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| NFORMATION I N A W RELESS COVMUNI CATI ON SYSTEM HAVI NG A PCSI TI ON LOCATI ON
CAPABI LI TY RELATED APPLI CATI ONS [0001] The present applli cati in et&r

priority of \Wwoavipsdognal application Serial No. 601343, 7748 M&ﬁrﬁer
27, 2001, incorporated herein by reference. This application also cl ai ms
pI’IOI’Ity to U.S. Application No. 10/093,75 1, filed March 7, 2002.
BACKGROUND OF THE | NVENTION Fi el d of the Invention [0002] Thi s i nvention
rel ates generally to nobile comunications and nore particularly to a

wirel ess communi CRFACTING ANIDUSING'BASIESPA WRNA@YNFUM

posi : I ons 01(‘j nobi | ]? smf‘& ﬂ'ﬁ$§d ﬁ Eggﬁ‘%‘{ to theh
creation and use o or a nanac in such a
Wi rel ess conmuni cati on sys%@ﬁ p&ﬂ‘ ﬁg‘\ Art [0003] Mbbile

conmmuni cation networks are in the process of offering increasingly

sophi sticated capabilities for |ocating the position of a nobile term nal of
the network. The regulatory requirenments of a jurisdiction may require a
network oOperRERATED APPIKIATIONG ocati on of a nobile term nal when the
mobil e termnal places a call to an emergency service, such as a 911 cal

in the United Stat{801)i nThe mosmt Bpplicstiomclaivng priqrity otxpmor(mmcaw@ﬁml

cel lular net e, on |.oc abi lity, can.be r d by
Advanced For ﬁ‘? ?OGI“S @%ﬁ?%?@?%’?‘?‘%%{%ﬂ' COrporaledATERRPY If es the

| ocation of tdeemihlafotids 150 i8R Nd. $0R003750 ¥iisd NEASH, 280 e
of arrival #’ rladl 0 S|0gna %? %ﬁbhe bﬁgg stlat?{)ns ml"greladvancedqé0
technique is hybrid position |ocation, where the m)bl | e station enploys a
G obal Positioning System ( ) ej.ver nd.t he ltion is conputed based
on both AFLT and GPS masur%&é&%ﬁo esd d@‘&ﬁ?@é@ﬁ s and formats for
CDVA position location enploying AFLT, GPS, and hybrid receivers,

applicable to both the Ms-based and Ms-assisted cases, have been published
in TIA El A stEeldaf ¢thel Isvéiflibn12001, Position Determination i WO 03/ 058986

[0002] This invention relates generally to mobile communications and more
particularly to a wireless communication 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 technigue 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
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Addendum i ncorporated herein by reference. [0005] Another position

| ocation technique is where the' neasurenents are nade:by a network entity,

rat her tha bile station. An exanple of these network-4 ba hods

Is the rou%&ﬁ?ﬁg Bel ay (RTD) neasurenent carried out by ba&?sﬁﬁfim

receiving signals fromthe nobile station. Measurenents nmade by the nobile

station may be conbi ned with network-based neasurenents to enhance the

avai lability and accur acy of the corrpute posi tion. [0006] In a wireless

communi cat i i on ation rvjce, it is

convent i Onag@:{\?}%%% ?i?‘irig?atlﬁgie $WF?)4 Bt héﬁg , Scomagzted

i nf or mat i on HefeiR by ddfereR@se. Such a data base is known as a base station

al mnac. A typical base station al manac record specifies the base station

i dentification i f0805tat Aoether pastiengosition dechoique e whemdhs ietsuemant na, and
al i bration. For exanple, the TIA El A

soneti nes the vvardllnk del a
standard | Snﬁﬁ{f fgtity; ragher tgﬁ‘é@’iefm‘g% lestations Anexmple 0&1@%@&%&. ng

the follo

o ol S s M RATO LSl S w1

t he pil ot P&hmngmgmlﬁﬁBMe@iohﬁlb@taneﬁelﬂemeexﬁaﬁ@nﬁﬂab ﬁihmbﬁ&é@ﬁfcﬁnﬁi}at ion
time correction_(a.k.a: forward link delay cali bratlony and the | atitude,

| ongi t ude, XREOHbINGH WithynetyWaek-bassd mepsrergents iy entience the anaidabiliyangd popsacyd t o

TI A, subco e at this base station record should further
i ncl ude a mm&@mﬁ %epsds%éo or wdth of the base station antenna, and a

field for the hormogost ain owirelBésaion@iumtationyfiamehavint 4 Potitiot @diminaBdyMARY OF
THE | NVENTI ON [ 0007] In addition to the base station pararret ers descri bed

above, it ha@wm,zeﬁ is efinyewtionabtp storacakibratien mfermngion andlether basesstationt i on

paraneters t re .val | at.i t he Siti nobi

stations i n* éqnelgg déﬁ%‘ﬁ%ﬁl S'é(fq %ﬁﬁtﬁﬁ%? Egmﬁggg a%?cF&?c{l B2’3?““}'361t‘a%meters

i nclude the tﬁﬁéﬁ]%ﬁsd st Rdn idaRdc &E&d@?@&fé‘s&ﬁé baR SERfINABetFRHSIRIGHRdon , [ he
maxi mum range of the base station antenn the terrain average hei ght over

the sector theopasitiyeofdhebase stabion entenna ah@'s«gmnmmﬂmﬁomadéhnhﬂclem over t he

sector cover roun ion i r mat .

repeater inf gﬁ?fﬁﬁ ?Porﬁ%‘é" b‘ﬁrﬁéﬂﬁfbg@gﬂ‘?ma r}g(@ f%ﬁé@?"‘f Sr"f‘ty in’
the base st @hsensaatﬁﬂtamaﬁacnﬁ&iﬂgl tROfol NGRS 11818 For dabh bAR stftRmWacsd! Risi rdel ay
calibration, and uncertainty in the round-tri %EFel ay calibration.

TIME_CORRECTION_REF, LAT_REF, LONG_ HEIGHT_REF. These fields

include the pilot PN sequence offset of the reference base station, the base station time

""‘CL

correction (a.k.a: forward link delay calibration), and the 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.



WD 03/055986 3 2 7 JUN 2006 [0008] In a preferred inplenentation, the sector
center location data is used as an initial position for assisting position
determ nation using a systemof global satellites, and as a 267 aUht
position of wooptEshss station in the cell sector when the positi t 206e ,
nobi |l e station cannot be nore accurately determ ned. The nmaxi num ant enna
range is used to quantify the sector coverage area of a base station in
order to relate an observed terrestrial sjgnal with an entry for the base
station in the base station almanac. The terrain average height is used in
obtaining a posit {008 i n @ipreferi®@biniBertémhtid) theddediok Bntet RE S WabCls @8 as
standard deviation for a cell sector coverage area is used for determning
how nmuch to ewreingtal porition &enassisting/asdipn detsrgination fusingex Systeni of gletabsateliiasg t he
position fix.,The,roynd-trip delay. (RTD) .calibration information is used
for inmprovinth4 4 deggtﬂﬂp%&gpnoqfdarrg%}ességqc?n&%ea eqton Shea r&@w@t{%&ﬁr%

det er m ni ng ' | Lot 4 1l iﬂiﬁhi ' when
deci di ng howﬂ?gﬂﬁgtggélﬁ%ﬁf@ ?ﬁ%é%édc@n%}ggeygﬁéxﬁx@ﬁ ﬁie‘m%)is?]]ceagI o-ran gfrlnasrr?g se (PN

i ncrement s aunsedus goarftify theessctoy covgrizeemstoof a musel station irs erdePid) rehaid mesbsevader s
of distant base stations. The uncertainty in the accuracy of the base

station ant eYHEStHaLsEab Withean sty Torthg base stationdg the DrsegitiopslmppPry The  a
t ' . LIEY. 4 f th
Forvar d 11 nicerh di8facBRefon sk i oblilfind Usthleniialof Limbfie AEHL B6La {1

the wei ght terapieyghtetahdirdaediatibh fof adellagctancbveldgeneasid ineetfor deterbiifing
uncertainty in the accuracy of the round-trip delay calibration for a base

station is uRGHTIehARMEIEH Hielerrain avieeyhei shidntosprijor i detpymiping ke pasitionnk )
measur ement s x.%gfmﬁﬁ— ldglgxﬂéﬁﬁgcﬁﬁﬁa%wgiﬁﬁpw QSOI?Jed%rhl pﬁg\%gﬁltes and

advant ages o I nventto ecome” appar tpon readi e follow ng

det ai | ed desggcuficy 0f reveish-lnkfrai@naeashRnidnt 168 Ve BNhiREhs 1M6BIW shgidn | N whi ch:
[00010] FIG 1 shows a cellular telephone network using the GPS system and

wirel ess baskosiiqn: i Biegepesier igformatinn isyped whenedesidiag bowrip use af bT1ngel G 2

\ Elock di . il _ g
Fra 1: pooorafulhdt, TheBaRaSIAldRoite [E s Eemthlant SATIP RS bURIdS,
cel lular telaab@meise EPMYbifsed hufnbexs of distait bheh sttions P Thi bhetatiey &f ik ni ng

entity accessing a base ) L ) o X
accuracy of the base station antenna position is used in determining a weight to apply to

a measurement from the base station. The uncertainty in the accuracy of the forward link
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

' telcphone network of FIG. 1, including a position determining entity accessing a base

station almanac data base in a base station almanac;



statiovh élr_r'rﬁhac data base in a base station al manac; WO 03/058986 4 2 7 JUN
2006 [00013]-FIG 4 is a table of neasured and optional paraneters in a base
station record in the base station almanac of FIG 3; [00014] FIG 5 is a

tabl e of der Wégsé&%f%mt ers in a base station record in the baQe?sJUNtEm

al manac of FlI 0015] FIG 6 is a diagramshow ng the relationship of

various paraneters associated wth a base station antenna; [00016] FIG 7

is a eel] coverage map including a number of cell sectors; [00017] FIGS. 8
and 9 conprise a flowhart showi ng how a position determning entity

determ nes the posigd 10Dbj elok El 0. is fl owchart
of a procedure use&é%d}gliq{\}m(}?éFgégs){salbgee&mlgéa{?gggf[s@ggﬁg%al@?lgg{eierﬁnb‘égaee‘eﬁaﬁg on
al manac; [ 000#&prdHnGhe Bdsel sfatidn RAlAstecdf #Gagn of a specific configuration for
the base station al manac_data base server, [00020] FIG 12 is a bl ock

di agram of a redund@i014L dAG. §is atablrofslerived paramatersiotadase siatign ewevid indee and

base station c _data ba etvers; [00021] FIG 13 shows various field
groups in the%%%gga%gpfﬁfl cﬁ?ﬁ(ﬁa » [00022] FIG 14 shows a description of

cel | sector identi {poo15f (P}G‘?B'Eﬁ‘diiagrahhﬁouhﬁéﬁw%ﬁﬁbﬂﬁi T RRRGs gafaamtefée and

associ ated probl em det ecti on net hodol ogy used by the ‘base station almanac
dat a base ser esspciafed001G3 biEe@ativh askoms a description of antenna position

information in.the i on. @) manac._dat a hase and associ af ed probl em
det ecti on net hodol B@iglaﬁbgzmt%‘éeﬂ PREEREE (AP 1BH nﬁéﬁ’é’@%&?ﬁ?@iﬂ@é@%rver;
[00024] FIG 16 shewpif) 486! & Rid 9Romibri&eh HowBde oaﬁﬂ&p&w%cpda{u%mt'on 'n

