generic princi defined herein may be applied to other enbodi nents
wi t hout ﬁgngﬁ Otﬁ WFW§°§%E?FFE%% Ns¥¥pe of the invention. Thus, the

present | nvent | ORQlefedm Mg whethePaRdcdverdde Jritht 5@&derh Qs tR6d Wbm ﬁrs?hown

herein but is to be accorded the w destt scope consistent with t

princi pl es amdrinovel features di sclosed herein. [0079] WHAT IS CLAI MED | S:
22 CLAIMS 1. A nethod of determ ning coverage of a wireless comunication
system conprising: obtaining at |east one received signal quality estimate

for at |east onejbase TitalthQoSGARET, qgﬂlflé?rCOﬁll Iq?in ransm ssion, wherein the
signal quality estimate is different an a g strength nmeasurenent;

deriving a first obeinihg alphseltyard phlbtestmgthmﬂmamﬂeforraapm'ralﬂeyi of bapeatatiqual i ty
estimate for. the at | east one base station; and determ ning whether the
coverage of B HE ¥ePMedd s good based on the first netric.

deriving a second metric based on the plurality of pilot strength estimates for
the plurality of base stations, and wherein the coverage of the system is determined

further based on the second metric.

3. The method of claim 2, further comprising:

deriving a third metric based on the plurality of pilot strength estimates for
the plurality of base stations, wherein the second metric is a sum of the plurality of
pilot strength estimates and the third metric is a maximum of the plurality of pilot
strength estimates, and wherein the coverage of the system is determined further

based on the third metric.

4. The method of claim 1, wherein the first metric is computed based on
the received signal quality estimate for a single base station selected for data

transmission.

5. The method of claim 1, wherein each of the at least one received
signal quality estimate is indicative of a signal-to-noise-and-interference ratio

achieved for one of the at least one base station.



2. The nethod of claim1, further conprising: obtaining a plurality of pilot
strength estimates for a plurality of base stations in the system and

deriving a second netric based on the phyrality of pilot strength estimtes
for the plurality of base stations, and wherein the coverage of the system
is determned further based on the second netric. 3. The nethod of claim 2,

further conprisimg: demVidthod bhidlainiel M iviePAS @k QRrivhie Mdiraki bieuad pi | ot
strength estimates for the plurality of base stations, wherein the second
metric is acempriedfs the plurality of pilot strength estimates and the third

metric is a maxinumof .the pluraljty of.pil strength estinmates, apd

Wher ei n the coversganging s b daln fanaiiop doreih i G wer b ofehe «hir d
netric. 4. Thet sRtBeIvaS siflakiqially e¥hiB4te obtatdd@ f61 the tat FRItIINE base faMAUbLEd based
on the received signal quality estinmate for a single base station sel ected

for data titheteme ss¢val, ad The net hod of claim 1, wherein each of the at
| east one received sjignal ality,estimate is,indi.cative of.a .
si gnal -t o- noi se- §ﬂlalp}1¢¥‘?ge&‘?gﬁ§ﬁ%eén¥§ﬁeg Oggl&%ﬁaée\/%eaerfrﬂ?gdgﬁ%e%& {RS M V#east one

base station. 23 6. The nethod of claim1, wherein the deriving the first
metric conprises determning a rate for data transm ssion for each tine

i nterval based of.the Tat miegmdt obrdaineclei whetesi giraldequing the dosti metmc
obtained for the at | east one base station for the tine interval, and
computi ng t f8PIPSt metric based on the rate determined for each tine

interval . 7. TheeBhioth £fai€ b dRakirandh@sRnTof ERh ARG MkddaltaSed dd @b affetri C
conprises determning a rate for data transm ssion for each tine interval

based on t héeaat ond ree@vedosignal guality estirsatgnbiaimgddbi thy ackhstroae daghitationefdr f or t he
at | east ong base.statli on for the tinme interval, ascertaining an average
percent age Of YPFIN'HSA nul | rates are determined, and computing the first

metric based on LR&r@ANSLALCHREREIRIRAIGOS fihERoh-A0I1RABs ard\deterthffeSand

computing the first metric based on the average percentage of time for non-

null rates.

8. The method of claim 7, wherein the ascertaining the average
percentage of time for non-null rates comprises

for each of a plurality of time intervals, setting a filter input for the time
interval to a first value if the rate obtained for the time interval is a null rate and to a
second value if the rate is a non-null rate, and

filtering filter inputs for the plurality of time intervals to obtain the average

percentage of time for non-null rates.

9. An apparatus in a wireless communication system, comprising:

a demodulator operative to obtain at least one received signal quality estimate
for at least one base station selected for data transmission, wherein the signal quality
estimate is different than a pilot strength measurement; and

a controller operative to derive a first metric based on the at least one
received signal quality estimate for the at least one base station and to determine

whether coverage of the system is good based on the first metric.

