
WO 2007/002303PCT/US2006/024328 1 EFFICIENT PERIODIC LOCATION
REPORTING IN A RADIO ACCESS NETWORK [0001]The present application
claims priority to provisional U.S. Application Serial No.
60/693,003, entitled "METHOD AND APPARATUS FOR PROVIDING LOCATION
SERVICES WITH SHORT-CIRCUITED MESSAGE FLOWS," filed June 21, 2005;
U.S. Application Serial No. 60/711,801, entitled "EFFICIENT PERIODIC
LOCATION REPORTING IN A RADIO ACCESS NETWORK," filed August 25, 2005;
U.S. Application Serial No. 60/718,112, entitled "EFFICIENT PERIODIC
LOCATION REPORTING IN A RADIO ACCESS NETWORK," filed September 16,
2005; U.S. Application Serial No. 60/771,180, entitled "EFFICIENT
PERIODIC LOCATION REPORTING IN A RADIO ACCESS NETWORK," filed
February 6, 2006; U.S. Application Serial No. 60/771,217, entitled
"CLARIFICATION AND CORRECTION OF PERIODIC LOCATION PROCEDURE," filed
February 7, 2006; U.S. Application Serial No. 60/771,706, entitled
"ADDITION OF PERIODIC LOCATION PROCEDURES," filed February 8, 2006,
all assigned to the assignee hereof and incorporated herein by
reference. BACKGROUND Field [0002]The present disclosure relates
generally to communication, and more specifically to techniques for
providing location services. Background [0003]It is often desirable,
and sometimes necessary, to know the location of a 



wireless device in a network. For example, a wireless user may
utilize the wireless device to browse through a website and may click
on location sensitive content. The web server may then query the
network for the location of the wireless device. The network would
initiate location processing with the wireless device in order to
ascertain the location of the wireless device. The network would then
return a location estimate for the wireless device to the web server,
which may use this location estimate to provide appropriate content
to the wireless user. There are many other scenarios in which
knowledge of the location of the wireless device is useful or
necessary. In the  WO 2007/0023031'CT/US2006/024328 2 following
description, the terms "location" and "position" are synonymous and
are used interchangeably. [0004]A message flow (which may also be
called a call flow or a procedure) is typically executed in order to
obtain a location estimate for the wireless device and to send this
location estimate to a client entity (e.g., the web server). Various
messages are typically exchanged between one or more network
entities, the wireless device, and the client entity for the message
flow. These messages ensure that each entity is provided with
pertinent information, or can obtain this information from another
entity, in order to carry out positioning for the wireless device
and/or to deliver the location estimate to the client entity.
However, these messages add to the traffic among the various network
entities. The additional traffic may be especially great for periodic
location reporting, which periodically provides a location estimate
for the wireless device to the client entity. The messages may also
extend the response time for sending the location estimate to the
client entity, possibly by an unacceptable amount. [0005]There is
therefore a need in the art for techniques to efficiently provide
location services. SUMMARY [0006]Techniques for efficiently providing
location services (LCS) using periodic LCS capabilities of a radio
access network (RAN) are described herein. These techniques utilize
RAN-based periodic location reporting to periodically report the
location of a wireless device to an LCS client. The RAN-based
periodic location reporting may be used for mobile terminated
location request (MT-LR), network induced location request (NI-LR),
and mobile originated location request (MO-LR) procedures for
periodic location reporting. 



[0007]In an embodiment of MO-LR periodic location reporting, a
wireless device communicating with a RAN sends to a network entity
(1) a request for periodic reporting of the UE location to a client
entity and (2) periodic location information. The wireless device, is
also called a user equipment (HE), the network entity may be a mobile
services switching center (MSC) or a serving GPRS support node
(SGSN), and the client entity is also called an LCS client. The
periodic location information may indicate a schedule of reporting
events and/or a set of predetermined events that trigger location
reporting. After the request is approved, the MSC/SGSN sends to the
RAN  WO 2007/002303PCT1US2006/024328 3 signaling to initiate periodic
location reporting for the UE. The RAN may request a positioning
center (which may be called a standalone serving mobile location
center (SAS)) to send assistance data to the UE. The RAN may
coordinate and control the periodic location reporting or may pass
the control over to the SAS. In any case, for each location reporting
determined by the periodic location information, the UE sends
location information to the RAN. This location information may
comprise (1) measurements made by the UE for base stations and/or
satellites or (2) a location estimate for the UE. If the RAN receives
measurements from the UE, then the RAN may send the measurements to
the SAS, which may compute the location estimate for the 'LIE and
return the location estimate to the RAN. The RAN then sends the
location estimate for the UE to the MSC/SGSN, which forwards the
location estimate toward the LCS client. The RAN-based periodic
location reporting reduces signaling to , periodically send the UE
location estimate to the LCS client and also provides a faster
response time. [0008]Various message flows for RAN-based periodic
location reporting are described below. Various aspects and
embodiments of the invention are also described in further detail
below. BRIEF DESCRIPTION OF THE DRAWINGS [0009]The features and
nature of the present invention will become more apparent from the
detailed description set forth below when taken in conjunction with
the drawings in which like reference characters identify
correspondingly throughout. [0010] HG. IA shows a 3GPP-based network.



[0011]HG. 1B shows a 3GPP-based deployment that includes multiple
networks. [0012]FIG. 2A shows a message flow for MT-LR periodic
location reporting. [0013]FIG. 2B shows a message flow for NI-LR
periodic location reporting. [0014]FIG. 3 shows a message flow for
MO-LR periodic location reporting. [0015]FIG. 4 shows a message flow
for RAN-based periodic location reporting. [0016]FIGS. 5 and 6 show
message flows for RAN-based periodic location reporting in an
RNC-centric mode and a SAS-centric mode, respectively. [0017]FIG. 7
shows a message flow for RAN-based periodic location reporting with
notification. [0018]FIG. 8 shows a message flow for RAN-based MO-LR
periodic self location.  WO 2007/002303PCT/US2006/024328 



4 [0019]FIGS. 9 and 10 show message flows for RAN-based periodic
location reporting for GERAN in packet mode and circuit mode,
respectively. [0020]FIG. 11 shows another network deployment.
[0021]FIG. 12 shows a block diagram of various network entities in
FIG. 1. DETAILED DESCRIPTION [0022]The word "exemplary" is used
herein to mean "serving as an example, instance, or illustration."
Any embodiment or design described herein as "exemplary" is not
necessarily to be construed as preferred or advantageous over other
embodiments or designs. [0023]The periodic location reporting
techniques described herein may be used for various wireless networks
such as a Code Division Multiple Access (CDMA) network, a Time
Division Multiple Access (TDMA) network, a Frequency Division
Multiple Access (L-DMA) network, an Orthogonal Frequency Division
Multiple Access (01-DMA) network, a network supporting a combination
of the aforementioned technologies, a network with wide area network
coverage as well as wireless local area network (WLAN) coverage, and
so on. A CDMA network may implement one or more CDMA radio
technologies such as Wideband-CDMA (W-CDMA), cdma2000, and so on.
cdrna2000 covers I5-2000, IS-856, and I5-95 standards. A TDMA network
may implement one or more TDMA radio technologies such as Global
System for Mobile Communications (GSM), Digital Advanced Mobile Phone
System (D-AMPS), and so on. D-AMPS covers IS-136 and 15-54. These
various radio technologies and standards are known in the art. W-CDMA
and GSM are described in documents from an organization named "3rd
Generation Partnership Project" (3GPP). cdma2000 is described in
documents from an organization named "3rd Generation Partnership
Project 2" (3GPP2). 3GPP and 3GPP2 documents are publicly available.
For clarity, the techniques are described below for a 3GPP-based
network that utilizes one or more radio technologies and one or more
networking protocols promulgated by 3GPP. For example, a 3GPP-based
network may be a Universal Mobile Telecommunication System (UMTS)
network that utilizes W-CDMA as the radio technology for over-theair
communication and Mobile Application Part (MAP) as the networking
protocol for core network functionality.  WO
2007/002303PCT/US2006/024328 



5 [0024]FIG. lA shows a 3GPP-based network 100 that provides
communication and location services for wireless devices, which are
called UEs (3GPP terminology) in the following description. For
simplicity, only one UP 120 is shown in FIG. 1A. UP 120 may be fixed
or mobile and may also be called a mobile station, a terminal, a
subscriber unit, or some other terminology. HE 120 may also be a
cellular phone, a laptop, a personal digital assistant (PDA), a
telemetry device, a tracking device, and so on. UP 120 may
communicate with one or more base stations in a radio access network
(RAN) 130. UP 120 may also receive signals from one or more
satellites 190, which may be part of the Global Positioning System
(GPS), the European Galileo system, or the Russian Glonass system. UP
120 may measure signals from base stations in RAN 130 and/or signals
from satellites 190 and may obtain pseudo-range measurements for
these base stations and satellites. These pseudo-range measurements
may be used to derive a location estimate for the TIE. [0025]RAN 130
provides wireless communication for 11Es located throughout the
coverage area of the RAN. RAN 130 communicates with a mobile services
switching center (MSC) and/or a serving GPRS support node (SGSN)
(MSC/SGSN) 140 and also communicates with a sewing mobile location
center (SMLC) and/or a standalone SMLC (SAS) (SIVELC/SAS) 132. MSC
140 performs switching functions for circuit-switched calls (e.g.,
setup, routing, and eventual release of circuit-switched voice and
data calls) for IJEs within its coverage area. SGSN 140 performs
switching and routing functions for packet-switched calls and
packet-switched connections. SMLC/SAS 132 provides positioning
services and may support UP-based, UP-assisted, and network-based
positioning modes. Positioning refers to a functionality that detects
or determines a geographical location of a target UP. An SAS may have
several associated Location Measurement Units (LMUs) (not shown in
FIG. 1A) to assist certain positioning methods, e.g., Uplink Time
Difference of Arrival (1J-TDOA) positioning method. An SMLC may be a
physical and/or logical part of a RAN or it may be physically and
logically separate in the case of a standalone SMIC (SAS). In any
case, in the following description SMLC/SAS 132 is treated as a
distinct entity whether or not it is physically and/or logically part
of or separate from a RAN. [0026]A gateway mobile location center
(GMLC) 150 performs various functions to support location services,
interfaces with external LCS clients, and provides services such as
subscriber privacy, authorization, authentication, billing, and so
on. A home location register (FILR)/home subscriber server (BSS) 160
stores registration  WO 2007/002303PCT/US2006/024328 6 



information for UEs (e.g., UE 120) that are subscribers of network
100. An LCS client 170 is a function or an entity that requests
and/or receives location information for LCS targets. An LCS target
is a LB whose location is being sought. In general, an LCS client may
reside in a network entity or a UE or may be external to both the
network and the UE. LCS client 170 communicates with GLMC 150.
[0027]For simplicity, FIG. lA shows network entities that are
pertinent for location services. These network entities are described
in 3GPP TS 23.271, entitled "Functional stage 2 description of
Location Services (LCS) (Release 6)," in 3GPP TS 25.305, entitled
"Stage 2 functional specification of User Equipment (UE) positioning
in UTRAN (Release 6)," and in 3GPP TS 43.059, entitled "Functional
stage 2 description of Location Services (LCS) in GERAN (Release 6),"
all of which are publicly available.  [0028] FIG. IA shows a case in
which UE 120 communicates with a single network (e.g., the home
network). All of the network entities in this network communicate via
a core network and/or other data networks (not shown in FIG. 1A). UE
120 may be roaming and may communicate with different visited
networks. [0029]FIG. IB shows a 3GPP-based deployment 101 that
includes a visited/ serving network 102, a home network 104, and a
requesting network 106. Visited network 102 is a network that is
currently serving UE 120. Home network 104 is a network with which UE
120 has a subscription. Requesting network 106 is a network via which
LCS client 170 may originate a request for the location of UE 120
and/or receive the location of UE 120. Home network 104 may be the
same as or different from visited network 102 and may be the same as
or different from requesting network 106. Requesting network 106 may
also be the same as or different from visited network 102. Each
network may be referred to as a public land mobile network (PLMN).
[0030]For the embodiment shown in FIG. 1B, visited network 102
includes a second generation (20) GSM EDGE Radio Access Network
(GERAN) 130a and a third generation (30) Universal Terrestrial Radio
Access Network (TJTRAN) 130b. GERAN 130a communicates with a 2G-SGSN
140a and/or a 2G-MSC 140b. GERAN 130a may also communicate with a
3G-SGSN 140c and/or a 3G-MSC 140d. UTRAN 130b communicates with
3G-SGSN 140c and/or 3G-MSC 140d. Each MSC may act as a visited MSC
(VMSC) and 3G-MSC 140d may be an MSC server. A visited GMLC (VGiVELC)
150a supports location services for visited network 102 and
communicates with MSCs 140b and 140d and SGSNs 140a and 140c.
SMLC/SAS 132 provides positioning  WO 2007/002303PCT/US2006/024328 7
services and may communicate with GERAN 130a, UTRAN 130b, 2G-MSC
140a, and so on. [0031] Home network 104 includes a home GMLC
(H-GMLC) 150b and BLR/HSS 160. H-GMLC 150b supports location services
for home network 104. HLR/HSS 160 stores registration information for
UEs that are subscribers of home network 104. Requesting network 106
includes a requesting GLMC (R-GLMC) 150c that supports location
services for requesting network 106. Although not shown in FIG. 1B,
RGLMC 150c and/or H-GLMC 150b may communicate directly with SGSN
140a, MSC 140b, SGSN 140c, and/or MSC 140d in visited network 102 via
appropriate interfaces. 