§
the base station al manac data base ahd associ at ec]1 probl em det ecti on
met hodol ogy udesdmhipingtenéthdsternunes the positiomobrmobilasteieg server; [00025] FI G

ant enna range. | nt oldAREE R 1BAER pRu et i arocstiin ey EE S EAGE PaPTE
associ ated pr %t&m@&gﬁgtaigagb ARidednlansy used by the base station al manac
data base server,

[00019] FIG. 11 is a block diagram of a specific configuration for the base
station almanac data base server;

[00020] FIG. 12is a block diagram of a redundant configuration of position
detennining 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;



|

[ 00026] FIG 18 shows a description of terrain average height information in
the base station al nanac data base and.associ ated probl em detection

met hodol ogy used by the base station al manac data base server; WO

03/ 058986 21 JUN 2006 5 [00027] FIG 19 shows a description of round-trip.

del ay (RTD) vo@bidssedsi on and forward |ink calibration inf orga? mﬁ%he
base station al manac data base and associ ated problem detec¢t dol ogy

used by the base station a)nmanac data base server; [00028] FIG 20 shows a
description of potential repeater and PN ificrement information in the base
station al manac data base and associ ated probl em detection nethodol ogy used
by the base st ati ¢00@R7jeiat 18 ahawbadescriptivieof rohN@H29 Helay RTD] cattesvonaand

description qQf uncertfainty, paraneters . in the base _station almanac data base:
and associ at 3@\»@,1’@ ET‘% ﬁ?lﬁg%/%‘t 1P§?¥“W€91P1 Bude g@%ﬁ' sation algpapacedatphase agd asspeigted

[

al manac data Pﬁﬁ‘agm t?lﬁfe‘éﬂ&n m@ﬂl@d&lg)g? Ifi%clt@ %}F bae ﬁ%ﬁ%ﬁ‘a&%aﬁ%cﬁ%aé%ﬁasgfseﬁ&o bl'em

detection ne at use an a ce posi’ti on.

[00031] Wil e the [D0028HtFIG) 20 showss desctiplien 6fpotaitiadspented bid PHtih@BgGe@nd
alternative fornms, specific enbodiments thereof have been shown by way of
exanpl e in tHEUBsaR AJRe base stafipn alyeange date bpeecendasspsiated problers Hetgetipnhe

der st ood, R ' d limt the f f th
vent i on t o ooy dseby e tate @by, HFHT O bt Nebin rary. the i ntent i on
is to cover all npopGI9s NP0 shO: HedcHPlich ofeRbibBl Rahmbefs hahd bg within

the scope of the invention is defined by the appenpledr cl ains. DETAI LED
DESCRI PTI ON GRusreEmages gt besg auiosscigedprobleshdatectionaprthodapgyiisd byghephone

net wor k usi n%g%esﬁﬁgf%@%gﬂ@dﬁ&%ﬂ%@%ﬁ%§ dm)bi | e tel ephone units and

calibrating S. will be described with reference

to this exanple, Woo030] FIEW2kHaws ARRGRE bEfroBlehl\@tedtit® thONEA thhseh§ nNOt
limted to the use of CDVA or GPS. For exanple, the invention could be

practiced i nesimpigef picofypdipngeatisipesisiopnccess (TDMA) cel | ul ar tel ephone

networ k, w t hout S@,}ﬂ kind .o I |, sat.el|lite..system f.or
assi sting positi orgé(rt_%é Xt | I: ﬂ?@éb@%‘?g Ilsnguﬁger?gg% t_,o Vtaggﬁ E@&ftcéa?l?feangr esent
i nvention w tahemativedontis,Gpeoifit einbodimentitiBoRive ®BemSHMAT Ky way ehedgne {HDVA
cel lular tel ephone network, it is_ advisable to
the drawings and will be described in detail. It should be understood, however, that it is
not intended to limit the form of the invention to the particular forms shown, but on the
contrary, the intention is to cover all modifications, equivalents, and alternatives falling

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
1S-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



consult the applicable industry standards for specifications regarding
conpati ble location services. For exanple, the follow ng detailed .
description refers to the TIA/ElA standard |S-801-1 2001, PoBift ijgR zua\ﬁh
Det er m nat i‘?80§§_{sg'60e St andard for Dual - Mode Spread Spectrum Systens, i C
I's especially adapted for a CDVA network using AFLT and 'GPS. The TIA/EIA
standard ANSI-136 (System Assisted Mbile Positioning through 2 7 JUN 2006
WO 03/ 058986 6 Satellites) is adapted to gDVA digital PCS systens in the :
United States. The 3rd Generation Partnership Project standards 3GPP TS
04.31 and T ; 1l BRI Y] E aRosh kil [ DOA) are
adapted to é&%gbtgéﬁség cv%treg?ial\?gd{%%q?co r?lr‘%a ion ﬁgéﬁgtra%éi qﬁﬁgg34] FIG 1
shows five Gokbrabias PasthershipPsojdd stah@ardd 3GPPAS 0431 ahd TSWS5.331 Ldchtied
positions i?:: a,heﬁi&onal array on the surface of the earth 16. At about
11, 000 nautFratesi-Ces (B poutipmusipg PFROA hareadapted tq Brropean/GEM wielsss i ve
GPS satel i I .3 - 21 in line-of-sight conmunication with the

GeepphpuiOatiohpyits

base stations in tel ecommuni cations range of the base

stations, there #0003a] nWIGel skwylt CEOMBDWase staiopphane?, ursi 14 132aid23t inwhi ch
are referred to as nobile stations (M5) in the TIA st andards docunent s
ci ted above fiXq¢pastionsip |aéleﬁwabmaymv8;w syigacgd thermartholfi. yAt showt 108} at i ons,

such as the AELT nohi ke . stat i:on 22, hybri.d. qobil e st.akbhens, nSuUC the
nybri d mobi PAERL RS bR Lo, e ¢ PRl ARG s TR, i
network is Qepmbindirefoflspsha tomehunitatiod Siithi tRObak stationd\FL To 150Wiihex st ati on 22,
the hybrid nobile statjon 23, and the GPS nobile station 9 using the

vel | - known Hitcpmmsaneatigne rapge ohthehsps statiensatherarea agmben gf mabile CRMAf

arrival of = | lyqt [ FQnal . t | The tine
of arrival ?egeqh%)g%: lég‘?se%)ibqé Vﬁmgiafeolt%fcﬁ ngté a%%@t}%gﬁﬁggﬁémﬁﬁﬁtég?%at ive to
the nobil e sfafddrdndsculnen® dited abod. fTirREenRbie sthtiods @) inchude AT dadAsUr enent s
fromrespective pairs of neitghbori ng base stations_are _conputed in order to
el i m nat e t FObde pialionsy, suchas the AELdrrpekile staionz, ki mobila statignss sydhs thepase.

I n nmost cas : 0 E : | e station on a particular
hyper bol a. ﬁ%}%gﬁlﬁ %ggté{éﬁ%%%g?hﬁgﬁﬁ%%@ gfgaﬁghgi ovides the location of the
mobi | e station. [ERAG3H]ThEEDNIAMEetweiliarckpitie af 1ooatithb pesitibn bbhatAFq t he

position of the hybrid pobile station 23 usi nghthe wel | - known GPS
t echni que. E'é’@ﬁe%%ﬂ‘ B4-<the hybrid mobile station 23, and the GPS mobile station 9 using the

well-known AFLT technique of the mobile station measuring the time of arrival of so-

called pilot radio signals from 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
psendorange 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



station 11 to 15 has-a GPS receiver receiving the carrier and pseudorandom
code sequence of at |east ,one of the GPS satellites 17 to 21 to provide a
CDVA systemtinme base referenced to the GPS systemtifre basg.]\dw wrid
mobi | e st atWOP3Pas48Pci pates in a position |ocation session wth g
network, the serving base station may send GPS acquisition data to the
hybrid nobile station. The hybrid nobile s]tation 23 may use the GPS
acquisition data to obtain, typically in t'en seconds or |ess, a measurenent
of the pseudorange between each GPS satelljte 17 tgo 21 and the nobile

station. | n TRERSUEIIIGC theseryine bass statin- by iyrtherdesemedalnw withgplereadcaioat i on

23 transmt . gﬁ@%%g ' o the
serving bas?g)g’f ?@ﬁﬁﬂ%{sﬁ%}%ﬁ?ﬁ@g%ﬁg crib gzaaiﬁooﬁhvlt\%\khﬁ%gg g?@?l(tlzl‘ge‘:%{lgﬂ%lﬁ—q’ 3,
a position dgbeikdmhobilegstativni 23)yfréf? P ormyore ofh tpeevidetangeagsaspieirgnisocat i on of
the hybrid nmpobile station 23 fromfaour or npre of the gseudo_rarz)ge .
measur ement Alieragtively ap fhegase of ap MDbased solyiona thenasopeapais laeationiod fhe mohile

geographic | i | -t be cal cul ated by the nobile
station itse Bﬁﬁsﬁlg%og%fﬁéﬁa@g&gﬁoﬂg& Qé%&g% llf'onal bl ocks in each base
station in the celp003Fr F1G.€1 ¢phane matvaiakblotkdin@acH baRasiontia tHeelldlir

i ncludes a CGPS receiver 31 providing a base station tinme base 32 referenced

to GPS syst delephene netwakgbElGe b eBoserstationddtinelndes GBS apogiver §inpeovadug ant enna

39. The bas I.on..al ' ceLv. f OF i cating
w th mobi 1 o e prialfe Sl SRiHIER o SEHS LHERAER Fhe o ar et MR s
CDMVA syst emsigriats frommn GPS aitanea 3. altieWast staRorbstse induded A CTOM rardst g G8i ver
33 sends and receives wireless signals through a COMA ant enna 40. [00038]

is

FIG 3 is alplewrmypicgingvih mabileisiatansindbabbdimetwerk: Jde (IPMdy tynsceiver
t | h 4 . . . . . . t f
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connected to mobile switching center (MSC) 34. The MPC 36 manages position

location applications and interfaces location data to external data networks through an
interworking function (IWF) 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
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and consent base (44 in FIG. 3) on a continuous basis. In addition, to alleviate any privacy concerns,

the regular position location sessions may occur only when the 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 systern 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 comesponds 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).
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[00047] The base station antenna position information (latitude, longitude, and
altitude) would preferably be of “survey grade” ih ‘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 cémputations, 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 $7.1% 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



use of AFLT neasurenents for both initial approximte |ocation determ nation
and final |location determnation in either purely AFLT or hybrid nodes. For
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[00052} Terrain average height and height standard deviation is obtained from a

high quality digital 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 2 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, Thé 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.