10.  The apparatus of claim 9, wherein the demodulator is further

operative to obtain a plurality of pilot strength estimates for a plurality of base



8. The method of claim7, wherein the ascertaining the average percentage
of time for non-null rates conprises for each of a plurality of tine
intervals, setting a filter input for the time interval to a first value if
the rate obtained for the tinme interval is a null rate and to a second
value if the rate is a non-null rate, and filtering filter inputs for the

plurality ofstatibA®id Heesyétthg dnd WRérdinNthe @naYEErag Sfurth@r s ithagetc0ferivere for
non-null rates. 9. An apparatus in a wireless conmunicati on system

conpri si ng: secondmpdiu¢ kessd aplbe alurglity tod pdpt sifengtt estiswsts apddo detsaninedhsi gnal
quality esti nat e eg«ﬁh at eIe?s ope gas essteaticfm ‘frfel ected for data
transm ssi of° WheT €i ¢ PYE 'ﬁ‘h'gf %fﬁ PP s MEYS is different than a pi | ot

strength measurenent; and a controller operative to derive a first netric
based on the at |east one received signal quality estimate for the at |east
one base stationland tflhedppaatb péclaigh8t Wheremohe earjellst istfgheryaperative 40 good
based on th irst metric, 10. The .apparatus of. claim9 rei,n the

denodut at or SeerPiatal of fur tanguSoBR BB Eu Gl Rt B fobetPFengt
estimates fQEcedeRlsindl fikalitPEstRRRE 0Bdined F@!theBlehd ohbBBasYFhteI for it thher ei n
the controller is further operative to derive a second netric based on the

plurality ofintpivebtandtte epgphicabe finmmestriahaset @ndbe eataidaermingd fopeashdipee of t he
system further based on the second netric. 11. The apparatus of claim?9,
wherein the 'Whfroller is further operative to determine a rate for data
transm ssion for each tine interval based on the at |east one received
signal quality estinmate obtained for the at | east one base station for the
time interval, ddd tdheeapputesohelaimPswhereinrthe whzbssl conmuheatan systiet er mi ned

for each tine interval. 12. T pparatus gf c¢laim9, wherein the wirel ess
comuni cat i dh? B%‘Fte‘ﬁﬁta psten ﬁ%{@ggt‘%é’g?vd ‘é‘??f“gﬁt ﬁ%ﬁé‘ﬂweof provi di ng packet
data service. 13. An apparatus in a wireless conmunication system

conprising: neans for obtaining at |east one received signal quality
estimate for at lldast Amampabrisanstvaréless cominauiwtiof systeiat @mpremgri ssi on,

vhorel n Lhe sl onal AUELI A ERLLIRLE La, LSLLLFLoM, S1OR B pLLot. nensth
recei ved si gRahasethiidlont41cRH fIRIRa HiBAstiBEoR twHeBAR thPREn N BRI S LB AR:is and
different than a pilot strength measurement;
means for deriving a first metric based on the at least one received signal
quality estimate for the at least one base station; and
means for determining whether coverage of the system is good based on the

first metric.

14.  The apparatus of claim 13, further comprising:

means for obtaining a plurality of pilot strength estimates for a plurality of
base stations in the system; and

means for deriving a second metric based on the plurality of pilot strength
estimates for the plurality of base stations, and wherein the coverage of the system is

determined further based on the second metric.

15.  The apparatus of claim 13, further comprising:
means for determining a rate for data transmission for each time interval
based on the at least one received signal quality estimate obtained for the at least one

base station for the time interval; and



means for determ ning whether coverage of the systemis good based on the
first metric. 14. The apparatus of claim 13, further conprising: neans for
obtaining a plurality of pilot strength estimates for a plurality of base
stations in the system and neans forderiving a second netric based on the
plurality of pilot strength estimates for the plurality of base stations,
and wherein the coverage of the systemis determ ned further based on the

second metric. ndans TheccaaPRAnatHs fiedt redtat Waded, orf tHel AR di@iRf¢d fdrGackireans f or
determining a rate for data transm ssion for each tinme interval based on

the at | edsne Bitevalecei ved signal quality estinate obtained for the at |east
one base station for the tine interval; and 25 neans for conputing the
first netric based on the rate determ ned for each tine interval. 16. A

processor readall e medirgeebr BhAUbld EnddS forUbii AN SnstRRtiER BpérAbld int £r M nal
to: obtain at | east one received signal quality estimate for at |east one

base st at itgminalfo:a wirel ess communi cati on system and sel ected for data
transm ssion to,the  termnal,. wherei,n the signal. quali stinmat.e is