[0032]The network entities in FIGS. lA and 1B may also be referred to
by other names in other networks and other location architectures.
For example, in a Secure User Plane Location (SUPL) architecture
promulgated by Open Mobile Alliance (OMA), an LCS client is sometimes
referred to as a SUPL agent, a GLMC is called a SUPL location center
(SLC), a UE that supports SUPL is called a SUPL enabled terminal
(SET), and an SLMC is called a SUPL positioning center (SPC). The
functions and signaling performed by these SUPL named entities are
not exactly the same as those performed by the corresponding 3GPP
named entities but are broadly similar, enabling comparable services
and capabilities. A GLMC may also be called a location center, an LCS
server, a location server, a mobile positioning center (MK), and so
on. An SMLC may also be called a positioning entity, a positioning
center, a position determination entity (PDE), and so on. In general,
each network may include any collection of network entities that can
provide any range of services. For clarity, much of the following
description is for 3GPP-based network 100 in FIG. IA.  [0033]The
location of UE 120 may be requested by (1) applications (Apps)
running at the UE, which results in mobile originated location
request (MO-LR), (2) applications running at LCS client 170, which
results in mobile terminated location request (MTLR), and (3)
applications running inside any of the PLMN entities serving the
target UE (e.g., 2G-SGSN 140a, 20-MSC 140b, 3G-SGSN 140c or 3G-MSC
140d in FIG. 1B), which results in network induced location request
(NI-LR). The location of UE 120 may be requested one time, which
results in one-shot or immediate location reporting, or multiple
times with a single request, which results in periodic location
reporting. Periodic location reporting may be achieved with a
periodic MT-LR message flow, a periodic NI-LR message flow, or a
periodic MO-LR message flow. Periodic location reporting provides a
location estimate for the target 1TE to the LCS client periodically
WO 2007/002303PCT/US2006/024328 8 based on periodic location
information that indicates when to report the TIE location to the
client entity. The periodic location information may be a schedule of
reporting events and/or a set of triggering events. The schedule may
be given in various formats such as, e.g., a start time, a reporting
interval, and one of a stop time, a duration, or a particular number
of reports. The triggering events may correspond to, e.g., the TIE
becoming available, the TIE entering or leaving predefined geographic
areas, the TJE being within the predefined geographic areas, the UP
velocity or acceleration exceeding predefined thresholds, the UP
location, velocity or acceleration changing by predefined thresholds,
and so on. [0034]A location estimate for UP 120 may be obtained using
a TIE-based, UP-  assisted, or network-based positioning mode. For
the TIE-based mode, the location of the TIE is determined by the TIE,
possibly with assistance data from an SMLC, GERAN or UTRAN. For the
TIE-assisted mode, the location of the UP is determined by the SMIC
with assistance (e.g., measurements) from the UP. For the
network-based mode, the location of the UP is determined based on
information obtained by or already known to the network without any
special assistance from the DE. For the network-based mode, the
location of the DE may be determined by uplink measurements made at
one or more LMUs or base stations. [0035]The UP-based and UP-assisted
modes may utilize various positioning methods such as UPS, assisted
UPS (A-UPS), hybrid, advanced forward link trilateration (A-FLT),



WO 2007/002303PCT/US2006/024328 9 estimate based on a cellular
network and have coarser accuracy. These various positioning methods
are known in the art. [0036]Various message flows to support periodic
reporting of the LIE location to LCS client 170 are described below
for 3GPP-based network 100 in FIG. 1A. These message flows allow the
core network (e.g., MSC/SGSN 140) to invoke and utilize the periodic
LCS capabilities of RAN 130 to efficiently provide RAN-based periodic
location reporting. RAN-based periodic location reporting refers to
periodic location reporting that is coordinated and controlled by the
RAN, as opposed to the MSC/SGSN, the UE, or the GMLC. [0037]FIG. 2A
shows an embodiment of a message flow 200 for MT-LR periodic location
reporting. For message flow 200, LCS client 170 sends to GMLC 150 an
LCS Service Request message that contains (1) a request for periodic
location reporting of target UE 120 to LCS client 170 (i.e., a
periodic location request) and (2) periodic location information
("periodic loc info") (step 1). GIVELC 150 may verify the identity of
LCS client 170, may authenticate the LCS client, and may determine
whether the LCS client is authorized for the requested location
service. If LCS client 170 is authorized, then GMLC 150 (1)
determines an identifier of UE 120 and LCS quality of service (QoS)
based on subscription data for LCS client 170, subscription data for
the subscriber of UE 120, and/or data supplied by LCS client 170, (2)
performs a privacy check based on a privacy profile for the UE
subscriber, and (3) assigns a reference identifier (I13) that is used
to associate subsequent location reports with the original periodic
location request. For the privacy check, GMLC 150 verifies if LCS
client 170 or this type of LCS client is allowed to request periodic
location reporting for UE 120 and whether the UE may need to be
notified of this request and allowed to accept or reject the request.
[0038]If GMLC 150 does not know the current serving MSC or SGSN for
UE 120,  then GMLC 150 sends a Send Routing Info for LCS message to
HLR/HSS 160 to request routing information for the UE (step 2).
BLR/HSS 160 then returns a Send Routing Info for LCS Acknowledgment
message that contains the address of MSC/SGSN 140 (step 3). Steps 2
and 3 may be skipped if GMLC 150 already knows the address of
MSC/SGSN 140. GMLC 150 then sends to MSC/SGSN 140 a Provide
Subscriber Location message that contains the periodic location
request, the UE identifier, the periodic location information, and/or
other relevant information (step 4).  WO 2007/002303PCT/US2006/024328



10 [0039]MSC/SGSN 140 may authenticate that the periodic location
request is allowed (also step 4). If the periodic location request is
allowed, then MSC/SGSN 140 may invoke RAN 130 to perform paging and
authentication of UE 120, for example, if LIE 120 was in idle mode
(step 5). If notification or privacy verification is needed, then
MSC/SGSN 140 notifies HE 120 in order to notify the wireless user of
the periodic location request and to query the user to grant or deny
permission (also step 5). UE 120 may provide its capabilities to RAN
130 and/or MSC/SGSN 140, e.g., whether the UEbased and/or HE-assisted
modes are supported by the UE (also step 5). MSC/SGSN 140 then sends
to UE 120 an LCS Periodic Location Invoke message that contains
pertinent information for the periodic location request (e.g., the
periodic location information, the LCS QoS, the reference ID, and so
on) (step 6). The LCS Periodic Location Invoke message may also
include (1) a list of PLMNs in which periodic location reporting is
allowed (e.g., MO-LR requests may be originated) and (2) an
indication for each PLMN as to whether the PLMN supports RAN-based
periodic location reporting. If no list of PLMNs is included, then
subsequent MO-LR requests may be restricted to the current serving
PLMN. [0040]UE 120 then sends to MSC/SGSN 140 an LCS Periodic
Location Invoke Acknowledgment message that indicates whether or not
the periodic location request is accepted and can be actively
supported by subsequent MO-LR requests. The result of the privacy
verification would not be needed in this message, since it is already
included in step 5. If the periodic location request is not accepted
but any privacy verification in step 5 passes, then UE 120 would be
indicating a willingness to allow periodic location repotting but an
inability or unwillingness to actively support it by subsequent MO-LR
requests. In that case, MSC/SGSN 140 may still invoke periodic
location reporting via RAN 130, as described below. Otherwise, an
error response is originated by MSC/SGSN 140 and returned to GMILC
150. In any case, MSC/SGSN 140 sends to GMLC 150 a Provide Subscriber
Location Acknowledgment message that indicates whether the periodic
location request is accepted (step 8). This message may contain other
relevant information such as the list of PLMNs sent to UE 120. GMIC
150 then sends to LCS client 170 an LCS Service Response message that
contains the relevant information (e.g., whether the periodic
location request is accepted) (step 9). Periodic reporting of the UE
location to LCS client 170 is thereafter performed using the periodic
LCS capabilities of RAN 130, as described below (step 10).  WO
2007/002303PCT/US2006/024328 11 [0041]FIG. 2B shows an embodiment of
a message flow 210 for NI-LR periodic location reporting. Message
flow 210 may be used if LCS client 170 either resides within MSC/SGSN
140 or resides within the same PLMN and is directly linked to
MSC/SGSN 140. Steps 1, 5, 6, 7, 9 and 10 of message flow 210
correspond to steps 1, 5, 6, 7, 9 and 10, respectively, of message
flow 200 in FIG. 2A. For message flow 210, LCS client 170 sends
directly to MSC/SGSN 140 an LCS Service Request message that contains
a periodic location request and periodic location information (step
1). MSC/SGSN 140 may authenticate that the periodic location request
is allowed and, if the request is allowed, may invoke RAN 130 to
perform paging and authentication of UE 120 (step 5). Typically, no
notification or privacy verification is performed in step 5. Steps 6
and 7 of message flow 210 are as described above for message flow
200. MSC/SGSN 140 then sends directly to LCS client 170 an LCS



[0043]UE 120 then sends to MSUSGSN 140 an LCS MO-LR Location Services
Invoke message that contains (1) a request for periodic location
reporting of UE 120 to LCS client 170 (i.e., a periodic location
request) and (2) pertinent information for the  WO
2007/002303PCT/US2006/024328 12 periodic location reporting (step 4).
The pertinent information may include any combination of the
following: 1. a schedule for location reporting ("periodic loc
info"), 2. specific events used to trigger location reporting to LCS
client 170 (also "periodic loc info"), 3. the identity of LCS client
170 ("Ics-client-addr"), 4. the identity of GMLC 150 through which
LCS client 170 can be accessed, 5. the LCS QoS, e.g., accuracy and
response time, 



6. a preferred method for periodic location reporting, e.g., MT-LR or
MO-LR, 7. the maximum allowed age of any location estimate, 8.
whether UE 120 should be identified to LCS client 170 using the real
identity or real address of the HE or using a pseudonym, and 9. other
relevant information. [0044]MSC/SGSN 140 verifies that TJE 120 is
authorized for the requested location service based on a subscription
profile for the UE (also step 4). If the periodic location request is
authorized, then MSC/SGSN 140 sends to GlVALC 150 a MAP Subscriber
Location Report message that contains the periodic location request
and the pertinent information (e.g., the periodic location
information) (step 5). GM1C 150 then forwards the periodic location
request and the pertinent information to LCS client 170 (step 6). LCS
client 170 sends a response for the UE request to GMLC 150 (step 7).
In an embodiment, any entity among MSC/SGSN 140, GMLC 150, and LCS
client 170 can refuse or accept the periodic location request. If the
request is accepted (e.g., not refused by any entity), then GMLC 150
assigns a reference ID for the request. GIVILC 150 then sends a MAP
Subscriber Location Report Acknowledgment message to MSC/SGSN 140
(step 8). MSC/SGSN 140 may receive any combination of the following
information: 1. the reference ID assigned by GMLC 150, 2. a modified
schedule for location reporting ("periodic loc info"), 3. modified
specific events used to trigger location reporting to LCS client 170
(also "periodic loc info"), 4. the address of GMLC 150, and 5. other
relevant information.  



WO 2007/002303PCT/US2006/024328 13 [0045] MSC/SGSN 140 sends to TIE
120 an LCS MO-LR Return Result message that contains the information
received from GMLC 150 (step 9). The LCS MO-LR Return Result message
may further include (1) a list of PLMNs in which periodic location
reporting is allowed and (2) an indication for each PLMN as to
whether the PLMN supports RAN-based periodic location reporting. This
applies if TIE 120 will play an active role in subsequent periodic
location reporting via MO-LR requests. If no list of PLIVINs is
provided, then any subsequent MO-LR requests may be restricted to the
current serving PLMN. Periodic reporting of the UE location to LCS
client 170 may thereafter be performed using the periodic LCS
capabilities of RAN 130, as described below (step 10). [0046]In
general, any entity (e.g., UE 120) may invoke RAN-based periodic
location reporting of the TIE location to LCS client 170. To support
invocation by UE 120 of periodic reporting in RAN 130, UE 120 may be
informed whether each PLMN has periodic LCS capabilities in the RAN.
This information may be included in the list of PLMNs sent to UE 120
in step 6 of message flow 200 or step 9 of message flow 300. This
information may also be broadcast by the RANs. [0047]For periodic
location reporting, the first location reporting is typically
immediately after completing the message exchange to initiate the
periodic location " reporting. The location reporting may continue
until one of the following events occur: 1. the reporting duration
has elapsed or the total number of reports has been attained, 2.
periodic location reporting is cancelled by LCS client 170 or GMLC
150, or 3. UE 120 terminates the periodic location reporting. [0048]
FIG. 4 shows an embodiment of a message flow 400 for RAN-based
periodic location reporting, which may be used for step 10 of message
flow 200 in FIG. 2A, step 10 of message flow 210 in FIG. 2B, and step
10 of message flow 300 in FIG. 3. Steps 1 through 3 of message flow
400 are the same as steps 1 through 3 of message flow 300. TIE 120
then sends to MSC/SGSN 140 an LCS MO-LR Location Services Invoke
message to invoke periodic location reporting (step 4). The LCS MO-LR
Location Services Invoke message sent in step 4 of message flow 300
"requests" for periodic location reporting whereas the LCS MO-LR
Location Services Invoke message sent in step 4 of message flow 400
"invokes" periodic location reporting after the periodic location
request has been authorized. The LCS MO-LR Location Services Invoke
message sent in message flow 400 contains pertinent information such
as, e.g.,  