popul ate these flel ds Terrain Height (or elevation) statistics are

determ ned for the -geographic region that is served by the given sector, as
described further below with reference to FIG 7. [00053] e JIND 2008
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al manacs in chalsd tielythidyhear a BS from the nelghbonng network. Innetworks where the "
increment may be smaller than 3, care should be taken to make this parameter reasonably
accurate, based upon network models. This information is used to help the PDE resolve
potential ambiguities between different pilots in the same general vicinity. X 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 PDPE 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,
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this estimate can be improved for each detenmnanon of position of a mobile station’in

communication with the base station. For an omni-directional antenna, for example, the
sector center is initially set to the latitude and longitude of the base station antenna, and
the terrain elevation at the base station antenna, or the terrain average height. Fora~
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 determained 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] = a(MobilePositionfi]) + (1-&)(SectorCenter[i])

where [i] is an index having a value indicating the latitude, longitude, or height position
coordinate, ot is 2 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.



stations within the base station sector antenna coverage area. |n this case,
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within that sector’s coverage region, plus any variability 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 Ease 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 loc;tion 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



environments. A total of four neasurenents are required, so if altitude were
avai l able, only three neasurenents woul d produce a fix. [00064] The terrain
hei ght standard devi ation paranmeter defines the 1-sigma, unce t?im
associated with this value. It should reflect the variability#o D% rain
wi t hi n t hatwoestweses coverage region, plus any variability due to tall

buil dings. Both terrain height paraneters are in neters, and terrain
average height reflects height above el Iiﬁgsoi d (HAE) (as opposed to nean
sea level). [00065] FIG 7 shows respecti cell sector coverage areas
(Sector A Sector B, Sector C, and Sector D) for base station antennas 61,
62, 63, and sedtor.ANpiepdsa bat B¥s arepeweigue dnsl ypicellnrpeatrmanyoimehwithiaseyst at i on
antenna 64. Pﬁrﬁ?gst evien before the beginning of a fix process, just before
the nobile 668 erg’oflﬁe traffic channel, the sector identity information

| s recorded. Someobosw MRRefihShis inthiklTSLdta. rhibidige §6 skftof Afige FRAMARGH | ONS
state, the nobile begins to make a location fix. The nobile 86 not es the
current PN rseerbby themoobilerad shat timel tnelpding the r¢ferenee secthedind @otsisly othen sactors.

information.to the. .PDE in a -801. 1 nessage, Note that the nobile 66 nmay
have handed ot l%e'%@b%roni]ﬁ’ﬁ&w]beﬁa&aa??\k”%‘%‘&?We%ffm?mﬁ“{: pectdre Nat or
i denti ty i nfiR&ITRE teBteNSseERE, And Ak sehdihg s@XGHTPLEH sdiCarBBio!fei@emaanded of f
from Sector Ato Sector B when the nobrle reaches the position 67 shown in
dashed | i ne seeiprse ddinsatange mepsurethénds argswsed tchgenerate enoarRNpositidneknovemsas 4 he
sector identity infgormati belong tq different. cells. The sect
Cdentity | iR ORI AT ettt oy AR i PERLY T omrR AR R e

bel ongs to tfiepdrRi@ednse. 2 7° JUN 2006 WO 03/058986 14 sector. Note al so

that PNs are not uné’%ue and typically repeat many tinmes within any cellular
net wor k. [00066] [A0%RY]1sEhs purposerifahe prefix a3 to @neGile 4 mepspragiee il pesition . r ange

nmeasurenents,,. n_hy,t bile at th ti I ncl udi n he ref grence
sector and 58%%?%1 VB%:P hegrgb]gge) i & ura%ehégg aﬁsggtm?c(féﬂ#oﬂjf]?té%} ‘i“’%mﬂ PN
nunber, and pakdbleneing caly KRS BT he feferbideSseciip! Roré Biurdtd GPERES5eRNEe
sector, and the serving sector If still seen, are also nmeasurenent sectors.

These range HoazaiamBHIeves @Y axyracy 25d yisidrradaedusay Bocersisigitingm; Tha ik as a
R e L R L
gener ate a rmase] guthe referenced sacadr ipaxedt | on
[00068] After GPS assist inforrmation is sent to the mobile, the mobile collects a
second set of 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 secior. Only cells within a distance threshold
are considered. The distance threshold is determined by scaling the Max Antenna Range
parameter of the BSA.
[00069] X 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 Jookup is successful, and that sector is presumed to
belong fo 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



estimate, which enables nore accurate GPS assi stance information than woul d
be possible using only know edge of the reference secfor. rz amrﬁhe GPS
assistance information inproves GPS accuracy and yield, and é b
processi ng WO #0581 prefix is optional, and if for whatever reason it is
not available, an initial position estimate based on the reference sector

I s used. [00068] After GPS assi st informaiiaon Is sent to the nobile, the
nobile collects a second set of AFLT neasurenents and a set of GPS

t t he f t que, th
oL mist 1 oSO ANEERHN 1A pRbBnd hfbe BRA Bhgh Y e ﬁxx?}rﬁ&?rﬁm: sHtkor,
This is not &e?falﬁﬁﬁﬁ’nﬂ%oéﬁmﬁe eaﬁbﬁ%oﬁ%ﬁr@&ﬁu%%ﬁ@ oﬁ'\ﬂilE‘H are

.often spaced as close"as 8 kmfrom each ot her even c osé“'r spaC| ng
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all, then a GPS fix is attenpted using default initial position est| mat e
i nf or mat i on which eah reduehGPPBECUracL3d Yyeld aaridowilf vebdlt oy longas S progessirpoimey |
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aut omati cal |H)/Sﬁf@élﬁm\déﬁﬁoﬂﬁé@ﬁbhlaﬁﬂuﬂdwtaﬁﬂfwﬂ%E’égbrtfa@r the coverage area |
of all the cells with each "unique Network I D and System | D by exam ning all
the sectors in tHO0BEA Imsiiost, GPS and AFLT position measurement information from hybri

=

mobile stations can be combined to generate pseudorange offsets and base station time
base offsets. In addition to providing 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 FLC 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 tjmin}; 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 FLC values for sectors, the range
measurements can be improved from about 0 to 30 percent.

[00073] Since GPS pseudoranges are so much more accurate, 1f a sufficient

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



informati on serves several purposes. If no better initi aI p05| tion estl mat e
iis available, the Network ID/SystemID position and uncertainty can be
used. This woul d happen, for exanple, when the sector identi t& rmation
seen by thewdsiasseset found in the BSA. Note that the initial -pi)sl 306
estimate wi |l have nuch higher uncertainty in this case, which can reduce
GPS accuracy and yield, and will result in |onger MS processing tinmes. |If _
all better methods for determning final f6x position are not available, the
Network |D/SystemID centroid position and uncertainty will be reported.

[ 00071] | n strlusivelysn &RS. mnﬁgbmmtbﬁﬁema@uﬂiembﬂmnqewﬁnmms tothefseadon hybri d

nobi |l e stations can onbi n ffsets and. b
station tinme®™ q%§%§g]g?1§asq aaf"% ﬁ)g?e lﬁpgﬁ Qﬁﬁ‘ %ﬁstg é‘ﬁ%’?ﬂ?ﬁ PF‘?‘fﬁabase
of fsets for Rapeerhfifd the @;ewqahbﬁfeatm@vam@% dagalor ?Hﬁ%ﬁ%&%rﬁn@lhdé@afﬂeous
physical locations in the wireless coverage area, such as for various cell

sectors, canoldé'defanit? bethvaragetFba vatne; therfrepasitom, dételpmacd iging PSxes of
mobi | e stations det er ni

t f th | | _
exanpl e, t HECHPLPAALS (S SectoR apiepnd osiip frorp st Pase sistiDg afigize Spgpess, and "
‘cal i bration fﬁ@'xﬁh%sﬁx%&@staﬂc@estﬂﬁﬁt& 'td:éﬁcﬁrcel] Eéﬁor’z Anfennd, S8Rl &n alljlfotb

difference between the time stamp on the data being transmtt et

nmobi |l e stati mnaalmmfmmwdhtmﬂaﬁﬂ'&‘aﬂﬂmqya @he follmving 8QETZh rﬂh@scﬂm&pm‘mﬁe t hat
contribute t he chl_é: %é‘e cabl e del ays of the base station GPS receive
antenna, the Vo8 tinming strobe output to base station transmt
hardware timng strobe input, and the base station. transnmt antenna. The
data base cali bryFWeﬁLge'rQ@FFQGF64%@"6%%9”-&(@}-%%’%0’%—%-@[@”?r'eI ds in the
base station al manac data base based on the GPS and AFLT position
measurenent data fromthe hybrid nobrieesistdidisnnse Byinmusé)ng t he nore
accurate FLC values for sectors, the range neasurenents can_be inproved
from about 0 to 3P08&+L dhe abosrapatonpiE LB OFY B PHICanYastsaFar examplfe f nore

epor ted 11 ooy aepit el s UIFbectlora Bhant OFD S paole AR AR o)

on GPS. For thasvaFECnahiglist hese cases, the distance estimates to the sector
antennas are still neasured and saved in PDE |log files. Thus all the

i nformation needegyct 0.-g9t r pR§¥%He new cal i brated FLC value is available.
Thi's information incltdes: “The3062d "default" or "aver age" FLC val ue; the
fix position, determned using GPS neasurenents, the sector antenna
position fromthe ba¥¥™%tation al manac data base, and

FLCyrw = the new Forward Link Calibration value, in

Chip_x_8 units

“FLCotp = 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.



t he measured di stance estimate to each cell sector antenna, determ ned using
pi |l ot phase measurenents with the AFLT techni que: The'follow ng equation
relates these inputs to the new FLC value: New FLC =.d d_FLC -2 7 Jy 2[}857
(di st ance_f MP¥9%%860si ti on_to_antenna measured_di stance_esti mat eg 'foo 4]
The above equation omts units conversion constants. For ‘exanple, if FLCis
measured in so-called pseudorandom nunber g:hi p_ x 8 units, the formula for
the new FLC value is: FLCOVEw - Fan+ResflduaI 30.52 where: FLCNEW =