i fferent ¢han okl b L PERoe TeBUGhbIE SO RRE R o P BB on ¢ ne
at | east Qe MAFBISYCbnSrhGINiBAtidAUSYskdrY LAt idIEk®] & dathh@ainibe@sto ahe base
station; and determ ne whet her coverage of the systemis good based on the

metric. | Zerminatetthseinfthewignohi quglity eslimataals diéferenerthan raspilandirengtlond
wirel ess comunication systens, conprising: obtaining at | east one received
signal quilitY°®EtY nate for at |east one base station in the first system

wherein the si geale Awdtiié YaRAldnMRE @t 1edsthinkl8E@Nd §if@ qRally! QRiimaktfopngt h
measurenent; deriving a first metric based on the at |east one received
si gnal qudhg atyjeaseend brse etafion; ande at | east one base station in the first

Stcond system B AegIHE catarer She T b Hnd ok o B based on the
first metric.
17. A method of switching a terminal between first and second wireless
communication systems, comprising:
obtaining at least one received signal quality estimate for at least one base
station in the first system, wherein the signal quality estimate is different than a pilot
strength measurement;
deriving a first metric based on the at least one received signal quality
estimate for the at least one base station in the first system; and
determining whether to switch from the first system to the second system, or

from the second system to the first system, based on the first metric.

18. The method of claim 17, further comprising:

obtaining a plurality of pilot strength estimates for a plurality of base stations
in the first system; and

deriving a second metric based on the plurality of pilot strength estimates for
the plurality of base stations in the first system, and wherein the switch from the first
system to the second system, or from the second system to the first system, is

determined further based on the second metric.

19.  The method of claim 18, further comprising:
obtaining at least one pilot strength estimate for at least one base station in

the second system; and



| 8. The method of claim|7, further conprising: obtaining a plurality of
pilot strength estimates for a plurality of base stations in the first
system and deriving a second netric sed on the plurality of pilot
strength estimates for the plurality of base stations in the first system
and wherein the switch fromthe first systemto the second system or from

t he second _SyStcﬁH’an% A ARd et b5k beThe zittsleasggﬂee;?limt@?rgnétl‘i!’eEt!ﬁﬁéte basgd on the
second nmetric. 19. The nethod of claim 18, further conprising: obtaining at

| east one apildast ort basegtahioe st theeseeorfdosys@m, laed sthemme theasyvatadt faomadhe first t he
second syste and 26 erjivin thir tric based.,on the at |east one
Lot st SHgPR Bt sond Bile Heefrhined T bS8 ¢ wRGhAA, ne “eecond
system and wherein the switch fromthe first systemto the second system
is determ ned further based on the third netric. 20. The nmethod of claim 18,

further conpri i0ng: Theteethvhohgaian] & hatirr cofptising: t he second netric is bel ow

threshol d valye, .and wherein the switch fromthe fi to th
Second syst em i B RRHFHAGOTR i HE: TEdgneThd Bt oPHbIHE he second

metric is pelwmrtilant RueehGhdn B est sy$dm tbhhe "RESMM sRkert li@idBeAfined ur t her
conprising: deriving a third nmetric based on a maxi mim of the plurality of

pi | ot st r dnghbdr basst amtht esofiot oftthiee b weaind myetind isdméey greahiesidd ivaluehe fir st
system and wherein the switch fromthe second systemto the first system
is determned further based on the third netric. 22. The nethod of claim

17, further comri sifi@mAdREEHMIMHDE, Rlh@RbnbtiYingf the first netric, and
wherein the switch fromthe second systemto the first systemis determ ned

based on the fidestvinget third métriddeseddn a wakiabpine of 88, plThadtynef pibd sotngthai m 22,
further conprising:. determni an anoun time the at | east one base
Station | ot fotape B et Rk Shufint ot e hrsri TR ret Rbeted FBSMUGR Ly of
the first ,ﬂ@ﬁ&h&sécén@?}&éﬁt@% ﬁ?s?@ﬁjsté}ﬂ is HOSmAADY ALttt vhidiord MR Bird! €ast one
base station in the first systemwas nonitored. 24. An apparatus conprising:
a denodul ahgricoperative to obtain at | east one received signal quality
estimte

22.  The method of claim 17, further comprising;:

determining reliability of the first metric, and wherein the switch from the

second system to the first system is determined based on the first metric if deemed

reliable.

23.  The method of claim 22, further comprising;:
determining an amount of time the at least one base station in the first system
was monitored, and wherein the reliability of the first metric is determined based on

the amount of time the at least one base station in the first system was monitored.

