WD 2004/ 080105 PCT/ US2004/ 006602 1 METHOD AND APPARATUS FOR PERFORM NG
PCSI TI ON  DETERM NATI ON I N A W RELESS COVMUNI CATI ON NETWORK W TH REPEATERS
BACKGROUNR o Ralasreks Appl i cations [ 1000] This applicati onpch/assm4/piceey ity to
U S. Provisional Application No. 60/452,182, filed on March 3, 2003. Field
[ 1001] The present invention relates generally to position determ nation,
and nore specifically to a nethod and qpparat us for perform ng position
determ nation in a wirel ess comuni cati'on network (e.g., a cellular
network) with repeaters. Background [1002] A common technique to determ ne
the position of a termnal is to ascertain the —amunt of tine required for
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communication network (e.g., a cellular network) with repeaters,

Background

[1002] A common technique to determine the position of a terminal is to ascertain the
amount of time required for signals transmitted from multiple transmitters at known locations
to reach the terminal. The propagation times for the signals are typically converted to “pseudo-
ranges”, which are estimates of the distances between the terminal and the transmitters. The
position of the terminal may then be estimated based on the pseudo-ranges to the transmitters
and their locations, using a process often referred to as “trilateration”.

(1003} One system that provides signals from a plurality of transmitters (satellites) at
known locations is the well-known Global Positioning System (GPS). An accurate three-
dimensional position estimate (or “fix”) for a terminal may be obtained based on signals
received by the terminal from a sufficient number of GPS satellites {typically four). However,
the required number of GPS satellites may not be available in certain operating environments
(e.g., indoors) to derive this fix. Another system that provides signals from a plurality of
transmifters (base stations) at known earth-bound locations is a wireless (e.g., cellular)
communication network. A two-dimensional (2-D) position estimate for a terminal may be
obtained based on signals received by the terminal from a sufficient number of base stations

(typically three or more).



[ 1004] Many cel lul ar networks enpl oy repeaters to provi de coverage for
designated areas wthin the network or to extend the coverage of the
net wor k. Mo 2ex/espbe, a repeater may be used to cover aPORU§2EpDIcCE02ar ea
that is not covered by a base station due to fading conditions (i.e., a
"hole" within the network). Repeaters may al so be used to extend coverage
into rural areas (e.g., along a freemax? that are outside the coverage area
of the base stations. A repeater receives, conditions, and retransnits
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[1006]  Furthermore, the additional delays introduced by repeaters can distort
measurements made by a terminal for signals received from the repeaters. Consequently,
measurements for signals received from repeaters are normally discarded and not used for
position determination. In certain situations, only few measurements may be available to
compute the position estimate for the terminal. If signals from repeaters are discarded, then the
accuracy of the position estimate obtained based on remaining signals may be very poor.

[1007]  There is therefore a need in the art for a method and apparatus to provide a position
estimate for a terminal in a wireless communication network that employs repeaters (or other

transmission sources with similar characteristics).



apparatus utilize a repeater database that contains various types of
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[1010] A determination may also be made whether the terminal is in an indoor or an
outdoor environment. A determination may further be made whether the terminal is located
sufficiently close to the identified repeater. This may be achieved by comparing the received
signal strength for the identified repeater against a threshold. The position of the identified
repeater may also be provided as the position estimate for the terminal if the terminal is
deemed to be (1) in an indoor environment or (2) located sufficiently close to the identified
repeater (i.e., the received signal strength exceeds the threshold).

f1011]  If information for the additional delays associated with the identified repeater is
available, then the time measurement reported by the terminal for this repeater may be
processed to remove the additional delays. The more accurate position estimate for the
terminal may then be derived based on the “compensated” time measurement for the identified
repeater (i.e., with the additional delays removed) and time measurements for at least two other
transmitters received by the terminal.

[1012])  Various aspects and embodiments of the invention are described in further detail

below.
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capact t yN]et"Swor}I?tIOO may be a cellular network that may support one or more CDMA standards (e.g.,
1S-95, 1S-2000, W-CDMA, and so on) and/or one or more TDMA standards (e.g., GSM). All

of these standards are well known in the art. Network 100 may include a number of base

stations 104, However, for simplicity, only three base stations 104a, 104b, and 104¢ are shown
in FIG. 1. Each base station 104 serves a particular coverage area 102 and provides
communication for terminals 106 located within its coverage area. A base station or its
coverage area, or both, are often referred to as a “cell”, depending on the context in which the
term is used.

[1020] Repeaters 114 may be deployed in network 100 to provide coverage for regions that
would not otherwise be covered by base stations 104. For example, repeaters 114 may be
deployed in areas where reception of signals from base stations 104 is poor, such as region
112ain FIG. 1. The poor reception may be due to fading conditions or some other phenomena.
Repeaters 114 are also commonly deployed within buildings to improve indoor coverage.
Repeaters 114 may also be used to extend the coverage of network 100, such as regions 112b
and 112¢ in FIG. 1. In general, repeaters are more cost effective than base stations, and may be

advantageously deployed where additional coverage is desired but additional capacity is not



WO 2004/ 080105 PCT/ US2004/ 006602 5 required. Any nunber of base stations
within the network may be repeated, depending on the network depl oynent.
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sequence used by the base station for spreading. Since the pilot is
typi cal | jpapeeiemrise the posions phtherermirs basad on thefegeived measurementses slascsivedt
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with the PN sequence assigned to the base station. The signal transmitted by each base station
thus includes spectrally spread data and pilot.

