WO 03/ 058986 PCT/ US02/ 41254 1 CREATI NG AND USI NG BASE STATI ON ALMANAC

| NFORMATION |IN A W RELESS COVMUNI CATI ON SYSTEM HAVI NG A POSI TI ON LOCATI ON
CAPABI LI TWO oBEESA3ED APPLI CATI ONS [ 0001] The present appl i @atriusaz/ei2ad ns
priority of provisional application Serial No. 60/343,748 fil ed Decenber
27, 2001, incorporated herein by reference. This application also clains
priority to U S. Application No. 10/ 093,175 1, filed March 7, 2002.
BACKGROUND OF THE I NVENTION Field of the Invention [0002] This invention
rel ates gener SREATENGEAND N BAEa8 TATIOMALMANAG INF TIPN o a

wi rel ess conmuni cafiNok VEIREEESS L/ONGMUMN CAKIABY SYSTEYL HAYANGng t he
positions of nobile statiAROSITAON LOCATION CAPABEEIEYecifically to the
creation and use of information stored in a base station alnmnac in such a
Wi rel ess conmmuni cati on system Description of the Related Art [0003]
Mobi | e communi cati on networks are in the process of offering increasingly
sophi sti cahpfl AGRPRRIPPL f¢ £513196 | ocating the position of a nobile term nal
of the ner‘mé(ﬁ'ﬁe“r‘e‘g%% atory requirenments of a jurisdiction may require
a network oper @00t] t The presert appkication atairnn padrity afipoigona mpplivatiomfemnalt he
nobile termn | ace cal] t ener genc ervice, .such .a 911 cal
in the Uni ﬁeﬁ@%&i@. fiied Dec faféﬂ%’ A Brothoptts B?fémA*&Yc“éE?e‘(CéD%S digital
cellular n rﬁl‘feﬁt&%n SIOECIRAR Sriopity tPOH, %%Eli&ﬁ%mé.'lbm%%lpﬁledm&ﬁ% detboby
Advanced Forward Link Trilateration (AFLT), a technique that conputes the
| ocation of the nobile station (M5) fromthe nobile station's neasured tine

of arrival of radio sign i nor e advanced
technique is hybrid positi ﬁcmmaﬁ@mm e station enploys a
G obal Positioning System (GPS) receiver and the position is conputed

based on both AFLT and GPS neasurenents. [0004] Message protocols and
formats foFleldwihehyentieth | ocati on enploying AFLT, GPS, and hybrid

recei vers, applj e . - - i st-ed: ave
been publ i shed t(ﬁ’aﬁ AﬁhﬁAﬁg%igﬁghg?g%Fg%ﬁ@ﬁgﬁ%ﬂ}ﬁ @2#‘?%‘%%10 Etg‘ztf’?’nmnegt i on WO
03/ 058986 REHtMEdR A R&blesPcommunication system having the capability of locating the

positions of mobile stations. This invention relates specifically to the creation and use of

information stored in a base station almanac in such a wireless communication system.

Description of the Related Art

[0003] Mobile communication networks are in the process of offering
increasingly sophisticated capabilities for locating the position of a mobile terminal of
the network. The regulatory requirements of a jurisdiction may require a network
operator to report the location of a mobile terminal when the mobile terminal places a
call to an emergency service, such as a 911 call in the United States. In a Code Division
Multiple Access (CDMA) digital cellular network, the position location capability can be
provided by Advanced Forward Link Trilateration (AFLT), a technique that computes
the location of the mobile station (MS) from the mobile station's measured time of arrival
of radio signals from the base stations. A more advanced technique is hybrid position
location, where the mobile station employs a Global Positioning System (GPS) receiver
and the position is computed based on both AFLT and GPS measurements.

[0004] Message protocols and formats for CDMA position location employing
AFLT, GPS, and hybrid receivers, applicable to both the MS-based and MS-assisted
cases, have been published in TIA/EIA standard IS-801-1 2001, Position Determination



Servi ce Standard for Dual - Mode Spread Spectrum Systens - Addendum

i ncorporated herein by reference. [0005] Another position |ocation

t echni quewD3mbe98€ t he ' neasurenents are rmade by a net woPKTArsDY/#3254 r at her
than the nobile station. An exanple of these network- based nmethods is the
round trip delay (RTD) neasurenent carried out by base stations receiving
signals fromthe nobile station. Measur efrent s made by the nobile station

may be copbined, with ba ed asurenents to enhance the
availabillgb %PE‘%EHE?&@D étﬁggt’@%taﬂﬁééfﬁtﬁmén Addgudey. ipspraosgiefle| ess
communi cat hQRixSERRARRYI Ng a p05| tion determ nation service, it is
conventional to’store calibration informati on and ot her base station
information in 0881 a Awter pStitbn kocdorateblasqud is vvoahe aseaguibmssts ateat i on

al manac. cal . base stat on _al nmanac, recor.d s eC|f| es t base station
Cdont 11 cameonBY AR Fuf e o dRY BobiS SRie oRp xuntie ot s AteRia | and

somet i mes bAxed bk 6 fhi @Kuﬂﬁqhﬁﬂela‘?ﬁkq'@)?ﬁéa@tﬁemgﬁ‘tr caftl Rt By thliesidd s El A
standard 1S-801-1 2001, page 4-37, "specifies a base station al manac havi ng
the foll ovxteﬁglvmgesugn@bfmmélaﬁ:mwblétséamraﬁ\dl@aummmsdnadém tRd\mobile station may

TI ME- , i ncl ude
Che pi Lot P Sab e prk st el 0 dhiics the Snapl b asaey
station tlaﬁhee@hp@l@ap@ﬂué@ k.a. forward link delay calibration), and the

| atitude, Iongltu and height of the base station antenna. It has been
pr oposed to TI Al00GAhc drraivitedsss TrmmIBicatiom systam havm&geosgtlam detarmpisatinnd shoul d
further f on antenna,
and a fi eI %lr?lg‘? ?lﬁ Cbﬁ&tlég%ttgpﬁgﬁs?ﬁe%%ﬁlt W(%ﬁgog? {fe J}baols%ge%s a§% ?t%)thonant enna.
SUMVARY O%anﬂEaahbh/EhEl’tlﬁMbbw(Sb]ch lardagedstisé isdnoind dshacbabastation aliriagsc. par anet er s

descri bed ab |t has ggen di scovered that there are_ many ot her base
station pa¥ 8 Rase st alpanag egrhsnscifiss thebase siatien idgntification &nformationof

mobi | e sta«ttlbge&ubﬂo@thwa@é Safor AN 'a' | Gl foﬁ{tﬁﬁﬁgwﬂw%%ﬁd fgdi tional

paranmeters include the center |ocat ase station sector coverage
area, t hecahbxatmanpawqué th‘h’é‘lﬁhﬁ'ﬁﬁ smdanddﬂ 801t E20GL, pageed Bérapacifieawer age

hei ght ov t he.sec over age. area, err |n hei ht st

devi at i onel?f\?eérS atlﬂ%a ) a?%ﬁ%&f@ 0\3}1156‘(1e|i]<$0f[658ac {3256t %VC?%Tg)%%dPN

cal i brat i onINIRf CORRECHITON RIFAT AT IR T RNG OREF PSERSIIT REFOThERIfReds (PN)

i ncrements, uncertai ntgI in the base station antenna position, uncertainty

in the fplmbtri@lihﬁmlota | sgguengk IOHIS@tth(ﬂFﬁ refarencebesy station, the trase btetiorotme- t i p
del ay cal I(Q)rﬂ% liSd (aka f83/ Og% E%efay cali ra 10r€}12%115d4the latitude, longitude, and height

of the base station antenna. It has been proposed to TIA, subcommittee TR45.5, that this

base station record should further include a field for the sector width of the base station

antenna, and a field for the horizontal orientation of the base station antenna.

SUMMARY OF THE INVENTION

[0007] In addition to the base station parameters described above, it has been
discovered that there are many other base station parameters that are valuable for
calculating the positions of mobile stations in a wireless communication network. These
additional parameters include the center location of the base station sector coverage area,
the maximum range of the base station antenna, the terrain average height over the sector
coverage area, the terrain height standard deviation over the sector coverage area, round-
trip delay (RTD) calibration information, repeater information, pseudo-random noise
(PN) increments, uncertainty in the base station antenna position, uncertainty in the

forward-link delay calibration, and uncertainty in the round-trip delay calibration.



3 [0008] In a preferred inplenmentation, the sector center |location data is
used as an initial position for assisting position determ nation using a
syst em ofwglodlosd9scat el | ites, and as a default position ofPCa/usobii2es4 station
in the cell sector when the position of the nobile station cannot be nore
accurately determ ned. The maxi num antenna range is used to quantify the
sector coverage area of a base station Pn order to relate an observed

terrestrial sig[nal with an entry for the base station_ in the base station
al mnac. The t[89P0&i nnapeteged raplgmentationstbel sOINSRieE ICAHORAFD IS USPAAS f i x of
a nmobile stai. - L. I | . Al ~cell
sector conty Bl ags B P sl pBbi oy Bhehin AR ERKAFL! AnlRpre G
terrain awadage dsfiulipositioh of Bidbils siation &t the eelhsevgort wieenpths posithon of tha. The
round-trip delay (RTD) calibration information_is used for inproving the
accur acy crobilestion cRint be gy Aty dletsaineds é“&leimﬁxa@fl@rwwgﬁ&%m l e

station R@é& Id ng.{énti fle SERAASTEral hRLTRL AR étaﬁg,gﬁﬁ%rd@?%@?gﬁfmbmn%w to

use an AFLT ran asurenent . e pseudo-random nol se I ncrements are
used for nesaltvilBignpiseiihlan entay fhanhalodss sta(iBNjn the fbast stationbedmanasf Thest ant base
stations. The uncertainty in the accuracy .of .the base station t enna

posi tion (tSTHBSUTAE léeég]etrlﬁi‘?ﬁdﬂﬁ OQt%P@HPO¥B°%Bﬁ|O§ agpbilg S@&Eﬁ“&%ﬁ from
the base Stk §BienfNindiREBERMH thr b Bell BRACOUEREY arlh id B ROTAMRIAiih oK

del ay cali rati o for a base station |s used in determning the weight to
apply to flomwanch td weightotbe teyrasmalveRigD height infemeatton. in Thierminsng thepasifoi n t he

ot or mi ni RV TaBrgD foR oM EhHon ontlicrd nfsl? Fudblhethy o SR e
DESCRI PTI Qe biEre R NGl 0k urinbesk uedl id@etermin@ iodilt agesn of the

invention will ‘becone apparent upon reading the follow ng detail ed
descri pt i qeosiionh Thetepesist infergnation I%Wdﬁﬁmﬁ%ﬁl&mgd%%ﬁ@ni%aéﬁﬁ [ 00010]

h I - . USI
) SR | RIS SRS R B RS .

is a bl ockaflica@héise (HNpofessusbet bbdisiant base stadbhy| Hie urekrgihtyria thaet wor k of
FIG 1; [00012] FIG 3 is a block diagramof_ stationary cor_rponentIﬁyof t he
cel lular aceytepnelibe hawgsrtionantaopeposition sedinIPteniaE @ veisi&e &Py i ng

entit yc aCCESE N nP ASH thE bAld R TR ARty BRER dcBudcP8Sfe FratPhnk

al manac;
delay calibration for a base station is used in determining the weight to apply to forward

link delay and RTD measurements. The uncertainty in the accuracy of the round-trip
delay calibration for a base station is used in determining the weight to apply to RTD

(reverse link) measurements.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] Other objects and advantages of the invention will become apparent
upon reading the following detailed description with reference to the accompanying
drawings, in which:

[00010] FIG. 1 shows a cellular telephone network using the GPS system and
wireless base stations for locating mobile telephone units;

[00011] FIG. 2 is a block diagram of a base station in the cellular telephone
network of FIG. 1;

[00012] FIG. 3 is a block diagram of stationary components of the cellular
telephone network of FIG. 1, including a position determining entity accessing a base

station almanac data base in a base station almanac;



WO 03/ 058986 PCT/ US02/41254 4 [00013] FIG 4 is a table of measured and
optional paraneters in a base station record in the base station al manac
of FIG 3wo[i00f8kdd FIG 5 is a table of derived paranet er Crrusaz/pese
station record in the base station almanac of FIG 3; [00015] FIG 6 is a
di agram showi ng the rel ationship of various paraneters associated with a
base station antenna; [00016] FIG 7 isda cell coverage map including a
nunber of cell sectors; Z{1.()0017] FIGS. 8 and 9 conprise a flowhart show ng
how a posi tion (08813 FiGiis adable of measeedindeaptional pssamateisin abase stasion) e
station; [ I ] rt of a procedure used by a wirel ess
net wor k slgg@éﬁ%ll%%b%%é?%bgal@féégggﬁgh al mnac; [00019] FIG 11 is a

bl ock di agram oft0a14pEGf3 5 acablt ioff dertadqrardnasters rea bassastat®hatdond iratheranac
data base server; [00020] FIG_12 is a block diagramof a redundant

conf i gur at PasHS@HopalEanaeRf Fl§at3%r ni ning entities and base station al manac

data base Servgfoaoigoﬂﬁﬁldis%'&aq%%ssﬁmﬂ@ tH@félQﬁsﬂik%ﬁQ%l?&%WéﬁerE he base

station al nanac; 0022] FIG ows "a descri pt sect or
i dentity iasbaniared with aibast kietiotbaigensst at i on al nanac data base and associ at ed

probl em detecti t ogy used b t he e statjon _al panac data base
Perver 1000957 0Bp R PR oHSReel ierdbe pip iR e R U RS G568 BRTS: nf or mat§ on
in the base stgbhppn RERRMIPEAPERS BRFCHARIAGW BGRbwPE pBYiGN det ection

met hodol ogy used by the base station al manac data base Server; [00024]

FIG 16 shdaigrmanidgsutifysieiesmings thepositimorf @rmefiletstasion; i nf or mati on in the

base station al a.base.and, asseci ate robl.em detection t hodol ogy
used by the ba@agﬁaﬁ?g’nlgﬁ%ﬂ%‘g CB%‘?QP%gl‘sogeguéE\%%by[fbm.ﬁ%]gs11151? Hgi? shows a
descri pti ofysein @h&fda bael sedticatal@Arac@nt enna openi ng, and nmaxi num ant enna
range information in the base station al manac data base and _associ ated

probl em det ect | BROKYt Fldol logy bleckdlipgramiad aspecifia cenfiyrationdante bas a base
server; [0&8?0(?1]8[1‘%&0 dlafgaggg\é@w@r;descrl ption of terrain average height

information in
[00020] FIG. 12 is a block diagram of a redundant configuration of position

determining entities and base station almanac data base servers;