FLCoLD = Resi dua}, =-30.52 th F ' i brati ! '
Chipx 8 uni st rPORTSh P REen i Pl o 1 s P e e
collect, in GthRack¥i3 BEtb;/{cfk?iain R the eheltimdn®thid if@ﬁﬁll iaFle‘éﬂf‘atz,ﬁ?dd%ﬁﬁﬂﬁﬂﬂ%Pge

measurenent, in neters, ch is what energes romthe PDE if ground truth

i s not knownsectoss, andrbBen af manit &v20 gromoelin genseirbarn envifodO@nB] Thuk egchtfix
adjustnment of the FLC is that the positiqn.fix should be of high accuracy,
since any fi g?s‘ﬂ}gss’f]t“?aﬁlﬁ diﬁ“?“&? em?tﬁgta?lé{ﬁ Q-gqléarpﬁﬁ%a%i? SHOTHE new FLC

val ue. Fi x posi t joon7H2AnRgiLAPEAE SReoiainbnal dBaGABE AHHRREEibSH Mls Brocess so

"Horizontal Estinmated® Position Error” (HEPE) quality neasure, ichis the
PDE's own esthatithe DY canlresobvertbe sestor idersity lobeachisoctof seen. THowevartbe/qialiesf t hat
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base station almanac data base. It is desired for the antenna positions to be reascnably
accurate, but the antenna positions do not need to be known precisely at any time. If
understanding of an antenna position improves over time, this can be factored in to
obtain an antenna position of greater certainty, and used to improve the forward link
calibration 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 tﬁe 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.



wi th each fix. Depending.on the environnment, this is usually at |east a
nodest handful of sectors, and often as many as 20 or more in_dense urban
envi ronment sy, Tgp}e(ﬁsgggch fix results in many distance esti mat & AUN 2906

whi ch are usegb “I'n"this process. [00077] An initial base station al manac
data base should exist in this process so that the PDE can resolve the
sector identity of each sector seen. Howev the quality of the FLC val ues
for these sectors is not as inportant. "Default" or "average" values of FLC
can be used. The B Hhal Of, .| | 1] t.exist
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base and repl&déHewPIniRNcApHaiaef P46 Bes ngt guerrsiiul QtBervgse g8eaytishow an
exanmpl e of he 3 amred to  determne.the position of a
m)birr}oe stati?ﬁ?ﬁﬂ%&?@?ﬁss??%% g%’l of FIG 8, the PDE r'riakg's'" an initial
posi tion estimate [DAG] ImstepBIT SAEAAUdeR Reseraedbabetl dn @l sector BfvinatiohS t o

the PDE. In ep 82, the PDE attenpts to_as Late the PNs seen by the
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det er mi ne fr docation ahd bacestagitynt Thesmaslies theanitiahpositiohencafhifity, algmore precise
measurenents porigi nate. Therefore; executi branches- from ste 3to 84 if
the sector it %fs"%i @a?%gli"?/gaﬁ r&nﬁ@r%ss({%w&%eggs Wﬁﬁ g?reﬂ ﬂ?‘?ﬂW%ﬁ‘@ﬁ BEWEFW se,
execution conhhiRigs EfdRfbsEaRinss fomStepBsse stdpdFHIG. b, step 84,
Sensitivity Assist (SA) and Acquisition Assist "(AA) data is generated based

on network | D or 406483t Instaphith of dils 9othe §47AA datpissentitothe Mfe The/MBusgtat a -
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seriously inpaired. Execution continues fromstep 84 to step 90 of FIG 9.
WO 03/ 058986 sgaching for AFLT pseudoranges. In step 91, the PDE receives from the MS the GPS

and AFLT pseudoranges. In step 92, the PDE again atterupts 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 errorisused. 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);



2 7 JUN 2006 [00080] In step 85 of FIG 8, the PDE atterrpts to determ ne the
reference sector and all neasurenent sectors. If a nmeasurement PN cannot be
uni quel y associated with a single sector, that range heasur l g
used. |If tReghshgegce cell cannot be uni quely determ ned, %? U'ﬁ@ cell
Is used inits place. Next, in step 86, the PDE cal culates a "pre-fix"

based on AFLT only. Then in step 87, execution branches to step 89 if the
"pre-fix" calculation of step 86 was not ®uccessful. O herw se, execution
continues fromstep 87-to step 88: [00081] In step 88, SA/AA data is

gener at ed basee&n&aldqﬁishmeﬁwcurrbf:mNamdﬂmDISyaees:m t:@ﬂar ' He&}dfffrﬁlﬂ!‘y%t ep
88 to step 90 of FIG 9. 00082i) I n step 89 of FIG 8, AA data is -
gener at ed baskyltansiting sigrasl inithe PPEsrongguetian filker t ai nty The srral ler the
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Execut i on ceéi vibm@s of ierfestbPandi fnhrévedibyfie afcuiulatton 4R Rlicd] @nayeﬂoﬂo of
FIG 9, the SA/AA data is sent to the M5. The M5 uses the SA/AA data fo
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identify all neasurenent a PN cannot be uniquely identified with a
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range using .an RTD neasurenent (where avail abl e %" a "mxed cell sector" fix

det er mi ned Widh aybridoRpkilsdindset ilﬁ%eete@mxge@féé’ﬁi teng and g esterngh actigc h
sectors’ pogipgd &%@Qﬂh arRhd @ﬂél@&lklgﬁple@ﬁm i ueﬁ&@é’b:@%%ﬁftéﬁ{a Osﬁgm%ége area
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current ser volgptesiomi gach fieheenoy| gnaeadacls ea:omm@Dm-tfmq)lency permutation is

calibrated separately. For example, when using a drive-around approach, multiple

handsets should be vsed to ensure sufficient frequency diversity.

[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 latitudellongitddelheight, 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



WO 03/058986 19 2 | JUN 2006 the centroid position of the current Network

| Y System | D coverage region; and finally a default position stored i'n the
PDE s configuration file. [00085] The use of an FLC for each sector to
correct theWwoes/eisess of an MS in the vicinity of the sector c2n WgNi pidjoved
by the accumul ation and statistical analysis of nultiple distance estinmates
to various nobile stations in each sector, preferably from diverse

| ocations within the sector coverage areaZlBy gathering a sanple set,
statistical processing on the set can be applied to determ ne the m)st

opti mal new fPIEPWAQRS ﬁf@)Pﬂlﬁ@@ethéhfa@DEg Thisn &n slep 404 thedbass tagonlainanaoddtect ed

froma diverse set of atlons Wi t ach sect,or ov.er a a,, has
boen foundt B REAT RESE 4 6T pie sy affiGle HEhTae incid Rk BRY 124 et be
gat hered fr offofretit! bRI hRe Siatib® Al MEAHALE BaseOmdl R Focai ﬁﬁaaﬂmdmthetm@
calls to or fromhybrid nobile stations, and/or fromdrive- around fie

col | ection. Fiss. Steps tl%ﬁatﬂ l%aﬂeune;at@ﬁ astrieedeshior praceskinpmesy PDEdog rﬁulasescatrhemd
field coll ection can. be cal field ersonnel i n.vehicles
e oau prothe Hes BB SR Pre s AR ST rbsiimag B AG a ftob

antenna and ashneéélﬁrtﬁétkméﬁsg M&wo@aﬁm%\@mq It SA3 MBRY Rkt | pl e CDVA
frequencies are “I'n use, data shoul'd be collected on each frequency, since

each sect or - @Distnincayy ubrfayt gepmiBanddfdican be itbiadavedtisepaingtdiffgrentRIPEs
exanpl e, when dri r ound roach Itiple handsets should be
used to ensu?’é}l‘iﬁrﬁ%ﬂ??’ ¥¥’P &ﬁ'@?{@ﬁ%ga\}’élf%f‘WrS[OOOB?] FIG 10 shows a flow
chart of how the fmegopt @IﬂaB@mQJf MRNBEathALR BAS Sets KOAliAisefl] HRIGSANIS Deher
station al manac data base. I'n a first step 101, the base station alnmanac

data base s epar@me@mﬁm basestation abnhapiac ldatg@aset, avdhoss the fhastmumiAnterase usi ng

Tt or it on et TARARY T 5k bll e b Bt D e SR e BRI
‘System I D, Eﬁ:@g&% A%k Filst, MARhbEd Henbﬁge eh&igh KR that 9 eofIREHiRMuNABt enna

position |atitude/longitude/ height, and information about the coverage area
of this sect véﬁmg an@mcw@: hagerstatiop ereawihinithe MAR b theantsima vad L00% avithie

obt ai ned or S y s ‘lg %Wﬁ%ﬁfdﬁ%%ﬁaw e{nﬁugﬁ &ch%at't{%f rb%?e% i Wi the

equi pnent, I'ng a sna i e ts s
i nfrast ruct usagne BN uhgfieqtencl Bhould apidr haved omhpﬁﬂgMARslP?opet hdjustertit @cy of
antenna positions can be inproved if desired by collection of nore precise

ant enna posi MAdh1gtals H’r‘é‘fﬁ'@h?@ge sia}ipa fookyp gpccespin th‘?l PDF; and dretter{3BS &eguisifign
al ranac dat aA?ﬁﬁ%mH@éwQeen creat ed.

[00090] The base station almanac data base server uses a similar process for
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 AFL.T method, a fix HEPE of less than 500 meters, and a measurement
residual of less than 300 méters.

" [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 quates
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,



[00088] In step.103, location fix data is gathered, fromregular position

| ocation sessions, and/or fromdrive-around field collection, as introduced
above, and | ocation fix WO 03/058986 20 2 7 JUN 2006 cbnput at iZohsjUN €305
performed byotBesdsg¥E. Then in step 104 the base station al manac data base
server generates a new base station al manac data base, including new FLC
values, fromthe old base station al manac data base and the |ocation fix
data fromthe PDE log files. Steps 103 add 104 are iterated as needed for
processing new PDE log files, so that the base station al manac data base is
adj ust ed ovemeasuERMeT 1foraptinis sentifram ther PRI 4! te hedgessstation Hmanae ddtabase

net wor k, the r ' n and_| network . enviyonpgent .. | act,
steps 103 anSchﬁ%4 blaﬁﬂrlll%g}eége?@?%ft aelaﬂ f\llce@atép Sﬁrsvlmﬁﬁoné]ie?ﬁ‘eé F%W?%%Eon g’n%'e

di fferent bas@emtratdsedryab poificen thatteéchafiRs @ déRkcting APVl PrcUINgs #itRf t he

| ocation fix data sets is al'so useful 1n determ ning other paraneters in

t he base st alficorsisi¢nininaccugrie. 1 reoapleta dhtaaand leealhhvirriiineta comyeofribe candangsd
(MAR). For exanple, the base station al manac data base server adjusts MAR to
satisfy two 'é%%l s. First, MAR should be |arge enough such that 99% of nobile
units using a pagoogyj The bagestfiontdl@en A irdbdsh sbrvEes Whﬁ’ia%ﬂa iddteena and
100% w thin 2*MAR. Second, MAR should be small enough such that two base
stations witintarfase 13 hiadviseanystereepesatoy 1 Ehelithel possitde pressnse of érdomplsteer MARS.
Proper adjustnent of. MAR results in better base siati,n |,0ok syccess in
the’ PDE and BRCCEre de e prarary Bate e finapia b8 03 wa T -3 iR ot on
al manac dat aidiagRufts YeincotifRteAlatd. hebash kREES SlnkMac &l basddcivel thdyi®sonew MAR
as it does for the new FLC. Each fix in the neasurenent file is reviewed to
see if it isproyisisdhesisteghoperaiondid withmetwork datasnd seyiceg othsr anipesitian new  MAR

fix by ps e dsiimohanhtth AR bark bl BpdiBlen B SER 3T LR, o O
and a measur eefdge ni®8iadd ahalofical esdydifian 300 neters. [00091] In addition to