[1024]  For position determination, a pseudo-range to a given base station may be estimated
based on the signal received by a terminal from the base station. The time of arrival of the
signal at the terminal may be determined based on the phase of the PN sequence used by the
base station for spreading. Since the pilot is typically processed to obtain this PN phase
information, the measurement obtained by the terminal is often referred to as a “pilot phase”
measurement (PPM). The pilot phase measurement is used to estimate the amount of time it
takes the signal to propagate from the base station to the terminal. This propagation time may
be converted to a pseudo-range, which includes the “true” or actual range between the terminal
and the base station plus measurement errors,

[1025] In the following description, the term “time measurement” is used to denote a
measurement that (1) is obtained based on a signal received from a transmitter (e.g., a base
station) and (2) may be used to compute a pseudo-range to the transmitter. The time

measurement may be a pilot phase measurement, a time of arrival (TOA) measurement, a



station) and (2) may be used to conpute a pseudo-range to the transmtter.
The tinme nmeasurenent nmay be a pilot phase neasurenent, a tinme of arrival
(TOA) nreapwy MaPpdo1osa WO 2004/ 080105 PCT/ US2004/ 006602  Geamusmod/socsnzdel ay
(RTD) neasurenment, or a time difference of arrival (TDOA) neasurenent. All
of these different types of measurenment are known in the art and not

descri bed herein. [1026] As noted above, repeaters nay be used to provide
coverage for regions not covered by base stations, such as within
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cannot bepésdri ably used to determ ne the position of the termnal. [1028] A
met hod and_apparatus is provided herein to performposition determ nation in
I

a wirelld9%7lconkash aencalss inasiRsiated avith additional |dglays thal inshudy W) dRopmisEigRer s,
The net h&(ila)@%tween the donor base station and the repeater and (2) intemal delays due to circuitry

within the repeater to receive, condition, and retransmit the signal from the donor base station.
For example, surface acoustic wave (SAW) filters, amplifiers, and other components within the
repeater introduce delays to the repeated donor signal transmitted by the repeater. In some
instances, the additional delays may be comparable to, or possibly greater than, the
transmission delays from the donor base station to the terminal. Thus, if the additional delays
of the repeater are not taken into account, then the time measurement for the signal received by
the terminal from repeater cannot be reliably used to determine the position of the terminal.

[1028] A method and apparatus is provided herein to perform position determination in a
wireless communication network (e.g., a cellular network) with repeaters. The method and
apparatus utilize a repeater database that contains various types of information for repeaters in
the network, as described below. A position estimate for a terminal may be obtained based on
(1) measurements made by the terminal, (2) information in the repeater database, and (3) other

information that may be available.
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the ter neéng& fr base stations,_ and/or repeaters in a cellular network.
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repeater that is deployed within a building, and an outdoor repeater is one that is deployed

outside a building. If the transmitter of a given received signal cannot be identified, then this
signal may be discarded from use for position determination. The repeater identification
process is described in detail below.

[1032] A determination is then made whether measurements for a sufficient number of
base stations (e.g., three or more) are available (step 218). If the answer is yes, then a position
estimate for the terminal is derived based solely on the measurements for the base stations (step
220). For step 220, the measurements for repeaters are discarded. Techniques for deriving the
position estimate for the terminal based on measurements for base stations in a cellular
network are known as Advanced Forward Link Trilateration (A-FLT), Observed Time
Difference of Arrival (OTDOA), Enhanced Observed Time Difference (E-OTD), and Uplink
Time of Arrival (U-TOA). These techniques are described in U.S. Patent Application Serial
No. xxx, entitled “xxx,” filed xxx, which is assigned to the assignee of the present application
and incorporated herein by reference. In general, position determination can be performed by
well know means such as, for example, the ones described in 3GPP 25.305, TIA/EIA/IS-801,
and TIA/EIA/IS-817 standard documents, which are publicly available.
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“full” information for the at least one identified repeater (step 312). A description of what

constitute coarse and full information is provided below. In summary, the repeater database is
considered to contain coarse information for a given repeater if (1) a position and a position
uncertainty are available for the repeater, and (2) pertinent delay information for the repeater is
not available. If the repeater database contains coarse information for the at least one
identified repeater, then one identified repeater is initially selected. If only one repeater has
been identified, then the selected repeater is simply the single identified repeater. If multiple
repeaters have been identified, then one of the identified repeaters (e.g., the repeater with the
strongest received signal strength) is selected. The position of the selected repeater is then
provided as the position estimate for the terminal (step 314). The process then terminates.

[1036] If the answer is no for step 312, then a determination is made whether the terminal
is in an indoor or an outdoor environment (step 322). This determination may be made based
on signals received from repeaters and/or other information that may be available. For
example, the terminal may be deemed to be located indoor if a signal is received from at least

one indoor repeater. The repeater identification process in step 214 in FIG. 2 may indicate
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uncertainty may be associated with this repeater. In this case, a comrespondingly large

uncertainty may be used for the terminal position estimate that is set to this repeater position.

[1040] If the answer is no for step 332, then this indicates that (1) the terminal is not in an
indoor environment, (2) a sufficiently strong signal was not received from any identified
repeater, and (3) the repeater database includes pertinent delay information for the at least one
identified repeater. In this case, a position estimate for the terminal may be derived based on
(1) time measurements for signals received from base stations and (2) “compensated” time
measurements for signals received from repeaters (block 340). The time méasurement for the
signal received from a repeater (i.e., as reported by the terminal) includes (1) transmission
delays from the donor base station to the repeater, (2) internal delays of the repeater, and (3)
propagation delays from the repeater to the terminal. A compensated time measurement for
this repeater may be obtained by processing the time measurement for the repeater to remove
the additional delays associated the repeater (step 342). The compensated time measurement

for a given repeater i may be expressed as:



uncertainty may be used for the termnal position estimate that is set to
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[1042] FIGS. 2 and 3 represent specific embodiments for performing position

determination in a cellular network with repeaters. Various modifications may be made to the
disclosed embodiments, and this is within the scope of the invention. For example, the steps
for the process shown in FIG. 3 may be rearranged. As an example, block 340 may be moved
between steps 312 and 322. In this case, the position estitnate for the terminal may be derived
using trilateration if at all possible (i.e., if time measurements and compensated time
measurements can be obtained for a sufficient number of base stations and repeaters,
respectively). Typically, pseudo-ranges to three or more transmitters are needed to derive the
terminal position estimate using trilateration, where each transmitter may be a base station or a
repeater. If pseudo-ranges to a sufficient number of transmitters are not available, then the
position of an identified repeater may be provided as the terminal position estimate. As
another example, steps 322 and 324 and/or steps 332 and 334 may be removed.