[00021] FIG. 13 shows various field groups in the base station almanac;

[00022] FIG. 14 shows a description of cell sector identity information in the
base station almanac data base and associated problem detection methodology used by
the base station almanac data base server;

[00023] FIG. 15 shows a description of antenna position information in the base
station almanac data base and associated problem detection methodology used by the
base station almanac data base server;

[00024] FIG. 16 shows a description of cell sector centroid information in the
base station almanac data base and associated problem detection methodology used by
the base station almanac data base server;

[00025] FIG. 17 shows a description of antenna orientation, antenna opening,
and maximum antenna range information in the base station almanac data base and
associated problem detection methodology used by the base station almanac data base
Server;

[00026] FIG. 18 shows a description of terrain average height information in the
base station almanac data base and associated problem detection methodology used by

the base station almanac data base server;



base station al manac data base and associ ated probl em detecti on net hodol ogy
used by the base station al nanac data base server; WO 03/058986

PCT/ USO02/vwD25458986 [ 00027] FI G 19 shows a description of rowruser/sizps del ay
(RTD) calibration and forward link calibration information in the base
station al manac data base and associ ated problem detection nethodol ogy
used by the base station al manac data base server; [00028] FIG 20 shows a
description of IPOtentl al repeater_ and PN i ncrement _informatjon.in the base

station al manaclV99¢4 EXdel Sihewsadessrintion of rmdatripdstay(RiTEN cailratiigncogy
used by thﬁr@%ﬁqlﬁgﬂlbﬂﬁoﬂhﬂmﬂﬂﬁlo@% ﬂleb@a%@ﬁt%ﬁ%aglgnan[agﬁgg%s 411@'&8&)%1 QPWS a

description of uncertainty paraneters in t station a manac
base and apwblenadaetpnamxtbodadedyacstd by thedidse shatiog ylmemed dity bhseservegs e st atl on

al manac data'b r ;..and [00030] FIG. 22 shows a |i robI em
det ecti on net hgﬁ)ﬁogﬁ ﬁés@ %‘ﬁ’“lsés‘feﬁ tign of PﬁteBE":‘l rﬁﬂ’%“ﬁ&ﬁ&b&?‘“gmﬁ Sition.
[00031] Whink&ndalBn ifn¥e BatOdtatich AHarfRiatdbRe hRd YAbEQAKY p‘i‘&ﬂéﬁl'd‘éé&h&f‘s and

alternative forms, specific enbodi nents thereof have been shown by way of
exanpl e i nmeﬁlhéoldgamqnidsf thﬁbaw stdtiopeldeamedataduisé serdet ai | . It shoul d be

under st ood, not i ntended t imt m of the
venti on to nOORAY FIGHk ShoylsiaeSinrion o Bhcksihin riaisiy 1 hS bike

i ntention dtgidnOalmANe d=td baseREl hiseafatedPiobled Wettdti®mhizthodBibg 2Iu§&n53aﬂlbves
falling within the scope of the invention as defined by the appended

cl ai ms. DEtRAP BEEODESCRAPTHENEFSCTYE J0RVENTI ON [ 00032] FIG 1 shows a CDVA
cellul ar tel eph tapr ile

t el ephone uni tsfbIaﬁ &gal?i?'br&% %‘{}'59 gsétgs f (%IS{PdCIF éoé ﬁl\%en i@%ﬁ?ﬁ\%qn

descri bed wtihihter@ffaecfeﬂallumhhﬁﬂsbhsposimpl e, but it should be appreci at ed t hat

the invention is not limted to the use of CDVA or GPS, For exanple, the
i nvention coul dl0983 Hr A¥hijethg invgntionris sEscppible ey pariaps pposidcatiopeand ( TDMVA)
cellular t I :
satellite @%??Fig‘?ﬁg? or a |C£f%cl %ﬁg%%%@%tf%n%dggaﬁeﬁﬁ%f‘gg%g ‘)?)Jylcgeg%%glre é to
practice tthe dpaveagmnd wilkebet desorividtih datayl. ki shduldfbevindetsesgl, bownewear iticattif i 1@n

networ k, such as eIIuIa t el ephone network, it is. advisable to
Consul ¢ ¢ HEAHENICBITEN (a0 §F b Saaiab i OF pEpeLley Frms SRS Wa SR dihg

conpat i bl e.d,paaf | 't}i%']nte%ﬁfn’{ {8 Tovdrotl ﬁé&ﬂ@i’[ﬁyns TdigivaRinkQWh M 8itd iRkl Bfling
description reférs to the TI AEIA standard

within the scope of the invention as defined by the appended claims.

DETAILED DESCRIPTION OF THE INVENTION

[00032] FIG. 1 shows a CDMA cellular telephone network using a GPS system
for locating mobile telephone units and calibrating base stations. The invention will be
described with reference to this example, but it should be appreciated that the invention
is not limited to the use of CDMA or GPS. For example, the invention could be
practiced in a Time Division Multiple Access (TDMA) cellular telephone network,
without the use of any kind of global satellite system for assisting position location.

[00033] In general, to practice the present invention with any kind of wireless
communication network, such as a TDMA cellular telephone network, it is advisable to
consult the applicable industry standards for specifications regarding compatible location
services. For example, the following detailed description refers to the TIA/EIA standard
IS-801-1 2001, Position Determination Service Standard for Dual-Mode Spread
Spectrum Systems, which is especially adapted for a CDMA network using AFLT and
GPS. The TIA/EIA standard ANSI-136 (System Assisted Mobile Positioning through



| S-801-1 2001, Position Determ nation Service Standard for Dual - Mode Spread
Spectrum Systens, which is especially adapted for a COMA network using AFLT
and GPS.w0ha/03498¢ El A st andard ANSI - 136 (System Assi sted Wobiuse2/Pasiti oni ng
t hrough WD 03/ 058986 PCT/ US02/ 41254 6 Satellites) is adapted to TDVA
digital PCS systens in the United States. The 3rd Generation Partnership
Proj ect standards 3GPP TS 04.31 and TS $5.331 Location Services (LCS) (UE

position usi n? QIrDOA) are adapted to European GSM wi rel ess
t el econmmuntdd Feé)dsﬁéﬁw fesTDMyp disitpl RESsystemsnimie Pnited Staigs. 488 st at i ons

11, 12, 1 i ONatidf ray on the
surface of3G ?r%gatg)éﬁ?[akﬁ%%pfbﬁmjgg%s&tﬂdﬁd%sgg@ %Sag??’é aﬁd?‘lsr‘?s@%bove ?IF]e earth,
there are Seryicen(llG8)EUE pragionfusing A0 taed ddapied td EurchBan GSM wlles21 i n

Iine-of-sig@t communi cation with the base stations 11 to 15. Wthin
t el econmuriflesepmyBicationRetyeishe base stations, there are a nunber of nobile

COVA_ t el ephonaoupids £, i2fowhive RTIA ga%é%ﬁ &% 11018511901 {91251 Gk pns. (VD)

in the TIA standar unments ci t ove ese nobi e stations
i ncl ude Aﬁi}iédqmlsmonsrhhi hexagomtl aoag pn ﬂwurﬁase d)ﬂthe AL 1GroAtL himus i HODON 22,

o 1o ot il el Glves e St dbtan gl e e KPS Aetiget 108 1hes

position afp big I‘Nfé-brf—s@HtQ!dn%nﬁé‘étidﬂﬂxn%?thctﬂﬁ% dixbinsd 178l qvigdigt i on 23, and
the GPS nobile station 9 using the well-known AFLT technique of the nobile

stati on ndelscemmynichéonsi rﬁ@getﬂf the basgatatiohs, gleere @@Ia Hnpsirjopmobdd (PMngnal s

f h I d b I h
roasur omerl ORI TS 22 410U B8 sl bl el B R B dA D 11 of enees

of the pidtaidafl@sCuriBias vite @S frh@m@ﬁmcdtﬂon@(mo elwle AWITGKOr i ng base
stations are conputed in order to elimnate the effect of any tine offset
in the nobpphilestaftanssush s the Ak mobile stgtien 22.ykeid neehils stAtioR® SBEILEs thecat es

th bi | Th t t f th
nyper bol ad op A ns e A S HRRICR MR 0Ll 21 on [00036] The. COVA

network is al sqooegdbTee GDMAG®RtWGTY 14 tepablesif 1dcating thetpositiohy tedARIDDI | e
0 15 has ORISRy Bie TERAIITHG Sohencay FIoD eiﬁﬁhﬁéﬁﬁ%&%ﬁﬁét' o
seduence, oplab APRFLTIEIRkol8 (BB Shted B8, Aink nd [LBERI s, SOV
nmobi | e st atalledpipatrradioisjpaidrom the base stations. The time of arrival is indicated by a

pilot phase measurement that is relative to the mobile station’s time base. Differences of

the pilot phase measurements from respective pairs of neighboring base stations are

computed in order to eliminate the effect of any time offset in the mobile station’s time

base. In most cases, each difference locates the mobile station on a particular hyperbola.

The intersection of the hyperbolas provides the location of the mobile station.

[00036] The CDMA network is also capable of locating the position of the

hybrid mobile station 23 using the well-known GPS technique. Each CDMA base

station 11 to 15 has a GPS receiver receiving the carrier and pseudorandom code

sequence of at least one of the GPS satellites 17 to 21 to provide a CDMA system time

base referenced to the GPS system time base. When a hybrid mobile station participates

in a position location session with the CDMA network, the serving base station may send

GPS acquisition data to the hybrid mobile station. The hybrid mobile station 23 may use

the GPS acquisition data to obtain, typically in ten seconds or less, a measurement of the

pseudorange between each GPS satellite 17 to 21 and the mobile station. In the case of

an MS-assisted solution, the hybrid mobile station 23 transmits the pseudorange



in a position |ocation session wth the CDOVMA network, the serving base
station may send GPS acquisition data to the hybrid nobile station. The
hybri d noWwDlog/0s498¢ i on 23 may use the GPS acqui sition dat CTawsSobsasn,
typically in ten seconds or |ess, a nmeasurenent of the pseudorange between
each GPS satellite 17 to 21 and the nobile station. In the case of an

MS- assi sted sol ution, the hybrid nobil e’/station 23 transnits the

pseudor ange WO 03/ 058986 PCT/ US02/ 41254 7 measurenents to the serving base
station. ABeasuiepisars tgskeseryag bissisklion vy fughedssrribed delop) with gefergnesei ti on

deter 11 CER | bl BN OB D ORI oL BBl O Y

nobi | e station asurenents.
Al t er nat i igb¥d nidgbikhetioad fafm four MBroas efiths phaitdomnge niveswemngitaphi ¢ | ocati on
of the nobile station nay be calculated by the nobile statio its%ltl

b 1.
[00037]  Fitermatiindn theeate plcm MNdhases SLsh; thegrerraphis docapigr PhffeimPlfe
cel lul ar - LAlGANRNG ORLMREKbPheThilelafRsRpg ation 11 incl udes a CPS

receiver provi'ding a ase station tine base 32 referenced to GPS system
time. The GPS r[6063AeFIG D shbtvaithesfunstiapabblecksiormach BRE stative mmtie 86llulTihe base

station al so iIncludes.a transcei ver, .3 for nmuni ing.with bi |
st at: ons itﬁlePllP’@e@lémorhé)fm' é’ﬁsé‘s ] V%ﬂﬂ%‘ﬁg‘éﬁéia\/%fgr@ﬁa’ég Hﬁ]’gl g;s!t e%
time fromyBeshasest dhion fefé?&cﬁé%@@g sy%B8 eATHd GRO$6R1WEeB1 3BafiBNds and

receives wreless signals through a CDVA antenna 40. [00038] FIG 3 is a
bl ock di agignalsdiors P asteynacirpdhiednse station deo meludgs aCDNA| tegapesieer 38t wor k

f FIG 1., A nobil. i t ching. er (NBC i i i gnal d
Fel cconmurtPEAPTRmaaTIE Bap AeHe SR by SRita b TER G o one ™"
lines 35, 33Wbiaias COMAGKsteitEEe B6mARE basa lstatioh €ige bale BROThe CPOSAL i oni ng

center (MPC) 36 is_ connected to nobile swtching center $MSC) 34. The WMPC
36 managedraneesivardad sendscandireseives priredess sigaals Arqughe E0MA«99n82 49 on data to

external data k . oo K] i and a
data network | nﬁﬁ(\j% Fgg'g)lgi%?)? %C%rh %@?ﬁﬁ@ﬁéﬁﬂgﬁ{%@éﬁ%&%\gﬁg | ects and
formats paslephdie debwadkidFIGatl.aA mbtsleRBitchihgrenter MSC) Bt ibiéass asise st ance to

nobi l e stations and it may. perform positjon conpytations. The 41 is
connect ed Sghalsandiplecorsmypigationedaiapetygen f?’ﬁ@ Staﬁenﬁi and @ gumber of tglephones 1§ on

e o g i VS i MBS A s

server 44, on wor anges ‘an val of onhe |evel
of det ai | .donfi¢reed tBRRobile switthingecehims EMSCaB4.olfha MR 36 noangesipasiioser ver 43
are inpl quggtﬁ)gl’ap{)ﬁéati%)r(lg QM ier"l’terfaces location data to external data networks through an

interworking function (TWF) 37 and a data network link 38. A position determining

entity (PDE) 41 collects and formats position location data. The PDE 41 provides

wireless assistance to mobile stations and it may perform position computations. The

PDE 41 is connected to the MPC 36 and the MSC 34. The PDE 41 accesses a base

station almanac data base 44 that is managed by a base station almanac data base server

44. [UPDATE figure based on word changes and removal of one level of detail.] The

PDE 41 and the base station almanac data base server 43 are implemented, for example,

using conventional digital computers or work stations. The base station almanac 44 is

stored in the hard disk of the computer for the base station almanac data base server 43,

as further described below.

