wo 20107141934 A1 | ]I 0O 0O 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization i 1IN NP A0 AL A0 00O 0 O
International Bureau S,/ 0
sUMPV 10) International Publicati
(43) International Publication Date \'{:/_?___/ (10) International Publication Number
9 December 2010 (09.12.2010) PCT WO 2010/141934 A1
(51) International Patent Classification: (72) Inventors; and
GOIS 5/02 (2010.01) GOIS 5/12 (2006.01) (75) Inventors/Applicants (for US only): PALANKI, Ravi
. . e [IN/US]; 5775 Morehouse Drive, San Diego, CA 92121
(21) International Application Number: (US). BHUSHAN, Naga [US/US], 5775 Morchouse
PCT/US2010/037593 Drive, San Diego, CA 92121 (US).
(22) International Filing Date: (74) Agent: CORIE, Florin, C.; Attn: International TP Ad-
7 June 2010 (07.06.2010) ministration, 5775 Morehouse Drive, San Diego, CA
(25) Filing Language: English 92121 (US).
(26) Publication Language: English (81) Designated States (unless otherwise indicated, for every
L. kind of national protection available). AE, AG, AL, AM,
(30) Priority Data: AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
12/792,144 2 June 2010 (02.06.2010) Us DZ. EC. EE. EG. ES. FL GB. GD. GE. GH. GM. GT.
(71) Applicant (for all designated States except US): QUAL- HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
COMM INCORPORATED [US/US]; Attn: Internation- KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,

al IP Administration, 5775 Morehouse Drive, San Diego, ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,

CA 92121 (US). NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

[Continued on next page]

(54) Title: POSITIONING OF USER EQUIPMENT IN A WIRELESS COMMUNICATION NETWORK

(57) Abstract: Techniques for supporting positioning of user equipments
300 (UEs) with network-based measurements are described. In one design, a
network entity (e.g., a location server) may obtain at least one measurement
for a UE, e.g., a power headroom measurement, a spatial direction measure-

Start ment, an uplink timing measurement, an uplink pilot measurement, an ob-
a served time difference of arrival (OTDOA) measurement, or a combination
¢ 312 thereof. The network entity may determine a location estimate for the UE

based on the at least one measurement for the UE and a database of mea-
surements for different locations, e.g., using pattern matching or interpola-
tion. In one design, the network entity may receive measurements and loca-
¢ 314 tions of a plurality of UEs and may update the database based on the mea-
surements and locations of these UEs. The database may also be updated
based on measurements obtained by test UEs during test drives.

Obtain at least one
measurement for a UE

Determine a location estimate
for the UE based on the at least
one measurement for the UE and

a database of measurements

for different locations

v 316

Receive measurements and
locations of a plurality of UEs

v 318

Update the database based
on the measurements and the
locations of the plurality of UEs

v

C = D

FIG. 3




WO 2010/141934 A1 I 000000 0T 0O A

(84) Designated States (unless otherwise indicated, for every

kind of regional protection available): ARTPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,
ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK,

SM, TR), OAPI (BF, BJ, CF, CG, CL CM, GA, GN, GQ,

GW, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to applicant's entitlement to apply for and be granted
a patent (Rule 4.17(i1))

as to the applicant's entitlement to claim the priority of
the earlier application (Rule 4.17(iii))

Published:

with international search report (Art. 21(3))

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))



WO 2010/141934 PCT/US2010/037593

092275

POSITIONING OF USER EQUIPMENT IN A WIRELESS
COMMUNICATION NETWORK

[0001] The present application claims priority to provisional U.S. Application Serial
No. 61/184,612, entitled “Method and Apparatus to Enable Position Location of User
Equipment,” filed June 5, 2009, assigned to the assignee hereof and incorporated herein

by reference.

BACKGROUND
L Field

[0002] The present disclosure relates generally to communication, and more
specifically to techniques for positioning user equipments (UEs) in a wireless

communication network.

II. Background

[0003] Wireless communication networks are widely deployed to provide various
communication content such as voice, video, packet data, messaging, broadcast, etc.
These wireless networks may be multiple-access networks capable of supporting
multiple users by sharing the available network resources. Examples of such multiple-
access networks include Code Division Multiple Access (CDMA) networks, Time
Division Multiple Access (TDMA) networks, Frequency Division Multiple Access
(FDMA) networks, Orthogonal FDMA (OFDMA) networks, and Single-Carrier FDMA
(SC-FDMA) networks.

[0004] A wireless communication network may include a number of base stations
that can support communication for a number of UEs. A UE may communicate with a
base station via the downlink and uplink. The downlink (or forward link) refers to the
communication link from the base station to the UE, and the uplink (or reverse link)
refers to the communication link from the UE to the base station.

[0005] It may be desirable, or necessary, to know the location of a UE. The terms
“location” and “position” are synonymous and are used interchangeably herein. If the
UE has Global Positioning System (GPS) capability, then the UE may receive and

process signals from GPS satellites to obtain time measurements, which may be
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converted to pseudo-ranges. The location of the UE may then be accurately estimated
based on pseudo-ranges for a sufficient number of satellites and their known locations.
However, the UE may not have GPS capability, or may have GPS capability but may
encounter difficulty in receiving GPS signals due to its environment. It may be

desirable to obtain a location estimate for the UE in such scenarios.

SUMMARY

[0006] Techniques for supporting positioning of UEs with network-based
measurements are described herein. Positioning refers to a functionality that determines
a geographical location of a target device. Network-based measurements refer to
measurements made based on signals transmitted in a wireless network (as oppose to
signals transmitted by satellites).

[0007] In one design, a network entity (e.g., a location server) may obtain at least
one measurement for a UE. The at least one measurement may include a power
headroom measurement, a spatial direction measurement, an uplink timing
measurement, an uplink pilot measurement, a downlink timing measurement, a
downlink pilot measurement, an observed time difference of arrival (OTDOA)
measurement, some other measurement, or a combination thereof. The network entity
may determine a location estimate for the UE based on the at least one measurement for
the UE and a database of measurements for different locations. In one design, the
network entity may perform pattern matching and may compare the at least one
measurement for the UE against measurements for a plurality of locations in the
database. In another design, the network entity may perform interpolation on the
measurements for the plurality of locations based on the at least one measurement for
the UE. The network entity may also determine the location estimate for the UE in
other manners.

[0008] In one design, the network entity may receive measurements and locations of
a plurality of UEs. The network entity may update the database based on the
measurements and locations of these UEs. The database may also be updated based on
measurements obtained by test UEs during test drives.