[1043] Some of the steps in FIGS. 2 and 3 are described in further detail below.
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i dent i f iand agelativeplease ovethddor t he terminal (described bel ow) and the coverage
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signals is selected for identification. For the first iteration, the identified coverage zone is set

to the coverage area of the reference base station or repeater. For each subsequent iteration,
the identified coverage zone is formed as a composite of the coverage areas of all base stations
and repeaters that have been identified in previous iteration(s). The PN sequence of the signal
to be identified in the current iteration is then determined. A list of base stations and repeaters
assigned with this same PN sequence is next obtained. The coverage area of each base station
and repeater in the list is then determined. The coverage area of a repeater may be obtained
based on the repeater position and either 2 maximum antenna range (MAR) or a position
uncertainty stored in the repeater database for the repeater. Each base station and repeater in
the list is then evaluated. The base station or repeater with a coverage area that overlaps the
identified coverage zone by the most is then selected as the transmitter of the signal being
identified in the current iteration.

[1047]  The relative phase method identifies the transmitter of each received signal based
on the identified coverage zone for the terminal and time measurements for a list of candidate

transmitters. Similar to the coverage overlap method, one of the received signals is selected for



and repeaters that have been identified in previous iteration(s). The PN
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the art “distance by multiplication with the constant C for the speed of light, as is known in the art.
[1049]  If delay information is available for a given candidate repeater, then the additional
delays of this repeater is subtracted from the time measurement reported by the terminal to

obtain the time measurement p, for the repeater. Conversely, if such delay information is not
available for the candidate repeater, then the additional delays of the repeater may be estimated
based on a round trip delay (RTD) measured atl the candidate base station for the terminal.
This RTD measurement is approximately twice the sum of (1) the distance from the donor base
station to the repeater (d,,) and (2) the distance from the repeater to the terminal (d ) (i.e.,
RTD/2=d, +d,). For the distance 4, the terminal is estimated to be located at the center
of the identified coverage zone. The distance d, is then subtracted from the time
measurement reported by the terrninal to obtain the time measurement p, for the repeater.

[1050]  For the modulation method, the repeated uplink signal sent by a repeater to a donor

base station on the reverse link is modified by the repeater to include an identifying signature.
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link si gHansnified thegepeated unbnk sigagh oAH gevemie; link signals included i this repeated uplink

signal is then associated with the identified repeater.

[1053] For the identifier PN method, a repeater generates an identifier signal by spectrally
spreading a pilot with a PN sequence assigned to the repeater. This PN sequence may be one
of multiple PN sequences that have been specially reserved for repeater identification. The
identifier signal may be added with the donor signal received on the forward link from a donor
base station. The identifier signal is set at a sufficiently low power level (e.g., -15 dBc) so that
it does not cause excessive interference to the donor signal. Moreover, the identifier signal
may be delayed by the proper amount to allow the terminals to detect the identifier signal as
being from a specific repeater. The repeated donor signal, which includes the donor signal and
the identifter signal, is transmitted by the repeater to the terminals.

[1054]  The repeated donor signal from the repeater is received and processed by a terminal
to detect for the identifier signal. The detected identifier signal may then be evaluated to

ascertain the identity of the specific repeater that transmitted the repeated donor signal.



signal is then associated with the identified repeater. [1053] For the
identifier PN nethod, a repeater generates an identifier signal by

spectral | ¥yoS®sRaHH9 a pilot with a PN sequence assi gnedcrwstine/osssprat er .
This PN sequence may be one of nultiple PN sequences that have been
specially reserved for repeater identification. The identifier signal may
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and pr ocds SEMPIRE and Aceuralg) repeaergdatihase ippraferableg cHewervey iismgy e diffslt or

det ect ed 3§ My i b : > bt Al ity
of ¢ he- sARLPRYE A€ becthBucll gl P Do RELE the Gpe 3T ffchBbiod AAIAETH
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and accurgacy, of the repeater database have a |arge inpact on the accuracy
of the po$f'tion estimates provided for terminals in the cellular network
with repegtgfiss %‘Q??J . Sl fier abl e.
However , q?% matyregédt i |b§%ﬁ§g?0@%?g?%¢gef@%iuse e%%gﬁﬁgmggtlébase.
Dependi ng on the type of information available for the repeaters in the
network, the repeater database may be Tiéhdsdified as either "coarse" or
"full". A coarse repeater database may contain_all or sone of the paraneters
listed in Tabl gylamettgb! €]1 Parameter Descriphidcpidtiogereater 1D A uniqug¢ 1D
assi gned t p—t-ho—+opeater—Corresponding—Ph . z ce—asSsig
to the donor bBegeatr i on | Bowniquehld assipped trthe Rgpeater.on and The position|of

 opeat E?aﬁsrsc?l?;p;?éﬁ; bee D6 PRy P AR ERes P SHET Qi oo SPTAPR (1 e
coordi nat e} 1 ndoor/ out dooll thef8Pe¥fes whet her t he repeater is an i ndoor
repeater oy an The position of the repeater and the uncertainty of this position.