[00039] The base station time base (32 in FIG. 2) should be calibrated when the
base station is installed or modified. Each base station can have a respective time offset

between the GPS system time and the transmission of CDMA signals due to variations in

propagation delay or phase shift from the GPS antenna (39 in FIG. 2) to the GPS receiver



usi ng conventional digital conputers or work stations. The base station
almanac 44 is stored in the hard disk of the conputer for the base station
al manac dwDa3losswes server 43, as further described bel ow PCOOG89}12Fhe base
station tine base (32 in FIG 2) should be calibrated when the base
station is installed or nodified. Each base station can have a respective
tinme offset between the GPS systemtirr§ and the transm ssion of CDVA
signals due to variations in propag&tl on del ay or, phase shift fromthe GPS
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FIG 3). e statien almanac datdcbsser(éb lieFiG@ 3)domseiblyrthe BEDENd1 beEK. $).at i on and
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measur enendpeatudnd Hr@PirdcR&tef rom hybrid nobile stations during regul ar
position | ocation sessions en hybrid station users normally engage in
t el ephone cal | s[00040] Whendef tos:aubm@rmre@ab@awhﬁbasedtmme, @PdandiAtbIsel ect ed

| ocati ons an | ace calls,for the Sj

measur enent®® ﬂ%??’a{n%flregleﬁg?w éseObé%P%CFﬁglgﬁny mn?(f"le ersl[eaug Qd&)&n&)}eé‘ﬁl on | ocation
sessi ons. pdiitidhi1cdtiagResions tWien RPbrid dthtiom ufelrﬁlorﬁ)allmnga’gérm tﬁléphbhecalls
calibration data internally and store the calibration data in the bas

station al rariea ferdd servisa perspanel devepoundio ssiecieddapations aud Plaergalls <Prrithe

ddi t t
Seasi one, eeBiech Shfing RS BRL0RE ST bR EER AL BER he A RCAL ! O
pl aces or mﬁimrwcaawnmegicﬁsslﬁ&ﬁﬂabhmﬁ, thaPDE (M it EICi ) asey), compateGDB/A system

does not deternine the operator' @gSl tion vmthouthPlLPhe opera nova edge
and conseffib rT’GDG‘ﬂ?]m‘ieﬁlaélyﬁfl@fs@F‘? calibrafion deta ikt éf‘?% 101y a‘l?& %+t at i on

al manac (4ghql 344!: hFI1G. 3) 0111 | ng@gé"b&s@qﬁ‘ad&l n%%ﬂeﬁ%&%@;ﬁ% o%@éijhg’r and

frequency, each recor measur ed, opti onal rlve
par anet er sthe Teépmlarpasitios docation egstions alay pecumatyewbemthe operator of the hybrid

mobile station places or answers a wireless telephone call. In this case, the CDMA
system does not determine the operator’s position without the operator’s knowledge and
consent.

[00041] In a preferred form of construction, the base station almanac (44 in FIG.
3) includes a record for each base station sector and frequency, and each record includes
measured, optional, and derived parameters. The measured and optional parameters are
tabulated in FIG. 4, and the derived parameters are tabulated in FIG. 5.

[00042] With reference to FIG. 4, the pilot sector name is an optional parameter
having a value provided by the wireless operator or the system integrator. The value
should be either null or an English-readable and understandable name assigned to make
data logging and debugging more efficient.

[00043] The system ID corresponds to the SID parameter returned in the MS
Provide Pilot Phase Measurement message that is defined in the IS-801 specification
Position Determination Service Standard for Dual-Mode Spread Spectrum Systems (page

3-38).



tabulated in FIG 4, and the derived paraneters are tabulated in FIG 5.

[ 00042] Wth reference to FIG 4, the pilot sector nane is an optional

par anet erwOla®5s9g6 a val ue provi ded by the w rel ess operat ®CTarS02/gRssyst em
integrator. The value should be either null or an English-readabl e and
under st andabl e nane assigned to make data |oggi ng and debuggi ng nore
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IDis avallable Phrough the Wreless Operator Cellular Network Pl anning
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station anten osi o) nformation (latitude, longitude, and altitude)
woul d pref%ﬁ%ﬁ% % I§?%§/I§r%d%" in WES-84 with an error of |ess than
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[00047] The base station antenna position information (latitude, longitude, and
altitude) would preferably be of “survey grade” in WGS-84 with an error of less than one
meter. Antenna position information is important for performance results relating to the
use of AFLT measurements for both initial approximate location determination and final
location determination in either purely AFLT or hybrid modes. For example, the MS
provides pilot phase measurement data to the PDE. The PDE uses the values provided
for or derived from antenna position information to establish the initial approximate
location. The presence of large errors in this data could contribute to sub-optimal
performance. During final position computations, the PDE will use Pilot Phase
Measurement data either alone (AFLT mode), or in combination with GPS (hybrid
mode) data. In either case, the antenna location and elevation (height) should be
provided to ensure best accuracy.

[00048] The antenna location accuracy is interpreted as a 97.1% confidence
level (3-sigma) for the three-dimensional position.

[00049] The antenna orientation indicates the direction, with respect to North, in

which the base station antenna is pointed, as further shown in FIG. 6. The value is



for or derived fromantenna position information to establish the initial
approximate |ocation. The presence of large errors in this data could

cont ri butwotoa/osseke opti mal performance. During final posi PCorUSopset ati ons,
the PDE will use Pilot Phase Measurenent data either alone (AFLT node), or
in conbination wwth GPS (hybrid node) data. In either case, the antenna

| ocati on and el evation (height) shoul d H provi ded to ensure best

accuracy. [00048} The antenna | ocation accuracy is interpreted as a 97.1%
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Terrai n HewghbitaiggrinehePREI on) statistics are determ ned for the geographic
region that is s ed_by the given sector, as desg¢rihed further below with
reference to Fil@00R] Tereis ayerraeheag aod) cighhtapdrre eVIatianis QbUREOdFam Red by

an onsite il Y hﬁ&lﬁ?higital terrain elevation mapping database that is accessed once, offline, to
populate these fields. Terrain Height (or elevation) statistics are determined for the
geographic region that is served by the given sector, as described further below with
reference to FIG. 7.

[00053] The RTD calibration has a value determined by an onsite empirical
measurement. If RTD is not supported by the operator infrastructure, then the RTD
parameters are optional. If RTD is supported, the RTD calibration accuracy is estimated
as a 99.7% confidence value (3-sigma).

[00054] The FWD link calibration has a value determined by onsite empirical
measurement. The FWD calibration accuracy is estimated as a function of the FWD link
calibration procedure and interpreted as a 99.7% confidence value (3-sigma).

[00055] If the transmitter being described by the almanac entry is not a repeater,
then the potential repeater parameter is used to indicate the potential existence of
repeaters. The potential repeater parameter is set to zero if the transmitter is not used
with a repeater, and set to one if the transmitter is used with one or more repeaters for

relaying the transmitter’s signal.



measurenent. If RTD is not supported by the operator infrastructure, then
the RTD paraneters are optional. If RTD is supported, the RTD calibration
accuracy we oassdosmt ed as a 99. 7% confi dence val ue (3-si grax/usppoNs#] The
FWD [ ink calibration has a value determ ned by onsite enpirical

measurenent. The FWD calibration accuraa/ is estimated as a function of the
FWD link calibration procedure and interpreted as a 99. 7% confi dence val ue
(3-sigma). [00055(1) | f the transmtter being described by the al manac entry
is not a repeat@P050} Hehe itarsmBerhninsdeseiabrddtydhisphmanasteatryiisa (rpgafer. o

i ndicate t r ter
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and set t o(goneritiante If uhmmrtdr@thansneumdatw ddsocaed evithrogieen syptoat axdsf f or
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counter. l@gp &Tté}Q/ralu‘éfoqsis rdsBfvell 6B Irﬁ’&%?éti%h Mﬁi&hﬁnm\éﬁreﬁeﬁ% QRist R theepeat er
val ue of 2, the second repeater viould have a potential repeater value of

3, and so ]&$1) (A potential repeater vaI ue of 1 is reserved for BS

i nf or mat i on, ;@p@f}]hgg gplam r'ér% ﬁ ter Sfftgxx Iasstaf_lxl;a ye 1n%10atEn§h%nn£%% q The PN

i ncrenent para " of

the PN of ffagtor 6f tht PNSofS&E bpthlsmdtoa bhd ol beher 6ﬁf§e$£ﬁh§t drbai thervicihity aﬂueonn cinity
and on the sane CDVA frequency. Many networks use a fixed increnment, such
as 2, 3, ohegame NPMAfrRaueRaynddany wetwerks uped figekgcrement, §u91é?3)/27|3nﬁb4t ant

that the f i | ues
be- used f o\ AF HEAE bf ARG Rhorfl it e ARk AR dihihed BERARE B! L2
fromthe rrﬂ’ th)ehii)&leﬂgdéBﬁigrvBNlincrémemeﬁaMB ke uydicfoeali BS almacace ivethie vivayityje

smal | er t care shoul taken to nmpke thi aranet er reasonably
accurate, %l@a thEYIRAN BEHSr ﬁe@éan%nggﬁ%w ¢ M RENOTKOBEETE Benel p the

e oL L ol AR B AL b bl
val ue i s 2iccurhteebiRpE upay netsedk todélshiTbiy mﬁgm’hanon is used to help the PDE resolve
potential ambiguities between different pilots in the same general vicinity. If it is set too
small (for example, to 1 when the true value is 2), the PDE may need to “throw out”
measurements that would otherwise be usable. If it is set too large, the PDE may report
erroneous locations.

[00058] The format type parameter has a value of one to indicate that the format
shown in FIGS. 4 and 5 is used for the almanac entry, and other values may be used to
indicate that other formats are being used.

[00059] The MSC switch number is an optional parameter. The value is
available through the Wireless Operator Cellular Network Planning data base. The value
should correspond to the MSC Switch Number parameter that is sent to the PDE in the
Switch Number portion of the MSCID field that is defined in various J-STD-036
messages, especially including the GPOSREQ message. (See the Enhanced Wireless 9-
1-1 Phase 2 J-STD-036 specification and ANSI-41-D reference within.) In some

implementations that do not require the use of J-STD-036 to communicate with the PDE,



measurenents that woul d otherw se be usable. If it is set too |large, the
PDE may report erroneous |ocations. [00058] The format type paraneter has
a val ue oWOmn®s%986 i ndi cate that the format shown in Fl GSPCa/usnzl4854 s used
for the almanac entry, and other values may be used to indicate that other
formats are being used. [00059] The MSC switch nunmber is an optional
paraneter. The value is available throlb?gh the Wrel ess OQperator Cellular

Net wor k Pl anni%}g dat a base. The value_ should correspond to tge MSC Switch
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the MSCID fiel ined in various J-STD- 036 nessages, especially
i ncl udi ng S}hgldég(%%éhﬁgggéagg (See the Enhanced Wreless 9- 1-1 Phase 2
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center is pesiipnfeannaidcigicamineg using piotjphase frleosirementst iN{HEFUEMmE i niti al
appr oxi mat.e 03| i on .cannot. be . det ned u nts.
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for an iterative navi gatlon solution. [00061] It is desired faor the sector
center to be tHB08QHr Ededesireddordhe sgctareanispisl hedthe ayerageolesatign: ofithe 1RBiGase

statl on segl.or t cgnhter can
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el evation at ase station antenna, or the terrain average hel ght. For a
sector center is initially set to the latitude and long1tude of the base station antenna, and

the terrain elevation at the base station antenna, or the terrain average height. For a
directional antenna having a narrow beam width, the sector center is initially set to the
latitude and longitude at about thirty percent of the maximum antenna range from the
antenna, and the terrain elevation at the base station, or the terrain average height. Each
time the position of a mobile station is determined within the sector, a new value of the
sector center is computed as a weighted average of the old value and the position of the

mobile station, for example, according to:
SectorCenter[i] = o(MobilePosition[i]) + (l—oc)(Sectquenter[i])

where [i] is an index having a value indicating the latitude, longitude, or height position
coordinate, o is a weighting factor equal to 1/(MIN+NMP), MIN is a predetermined
number, such as 100, representing an estimate of the weight of the initial estimate, and
NMP is the number of mobile position determinations having been made in the cell

sector.



di rectional antenna having a narrow beamw dth, the sector center is
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with this val uefo86@ﬁ Whefaran, ?ls%ttst%nﬂéf%ia&eﬁ’mayle&r d@ﬁ@est é? L=5§M2a wi t hi n
that sect %ncéﬂﬁﬂ%s@&?até@gfltﬂ'}hlsm AoV RITE AR ltHet\VaHQHi@i&Qf&l@ltérrM' | di ngs.

Both terrain her'lght paraneters are 1n neters, and terrdin average hei ght
refl ects heitlghtthailseater’s coverage region, plus any Varlablhty due to tall buildings. Both

terrain height parameters are in meters, and terrain average height reflects height above
ellipsoid (HAE) (as opposed to mean sea level).