the periodic location information, the LCS QoS, the identity of LCS
client 170, an indication that the periodic location request has been
authorized, and so on. The authorization indication may be, e.g., the
reference ID assigned by GMLC 150. The presence (in FIG. 4) or
absence (in FIG. 3) of the authorization indication in the LCS MO-LR
Location Services Invoke message informs MSC/SGSN 140 whether to
execute message flow 400 or message flow 300, respectively. The
presence of periodic location information or other equivalent
information in the LCS MO-TR Location Services Invoice informs
MSC/SGSN 140 that RAN-based periodic location reporting to LCS Client
170 is requested rather than a one shot location report. In the event
of a one shot location report, HE 120 would be responsible for
re-issuing the LCS MO-LR Location Services Invoice in step 4 (e.g.,
repeating steps 1 to 4) for each scheduled or triggered location
report to be sent to LCS client 170. With the request for RAN-based
periodic location reporting, UE does not need to re-issue another LCS
MO-LR Location Services Invoice until the scheduling and/or
triggering of location reports by the RAN, as described below, is
complete. [0049]MSC/SGSN 140 verifies that HE 120 is authorized for
the requested location service and then sends to RAN 130 a Location
Request message that initiates the RAN-based periodic location
reporting (step 5). This message may also contain the periodic
location information, the LCS poS, and so on. RAN 130 selects an
appropriate positioning method based on the location request, the
required accuracy, and the UE capabilities. [0050]RAN 130 then
initiates an appropriate message flow to obtain and return the  first
location estimate for UE 120 (step 6a). This message flow may be
dependent on various factors such as the UE capabilities (e.g.,
UE-based or HE-assisted), the selected positioning method (e.g.,
A-UPS, A-FLT, E-OW, OTDOA, and so on), whether UE 120, RAN 130, or
SAS 132 will compute the location estimate, and so on. Several
embodiments of the message flow for step 6a are described below. RAN
130 obtains a location estimate for UE 120 from the message flow in
step 6a and sends to MSC/SGSN 140 a Location Report message that
contains this location estimate and other relevant information (e.g.,
the reference ID) (step 7a). MSC/SGSN 140 then sends a MAP Subscriber
Location Report message containing the location estimate and relevant
information to GMLC 150 (step 8a), which sends the location estimate
and relevant information to LCS client 170 (step 9a). LCS client 170
responds by sending a location information acknowledgment to GMLC 150
(step 10a), which sends to MSC/SGSN 140  WO
2007/002303PCT/US2006/024328 15 a MAP Subscriber Location Report
Acknowledgment message that indicates whether the location estimate
has been successfully sent to LCS client 170 (step 11a).  [0051]For
each subsequent location reporting event i, for i = b n, as
determined by the periodic location information, a message flow is
performed to obtain a location estimate for UE 120 (step 6i), and the
location estimate is sent to MSC/SGSN 140 (step 7i). MSC/SGSN 140
then transfers the location estimate to LCS client 170 (steps Si
through 11i). After all of the location reporting events are
completed, MSC/SGSN 140 sends to TIE 120 an LCS MO-LB. Return Result
message to confirm that the location estimates have been sent to LCS
client 170 and to indicate termination of the periodic location
reporting (step 12). MSC/SGSN 140 may instigate release of the
Connection Management (CM), Mobility Management (MM) or GPRS Mobility



CDM_A) may be achieved with an RNC-centric mode and a SAS-centric
mode. For the RNC-centric mode, a serving radio network controller
(SRNC) within the serving RAN coordinates and controls the periodic
location reporting for the TIE. For the SAS-centric mode, the SRNC
passes control over to the SAS, which coordinates and controls the
periodic location reporting. For both the RNC-centric and SAS-centric
modes, the SRNC stores state information to facilitate communication
with the UE, the SAS, and the MSC/SGSN for the periodic location
reporting. The UE does not need to be aware of whether the
RNC-centric or SAS-centric mode is being used for the periodic
location reporting. The RNC-centric and SAS-centric modes may be used
for the LB-assisted, LB-based, and network-based modes. [0053]FIG. 5
shows an embodiment of a message flow 500 for RAN-based periodic
location reporting in the RNC-centric mode. Message flow 500 is one
embodiment of message flow 400 in FIG. 4 and may be used for step 10
of message flows 200, 210 and 300 in FIGS. 2A, 2B and 3,
respectively. [0054]A message flow (which may include steps 1 through
4 of message flow 400 in FIG. 4) is initially performed to start the
periodic location reporting to LCS client 170 (step 1). MSC/SGSN 140
then sends to the SRNC within RAN 130 (or simply, RAN/SRNC 130) a
Radio Access Network Application Part (RANAP) Location Reporting
Control message that initiates the periodic location reporting (step
2). This  WO 2007/002303PCT/US2006/024328 16 message may also contain
the periodic location information, the LCS QoS, and so on. In an
embodiment, the RANAP Location Reporting Control message includes a
Periodical Reporting Criteria information element (M) having the
following fields: 1. Amount of Reports - 1, 2, 4, 8, 16, 32, 64,
infinite, and 2. Reporting Interval - 250, 500, 1000, 2000, 3000,
4000, 6000, 8000, 12000, 16000, 20000, 24000, 28000, 32000, 64000
milliseconds (ms). For this embodiment, each field is associated with
a set of possible values given above. In general, the Periodical
Reporting Criteria LE may include any field, and each field may
include any set of possible values. 



[0055]The fields for the Periodical Reporting Criteria M may be
defined to be the same as the fields for an RRC Periodical Reporting
Criteria M in an RRC Measurement Control message to be sent by
RAN/SRNC 130 to UE 120 in step 5 of message flow 500. Furthermore,
the same set of values may be used for the corresponding fields in
the Periodical Reporting Criteria IF and the RRC Periodical Reporting
Criteria M. This would then allow RAN/SRNC 130 to simply extract the
values in the Periodical Reporting Criteria IE received from MSC/SGSN
140 and to map these values directly onto the RRC Periodical
Reporting Criteria lE sent to DE 120. MSC/SGSN 140 would convert the
periodic location information (e.g., the start time, stop time, and
reporting interval) into the best fitting values for the Amount of
Reports and the Reporting Interval fields in the Periodical Reporting
Criteria M. MSC/SGSN 140 may use "infinite" as a default value for
the Amount of Reports field and may send a "stop reporting" command
to RAN/SRNC 130 when no more location reports are needed. RAN/SRNC
130 would then send the stop command to UE 120. In general, if the
pertinent fields in the various messages are not the same, then
MSC/SGSN 140 converts the periodic location information received from
UE 120 (or received from any other entity in the PLMN such as, e.g.,
MSC/SGSN 140 or LCS client 170) into the best fitting values for the
RANAP Location Reporting Control message in step 2 (if needed), and
RAN/SRNC 130 converts these values into the best fitting values for
the RRC Measurement Control message in step 5 (if needed). [0056]In
another embodiment, the Periodical Reporting Criteria LE in the RANAP
Location Reporting Control message may include any value for the
reporting interval (e.g., any integer multiple of seconds) or any
value for the number of reports. RAN/SRNC 130 or SAS 132 may use this
information to decide whether to invoke  WO
2007/002303PCT/US2006/024328 17 RRC periodical reporting or to
periodically repeat the RRC Measurement Control/ Measurement Report
message sequence as used for a single request. For example, RRC
periodical reporting may be invoked when the values for the
Periodical Reporting Criteria LE in the received RANAP Location
Reporting Control are compatible with the corresponding values in the
RRC Periodical Reporting Criteria IE. [0057]RAN/SRNC 130 selects an
appropriate positioning method based on the location request, the
required accuracy, and the DE capabilities (also step 2). If SAS 132
is available and the selected positioning method is A-UPS, then
RAN/SRNC 130 may send to SAS 132 a Positioning Calculation
Application Part (PCAP) Information Exchange Initiation Request
message to request for UPS assistance data (step 3). SAS 132 then
returns to RAN/SRNC 130 a PCAP Information Exchange Initiation
Response message that contains the requested UPS assistance data
(step 4). Steps 3 and 4 may be omitted for other positioning methods
or if UPS assistance data is not needed or if RAN/SRNC already
possesses UPS assistance data (e.g., from a previous request to SAS
132). RAN/SRNC 130 then sends to CE 120 an RRC Measurement Control
message that contains the periodic location information (e.g., the
RRC Periodical Reporting Criteria IE) and the UPS assistance data
(step 5). Steps 3, 4 and 5 are part of the messages for positioning 1
for the first location reporting event. 



[0058]For each location reporting event i, for i = a ...n , as
determined by the periodic location information, CE 120 sends to
RAN/SRNC 130 an RRC Measurement Report message that contains location
information (step 6i). This location information may comprise
measurements made by UE 120 for base stations and/or satellites
observable by the CE (for the CE-assisted mode), a location estimate
for CE 120 (for the CE-based mode), or an error indication if no
measurements or location estimate are available. The measurements may
be, e.g., pseudo-ranges for A-UPS, system frame number-system frame
number (SEN-SEN) observed time differences for OTDOA, or some other
type of measurements. If the reporting interval is short (e.g., 2
seconds) and the selected positioning method is A-OPS, then the first
few RRC Measurement Report messages may contain error messages until
a UPS receiver at UE 120 has acquired the satellites and is in a
tracking mode. After that, the RRC Measurement Report messages should
provide good measurements and/or location estimates at the reporting
interval.  [0059] If RAN/SRNC 130 receives measurements from DE 120
(for the UE-assisted mode) and SAS 132 is available, then RAN/SRNC
130 sends to SAS 132 a PCAP Position Calculation Request message that
contains the UE measurements and possibly  WO
2007/002303PCT/US2006/024328 18  other information, e.g., for
additional networlc-based positioning (step 7i). The PCAP Position
Calculation Request message sent at steps 7i may also contain
periodic location information, e.g., reporting interval and number of
outstanding requests for the overall periodic location procedure. The
periodic location information allows SAS 132 to maintain state
information between individual PCAP Position Calculation Requests to
better fulfill future such requests. SAS 132 computes a location
estimate for TIE 120 based on the measurements and any other
information and sends to RAN/SRNC 130 a PCAP Position Calculation
Response message that contains the location estimate (step 81). If
RAN/SRNC 130 receives a location estimate from UB 120 (for the
UE-based mode), then steps 7i and Si may be skipped. If RAN/SRNC 130
decides to use only network-based positioning (e.g., enhanced cell
ID, U-TDOA) then steps 3, 4, 5 and 6i (for i = a ... n) are skipped
and RAN/SRNC 130 sends to SAS 132 in step 7i a PCAP Position
Calculation Request message containing information for the chosen
network-based position methods. SAS 132 then returns in step Si a
PCAP Position Calculation Response message containing a location
estimate resulting from the application of the network-based methods
by SAS 132. In any case, RAN/SRNC 130 sends a RANAP Location Report
message containing the location estimate to MSC/SGSN 140 (step 9i),
which transfers the location estimate to LCS client 170 (step 10i).
Step 10i may include ' Si through Ili of message flow 400 in FIG. 4.
[0060]As shown in FIG. 5, each location reporting event includes
messages for positioning, transfer of the location estimate from
RAN/SRNC 130 to MSC/SGSN 140 (step 9i), and transfer of the location
estimate from MSC/SGSN 140 to LCS client 170 (step 10i). The messages
for positioning 1 for the first location reporting event include 3
through 8a, and the messages for positioning i for each subsequent
location reporting event include steps 6i through Si. The messages
for positioning 1 for the first location reporting event may include
additional steps 3, 4 and 5 to request and subsequently obtain UPS
assistance from SAS 132 (steps 3 and 4), and to transfer this
assistance data to UE 120 to invoke HE 120 to periodically send