POSIHOH anc The repeater position may be provided by a latitude, longitude,
position uncertainty : .
and altitude coordinate.

Indoor/outdoor | Indicates whether the repeater is an indoor repeater or an
indicator outdoor repeater.

The repeater ID may be any code that may be used to identify the repeater. For example, the
repeater ID may correspond to the signature in the repeated uplink signal sent by the repeater
to the donor base station (for the modulation method), the PN sequence used to generate the
identifier signal (for the identifier PN method), and so on.

[1056]  For the coarse repeater database, the repeater position may be coarse and may
further be associated with a large position uncertainty. Thus, the coarse repeater database may

be used for applications that only require a coarse position estimate for the terminal.
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and. may further be associated with a |large position uncertainty. Thus, the
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The parameters for repeaters in Table 2 are similar to the parameters for base stations in a base
station almanac (BSA). The MAR may be used in the legacy network method to identify
repeaters, as described above. The repeater position is more accurate and the position
uncertainty is smaller for the full repeater database than the coarse repeater database. The
more accurate position and smaller position uncertainty for the repeater may be provided as the
position estimate for the terminal in steps 324 and 334 in FIG. 3.

[1058]  For repeater identification and position determination methods that are affected by
the additional delays of the repeaters, the full repeater database may also contain the

parameters listed in Table 3.

Table 3

Parameter Description

Internal repeater | Delays caused by the repeater due fo internal circuitry within the
delays repeater.

Delays due to transmission of the donor signal from the donor
base station to the repeater. The transmission may be over the
air, via a coaxial or fiber cable, or by some other means.

Base station to
repeater delays




Tabl e 3 Paranmeter Description Internal repeater Delays caused by the
repeater due fo internal circuitry wwthin the delays repeater. Base station
t o Del ays wyeodi@sdipgnsm ssi on of the donor signal from tpeTdgdma/ocedeepeat er
del ays base station to the repeater. The transm ssion nay be over the air,
via a coaxial or fiber cable, or by some other nmeans. WO 2004/ 080105

PCT/ US2004/ 006602 16 The i nternal repegﬁer del ays and the base station to
repeat er del ays constitute the addition del ays for the repeater. This
delay information may be used in step 342 in FIG 3 to obtain a conpensated
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st rengt h companart thfie fe@siated for thearpeatéd, &¢ rBvoting the paditional ,deldye ffomh khe
repeat er dat abase mai/ al so contain the paraneters listed in Table 4. Table
4 Par anetige measurement ported by thedermigaly er  vari ous types of information such

as gain, iog Nt ak | I s | 7. I | (

open ngy LR i nemeteatoh ol PO, BREERRIG mPRRRNEL BeldReBATE,

ant enna. tidwstrepgthioriposer bf thesignalsdeanemitizd by the adpeaters thetfil repeptea databast aiaya
Donor base statjon repeater_that communi cates with the donor base station
via a toa}seﬁeaﬁa@rthﬁa%qmﬂss‘ﬁhwfm@éeﬁi nk, the path loss may al so be derived
based on information for the donor antenna used to transmt the signal to
the donor base station Donor signal popgeq{he power of the donor signal at
the antenna of the donor base station. The paraneters listed in Table 4 may
be used tordetermmethepower—of the Tepeateddonor—srgmat—tramsm ttgd by

the repeat pr_tba%aReeLy i hal s. [1060] Di ff erR#HCriPH8Bat er i dentificatiof
met hods may rely on diff el ¢afioldips RlinfoRhidPhichAs ghifi; Sientfifdy OF Poyer
i nformatiop) Rapeatorservery 'ﬁ&%ﬁlﬁﬁge it tntenn 'obélﬁE&?Lcrﬁga'btehﬁ%dth,

antenna information .
downtilt, and so on, of the repeater server antenna.

The path loss from the donor base station to the repeater. For a
repeater that communicates with the donor base station via a
wireless link, the path loss may also be derived based on
information for the donor antenna used to transmit the signal to
the donor base station

Donor base station
to repeater path loss

The power of the donor signal at the antenna of the donor base

Donor signal power station.

The parameters listed in Table 4 may be used to determine the power of the repeated donor
signal transmitted by the repeater to the terminals.

[1060]  Different repeater identification methods may rely on different types of information
(e.g., delay or power information) to identify repeaters. Moreover, different position
determination methods may also rely on different types of information to derive a position
estimate for a terminal.

[1061] The repeater database may be such that (1) only coarse information is available for
each repeater in the network or (2) full information is available for each repeater. The repeater
database may also be “hybrid” such that coarse information is available for some repeaters and
full information is available for other repeaters. For a hybrid repeater database, a coarse/full
field may be provided for each repeater to indicate whether coarse or full information is
available for the repeater. The position estimate for the terminal may be derived based on the

coarse or full information available for each repeater received by the terminal.



determ nation nmethods may also rely on different types of information to
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repeater database may al so be "hybrid" sueh that coarse information is
avail able for sone repeaters and full information is available for other
repeaters. For a hybrid repeater databaé’, a coarse/full field my be

provi ded for _each repeater to indicate whether coarse or full information is
avai | abl 41963 t hEhe mpeater datatiase Mayshe Plorrdeast 3 fenagate gatabase aras RafQf the passe

derived has: e ' ] VLAl : . ter
Fecet ved Eof AsR THEASE Rafin, Asna Rl bR it =" BF fuspiiee
repeat er thobabazdonsiy thenaivorled as a separate database or as part of the
base station almanac. The base station al manac typically includes various
types of information the base stations in the network. I|ndoor/Qutdoor
Repeat er Det er ni HupppQuidegeBepeator Lefesmunalion on det er mi nati on process shown
in FIG 3, a distinction is nade as to whether the termnal is in an indoor
or an outld®@M enkior tbapesition Yplesningtigrepragess shpwndn &HE. 3.7 disknpiioads made astd i n

ot hor - veieies dfc 5 8 3 ot B 000, bRach SbRalene | THBLE SR it o

of the t gjrededades B/ uktd IASERT. t3aioN&stiviethy @obifiua eSRimBR! for thetepmihal dejdinged |
an i ndoor/outdoor field is included in the repeater database for each
r epeat er .whefher & is degrapd to bgdecatedindentios ptdo@het her the repeater is an i ndoor

r epeat er n o r. I e ' , '
rord e, BBl ERAR P iy (citinaP R B RESAR fh Vol RIRAE. 1 Bl
I f such ienfb@diméntom ilolrionsdpoofieldey iheudef in theapeadrhdatabase forTemeh repeater.