[00065] FIG. 7 shows respective cell sector coverage areas (Sector A, Sector B,
Sector'C, and Sector D) for base station antennas 61, 62, 63, and 64. A repeater 65
extends the coverage area of the base station antenna 64. Perhaps even before the
beginning of a fix process, just before the mobile 66 enters the traffic channel, the sector
identity information is recorded. Some time thereafter, with the mobile 66 in the
communications state, the mobile begins to make a location fix. The mobile 66 notes the
current PN number and sends it along with the recorded sector identity information to the
PDE in an IS-801.1 message. Note that the mobile 66 may have handed off to a sector
different from the sector at which the sector identity information was recorded; for
example, the mobile has handed off from Sector A to Sector B when the mobile reaches
the position 67 shown in dashed line representation. In this case, the current PN number
and the sector identity information may belong to different cells. The sector identity

information belongs to the serving sector, while the PN number belongs to the reference



ellipsoid (HAE) (as opposed to nean sea level). [00065] FIG 7 shows
respective cell sector coverage areas (Sector A, Sector B, Sector C, and
Sect or D)wbhms/obrase stati on antennas 61, 62, 63, and 64. APCEfsayens65
extends the coverage area of the base station antenna 64. Perhaps even
before the beginning of a fix process, just before the nobile 66 enters
the traffic channel, the sector identity*information is recorded. Sone tine
thereafter, with the npbile 66 in the comunjcations state, the nobile
begi ns to PEIE Noferlsg thehPNs gre nphanigie prdtygally g2t any et WHRinBRY nunber
and sends | pth the recorded sector identity information to the
PDE in an %%P%%%O%'ssage. Note that the nobile 66 nay have handed off to
a sector diffel08066] Adsn seheingbistinitialbliS-§Hi. Linetdage seckaor ralge hiehgurements

i nformation s recorded; for ex | e, the nobile has handed off from
Sect or A {GEBER £ RO s, Ghe BN B CPBEETOE RS Q9 GLR PPONDIE PUSH SO
dashed |i nepdseRfeSa6MIRIIOsy bY PNAENEASEd 46 fn&Hh hEREadtMHTB& S ors 2R@td he
sector identity information nmay belong to different cells. The sector

identity thatibe ndeicoee $eetanapsl thosarhing sestor ifi gtil eesnoare aldoitheastuemeRN nunber
bel ongs to tpe r,ﬁ{?er ence WO 03/ 05t8986 ng/ US02/ 41254 14.sector. Note al so
that PNs alf&"hbt iF Hiec A HHmris A e R et orn O HRROPHTh RO g®

cel lul ar neERRIhich QRAGGHI Pheasue@iénts Bnllying id RipidaB 1dsSa&Ptatd tHAR SSAGI ar €
sect or rantge measurenents seen by the nobile at that time, including the

ref er ence Hepedermgddatebssi bl y ot her sectors. These are identifiable only
by Y e gt TREBAGTF G5 TPes  e

ref erence secto ervi ng are a

measur enendstigR6d, dhich ehablke nicdd g urRaSPSeREhicaihforiiaton than @@l s € a coar se
position, known as a prefix, which uses AFLT neasurenents _only and is
typi cal | y Possidleqisang only knoxledgs,ef the pefereneg secinsy Margaeruraie &PS 58180859 The

U DoSe of. L O - mr . i
ot mat e, gt oS o GPSAEARES! B iglly b Res BrooRedeme P bl o
be possi bkeptisnahgandnif forkvinwvedgesanfit ishet pedilabken eeimtéd tpositio/bstan@ecur at e
GPS assi st.anc i.nformation i nproves GPS accuracy and yield, and reduces
processi ngaSFhen they eﬁ?“é?f’is%toriqgu ional, and if for whatever reason it is

not avail abl e, 5@0068? Wl P8stibARfoRShii ol RentB IRImBBIId, AR MEHiR &iieEis 8SCt O
is used. [00068] After GPS assist information is sent to the nobile, the
nobi | e col deeondsesof AFLT measurements and a set of GPS measurements, known as the final
fix. Since PN numbers are not unique, the PDE must resolve which PN number seen
belongs to which physical sector. This is not as easy as it sounds, since sectors with the
same PN number are often spaced as close as 8 km from each other or even closer. This
spacing is used to determine the reference sector from the serving sector, and the
measurement sectors from the reference sector. Only cells within a distance threshold
are considered. The distance threshold is determined by scaling the Max Antenna Range
parameter of the BSA.
[00069] If no sectors with the target PN and frequency are found, the lookup
fails. Likewise, if more than one sector with the target PN and frequency are found and
the PDE is unable to determine which one is the real one, the lookup fails. If one sector
with the target PN is found, then the lookup is successful, and that sector is presumed to
belong to the PN observed. If a lookup fails when trying to determine the reference
sector from the serving sector, then the serving sector is presumed to be the reference

sector. If a lookup fails when trying to determine a measurement sector from the

reference sector, then that measurement PN is not usable and is ignored. If the sector



second set of AFLT neasurenents and a set of GPS neasurenents, known as the
final fix. Since PN nunbers are not unique, the PDE nust resolve which PN
nunber sewo 03si98hgs to whi ch physical sector. This i s noPCagSeasysas it

sounds, since sectors with the sane PN nunber are often spaced as cl ose as
8 km from each other or even cl oser. Thlg spacing is used to determ ne the
reference sector fromthe serving sector and the nmeasurenent sectors from

the reference.secfor. . stance_threshold are

consi der eddeHilY IH%WH%ISHWF g%ﬁ‘?él“&lthersh%tab ﬂFFé‘oa @S §’édP PIYIRFLUNBK Ant enna
Range par admbiemifd] ﬂo@ﬁioﬁ%&mﬁt@%@ﬂ}la’c dn s@&e& ﬁ%@'ﬁb eg}{')? o fE by PN and
frequency are found, the | ookup falls. kew se, m)r tzhan one sector
with the teegipty. PN and frequency are found and the PDE is unable to

det ermi ne whi ch i 5. the real. one okup fails, If on W th
the target PN |§(R£)§91n§t ﬁ@r?ofﬁﬂlélelt%mgiif)a‘? émgé OSitiop Gptimale hase ﬁé’f’ﬁf‘éﬁ’f’ﬂ"r is
presuned tm/ShabANm 4k derabNaRR eV, Tnfthid nhetcife PBH ﬁuaﬁﬁmanw Ing to
determ ne the reference sector fromthe serving sector, then the serving

sector is @eteunesh pesitien adanceftaniyforthesortrage ared ofall tin@lcabs With leachwhen

trying to [ ector. fro refere ctor, then
t hat rreasu'(riie%;rg ﬁ G’ﬁ’ F%]BF?BE?‘%J% r@%ﬁ?f‘wnﬁnéﬁmté Seciqrs {nge %g?’t sﬁ‘

03/ 058986 f€iidH0R/s4 25 kveddpighosdsi Tnd HdtRx ifﬁﬁél%sﬂu%n egimat@ W al1fble e BSA
at all, then a GPS fix is attenpted using default initial 1§Posmlon

estimat e |NPW%@&YS@%H%HO&WQH@W@ntycﬁambgumt i'Bris ol hsppers, &g st ry .
00070] It d
Notwork | DR SPheRRE Il sl o Rl by BERIS LRy RaMATFIE PR S o8

aut omat i caNbte thatehe initial @®sidop estirhate ik havemoer lhlghérttmcémmyhﬂ tiovaeage area

of all the ﬁ_eLls WI({UE %%%h uni que, Network | D and System | D by exam ni ng
all the se¥t5P&A FERHR &ch‘ﬁ?%anq Yi¢ldr pagt vidhreswt V’égn&eé\%? QFOCWF%@@“‘ | f

no better jmitdeabr ROHbLHL 7 d@t%oe g éﬁa? f]ﬁ(‘iﬁ)‘sfﬁ%ﬁ la% rhageaﬂa{ﬁfé WY KerlBaSystem | D

position and uncertalinty can i's woul ppen, for ~exanple, when
the sect or [IV8gstemtld denfroidmsition asdencdnwntym%elr@otted found in the BSA

Note that the i Slt e wi.ll have nuch hi gher unc nty
in this case, w‘?bm (I, BB?H%‘%/mSWIW@tH‘PHﬂW% frqm ¥ in
| onger M5 RbBEESEIGE dah 'ES%ombinfed@(l) ge&%té ﬁgeuaﬁﬂa%géiéffée@sr arfiIaRE Tafio Gmb! na'
fix position are not avail able, thé Network System I D centroid position

and uncer tlgasnpﬁsw; | In wltpmgrpm@ddmg base station time base offsets for base station

calibration, the pseudorange offsets at various physical locations in the wireless coverage
area, such as for various cell sectors, can be compiled and used for correction of position
fixes of mobile stations determined to be in the vicinity of the cell sectors. For example,
the distance correction is quantified as a forward link calibration value (FLC). In
particular, the FL.C is defined as the time difference between the time stamp on the data
being transmitted by the mobile station and the actual transmission time.

[00072] The components that contribute to the FLC are cable delays of the base
station GPS receive antenna, the GPS receiver timing strobe output to base station
transmit hardware timing strobe input, and the base station transmit antenna. The data
base calibration server automatically adjusts the FLC fields in the base station almanac
data base based on the GPS and AFLT position measurement data from the hybrid
mobile stations. By using the more accurate FL.C values for sectors, the range
measurements can be improved from about 0 to 30 percent.

[00073] Since GPS pseudoranges are so much more accurate, if a sufficient

number of GPS satellites are seen, the final reported fix would be based almost



[00071] In short, GPS and AFLT position neasurenent information from hybrid
nobi | e stations can be conbined to generate pseudorange offsets and base
station twom3/ohsase of fsets. In addition to providi ng basePpswaiSopm2s4 me base
offsets for base station calibration, the pseudorange offsets at various
physical locations in the wireless coverage area, such as for various cell
sectors, can be conpiled and used for cbtrection of position fixes of
nobil e stations determned to be in the vici ni_t%/ of the cell_ sectors. For
exanpl e, *EBiIskebt hEBS ¢ Sprtaratelyrinithesg Gases the digtanee estimpatestp dhe jeqior

cal i brat | el PHE 160 A1 Fnbis alf el iRRAm3Tor A&dbd e

di fferencgﬁﬁéé?\%ggrﬁgghgﬂ?af%dggﬁﬁeon ?]Ee d%taS bei na tralnsm tt%d by the
nmobi | e st abideteraing théacvachlitahted FAQsvalesis @maitablee . THi 000 2]atibhendadepathent s
that contribyte tg the FLC are cable del ays of the base .statjon GPS
receive arﬂlgnﬁa aulf he @@ag"ei@i‘gé{%‘lﬁtmﬁé R Rels e6"d?‘b‘%ﬁd‘ls_81go station
transmt f}ﬁée@, ntd, HeGotdt RABsha piRiton AR iHeMRsd@aforSAitah &Nddth BRI
antenna. The data Dbase calibrati‘on server automatically adjusts the FLC
fields in thhemebaped disencoestimatatoeach delt sectrasntehas aldteominedmsBRPilahphaseL T
posi ti on nmeasur enent a the hybrid. nobile stations. By .using the
nor e accurrﬁ?aéu%n\tfa‘wg@@ef%éfg ée&?%b‘ﬂgg ”i“heefolllgwéq_.‘g © égmez%ﬁ%?lg%clgﬁutﬁgo

i mproved firomwiut vOud:0 30 percent. [00073] Since GPS pseudoranges are so
much nore accurate, if a sufficient nunber of GPS satellites are seen, the

final reported fix PMEQDZQEFB?S%E&;:@M@ By O BRAIBE affehd1S02/ 41254 16

excl usi vely on S. Fortunately, 1 n these Ccases, the distance estinates to
the sector antennas are still nmeasured e}ﬁ%.?aved gn gSDE log files. Thus
all the information needed to det AP HEAAEHERLEN Y at ed FLC value is
avai |l abl e. Thi spg| r I i " 3 " " FLC
val ue; the fix [Sgg?‘@i gﬁé h%egra%ltnegﬁﬁé%%gtségé r%lggflﬁ?ﬁegrtr&enrﬁ'gﬁort %gﬁgggtﬁor

ant enna pdai isomedsuret ih Be-chiiskpsetdiramivnahwabadCldptxa Shasts, thefiatmulhifer theasur ed
di st ance estiﬁ{:e {o,each cell sector antenna, determ ned using pilot phase
measur enerfted’ HatYeS:AFLT techni que. The fol | owi ng equation rel ates these
inputs to the new FLC val ugesMew FLC = A d FLC -

(di stance_f rom_FL%E@GﬁL@L@ﬁWt enna- neasured_di st ance_esti nat e)

[ 00074] The above equati on ont uni ts conversion constants. For exanpl e,

if FLC is neasuregyhefe:S0-cal | ed pseudorandom nunber Chip_x 8 units, the
formula for the

¥

FLCygw = the new Forward Link Calibration value, in
Chip_x_8 units

FLCoip = the Forward Link Calibration value used during the
PDE collect, in Chip_x_8 units

Residual = the residual for a specific sector pseudorange
measurement, in meters, which is what emerges
from the PDE if ground truth is not known

30.52 = the number of meters per Chip_x_8 unit.

[00075] A key to adjustment of the FLC is that the position fix should be of high
accuracy, since any fix position error would translate into error in the new FLC value.
Fix position can be assessed with high confidence using a “Horizontal Estimated
Position Error” (HEPE) quality measure, which is the PDE’s own estimate of the error of
each location fix. Thus, only fixes that meet some quality threshold — such as having a

HEPE value of less then 50 meters — should be used for these calculations.



new FLC value is: FLCNEW = FLCOLD + Residual esidu 30.52 where: FLCNEW =
the new Forward Link Calibration value, in Chip _x 8 units FLCOLD = the
Forwar d Lwolo3@st9sdr ati on val ue used during the PDE coll e®Cr/use2/Onsp x_8
units Residual = the residual for a specific sector pseudorange
measurenent, in neters, which is what emerges fromthe PDE if ground truth
i s not known 30.52 = the number of netek’s per Chip_x 8 unit. [00075] A key

to adjustrment of the FLC is that the position fix shoul d be of  high
accuracy, Si ncéow]fi&l%éﬁa%‘}r%‘ﬁe’étﬁ%cai%‘iﬂtﬁﬁpraéﬁ?@f anFFByg’PrhﬁP‘?%eh t he
new FLC vale., . FhX moshdi o Wishdl] it Wb CORIUEE ERIUSANG @
"Hori zont g’i'lH'Eesatclh%f e%%%ggggtg{lg%nerrgﬁﬁé HEI%%S\Maualﬂtg&rsmasure, which is the
PDE' s own sestbisiratdeofadh dshmeangras @0 ovfmore actiense ogtan environmerth uBhuseatlyfiki xes

t hat neet soma,qualitiy t hreshol d - sgcg. S havi{;]g.a .HEPE val ue of |ess
then 50 ndewHis inmapydisgnpeesivees all of Rkl aPEaPkd JHEPT S 03/ 058986

PCT/ US02/ 41254 10dofr7h ORA (flialflab @b tatiG PR BB AEM: S bae@h6@H eWlstifdistpRodekd ssect or s
heard by the handset wth each fix. Depending on the environnent, this is
usual | y atthdtelassPDE candestvelibmstictdr iddntitsefodach sectensdewf Honwexsr haqpalidy of0 or
nore in dens rban envjronnents. Thus each fi. resul&s in many. di.stance
esti mat esztgeaﬁad’ﬁﬁ\%?%ﬁi‘%fFégﬁgréé%P%t 3 ATPRY %nt‘pr%(?f@gg 1 FOEPEf X\%X?Sn?ftsi al
base st at ifr &lnBNaed dahakOpsehaiRdtedior Xdentitibdsdeh b Y eE@sa csRt infthat t he
PDE can resolve the sector 1dentity of each sector seen. However the

qual i ty ofbase $iatiqn abmanaqdasa base. {tHs desireddonihg anienppPOsHEONS iR Be feapenablypef qul t

or "average' valu 0 J | t
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base. It iyndessndiag of an ahlefnapdstivipinpesvdsiovastihe, this capas favadredin taccur at e,

but the antenna positions do not need to be known preci seli;lé at ;Irlj} time. If
the figrward iky,

under st andibifin 8t aRANRARASHIPR 9f EESASTSRTLAIREH BUEUse\IR ANPIOYE e

factored ifufBtion accuracy. In addition, the base station almanac data base server can

determine if an antenna has been moved, and in this instance, a precise but outdated
antenna location can be removed from the base station almanac data base and replaced
with an updated location. |

[00078] FIGS. 8 and 9 show an example of how the PDE can be programmed to
determine the position of a mobile station. In the first step 81 of FIG. 8, the PDE makes
an initial position estimate based on AFLT measurements sent initially from the MS to
the PDE. In step 82, the PDE attempts to associate the PNs seen by the mobile stations
with specific cell sectors recorded in the base station almanac data base. If the sector
that is serving the MS can not be uniquely identified, then AFLT is not possible since the
PDE is not able to determine from which base station antenna towers the AFLT range
measurements originate. Therefore, execution branches from step 83 to 84 if the sector
that is serving the MS cannot be uniquely identified. Otherwise, execution continues
from step 83 to step 85.