[0061]RAN/SRNC 130 may decide at step 5 not to request periodic TIE
reporting, e.g., to omit the RRC Periodical Reporting Criteria IE
from the RRC Measurement Control message, or to include this IE with
a value of one for the number of reports. As mentioned above, this
may be the case if the periodic location information received in the
RANAP Location Reporting Control message is not compatible with the
corresponding available value range in the RRC Measurement Control
message. RAN/SRNC 130 may then repeat sending step 5 at the desired
periodic reporting interval. The messages for positioning i for each
location reporting event would then include step 5 in addition to
steps 6i through 8i. [0062]FIG. 6 shows an embodiment of a message
flow 600 for RAN-based periodic location reporting in the SAS-centric
mode. Message flow 600 is another embodiment of message flow 400 in
FIG. 4 and may also be used for step 10 of message flows 200, 210 and
300 in FIGS. 2A, 2B and 3, respectively. [0063]Steps 1 and 2 of
message flow 600 are similar to (e.g., the same as) steps I  and 2 of
message flow 500 in FIG. S. RAN/SRNC 130 receives from MSC/SGSN 140 a
RANAP Location Reporting Control message that contains the periodic
location information, the LCS QoS, and so on (step 2). RAN/SRNC 130
then sends to SAS 132 a PCAP Position Initiation Request message that
contains the information received from MSC/SGSN 140 and possibly
other information such as cell ID and UE positioning capabilities
(e.g., information on positioning method or methods that the target
UE 120 supports) (step 3). This message also transfers control of the
periodic location reporting to SAS 132. SAS 132 selects a suitable
positioning method based on the required accuracy and the TIE
capabilities and determines appropriate assistance data (if any) to
send to UE.120. SAS 132 then sends to RAN/SRNC 130 a PCAP Position
Activation Request message that contains the periodic location
information (e.g., the Periodical Reporting Criteria 1E) and
assistance data (step 4). SAS 132 may convert the periodic location
information received from RAN/SRNC 130 in step 3 into the best
fitting values for the PCAP Position Activation Request message, if
needed, in step 4. RAN/SRNC 130 then sends to UE 120 an RRC
Measurement Control message that contains the  WO
20071002303PCT/US2006/024328 20 periodic location information and the
assistance data (step 5). Steps 3, 4 and 5 are part of the messages
for positioning 1 for the first location reporting event. [0064]For
each location reporting event i, for i = a ...n , as determined by
the periodic location information, UE 120 sends to RAN/SRNC 130 an
RRC Measurement Report message that contains location information
(step 6i). This location information may comprise measurements made
by UE 120 for base stations and/or satellites (for the LB-assisted
mode), a location estimate for UE 120 (for the UE-based mode), or an
error indication if no measurements or location estimate are
available. RAN/SRNC 130 sends to SAS 132 a PCAP Position Periodic
Request message that contains the location information received from
UE 120 (step 7i). For the LB-assisted mode, SAS 132 receives
measurements from UE 120 and computes a location estimate for the UE
based on the measurements and possibly other information (e.g.,
information obtained from network based positioning). For the
LB-based mode, SAS 132 receives a location estimate from UE 120 and
may verify the location estimate and/or modify it (e.g., based on
information obtained from network based positioning). For both the
LB-based and LB-assisted modes, SAS 132 sends to RA_N/SRNC 130 a PCAP



0065]Following receipt of the final ARC Measurement Report message
from UE  120 (step 6n), RAN/SRNC 130 may send to SAS 132 in step 7n a
PCAP Position Activation Response message carrying the same type of
information (e.g., measurements or a location estimate) as the PCAP
Position Periodic Request message in previous steps 7i (for i = a ...
n-1). SAS 132 may then return a PCAP Position Initiation Response
message in step 8n carrying the same type of information (e.g., a
computed location estimate) as the PCAP Position Periodic Response
message in previous steps Si (for i = a n-1). This distinction can
assist compliance with existing conventions for 3GPP (defined in 3GPP
TS 25.453) that any PCAP request message, sent either from an RNC to
an SAS or from an SAS to an ANC, be answered by at most one distinct
PCAP response message. In this case, the PCAP Position Initiation
Response message sent in step 8n is the response to the PCAP Position
Initiation Request message sent in step 3; the PCAP Position
Activation Response message sent in step 7n is the response to the
PCAP Position Activation Request message sent in step  WO
2007/002303PCT1US20061024328 21 4; and the PCAP Position Periodic
Response message sent in step Si (for i = a ... n-1) is the response
to the PCAP Position Periodic Request message sent in step 7i. These
pairings comply specifically with the class 1 elementary procedure in
3GPP TS 25.453. Furthermore, the first two pairings (steps 3 and 8n,
and steps 4 and 7n) are applicable to single shot location requests
(e.g., since each pairing occurs once only) enabling greater
compatibility between single shot and periodic location requests and
possibly easier implementation in RAN/SRNC 130 and SAS 132 to support
both types of location requests. To enable greater compatibility with
RNC-centric operation, the PCAP Position Periodic Request and
Response messages in steps 7i and Si may be replaced by PCAP Position
Calculation Request/Response messages used in RNC-centric mode and
shown in FIG. 5. In that case, the PCAP Position Calculation
Request/Response messages may be slightly modified to also enable
delivery of a location estimate received from the UE to the SAS, but
no new procedures are needed. [0066]In an alternative embodiment of
message flow 600, following receipt of the final RRC Measurement
Report message from UE 120 in step 6n, RAN/SRNC may send a PCAP
Position Periodic Request message to SAS 132 in step 7n, and SAS 132
may return a PCAP Position Periodic Response message in step 8n just
as in the previous steps 7i and Si. In this case, following step 8n
and not shown in FIG. 6, RAN/SRNC 130 may send to SAS 132 a PCAP
Position Activation Response message that does not contain any
measurements or location estimate, and SAS 132 may return a PCAP
Position Initiation Response message that does not contain a location
estimate, in order to reply to the earlier messages in steps 3 and 4
and end the transactions associated with them in SAS 132 and RAN/SRNC
130. [0067]In another alternative embodiment of message flow 600, the
PCAP class 1 elementary procedures comprising PCAP Position Periodic
Request and Response messages in steps 7i and Si may be replaced by
PCAP class 2 elementary procedures, which are defined in 3GPP TS
25.453. Class 2 elementary procedures are procedures without a
response message. In this embodiment, the PCAP Position Activation
Response message at step 7n of message flow 600 may be sent either
immediately after the PCAP Position Activation Request message at
step 4, or after the first RRC Measurement Report message has been
received, which is after step 6a. In the former case, the PCAP



22 Position Activation Request message may contain certain
recommended positioning instructions that RAN/SRNC 130 may to forward
to UE 120 in a RRC Measurement Control message at step 5. If RAN/SRNC
130 cannot comply with the request for certain positioning
instructions, then RAN/SRNC 130 may inform SAS 132 in a PCAP Position
Activation Response message about the positioning instructions used
instead in the RRC Measurement Control message send to UE 120 in step
5. An example of such positioning instructions may be information
about in which RRC state the requested measurements are valid.
Subsequent measurement report information received at RAN/SRNC 130
from UE 120 would then be conveyed to SAS 132 in class 2 PCAP
Position Periodic Report messages, which would be sent in steps 7i in
place of the PCAP Position Periodic Request messages shown in message
flow 600. SAS 132 would in turn report the location estimates in
class 2 PCAP Position Periodic Result messages to RAN/SRNC 132, which
would be sent in steps 8i in place of the PCAP Position Periodic
Response messages shown in message flow 600. If SAS 132 decides to
cancel an ongoing RRC periodic procedure, then SAS 132 may send to
RAN/SRNC 132 a PCAP Position Periodic Result message containing a
request for termination of the periodic procedure. Alternatively, SAS
132 may send a class 2 PCAP Position Periodic Termination message to
RAN/SRNC 130 to cancel an ongoing periodic procedure. This message
flow may be more compatible with periodic location procedures that do
not require RRC signaling, e.g., Cell-1D or U-TDOA network based
positioning. [0068]The class 2 embodiment described above allows SAS
132 to decide whether to invoke periodic RRC measurement reporting or
to periodically repeat single requests (e.g., in case the periodic
reporting information received at SAS 132 in a PCAP Position
Initiation Request message at step 3 is not compatible with the
available value range in the RRC Periodical Reporting Criteria 1E).
SAS 132 may then repeat sending the PCAP Position Activation Request
message to RAN/SRNC 132 at the requested periodic reporting interval.
RAN/SRNC 130 would repeat the RRC Measurement Control/ Report message
pair and conveys the measurement information to SAS 132 in a PCAP
Position Activation Response message. SAS 132 may then send the
individual location estimates to RAN/SRNC 130 in PCAP Position
Periodic Result messages. [0069]The class 2 embodiment may be used,
for example, to support periodic cell- ID based positioning. In this
case, SAS 132 may periodically send a PCAP Position Activation
Request message to RAN/SRNC 130 (not shown in FIG 6). RAN/SRNC  WO
2007/002303PCT/US2006/024328 23 130 may then return a PCAP Position
Activation Response message containing cell related measurements for
UE 120 obtained by RAN/SRNC 130. SAS 132 may then send to RAN/SRNC
130 a PCAP Position Periodic Result message containing a location
estimate obtained from these measurements. [0070]The class 2
embodiment may also used to support periodic U-TDOA based
positioning. In this case, RAN/SRNC 130 may return to SAS 132 a PCAP
Position Activation Response message containing channel related
information for US 120 after receiving a PCAP Position Activation
Request message in step 3 in FIG. 6. SAS 132 may then configure LMUs
to obtain periodic U-TDOA measurements for UE 120 and may return the
periodic location estimate results to RAN/SRNC 130 in a series of
PCAP Position Periodic Result messages. In this embodiment for
U-TDOA, it may not be necessary for RAN/SRNC 130 to send further
messages to SAS 132, thereby conserving transmission and processing



[0071]The class 2 embodiment may be extended to support periodic
U-TDOA based positioning in parallel with periodic A-UPS and/or
periodic OTDOA positioning. In this case, periodic U-TDOA positioning
may be instigated as described above. Periodic A-UPS or OTDOA
positioning may then be instigated using the class 2 elementary PCAP
procedure embodiment also described above. SAS 132 may obtain
periodic location estimates for LIE 120 using periodic U-TDOA
measurements obtained by LMUs and periodic UPS measurements provided
to SAS 132 in periodic PCAP Position Periodic Report messages. SAS
132 may then return each location estimate to RAN/SRNC 130 in a PCAP
Position Periodic Result message. [0072]As shown in FIG. 6, each
location reporting event includes messages for positioning, transfer
of the location estimate from RAN/SRNC 130 to MSC/SGSN 140 (step 91),
and transfer of the location estimate from MSC/SGSN 140 to LCS client
170 (step 10i). The messages for positioning 1 for the first location
reporting event includes steps 3 through 8a, and the messages for
positioning i for each subsequent location reporting event includes
steps 6i through Si. After all of the location reporting events are
completed, a message flow (which may include steps 12 and 13 of
message flow 400 in FIG. 4) is performed to end the periodic location
reporting to LCS client 170 (step 11). [0073]UE 120 may at some point
request new or updated assistance data in step 61, instead of or in
addition to sending location measurements to RAN/SRNC 130. This may
be the case, for example, if the number of reports initially
requested (e.g., in step 5)  WO 2007/002303PCT/US20061024328 24 was
large and the positioning method requested was A-GE'S. In an
embodiment, the request for additional assistance data may be
transferred from RAN/SRNC 130 to the SAS 132 within either a PCAP
Position Periodic Request message or a PCAP Position Periodic Report
message (not shown in FIG 6) sent in step 7i and the requested
assistance data may be returned by SAS 132 to RAN/SRNC 130 in either
a PCAP Position Periodic Response message or a PCAP Position Periodic
Result message (not shown in FIG 6) sent in step 81. RAN/SRNC 130 may
then transfer the assistance data to UE 120 in either an RRC
Measurement Control message or an RRC Assistance Data Delivery
message (not shown in FIG. 6). This embodiment avoids the need for
SAS 132 and RAN/SRNC 130 to restart A-GPS positioning support. In
another embodiment, after receiving the request for additional
assistance data in step 6i, RAN/SRNC 130 may transfer this request to
SAS 132 in a PCAP Position Activation Response message (not shown in
FIG. 6). SAS 132 then prepares the new assistance data requested and
sends this together possibly with new periodic location information
in a new PCAP Position Activation Request message to RAN/SRNC 130
(not shown in FIG. 6), which starts off a new transaction. RAN/SRNC
130 then sends a new RRC Measurement Control message to UE 120
indicating that the measurement previously instigated (in step 5) is
now modified with new assistance data (and possibly new reporting
instructions). This embodiment has the effect of restarting A-GE'S
positioning support in SAS 132 and RAN/SRNC 130 and possibly in
changing the periodic reporting instructions in UE 120. [0074] In
another embodiment, RAN/SRNC 130 may invoke a PCAP Information
Exchange Procedure as defined in 3GPP TS 25.453 to request assistance
data from SAS 132, which is currently used for RNC-centric mode only.
In this embodiment, RAN/SRNC 130 may request assistance data from SAS
132 by copying steps 3, 4 and 5 in FIG. 5 (not shown in FIG. 6). When



measurements in an RRC Measurement Report message to RAN/SRNC 130,
which in turn continues the PCAP Position Periodic Request and PCAP
Position Periodic Response message pair, or alternatively, the PCAP
Position Periodic Report and PCAP Position Periodic Result messages
as described above. The request for new assistance  WO
2007/002303PCT/US20061024328 25 data by UE 120 in step 61 and its
provision through one of the embodiments described above may also
occur more than once in message flow 600. [0076]Certain exception
conditions may arise occasionally during message flow 600 in FIG. 6
that require some additional action. If UE 120 changes serving cell
but remains within the coverage of RAN/SRNC 130, RAN/SRNC 130 may
notify SAS 132 of the new cell by sending to SAS 132 a PCAP Position
Parameter Modification message containing the identity of the new
cell. This message may be the same as that currently allowed (e.g.,
in 3GPP TS 25.305) for intra-RNC cell change with single shot
positioning in SAS-centric mode. RAN/SRNC 130 may also send a PCAP
Position Parameter Modification message to SAS 132 if there is a RRC
state change during an ongoing RRC measurement procedure. In the
event of certain other exception conditions, such as hard handover to
another RNC, UE 120 and/or RAN/SRNC 130 may abort the periodic
location procedure and MSC/SGSN 140 may restart the procedure (e.g.,
by signaling to a new RAN/SRNC). [0077]The RAN-based periodic
location reporting message flows in FIGS. 4, 5 and 6, with some small
changes described below, may be used for an MT-LR for periodic
location reporting (KG. 2A) and an M-LR for periodic location
reporting (FIG. 2B), e.g., if UE 120 or MSC/SGSN 140 cannot support
or does not agree to support the periodic location procedure via
MO-LR requests that FIGS. 4, 5 and 6 currently show or assume.
RAN-based periodic location reporting may be used if the UE
subscriber does not reject the location request in the case of an
MT-LR where notification and privacy verification is used in step 5
of FIG. 2A. The changes to the message flows in FIGS. 4, 5 and 6 are
as follows. [0078]In FIG. 4, steps 1 through 4 are removed. Instead,
MSC/SGSN 140 performs paging and authentication (e.g., as described
for step 5 in FIG. 2A) if UB 120 has gone back to idle mode. However,
there should be no notification and privacy verification (shown in
step 5 in FIG. 2A) since that would have been done earlier as part of
message flow 200 in FIG. 2A or (if needed) message flow 210 in FIG.
28. If 1TE 120 is not in the idle mode, then no paging and
authentication is needed. Step 12 is also removed, but step 13
remains valid. [0079]In FIGS. 5 and 6, step 1 should now include just
paging and authentication, 