[0009] In one design, a UE may obtain at least one measurement for the UE and

may send the at least one measurement to a network entity. The UE may receive a
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location estimate for the UE from the network entity. The location estimate may be
determined by the network entity based on the at least one measurement for the UE and
a database of measurements for different locations. The UE may use its location
estimate for a location-based service.

[0010] Various aspects and features of the disclosure are described in further detail

below.

BRIEF DESCRIPTION OF THE DRAWINGS
[0011] FIG. 1 shows a wireless communication network.
[0012] FIG. 2 shows OTDOA measurements for a set of cells.
[0013] FIG. 3 shows a process for supporting positioning of UEs.
[0014] FIG. 4 shows an apparatus for supporting positioning of UEs.
[0015] FIG. 5 shows a process for supporting location-based services for a UE.
[0016] FIG. 6 shows an apparatus for supporting location-based services for a UE.
[0017] FIG. 7 shows a process for supporting positioning by a UE.
[0018] FIG. 8 shows an apparatus for supporting positioning by a UE.

[0019] FIG. 9 shows a block diagram of a base station, a UE, and a location server.

DETAILED DESCRIPTION
[0020] The techniques described herein may be used for various wireless
communication networks such as CDMA, TDMA, FDMA, OFDMA, SC-FDMA and
other networks. The terms “network™ and “system” are often used interchangeably. A
CDMA network may implement a radio technology such as Universal Terrestrial Radio
Access (UTRA), cdma2000, etc. UTRA includes Wideband CDMA (WCDMA) and
other variants of CDMA. ¢dma2000 covers IS-2000, IS-95 and IS-856 standards. A
TDMA network may implement a radio technology such as Global System for Mobile
Communications (GSM). An OFDMA network may implement a radio technology
such as Evolved UTRA (E-UTRA), Ultra Mobile Broadband (UMB), IEEE 802.11 (Wi-
F1), IEEE 802.16 (WiMAX), IEEE 802.20, Flash-OFDM®, etc. UTRA and E-UTRA
are part of Universal Mobile Telecommunication System (UMTS). 3GPP Long Term
Evolution (LTE) and LTE-Advanced (LTE-A) are new releases of UMTS that use E-
UTRA, which employs OFDMA on the downlink and SC-FDMA on the uplink.



WO 2010/141934 PCT/US2010/037593

092275

UTRA, E-UTRA, UMTS, LTE, LTE-A and GSM are described in documents from an
organization named “3rd Generation Partnership Project” (3GPP). ¢cdma2000 and UMB
are described in documents from an organization named “3rd Generation Partnership
Project 2” (3GPP2). The techniques described herein may be used for the wireless
networks and radio technologies mentioned above as well as other wireless networks
and radio technologies. For clarity, certain aspects of the techniques are described
below for LTE.

[0021] FIG. 1 shows a wireless communication network 100, which may be an LTE
network, a CDMA network, a GSM network, or some other wireless network. Wircless
network 100 may include a number of base stations 110 and other network entities. A
base station may be an entity that communicates with the UEs and may also be referred
to as a Node B, evolved Node B (eNB), an access point, etc. Each base station may
provide communication coverage for a particular geographic areca and may support
communication for the UEs located within the coverage area. To improve network
capacity, the overall coverage arca of a base station may be partitioned into multiple
(e.g., three) smaller areas. Each smaller area may be served by a respective base station
subsystem. In 3GPP, the term “cell” can refer to the smallest coverage area of a base
station and/or a base station subsystem serving this coverage area.

[0022] A network controller 130 may couple to base stations 110 and may provide
coordination and control for the base stations. Network controller 130 may perform
radio resource management, mobility management functions, and other functions to
support communication for UEs 110. Network controller 130 may be a single network
entity or a collection of network entities. A location server 140 may couple (directly or
indirectly) to network controller 130 and may support positioning and location services
for UEs. Location server 140 may receive measurements and/or other information from
UEs 120 and/or base stations 110. Location server 140 may process the measurements
and/or information to obtain location estimates for the UEs, as described below. A
location estimate may also be referred to as a position estimate, a position fix, etc. A
storage unit 142 may store a database of location information (e.g., measurements) for
location server 140.

[0023] A Global Navigation Satellite System (GNSS) 150 may include a number of
satellites 152 that support positioning. GNSS 150 may be the United States Global
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Positioning System (GPS), the European Galileo system, the Russian GLONASS
system, or some other GNSS. GPS is a constellation of 24 well-spaced satellites plus
some spare satellites that orbit the Earth. Each GPS satellite transmits an encoded
signal that allows GPS receivers on Earth to accurately estimate their locations based on
measurements for a sufficient number of satellites (typically four) and the known
locations of these satellites. In the description herein, the term “GPS” generically refers
to any GNSS.

[0024] UEs 120 may be dispersed throughout the wireless network, and each UE
may be stationary or mobile. A UE may also be referred to as a mobile station, a
terminal, an access terminal, a subscriber unit, a station, etc. A UE may be a cellular
phone, a wireless device, a wireless modem, a handheld device, a personal digital
assistant (PDA), a laptop computer, a cordless phone, a wireless local loop (WLL)
station, a smart phone, a netbook, a smartbook, a wireless router, a telemetry device, a
tracking device, etc. A UE may communicate with a serving cell, which is a cell
designated to serve the UE on the downlink and/or uplink. A UE may also receive
downlink signals from and/or may transmit uplink signals to non-serving cells. A UE
may have GPS capability and may receive and measure signals from satellites 152.
[0025] UEs 120 may support location-based services (LBS), which are services that
rely on the locations of target UEs. Location-based services are expected to increase
substantially in the near future and have driven demands for positioning of UEs.
However, only a fraction of all UEs may have GPS and/or other positioning capability.
Furthermore, GPS-capable UEs may not be able to receive a sufficient number of
satellites in certain operating scenarios, e.g., indoors. It may be desirable to support
positioning of UEs without GPS capability and/or without GPS coverage in order to
support location-based services for these UEs.

[0026] In an aspect, positioning of UEs may be supported with network-based
measurements. Network-based measurements refer to measurements made based on
signals transmitted in a wireless network. Network-based measurements may include
(1) measurements made by UEs based on downlink signals from cells and/or (ii)
measurements made by cells based on uplink signals from UEs. Network-based
measurements may also include various types of measurements, which may normally be

made to support communication for UEs. A database may store measurements for
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different locations. Measurements for a given UE may be compared or correlated
against the measurements stored in the database to obtain a location estimate for the UE.
[0027] In one design, positioning of a UE may be supported with one or more types
of measurements listed in Table 1. Each type of measurement in Table 1 is described in

further detail below.