[00079] In step 84, Sensitivity Assist (SA) and Acquisition Assist (AA) data is
generated based on network ID or system ID centroids or default position. The SA/AA
data will be sent to the MS (in step 90 of FIG. 9) in order to aid the MS in GPS
acquisition and GPS pseudorange measurement. Because the serving cell has not been
found, AFLT is not possible, and GPS accuracy and yield may be seriously impaired.

Execution continues from step 84 to step 90 of FIG. 9.



obtain an antenna position of greater certainty, and used to inprove the
forward link calibration accuracy. In addition, the base station al manac
dat a baseweas®ssysc€can determ ne if an antenna has been nowed/usarndi2sf this

i nstance, a precise but outdated antenna |ocation can be renoved fromthe
base station al manac data base and replaced wth an updated |ocation.
[00078] FIGS. 8 and 9 show an exanpl e of® how t he PDE can be programmed to
determ ne the paosition of bile station. In the first step 81 of FIG 8,

the PDE makes - I8RO0 I sirp St KiCo: BeReepRls BidesHiPt tereasaretsints sent
initially fr %’Fﬂﬁkﬁb@u%ﬁe&ﬁ@eotﬁg E%TzﬂsﬂreﬁfeﬁpPﬁ%anréé??ﬁ Bgléélgﬁasgﬁaiazﬁ With a

associ ate tnhi seen € nmobi e stations sectors
recorded isingléisechasthastaapt measireraerads watuaed alf ¢he deferérive ceB ctroot be hat i s

serving the M5 can not be uniquely jdentjfied, then AFLT is no ssible
si nce t he unisgyely ‘gﬂ‘ﬁ@i}m%‘glt@ steB‘ﬂH%Pé} TS T‘lrlbgrﬁq%ﬁ' xl‘ialgéte?tgzt ‘ihB:?D_}ﬁt enna
towers t h%aﬁ'ﬁl-a-[esr@‘rlﬂg-ﬁxn%ﬁﬁrcfﬁrﬁﬁﬂf oﬁfgff g*h@ﬁril? step Rer &kOiitfon BARA 10Wep

branches fromstep 83 to 84 if the se r that is serving the M5 cannot be
uni quel y i’%aifithef ‘ipesfixOcileulafioeof sopedfiwhonotcoetessfuk Othervane, skequtiBB t o st ep

85. [00079] I.n step 84 nsitiyity Assist (SA) and Acquisition Assist (AA
dat a[i s d‘J@HBP%éﬁP%é@B(§§g?IStﬁBIS§DFK | D or sg/stZam | D cegt roids or def aul'g )
position. The SH)dg1] Hedid 88,I9A/RA &fMls defefalt@ Eed dillcait RBtoPthf&madibe 9) 1N

order to aid the M5'in S acqui sition and GPS pseudorange mneasurenent.
Because t HExesutien ¢nptivaed frorastepdid tosten 90faddild; 9-AFLT i s not possible, and GPS

Step 84 to st apobi it SEH QI 51s RS ke e REES BSR A bR e0)
step 85 ofjofdifon a8d uhbetdiidy The emplle thointted] @ositioe uhdietalngy, ahemor: [gedieor  and
all nmeasurenent sectors. If a neasurenent PN cannot be uni quely associ ated

with a sithghes duvithe fastenthe prasrsenganie MRl besanddhe hefisy finpkfit pecuragyer ence
A L e L e
in step 87, exe©0083inIrbsten@hesFiCh IstheSA/AN ddta isrent torthe MS("TipalIBwises i on of
SHop B R R ER o SRR S iRISE Lo contlnues Tapstep O o
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searching for AFLT pseudoranges. In step 91, the PDE receives from the MS the GPS

and AFLT pseudoranges. In step 92, the PDE again attempts to identify all measurement

PNs. If a PN cannot be uniquely identified with a single sector, then that range

measurement is not used. In step 93, the PDE generates a final fix based on the GPS and

AFLT range measurements.

[00084] In step 94, the PDE may use several methods in parallel to calculate the

final position, and the approach most likely to achieve the least position error is used. A

GPS fix is attempted first, because accuracy is far superior to any other method. If the

GPS fix fails, the PDE select from among several other approaches, and the result with

the smallest associated error estimate is used. These other approaches include: AFLT-

only; a position determined by knowing the sector orientation and the approximate range

using an RTD measurement (where available); a “mixed cell sector” fix determined

using knowledge of the sectors seen by the mobile, and each sectors’ position and

orientation; a current serving sector coverage area centroid position determination (or i‘f

it was not possible to determine the current serving sector, the original serving sector);



[00082] In step 89 of FIG 8, SA/AA data is generated based on the pre-fix
| ocati on and uncertainty. The smaller the initial position uncertainty,

"t he nor ewproaossyes t he AA data, the faster the processi ngPCa/ushe4iest wi | |

be, and the better final fix accuracy and yield. Execution continues from
step 89 to step 90 of FIG 9. [00083] In step 90 of FIG 9, the SA/ AA data
is sent to the MB. The M5 uses the SA/&A data for GPS acquisition and GPS
pseudorange neasurenent. The M5 searches for the GPS satellites_indicated

in the asdheeengmicpositinn fehe entrans NebeekdDrDisiren BP covsaagecReing: aeilingty
pseudor an%?ault:ﬂ%)siz{og%mg%c}in%tﬂgP% éoglgl,‘:g'ﬁ*’agi?’pffﬁgm the M5 the GPS and AFLT
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accuracy is far, superior to any.other nethod. If the GPS fix fails, the
PDE sel ectpr‘f"feﬁﬁ?%ﬁgﬁllf S§E93é‘rol?fl G}I%g?{lﬁi}i? m&%&’éé’f}oséﬂﬂmpﬂéle eéfuétv al\'ﬁ?lt?'u. t he
snal | est 355 0@kalaetheQhis UaraSahd ﬁ@ﬁagedata% cHIRREbd (4R 5l RE-iekt PBEARANRSthimC! ude:
AFLT- only; a position determ ned by know n?qthe sector orientation and the
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for each sgigh hybrid aobilehindséidinked td aroextemabPCS/Bnteima dndean\ixteirme] bytivaf  t he
sector can_be inproved by the accunulation and statisti c;aa anal ysi s of
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pref erabl y. it ooy Pﬁi %X&rﬁ&gllaf?&;étsﬁl%‘ é?CW sE&bﬂCﬁMASf?&#Q{lW\fﬁlh@aﬂgn aea. By

gathering a sanple set, Statistica processing o e set can be applied
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[00087] FIG. 10 shows a flow chart of how the base station almanac data base
server creates a base station almanac data base. In a first step 101, the base station
almanac data base server assembles an initial base station almanac data base using
existing, known data and “default” forward link calibration values. This information
includes the cell sector identity information (Network ID, System ID, Extended Base
Station ID, PN number, etc.), the sector antenna position latitude/longitﬁde/height, and
information about the coverage area of this sector. The “default” forward link calibration
value can be obtained or estimated from experience with similar infrastructure
equipment, or by calibrating a small test region, which uses the same infrastructure
equipment. In an optional second step 102, the accuracy of antenna positions can be
improved if desired by collection of more precise antenna position measurements. After
step 102, an initial base station almanac data base has been created.

[00088] In step 103, location fix data is gathered, from regular position location

sessions, and/or from drive-around field collection, as introduced above, and location fix



each sector's coverage area, has been found to yield nore accurate FLC

val ues. [00086] A sanple set can be gathered fromregular position |ocation
sessi ons wouwsiosgyséor mal tel ephone calls to or from hybri dpPeshiSop4esat i ons,
and/or fromdrive- around field collection. For additional quality of the
coll ected data, the drive-around field collection can be performed by
technical field personnel in vehicles efch equi pped with a hybrid m)bl | e
handset |inked to an .external PCS _antenna and an external actl ve

ant enna. cAmBRERENS#EmerTamed Byl e BB Theadnateeild the base statjgn : “E?é‘?%\d§tﬁoul d
be col | egf e se?%rg?ﬁ% %gﬁg%rbﬁé’e stétﬁcf}ncaﬁ fid a?@ﬁz&s@rm%r%fﬂeﬁgm GYlues,

permutation i's separ at exanpl e using a
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sufficient_ frequen iversit 0087]. FI.G 10 shows w chart .of ho
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data base.yl ghi@ s{a!tl 245RP ddB@ basd eadﬁﬁt%@ oVERihOth aRbiRA&SwHR A B@Se server

by
assenbles an init ase station al’nanac data base using existing, known
data and "ctefgealin t’hef\mm/]/essdletwork tha hetwosk equipmeantuexsd inTthé setwotlor mat i on

i ncl udes the, cell identity,informatjo Net wor k I.D

Ext ended BR¥EONEEnY i‘b%?cf Iﬁtepﬁﬁb%ﬁ%%gyi r% %eré][?‘ﬁﬁvegélﬂe ?Sl%g@%ﬁeﬁg%? tion

| atitude/ | pRGifaea/ sl a@ﬁon ﬁﬁﬁnad MiPbaRiskABsabout the coverage area of this
sector. The "default"™ forward link calibration value can be obtai ned or

estimat ed fromI[68QENi epealysis ofiths logation fik dhtagstsrisilsapecfuldg detsiuming ghely

caui pront ParRSir apiedes fERNEmaltt i BB RS R RLIRL A AR

posi ti ons EaeVARYPIFOY &thnifle, dﬁ@bdsedtatiysn ahdnac dhiabasd semwmdpanAR tant enna
position neasurenents. After step 102, an injtial base s%atl n al manac
data base sRasfyliwegoals e Firalg MAR shwg be Freq @pughsuch that:9% At moRilg RIS | s

gat hered, U‘Iﬁ‘é]%fr% éﬁ%&ﬁlﬁr l?agg ?ﬂaﬁ&rpé}e L AGEL HRMARESEhO Bten doerOf%f ®lthin

drlve-aro col as ‘1 ntroduced above, and location fix WO
03/ 058986 PETARSG2LR MAR 2Rould ivp winatl ienmszhasueh et fvoo basd stayionhwitPiie Then in

step 104 the base station al ac d ta base se nerat es ew base
station als¥nsdaN and Hegicaey Shorr@{] heRYee&ye E@l%ﬁlfgé IPP%rrﬁdﬂ‘f‘?gn‘Eﬂq \{ybase

station alya @%éxﬂ g b?gireoéirgg gﬁt{l(g}rﬁgtbggﬁédc@&s ih ﬁle%]@ ahd BERd: e PR i96on

files. Steps as needed for processing new PDE | og
files, so Aot widvwsbase station al manac data base is adjusted over tine in
288?;%2? 1e ginyhﬂﬁ&ﬁ]o’?‘ﬁ%p%%% 1%3 ng]ar;[ag Qatd brasef‘eI sei‘e%?errl]les"és\/\é)srlgﬁla% }!)]re(\)ccps%tfé’)\llrO rk
determining the new MAR as it does for the new FLC. Each fix in the measurement file
is reviewed to see if it is “good enough”. Measurements are used for determining a new
MAR if they meet all of the following default criteria: a successful position fix by GPS
or HYBRID or AFLT method, a fix HEPE of less than 500 meters, and a measurement
residual of less than 300 meters.
[00091] In addition to FLC and MAR, the base station almanac data base server
calculates FLC uncertainty values, cell sector centroid positions, terrain average height
and standard deviation (uncertainty) using a terrain elevation database.
[00092] FIG. 11 shows an example of specific configuration for the base station
almanac data base server 43. The base station almanac data base server 43 maintains a
“master” or primary copy of the base station almanac data base 44, from which updates
are made periodically to a local base station almanac data base 110 in a PDE 41. Itis

also possible for one base station almanac data base server to service more than one

PDE, where each PDE services a respective base station. For each position location fix,



environment. In fact, steps 103 and 104 can be iterated over tinme using
different PDEs and different base station al manac data base servers.

[ 00089] Awealopwssys©f the |ocation fix data sets is al so useCwuson41254
determ ning other paraneters in the base station al manac data base, such
as the "Maxi num Antenna Range" (MAR). E?r exanpl e, the base station

al mnac data base server adjusts MAR to“"satisfy two goals. First, MAR

shoul d be | arge enou such .t hat .99% of ile units usi a particular
base st at i BRI ROROHIRD IARYCFOR 116 BHTE AhHoE RSN A DAY (oo AR
Second, MARrehasl dhiehasdBhtiorPARMAA S48 DaskRalvet ¥hdBARS uRliAfdARoMd e t he
sanme PN and frequency shoul d never have overl appi ng MARs. Proper adj ustnent

of MAR r estientqietessiyytio perforas thegechniqnes fackisptingienmbsdving ptdbdenRDEitAnd bet t er
GPS Acqui si ti on . A[\ssi st _wi ndows. Illotogl%O] The pse station al manac datg base
server useTCIILIEHY RACGHHR L InGogprlety dpte apdopyly Feies s saRe o dhs conggsgds o

t he new FLfataEach fix in the nmeasurenent file is reviewed to see if it is

"good enough". Measurenents are used for determning a new MAR if they
meet all of thel008P3bviihadaseestationtalmpnacedatapbase seryedsalsehaspogaphion usérx by

GPS HY. 1eth I I h 5 d
O AR, A L Qe o T 8he b5 Rl S B bl 075
and MAR, thechase dstadh terprithagnace datich NRaeacsRityBise 4¢ahe b advese dfleépairs

uncertainty values, cell sector centroid positions, terrain average height
and st andalcdPeEvTast PoRcempisisrdaia- ntRe bass siaton akeanae dafa bpse sgrves ay #ebase.