if -OE 120 is in idle mode, as described above for the changes to
FIG. 4. Step 11 now corresponds to just step 13 (and not both steps
12 and 13) in FIG. 4.  WO 2007/002303PCT/US2006/024328 26 [0080]For
message flow 400 shown in FIG. 4, a relatively long MO-LR transaction
may occur from step 4 through step 12. During this time, UE 120 may
have no knowledge of the success or failure of each location
transfer, and is informed of the results of the periodic location
reporting after completion of the repotting. However, the open MO-LR
transaction may be useful to maintain the CM and MM/G1VIIVI
connection to UE 120 and to prevent UE 120 from returning to the idle
mode. It may be desirable to keep UE 120 informed of the progress of
the periodic location reporting using LCS update services. [0081]FIG.
7 shows an embodiment of a message flow 700 for RAN-based periodic
location reporting with notification. Message flow 700 may also be
used for step 10 of message flows 200, 210 and 300 in FIGS. 2A, 2B
and 3, respectively. Steps 1 through 4 of message flow 700 are the
same as steps 1 through 4 of message flow 400 in FIG. 4. UE 120 sends
to MSC/SGSN 140 an LCS MO-LR Location Services Invoke message to
invoke periodic location (step 4). MSC/SGSN 140 sends an LCS MO-LR
Return Result message to UE 120 to acknowledge the invocation (step
5) thereby providing immediate feedback to UE 120 that the MO-LR
request will be supported. MSC/SGSN 140 also sends to RAN 130 a
Location Request message that contains the periodic location
information and the LCS QoS (step 6). [0082]A message flow is then
performed to obtain the first location estimate for HE 120 and to
transfer the location estimate to LCS client 170 (step 7a). Step 7a
may include steps 6a through Ha of message flow 400 in FIG. 4, steps
3 through 10a of message flow 500 in FIG. 5, or steps 3 through 10a
of message flow 600 in FIG. 6. MSC/SGSN 140 then sends an LCS
Location Update Invoke message to UE 120 to indicate that the first
location estimate has been successfully transferred to LCS client 170
(step 8a). This message may also serve to notify UE 120 that a second
location estimate will be transferred at the next location reporting
event, e.g., following the next periodic interval. UE 120 sends an
LCS Location Update Return Result message to MSC/SGSN 140 to
acknowledge receipt of the notification (step 9a). This message may
include a denial of the next location reporting if UE 120 desires to
cancel the periodic location procedure at this time. [0083]For each
subsequent location reporting event i, for i = b n, a message flow is
performed to obtain and transfer a location estimate for UE 120 to
LCS client 170 



(step 7i), an LCS Location Update Invoke message is sent by MSC/SGSN
140 to notify UE 120 of the results of the location transfer (step
Si), and an LCS Location Update  WO 2007/002303PCT/US2006/024328 27
Return Result message is sent by HE 120 to acknowledge the
notification (step 9i). After all of the location reporting events
are completed, MSC/SGSN 140 may instigate release of the CM, MM or
GMM, and RR/RRC connections to HE 120 (step 10). [0084]In another
embodiment, the LCS MO-LR Return Result message is not sent in step 5
in FIG. 7 and is sent instead after step 9n, similar to message flow
400 in FIG. 4. In this case, the sending of the LCS Location Update
Invoke messages from MSC/SGSN 140 to TIE 120 in steps 8a ... 8n in
FIG. 7 provides feedback to UE 120 that the MO-LR request will be
supported as well as the result of each location transfer to UE 120.
[0085]In an alternative embodiment, the LCS Location Update Invoke
message in each step 8i and the LCS Location Update Return Result
message in each step 9i are replaced by an LCS Notification Invoke
message and an LCS Notification Return Result, respectively, which
are existing 3GPP messages defined in 3GPP TS 24.080. The use of
existing 3GPP messages may reduce implementation impacts to MSC/SGSN
140 and UE 120. [0086]In yet another embodiment, either a pair of LCS
Location Update Invoke message and LCS Location Update Return Result
message or a pair of LCS Notification Invoke message and LCS
Notification Return Result message is exchanged prior to each
location reporting event (not shown in FIG. 7) instead of after the
event (as shown in FIG. 7). For this embodiment, the LCS Location
Update Invoke message or the LCS Notification Invoke message informs
UE 120 that a location estimate will be obtained and transferred to
LCS client 170 in the following location reporting event. The 7JE
user may then be given an opportunity to deny the transfer or to
cancel the periodic location reporting. The message may also inform
LIE 120 of the results of the previous transfer (e.g., whether the
transfer was successful or unsuccessful, if no location estimate was
obtained). In yet another embodiment, either a pair of LCS Location
Update Invoke message and LCS Location Update Return Result message
or a pair of LCS Notification Invoke message and LCS Notification
Return Result message is sent prior to each location reporting event,
and a final pair of these messages is sent after the last location
reporting event. The message pair prior to each location reporting
event conveys to UE 120 the result of the previous location transfer
(if any), allows HE 120 to deny the transfer or to cancel the
procedure, and informs HE 120 of the next transfer. The message pair
after the last location reporting event informs HE 120 of the
termination of the periodic location reporting and the results of the
location transfers. 



WO 2007/002303PCT/11S2006/02.028 28 [0087]It may be desirable for UE
120 to perform periodic self location to periodically determine its
own location for its own use or on behalf of some external
application (e.g., accessed via the Internet) with which HE 120 is in
communication. If HE 120 supports the US-based mode, then HE 120 can
derive location estimates on its own whenever needed, possibly
without any signaling with RAN 130. However, if HE 120 only supports
the HE-assisted mode or has no positioning capability, then overhead
would be incurred to periodically set up and tear down each location
transaction in RAN 130 for each MO-LR request for self location if
each such request instigates only a single shot location request.
This overhead may be reduced or avoided by using the periodic LCS
capabilities of RAN 130 for periodic self location. [0088]FIG. 8
shows an embodiment of a message flow 800 for RAN-based MO- LR
periodic self location. Periodic self location may be viewed as a
special case of periodic location reporting where the LCS client is
HE 120 instead of external LCS client 170. [0089]Steps 1 through 3 of
message flow 800 are the same as steps 1 through 3 of message flow
400 in FIG. 4. US 120 then sends to MSC/SGSN 140 an LCS MO-LR
Location Services Invoke message to request periodic self location
(step 4). This message contains pertinent information such as, e.g.,
the periodic location information (e.g., a start time, a reporting
interval, and one of a stop time, a reporting duration, or a
predetermined number of reports), the LCS QoS, and so on. The message
also indicates that periodic location estimates should be sent to HE
120. MSC/SGSN 140 verifies that HE 120 is authorized for the
requested location service based on a subscription profile for the UE
(also step 4). If the location request is authorized, then MSC/SGSN
140 sends an LCS MO-LR Return Result message to HE 120 to indicate
acceptance of the periodic self location request (step 5). MSC/SGSN
140 also sends to RAN 130 a Location Request message that contains
the periodic self location request, the periodic location
information, the HE capabilities, and the LCS QoS (step 6). [0090]A
message flow is then performed to obtain the first location estimate
for HE  120 (step 7a). Step 7a may include steps 3 through 8a of
message flow 500 in FIG. 5 or steps 3 through 8a of message flow 600
in FIG. 6. RAN 130 receives a location estimate for HE 120 from the
message flow in step 7a and sends to MSC/SGSN 140 a Location Report
message that contains this location estimate and other relevant
information (step 8a). MSC/SGSN 140 then sends to HE 120 an LCS
Location Update message containing the first location estimate and
relevant information (step 9a). HE  
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Acknowledgment message that acknowledges receipt of the first
location estimate (step 10a). This message may also include an
indication to cancel the periodic self location if such is desired by
UE 120. For each subsequent self location event I, for i = b n, a
message flow is performed to obtain a location estimate for UE 120
(step 7i) and to send the location estimate to MSC/SGSN 140 (step
Si). MSC/SGSN 140 then returns the location estimate to ITE 120
(steps 9i and 10i). After all of the location reporting events are
completed, MSC/SGSN 140 may instigate release of the CM, MM or GMM,
and RR/RRC connections to TIE 120. [0091]In another embodiment, the
LCS MO-LR Return Result message is not sent in step 5 in FIG. 8 and
is sent instead after step 10n, similar to message flow 400 in FIG.
4. In another embodiment, the LCS Location Update message in each
step 9i and the LCS Location Update Acknowledgment in each step 10i
are replaced by the LCS Notification Invoke message and the LCS
Notification Return Result message, respectively, which are existing
3GPP messages. Again, the use of existing 3GPP messages may reduce
implementation impacts to MSC/SGSN 140 and IJE 120. [0092]RAN-based
periodic location reporting may also be used for mobile stations (MS)
communicating with a GERAN. A packet mode periodic location reporting
procedure may be used for a periodic location request received by
20-SGSN 140a in FIG. 1B. A circuit mode periodic location reporting
procedure may be used for a periodic location request received by
2G-MSC 140b. For GERA_N periodic location reporting in circuit mode,
an MS may operate in a dedicated mode and may be assigned a signaling
channel (e.g., an SDCCH) for the entire duration of periodic location
reporting since a base station subsystem (BSS) in GSM does not have
capability to dynamically release and later reassign a dedicated
signaling channel during the intervals of periodic location. For
GERAN periodic location reporting in packet mode, the MS may be
dynamically assigned a signaling channel when needed to transfer a
message between the MS and the BSS. In the following description, UE
120 (UMTS terminology) is referred to as MS 120 (GSM terminology). MS
120 communicates with a BSS in GERAN 130a. [0093]FIG. 9 shows an
embodiment of a message flow 900 for RAN-based periodic location
reporting for GERAN in packet mode. LCS client 170 or MS 120 may
initiate a request to periodically send location estimates for MS 120
to LCS client 170 (step 1). The periodic location may be instigated
by MT-LR, NI-LR or MO-LR, e.g., as described above for FIG. 2A, 2B or
3, respectively. The periodic location request may  WO
2007/002303PCT/US2006/024328 30 



be transferred to SGSN 140a via one or more GMLCs for an MT-LR
originated by LCS client 170 or via the BSS for an MO-LR originated
by MS 120. The request may include periodic location information
identifying the schedule or conditions (e.g., events) for sending
location estimates. The request may be agreed by participating
entities, e.g., GMLCs 150, SGSN 140a, MS 120, and LCS client 170.
Periodic location delivery may thereafter be started either by an
MO-LR from MS 120 or by SGSN 140a, which may perform paging and
authentication if MS 120 has reverted to idle mode. [0094]SGSN 140a
sends a BSSGP Perform Location Request message to the BSS currently
serving MS 120 (step 2). This message contains the periodic location
request and further includes the periodic location information, QoS,
and/or other relevant information. The BSS receives the message and
recognizes that the request is for periodic location rather than
single shot location. The BSS then sends the periodic location
request and the periodic location information in a BSSMAP-T E Perform
Location Request message to SMLC 132 (step 3). [0095]SMLC 132
receives the message from the BSS, evaluates the periodic location
request, and selects a positioning method. If A-GPS and/or E-OTD is
selected, then SMIC 132 sends to the BSS a BSSMAP-IE Connection
Oriented Information message that contains a BSSLAP MS Position
Command message, which further contains an RRLP Measure Position
Request message (step 4). The BSSLAP MS Position Command message may
carry an indication that periodic location is being requested, and
the BSS may record this information. The RRLP Measure Position
Request message may contain the periodic location information, a
subset of this information, or a converted set or subset of this
information. The RRLP Measure Position Request message may also
contain assistance data to assist MS 120 perform AGPS and/or E-OTD
measurements and, if MS-based positioning is selected, to assist MS
120 compute a location estimate. If the assistance data does not fit
into one RRLP Measure Position Request message, then SMLC 132 may
send some or all of the assistance data and other information,
including periodic location information, to MS 132 in one or more
RRLP Assistance Data messages (not shown in FIG. 9) before sending
the RRLP Measure Position Request message. MS 120 would then
acknowledge each RRLP Assistance Data message with an RRLP Assistance
Data Acknowledgment message. [0096] The BSS sends to SGSN 140a a
BSSGP Position Command message containing the RRLP Measure Position
Request message received from SMLC 132  WO
2007/002303PCT/US2006/024328 31 (step 5). SGSN 140a then sends to MS
120 a Logical Link Control (LLC) Unconfirmed Information (UI) Frame
message containing a TOM message, which carries the RRLP Measure
Position Request message received from SMLC 132 (step 6). MS 120
receives the message from SGSN 140a and recognizes the periodic
location request based on the periodic location information included
in the RRLP Measure Position Request message (or in a preceding RRLP
Assistance Data message). If A-GPS is selected, then MS 120 may
acquire and measure signals from GPS satellites using assistance data
(if any) upon receiving the RRLP Measure Position Request message or
a preceding Assistance Data message. If E-OTD is selected, then MS
120 may begin to acquire and measure signals from nearby base
stations. MS 120 may also acquire and measure signals from both GPS
satellites and base stations if E-OTD and A-GPS are both selected.
[0097]When the first scheduled location estimate is due or when the