i ndoor/ out doqr. .i.nf ormat.i gn for I ven repeater y be obtai ned when the
r epeat er s ﬁ@suw%‘ to gnelcate hatheT P dFPeaLEr s g IRAPOF FRPERER L TLPUARGY TERRteT

net wor k. ﬁﬁ?%aélﬁfcglrzﬁéﬂ in'TRY dR8bAESMRIGAA nf bd ffiéd 1Rd RboHbutodt iBfRnafi ¢ ™
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bui I dings, or may recei ved very | ow power levels, the’termnal may be
deered t do¢ated indaered aisighab froid an indoor repeater is received by the terminal. Otherwise, the

terminal may be deemed to be located outdoor.

[1065] In another embodiment, the determination as to whether the terminal is located
indoor or outdoor is made based on the number of signals received by the terminal. For
example, since signals from GPS satellites typically cannot be received within buildings, or
may be received at very low power levels, the terminal may be deemed to be located indoor if
no signals or only a few signals are received from GPS satellites. The terminal may also be
deemed to be located indoor if (1) the received signal strength for GPS satellites is low and/or
(2) the angle of visible GPS satellites is [low?]. Similarly, the terminal may be deemed to be
located indoor based on the number of signals received from base stations and/or the received

signal strength for the base stations.

Signal Strength Threshold

[1066)  For the position determination process shown in FIG. 3, if the terminal is located
outdoor but sufficiently close to a repeater, then the position of the repeater is provided as the
position estimate for the terminal (steps 332 and 334). The determination as to whether or not

the terminal is located sufficiently close to the repeater may be made by comparing the



no signals or only a few signals are received from GPS satellites. The
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[1068] The same threshold may be used for all repeaters in the network. Alternatively,

different thresholds may be used for different repeaters. In this case, the threshold used for
each repeater may be set based on the power level of the repeated donor signal at the repeater
server antenna. This output power level may be ascertained based on the server antenna and
path loss information (e.g., shown in Table 4) stored in the database for the repeater. A
threshold field may also be included in the repeater database for each repeater. This field may

be used to store the signal strength threshold for the repeater.

Network Entities

[10691  FIG. 4 shows a block diagram of an embodiment of a base station 104x, a repeater
114x, a terminal 106x, and PDE 130 within network 100. Base station 104x is an exemplary
base station in the network, repeater 114x is an exemplary repeater, and terminal 106x is an
exemplary terminal. Terminal 106x may be a cellular telephone, a handset, a computer with a
wireless modem, or some other unit. Base station 104x operatively couples to PDE 130 via

BSC 120, which is not shown in FIG. 4 for simplicity.



each repeater may be set based on the power |evel of the repeated donor
signal at the repeater server antenna. This output power |evel nay be
ascert ai negh hasesh10n the server antenna and path | oss i pEDUSEIOH/OB6EE. . ,
shown in Table 4) stored in the database for the repeater. A threshold
field may also be included in the repeater database for each repeater. This
field my be used to store the signal éPrength threshold for the repeater.
Network Entities [1069] FIG 4 shows a brock diagram of an enbodi nent of a
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t he forwdB0, ¢andkicoed bala coralitiening tnie 432 mouted 2hrongh hai dupdeneo 434 barsktransatittesh

104x. Wthin repeater 114x, the, forward |ink signal. is ro d t.hrou .
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t he covera‘%(ra area of repeater 114x. Antenna 436 is the server antenna for
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station ireteivel/emadulanr RAVREBembdM5bab providetdrivns types pé iriforndtivn, that may be

used for repeater/base station identification and position determination. In particular,

RCVR/Demod 456 may provide a time measurement and a signal strength measurement for
each forward link signal detected in the receiver input signal. RCVR/Demod 456 may
implement a rake receiver that is capable of concurrently processing multiple signal instances
(or multipath components) for multiple base stations and repeaters. The rake receiver includes
a number of demodulation processors (or “fingers”), each of which may be assigned to process
and track a particular multipath component.

[1073]  On the reverse link, terminal 106x may transmit data, pilot, and/or signaling to the
reference base station (e.g., base station 104x). For example, terminal 106x may send back the
time and signal strength measurements made on the forward link signals received by the
terminal. The various types of data are processed by a modulator/transmitter (Mod/TMTR)
464 to provide a reverse link signal, which is then routed through duplexer 454 and transmitted
from antenna 452.

[1074]  Repeater 114x may receive the reverse link signal from terminal 106x at antenna
436. The receiver input signal from antenna 436 is routed through duplexer 434, conditioned
by a conditioning unit 438, routed through duplexer 430, and sent to donor base station 104x. -



RCVR/ Denod 456 may provide a tine neasurenment and a signal strength
nmeasurenment for each forward |ink signal detected in the receiver input
signal . RG¥RAexmREI0456 may | nplenment a rake receiver thaCTius2ea@edshz of
concurrently processing nultiple signal instances (or nultipath conponents)
for multiple base stations and repeaters. The rake receiver includes a
nunber of denodul ati on processors (or "f'mgers"), each of which may be
assigned to process and track a particular nultipath component. [1073] Ch
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104x. and PDE 130 to exchange pertinent informatiaqn for repeater/base
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base statjo
€ S éucpl information may include, for example, a list of forward link signals received by terminal

106x, time and signal strength measurements for these forward link signals, pertinent
information from the repeater database, and so on.