FLC and MAR, the base station al manac data base server @ cal culates FLC
uncertainty val uef008¢) [The basestationpimanas datshase seryer 4alpqraseiyoebasy staian ght

d st andar d SO nt . . et
[00092] i o " ERapaice Baic AREL Romi e Bl apfalF115 Mo BHEH BB iBLAGTS
station al mheapdsed infoasrionditeate g3maih@phaf ehesliast statiomblvenac databasebids e

server 43 maintains a . . . . . X
: and the forwarding of this updated information to the PDE 41. When there is a physical

change in 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 fiel& groups include: cell sector identity information (in IS-95: Network ID,
Systemn 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



"master" or primary copy of the base station al manac data base 44, from
which updates are made periodically to a | ocal base station Mr@@ﬁ
base 110 in a PDE 41. It is also possible for one base 'statlon a dat a
base serverwigpargagsce nore than one PDE, where each PDE services a
respecti ve base station. For each position | ocation fix, 2 7 JUN 2006 WO

03/ 058986 21 neasurenent information is sent fromthe PDE 41 to the base
station al manac data base server 43. The Zase station al manac data base
server condenses the information to the extent necessary to performthe

t echni ques f one@letl@ntmtegnanperéng,ma}gmpnrmﬂt@m range MARIC tarsdiss bemage height;

' te, . | | hi f t d d
dara. [ 00003f T BRRT FAD Sk shRate aaichuilsegeald A nabbatt pdias o

gr aphi cal UsﬁﬁcedaMt?bBﬁ%tééaeéOa&qi/a‘ci%r Sasdsl 8BYigRGHat or 112 of the
possi bl e presence of "i nconpl ete or accurate data |n the primary base

st ation al manac dé@%%&s&'fﬂ&ahbrdﬁbmxs&ﬁwcaslmraifonrﬁpba base station neveivechiie or
i nconpl ete data. Th se station, al ase s rver I‘OVI de
the system obeé?té‘feépe‘qﬁjgn{)ﬁet :EaﬂBYSvBB T%’ afﬁi]g@gw Acd eB?%éFa‘%ﬁgﬁsp@? %ion
|i brat
calibration %ga] @?ﬂ%f&@&@er’i{e’?%;jk%s@%ﬁ%@n@fec%%@mﬁé’rﬁu‘ﬁoggb?&f@?%gﬁbas%%%oﬁs

cellular coverage maps and adal ytical analysis ase station
al manac dat ardcaber pecvsimgd®lalsso recei ves base stat’ion™ al manac ‘data base

updates fromthe er at or and es,the i ratlon of he
updat ed i nfor nat i E@fggﬂﬁ égﬁlf“?%? G%Eﬁwrggg]'ggéab%@f ‘? ‘? fmetinm andjat a
base 44, an%éﬂi‘@bﬂaﬂf d@édﬁbﬂ%éﬂio&diﬁg% tHi’cCiﬁé Bake Isthtioh ARbAnAR dhQ HaEbese 41. Wen

there is a physical change in the Cellular infrastructure or the
cellul ar inf ampiqyamutlnespmhm thisnnformation. HEhe ds sectst ety mﬂomm id theckdyase -

server 43 najntains rec | he.base statian.al ma dat :
reflecting b ? H"GP é’rdl?aaﬁg |’?81’$st§§ dryirglesgmpo %Ea)iF stah g@é@?@?@?‘b‘é‘d by

the base st ﬂfe'lﬁt@e ﬁhﬁ&ﬂﬂﬁmﬁﬁé aat%ﬁfé S\ sééoﬁasntﬁwﬁfsﬁﬁ&lcﬁ\&%aﬁi@urahe new
conditions. The base station al manac data base server 43 nanages when the

new record i Susebpsasnpltieand acasitc e rawd bafiten of Heplshtion ecaret fosgeadiosationt r om
each PDE. Th tbase tat n_al rgagﬁ datglfge%ts SgLyer '?@o mal hﬁ' ns PDE

per f or mance 8%11‘?‘%‘3 PI FREPY ™ T 8}1?3}— iUt abase 114.

[ 00095] FI G. inkrstriictufe doifibuafien Bai@es réultan call BRERGISHEHACKIASEs. SRICK @hankel,

121 can support multiple PDEs 122, 123, and mul ti pI e base station al manac

dat a base sepigdfeguent.
[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 maiches the base station almanac data base.
The base station almanac data base server antomatically 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



120, 121 can simul taneously support mnultiple PDEs 122, 123 for full
redundancy. [00096] FIG 13 shows various field groups, I n the ?ase gzhﬁglon
al manac data base. The field groups include: cell sector iddn

i nformati oWWQPHEI8HEOS5: Network ID, SystemID, Switch Nurrber Ext ended Base
Station ID, plus PN); pilot sector name; antenna position Iatitude,

| ongi tude, and altitude (height above el I:@gsoi d); cell sector centroid
position - latitude, |ongitude, and altit4fde (hei ght above ellipsoid);
antenna 2 7 JUN 2006 WO 03/ 058986 22 orientation; antenna opening; maxi num
ant enna r and@e loReion from vhereths Fanag gacasuiegonts OrTIDie: AATISABA PRFHIOFRATS | nk

(o 0. accu By Bl ek P RRRE ol (LREEoRRusn Mo LARRD ) kR RE ©°

calibratipon ‘ﬁﬁnilfpesllnaﬁest&h@tta’f arhicieReisy@tCiunkite GBS atdimenfoemiitha. ti me. Factors
that affect this calibration are the base station GPS cabl e | ength, GPS

recei ver del ays, [@Q{g@lm@tbﬂ@ﬁsﬁﬂ?@eﬂwa‘aﬁ%@hh@ seaisr entifigs base siwtiobase f
Fl 14
The call sl dalRHiEe Sicld s RufY Bosbi el hetsafisiBHY i PediiRonor ogy

that the bagwsigbat Tﬁi@cahi@nncfm@kah@bbesﬂlss(mg an@ﬂ@lﬂ!?oﬂ\fr&ﬁ tygsEageHe to this
i nformation.. The cell sector identity information is the key " to relating

Si ]gnal s obsé’ﬁ%eeﬁiattwl mpascHats base. Ehe basewgtation almanag igatacdbage aqr},@,a)ivtsgs the
T
dent ity § neeRmPER ik B SRS OBt B baie Bl R iy

be free of didgd deprd o aﬁifonﬁhbﬁllyﬁmheqﬁ@b‘lem@catlon det erm nati on
performance. New or nodified cellular infrastrueture or cellular
infrastr uct ure. dORROGIFIG: 16 shownndessriptenef the poll sastqr centreid infogaatiqniand

changes. ‘E%;?&ﬁf&ﬂae&ete {ofi rﬁét?anc \A%tQQQﬁ%L stalln ﬁﬁ@y s a3 %rg%nac dat a

base server covers a ere an | serve a handset
is not foundmﬂo;&heﬂimmcsmahisdﬁfmaﬁmmcsﬁwraeﬂmﬁdpoaﬁdn id reagkedsasahe
occurrences over tine. The base station al nanac datgggase server identifies

new sect ors r%watwl&nén%ae@r@ts loqagion deirpripatiommpethads Ldls Alfe sSGfet esIGKer at or
of such ch giﬁan dsat %ase Ph eﬁuﬁ Ingzg Bﬁu&?éﬁuﬁzﬂé’*’%h Rk S a base

station al nac y inc termnation’o e antenna
| ocati on, t}genmrbtsé}RBankmsdmrﬁdmnmylpn dht cdﬂl siciaygenud usmfer(ifahmpgtamatesrthater s

‘cal cul at ed aut onmt.j def aul t val ues. e _base station al nanac data
base server fpégﬁi]!cﬁﬁﬂl?‘ qrg;gncgg@tsgptgr PG5S 3Nt lﬁf&’&é?f Sa5ipr coverage

area is key to successfully relating observed terrestrial signals to an entry in the base

station almanac data base.

[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 antermna orientation.



t he handset or reported by the cellular infrastructure has changed due to a
network change or reconfiguration and no | onger matches the base station -
al manac data base. The base station al manac data base §erveg Tadtdr@dltcal 1y
alters the W&8/088%58¢i on al ranac data base to reflect the new identity.

[ 000100] FIG 15 shows a description of the antenna position information and
the problem detection nethodol ogy that the base station al nanac data base
server enploys wth respect to this i nf ofhmtion. For terrestrial range

measur enents, the antenna position  helps the PDE to resolve the reference
sector and neasurl@ReHI0) The aennappspingi(beam wigih) is often nsgliq detrawingthe 3/ 058986

posi 1 on_ or riBPOXEE UG Eovefe LANGE wiiF GRHY SRRE! Boiorb A REAINGE ot o 1
al so essent i ke itati@eMatanhd O8a dike seiviet riaph tRQELtbl E6veRsdel i@ Md dewtingfes e used

to generate GPS assist information. [000101] The base station al manac data
base server Mo ePtimpbaniennaopSHiagoser Lme.rrad apdafas hedbasestaiéon dmanan datmbase

positions that, ar t.cansjistent with the nmeasured position. This can
result frommﬁeg’@&q %’%3 %gl_r?g' COLTs) or fromtypos in the base station
al manac data baSE{ODG’f(ﬁE}’Dﬁéﬁmﬁﬁﬁm @itehd BASE( DA Ke§ PriBetcr b BOSthE he
system operator of such problens, and if so configured, the base station

al manac dat FDBisquabfy/@e soeftpr coygrageardac Arovledge aitke spetsicevaragd Devisdey FI G

16 shows a SCrli i,on of.t el | ctor.centroid i nformati.on d_ the
probl em det g‘?tsﬁ%"ﬁpsﬁ’é‘?%%g‘m“ég@? f%l?Fﬁ Veﬁﬁ?‘f?é% S@ﬁﬁoc?ﬁegﬁrﬁéﬂﬁ? b(ﬁ? %5&%0 se server
enpl oys wi t hul@gde_iata BaBe.t Thé bhdafseition alfihac JakiiAke S 0ET 04k tROSdcldr@Bverage
returned as the result when nore accurate | ocation determ nati on nethods

fail. Al so, seacmsrdetesminesithe mesiqptimph MAR avetimesaagiipgptes thedupestaliding an
“initial posjt] td | i ed to generate GPS assi st ‘
I nformati on.d]#?i%&c% 6%%%@%‘@%@%@';% 'S one of the paraneters that hel ps

t he PDE under st arfd00 1031 BES. t1@8rshowy & dageiptios of teldaind et height hifomenion and
coverage area is_ke relatin errestrial signals

to. succqe]ssf ul (% observed
to an entry th?@’@ﬁ?“bé%‘%a‘%‘t’i&? pirlagniatte fages g innal PaFREBEse station
al manac dat %nﬁﬂ@%s \fﬁ{e Yeﬁ%edﬁcpﬁ]ist.i f?rﬁlggfvlﬁr Tﬁé’fé?faﬁ%‘veﬁg%ﬁlgi%@ﬁqg?ﬁfhd%tﬂ ocation

sessions an st optina sector cen ositron is updated
over time. TAE . Dhemusd without adicight acnsthairg, AEKE fixes vald dhiftovildigads® t he base

knowledge of height allows one less measurement to come from a range measurement,

which can greatly improve location fix availability. The base station almanac data base
server raintains 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 (RTD) calibration
and forward link calibration information and the problem detection mctho&liology 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-Jink terrestrial AFLT range measurements in IS-95 CDMA systems.