[ 00092] FI - i fil ' ' 1. base
R P O e 0 S
server 43 caibrdtsnriataeand aesstetidn dmapad daa paseamainiehartchesuoh ae cdtvddri on al manac

dat a base 44{} fromwhigh Li da es1 are made periodically to a | ocal base
station al FRITHECJ4PS 2PALRAIIG AP EPDE 41. It is al so possible for one

base station al [004] 4Rt BaRasRicheNMERacl BrSAY s&Fe MY Asd RBBVA Base Siafon Wher €
each PDE services a respective base station. For each position |ocation

fix, WO 03#l0B8g8é&tPuTeupdates fipguthe 2 sters apenatord 2, andfroamages e integrsiéort off r om
L I O T o e, N A RN
necessary il (e Fdrivafdihfef heciytattdasfot@kticieloakd PDE ANAVESH WeRls RpADL SIS Wi th
i nconsi stent, inaccurate, or inconplete data, and locally archives a copy
of the condwrgein the cellular infrastructure or in the cellular infrastructure configuration, the
base station almanac data base server 43 maintains records in the base station almanac
data base reflecting both the old and new conditions until all of the PDEs serviced by the
base station almanac data base server 43 are switched over to the new conditions. The
base station almanac data base server 43 manages when the new record is removed from
each PDE and when the old record is removed from each PDE. The base station almanac
data base server also maintains PDE performance tracking information 113 and a terrain
elevation database 114.
[00095] FIG. 12 shows that one base station almanac data base server 120, 121
can support multiple PDEs 122, 123, and multiple base station almanac data base servers
120, 121 can simultaneously support multiple PDEs 122, 123 for full redundancy.
[00096] FIG. 13 shows various field groups in the base station almanac data
base. The field groups include: cell sector identity information (in IS-95: Network ID,
System ID, Switch Number, Extended Base Station ID, plus PN); pilot sector name;
antenna position latitude, longitude, and altitude (height above ellipsoid); cell sector

centroid position - latitude, longitude, and altitude (height above ellipsoid); antenna



data. [00093] The base station al ranac data base server 43 also has a
graphical user interface 111 to advise a systemoperator 112 of the
possi bl e Woasesryes of i nconplete or inaccurate data in thecprisorssbase
station al manac data base 44 and to advise of repairs to inaccurate or

i nconpl ete data. The base station al man data base server may al so

provi de the system operator 112 wth ne rk data and services other than

osition calibration data and base station al dat a_ base i .nt enance,
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multiple P 122, .123 for full redundancy, [00096] _FIG 13 shows vari ous
fiel dpgr outggE%F‘?‘? Sﬁﬂé)ntfi@@nasc.t qwea&ﬁﬁﬁ‘g&%&rg&nﬂ% forpation ipyte 8l ps
include: cghit eehiYletd Sedhdcvatd, RhaniRE bORed bdupcAon MRLWPE doBd locaksh €M

I D, Switch Nunber, Extended Base Station ID, plus PN); pilot "sector nane;

ant enna podstermmaticatierfigdvandeo Ngivt otwodifind cellulartinfiastairg bt celliobw e
ellipsoid),;  .cell sector centroid position.- |latitude, .|ongitude, and

St fude. (ERgmiend Sha iRt dRnses RRbh Ui BhidsHuG skt S¥SitEe, oo
ori entati offe fidga@Ana openi ng; naxi num antenna range (MAR); terrain average

height; RTD calibration; FW |ink calibration;, potential repeater; PN
i ncrement : and [00099] The base station almanac data base server discovers all instances where

an identity observed by a handset is not found in the base station almanac data base, and
track such occurrences over time. The base station almanac data base server identifies
new sectors that are added to the network, and advises the system operator of such
changes. The base station almanac data base server generates a base station almanac

. data base entry including determination of the antenna location, the observed identity,
calibration and uncertainty parameters calculated automatically, and default values. The
base station almanac data base server also identifies sectors whose identity observed by
the handset or reported by the cellular infrastructure has changed due to a network
change or reconfiguration and no longer matches the base station almanac data base.
The base station almanac data base server automatically alters the base station almanac
data base to reflect the new identity.

[000100]FIG. 15 shows a description of the antenna position information and the

problem detection methodology that the base station almanac data base server employs
with respect to this information. For terrestrial range measurements, the antenna position

helps the PDE to resolve the reference sector and measurement sector identities, and is



uncertainty paraneters (e.g., accuracy or standard deviation). [00097] RTD
calibration is the calibration of the base station receive chain relative
to GPS tiwe.03lss98eOrs that affect this calibration are thePoagsSozsasi on GPS
cable Ilength, GPS receiver delays, base station receiver antenna cable
| engt h, and base station receiver processing delays. [00098] FIG 14 shows
a description of the cell sector identi%gy informati on and the problem

detection net hodol ogy that the base station almanac data base server
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| nf or mat | sfaté t&‘%eﬂfié‘%n;sttr@}g %ﬁ-z?;tré "Wnish r?ﬁl ;i’]ﬁg %‘fbt{ %Qsemfal%g %ﬁg dol - €

w rel ess np st at ormation ase stati nac data
base. The ‘Geitibl pwiticarestichate!’] wylchlm‘medm parerate GPSrdssistinformatioist be conpl ete

and accur at e, t be free of duplication or error. f ood | ocati on
det er mi nati on p[tQS%QﬁEH%Basemanoara %@Fﬂ?@d’aéeetqrmra@eqtﬁﬁ B%Ste%%loﬂr e or
cel lular  hnfp aSiHdi6dsHsEctGOMMdH gr%Eéi'n?ﬁ‘s ﬂthaeﬁg%wi cdn%ﬁfé:in% with tlEhbastifet or

identity changes. Such changes requent The base station
al manac dapaitivas & hsecanaesulti oo westleaklls (CEWarand £QlkEs) er fram tiypeninithey

observed a _handset is no d.in the base st n alnan da a base,
and trac%@ﬁé‘iﬁtl%m%é%tgtbﬁﬁ%r iB3ae staton glmapa c@‘gﬁ‘ g%)gﬁ Ssﬁvﬁ% &8 base
server i defkield Geratbedy w6k ERJb?erﬁJ" ahd 1s8 cafiiafed, Ind Qe @atlw@ himandBdadVvi ses
t he system oper at or of suc changes. The base station al manac data base

server geri@SaB@SeraVlﬂa@sléorBﬂmaﬂEiﬁlxahm@élﬁmsdata base entry includi ng

determnatlono n Iocalon obs d dnt batlon
and uncert ai ntyOBQ\{t%JrE{éel% ared a?c&imgno ‘ﬁ}gtcie aF"ﬁor Cen ldclle¥ fgvarfctes

The base tht ptdblin abteBiaCmEhbaolbgp thab the\base Ahtfoh etlﬁh@ﬁlid ddtzelSasS g&ver s whose
identity observed by the handset .or reported by the cellular
i nf r ast r uctPleYhwith g9saegidel thisimfermatione Sagprcengnigrpsition if etened authat i on and

no |onger JRLCORS, ik &%ﬁﬁte’sﬁo@&t d\He ﬁr{;}ﬁgﬂ% fon 1 ﬁd@%@g Alsgh&c%?%&tﬁﬁngtn;g”

al manac data base server autorra I'ca se station a
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[000103] The base station almanac data base server maps the sector coverage area
based on MS location sessions and thus the most optimal cell sector centroid position is
updated over time. The base station almanac data base server also updates the base
station almanac data base with the most optimal cell sector position.

[000104] FIG. 17 shows a description of the antenna orientation, antenna
opening, and maximum antenna range information, and the problem detection
methodology that the base station almanac data base server employs with respect to this
antenna information.

[000105] The antenna orientation is the direction in which the cell sector
antenna is pointed. Antenna orientation is often used to determine the approximate
sector coverage region and sector centroid position with off-line tools. The base station
almanac data base server maps the sector coverage area and determines the most optimal

antenna orientation over time, and updates the base station almanac data base with the

optimal antenna orientation.



the location fromwhere the range neasurenents originate. Antenna position
errors translate to terrestrial range errors. Antenna position is also
essent i alwpr3gssees ati ng an "initial position estimte", Wwairasor/si2esed to
generate GPS assist information. [000101] The base station al mnanac data base
server identifies base station al manac, data base sector antenna positions
that are not consistent vmth the measur<d p05|t|on This can result from
nobile cells (COM and Ts) or fromtypo he base station al manac
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to an entry in ase station al manac data base. [000103] The base
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IS updat ed over nanac ase server al so
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sector positi on (&000104] FIG 17 shows a _description of the antenna
and
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server maintains terrain average height data in the terrain elevation data base (114 in
FIG. 11). The base station almanac data base server also tracks the heights returned from
location fixes with low uncertainties, and updates the terrain average height in the base
station almanac data base as appropriate, and automatically set terrain standard deviation
to reflect the distribution of actual fixes.

[000109]FIG. 19 shows a description of the round-trip delay (RT‘Q) calibration
and forward link calibration information and the problem detection methodology that the
base station almanac data base server employs with respect to this information.

[000110] The RTD calibration is intended specifically to improve the accuracy
of reverse-link AFLT range measurements. The base station almanac data base server
automatically improve RTD calibration and RTD calibration accuracy over time by
employing real user measurements.

[000111]The forward link calibration is intended specifically to improve the
accuracy of forward-link terrestrial AFLT range measurements in IS-95 CDMA systems.

Forward link calibration errors translate to AFLT Range measurement errors, which



WO 03/ 058986 PCT/ US02/ 41254 24 [000106] The antenna opening (beamw dth) is
often used to determ ne the approximte sector coverage regi on and sector
center poaptiBossséth off-1ine tools. The base station al raraSodaRss base
server maps the sector coverage area and determ nes the nost optinal

ant enna openi ng over tinme, and updates e base station al manac data base
with the optimal antenna openi ng. [0001 ] The maxi num ant enna range ( MAR)
is the key {amater used h,g ‘il’:‘ quantify the sector coverei e area.
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server BATRGAERIS §P Wﬁ‘?eg\Pé’tF?Teﬁl%al i bration and RTD calibration accuracy
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calibration is Intended specifically to inprove t
PN offset numbers of distant base stations. Since it is so eeTsy to discover, there is no
reason not to include it in the base station almanac data base. The base station almanac
data base server detects any PN increment inconsistency between what is observed over
the air and what is in the base station almanac data base, and when an inconsistency is
detected, the base station almanac data base server corrects the PN increment
information in the base station almanac data base.

[000115] FIG. 21 shows a description of the uncertainty parameters and the

problem detection methodology that the base station almanac data base server employs
with respect the uncertainty parameters. The uncertainty parameters, such as “antenna

27 &L

location accuracy”, “terrain height standard deviation”, “RTD calibration accuracy”, and
“FLC accuracy” give bounds to their respective location and calibration parameters and
allow the PDE to construct an overall uncertainty to the range measurements that uses
these parameters, and thus an error estimate for the final position fix.

[000116] For example, for antenna location accuracy, the bound is 99% certainty
that the antenna latitude and longitude is within this distance of the true position. For

terrain height standard deviation, the bound is that approximately 68% of the heights to



accuracy of forward-link terrestrial AFLT range neasurenents in |S-95 CDVA
systens. Forward link calibration errors translate to AFLT Range
measur enewo 084058986, whi ch WD 03/ 058986 PCT/ US02/ 41254 25PCTArseY/ane4 t o
position fix errors. The base station al nanac data base server
automatically inproves forward link calibration and forward |ink

cal i bration accuracy over tine by errpl%ﬁ/i ng real user neasurenents. [0001
12] FIG 2Q shows a description of the potential repeater and PN increnment
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al manac d ase server detects e presence of an un-noted” repeater, and
makes appriOpD latlecdlibrtiontvaluehe base station al manac data base. The base
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to the fix measurements that are analyzed and saved by the base station almanac data

base server.

[000119] Additionally, the handset’s location fix uncertainty is calculated by the
PDE. This uncertainty further enhances the usefulness of knowing the handset location
by, for example, allowing only fixes with very good accuracy to be used for purposes
that are only valid in this case.

[000120] As listed in FIG. 22, examples of problem detection methods that use an
estimate of the cellular handset’s position include: inverse sector antenna positioning (as
further described below); the forward link calibration and RTD calibration; resolving
incorrect sector identity in the PDE; spotting the presence of repeaters; spotting new or
moved sectors; determining uncertainty parameters; and providing cellular coverage
maps & diagnostic information.

[000121]Inverse sector antenna positioning is a way of determining the location
of a sector antenna from data from a mobile station. In some cases, a cell sector is

known to exist based on handset measurements of that sector’s signal, but the sector



t hese paraneters, and thus an error estimate for the final position fix.

[ 000116] For exanple, for antenna |ocation accuracy, the bound is 99%
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key to prossaghipky GREY@alite positibhiearld eangmassnedatslctlartithapssittapdfyz@HS and
saved by the base station_al mnac data _ base server. [000119] Additionally,
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resol vi ng
antenna, so that the geometry is adequate to accurately calculate the sector antenna

position. Additionally, each input range from the handset positions should have an error
estimate associated with it that combines both the uncertainty in the reference handset
position, and the estimated uncertainty in the range based on, for example, possible
excess path length signal delays. These measurement error estimates can be combined in
the navigation-processing algorithm to estimate the error in the determination of sector
antenna position.

[000125] Also, the range measurements to the sector antenna may contain a fairly
constant bias due to sector transmitter time bias. This forward-link calibration can be
solved for at the same time as the sector antenna position. Thus three-dimensional sector
antenna position, as well as time-bias, a total of four variables, can be calculated in the
same operation — in a manner similar to GPS receiver positioning that calculates GPS
receiver position and clock bias.

[000126] One way to improve the base station position and base station timing
offset is to keep a log of the measurements pertinent to the base station position and

timing offset, and to re-compute the base station position based on all of the



incorrect sector identity in the PDE; spotting the presence of repeaters;
spotting new or noved sectors; determning uncertainty paraneters; and
provi di ngvoeBlosdos¢ coverage naps & di agnosti c i nformati oRCT[U0D1R234

| nverse sector antenna positioning is a way of determning the |ocation of
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iteration, and Kalman filteri ng and are wel |l understood by one of ordinary
skill in the art. [000124fne»s—6‘f%:)df 1o adry skill in the art can also
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apart, conpared to the ranges to the sector antenna, so that the geonetry
i s adequat
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nmeasur enengy er lé)rc&'ﬁ&'n es can be conbi ned in the navigation-processing
al gorlthmto st'i mat e error in the determ nation of sector antenna

position. [000125] Al so &he(N ANIRNIEASUNSIENLS to the sector antenna may
contain a fairly

[000127]A filter can also be used in a similar fashion to compute a new value for
the base station timing offset from the old value and a new estimate, but in this case it is

advantageous to estimate drift of the timing offset over time. In other words, the base

station timing offset (Tff) is modeled as a linear function of time (t); Togr = Pt +T,.