[1078]  The processing to identify the repeaters and base stations for the forward link
signals received by terminal 106x and to derive the position estimate for the terminal may be
performed by a processor 460 within terminal 106x, processor 410 within base station 104x, or
a processor 470 within PDE 130. Memory units 462, 412, and 472 may be vsed to store
various types of information used for repeater/base station and position determination. This
information may include, for example, the list of forward link signals received by terminal
106x, time and signal strength measurements for these signals, pertinent information from the
repeater database and base station almanac, and so on. Memory units 412, 462, and 472 may
also store program codes and data for processors 410, 460, and 470, respectively. A repeater
database 474 within PDE 130 may be used to store information for the repeaters in the
network, such as information for the parameters listed in Tables 1 through 4 described above.

The base station almanac may be stored within database 474 or memory 472,



104x, PDE 130, or sone other network entity. The entity perform ng the
repeater/base station identification and/or the position determnation is
provi ded wWidhodslasoperti nent information. Such informati poragyoouddsorie, for
exanple, a list of forward link signals received by termnal 106x, tine and
signal strength nmeasurements for these forward |ink signals, pertinent
information fromthe repeater database, %nd so on. [1078] The processing to
identify the repeaters and base stati on€lfor the forward Iink signal s

recei ved by term nal 106x and to derive the position estimate for the

termi nal [(H&&P] be Theemethpdwad pppasatys desesbest hereio may be Anplementad by yedqus means,
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digital signal processors digital al processing devices
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descri bed herein may be inplenmented wth nodules (e.g., procedures,
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to the processor, in which case it can be comunicatively coupled to the

pr ocessorperson skidled dn thenashismake psusehevpresant ingention, Various modifications to these
embodiments will be readily apparent to those skilled in the art, and the generic principles

defined herein may be applied to other embodiments without departing from the spirit or scope
of the invention. Thus, the present invention is not intended to be limited to the embodiments
shown herein but is to be accorded the widest scope consistent with the principles and novel

features disclosed herein.

[1083] WHAT IS CLAIMED IS:



[ 1081] Headi ngs are included herein for reference and to aid in |ocating
certain sections. These headings are not intended to limt the scope of the
concepts described therein under, and these concepts nmay have applicability
in other sections throughout the entire specification. [1082] The previous
description of the disclosed enbodi nen $ is provided to enable any person
skilled in the art to nake or use the é esent invention. Various

nodi fications to these enbodinents will be readily apparent to those
skilled i e & d the generic principles defined herein may be

appl i ed tgwggh%rgeﬁggglnents wi t hout departing fromthe spirit or scope of
the invention. Thus, the present invention is not intended to be |[imted to
t he enbodlnents her.ei n but 0 be accorded the w dest .scope

consi stent!wi t K* Fﬁg‘ ﬁ”ﬁf REfosmine %%&‘%di?ﬁm‘"ﬁ‘%%ﬂ lﬁ‘rae‘glr%lFsﬁccPBg‘Bﬁ“%BP‘éu n. [1083]
VWHAT | S CltelRowith: repehteryWaderdi® the lréfedRelinc RidesleircitEthQdu s ifembor m ng
position determ nation in a wrel ess communication network with repeaters,
wher ei n t Hepqatpdelers: apdadditieng! delaysare defined easpensirgds thennsmahrepedtalpeat er

del ays, I i rna

ropost or LU 8RR R R RO AR IR AR o (e
repeater, mfmﬁnmﬁmlrfe'r m:ldnimfabde@tslambcfamd xaldﬁnh'e Irccpeatler delajablgssmpiidatged Wi th the
repeater is avail ahl r|SLn |den n nal, received by a

W Peress ter m ddmRdTe SREN G byertiies il af hRG TamGERHSn of t he
repeater; procebhiififg Ap bﬁpﬁlﬂﬁﬁ§ﬂﬁgﬁ§nt for the repeater to renove the

addi tional del ays aSSOCIated with the repeater; deriving a nbre accurate
posi tion esti marecefsing a Wiae meapirementdorstbel reppatetie remeoie thwgbm@ﬂréﬂ@ysr or the

r epeat er, h i | del ays renoved, and tine mneasurenents for at

| east two adﬁﬁy%gﬁﬁ ggrékgﬁﬁtters recei ved by the term nal; and providing
the position ofdetibiagaen@atesuras p@slt}imsastlm@m fersthe peainénal biased hﬁ thegimg nal if a

nore accurate positjon estimte naI canpot _he obtained. 2. The
met hod of 'BfaspgmENt f%’mhﬁﬁ%ﬁea%r}ﬂﬁ & ﬁ@jﬂlwﬁg% arrsrramaviﬁﬁqu P8R uncertainty for
the r epeatlﬁéasﬁ%néﬁkslf&%'léa@t' tWoXdeﬂﬁohil%ral%ﬁﬁh%ﬂs%ben%ﬁtb:y'mé ﬁl‘l‘flﬁ]l'éll b termnal if
the nore accurate position estimate for the term nal cannot be obtained. 3.

The met hod of gireniding thegesition of theaeprotee ane pesitinesspogietfpothe éesminahifa f or t he

more accurate position estimate for the terminal cannot be obtained.

2. The method of claim 1, further comprising:
providing a position uncertainty for the repeater as an uncertainty in the position
estimate for the terminal if the more accurate position estimate for the terminal cannot be

obtained.

