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1. Introduction

At SA#27, a WI was agreed (SP-050119) to support LCS enhancements in Rel-7 including, specifically, periodic location. Currently, in TS 23.271, periodic location is supported for MT-LR LCS services but only in the R-GMLC which means a repetition of normal MT-LR signaling for each location estimate. This will lead to extensive signaling impacts within the CN and RAN and may mean that tight response time requirements (or a short periodic interval) cannot be achieved. In the case of an MO-LR transfer to third party (TTTP), the same considerations apply since a normal MO-LR procedure would have to be repeated for each location estimate transferred to the external LCS Client.

This contribution proposes more efficient procedures for supporting periodic MT-LR and periodic MO-LR transfer to third party. The procedures are based on an extension of the current deferred MT-LR concept and use of the existing MO-LR transfer to third party capability. Improvements in efficiency are achieved by enabling location transfer to bypass the RAN when UE based positioning is used (“MO-LR short circuit”) and by enabling location transfer to the R-GMLC to bypass the H-GMLC and V-GMLC (“GMLC short circuit”). The procedure also enables use of any periodic LCS capability supported within the RAN. Currently, UTRAN but not GERAN supports such a capability but it cannot be accessed from the CN due to no support yet on the Iu interface (i.e. in RANAP). Were the needed enhancements to be added to the Iu interface (and possibly to the Iupc interface in PCAP), it would be possible to support efficient periodic location using positioning methods other than UE based methods. This specific enhancement is not, however, a prerequisite of the solution proposed here but a useful optional component that might be added separately.
More efficient support of existing types of deferred MT-LR (e.g. for change of area) is also possible by extending the solution proposed here, although this is not currently being proposed in the accompanying CR.

2. Extension of Deferred MT-LR to support Periodic Location
The deferred MT-LR capability is currently defined in Rel-6 (see 23.271, 29.002, 24.080) to support the provision of UE location or an “event occurred” indication to an external LCS client when any of the following events occur:

· UE becomes available

· UE enters a defined area*

· UE is already inside a defined area*

· UE leaves a defined area*

*Note:
area can be defined by country, PLMN, Location Area, Routing Area, or Cell ID and it is allowed to specify multiple areas. When an area related event occurs, the event itself may be reported to the LCS Client with no additional information or the event and a location estimate may both be reported. In the latter case, a less efficient procedure, instigated from the H-GMLC, is used to obtain the location.

In 23.271 the R-GMLC is allowed to combine the request for the “UE becomes available” event with the request of periodic location. Note that periodic MT-LR support occurs within the R-GMLC and is transparent to the rest of the network. It is also allowed to request any combination of the 3 area related events and to request repeated reporting of these from a UE (e.g. to report successive instances of a UE entering and leaving an area). However, it is not currently possible to combine the UE available event with any of the area events. It should be noted that the deferred MT-LR capability for change of area is not yet complete at a stage 3 level since it lacks certain critical parameters in (e.g.) 29.002 MAP (validity period missing) and 24.008 (UE capability to support change of area missing).
For Rel-7, it is proposed to support a more efficient form of periodic location by extending the existing deferred MT-LR capability with a new periodic location event. The following list summarizes new and existing information in a MAP Provide Subscriber Location request that will be needed to support periodic MT-LR and to make existing deferred MT-LR work (or work better). 
	MAP Provide Subscriber Location for Periodic Location Event

	Existing information
	· Reference ID assigned by H-GMLC (enables later location reports to be associated with the original deferred MT-LR request). For periodic location, this can also serve to indicate previous authorization of the procedure – e.g. when MO-LR short circuit or GMLC short circuit are used to provide subsequent location estimates.
· H-GMLC address: supports return of location via the V-GMLC and H-GMLC. This only applies when GMLC short circuit is not requested or not agreed.

	New information needed for both existing deferred MT-LR and for new periodic location event
	· Start time (for periodic location, start time should be the current time).