Table 1 - Measurements for Network-Based Positioning

Measurement Type | Made by ... Description

Measurement of transmit power level used by a

Power headroom UE UE for an uplink signal.

Measurement of OTDOA of downlink signals

OTDOA UE from different cells at the UE.

C Measurement of spatial direction to transmit a
Spatial direction UE downlink signal to the UE.
Downlink timing UE Measurements of received timing of different

cells at the UE.

Measurements of received signal strength or
Downlink pilot UE received signal quality of downlink signals from
different cells at the UE.

Measurements of received timing of the UE at

Uplink timing Cells different cells.

Measurements of received signal strength or
Uplink pilot Cells received signal quality of an uplink signal from
the UE at different cells.

[0028] A UE may transmit an uplink signal to its serving cell. The uplink signal
may comprise data sent on a Physical Uplink Shared Channel (PUSCH), control
information sent on a Physical Uplink Control Channel (PUCCH), a demodulation
reference signal (DMRS), a sounding reference signal (SRS), some other transmission,
or a combination thereof. A reference signal is a signal that is known a priori by a
transmitter and a receiver and may also be referred to as pilot. A demodulation
reference signal is a reference signal that may be transmitted with data by a UE and may
be used for demodulation by a serving cell. A sounding reference signal is a reference
signal that may be transmitted by a UE and used for channel estimation and channel

quality measurement on the uplink. The UE may adjust its transmit power for the
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uplink signal to obtain a target received signal quality for a designated uplink
transmission (e.g., the DMRS) at the serving cell. Received signal quality may be
quantified by a signal-to-noise-and-interference ratio (SINR), a carrier-to-interference
ratio (C/I), or some other metric. The UE may have a maximum transmit power level of
Max_power, which may be 200 milli-Watts (23 dBm) or some other value. The power

headroom of the UE may be computed as follows:
Power headroom = Max power — TX power, Eq (1)

where TX power is the transmit power used by the UE for the designated uplink
transmission.

[0029] As shown in equation (1), since the maximum transmit power level of the
UE may be fixed, the power headroom may be indicative of the transmit power used by
the UE on the uplink. The transmit power used by the UE may be adjusted with power
control to obtain the target received signal quality at the serving cell. Hence, the
transmit power and the power headroom may be indicative of the pathloss from the UE
to the serving cell. The pathloss may in turn be indicative of the distance between the
UE and the serving cell. The transmit power and the power headroom of the UE may
thus be used to estimate the location of the UE.

[0030] The UE may receive downlink signals from its serving cell and non-serving
cells. The downlink signal from each cell may comprise data sent on a Physical
Downlink Shared Channel (PDSCH), control information sent on a Physical Downlink
Control Channel (PDCCH), a cell-specific reference signal (CRS), a positioning
reference signal (PRS), a primary synchronization signal (PSS), a secondary
synchronization signal (SSS), some other transmission, or a combination thereof. A
cell-specific reference signal is a reference signal that is specific for a cell, e.g.,
generated based on a cell identity (ID). The cell-specific reference signal may be
transmitted in one or more symbol periods of each subframe of one millisecond (ms) in
LTE and may be used for various purposes such as channel measurement, coherent
demodulation, etc. A positioning reference signal is a reference signal used for
positioning and may have wider range/deeper penetration than other reference signals.

The primary and secondary synchronization signals may be transmitted in every five
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subframes (or every 5 ms) in LTE and may be used for cell acquisition, timing
acquisition, etc.

[0031] FIG. 2 shows OTDOA measurements made by the UE for a set of M cells,
where M may be any integer value greater than one. The UE may receive downlink
signals from the M cells. The cells may be synchronous and may transmit their
downlink signals aligned in time, e.g., aligned to GPS time or some other reference time
source. The UE may measure the time of arrival (TOA) of the downlink signal from
cach cell, e.g., based on the PSS, SSS, CRS, PRS, and/or some other downlink
transmission. The UE may select the TOA of one cell as a reference TOA. The UE

may then compute an OTDOA for each remaining cell m as follows:
OTDOA(m) = TOA(m) — TOA(r), Eq (2)

where TOA(m) is the TOA of cell m,
TOAC(r) is the TOA of the cell used as a reference, and
OTDOA(m) is the OTDOA for cell m.

[0032] The UE may obtain M-1 OTDOA measurements with M TOA
measurcments for the M cells, since the TOA of one cell is used as a reference. The
OTDOA measurements may also be referred to as reference signal time difference
(RSTD) measurements. The OTDOA measurements and the locations of the cells may
be used to determine a location estimate for the UE based on triangulation. The
OTDOA measurements may also be used to determine the location estimate for the UE
based on pattern matching, as described below.

[0033] The serving cell may send a multiple-input multiple-output (MIMO)
transmission from multiple transmit antennas at the cell to multiple receive antennas at
the UE. The serving cell may also send a multiple-input single-output (MISO)
transmission from its multiple transmit antennas to a single receive antenna at the UE.
For both MIMO and MISO, the serving cell may precode data with a precoding matrix
prior to transmission to the UE. The precoding matrix may be selected to steer the
MIMO or MISO transmission toward the UE, which may improve performance for the
UE and/or reduce interference to other UEs.

[0034] The UE may obtain a spatial direction measurement for the serving cell as

follows. The UE may first obtain a channel estimate for the serving cell, e.g., based on
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the CRS received from the cell. If the UE is equipped with a single antenna, then the
channel estimate may be given by a 1xT channel response row vector h, where T is the
number of transmit antennas at the serving cell. Vector h may include T elements, with
each element corresponding to one complex channel gain for one transmit antenna at the
serving cell. The UE may divide the channel response row vector by its magnitude to

obtain a unit norm vector, as follows:

-t Eq (3)

where | h| is the magnitude of the channel response row vector h, and

h is a normalized channel vector with unit magnitude for the serving cell.

[0035] A codebook of 2B channel vectors may be defined. Each channel vector in

the codebook may be assigned a unique B-bit index. The UE may select a channel
vector in the codebook that most closely matches vector h. The selected channel

vector may be denoted as h. The UE may send precoding matrix indicator (PMI)
comprising the B-bit index of the selected channel vector. The spatial direction
measurement may comprise the PMI and/or other information indicative of spatial
direction for a downlink transmission to the UE.