From a series of measurements over time, the parameters f and T, are estimated by the

method of least squares. When the number of measurements in the series becomes

excessive, only a reasonable number of the most recent measurements are retained in the
log and used to produce an estimated value for  and an estimated value for Ty. A new
value for B is computed from the estimated value of §§ and the old value of §, and a new
value for T, is computed from the estimated value of T, and the old value of T,

[000128] Weighting factors can also be used in computing the position and timing
offset of mobile stations from various location service parameters. For example, a

number of ranges must be combined in order to triangulate the position of a mobile



constant bias due to sector transmtter time bias. This forward-Iink
calibration can be solved for at the sane tinme as the sector antenna
posi ti on.wOha®5898¢ ee- di nensi onal sector antenna positi onpPCALNB258S
time-bias, a total of four variables, can be calculated in the sane
operation - in a manner simlar to GPS receiver positioning that cal cul ates
GPS receiver position and clock bias. %%00126] One way to inprove the base

station position and base ti ffset is tq keep.a lo f the
reasur enbr Ao 8 e dor fgﬁﬁb@@@ oY ssRbigtes | Whetkritss PoRiBla 46 Berfmt

to re- compuy8nidier RASHe E}fﬁhb otsﬁlgﬁ d@éﬁ’ﬁﬁaﬁ@nsahgomloﬁ baum&?»/ 058986
PCT/ US02/ 41254 28 neasur ene VWhen th nber of neasurenments

becones | amgestaihiywaude connph‘@dcfmmmh atdeptndentmpsmdnl deeroiratioaxanedhénve. At

t hi oi nt, .the base t d ffset b ted
usi g onl yVeiERER ditnestithe POUROR kubReh tF sp RIS mA PESTE R adal ¢ | on,

it is posshigery 9rd}l>%ﬁlcﬁlaf {0 th@hncéttmyp&eacmpésm Vdlhd. &For ckimplede  to
|rrprove cont i nuousl Yy the val ue of the base station p05|t|on and tlmng

of f set. | ringertaintypif@ rexgempeasyurenieat mstberdep@ld@nmmtémnlt%repgtbdih@e an

i d
el ght ed. doaRuba T Rtegfer sletfie R VolET i e ere PRSI BrER PRI B, o1
(Pe) as f ainldaMsposkibay of ﬁﬁiﬂ@-)path ;{r&pa%)i(ldﬁﬁhﬂhe W&b‘érdf t@'rdsmaaraﬂgbght ing factor

| ess than one. The weighting factor 1s chosen based on the respective
number of IReasyEIEHEsntde(ugreimptyoh @ rargspBeaspreaicay isralgadependentunasi the i ve error

(E) of th mat ed

Vel ue 1 orCEERHTRA Gndelde 1BkioR el Ry gafntuls Y BlEs BRbb ARS8 T 050127,

A filter danwvaldmklealibiaton t11‘i11r&g oififget inathe tasshif an AT TCoanpel tieteAninatvony dleue f or

the base statigon timng off fromthe old val andanewestirraa@but
et

in this ca}%eqt%mﬁygn TENSTEHt h@ﬂ% pdeican & AR FP rHiserASHERERY 2B
over time. uﬂc @%’f b?@él'qéﬁtmnt zﬁﬁerﬁﬁ%%%mu ﬂ)@ﬁd %?raiﬂ éléﬂﬂloﬁfufl ?d%tcaée-r&f APLT9r 1

nodel ed as a ction of =(err)t +To. Froma series
of measur eRfElatrsngnmasunenmntst H&lepmcatmmttyrﬁ)rexanpleﬁe quagifedtin teane ¢f by the

GG TSGR ST EA s TE N
measur enentpwal Bsdigic aﬂﬁl‘%shﬂmﬁeh%ea!s@tﬁnﬁﬂﬁerk&%s&ﬁng L CHiSSarplis@butiomt ed
value for 0 and an estimated value for To. A new

[000129]1t is recognized that solving for the vertical height of the sector antenna
may sometimes be difficult, due to limited observable geometry in the vertical direction.
The sector antenna height can be estimated based on an average antenna height'(say 10
meters) above the average height of the handset reference positions and/or the terrain
height based on a lookup into a terrain elevation database. While the errors in the
vertical height of the sector antenna are somewhat hard to observe with this method, it is
fortunate that those same errors contribute very little to location fix error when that
sector is eventually added to the base station almanac data base and used as a reference
location for handset positioning.

[000130]Once the sector antenna position has been reasonably determined by this
method, a new sector can be added to the base station almanac data base and
subsequently used for handset positioning, or an unidentified signal seen by the handset
can be joined to an entry in the base station almanac data base with incorrect identity
information and this identity information can be corrected.

[000131] An additional function that results from the base station almanac data

base server is a detailed understanding of cellular coverage. The base station almanac
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[ 000130] Once the sector antenna position has been reasonably determ ned by
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4  be more accurately determined.

4. The method as claimed in claim 1, which includes determining that a mobile
2 station is at or near the average of the center of all cell sectors within a region, when the
mobile station is found within a region, but the individual cell sectors cannot be

4  determined, and the position of the mobile station cannot be more accurately determined

5. The method as claimed in claim 1, which includes using the cell sector location
2 data of a cell sector as an initial position estimate for generating assist information for

assisting position determination using a system of global satellites

6. The method as claimed in claim 1, wherein the cell sector location is an average

2 of mobile station positions determined to be within the cell sector.

7. A method of using a base station almanac in a wireless communication network,

2 the method including:



CLAIMS 1. A method of using a base station almanac in a wireless

communi cation network, 2 the nethod including: storing, in the base
station awpanassIscect or center | ocation data specifying #Crasavinss of the
centers of cell sectors of base stations; and using the sector center

| ocation data in the base station almanac for determning 6 nobile station
position. 2. The method as clained in c3Zaim1, which includes determning
that a nobile 2 station is at or near the center of a cell sector when the
mobi | e st at i on stinEpimidie hpserftationrdmanas) maxispyrg ANTERRA TAAES P38 SRECHHINGE t he
nobi | e ;statj.on ot r - lLyjdeterm ned. 3. The nethod as
clainmed i r{ﬁ%?%P%a%?enmgg%g?8?P%§§%E1§é§§¥%1 ning that a nobile 2 station is
at or near the @igrthgtagfmiheneand engotats ey thedlascahtiorsaimioasionhen t he
nobile station is found within several cell sectors, and the position of
the nol§i | detorminipgmoRHAsRUOMPRERr e accuratel y deternined. 4. The net hod
as clainmed in claim1l1, which includes determning that a nobile 2 station
is at or near the average of the center of all cell sectors within a

regi on, wten t Hehe method es dhimtdddn clasmf7o widthvintlodes wingsthe omxirthan anteena

i ndi vidual cell sectors cannot be 4 determ ned, and the fpﬁsi)ti O%&Of .t he
mobi | e 2st dRRESPIEA 38 ONsPRRHTFRIGOAUARIEY\E FELLFONHRES aref O R PARESHEAN 4%

cl ai med i nygd,ab Ride angé}yéd]felh'égﬁﬁl SN 9ithe e(ﬁﬁjylf?ﬁtﬁﬁ bde stRfoAlih e bade dat a

of a cell sector as an initial position estimaté for generating assi st

i nf or et i atfooralmasei sti ng position determ nation using a system of gl obal
satellites 6. The method as clained in claim1l, wherein the cell sector

| ocation is an average 2 of nobile station positions determ ned to be

wi thin the cel ITia60bd ad clafndiEih REAMOT, whidhigcRdBASSha aimahmarasai n a
W rel ess communi cation network, 2 the nmethod including: W 03/058986

PCT/ US@2/ aapssof a8 feagt eneihage sthtion tecqugaiify the urGesiaingy idha Bositien pswialank 2nna
range data ci.fyi i t . . i . and using
o e m0 S s Phor P BRI B R IHEBn Bhoilff Cuto P R

det er mani ngcuvately @etéin@ihédin position. 8. The nmethod as clained in claim?7,
whi ch i ncl udes using the maxi mnum ant enna

10. A method of using a base station almanac in a wireless communication network,
2 the method including:
storing, in the base station almanac, terrain average height information for cell
4  sector coverage areas of base stations; and
using the terrain average height information in the base station almanac for

6 determining mobile station position.

11.  The method as claimed in claim 10, which includes using the terrain average

2 height information for obtaining a position fix of a mobile station.

12. The method of claim 11, which includes:

2 storing, in the base station almanac, terrain height standard deviation for cell
sector coverage areas of base stations; and

4 using the terrain average height standard deviation for determining how much to

weight the terrain average height information from the base station almanac.



2 range of at |east one base station to quantify a sector coverage area of
the base station in order to relate an observed terrestrial signal with an
entry forwDhe/okase station in the base 4 station al manacPC3/USIhe126et hod as
claimed in claim?7, which includes using the maxi num antenna 2 range of at
| east one base station to quantify the gncertai nty in the position estinmate
of a nobile station when the uncertain 33/ in the nobile station position
cannot be nore 4 accurately determ ned, 10. A nethod of using a base
station al ]rr?’anach?%mSth\Rﬁro@Pééré 190%%&?%‘%‘13811 network, 2 the nethod

i ncl udipng: st Orét&%? ,'iﬁ‘ﬂ%e%sé’&%@oé&lﬁfah&? té’i‘%a'i’@ﬁ@%l?t stRIahA dbviaidh fGEehel ght

i nformation for ce% sector coverage areas base stations; and using

t he t err ai sectay eoagezcweaphif biasd sativmtjamd i n t he base station almanac for 6
determ ning nobile statiaqn position. 11. e nethod as clained in ¢claim1l0,
Whi ch e udes WRHGetHET afetasa et a3 e ETgn for RReamisaes B Fieh 1

obt ai ni ng WeiBRSthe @ik h'b‘eré’ée_ l%i%mﬂifbﬁnactfcﬁxtﬁd}ﬂ thelthse SBBoRIBRAGc. of claim 11,
whi ch includées: 2 storing, in the base station al manac, terrain height
standard deviation for cell sector coverage areas of base stations; and 4
usi ng the rrajn_ave e. hei ght .andard deviation for determning.how
mich to v ght A EREDRGTnE & Fir ABLORAREES Tt BisRer LB A
station al#BiRehod¥WaNE58986 PCT/ US02/ 41254 33 13. The nethod of claim
10, which includes: 2 storing, in the base station al manac, terrain height
standar d devi at§temng. éi thediape statéqn dmanayy equagddrindelay (BfD) g8kébratien i ons; and 4
using the terrapi.n.. rage hei ght standard deviation for determ ning how
much té1 V\%}%&rﬁ%{l{}%’ga\ﬁ?errai n average height information fromthe base

stati on al manacusidgthe Aouel-tipdietly (RID)Galblataseigo@idtion iatirebasestatiora W r el ess
comuni cation network, .2 the nethod including: storing, in the base
statiof al H@aABRS foF defgrminingyngilesfatiomopitionl i bration 4 information; and
using the round-trip delay (RTD) calibration information in the base
station

15.  The method as claimed in claim 14, which includes using the round-trip delay
2 (RTD) calibration information for improving the accuracy of reverse-link range

measurements.

16. A method of using a base station almanac in a wireless communication network,
2 the method including:
storing, in the base station almanac, repeater information indicating whether or
4 not cell sector coverage areas of the base stations have repeaters; and
using the repeater information in the base station almanac for determining mobile

6  station position.

17.  The method as claimed in claim 16, which includes using the repeater
2 information when using an Advanced Forward Link Trilateration (AFLT) range

measurement.

18.  The method as claimed in claim 16, which includes using the repeater

2 information when calculating GPS acquisition assistance information.



6 al mnac for determ ning nobile station position. 15. The nethod as
claimed in claim 14, which includes using the round-trip delay 2 (RTD)

cal i br at iwp oBffsesérat i on for inproving the accuracy of revecsash/miss ange
measurenents. 16. A nethod of using a base station alnmanac in a wreless
comuni cation network, 2 the nethod ing¢luding: storing, in the base
station al manac, repeater information i Hi cat i ng whet her or 4 not cell
sector coverage areﬁs O1I t he base statjons have repeaters; and using the
repeat er i ht-or ntMPIROT AL P§RE 355 SEFIQR AEPANAE ik RErSIeSt CUBIURITHIFNE: | e 6
station pot'ﬁis&ﬁéi’ﬁbdiﬁ@l-udﬂ%‘? met hod as clainmed in claim16, which includes
using the repeater 2 informati on when using an Advanced Forward Link
Trilateration (AHldY, in thedrse ste@sualenapad, resplctivElpseuriot fandbrasomst FNed in clai m
16, which includes. u in% t.he repeater 2 information when cal cul ating GPS
acqui siti dHCEEE?PEStf&hE%%i HH8PSéPY on. WD 03/ 058986 PCT/ US02/ 41254 34 19. A

met hod of usi NGudnPABPHseidliaRdbrA hFRE AN McRni¥nfsgh BRSbA4L0 FaHA fatdndnidret wor k,
2 the method including: storing, in the base station al nanac, respective

pseudo-& anditenmining enqbPiestation ppsitiement s for base stations; and using the
pseudo-random noi se (PN) increnents in the base station almnac for 6
determ ning nobile station position. 20. The nethod as clained in claim19,

whi ch inclzgles igd m@thollQs PREBEDMGRAFOIY, Hhikdi iHEludENIsidd e ERIAb STakddin
resol vi ng pseudo-random noi se (PN) offset nunbers of distant base

stati orfs. moise RNyérareaews forspsnvias pegilogardany poise Weeifsehnembgrs ef distent
conmuni Catﬂa%@ Stqgg%gor k, 2 the nmethod including: storing, in the base
station al nanac, base station antenna positions for base 4 stations;
storing, in the base station al manac, uncertainties in the accuracy of the
base 6 station antenna_ positjons for base stations; and .
21. A method of using a base station almanac in a wireless communication network,
2 the method including:
storing, in the base station almanac, base station antenna positions for base
4  stations;
storing, in the base station almanac, uncertainties in the accuracy of the base
6  station antenna positions for base stations; and
using the uncertainties in the accuracy of the base station antenna positions in the

8  base station almanac for determining mobile station position.

22.  The method as claimed in claim 21, which includes using the uncertainty in the
2 accﬁracy of the antenna position of a base station in determining the weight to apply to

measurements from the base station.