conditions (e.g., an event) occur for which a location estimate is
needed, MS 120 performs A-GPS and/or E-OTD measurements. Tf MS-based
positioning was selected, then MS 120 further obtains a location
estimate from the measurements. MS 120, then sends the measurements
or location estimate in an RRLP Measure Position Response message to
SGSN 140a (step 7a). The RRLP Measure Position Response message is
carried in a TOM message, which is in turn carried in an LLC UI Frame
message. The TOM message header includes a flag indicating that the
RRLP Measure Position Response message is not the last one. The RRLP
Measure Position Response message may also carry an indication that
more periodic location estimates will be provided later. MS 120 may
send more than one RRLP Measure Position Response message if the
measurements or location estimate does not fit into a single message
(not shown in FIG. 9). [0098]SGSN 140a receives the LLC UI Frame
message from MS 120 and transfers the RRLP Measure Position Response
message in a BSSGP Position Response message to the BSS (step 8a).
The BSSGP Position Response message header includes a flag indicating
that this is not the last RRLP Measure Position Response message. The
BSS receives the BSSGP Position Response message from SGSN 140a and
transfers the RRLP Measure Position Response message in a BSSLAP MS
Position Response message, which is carried in a BSSMAP-T F
Connection Oriented Information message, to SMLC 132 (step 9a). The
BSSLAP MS Position Response message header includes a flag indicating
that this is not the last RRLP Measure Position Response message. The
BSS is aware of the periodic location request (from step 2 and
possibly from step 4)  WO 2007/002303PCT/US2006/024328 32 and also
from the flag setting. The BSS thus expects additional RRLP Measure
Position Response messages from MS 120 and does not abort periodic
location before all measurements or location estimates (inside RRLP
Measure Position Response messages) have been transferred from MS
120. [0099]SMLC 132 computes a location estimate from the
measurements provided by MS 120 or verifies any location estimate
provided by the MS. SMIC 132 then sends the calculated or verified
location estimate in a BSSMAP-LE Perform Location Report message to
the BSS (step 10a). This message informs the BSS that periodic
location is not yet finished and that additional location estimates
will be provided later by SMLC 132. The BSS receives the location
estimate from SMLC 132 and sends this location estimate in a BSSGP
Perform Location Report message to SGSN 140a (step 11a). This message
informs SGSN 140a that periodic location is not finished and that
additional location estimates will be provided later. SGSN 140a then
transfers the location estimate to LCS client 170, e.g., via a GMLC
using steps 8a through ha in FIG. 4 or via the BSS. [00100] Steps 7a
through ha are for one location reporting event. These steps may be
repeated for each additional location estimate that is scheduled or
triggered. If MS 120 is unable to obtain measurements or a location
estimate because the available assistance data is no longer valid,
then MS 120 may include a request for more assistance data in a RRLP
Measure Position Response message sent in a subsequent step 7. This
data request may be sent instead of or in addition to measurements or
location estimate. Upon receipt of this request in step 9, SMLC 132
would send the requested assistance data to MS 120 using one or more
RRLP Assistance Data messages. In one embodiment, both SMLC 132 and
MS 120 treat the transfer of assistance data as an additional RRLP
transaction occurring in parallel with the pending RRLP transaction



33 flag from SGSN 140a in a subsequent step 8, the BSS forwards this
last RRLP Measure Position Response message to SMLC 132 and does not
expect any more RRLP Measure Position Response messages from MS 120.
SMLC 132 may restart the transfer of periodic measurements or
location estimates from MS 120 by repeating steps 4 to 11. SMLC 132
may send the requested assistance data to MS 120 in an RRLP Measure
Position Request message and/or one or more RRLP Assistance Data
messages. [00101] MS 120 sends the final measurements or location
estimate for periodic location to SGSN 140a (step 7n). The
measurements or location estimate are sent in an RRLP Measure
Position Response message, which is carried in a TOM message, which
is further carried in an LLC UI Frame message. These messages are the
same as those used in step 7a, except that the TOM message header
includes a flag indicating that this is the final RRLP Measure
Position Response message. The RRLP Measure Position Response message
may contain parameters indicating that this is the last periodic
measurements or location estimate. Steps 8n through 11n are similar
to steps 8a through Ha. However, a flag indicating that the final
RRLP Measure Position Response message is being sent may be included
in the BSSGP Position Response message sent by SGSN 140a in step 8n
and also in the BSSLAP MS Position Response message sent by the BSS
in step 9n. SMLC 132 may send a BSSMAP-LF. Perform Location Response
message in step 10n, instead of a BSSMAP-T :F Perform Location Report
message in step 10a, to inform the BSS that the periodic location
procedure has ended. The BSS may send a BSSGP Perform Location
Response message in step 11n, instead of a BSSGP Perform Location
Report message in step 11a, to inform SGSN 140a that the periodic
location procedure has ended. The BSS does not expect any more RRLP
Measure Position Response messages from MS 120 unless a new
positioning procedure is instigated by SMLC 132. SMLC 132 may
instigate more periodic location reporting by repeating steps 4 to
9n. SGSN 140a may continue periodic location reporting by repeating
steps 2 to 11n. Otherwise, SGSN 140a may indicate to LCS client 170
that the periodic location reporting is now completed. [00102]
Certain exception conditions may arise during message flow 900 in
FIG. 9 that require additional action. If MS 120 changes serving cell
but remains within the coverage of the same BSS, then the BSS may
notify. SMLC 132 of the new cell by sending to the SMLC a BSSMAP-T F.
Perform Location Information message containing the identity of the
new cell. For some other exception conditions, such as a cell change
to a new BSS, intra-SGSN GPRS routing area update, or P-TMSI  WO
20071002303PCT/US2006/024328 34 reallocation, MS 120 and/or the BSS
may abort the periodic location procedure, and SGSN 140a may restart
the procedure, e.g., by signaling to the new BSS. [00103] FIG. 10
shows an embodiment of a message flow 1000 for RAN-based periodic
location reporting for GERAN in circuit mode. Message flow 1000 for
circuit mode is similar to message flow 900 for packet mode. The
differences are that SGSN 140a is replaced by 2G-MSC 140b, the BSSGP
messages between SGSN 140a and the BSS are replaced by corresponding
BSSMAP messages, and the transfer of RRLP messages between the BSS
and MS 120 is more direct. [00104] LCS client 170 or MS 120 may
initiate a request to periodically send location estimates for MS 120
to LCS client 170 (step 1). The request may be transferred to 2G-MSC
140b via one or more GMLCs or via the BSS. The request may include
periodic location information and may be agreed by participating



[00107] When the first scheduled location estimate is due or when the
first set of conditions (e.g., an event) occur for which a location
estimate is needed, MS 120 performs A-GPS and/or E-OTD measurements
and further obtains a location estimate if  WO
2007/002303PCT/US2006/024328 35 MS-based positioning was selected. MS
120 then sends the measurements or location estimate in an RRLP
Measure Position Response message, which is carried in an RR
Application Information message, to the BSS (step 6a). The RR
Application Information message header includes a flag indicating
that this is not the last RRLP Measure Position Response message. The
RRLP Measure Position Response message may also carry an indication
that more periodic location estimates will be provided later. [00108]
The BSS receives RR Application Information message from MS 120 and
transfers the RRLP Measure Position Response message in a BSSLAP MS
Position Response message, which is carried in a BSSMAP-T P.
Connection Oriented Information message, to SMELC 132 (step 7a). The
BSSLAP MS Position Response message header includes a flag indicating
that this is not the last RRLP Measure Position Response message.
SIALC 132 computes a location estimate from the measurements provided
by MS 120 or verifies any location estimate provided by the MS. SMLC
132 then sends the calculated or verified location estimate in a
BSSMAPTB Perform Location Report message to the BSS (step 8a). The
BSS receives the location estimate from SMLC 132 and sends this
location estimate in a BSSMAP Perform Location Report message to
2G-MSC 140b (step 9a). 2G-MSC 140b then. transfers the location
estimate to LCS client 170, e.g., via a GMLC or the BSS. [00109]
Steps 6a through 9a are for one location reporting event. These steps
may be repeated for each additional location estimate that is
scheduled or triggered. MS 120 may obtain more assistance data by
sending a request in a RRLP Measure Position Response message in a
subsequent step 6. SMLC 132 and MS 120 treat the transfer of
assistance data as an additional RRLP transaction occurring in
parallel with the pending RRLP transaction for periodic location.
Alternatively, MS 120 may terminate the transfer of periodic
measurements or location estimates, e.g., by including a flag in the
RR Application Information message header to indicate that this is
the last RRLP Measure Position Response message. SMLC 132 may then
restart the transfer of periodic measurements or location estimates
from MS 120 by repeating steps 4 to 9. [00110] MS 120 sends the final
measurements or location estimate for periodic location to the BSS
(step 6n). The measurements or location estimate are sent in an RRLP
Measure Position Response message, which is carried in an RR
Application Information message. These messages are the same as those
used in step 6a, except that the RR Application Information message
header includes a flag indicating that this is the final RRLP Measure
Position Response message. The RRLP Measure Position  WO
2007/002303PCT/US2006/024328 36 



Response message may contain parameters indicating that this is the
last periodic measurements or location estimate. Steps 7n through 9n
are similar to steps 7a through 9a. However, the BSSLAP MS Position
Response message sent by the BSS in step 7n includes a flag
indicating that the final RRLP Measure Position Response message is
being sent. SMLC 132 may send a BSSMAP-LE Perform Location Response
message in step 8n and the BSS may send a BSSMAP Perform Location
Response message in step 9n to indicate that the periodic location
procedure has ended. SMLC 132 may instigate more periodic location
reporting by repeating steps 4 to 7n. 2G-MSC 140b may continue
periodic location reporting by repeating steps 2 to 9n. Otherwise,
20- MSC 140b may indicate to LCS client 170 that the periodic
location reporting is now completed. [00111] Certain exception
conditions may arise during message flow 1000 in FIG. 10 that require
additional action. If MS 120 changes serving cell but remains within
the coverage of the same BSS or if some other RR management procedure
is conducted between the BSS and MS 120 that still leaves a circuit
mode radio signaling link between the BSS and MS 120, then MS 120 may
abort the positioning, and SMLC 132 may restart the positioning in MS
120 for either single shot or periodic positioning. Alternatively,
the BSS may inform SMLC 132 of any cell change (e.g., by sending a
BSSMAP-T F Perform Location Information message), and MS 120, the BSS
and SMLC 132 may continue the periodic positioning. For some other
exception conditions, such as handover to a new BSS, MS 120 and/or
the BSS may abort the periodic location procedure, and 2G-MSC 140b
may restart the procedure, e.g. by signaling to the new BSS. [00112]
Many of the messages in FIGS. 9 and 10 are described in 3GPP TS
43.059 and used for one shot location of an MS. These messages may be
used for periodic location whenever possible in order to simplify
implementation of periodic location. Other messages may also be used
for FIGS. 9 and 10. [00113] FIGS. 4 through 10 show exemplary message
flows that may be used for RAN-based periodic location reporting. The
message flows in FIGS. 4 through 7, 9 and 10 may be used as part of
the MT-LR and MO-LR periodic procedures shown in FIGS. 2A and 3,
respectively, after a periodic location request has been authorized.
These message flows may also be used as stand-alone procedures and
hence are not restricted to be part of the MT-LR and MO-LR periodic
procedures. Other message flows for  WO 2007/002303PCT/US2006/024328
37 RAN-based periodic location reporting may also be implemented for
use with the MTLR and MO-LR periodic procedures. [00114] UE 120 may
initially communicate with a RAN (e.g., a GERAN) that does not have
periodic LCS capabilities and does not support the message flows in
FIGS. 4 through 10. The periodic location reporting may then be
achieved in other manners, e.g., with TIE 120 or a network entity
(e.g., GMLC 150) periodically initiating a message flow to obtain and
transfer a single location estimate for UE 120 to LCS client 170. If
UE 120 subsequently moves within the coverage of a RAN (e.g., a
UTRAN) that has periodic LCS capabilities, then UE 120 can switch to
the new RAN, and the periodic LCS capabilities of this new RAN may be
utilized to efficiently provide periodic location reporting. [00115]
For simplicity, the description above for RAN-based periodic location
reporting assumes a deployment with one GMLC (e.g., as shown in FIG.
1A) and positioning being performed for each location estimate. The
RAN-based periodic location reporting may also be used for a
deployment with multiple GMLCs (e.g., as shown in FIG. 1B). Improved