[0036] If the UE is equipped with multiple antennas, then the channel estimate may
be given by an R xT channel response matrix H, where R is the number of receive
antennas at the UE. Matrix H may include R rows, with each row corresponding to one
receive antenna at the UE. In one design, the UE may perform eigenvalue

decomposition as follows:

c=H"H=vAVT Eq (4)

where C is a covariance matrix of H,
V is a unitary matrix of eigenvectors of H,

A is a diagonal matrix of eigenvalues of C, and

(13 H 2 T
denotes a conjugate transpose.
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[0037] Unitary matrix V is characterized by the property vilyv=1 , which means
that the columns of V are orthogonal to one another and each column has unit power.
The diagonal elements of A are eigenvalues that represent the power gains of the
eigenmodes of H. The UE may select L best columns of V for data transmission, where
L may be one or greater and may be referred to as rank. The L best columns of V may

be associated with the L largest eigenvalues in A.
[0038] A codebook of 2K channel matrices may be defined. Each channel matrix in

the codebook may be assigned a unique K-bit index. The UE may select a channel
matrix in the codebook that most closely matches the L best columns of V. The UE
may send PMI comprising the K-bit index of the selected channel matrix. The spatial
direction measurement may comprise the PMI and/or other information indicative of
spatial direction for a downlink transmission to the UE.

[0039] Some exemplary designs for determining spatial direction measurement/
information have been described above. A spatial direction measurement for the UE
may also be determined in other manners. A spatial direction measurement may
indicate a spatial direction or angle at which to send a downlink transmission to the UE.
The spatial direction may be used to estimate the location of the UE.

[0040] The serving and non-serving cells may transmit downlink signals aligned in
time, as described above. In one design, the UE may measure the received timing of the
downlink signal from each cell of interest (e.g., based on the PSS, SSS, CRS, PRS,
and/or other downlink transmission) and may determine the downlink timing of the cell
based on the received timing of the cell. The downlink timing of each cell may be
indicative of the propagation delay from the cell to the UE. The propagation delay may
in turn be indicative of the distance between the cell and the UE. Downlink timing
measurements made by the UE for different cells may thus be used to estimate the
location of the UE.

[0041] The UE may also measure the received signal strength and/or received signal
quality of the downlink signals from the serving cell and/or non-serving cells to obtain a
downlink pilot measurement for each cell of interest. The received signal strength
and/or received signal quality of each cell may be indicative of the pathloss on the
downlink from that cell to the UE. In general, lower received signal strength/quality

may be indicative of larger pathloss and hence larger distance between the cell and the
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UE, and vice versa. Downlink pilot measurements made by the UE for different cells
may thus be used to estimate the location of the UE.

[0042] The UE may send an uplink signal, which may be received by the serving
cell and possibly non-serving cells. In one design, the UE may transmit the uplink
signal based on its transmit timing, which may be set based on the serving cell timing,
GPS timing, etc. The serving cell may measure the received timing of the uplink signal
from the UE (e.g., based on the DMRS, SRS, etc.) and may determine the uplink timing
of the UE based on the received timing of the UE. In another design, the serving cell
may measure the received timing of the uplink signal from the UE and may send timing
adjustment to either advance or delay the transmit timing of the UE so that the received
timing of the UE is properly aligned at the serving cell. For both designs, the uplink
timing of the UE may be indicative of the propagation delay from the UE to the serving
cell. The propagation delay may in turn be indicative of the distance between the UE
and the serving cell. For example, a large timing advance may correspond to a larger
propagation delay and hence a larger distance between the UE and the serving cell. A
non-serving cell may similarly measure the uplink timing of the UE. Uplink timing
measurements made by different cells for the UE may be used to estimate the location
of the UE.

[0043] The serving cell and/or non-serving cells may also measure the received
signal strength and/or received signal quality of the uplink signal from the UE to obtain
uplink pilot measurements for the UE. The received signal strength and/or received
signal quality measured by each cell may be indicative of the pathloss on the uplink
from the UE to that cell. Uplink pilot measurements made by different cells for the UE
may thus be used to estimate the location of the UE.

[0044] Table 1 lists different types of measurements that may be used to determine
a location estimate for the UE. Other types of measurements may also be made by the
UE, the serving cell, and/or the non-serving cells for use to determine a location
estimate for the UE.

[0045] In one design, measurements for the UE may be made based on available
downlink and/or uplink signals, e.g., as defined in LTE Release 8 or 9. In another
design, measurements for the UE may be made based on reference signals and/or

synchronization signals transmitted with time and/or frequency reuse. With reuse (or
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partial loading), only some cells (instead of all cells) may transmit their signals on a
given resource, which may then result in less interference to the signals. This may
enable the UEs to detect signals from more cells and/or to obtain more reliable
measurements of the signals. For example, the PSS, SSS and/or CRS from different
cells may be shifted in time and/or frequency so that these signals are not transmitted on
the same time-frequency resources by these cells. This may enable the UEs to detect
the PSS, SSS and/or CRS from more cells.

[0046] In one design, measurements for the UE may be provided to location server
140 (or some other network entity). For example, the UE may obtain measurements for
itself and may send the measurements to its serving cell, which may forward the
measurements to location server 140. Alternatively or additionally, the serving cell
and/or non-serving cells may obtain measurements for the UE and may send the
measurements to location server 140. The measurements for the UE may include
measurements of any of the types listed in Table 1. Location server 140 may determine
a location estimate for the UE based on the received measurements for the UE.

[0047] In one design, location server 140 may compare the measurements for the
UE against a database of measurements for different locations. The database may
include a set of measurements for each location and may be generated as described
below. In one design, location server 140 may perform pattern matching and may
compare the measurements for the UE against the set of measurements for each
candidate location in the database. In one design, location server 140 may compute a
metric for each candidate location based on minimum mean square error (MMSE)
and/or some other criterion. Location server 140 may then determine the candidate
location associated with the best metric and the set of measurements that most closely
matches the measurements for the UE. Location server 140 may provide the candidate
location with the best metric as the location estimate for the UE.

[0048] In another design, location server 140 may perform interpolation on the
measurements in the database based on the measurements for the UE. For example,
location server 140 may identify two candidate locations in the database associated with
two sets of measurements most closely matching the measurements for the UE.
Location server 140 may then perform interpolation (e.g., linear interpolation) between

the two candidate locations such that an interpolated location is associated with a set of
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measurements that matches the measurements for the UE as closely as possible, e.g.,
based on MMSE criterion. Location server 140 may then provide the interpolated
location as the location estimate for the UE. Alternatively, location server 140 may
perform interpolation for different pairs of candidate locations and may obtain an
interpolated location for each candidate location pair. Location server 140 may then
determine the location estimate for the UE based on all interpolated locations, e.g.,
based on an average of the interpolated locations.