23. A method of using a base station almanac in a wireless communication network,
2 the method including: ’
storing, in the base station almanac, forward-link time offset calibrations for base
4  stations;
storing, in the base station almanac, uncertainties in the accuracy of the forward-
6  link time offset calibrations for the base stations; and
using the uncertainties in the accuracy of the forward-link time offset calibrations

8  in the base station almanac for determining mobile station position.



using the uncertainties in the accuracy of the base station antenna
positions in the 8 base station almnac for determ ning nobile station
posi ti on.wB23/038986 net hod as clainmed in claim2l1l, which inecCuass2ugsng t he
uncertainty in the 2 accuracy of the antenna position of a base station in
determning the weight to apply to neasurenents fromthe base station. 23.
A net hod of using a base station al mande in a wirel ess communication
network, 2 the nethod including: storing, in the hase station al manac,
forwar d- | 2hk t THe msthogdeas C&am%%%%1@%%3,f%‘%wlb%@deﬂu%P%ﬁ\e&%?ﬂaé?%lPrf% in the
base sfati £ Nt I § ; e 6 Iink
tinme o%f sgg&(r:%ﬁly{%?%ﬁ%ﬁ%%? (E)&rkat%rﬁéebﬁgeg ecglg%rg‘? ?%%?%%Stﬁisgﬁgﬁe%e uncg;trhte ainties
in the acowightyo afply eméamnvemeid firork the bease ofafiset cal i brations 8 in the base
station al manac for determ ning nobile station position. WO 03/058986

PCT/ US02/ 41254 35 24. The nethod as clainmed in claim23, which includes

using thesyncent gible¥s ddhhificatfondetidRObniskige forward-link time of fset
calibration for a base station in determining the weight to apply to

measur enent s f r onfa) frasdsisteons tiart GommmurdiBatiod wiith mlobde stedensini cat i on net wor k
conprising: 2 (a), base stations for conmunication. w.t i .atjons; (b)
a base station al @gﬁ;@%?t&w‘han}aﬂf“.&tﬂﬂ% _0%3&9{1 PR tﬁ%_ %S.%sstaglf) ﬁ%%@h and 4
(c) atyleast one @9k ida@brdeosikith AbREmBNd ditit} fr ddRbAITMAPOPidNODE theons  of
the nobile stations based on signals transmtted between the base stations
and the 6 nobi | e mobil¢ gationsdased o Benalg rawmitest kegween thp dagsasiations and

al manac; wherein_t se st af.i . I ter | ocation
dat a g speci fyi nlaopﬁ%%%? ﬂ%ﬁsang;mf(ﬁren%{égegﬁ%lg%gqg% eg%ﬁgéségc %E%aﬁg’ t he base
stations. 26. The wiviRkes hedp@tibiiGRilananedninkseator cbatenipdation dakai m 25,

wherein the sector 2 location data includes the |latjtude and | ongitude of
the cefter of eacypeeibyingdecations ofdhe cepfgrs Gf ¢ed} %@r%%f#h’ﬁﬁiﬂs@a?ﬁtﬁﬁs'netmrk as
clained in claim?26, wherein the sector 2 location data further includes
the altitude of the center of each cell sector. 28. The wirel ess

communi caion riewdtdiesasominainiadon netelonlk as @simedheckiim 25hwhei2ingbe istdtem

determination entity returns .the center of cell sectar en the position
.2 location data ir¥clu es the '1at1tulgie ang Pongltuc(i)e ofathe center of eac céw sector. ' P

27. The wireless communication network as claimed in claim 26, wherein the sector

2 Jocation data further includes the altitude of the center of each cell sector.

28.\ The wireless communication network as claimed in claim 25, wherein the
2 position determination entity returns the center of a cell sector when the position
determination entity determines that a mobile station is within the cell sector and the
4  position determination entity cannot more accurately determine the position of the

mobile station.

29. The wireless communication network as claimed in claim 25, wherein the
2 position determination entity uses the cell sector Jocation data of a cell sector as an initial
position estimate for generating assist information for assisting position determination

4  using a system of global satellites.



determ nation entity determnes that a nobile stationis wthin the cell
sector and the 4 position determnation entity cannot nore accurately

det er m newODlg/ofp98é t i on of the nobile station. 29. The w PErTaAss2/41254
conmuni cation network as clainmed in claim25, wherein the 2 position
determ nation entity uses the cell sectqr |ocation data of a cell sector as
an initial position estimate for generating assist information for

i sti iti d i nat i .4 i St _glab atel |i . WO
057 0stone BBy B8 rEsEs Comgruag iy B P Qb S Th o B BheRBBBFRl oo
cl ai medyi N sgdi@ dB#P locHiSE RidA vBReE BF nobde SBEEPPoFEMsRetdrPRRb 1 Pe \zv?thﬁ"

average of nobile station positions determned to be wthin the ce
sector. 31thexelliseelbrss communi cati on network conprising: 2 (a) base
stations for comrunication with nobile stations; (b) a base station al manac
storing information about the base stations; and 4 (c) at |east one

posi tion defer mMANyRglesydonimutidticheiedltiktofpriR@st t i ons of the nobile
stations based on signals transmtted between the base stations and the 6
nmobi | e 3tations, @ base Batirmsferrommpyridation witemohde stetiens; on al manac;
wherein the base stati I.ns. naxi num_ant.enna range dat 8
speci fyi ng maxi rrunfmtb Znatbgag%ggaﬁgigggngﬁ%?ét? Hes ggglgnast}togta?%lhtgtﬂe %ﬁe S 8n§MaP§I ess
communi gat i on net woy lat Rast@naipaEitoh detetrainiAghtity e ideiefminigs FosRimk bF g2
determining entity uses the nmaxi num antenna range of at |east one base
station to quantiPgbile eiangbased i signalsiraamited besweristhe basgtstasions ancbthger t o

relate gn obser vedygh  Rfsr dfinfl8in Whicl ifhei Yali G aibifbase station

in the base station al nanac. W rel ess conmmuni cati on networ k
conprising: 2 (a) basdesimthedase ftatiorcaimanad aatdionmukimdunimitedre rahgd davns; (b)
a base station al manag .storing i nfornation ?a;btg% athe base stations; and 4

(c) at Yeast one PEEFEYRHTISRYHARCHRA BREPY S§&t8PAT - ni ng positions of
the nobile stations based on signals transnmtted between the base stations
and the 6 nobile stations, and information stored in the base station
al manac; Wher eilhe whesldsasemmuaichivon sdtwarkaes dantediimslate 3l awheremehage hei ght
8 inforirati on.for cel.l. sec%.or coyerage area of the l%aﬁe stations. .

position deteTmining entity uses thé maximum antenna range of at léast one base station

to quantify a sector coverage area of the base station in order to relate an observed

4  terrestrial signal with an entry for the base station in the base station almanac.

33. A wireless communication network comprising:
2 (a) base stations for communication with mobile stations;
(b) a base station almanac storing information about the base stations; and
4 (c) at least one position determining entity for determining positions of the
mobile stations based on signals transmitted between the base stations and the
6 mobile stations, and information stored in the base station almanac;
wherein the base station almanac contains terrain average height

8 information for cell sector coverage areas of the base stations.

34, The wireless communication network as claimed in claim 33, wherein the terrain
2 average height information includes a respective terrain average height and a respective

terrain standard deviation for each of the cell sector coverage areas of the base stations.



34. The wirel ess comruni cati on network as clainmed in claim33, wherein the
terrain 2 average height information includes a respective terrain average
hei ght amoa3fnssopecti ve terrain standard deviation for each/usb2/sted cel |
sector coverage areas of the base stations. WD 03/058986 PCT/ US02/ 41254 37
35. The wirel ess comruni cati on network as claimed in claim33, wherein the
2 position determning entity uses the ferrain aver age hei ght information
for obtaini ng an Advanced Forward Link_ Trilateratian I.the sition fix
of at | eastd onelhss wirplessrsmrpenicaiionmsty gkas clagnedyin Glaim | cation

net wor k CO;?%{HOZ)'c%ﬂ:rm?m{m%%ntﬁgﬁge[ﬁfl@{eh%ﬁ?a\;eﬁ{ e%@{gggr n%‘?r}a‘h%ﬁ f Gﬂf‘alﬂﬂ ighe

stations ase' s MRNAC St or ! on about base
stations; Adhncdd Fervaad LirdeRilaereeiop QAFLH‘D)posﬂMreﬁnbﬁatrigase nhe¢ ofythé moblle

determ nin p05| tions of the nobile stations based on signals transmtted
bet weert t H82lPA8e stations and the 6 nobile stations, and information stored
in the base station alnmanac; wherein the base station al manac contains
round-trip delay (RTD) 8 calibration information. 37. The wirel ess

communi cat3n nﬁmmiéssasnmhmiqmdnhct\mﬂawmﬁtﬁsingmer ein the 2 position

det erm ning entit

uses the r undtr| | i bration information
for irfproving thia)a ASGSugn rF%Wé‘?”é‘ M@éﬂ@ KU¥-ements. 38. The
W' rel ess conmmuni C@S)‘ QBa%M&lﬁ%&ls%mqnfo@mﬁﬂl@i #BodbtheWass &htibnsParidhe base
‘station al manac stores an estimte of the uncertainty of the r ound- trip

del ay cal i brat i on (of atdasse ose pesitinrsdetermining entiy fpoditeruningPosHATRiHBe ent i ty

h d- | ay. b h
Lo wei gt the.  oultPtoripeas sy ohEhelPal b REE ko sl e N LBl TR 1)

W rel ess communi Caidhle steionsalid eophdtinngiredin(thy bb@sswtﬁ)haﬂmm for
comuni cation with nobile stations; (b) a base station al manac_storing
i nf ormati on about t hehergidh %bﬁels&ﬁ@n a&ﬁ@}lacﬁo’(”@ansé?uqdeté@t delaydRI&Y t i on

determning entit g positions of the nobile stations based
on signals trans X?]{l&émgﬁn% %ﬁe base stations and the 6 nobile stations,

and infornation stored in the base station al manac;
37. The wireless communication network as claimed in claim 36, wherein the
2 position determining entity uses the round-trip delay (RTD) calibration information for

improving the accuracy of reverse-link range measurements.

38. The wireless communication network as claimed in claim 36, wherein:

2 the base station almanac stores an estimate of the uncertainty of the round-trip
delay calibration of base stations; and '

4 the position determinin g entity uses the round-trip delay calibration uncertainty

for determining how much to weight the round-trip delay measurements from the base

6  station.
39. A wireless communication network comprising:
2 (a) base stations for communication with mobile stations;
(b) abase station almanac storing information about the base stations; and
4 (c) at least one position determining entity for determining positions of the

mobile stations based on signals transmitted between the base stations and the

6 mobile stations, and information stored in the base station almanac;



WD 03/ 058986 PCT/ US02/ 41254 38 wherein the base station al manac contains
repeater information indicating 8 whether or not cell sector coverage
areas of wbe3lsawes st ati ons have repeaters. 40. The wi rel @€3/USommesd cat i on
network as clainmed in claim39, wherein the 2 position determning entity
uses the repeater information when obtaining an Advanced Forward Link
Trilateration (AFLT) range neasurenent 381, A wirel ess comunication
network conprising: 2 (a) base stations for comrunicatjgn with npbile

stations; (b) a basevhareinithmbase siHaR aknasAr APINAT BPRAET BROERHOR AR BEse
stations; and 4 (glsal ?11 r?ﬁzéll %&gcl)rp&%rrag@&egseéfetﬁgb%”e@%tﬁﬂé hive E¥aters.

determning positions o |'e stations based on sighals transmtted
bet ween the base stations and the 6 nobile stations, and information stored
in the base station al manac; wherein the base i.on,al nanac, cont ai ns

1
respect i veétOps e - WisgieRs Fommnyysalion DERYOr 38 Flats 1§‘a B0 P FPEILEL 4t i ons.
42. The .rﬁogilti%ﬁ%eféﬁmﬂi'ﬂge&ﬁft% Q&L %&eﬁﬁf&hﬁﬁ@@@h&ﬂo&bﬁﬁﬂg ghladwhee®i n the
etermning entity (

2 positio uses e pseudo-random noi se (PN) increnents
f or resol \Horgarddsiak Qo atenat om(ABL FeragfiNpeadufgeentnunber s of di stant base
stations. 43. A wireless conmunication network conprising: 2 (a) base
stations for comrmunication with nobile stations; (b) a base station al nanac

A]

st ori ng i nflor e} ifabelhmkhRalasRedont LaRgisAnd 4 (c) at | east one

position determning entity for determning positions of the nobile
stations based on(®ilpsekwtionsies spmmudicgbempéth matslelstatienst at i ons and the 6

nobi | e stations, d information stored i.n-the. | NAacsy
wherein the base z‘?r}aﬂ)%sﬁsq%ﬁﬁ?a%agﬁgoﬁnﬁégfc’gg gtéca%o?)u?}eh%ibzeig t%&:a i%‘ﬁl dat a
speci fyi ng | ocat i gg)satQéast bfe pRMIEN dettigigl kntity€ot detanbfinppssitisnsadfithas; 10
maxi mum ant enna range data specifyi ng maxi num ant enna ranges of th base
stations; WD 03/ 05®dds srivnysped on sighals fgnsmitied petyican thediaigdafns gthe

I nf or nBét ion for C?Aolbilg %&Ei%s,%ﬁ&' ﬁ{f&QEati%'h%ﬂﬁe(an thg' Base station almanac;

wherein the base station almanac contains respective pseudo-random

8 noise (PN) increments for the base stations.

42, The wireless communication network as claimed in claim 41, wherein the
2 position determining entity uses the pseudo-random noise (PN) increments for resolving

pseudo-random noise (PN) offset numbers of distant base stations.

43. A wireless communication network comprising:
2 (a) base stations for communication with mobile stations;
(b) abase station almanac storing information about the base stations; and
4 (c) atleast one position determining entity for determining positions of the
mobile stations based on signals transmitted between the base stations and the
6 mobile stations, and information stored in the base station almanac;
wherein the base station almanac contains:
8 sector center location data specifying locations of the centers of cell
sectors of base stations;
10 maximum antenna range data specifying maximum antenna ranges of the

base stations;



base stations; 14 round-trip delay (RTD) calibration information, repeater
information indicating whether or not cell sector coverage areas 16 of the
base st atwong/obmse repeaters; and respective pseudo-randomChaissz412RN)
increments for the base stations.

39
12 terrain average height information for cell sector coverage areas of the
base stations;
14 round-trip delay (RTD) calibration information,

repeater information indicating whether or not cell sector coverage areas
16 of the base stations have repeaters; and

respective pseudo-random noise (PN) increments for the base stations.