3. The method of claim 1, wherein the more accurate position estimate for the
terminal cannot be obtained due to lack of a required number of measurements to perform

trilateration for the terminal.

4. The method of claim 1, further comprising:
determining whether the terminal is in an indoor or an outdoor environment; and
providing the position of the repeater as the position estimate for the terminal if

the terminal is deemed to be in an indoor environment.



term nal cannot be obtained due to |lack of a required nunber of measurenents
to perform trilateration for the termnal. 4. The nethod of claiml1,
further conprising: determ ning whether the termnal is in an indoor or an
out door environnent; and providing the position of the repeater as the
position estimate for the termnal if %he termnal is deened to be in an

i ndoor environnent. 23 5. The net hod 8 claim4, wherein the termnal is
deened to be in an indoor environnent if the repeater is an indoor
epeater. 9. TheeHRkRfaif! Aierkin fheidrdifia) SURBREFLIWE inGRIRRL NG T ecel ved
signal strength for the repeater against a threshold; and providing the
posi ti on chvirbmementpizhe mpeatsr is e inglosi tepeateresti mate for the terminal if the
recei ved signal strength exceeds the threshold. 7. The nethod of claim 6,
wherein the threshold is set based on an expected received signal strength
for the repeat etheatietifodddrcldigmul, Airtheat@eprisirgn t he repeater. 8. The nethod of
claim1, wherein the identifying is based on a pseudo-random nunber (PN)
sequence used fCOMPRTRE srej¥ed S‘E’E’géﬁr%@ for trensater agunt athredholdiapd npt hod of

claim1l, wherei ; 'Hgigk' i i it ¢ stics of
t he signal recé?gégﬁgko tE%Mpgg§5§g$§§%g¢g$ﬁggﬂg%$ﬁﬁﬁ%¥prg?;%ﬁ?ﬁ?laherein

t he i dent ithyreegivedsiped edength exceedvesherbesbeldnent  obtained at the termnal for
the signal received fromthe repeater. 11. The method of claim1l, wherein
the identifying is based on a signal strength neasurenent obtained at the

termnal for thEheshdhal of B 6/ QhefeirPiie tHEshO RIS 8dt Dased bd. an Brpedidf laeivedl cl ai m
1, wherein the wireless comunication network is a CODMA network. 13. A

net hod of &} grepehdopsirencatsr e Rartiguinicangs fiom theggnealeess comuni cati on
network with repeaters, conprising: identifying a signal received by a
wireless termnal as being froma repeater; obtaining a position of the
repeat er; &nd Zkhe nuetiood afi abegmt lhevhpesi the adentfyinghie basdeatagsewd-mngansi t i on

estimte for theNeLmaal Ll & MRl A5G Ah G RORL IRhopot | Tt e for the

9. The method of claim 1, wherein the identifying is based on modulation

characteristics of the signal received from the repeater.

[0.  The method of claim 1, wherein the identifying is based on a time measurement

obtained at the terminal for the signal received from the repeater.

I1.  The method of claim 1, wherein the identifying is based on a signal strength

measurement obtained at the terminal for the signal received from the repeater.

12. The method of claim 1, wherein the wireless communication network is a CDMA
network.
13. A method of performing position determination in a wireless communication

network with repeaters, comprising:
identifying a signal received by a wireless terminal as being from a repeater;

obtaining a position of the repeater; and



wherein the repeater includes circuitry that causes internal repeater

del ays, and additional delays are defined responsive to the internal
repeater delays and the transmssion tinme fromthe base station to the
repeater, and wherein the nore accurate position estimte for the term nal
cannot be obtained due to lack of information for additional delays
associated with the repeater. 14. A nmethod of perform ng position

determ nation in a wreless connunication netmork Wi th repeaters,

conprisin |dent| [ a ecel.ve | .as beln
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posi tion ahorehecurappaditdn mnﬁ@mtﬁeltﬁmlmt:hmtbeemnmntecne term naI |f a mor e

accurate position estimte for e term nal cannot be obtai determ ni ng
whet her the t erheHD thesrel?%teamlw@%s'rcw At GYsetdBF™a R?P%wr#éﬁ%yswa ed on the

nurber of aﬁﬂﬁf&ﬂél%efa?Qﬁﬂe‘éféﬁn&:b’regﬁlﬁnsﬁ/@Eﬂh@%te&nél@%eﬁ?&r%ﬂayiﬁﬁltﬁé‘d base
stations; and providing the position of the repeater as the position

esti mat e ftmnsmtsson &imgi froah thefbasg mtlcmp mhenapeam, amdefri'@dem thetmone rcemate ndoor
en\“ ronment. 1n,BI§:st§mat% P&%t lul'gll’l lncanno % ﬁ%?l% O A ngf]t n ormgﬁct)ﬁ’\f)r ll:()y\M t h

o)
r epeat ers, P (§, recei ve

W rel ess taelﬁmonﬂlde&@s bﬁbﬁgteﬂmmmerepwaater rreans for obtai ning a position
of the repeater; nmeans for providing the position of the repeater as a
position estimate for the termnal if a nore accurate position estinmate for

the term ngl caQpRinoBSf ﬁm@lﬁrﬂﬁgposﬂmedfe%ﬂn{ah@n HEPHALIBEs doffrnHi&Siog! reui try

that causes internal repeater delays, and additional delays are defined
responsi vmet\morkh‘ethmp@malcompsager del ays and the transmission tinme from

he b h d f h
:)r gcegglenzt gt It ?&%‘ lﬁ%t%%glsgéﬁgﬁgéegefi b%rr%ewﬂre rsléﬁerrg\“? ?g’%ﬁ%vgm adrr%?'fnﬁ?ohal del ays

associ at ed W t lpbtdéing & pedti&t of th@ebpdter; neans for deriving the nmore accurate
position estinate for the term nal based on the tine nmeasurenent for the

repeater, with Rpdingdhenasitien ofnedgreates by Besitiogrgtimatedor et s for at
| east two FLRAB bl iGNl 0P e RERTNA darkis bOGLiAREAT NI . 16, The
apparatus o c?l alm 0 : 1%{" 80m§ri&§i|lng ? neans olr det ermi ni ng whet her the
terminal is in (htcrmnntmg)whciherahle euhidelds in an indoor or an outdoor environment based
on the number of signals received by the terminal from satellites and base stations; and
providing the position of the repeater as the position estimate for the terminal if

the terminal is deemed to be in an indoor environment.