[0049] The location of the UE may also be estimated in other manners based on the
measurements for the UE. For example, non-linear interpolation may be used to
determine the location of the UE based on the measurements.

[0050] In one design, different types of measurements may be given the same
weight when used to determine a location estimate for the UE. In another design,
different weights may be used for different types of measurements. For example, a first
weight may be used for power headroom measurements, a second weight may be used
for OTDOA measurements, a third weight may be used for spatial direction
measurements, a fourth weight may be used for downlink timing measurements, a fifth
weight may be used for downlink pilot measurements, a sixth weight may be used for
uplink timing measurements, a seventh weight may be used for uplink pilot
measurements, etc. The weight for each measurement type may be determine based on
the degree of correlation between that measurement type and the location of the UE.
Two or more measurement types may be given equal or similar weights if deemed to
have equal or similar degrees of correlation with the UE location. In another design,
different weights may be used for measurements of different confidence levels. For
example, higher weight may be used for measurements of higher confidence level (e.g.,
higher reliability), and lower weight may be used for measurements of lower confidence
level. In other designs, different weights may be used for different measurements and
may be determined based on other characteristics.

[0051] The measurements for the UE may also be weighted in other manners. For
example, a weighted MMSE metric may be computed by weighting the measurements
for the UE at any stage of the metric computation. For all designs, the weighted
measurements (instead of the original measurements) for the UE may be used to

estimate the location of the UE.
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[0052] The database of measurements for different locations may be generated in
various manners. In one design, drive tests may be performed to collect measurements
for the database. A test UE may be driven around to different locations and may make
measurements at each location of interest. The measurements made by the test UE may
include measurements of one or more types listed in Table 1. The location of the test
UE may be determined whenever measurements are made. The location of the test UE
and the measurements collected at that location may be used for the database.

[0053] In another design, operational UEs with positioning capability (e.g., for GPS,
OTDOA, etc.) may be used to collect measurements for the database. These operational
UEs may belong to users and may be operating in the field. An operational UE with
positioning capability may make measurements of one or more types listed in Table 1 to
support normal operation of the UE and/or for reporting purpose. The operational UE
may also determine its location based on its positioning capability. The operational UE
may send its measurements and its location to its serving cell, which may forward the
information to location server 140. Location server 140 may update the database based
on the measurements and the location of the operational UE. In one design, location
server 140 may weigh the measurements from the operational UE based on the
reliability of the reported UE location. For example, the measurements from the
operational UE may be given more weight if the UE location is determined based on
GPS positioning and may be given less weight if the UE location is determined based
on OTDOA positioning.

[0054] In one design, the operational UE may report its measurements and location
whenever the information is available, e.g., obtained for some other purpose besides
reporting. In another design, the operational UE may be configured to report its
measurements and location based on a schedule. The schedule may be defined based on
various factors such as the available battery power of the operational UE, network
loading, etc.

[0055] In general, the database may include (i) measurements obtained by test UEs
in drive tests, (ii) measurements obtained by operational UEs, and/or (iii) measurements
obtained in other manners. The measurements reported by the operational UEs may be

more up to date than the measurements collected by the test UEs.
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[0056] The techniques described herein can provide location estimates for UEs
without positioning capability and/or without positioning coverage. The techniques can
provide sufficiently accurate location estimates for UEs for many location-based
services. For example, the techniques may be used to provide location estimates for
location-based services such as location-based searches, location-based advertising,
mobile social networking, etc. For location-based searches, coarse accuracy (e.g., to
within few hundred meters) may be sufficient when searching for relatively sparse
businesses such as restaurants, movie theaters, etc. For location-based advertising, an
operator may wish to send advertisements targeting users in a rough geographic area.
For mobile social networking, it may be adequate to know the locations of friends
and/or family members to within a few blocks.

[0057] FIG. 3 shows a design of a process 300 for supporting positioning of UEs.
Process 300 may be performed by a location server (as described below) or by some
other network entity. The location server may obtain at least one measurement for a UE
(block 312). In one design, the at least one measurement may be made by the UE and
reported to the location server. In another design, the at least one measurement may be
made by at least one base station based on an uplink signal from the UE and may be
provided to the location server. In yet another design, the at least one measurement may
include one or more measurements made by the UE as well as one or more
measurements made by one or more base stations.

[0058] In one design, the at least one measurement may comprise a power
headroom measurement for the UE, which may be indicative of the transmit power used
by the UE for a designated uplink transmission. The power headroom measurement
may be indicative of the pathloss between the UE and a serving base station. In one
design, the at least one measurement may comprise a spatial direction measurement for
the UE, which may be indicative of a spatial direction from the serving base station to
the UE. In one design, the at least one measurement may comprise an uplink timing
measurement and/or an uplink pilot measurement for the UE, which may be indicative
of propagation delay and/or pathloss between the UE and a base station. In one design,
the at least one measurement may comprise a downlink timing measurement and/or a
downlink pilot measurement for the UE, which may be indicative of the propagation

delay and/or pathloss between the UE and a base station. In one design, the at least one
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measurement may comprise an OTDOA measurement made by the UE, which may be
used for pattern matching or triangulation. The at least one measurement may also
comprise measurements of other types.

[0059] The location server may determine a location estimate for the UE based on
the at least one measurement for the UE and a database of measurements for different
locations (block 314). In one design, the location server may perform pattern matching
and may compare the at least one measurement for the UE against measurements for a
plurality of locations in the database, e.g., based on MMSE and/or some other criterion.
The location server may identify a location associated with measurements that most
closely match the at least one measurement for the UE. The location server may then
provide the identified location as the location estimate for the UE. In another design,
the location server may perform interpolation on the measurements for the plurality of
locations based on the at least one measurement for the UE to obtain the location
estimate for the UE. The location server may also determine the location estimate for
the UE in other manners.

[0060] In one design, the at least one measurement for the UE may comprise
measurements of a plurality of types. The location server may scale the measurements
of the plurality of types with a plurality of weights to obtain weighted measurements. In
another design, the at least one measurement for the UE may comprise measurements of
different confidence levels. The location server may scale the measurements of
different confidence levels with different weights to obtain weighted measurements.
The location server may also scale the measurements for the UE based on other
characteristics. For all designs, the location server may determine the location estimate
for the UE based on the weighted measurements (instead of the original measurements).
[0061] In one design, the location server may receive measurements and locations
of a plurality of UEs (block 316). The location server may update the database based on
the measurements and the locations of the plurality of UEs (block 318). The database
may also be generated and/or updated based on measurements obtained by test UEs.
[0062] FIG. 4 shows a design of an apparatus 400 for supporting positioning of
UEs. Apparatus 400 includes a module 412 to obtain at least one measurement for a
UE, a module 414 to determine a location estimate for the UE based on the at least one

measurcment for the UE and a database of measurements for different locations, a
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module 416 to receive measurements and locations of a plurality of UEs, and a module
418 to update the database based on the measurements and the locations of the plurality
of UEs.