38 [00116] The use of MO-LR short circuit may be controlled for
various reasons such as, e.g., to deal with a lack of trust in either
the UE accuracy and reliability or the UE integrity (e.g. spoofing),
for billing and subscription issues, and so on. For example, the use
of MO-LR short circuit may be allowed if UE 120 is trusted to provide
location estimates directly to MSC/SGSN 140 without verification by
RAN 130. The use of GLMC short circuit may also be controlled for
reasons relating to billing, subscription, and so on. [00117] In an
embodiment, one entity (e.g., UE 120, MSC/SGSN 140, or R-GMLC 150c)
may request for permission to use GMLC short circuit and/or MO-LR
short circuit for subsequent location reporting events. Any other
entity (e.g., MSC/SGSN 140, V-GMLC 150a, H-GMLC 150b, R-GMLC 150c, UE
120 and LCS client 170) may accept or reject the request for each
type of short circuit. k another embodiment, one entity (e.g., UE
120, MSC/SGSN 140, or R-GMLC 150c) may indicate a willingness or a
capability to support GMLC short circuit and/or MO-LR short circuit
without specifically requesting to use these short circuits. Any
entity among V-GMLC 150a, HGMLC 150b, R-GMLC 150c, UE 120 and LCS
client 170 may then accept or reject the willingness or capability to
support each type of short circuit. One entity (e.g., H, GMLC 152)
may decide whether to use each type of short circuit if all entities
indicate willingness and capability for that short circuit. For all
embodiments, the request to use GMLC short circuit and the request to
use MO-LR short circuit may be treated as independent requests.
Furthermore, any agreement on using GMLC short circuit and/or MO-LR
short circuit may be applicable to all of the PLMNs in the list sent
by MSC/SGSN 140 to LTE 120. [00118] In yet another embodiment, any
entity among DE 120, MSC/SGSN 140, VGMIC 150a, H-GMLC 150b, and
R-GMLC 150c can autonomously decide whether or not to use GLMC short
circuit and whether or not to use MO-LR short circuit. [00119] For
MT-LR message flow 200 in FIG. 2A, R-GMLC 150c may send an LCS
Service Request message to H-GMLC 150b, which may send an LCS Service
Request message to V-GMLC 150a, which may send a Provide Subscriber
Location message to MSC/SGSN 140 to request for periodic location
reporting. The message sent by each entity may contain (1) the
address of R-GMLC 150c, if GMLC short circuit is preferred, and (2)
an indication as to whether MO-LR short circuit is allowed or
preferred. In an embodiment, R-GMLC 150c, H-GMLC 150b, V-GMLC 150a,
and MSC/SGSN 140  WO 2007/002303PCT/US20061024328 39 may each accept
or reject the use of GlVILC short circuit and may each accept or
reject the use of MO-LR short circuit. [00120] For MO-LR message flow
300 in FIG. 3, UE 120 may include (1) a request for use GMLC short
circuit and/or (2) a request for use MO-LR short circuit (e.g., if
IJE 120 supports the UE-based mode) in the LCS MO-LP. Location
Services Invoke message sent to MSC/SGSN 140 in step 4 of message
flow 300. In another embodiment, MSC/SGSN 140 may decide one or both
requests itself without an indication from UE 120. In either case,
the short circuit request(s) may be forwarded to V-GMLC 150a, then to
H-GMLC 150b, then to R-GMLC 150c, and then to LCS client 170. LCS
client 170 sends a response for the IJE request(s) to R-GIVILC 150c,
which sends its response to H-GMLC 150U, which sends its response to
V-GMLC 150a, which sends its response to MSC/SGSN 140. The response
sent by each entity incorporates the response received from the
preceding entity (if any) and indicates acceptance or rejection of
the periodic location request and acceptance or rejection of each



2. a GMLC short circuit indication that indicates if location
estimates can or will be sent directly to R-GMLC 150c, 3. an address
of H-GMLC 150b to be used to send location information to HGMLC 150b,
e.g., if GMLC short circuit is not requested or is rejected, and 4.
an address of R-GMLC 150c to be used to send location information
directly from MSC/SGSN 140 to R-GMLC 1500, e.g., if GMLC short
circuit is accepted. [00122] If MO-LB. short circuit is allowed, then
HE 120 may include a location estimate available at the UE in the LCS
MO-LR Location Services Invoke message sent to MSC/SGSN 140. RAN 130
or SAS 132 would not need to compute the location estimate for LIE
120. [00123] If GMLC short circuit is accepted, then MSC/SGSN 140 may
store the address of R-GMLC 150c or DE 120 may send the R-GMLC
address in each location  WO 20071002303PCT/US2006/024328 40
reporting event. MSC/SGSN 140 may then send each location estimate
directly to RGMLC 150c using the R-G1V11,C address and may bypass
V-GMLC 150a and H-GMLC 150b. [00124] For clarity, each of the message
flows in FIGS. 2 through 10 shows a specific sequence of steps. Each
message flow may include additional, fewer, or different steps than
the steps shown for that message flow. The steps for each message
flow may be performed in the order shown in that message flow or in a
different order. Each step in each message flow may in general
include any number of message exchanges, any type of processing at
any entity, and so on. [00125] Also for clarity, specific messages
used by (or applicable to) 3GPP are shown for the message flows in
FIGS. 2 through 10. Other networks and other location architectures
typically use messages that are different from the messages described
above. In general, any signaling may be used to exchange pertinent
information among the various entities to achieve the functionality
described above for location reporting. The signaling may comprise
messages, packets, indications, flags, or data sent in some other
form. 



[00126] For clarity, the techniques have been specifically described
above for 3GPPbased networks utilizing a control plane to support
location services. The techniques may also be used for other networks
and other location architectures, such as a SITPL architecture and a
pre-SUPL architecture promulgated by Open Mobile Alliance (OMA), a
30PP2 control plane architecture described in I5-881 and 3GPP2
X.S0002, a 3GPP2 user plane architecture described in X.S0024, and so
on. A control plane (which is also commonly called a signaling plane)
is a mechanism for carrying signaling for higher-layer applications
and may be implemented with network-specific protocols and signaling
messages. A user plane is a mechanism for carrying data for
higher-layer applications and employs a user-plane bearer, which is
typically implemented with protocols such as User Datagram Protocol
(UDP), Transmission Control Protocol (TCP), and Internet Protocol
(IP), all of which are well known in the art. Messages supporting
location services and positioning are carried as part of signaling in
a control plane architecture and as part of data in a user plane
architecture. The content of the messages may, however, be similar or
even identical in both architectures. The short circuit techniques
may also be used for circuit-switched (CS) based modes and
packet-switched (PS) based modes, although the messages may be
different.  WO 2007/002303PCT/US2006/024328 41 [00127] FIG. 11 shows
a SUPL deployment 1100 that includes a visited/serving network 1102,
a home network 1104, and a requesting network 1106. Visited network
1102 includes a wireless network 1130 and a visiting SUPL location
platform (V-SLP) 1150a. Wireless network 1130 provides wireless
communication for wireless devices located within the coverage area
of the wireless network. A wireless device is also called a ,SUPL
enabled terminal (SET). V-SLP 1150a includes a SUPL location center
(SLC) 1180 and may include a SUPL positioning center (SPC) 1182. SLC
1180 is similar to V-GMLC 150a and performs various functions for
location services. SPC 1182 is similar to SMLC/SAS 132 and supports
positioning for wireless devices. Home network 1104 includes a home
SLP (H-SLP) 1150b that supports location services and positioning for
home network 1104. Requesting network 1106 includes a requesting SLP
(R-SLP) 1150c that supports location services and positioning for LCS
clients. [00128] The techniques described herein may be used in SUPL
deployment 1100. For RAN-based periodic location reporting, V-SLP
1150a or H-SLP 1150b may coordinate and control periodic location
reporting for a wireless device 1120, e.g., as described above. In
this case, no RAN would be specifically involved and the role of the
RAN would be taken by V-SIP 1150a and/or H-SIP 1150b and/or by an SPC
within either of these (e.g., by SPC 1182). The message interaction
(e.g., transfer of RRC Measurement Control message and RRC
Measurement Report message) between TIE 1120 and V-SLP 1150a or H-SLP
1150b would then be similar to the exchange of these messages between
UE 120 and RAN/SRNC 130 in FIGS. 5 and 6 except that the messages
(e.g., RRC messages) would be transferred differently, e.g., using
TCP/IP and a SUPL positioning protocol defined by OMA instead of
using 3GPP control plane signaling. For GMLC short circuit in a
non-proxy mode, wireless device 1120 or VSLP 1150a may send a
location estimate directly to R-SLP 1150c, which then forwards the
location estimate to an LCS client 1170 and bypasses H-SLP 1150b and
possibly VSLP 1150a. For short circuit in a proxy mode, wireless
device 1120 may send a location estimate to H-SLP 1150b, which then
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communication units, controllers, and so on. Data/core networks 1202
may include a core network and/or other private/public data networks.
[00132] The techniques described herein may be implemented by various
means. For example, the techniques may be implemented in hardware,
firmware, software, or a combination thereof. For a hardware
implementation, the units used to perfoini the processing at each
entity may be implemented within one or more application specific
integrated circuits (ASICs), digital signal processors (DSPs),
digital signal processing devices (DSPDs), programmable logic devices
(PLDs), field programmable gate arrays (1-TGAs), processors,
controllers, micro-controllers, microprocessors, electronic devices,
other electronic units designed to perform the functions described
herein, or a combination thereof [00133] For a software
implementation, the techniques may be implemented with modules (e g,
procedures, functions, and so on) that perform the functions
described herein. The software codes may be stored in a memory unit
(e.g., memory unit 1222, 1232, 1242, or 1252 in FIG. 12) and executed
by a processor (e.g., processor 1220, 1230, 1240, or 1250). The
memory unit may be implemented within the processor or external to
the processor. [00134] The previous description of the disclosed
embodiments is provided to enable any person skilled in the art to
make or use the present invention. Various modifications to these
embodiments will be readily apparent to those skilled in the art, and
the generic principles defined herein may be applied to other
embodiments without departing from the spirit or scope of the
invention. Thus, the present invention is not intended to be limited
to the embodiments shown herein but is to be accorded the widest
scope consistent with the principles and novel features disclosed
herein.  44 CLAIMS A method of providing location services,
comprising:              sending signaling to a radio access network
(RAN) to initiate periodic reporting of location of a user equipment
(UE) to a client entity, wherein the 5 signaling sent to the RAN
includes periodic location information indicative of when to send
location estimates for the UE to the client entity, and wherein the
RAN coordinates and controls the periodic reporting of UE location to
the client entity; and 



for location reporting indicated by the periodic location
information, 10receiving from the RAN a location estimate for the UE,
and sending the location estimate for the UE toward the client
entity,              wherein the UE initiates location reporting by
sending a measurement report to the RAN. 2. The method of claim 1,
further comprising: 15receiving a request sent by the client entity
for periodic reporting of the UE location to the client entity; and
forwarding the request to the UE. 3. The method of claim 1, further
comprising:                   receiving a request directly from the
client entity for periodic 20 reporting of the UE location to the
client entity; and forwarding the request to the UE. 4. The method of
claim 1, further comprising:              receiving from the UE a
request for periodic reporting of the UE location to the client
entity; and 



25forwarding the request toward the client entity.  45  5. The method
of claim 1, wherein the RAN is associated with a first location
center, and wherein the sending the location estimate for the UE
toward the client entity comprises sending the location estimate for
the UE directly to a second location center and bypassing the first
location center, wherein the second 5 location center is associated
with the client entity, and wherein the first and second location
centers are associated with different networks.  6. The method of
claim 5, wherein the sending the location estimate for the UE
directly to the second location center comprises sending the location
estimate for the UE directly to the second location center and
bypassing the first 10 location center and a third location center,
wherein the third location center is associated with a home network
for the UE. 7. The method of claim 5, further comprising: storing an
address of the second location center.  8. The method of claim 1,
further comprising: 15sending signaling to the UE after each location
reporting to convey results of a prior location reporting, to allow
for cancellation of the periodic reporting, or a combination thereof.