24.  An apparatus comprising:

a demodulator operative to obtain at least one received signal quality estimate
for at least one base station in a first wireless communication system, wherein the
signal quality estimate is different than a pilot strength measurement; and

a controller operative to derive a first metric based on the at least one
received signal quality estimate for the at least one base station in the first system
and to determine whether to switch from the first system to a second wireless
communication system, or from the second system to the first system, based on the

first metric.



for at |east one base station in a first wirel ess conmuni cati on system
wherein the signal quality estimate is different than a pilot strength
measurement; and a controller operatiye to derive a first netric based on
the at | east one received signal quality estimate for the at | east one base
station in the first system and to determ ne whether to switch fromthe

first systemt@sa segendppirit@l &S claf@ M NvESki0 the YehRdula®r fs' @iftehe second
systemto the first system based on the first nmetric. 27 25. The

appar at us Qperagivaiten abtain whehiedliy tepibié rirgugtht estimatest for tehplurdperadtbage t o
obtain a pluralit f pilot strength estimates.for.a plurality of base
otationg NiPRelr e SpsiByubl, MLEAKRBELTRIER it Rl Rt o fefles
operative st@ndemnttie Rsed 66 A phedlity ©f PASEsredBtH Einfdtr Rk ithy ﬁmfral_ni/ ot
strength estimates for the plurality of base stations in the first system

and to detbaphptabonshiat the rfirstosystent aid fa detetnhae phether te watitenfram threfisécond
system or_fromthe second systemto,the first syst further ased on the
scond mecy N Bahe s ERE TPy hE R ot Sronn S aRP o eat YR AR o 1o
further qpesdadd he st@nabiayi® at | east one pilot strength estinmate for at

| east one base station in the second system and wherein the controller is
further operative to derive a third netric based on the at |east one pilot

strength estimte f the at |east, one,bas station i he second system
and to deter mn?g \/\hgli}}‘?eflpqaéat%@‘ﬁﬁla\‘r?o#t Wgerﬂnr 3“&6 &Ogﬁfatotrolst ﬁlérﬂke_écond
syst em f urdpbgkivbas setanat 18Rt biY pitbtTBEAJR esthiate ThCataPRADAS BSseQtatiohah m 25,
wherein the controller is further operative to derive a third netric based

on a nmaxi rihersesond estpruned whgreof thei dontroBerr iefytther astdtivatteglefive atthied pl ural ity
of base stati.ons in t first systemand o determn ther to switch
Fromthe docihaisilebfs ol I $Y ik JERa et oD heetl Birtiine Bkl o
metric. 28&tibien ARABEILS R &ldab Melfiminehaictled td HRitdH frh tBY LB stdn Capabl e

of providing packet data service, and wherein the second systemis capable
of provi dithghe sgodralesyateth fuabkehasehomthsahivd oetric. 29. An appar at us conpri si ng:

means for obtaining at | east one received signal quality estimate for at
| east one base station in a first wirel ess comruni cati on system wherein

the signal qualjzty @Rtigpalagis ot Wil 2, SiterdiDal @nlbliot isThRIYRratRasur ement ;
to derive a third metric based on a maximum of the plurality of pilot strength
estimates for the plurality of base stations in the first system and to determine
whether to switch from the second system to the first system further based on the

third metric.

28.  The apparatus of claim 24, wherein the first system is capable of
providing packet data service, and wherein the second system is capable of providing

voice and packet data services.

29.  An apparatus comprising:

means for obtaining at least one received signal quality estimate for at least
one base station in a first wireless communication system, wherein the signal quality
estimate is different than a pilot strength measurement;

means for deriving a first metric based on the at least one received signal
quality estimate for the at least one base station in the first system; and

means for determining whether to switch from the first system to a second
wireless communication system, or from the second system to the first system, based

on the first metric.



means for deriving a first netric based on the at |east one received signal
quality estimate for the at | east one base station in the first system and
means for determ ning whether to swit fromthe first systemto a second
Wi rel ess conmmuni cati on system or fromthe second systemto the first
system based on the first metric. 28 30. The apparatus of claim 29,
further conprising: neans for obtaining a plurality of pilot strength
estimates for a plurality of base stations in the first system and neans
for deriving a39ecorihermpparatisblskedn a8, futtberdommaidsintgy of pil ot strength

3;2:. g?;ets hl;ogwitn?%lﬁg lftl)Jrr gtLtIaitn}/ngoa]; pPu?aslﬁy Sotfaptlllo?gt?enlgr&l E:SQFme];t!:sr %otr asp\;l%trzﬁltn)]/ o?nd

base stations in the first system; and

means for deriving a second metric based on the plurality of pilot strength

estimates for the plurality of base stations in the first system, and wherein the switch