[0063] FIG. 5 shows a design of a process 500 for supporting location-based
services. Process 500 may be performed by a UE (as described below) or by some other
entity. The UE may obtain at least one measurement for the UE (block 512). The at
least one measurement may comprise a power headroom measurement, or a spatial
direction measurement, or a downlink timing measurement, or a downlink pilot
measurcment, or an OTDOA measurement, or some other measurement, or a
combination thereof. The UE may send the at least one measurement to a network
entity, e.g., a location server (block 514). The UE may receive a location estimate for
the UE from the network entity (block 516). The location estimate may be determined
by the network entity based on the at least one measurement for the UE and a database
of measurements for different locations. The UE may use the location estimate for a
location-based service (block 518).

[0064] FIG. 6 shows a design of an apparatus 600 for supporting location-based
services. Apparatus 600 includes a module 612 to obtain at least one measurement for a
UE, a module 614 to send the at least one measurement for the UE to a network entity, a
module 616 to receive a location estimate for the UE from the network entity, the
location estimate being determined based on the at least one measurement for the UE
and a database of measurements for different locations, and a module 618 to use the
location estimate for the UE for a location-based service.

[0065] FIG. 7 shows a design of a process 700 for supporting positioning. Process
700 may be performed by a UE (as described below) or by some other entity. The UE
may determine its location using satellite-based positioning (e.g., GPS) or some other
positioning method (block 712). The UE may obtain at least one measurement for the
UE (block 714). The at least one measurement may comprise a power headroom
measurement, or a spatial direction measurement, or a downlink timing measurement, or
a downlink pilot measurement, or an OTDOA measurement, or some other
measurement, or a combination thereof. The UE may send the at least one measurement

and its location to a network entity for use to build a database of measurements for
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different locations (block 716). The UE may send the measurements and its location
whenever they are available or based on a schedule.

[0066] FIG. 8 shows a design of an apparatus 800 for supporting positioning.
Apparatus 800 includes a module 812 to determine the location of a UE, a module 814
to obtain at least one measurement for the UE, and a module 816 to send the at least one
measurement and the location of the UE to a network entity for use to build a database
of measurements for different locations.

[0067] The modules in FIGS. 4, 6 and 8 may comprise processors, electronic
devices, hardware devices, electronic components, logical circuits, memories, software
codes, firmware codes, etc., or any combination thereof.

[0068] FIG. 9 shows a block diagram of a design of a base station 110 and a UE
120, which may be one of the base stations and one of the UEs in FIG. 1. Base station
110 may be equipped with T antennas 934a through 934t, and UE 120 may be equipped
with R antennas 952a through 952r, where in general T>1 and R >1.

[0069] At base station 110, a transmit processor 920 may receive data from a data
source 912 and control information from a controller/processor 940. Processor 920 may
process (e.g., encode and modulate) the data and control information to obtain data
symbols and control symbols, respectively. Processor 920 may also generate reference
symbols, e.g., for the PSS, SSS, CRS, PRS, etc. A transmit (TX) MIMO processor 930
may perform spatial processing (e.g., precoding) on the data symbols, the control
symbols, and/or the reference symbols, if applicable, and may provide T output symbol
streams to T modulators (MODs) 932a through 932t. Each modulator 932 may process
a respective output symbol stream (e.g., for OFDM, etc.) to obtain an output sample
stream. Each modulator 932 may further process (e.g., convert to analog, amplify,
filter, and upconvert) the output sample stream to obtain a downlink signal. T downlink
signals from modulators 932a through 932t may be transmitted via T antennas 934a
through 934t, respectively.

[0070] At UE 120, antennas 952a through 952r may receive the downlink signals
from base station 110 and other base stations and may provide received signals to
demodulators (DEMODs) 954a through 954r, respectively. Each demodulator 954 may
condition (e.g., filter, amplify, downconvert, and digitize) a respective received signal to

obtain input samples. Each demodulator 954 may further process the input samples
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(e.g., for OFDM, etc.) to obtain received symbols. A MIMO detector 956 may obtain
received symbols from all R demodulators 954a through 954r, perform MIMO detection
on the received symbols if applicable, and provide detected symbols. A receive
processor 958 may process (e.g., demodulate and decode) the detected symbols, provide
decoded data for UE 120 to a data sink 960, and provide decoded control information to
a controller/processor 980.

[0071] On the uplink, at UE 120, a transmit processor 964 may receive data from a
data source 962 and control information from controller/processor 980. The control
information may comprise measurements, location estimates, etc. Processor 964 may
process (e.g., encode and modulate) the data and control information to obtain data
symbols and control symbols, respectively. Processor 964 may also generate reference
symbols, e.g., for the DMRS, SRS, etc. The symbols from transmit processor 964 may
be precoded by a TX MIMO processor 966 if applicable, further processed by
modulators 954a through 954r (e.g., for SC-FDM, OFDM, etc.), and transmitted to base
station 110 and possibly other base stations. At base station 110, the uplink signals
from UE 120 and other UEs may be received by antennas 934, processed by
demodulators 932, detected by a MIMO detector 936 if applicable, and further
processed by a receive processor 938 to obtain decoded data and control information
sent by UE 120 and other UEs. Processor 938 may provide the decoded data to a data
sink 939 and the decoded control information to controller/processor 940.

[0072] Controllers/processors 940 and 980 may direct the operation at base station
110 and UE 120, respectively. Processor 980 and/or other processors and modules at
UE 120 may perform or direct process 500 in FIG. 5, process 700 in FIG. 7, and/or
other processes for the techniques described herein. Memories 942 and 982 may store
data and program codes for base station 110 and UE 120, respectively. A
communication (Comm) unit 944 may enable base station 110 to communicate with
other network entities. A scheduler 946 may schedule UEs for data transmission on the
downlink and/or uplink.