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



station al mnanac data base with the nost optimal cell sector position.
[000104] FIG 17.shows a description of the antenna orientation, antenna
openi ng, and maxi mum ant enna range i nformati on, and thé probl em det ecti on
. et hodol ogywbhiakssske base station al manac data base server eny Q)yﬁjN\nl@
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 determ ne th35apprOX| mate sector coverage
region and sector centroid position with off-line tools. The base station
al manac dat atranaiage t@d}oslélpnrfa&pesTQTheTh@bftSG stagion ehmerac satechasn servstastamatieslly he

nost optinmal. ante t.ion over. ti nd ates the base station

al manac dat 2"y ves&? ‘ﬁh ?a)lbtfr?trm @rff”é‘%%g Wi’céhﬁégp%ﬁcc%yﬁfb%@ﬁgg 24 21
JUN 2006 [O@ﬂ@@}lngb@lgggﬁﬂé@uﬁﬁﬁmsng (beamwi dth) is often used to

determ ne the o[I%r oxi mat e sector coverage region and sector center position

with off-line to QolmﬂGmowatdemmomfﬁdm pimlalabmalsembewapmcme

t th te
e and ot et e o eiGR B tavhieddate Ha B vif atonat i g
ant enna Ope%alaﬂser[r&%ﬁﬁﬁ)ébﬁhf@ pLTSHANeRRAtbANge (MAR) s the key

paraneter used b quantify the sector coverage area. Know edge
of the sector cov[@ﬂablémheaoaesda&e@peateouﬁgxma;smfmlaltqs toelsauatmg wlege abaperterd

terrestrial i.n the base.stati . cdata base. The
base station® g?@%&ﬁﬁgﬁfﬁgé gb Ps It ?g'B‘PB area_ and
det er m nes t:h@asﬁmnmahrmlwxwu% R Apnt %e&éaﬁeshﬁﬁﬁbfet Fok @is

al manac data base with t'he opti nal ‘T\/AR [000108] | G 18 shows a description

of terrain ameaoagmym@p@mdmntmm 2 repeateimustrhe rmteﬂamem bese statiop almamiabodol ogy

t hat the bas at i n c d ta ba server Wth r ect this
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W t hout a heﬂegémercﬁm%measrhbproﬁﬁhﬂé fhiex @S the Wabedlstdfidd Alminbdliiata bi¥eS The b edge
of height allows one | ess nmeasurenent to cone from a range neasurenent,

whi ch can grsatiomelmpagacslata base sraclorhow frequeatly gbeh notgd reph@tebmbsemt i'Bre
oLR0eC. 808 B )y B L e RSO AP
base server jah s@ehmagmngxa&ebabgtu@m eturned from

[000114]The PN increment information helps the PDE to correctly resolve the
PN offset numbers of distant base stations. Since it is so edsy 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
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 dc:viation, the bound is that approximately 68% of the heights to



| ocation fixes with |ow uncertainties, and updates the terrain average

hei ght in the base station almanac data base as appropriate, a[ns '
automatically set terrain standard deviation to reflect'the 2ilstbNp2lon of
actual fixe¥WO)NBMWEI] FI G 19 shows a description of the round-trip del ay
(RTD) calibration and forward link calibration information and the problem
detecti on nethodol ogy that the base station al nanac data base server

enpl oys with respect to this infornmation. 20000110) The RTD calibration is
intended specifically to inprove the accuracy of reverse-link AFLT range
measur emrent sbe fadatas saciars saveregemer argarithih goe tesein/bei ghtsstandamk deyidtioy o
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measurenents in I S-95 CDVA systens. Forward link calibration errors

transl at e t ocolibratiorawalie FonEWIR el calidratimmsiconstacy, tha/ABw0R)i9 58%8®nfidancs that 2006
25 transl ate,,t Pt i x..errors. .The b .ati . manac dat a.base
corver aut ontEteBpyvar tpk souGHiet Rttt pRer B 1ok sibsrt SR RO Ral e nk

cal i bration pOOYAE ¥ali&liod V4f8e Y enpl oying real user measurenents.

[000112] FIG 20 shows a description of the potential repeater and PN

i ncrement i nf or nEG00d47}3Mbleri ghlyractiratmfunal lcatiomfixastaie dutilable, thdase statidsase
station al manac da base server. enpl o 1th respect to. this.informtion.
000113] The PBTRR TAlR DRV oG S FHRY R %Pt Sane gresr@imty o pe PR, o
repeater i SrAas@thefifernbis bidn ifl RRe AREs. KIRVHARE Sldtion himdnac Hith Ha depaki ON,
AFLT range neasurenents can be wildly wong, and the AFLT al gorithm becones

unst abl e. Foallachies thig ungasiainty tythe apeastainty panaimejers Siah yeze ysep tac@stneigactbe

pase server HoEsand piou e BERRRey Oy RanT RS 3hRcs Hbiship e °

appropriate §inges dx@stitd estbiflih cohAddned iredhBMEROy il 2 Tha Bése stdtnkidBenacsdal | ON
al mnac data base tracks how frequently each noted repeater is observed. The

base st at i onbase seNECIreRk diapgescoVvar sBerango\pdates He ynspdaiparpaaneeterns igy therbageivi ses
an operator _j#f LS considered not to exist. [000114] The PN
i ncrement i n?t(%tﬁonrh lﬁlgﬁg‘ﬁ%%‘gbﬁ%he PDE to correctly resolve the PN offset

nunbers of di st anf000as& Mirtdfahsproblencdetédtioninéhodadiscukeddibevoweerthe fleere i s
no

that an estimate of the cellular handset’s position is known to reasonably good accuracy
based on the result of the location fix itself. This knowledge is key to providing context
to the fix measurements that are analyzed and saved by the base station almanac data
base server. | |

[000119] Additionally, the handset’s location fix uncextaﬁaty 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



reason not to include it in the base station al manac data base. The base
station al manac data base server detects any PN increnment inconsistency
bet ween what is observed over the air and what is in the basp IstiNi 230§

al manac datWowWa®sss8@nd when an i nconsistency is detected, the base station
al manac data base server corrects the PN increnment information in the base
station al manac data base. [000115] FIG 21 shows a description of the
uncertainty paraneters and the problem déf ecti on met hodol ogy that the base

station al manac data base server enploys. wth respect the uncertaint
par anet ers. FHENGILEAUPRIHRG} kﬁﬁW&nﬁftntB‘? bandsefpsiionean e sigiermingd dasedrpon otber
accuracy", " | ' Latlon . .4 | [ acy",
and "PLC acféjgésglgéﬁ ngs?\'t/}gatﬁg%ﬁcfﬁgtg%?ggp %Z)?ﬁlrﬂ?%%]gpg&q Il\%é-‘% gogtg{a ?%:ﬁ&aaﬁ([}ngggl ration

par anet er s agve ald waludbheinpiof detedmiaingbé loaaticy 6f @k lsedtbc@itdnabNt y to the
range neasurenents that uses these paraneters, and thus an error estimate
for the final posiOOPbE21in many crses edrndsst pesitaemean be dateratinechwiihow knowing

accuracy, t ' | nt ten | atd b-ude .a

ongi tude | o5egiEAot e TKIGHL IR or bt BB O Gl UG AR Tar g
standar d deviybriddix that\@oel QuneheiasnéRatcnRRPiEM! B ukdovoBYcl. IhRisheppdks to 2
7 JUN 2006 03/ 058986 26 be found in this sector's coverage area are

wit hin one t@rkiplatimes, fiom difigreabpesigens; eachof these lagton-Sxkessenvesas bagerhei ght

For RTD cali i , u i 9% conf.iden .fthat the true RTD
Col i b et Con TS PRk ABE REAH ook i PR e BRI HE N Gor L Aftbmlalshic”
val ue For FWD i njo00e23]Theseipositiageatidaaigestdan sbadad inpit8%moikiisience t hat

the true forward link calibration is within one FWD |ink calibration
accuracy of PrReessqryhichipan salculpiedhe spetaranteana pogition ir) the same g that.deE ur at e

final locat '%ﬁé]ﬁ%ﬁv 3%512%?;bkiﬁBﬁseandt#ﬁi%éﬁ?eeu&h% ic%‘u}g ltﬁ?g&?ﬁ &pse

server uses 0 assess uncertarn errestri al
range measuresentrs Masmmethodswas eviilabksfor dbiag llas aasigatioroproedssiapuchiag Rastase
server allocates this uncertaipty tq the uncertaipnty paraneters fhat were

used to consPFULEQUELTSprer "’W&Hgaé’,d Kaltpag, tﬁﬁﬁ&iaﬁglaﬁlwﬁ]& dadasiopd by prep r§11nar y

B e o e o e e oo server

track changes ove[DOOlR#EAsaneibﬂmdhtaegsslﬁnén thecet dani aldoydppeacine tigls smportanhthabas e

St at Fon al rratﬂg (r:efgr%}xge ;l))o%gt% are sufficiently far apart, compared to the ranges to the sector
antenna, so that the geometry is adequate to accurately calculaie 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 2 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



[000118] Many of the problem detection nmethods di scussed above use the fact
that an estimate of the cellular handset's position is kqovm 10 reasonably
good accuracy based on the result of the location fix itself. 27h|_|gN 2006
know edge i sWO08898Hr ovi di ng context to the fix nmeasurements that are

anal yzed and saved by the base station al manac data base server. [000119]
Additionally, the handset's location fix uagertai nty is calculated by the
PDE. This uncertainty further enhances the“tiseful ness of knowi ng the handset
| ocation by, for exa only fixes with verg@:good accuracy to be

|
used for pur ptSERIeR méh‘é?%n%%meaum#ef BeauEnenty berpmsy longe. hovers: i n
FIG 22, exan@lle%ém%taﬂﬁﬂ Bhﬁ%lﬂﬁe@ﬁl‘ﬂh QLA 0Od s tlﬁ%'@&m't’%{? e Blle sBfibh ?8&5@019511&[ he
cel lul ar handse s“position 1Inc I nverse sec enna positioni'n
further descrnmmg dffserovgn; bet dompfutednesing dmlynh ceahinbatbeo of madnﬁffeceml i bration;
resolving incorrect sector Jdentl y in spotting_the presence_of

repeaters; s pE’F?%UFF@n% Igradditigp el 1%@?,3?’@}%‘(’%66?&4‘@ riuply 2y, Ealmag iy, in order
P 001o1, | mor mRE N Bl ditly He Hiinf BF BeA: (RGP pkifib GORRIG dbOTR! ! o7