15.  An apparatus in a wireless communication network with repeaters, comprising:

means for identifying a signal received by a wireless terminal as being from a
repeater;

means for obtaining a position of the repeater;

means for providing the position of the repeater as a position estimate for the
terminal if a more accurate position estimate for the terminal cannot be obtained;

wherein the repeater includes circuitry that causes internal repeater delays, and
additional delays are defined responsive to the internal repeater delays and the
transmission time from the base station to the repeater, and further comprising:

means for processing a time measurement for the repeater to remove additional

delays associated with the repeater; and



environment; and neans for providing the position of the repeater as the
position estimate for the termnal if the termnal is deened to be in an

i ndoor environnent. 17. The apparatus of claim 15, further conprising: neans
for conparing received signal strength for the repeater against a threshold;
and neans for providing the position o? the repeater as the position
estimate for the termnal if the recef ?/ed signal strength exceeds the
threshold. 18. A program stored on a conputer-readable nmedium the program
conpri sing  ex Gl @Rl AckiPik IhchbRAScA: Pbéiﬁél{ idithaft 1 BRUnfifeA BhieAbnDY 3
wireless termnal as being froma repea tain a position of the

r epeat er; thetimp m@asutenmktefoxptbs rapeatar, Gaﬁthtthﬁaadd@ipmat delayageraoyrs antd tgme est i mat e
for the termnal | 03| on estl for.the term nal
cannot - be TEEAemehis e Fsi B i Phd AR ETRRRA BURs 6o Roor o an
out door environment based on the nunber of signals received by the term nal
fromsatellites and base stations; and provide the position of the repeater
as the posi®i onhespparas of ¢Jaim hy TR COMmPIiSiBE't he terminal is deemed to be
in an indoor enxéamm?%@{enﬁﬁmgp WRAAE e terhBinalls FEM iH8odrdr 8n WitiEheS S
communi cat i on networ k eaters, conprising: a nmenory unit operative to
store a damabvameerdfandnf or mation for the repeaters in the network; and 26 a
processor operative.to id receive W rel es ernlnal as
bei g Trom ar dheads 6 ProviFiRk iepodisdn B Bis e Ehe e Pl st Brkaat abase.
provi de t hempagliif theferm@ial ishRemed @AeSh aB nddoP@BlilohMentest i mate for the
termnal if a nore accurate position estinmate for the term nal cannot be
obt ai ned; determ' ne whether the termnal is in an indoor or an outdoor

envi r onmengy; gﬁukﬂgoFHHm?is nﬁ*g&géﬁsﬂgcelved by the termnal from
satellltes and ase stations prov position of the repeater as

t he position estansfdreomparingmectiecdsigml strengthhfer the repeatt againstie éreshotdy be in
an i ndoor environment. 20. An apparatus for perform ng position

determ nat?™n in a wirel ess communication network with repeaters,
conprising: neafignt Wr préladihk thel paditidn SF e dpehRE & the Poditiordestinda@d B thet €r M nal

as being froma
terminal if the received signal strength exceeds the threshold.

18. A program stored on a computer-readable medium, the program comprising
executable instructions to:

identify a signal received by a wireless terminal as being from a repeater;

obtain a position of the repeater; and

provide the position of the repeater as a position estimate for the terminal if a
more accurate position estimate for the terminal cannot be obtained;

determine whether the terminal is in an indoor or an outdoor environment based
on the number of signals received by the terminal from satellites and base stations; and

provide the position of the repeater as the position estimate for the terminal if the

terminal is deemed to be in an indoor environment; environment.

19. A device in a wireless communication network with repeaters, comprising:
a memory unit operative to store a database of information for the repeaters in the

network; and



repeater; means for obtaining a position of the repeater; neans for
providing the position of the repeater as a position estimate for the
terminal if a nore accurate position estinate for the term nal cannot be
obtai ned; neans for determ ning whether the termnal is in an indoor or an
out door environnment based on the nunber of signals received by the term nal
fromsatellites and base stations; antP means for provi ding the position of
the repeater as the position estimate for the termnal if the termnal is

deemed to be i ) pme;sgpgﬁ)errat%\% E&HW signal received by a wireless terminal as being

from a repeater, obtain a position of the repeater from the database, provide the position
of the repeater as a position estimate for the terminal if a more accurate position estimate
for the terminal cannot be obtained; determine whether the terminal is in an indoor or an
outdoor environment based on the number of signals received by the terminal from
satellites and base stations, and provide the position of the repeater as the position

estimate for the terminal if the terminal is deemed to be in an indoor environment.

20.  An apparatus for performing position determination in a wireless communication
network with repeaters, comprising:

means for identifying a signal received by a wireless terminal as being from a
repeater;

means for obtaining a position of the repeater;

means for providing the position of the repeater as a position estimate for the
terminal if a more accurate position estimate for the terminal cannot be obtained;

means for determining whether the terminal is in an indoor or an outdoor
environment based on the number of signals received by the terminal from satellites and
base stations; and

means for providing the position of the repeater as the position estimate for the

terminal if the terminal is deemed to be in an indoor environment.