[0073] UE 120 may have GPS capability and may make measurements for signals
from satellites 152. These measurements may be processed to obtain an accurate
location estimate for UE 120. Alternatively, UE 120 may not have GPS capability. In

this case, a location estimate for UE 120 may be determined based on (i) measurements
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for downlink signals transmitted by base station 110 and/or other base stations and/or
(i1) measurements for an uplink signal transmitted by UE 120.

[0074] FIG. 9 also shows a design of location server 140 in FIG. 1. Within location
server 140, a controller/processor 990 may perform various functions to support
positioning, location services, etc. A memory 992 may store program codes and data
for location server 140. A communication unit 994 may enable location server 140 to
communicate with other network entities. Controller/processor 990 may receive
measurements from UEs, compare/correlate the measurements against measurements
for different locations in database 142, and provide location estimates for the UEs.
Controller/processor 990 may also receive measurements and locations of UEs and may
update database 142 with these measurements and locations. Controller/processor 990
may also perform process 300 in FIG. 3 and/or other processes for the techniques
described herein.

[0075] Those of skill in the art would understand that information and signals may
be represented using any of a variety of different technologies and techniques. For
example, data, instructions, commands, information, signals, bits, symbols, and chips
that may be referenced throughout the above description may be represented by
voltages, currents, electromagnetic waves, magnetic fields or particles, optical fields or
particles, or any combination thereof.

[0076] Those of skill would further appreciate that the various illustrative logical
blocks, modules, circuits, and algorithm steps described in connection with the
disclosure herein may be implemented as electronic hardware, computer software, or
combinations of both. To clearly illustrate this interchangeability of hardware and
software, various illustrative components, blocks, modules, circuits, and steps have been
described above generally in terms of their functionality. Whether such functionality is
implemented as hardware or software depends upon the particular application and
design constraints imposed on the overall system. Skilled artisans may implement the
described functionality in varying ways for each particular application, but such
implementation decisions should not be interpreted as causing a departure from the
scope of the present disclosure.

[0077] The various illustrative logical blocks, modules, and circuits described in

connection with the disclosure herein may be implemented or performed with a general-
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purpose processor, a digital signal processor (DSP), an application specific integrated
circuit (ASIC), a field programmable gate array (FPGA) or other programmable logic
device, discrete gate or transistor logic, discrete hardware components, or any
combination thereof designed to perform the functions described herein. A general-
purpose processor may be a microprocessor, but in the alternative, the processor may be
any conventional processor, controller, microcontroller, or state machine. A processor
may also be implemented as a combination of computing devices, e.g., a combination of
a DSP and a microprocessor, a plurality of microprocessors, one or more
microprocessors in conjunction with a DSP core, or any other such configuration.

[0078] The steps of a method or algorithm described in connection with the
disclosure herein may be embodied directly in hardware, in a software module executed
by a processor, or in a combination of the two. A software module may reside in
RAM memory, flash memory, ROM memory, EPROM memory, EEPROM memory,
registers, hard disk, a removable disk, a CD-ROM, or any other form of storage medium
known in the art. An exemplary storage medium is coupled to the processor such that
the processor can read information from, and write information to, the storage medium.
In the alternative, the storage medium may be integral to the processor. The processor
and the storage medium may reside in an ASIC. The ASIC may reside in a user
terminal. In the alternative, the processor and the storage medium may reside as
discrete components in a user terminal.

[0079] In one or more exemplary designs, the functions described may be
implemented in hardware, software, firmware, or any combination thereof. If
implemented in software, the functions may be stored on or transmitted over as one or
more instructions or code on a computer-readable medium. Computer-readable media
includes both computer storage media and communication media including any medium
that facilitates transfer of a computer program from one place to another. A storage
media may be any available media that can be accessed by a general purpose or special
purpose computer. By way of example, and not limitation, such computer-readable
media can comprise RAM, ROM, EEPROM, CD-ROM or other optical disk storage,
magnetic disk storage or other magnetic storage devices, or any other medium that can
be used to carry or store desired program code means in the form of instructions or data

structures and that can be accessed by a general-purpose or special-purpose computer,
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or a general-purpose or special-purpose processor. Also, any connection is properly
termed a computer-readable medium. For example, if the software is transmitted from a
website, server, or other remote source using a coaxial cable, fiber optic cable, twisted
pair, digital subscriber line (DSL), or wireless technologies such as infrared, radio, and
microwave, then the coaxial cable, fiber optic cable, twisted pair, DSL, or wireless
technologies such as infrared, radio, and microwave are included in the definition of
medium. Disk and disc, as used herein, includes compact disc (CD), laser disc, optical
disc, digital versatile disc (DVD), floppy disk and blu-ray disc where disks usually
reproduce data magnetically, while discs reproduce data optically with lasers.
Combinations of the above should also be included within the scope of computer-
readable media.

[0080] The previous description of the disclosure is provided to enable any person
skilled in the art to make or use the disclosure. Various modifications to the disclosure
will be readily apparent to those skilled in the art, and the generic principles defined
herein may be applied to other variations without departing from the spirit or scope of
the disclosure. Thus, the disclosure is not intended to be limited to the examples and
designs described herein but is to be accorded the widest scope consistent with the

principles and novel features disclosed herein.

[0081] WHAT IS CLAIMED IS:
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CLAIMS

1. A method of supporting positioning, comprising:
obtaining at least one measurement for a user equipment (UE); and
determining a location estimate for the UE based on the at least one

measurement for the UE and a database of measurements for different locations.

2. The method of claim 1, wherein the determining the location estimate
comprises

comparing the at least one measurement for the UE against measurements for a
plurality of locations in the database,

identifying a location associated with measurements most closely matching the
at least one measurement for the UE, and

providing the identified location as the location estimate for the UE.

3. The method of claim 2, wherein the comparing comprises
comparing the at least one measurement for the UE against the measurements
for the plurality of locations in the database based on a minimum mean square error

(MMSE) criterion.

4. The method of claim 1, wherein the determining the location estimate
comprises performing interpolation on measurements for a plurality of locations in the
database based on the at least one measurement for the UE to obtain the location

estimate for the UE.

5. The method of claim 1, wherein the at least one measurement for the UE
comprises measurements of a plurality of types, and wherein the determining the
location estimate comprises

scaling the measurements of the plurality of types with a plurality of weights to
obtain weighted measurements, and

determining the location estimate for the UE based on the weighted

measurements.
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6. The method of claim 1, wherein the at least one measurement for the UE
comprises measurements of different confidence levels, and wherein the determining
the location estimate comprises

scaling the measurements of different confidence levels with different weights to
obtain weighted measurements, and

determining the location estimate for the UE based on the weighted

measurements.