[000121]Inverse ector antenna positioning 1s

| ocati on ﬁng%@ﬁlpg@ astfré&m H@bdrdh %ase 3 E Lr?es?ﬁa?&té sxﬂo'?n ®OEnd

cases, a celI nown tO exi St andset I'TE ur ement (0]

that sector's nal ...but_th sector 03/°0 86 2772 2006

| ocation is n%lF EW&REHOPI(PWW 8 AR ?)soas'fv?’Pg &é(ﬁfabs"éém&] @ﬁ@ga‘b(ﬂ
ot her measurenents, that handset position and the neasured range to the
sector ant enntkeEalimatedposition (Pa) @Sa(\%ﬁlf}’lsé input for determning the |ocation
of the sector antenna. [000122] In nany cases, a handset position can be
determined w t hout knowi ng Phe so@®He @fcPgaunknown sector - for exanple
based on a good GPS fix, or an AFLT or hybrid fix that does not use a
measurenment fromthe unknown sector. |If this happens nultiple tines, from

di ff t t

poi nt. (1 he. hatBeetibaSTeu e falar et 8RB anE ke METRR S aLEROr bk o8
position. [O00RI3HiVéRaRbAVTIMdOREmMRAE (NGBS heGBEpeS BT/ Brefoe ol Bt rBlatife &or
navi gati on processor, which can calculate the sector antenna position in

t he same way &Hia"f theflmaSUEmmsIC@nﬁ@Bngm tielold galposind Hhsrestimatgdrvalugefor ar e used
to calculate th 0Si t| g a GPS receiver. Many nethods are avail abl e for
doing this na‘?ﬁ % 8% 8% ¥sing, such as |east-

0. = (Ne/Ee)/(Ne/Ee + Noja/Eold)

' [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 dnift of the timing offset over time. In other words, the base

station timing offset (T o) is modeled as a linear function of time (t); Togr = Bt +To.

From a series of measurements over time, the parameters f3 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 B and an estimated value for Ty. A new
value for § is computed from thc estimated value of P and the old value of P, and a new
value for Ty, 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



mean-squares iteration, and Kalman filtering, and are well understood by one
of ordinary skill in the art. [000124] As one of ordinary Skl2| iQNtmﬁart
can al so appreciate, it is inportant that - the reference point rJ )

sufficient| WO&OBPYrt, conpared to the ranges to the sector antenna, so
that the geonetry is adequate to accurately calculate the sector antenna
position. Additionally, each input range fi' om t he handset positions shoul d
have an error estimate associated with it*% hat conbines both the
uncertainty in the ef eren h p03| and the estimated uncertainty
in the range SB‘&Q’éd Is frgg féﬁ&d 2‘ ?CH’E%'@SS pereAt is Pagitle

del ays. Thesg r
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in the sameuagetabity ofia ranige néeasmement mayrbé depehderthd pibﬁﬁgﬂﬁrstrmh ttheni ng
that cal cul ates, GPS recei ver position and, clock bias, ﬁh?ml% One way to
i prove the BEOBIORSL POsegBices satclHe clsxationdp s case of A0S r282a BeASUTERED keep
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of fset, and t??%%gﬁngﬁﬁioﬁﬁﬁgﬁﬂbﬁpqﬁ%ﬁ ‘gglze? al'%%%} eas%tg'%}ahg of the WO
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measur enent s becones the conputation time will becone

excessi ve. AUDgasianty, 8% the; nf‘ﬁ'éﬂﬁ&i‘&;g?%ﬁfﬁﬁe paametest, syftyas the §peestagity ¥et can
b ted ' tiahid . In-:
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as follows: Pnew ="a( a) (Pol d) where a | I ghti.ng factor |ess
t han one. Thetanddird Idt;vmtgoﬁ, @@sedron atishios whebtiesdis samplegpopulation, or based on

known resolution and estimated measurement error assuming a Gaussian dlstnbutmn

[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 sectof 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 tertain
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



respective nunber of neasurenents (N) and the respective average of the
relative error (E) of the nmeasurenmentS contributing to the old_val ue and
the estimated value, for exanple, according to: a = (NefEe)/ @Ne/JN 2006

Nol d/ Eol d) [WOO¥2WP$ filter can also be used in a simlar fashion to conpute
a new value for the base station timng offset fromthe old value and a new
estimate, but in this case it is advantageous to estimate drift of the
timng offset overtine.. In other words, BHe base station timng of fset
(Toff) is nodeled as a linear function of tine (t%; Tof f :@git +To. Froma
series of ne8aabaRsarST syrelate pesitiemte the pignelisiiesgts ardiother cellulas didgnestisd by

the method e res. W t . surenents Jip the.series
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are retai nednieftidshféd pepfdrantcel@ting Qrefioasibletbatétl @sthiyRicHeded] @hsiderdcand an
estimated value for To. A new value for | is conputed fromthe estimted ‘
val ue of (3 haalertpdtoglegradgi gs impaimd cgHalanonionationapentormenceps 2 fynatippitleddr f rom

t he esti mat egcé%l)ue of To and the old value of To. [000128] Wi ghting

factors can al be used in conputing the position and timng offset of

mobi | e stations f [ooouYZIh ke bOGEEbEVR, fRfoAEDeRRISHEDE! § wiklis exanpl e, a
nunmber of _raws nmust be conmbined in order to triangulate the position of a

mobi | e 2 7 Jigiecoonmnigption notysak dnchuling Aylirsh(GBShangl AELT) meb#lgystatignsT ThBRTD, or

GPS techni qugs, . A 0ssible to perform. a nunber. of relatjvely
Chaependont  Fod Ehe bl ARG HaBndsh BEFiSH Rromalat iR in igp B 06 Y
be conputed bHade capsBtiomARVEINER Rkt posRibndftRufbmeatd. @verpi@bild&btién (ie.,
wei ght ed average of the position val ues can be conputed, using respective

wei ghts i nvbangsetor selbiar phapaheany usnd agim best malramgnts apd dae froposglabn val ue.
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in the case Bhsestdtidh chlib@dondanis aofdtin a bastktitivn Peasadropdéther with sdditibnapat h
propagation in the case of terrestrial range measurenents._The uncertainty
of a range nb2ssstatige fformationysed Erabipiping theomostieliablepesition fes upderae
underlying | i Ge ﬁg&{ r : e!#ﬂ&ﬁ%t i { Qppard
link cali bratgf&%& ?f%%%ﬁ/do ng?al n ﬁ)etﬁ%gg“gﬁ%? ggtrl}gggﬁ_ rangagdeg&ej%(’eﬁraﬁlyar{gtl on,

t he uncer t adelay cilibratione msdbase Btatioaiddatifitation infortmhgor adasodtation Afi2naange | :

neasurenent, and, the. uncertainty. of base station antenna positjion and
terrain el evECPEHIcIHdeshe center lgf:g{ppLofﬂeﬁbase station sector coveragg 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-irip delay calibration.



RTD range neasurenents. The uncertainty, for exanple, is quantified in terns
of a standard deviation, based on statistics when there is sanple
popul ati on, or based on known resolution and esti mated maasar(emntmgﬁror
assum ng a Gaussian distribution. [000129)It is recognized that solving for
the vertical height of the sector antenna may sonetinmes be difficult, due
to limted observable geonetry in the vdartical direction. The sector
antenna hei ght can be estimted based on an average antenna hei ght, (say 10
net ers) above the average hei ght of the handset reference positions and/or
the terrain height based on a | ookufFliAlMS a terrain el evati on dat abase.
Wiile the errors in the vertical height of the sector antenna are sonmewhat
hard to obbker veAwntthod ¢ff ssingert basel stafian dlmanat dn muviedees comamutitation netanoxk, éer or s
contribute Xtﬁ% mL:l'uEhB%e to location fix error when that sector is eventually
added to tﬁ ase station al manac data base and used as a reference
| ocati on for handset positioning. [000130] Once the sector antenna position
has been reasonsting, iiaelilebm stedonafmaériac, snaximpink erdenna rangevdae stecifyinpmatisvadded t o
t he base Sﬁn?énhﬁ’ﬂm%l ?@‘%‘?‘ base and subsequently used for handset
positioning, or a un| i'’ed signal seen by the handset can be joined to
an entry in the base statlon al mnac data base with incorrect identity
i nf ormat i on andstorvigs ini e bdse sytionndlmsnret gseido-cadoh @oice (AN dhd@emenksOROha bhse An
addi ti onal functl on that results fromthe base station al manac data base
server is S 88%ailed understandi ng of cellular coverage. The base station
al mnac 2 7 JUN 2006 WO 03/ 058986 30 data base server can relate position to
t he signal st rellmg“tgl‘lﬁleaﬂﬁlrﬁﬁdilethteﬁml fauéeaﬂatﬁiaﬁgm%l?ﬁ! Aneréndn@r fiedhe MaseOftatdh|l cel |
sectors se nostic nmet ré and
tcan
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AFLT) nobile stations. The hybrid nobile stations provi de r edundant
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test units.

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

method including:

storing, in the base station almanac, terrain average height information for cell sector
coverage areas of base stations, said terrain average height information being updated based on

uncertainty of terrain heights reported by mobile stations in the network; and

using the terrain average height information in the base station almanac for determining

mobile station position.