9. The method of claim 1, further comprising: sending signaling to
the UE prior to each location reporting to 20 convey results of a
prior location reporting, to inform the UE of a current location
reporting, to allow for denial of the current location reporting, to
allow for cancellation of the periodic reporting, or a combination
thereof.  10. The method of claim 1, further comprising:
sending signaling to the UE after completion of the periodic
reporting 25 to indicate completion of the periodic reporting, to
convey results of the periodic reporting, or a combination thereof
46 to a location center associated with the client entity, wherein
the client entity is external to the UE.   12. The method of claim 1,
wherein the sending the location estimate for the UE toward the
client entity comprises sending to the UE the location estimate 5 for
the UE, wherein the client entity is at the UE.   13. An apparatus
comprising:              a communication unit operative to facilitate
exchange of signaling between a network entity and a radio access
network (RAN) and between the network entity and a location center;
and 10a processor operative to send signaling to the RAN to initiate 



periodic reporting of location of a user equipment (UE) to a client
entity and, for location reporting, to receive from the RAN a
location estimate for the UE and to send the location estimate for
the UE to the location center, wherein the signaling sent to the RAN
includes periodic location information indicative of when to send 15
location estimates for the UE to the client entity, wherein the RAN
coordinates and controls the periodic reporting of UE location to the
client entity, and wherein the UE initiates location reporting by
sending a measurement report to the RAN.  14. The apparatus of claim
13, wherein the location center is associated with the client entity,
wherein the RAN is associated with another location center, 20 and
wherein the processor is operative to send the location estimate for
the UE directly to the location center associated with the client
entity and to bypass the location center associated with the RAN.
15. The apparatus of claim 13, wherein the processor is operative to
send signaling to the UE prior to or after each location reporting to
convey results 25 of a prior location reporting, to inform the UE of
a current or next location reporting, to allow for denial of the
current or next location reporting, to allow for cancellation of the
periodic reporting, or a combination thereof.  16. The apparatus of
claim 13, wherein the processor is operative to send signaling to the
UE after completion of the periodic reporting to indicate  47
completion of the periodic reporting, to convey results of the
periodic reporting, or a combination thereof  17. An apparatus
comprising: 



means for sending signaling to a radio access network (RAN) to 5
initiate periodic reporting of location of a user equipment (UE) to a
client entity, wherein the signaling sent to the RAN includes
periodic location information indicative of when to send location
estimates for the UE to the client entity, and wherein the RAN
coordinates and controls the periodic reporting of UE location to the
client entity; and 10means for processing location reporting
indicated by the periodic location information, comprising means for
receiving from the RAN a location estimate for the UE, and
means for sending the location estimate for the UE toward the client
15 entity, and wherein the UE initiates location reporting by sending
a measurement report to the RAN.  18. The apparatus of claim 17,
wherein the RAN is associated with a first location center, and
wherein the means for sending the location estimate for the UE toward
the client entity comprises means for sending the location estimate
20 for the UE directly to a second location center and bypassing the
first location center, wherein the second location center is
associated with the client entity, and wherein the first and second
location centers are associated with different networks.  19. The
apparatus of claim 17, further comprising: 25means for sending
signaling to the UE prior to or after each location 



reporting to convey results of a prior location reporting, to inform
the UE of a current or next location reporting, to allow for denial
of the current or next location reporting, to allow for cancellation
of the periodic reporting, or a combination thereof.  48 20.The
apparatus of claim 17, further comprising:              means for
sending signaling to the UE after completion of the periodic
reporting to indicate completion of the periodic reporting, to convey
results of the periodic reporting, or a combination thereof 5 21.A
method of providing location services, comprising:
receiving at a radio access network (RAN) signaling sent by a network
entity to initiate periodic reporting of location of a user equipment
(UE) to a client entity, wherein the signaling received from the
network entity includes periodic location information indicative of
when to send location estimates for the 10 UE to the client entity;
coordinating and controlling the periodic reporting of UE location to
the client entity; and for location reporting indicated by the
periodic location information, receiving location information from
the UE or concerning the UE, 



15obtaining a location estimate for the UE, the location estimate
being determined based on the location information, and sending the
location estimate for the UE to the network entity, and wherein the
UE initiates location reporting by sending a measurement report
comprising the location information to the RAN. 20 22.The method of
claim 21, wherein the periodic location information indicates a
predetermined number of location reporting and a time interval
between successive location reporting. 23.The method of claim 21,
further comprising: sending the periodic location information to the
UE.  49  24. The method of claim 21, wherein the location information
comprises measurements obtained by the UE, or the RAN, or both the UE
and the RAN, and wherein the obtaining the location estimate for the
UE comprises sending the measurements to a positioning entity, and 



5receiving the location estimate for the UE from the positioning
entity.  25. The method of claim 21, further comprising:
exchanging signaling with a positioning entity to pass coordination
and control of the periodic reporting to the positioning entity.
26. (Currently amended) The method of claim 25, wherein the obtaining
10 the location estimate for the UE comprises forwarding the location
information to the positioning entity, and receiving from the
positioning entity the location estimate for the UE.  27. The method
of claim 21, further comprising:                   receiving from a
positioning entity assistance data for making 15 measurements used
for deriving the location estimate for the UE; and sending the
assistance data to the UE.  28. An apparatus comprising:
a communication unit operative to facilitate exchange of signaling
between a radio access network (RAN) and a network entity; 20a
transceiver operative to facilitate communication between the RAN and
a user equipment (UE); and 



a processor operative to receive signaling sent by the network entity
to initiate periodic reporting of location of the UE to a client
entity, to coordinate and control the periodic reporting of UE
location to the client entity and, for 25 location reporting, to
receive location information from the UE or concerning the  50 UE, to
obtain a location estimate for the UE, the location estimate being
determined based on the location information, and to send the
location estimate for the UE to the network entity, wherein the
signaling received from the network entity includes periodic location
information indicative of when to send location 5 estimates for the
UE to the client entity, and wherein the UE initiates location
reporting by sending a measurement report comprising the location
information to the RAN.  29. The apparatus of claim 28, wherein the
location information comprises measurements obtained by the UE, or
the RAN, or both the UE and the 10 RAN, and wherein the processor is
operative to send the measurements to a positioning entity and to
receive the location estimate for the UE from the positioning entity.
30. The apparatus of claim 28, wherein the processor is operative to
exchange signaling with a positioning entity to pass coordination and
control of the 15 periodic reporting to the positioning entity.  31.
The apparatus of claim 28, wherein the RAN is a Universal Terrestrial
Radio Access Network (UTRAN) and the network entity is a mobile
services switching center (MSC) or a serving GPRS support node
(SGSN).    32. The apparatus of claim 28, wherein the RAN is a GSM
EDGE Radio 20 Access Network (GERAN) and the network entity is a
mobile services switching center (MSC) or a serving GPRS support node
(SGSN). 



33. An apparatus comprising: means for receiving at a radio access
network (RAN) signaling sent by a network entity to initiate periodic
reporting of location of a user equipment 25 (UE) to a client entity,
wherein the signaling received from the network entity includes
periodic location information indicative of when to send location
estimates for the UE to the client entity;              means for
coordinating and controlling the periodic reporting of UE location to
the client entity; and  51              means for processing location
reporting indicated by the periodic location information, comprising
means for receiving location information from the UE or concerning
the UE, 5means for obtaining a location estimate for the UE, the
location estimate being determined based on the location information,
and 



means for sending the location estimate for the UE to the network
entity, and                   wherein the UE initiates location
reporting by sending a 10 measurement report comprising the location
information to the RAN.  34. The apparatus of claim 33, wherein the
location information comprises measurements obtained by the UE, or
the RAN, or both the UE and the RAN, and wherein the means for
obtaining the location estimate for the UE comprises 15means for
sending the measurements to a positioning entity, and
means for receiving the location estimate for the UE from the
positioning entity.  35. The apparatus of claim 33, further
comprising:                   means for exchanging signaling with a
positioning entity to pass 20 coordination and control of the
periodic reporting to the positioning entity.  36. A method of
providing location services, comprising:              receiving at a
positioning entity signaling sent by a radio access network (RAN) to
initiate periodic reporting of location of a user equipment (UE) to a
client entity, wherein the signaling received from the RAN includes
periodic 25 location information indicative of when to send location
estimates for the UE to the client entity; 



52              coordinating and controlling the periodic reporting
of UE location to the client entity; and for location reporting
indicated by the periodic location information,
receiving from the RAN location information sent by the UE or 5
concerning the UE,              obtaining a location estimate for the
UE, the location estimate being determined based on the location
information, and sending the location estimate for the UE to the RAN,
and                   wherein the UE initiates location reporting by
sending a 10 measurement report comprising the location information
to the RAN. 37. The method of claim 36, further comprising:
sending to the RAN assistance data for making measurements used for
deriving the location estimate for the UE. 38. An apparatus
comprising: 15a communication unit operative to facilitate exchange
of signaling 



between a positioning entity and a radio access network (RAN); and
a processor operative to receive signaling sent by the RAN to
initiate periodic reporting of location of a user equipment (UE) to a
client entity, to coordinate and control the periodic reporting of UE
location to the client entity and, 20 for location reporting, to
receive from the RAN location information sent by the UE or
concerning the UE, to obtain a location estimate for the UE, the
location estimate being determined based on the location information,
and to send the location estimate for the UE to the RAN, wherein the
signaling received from the RAN includes periodic location
information indicative of when to send location 25 estimates for the
UE to the client entity, and wherein the UE initiates location
reporting by sending a measurement report comprising the location
information to the RAN.  53  39. The apparatus of claim 38, wherein
the processor is operative to send to the RAN assistance data for
making measurements by the UE used for deriving the location estimate
for the UE.  40. An apparatus comprising: 5means for receiving at a
positioning entity signaling sent by a radio access network (RAN) to
initiate periodic reporting of location of a user equipment 



(UE) to a client entity, wherein the signaling received from the RAN
includes periodic location information indicative of when to send
location estimates for the UE to the client entity; 10means for
coordinating and controlling the periodic reporting of UE location to
the client entity; and              means for processing location
reporting indicated by the periodic location information, comprising
means for receiving from the RAN location information sent by the 15
UE or concerning the UE,              means for obtaining a location
estimate for the UE, the location estimate being determined based on
the location information, and means for sending the location estimate
for the UE to the RAN, and wherein the UE initiates location
reporting by sending a 20 measurement report comprising the location
information to the RAN.  41. The apparatus of claim 40, further
comprising: means for sending to the RAN assistance data for making
measurements by the UE used for deriving the location estimate for
the UE.  42. A method of obtaining location services, comprising: 



54 wherein the signaling received from the RAN includes periodic
location information indicative of when to send location estimates
for the UE to the client entity, and wherein the RAN coordinates and
controls the periodic reporting of UE location to the client entity;
and 5sending location information to the RAN for location reporting
indicated by the periodic location information, wherein the location
information comprises a location estimate for the UE or measurements
used to derive the location estimate for the UE, and wherein the UE
initiates location reporting by sending a measurement report
comprising the location information to the RAN. 10 43.The method of
claim 42, wherein the periodic location information indicates a
predetermined number of location reporting and a time interval
between successive location reporting. 44.The method of claim 42,
wherein the periodic location information indicates at least one
condition triggering reporting of location information. 15 45.The
method of claim 42, further comprising:              receiving via
the RAN a request sent by the client entity for periodic reporting of
the UE location to the client entity; and sending a grant or denial
of the request. 



46. The method of claim 42, further comprising: 20receiving via the
RAN a request sent by the client entity for periodic reporting of the
UE location to the client entity, wherein the client entity resides
within a network entity supporting location services or is directly
coupled to the network entity. 47. The method of claim 42, further
comprising: 25sending a request for periodic reporting of the UE
location to the client entity; and receiving authorization for the
request.  55 48. The method of claim 42, further comprising:
receiving via the RAN assistance data for making the measurements;
and                 using the assistance data to make the
measurements for each 5 location reporting. 



49. The method of claim 42, further comprising:             making
measurements for at least one transmitter for each location
reporting, wherein each transmitter is a base station or a satellite;
and                   providing the measurements as the location
information. 10 50.The method of claim 42, further comprising:
making measurements for at least one transmitter for each location
reporting, wherein each transmitter is a base station or a satellite;
deriving the location estimate for the UE based on the measurements;
and 15providing the location estimate as the location information.
51. The method of claim 42, wherein the location information
comprises measurements used to derive the location estimate for the
UE, the method further comprising:                   receiving via
the RAN the location estimate for the UE for each 20 location
reporting.  52. An apparatus comprising:              a transceiver
operative to facilitate communication between a user equipment (UE)
and a radio access network (RAN); and  



56 send location estimates for the UE to the client entity based on
periodic location information included in the signaling received from
the RAN, and for location reporting indicated by the periodic
location information, to provide a location estimate for the UE or
measurements used to derive the location estimate as 5 location
information, and to send the location information to the RAN, wherein
the RAN coordinates and controls the periodic reporting of UE
location to the client entity, and wherein the UE initiates location
reporting by sending a measurement report comprising the location
information to the RAN.  53. The apparatus of claim 52, wherein the
processor is operative, for 10 each location reporting, to obtain
measurements for at least one transmitter and to provide the
measurements as the location information, and wherein each
transmitter is a base station or a satellite.  54. The apparatus of
claim 52, wherein the processor is operative, for each location
reporting, to obtain measurements for at least one transmitter, to 15
derive the location estimate for the UE based on the measurements,
and to provide the location estimate as the location information, and
wherein each transmitter is a base station or a satellite.  55. The
apparatus of claim 52, wherein the signaling is originated by a
mobile services switching center (MSC) or a serving GPRS support node
(SGSN). 20 56.An apparatus comprising:              means for
receiving at a user equipment (UE) signaling sent by a radio access
network (RAN) to initiate periodic reporting of location of the UE to
a client entity, wherein the signaling received from the RAN includes
periodic location information indicative of when to send location
estimates for the UE to the 



25 client entity, and wherein the RAN coordinates and controls the
periodic reporting of UE location to the client entity; and
means for sending location information to the RAN for location
reporting indicated by the periodic location information, wherein the
location information comprises a location estimate for the UE or
measurements used to 30 derive the location estimate for the UE, and
wherein the UE initiates location  57 reporting by sending a
measurement report comprising the location information to the RAN.
57. The apparatus of claim 56, further comprising: means for making
measurements for at least one transmitter for 5 each location
reporting, wherein each transmitter is a base station or a satellite;
and means for providing the measurements as the location information.
58. The apparatus of claim 56, further comprising:
means for making measurements for at least one transmitter for 10
each location reporting, wherein each transmitter is a base station
or a satellite; 



means for deriving the location estimate for the UE based on the
measurements; and means for providing the location estimate as the
location information. 59. The method of claim 1, further comprising:
15receiving a request for periodic reporting of the UE location to
the client entity, at the UE; receiving the periodic location
information at the UE; sending measurements to a positioning entity,
and                   receiving the location estimate for the UE from
the positioning entity. 20 60.The method of claim 1, further
comprising:              exchanging signaling with the client entity
to pass coordination and control of the periodic reporting to the
client entity; and 