7. The method of claim 1, wherein the at least one measurement is made by

the UE and reported to a network entity.

3. The method of claim 1, wherein the at least one measurement is made by

at least one base station based on an uplink signal from the UE.

9. The method of claim 1, wherein the at least one measurement comprises
a power headroom measurement, or a spatial direction measurement, or a downlink
timing measurement, or a downlink pilot measurement, or an observed time difference
of arrival (OTDOA) measurement, or an uplink timing measurement, or an uplink pilot

measurcment, or a combination thereof.

10. The method of claim 1, further comprising:
receiving measurements and locations of a plurality of UEs; and
updating the database based on the measurements and the locations of the

plurality of UEs.

11.  An apparatus for supporting positioning, comprising:
means for obtaining at least one measurement for a user equipment (UE); and
means for determining a location estimate for the UE based on the at least one

measurement for the UE and a database of measurements for different locations.
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12. The apparatus of claim 11, wherein the means for determining the
location estimate comprises

means for comparing the at least one measurement for the UE against
measurements for a plurality of locations in the database,

means for identifying a location associated with measurements most closely
matching the at least one measurement for the UE, and

means for providing the identified location as the location estimate for the UE

13. The apparatus of claim 11, wherein the means for determining the
location estimate comprises means for performing interpolation on measurements for a
plurality of locations in the database based on the at least one measurement for the UE

to obtain the location estimate for the UE.

14. The apparatus of claim 11, further comprising:
means for receiving measurements and locations of a plurality of UEs; and
means for updating the database based on the measurements and the locations of

the plurality of UEs.

15.  An apparatus for supporting positioning, comprising:
at least one processor configured to obtain at least one measurement for a user
equipment (UE), and to determine a location estimate for the UE based on the at least

one measurement for the UE and a database of measurements for different locations.

16. The apparatus of claim 15, wherein the at least one processor is
configured to compare the at least one measurement for the UE against measurements
for a plurality of locations in the database, to identify a location associated with
measurements most closely matching the at least one measurement for the UE, and to

provide the identified location as the location estimate for the UE

17. The apparatus of claim 15, wherein the at least one processor is

configured to perform interpolation on measurements for a plurality of locations in the
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database based on the at least one measurement for the UE to obtain the location

estimate for the UE.

18. The apparatus of claim 15, wherein the at least one processor is
configured to receive measurements and locations of a plurality of UEs, and to update

the database based on the measurements and the locations of the plurality of UEs.

19. A computer program product, comprising:
a computer-readable medium comprising:
code for causing at least one computer to obtain at least one
measurement for a user equipment (UE), and
code for causing the at least one computer to determine a location
estimate for the UE based on the at least one measurement for the UE and a database of

measurements for different locations.

20. A method of supporting positioning, comprising:

obtaining at least one measurement for a user equipment (UE);

sending the at least one measurement for the UE to a network entity; and

receiving a location estimate for the UE from the network entity, the location
estimate being determined based on the at least one measurement for the UE and a

database of measurements for different locations.

21. The method of claim 20, wherein the at least one measurement comprises
a power headroom measurement, or a spatial direction measurement, or a downlink
timing measurement, or a downlink pilot measurement, or an observed time difference

of arrival (OTDOA) measurement, or a combination thereof.

22. The method of claim 20, further comprising:

using the location estimate for the UE for a location-based service.

23.  An apparatus for supporting positioning, comprising:

means for obtaining at least one measurement for a user equipment (UE);
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means for sending the at least one measurement for the UE to a network entity;
and

means for receiving a location estimate for the UE from the network entity, the
location estimate being determined based on the at least one measurement for the UE

and a database of measurements for different locations.

24, The apparatus of claim 23, wherein the at least one measurement
comprises a power headroom measurement, or a spatial direction measurement, or a
downlink timing measurement, or a downlink pilot measurement, or an observed time

difference of arrival (OTDOA) measurement, or a combination thereof.

25. The apparatus of claim 23, further comprising:

means for using the location estimate for the UE for a location-based service.

26.  An apparatus for supporting positioning, comprising:

at least one processor configured to obtain at least one measurement for a user
equipment (UE), to send the at least one measurement for the UE to a network entity,
and to receive a location estimate for the UE from the network entity, the location
estimate being determined based on the at least one measurement for the UE and a

database of measurements for different locations.

27. The apparatus of claim 26, wherein the at least one processor is

configured to use the location estimate for the UE for a location-based service.

28. A computer program product, comprising:
a computer-readable medium comprising:
code for causing at least one computer to obtain at least one
measurement for a user equipment (UE),
code for causing the at least one computer to send the at least one
measurement for the UE to a network entity, and
code for causing the at least one computer to receive a location estimate

for the UE from the network entity, the location estimate being determined based on the
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at least one measurement for the UE and a database of measurements for different

locations.

29. A method of supporting positioning, comprising:

determining location of a user equipment (UE);

obtaining at least one measurement for the UE; and

sending the at least one measurement and the location of the UE to a network

entity for use to build a database of measurements for different locations.

30. The method of claim 29, wherein the at least one measurement comprises
a power headroom measurement, or a spatial direction measurement, or a downlink
timing measurement, or a downlink pilot measurement, or an observed time difference

of arrival (OTDOA) measurement, or a combination thereof.

31.  The method of claim 29, wherein the determining the location of the UE

comprises determining the location of the UE using satellite-based positioning.

32.  An apparatus for supporting positioning, comprising:

means for determining location of a user equipment (UE);

means for obtaining at least one measurement for the UE; and

means for sending the at least one measurement and the location of the UE to a

network entity for use to build a database of measurements for different locations.

33. The apparatus of claim 32, wherein the at least one measurement
comprises a power headroom measurement, or a spatial direction measurement, or a
downlink timing measurement, or a downlink pilot measurement, or an observed time

difference of arrival (OTDOA) measurement, or a combination thereof.

34, The apparatus of claim 32, wherein the means for determining the
location of the UE comprises means for determining the location of the UE using

satellite-based positioning.
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35.  An apparatus for supporting positioning, comprising:

at least one processor configured to determine location of a user equipment
(UE), to obtain at least one measurement for the UE, and to send the at least one
measurement and the location of the UE to a network entity for use to build a database

of measurements for different locations.

36. A computer program product, comprising:
a computer-readable medium comprising:
code for causing at least one computer to determine location of a user
equipment (UE),
code for causing the at least one computer to obtain at least one
measurcment for the UE, and
code for causing the at least one computer to send the at least one
measurement and the location of the UE to a network entity for use to build a database

of measurements for different locations.
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