4. The method as claimed in claim 3, which includes using the terrain average height

~ information for obtaining a position fix of a mobile station.
5. The method of claim 4, which includes:

storing, in the base station almanac, terrain height standard deviation for cell sector

coverage areas of base stations; and



Base station' calibration data is stored in a base station al manac toget her
with additional base station information used for obtaining the nost
reliable position fixes under a variety of conditions. In addition to the
position of the base station antenna, forward link delay cal pardijNopdf§and
base station identification information, a base station al manac record
i ncludes the center location of the bas# station sector coverage area, the
maxi rum range of the base station antenna, the terrain average hei ght over
the sector coverage area, the terrain height standard deviation over the
sect or cover ageUargRe terginfyerags hsighbstandard drmesiondan detrmainingrhomrineshria feight,
repeat er i fe@riifdverdge IRSAUHQTE AN BRI B:8e LA alnlafisd €MENt 'S, Uuncertainty in
t he base station antenna position, uncertainty in the forward- |ink del ay
calibration, and uncertainty in the round-trip delay calibration. 2 7 JUN
2006 31 CLAI M5 The methed of glaing B, whishrpeludeiase station al manac in a wirel ess
communi cation network, the mnmethod including: storing, in the base station
al manac, rmaxi TTUEEB&%E TR Ea@é‘gﬁﬁc&a&lﬁm%&efehﬁi}{'H%Pghﬂ%&dl}a”hev 5&&‘? a5 andes of
base stations; storing, 1n the base station al®manac, pseudo-random noi se
(PN) i ncr enesstage freps of hese Batims; agd at i ons; usi ng the nmaxi num antenna range data .
and the PN increnents in the base station almanac for determ ning nobile
station positiop,. d. usi h i.mum,ant.enna. r ange. of .at | east one base
station to quanp sll?%é;tﬂ 5tegr ealélp%?rg%eglb%rﬁ gsgtgégégrrd %5“% Ontaf ﬂre&f)eglglé"n&hﬂvi %‘hﬁﬁ% Y¥ter to
rel ate an tehepmeadageaightinfanabtiopifigmeahe bas¢ statmn alennacy f or t he base station in
the base station alnmanac. 2. The nethod as clainmed in claim1, which
i ncl udes usi ng 5\%’ geﬁxiormm‘:4 an enng ranogrﬁ) af at | east one base station to
quantify tHhe unfePTAFhEIPTHIERE 5B TR Y8 mate of a nobile station when
the uncertainty in the nobile station position cannot be nore accurately
determ ned. 3. &)b®kb@GonefordshMgnietibReRh fibbile stifiodt manac in a wrel ess
comuni cation network, the nmethod including: storing, in the base station
al manac, terrain_ayerage height infarmation for cell sector .  coverage areas
of base station ,)al’%{*d&@”ﬁ‘ﬁ%ﬁ“%’éﬁ%ﬁ’gﬁm’gmwﬁm brshraletians 82i ng updat ed
based on uncertainty of terrain heights reported by nobile stations in the
network; and usidyt ket bRr pition AéLmBEIB REHYThr HALBEARE b&kidnd of R BRGIR:
station al manac for, determ ni ng, rrgbl | e %t ation posi tlt%n. . .

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

information stored in the base station almanac;

wherein the base station almanac contains maximum antenna range data
specifying maximum antenna ranges of the base stations, the base station almanac
contains terrain average height information for cell sector coverage areas of the base

stations;

wherein the position determining entity uses the terrain average height
information and the maximum antenna range of at least one base station to
quantify a sector coverage area of the base station in order to relate an observed

terrestrial signal with an entry for the base station in the base station almanac.
8. A wireless communication network comprising:
{a) base stations for communication with mobile stations;

(b) a base station almanac storing information about the base stations; and



4. The method as clained in claim3, which includes using the terrain
average height information for obtaining a position fix of a nobile
station. 5. The nethod of claim4, which includes: storing, in the base
station al manac, terrain height standard deviation for cell se@ erUN:Qﬁgﬂ age
areas of base stations; and 2 7 JUN 2006 32 using the terrain average hei ght
standard deviation for determ ning how 3ach to weight the terrain average
hei ght information fromthe base station al manac. 6. The nethod of claim 3,
whi ch includes: storing, in the base station al manac, terrain height
standard devi at {cprat flesst erel DOSEieEtdeﬁenniuiogl@n@g@ladmir@Iﬁg besitéons tofi ttheomsbileand
using the E%Jﬂ@'bgseﬁvo%rﬁglgls'}?a'ngﬁ'ihecﬂa 1? (ﬂgs\é's@attlbl%narrdo{he qﬁ;bgg rﬂaﬂ&ﬂggar{aow muich
to weight the terrain average ormation fromthe base statlon

al manac. 7!Hané\ﬁ1qﬂéFfé‘§ﬂsm6@ﬂPﬁﬁﬁrﬂaém41@maﬁetmrk conprising: (a) base stations
for communication with nobile stations; (b) a base station al manac storing

i nformation about th t : j

determning entity f%?ggg?n gfotr?lgenglt%gﬁ Blom |c(())fr}lt)slm%#m%lﬁ%ééﬁ%%m%gﬂpiﬁo%%’ﬁsforbased
on signals transsi etteticdyergreemast dfehdbase sigtiensi adsviareh thegemaib vesags theiglitons,
and i nformati oprst.0f &Gndifliel DR1BARE RBML R Hﬁﬂﬁ?the‘é@?é ?l'fopcotvg'ﬁ SRS
station al manac contal ns maxi mum antenna range data specl X1 mum
antenna ranges & ishreripdiesdly sipdated hased ﬁ%@lﬂbm@tssteaw@nbyamm&ﬁa&iatl@mm thiens
terrain average,hejght information for cell sector coverage areas of the
base stations; erein the position determning entity uses the terrain
average height information and the maxi num antenna range of at | east one
base stati 8n t oTheguaeles kymmavsetivoneteokas siganed ieclaiof 8, herehebe teshiatavangsi n -
order tor I r base
ctati on i nifEs EeRB BENES o RLER sl oySlo Ml bids A Bl Ml Pl Y
conpri si ngdeviatipn fusechof the ceadhssctbinoverageraraas ofdhd kase Satiohs. mobi | e st ations; (b) a
base station al manac storing information about the base stations; and 2 7
JUN 2006 3"1}’0. The wireless communication network as claimed in claim 8, wherein the position
determining entity uses the terrain average height information for obtaining an Advanced

Forward Link Trilateration (AFLT) position fix of at least one of the mobile stations,
il. A wireless communication network comprising:

(a) base stations for communication with mobile stations;

(b) a base station almanac storing information about the base stations; and

(c) at least one position determining entity for determining positions of the mobile
stations based on signals transmitted between the base stations and the mobile stations, and

information stored in the base station almanac;

wherein the base station almanac contains round-trip delay (RTD) calibration

information;

wherein the base station almanac stores an estimate of the uncertainty of the
round-trip delay calibration of base stations; and the position determining entity uses the
round-trip delay calibration uncertainty for determining how much to weight the round-

trip delay measurements from the base station.



(c) at least one position determning entity for determ ning positions of
the nobile stations based on signals transmtted between the base stations
and the nobile stations, and information stored in the base_station

al manac; wherein the base station al nanac contains terrain a rdUﬂ H@ﬁght
information for cell sector coverage areas of the base stations, and
wherein the terrain average height infiddrmation includes a terrain height
standard deviation for the cell sector coverage areas, and is periodically
updat ed based terrain heights reported by nobile stations in the network.
9. The wi rldl essTheoimlass cammapicaion isMerags cliedeidl ¢lgime] lai whegsin disepasition t he
terrain avefeAfifing Mtighised ME P5urBl:P Bethy TSGR RadRSRREhANE eI RbVihAMEr age
hei ght and a respective terrain standard ‘deviation for each of the cel
sect or coﬁ%ﬁﬁﬁéog

feagEe-lok range MeaREeeitat  ons. 10. The wirel ess conmunication
network as clainmed in claim8, wherein the position determning entity uses
the teryaq@.avqg@ggmg%&gggmhmggﬁag&kggn&?h@pbtalnlng an Advanced Forward
Link Trilateration (AFLT) position fix of at |east one of the nobile
stations. 11. A wireless comunication network conprising: (a) base stations
f or communi cat i(erbasd statiopsdfbi ¢ommymicatianrygth nidbjle statlpasse st ati on al manac storing
i nformati on about the base stations; and (c) at |east one position
determ ni ng ent or, 1 Ni ition the ile, stations based
on signals traﬁ%ﬁ¥¥%%%m%§%§%@%ﬂ%ﬂ@gB@%@m%na Wghgbgﬁéggﬁg’ﬁ%bile stati ons,
and information stored in the base station al manac; wherein the base
station al manadqccankat nse Hogitho- datérfintie] ayity FOF Detetainingrkitions ofl thé aobrid | on;
wherein the.base station.almn tores an estimte of the .uncertainty of
the roundAPrpos ) BT BFRPTGS Bnse woaorinms end iy PReroigions ai
det er m ni rigfosmdtioh ytorgd @cth¢ bese statomnbiranad; p del ay cal i bration uncertainty for
determ ning how nmuch to weight the round- trip delay neasurenents fromthe
base station. 2 7 JU%%ﬁpqg ﬁ4 13{ ﬁge mﬁrekess [oX0) nicgtion netmo&ﬁ as
claimed in claim 11, %8} BF AL FEUPOUPENE FONABBPRTNE RFUEHIPLY™ e Fhe
round-trip del aycrérh®hB)forchd bds¢ ststionsn | nf ormation for inproving the accuracy
of reverse-link range measurenents. 13. A wireless conmunication network
compri si ngy, (2rBag &t AhoeRh SOTHM ST bR TR0k 1R b2
determining entity uses the pseudo-random noise (PN) increments for resolving pseudo-random

noise (PN) offset numbers of distant base stations.
15. A wireless communication network comprising:
(a) base stations for communication with mobile stations;
(b) a base station almanac sj:oring information about the base stations; and

(c) at least one position determining entity for determining positions of the mobile
stations based on signals transmitted between the base stations and the mobile stations, and

information stored in the base station almanac;
wherein the base station almanac contains:

sector center location data specifying locations of the centers of cell

sectors of base stations;



(b) a base station almnac storing information about the base stations; and
(c) at least one position determning entity for deternining positions of
the nobile stations based on signals transmtted between the base stations
and the nobile stations, and information stored in the base station

al manac; wherein the base station al manac contains respecti v@]pﬂHNdwﬂﬁandom
noi se (PN) increnents for the base stations. 14. The wi rel ess comuni cation
network as clainmed in claimi13, wherei #5the position determining entity
uses the pseudo-random noi se (PN) increnents for resolving pseudo-random
noi se (PN) offset nunbers of distant base stations. 15. A wireless

cormmuni cati on network coffFIRhgtennasangedata specifying meximym R e ef Bh wit h
nobi | e stations; (b)agk sh@ss; stati on al manac storing information about the
base stations; and (c) at |east one position determning entity for

determ ning positions of the nobile stations based on signals transmtted
bet ween the base stati ondersyaverrge heipt| iefounation Scell soe¢pr covrragefeges ehthet or ed
in the base stationadpiias; wherein the base station al manac contains:
sector center |ocation data specifying |locations of the centers of cell
sectors of base stations; 2 7 JUN 2006 35 maxi mnum antenna range data

speci fyi ng maxi num ant enfeunddngdadaydRTPheslibigtigneintormatioons; terrain average
hei ght information for cell sector coverage areas of the base stations;
round- trip del ay (RTD) calldkahhafal G icmild Ofmd SREREA seh Bl QhBLd 205

i ndi cati ng whether or not ce sector coverage areas of the base stations
have repeaters; and of thepastsiatiensfeeardesatersniddm noi se (PN) increnments for the
base stati ons.

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