· Stop time, total duration or total number of reports (choice for the R-GMLC).*

	New information needed only for periodic location event
	· Time interval between successive location reports

· MO-LR short circuit flag: indicates if the UE is allowed and trusted to provide a location estimate directly to the MSC or SGSN (in an MO-LR Request) without verification in the RAN.

· R-GMLC address for GMLC short circuit: the presence of this parameter indicates a request to provide location directly from the serving MSC or SGSN to the R-GMLC without transfer through the V-GMLC and H-GMLC. Its presence implies that the R-GMLC can support the necessary MAP operation. The H-GMLC, V-GMLC and SGSN/MSC can independently deny this request if it is preferred to provide location in the normal way via the V-GMLC and H-GMLC. If any entity denies the request, then GMLC short circuit would not be used.


*Note:
in the accompanying CR, only total number of reports is proposed as this is believed to be simplest (e.g. less ambiguous for billing). However, for generality, the description here allows the 3 alternatives.
It is proposed to allow combination of this new periodic location event with the existing UE available event but not with any of the area related events. The combination with the UE available event can be supported by storing periodic location information in the serving MSC or SGSN until the UE becomes available and then transferring this information to the UE using the procedure described below. After the UE has replied to this indicating if the procedure can be supported and, in the case of privacy notification and verification, whether the UE user agrees, there may need to be an additional notification (e.g. MAP Subscriber Location Report) from the serving MSC/SGSN to the GMLCs (and to the LCS Client) indicating the outcome (i.e. support and agreement for the procedure by the UE and UE user and whether MO-LR short circuit, if requested, will be used). Apart from this change, the procedures described further down here should be applicable. However, combining periodic location with a deferred MT-LR for change of area (within the same MT-LR request) seems unnecessary considering that this could be achieved by sending two separate MT-LR requests.
3. Instigation of an MT-LR Request for Periodic Location

The new message flow associated with instigation of periodic location is shown below.
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Figure 1 – Deferred MT-LR Initiation for Periodic Location in PS and CS domain
1) The LCS Client includes periodic location information with the LCS Service request.
2) The R-GMLC includes its own address in the LCS Service Request sent to the H-GMLC if GMLC short circuit is preferred. The R-GMLC also indicates whether MO-LR short circuit is allowed. The H-GMLC and V-GMLC can remove the R-GMLC address if it is preferred that all periodic location reports are seen by all GMLCs (V-GMLC, H-GMLC, R-GMLC). 
3) The V-GMLC conveys the periodic location request to the MSC or SGSN.

4) The MSC/SGSN performs paging and authentication. If notification or privacy verification is needed, the UE is notified and enabled to accept or reject the request if privacy verification is allowed. The SS notification request tells the UE that periodic location is being invoked and may provide details of the interval and duration (to enable the user to better decide whether to accept or reject the request).

5) The MSC/SGSN sends an LCS Periodic Location Invoke to the UE containing the periodic location related parameters (QoS, interval, duration or number of reports, R-GMLC address, H-GMLC address, Reference ID, use of MO-LR short circuit). This would be a new message in 24.080. Its usage requires that the MSC or SGSN knows if the UE can support it which will require new UE capability information in certain MM messages in 24.008 (e.g. possibly a new UE capability IE for CS mode since the current MS Classmark 2 only has 1 free bit left). Optionally, the message can provide list of PLMNs, either prioritized or non-prioritized according to a flag, in which subsequent MO-LR TTTP requests must be made and an indication for each PLMN as to whether the PLMN supports periodic location in the RAN. If no list is provided, subsequent MO-LRs are restricted to the current serving PLMN only. Note that any agreement on using MO-LR short circuit and/or GMLC short circuit needs to consider the list of PLMNs in which the subsequent MO-LR TTTP requests will be made since this agreement applies to all of these PLMNs.
6) The UE returns a response indicating if the request is accepted or not. If the request is not accepted (but any privacy verification has passed), the MSC/SGSN may still invoke periodic location via the RAN if supported. (Note: this requires changes on the Iu interface as mentioned already.) Otherwise, an error response is returned.
7) The response from the MSC/SGSN to the V-GMLC indicates if the periodic location request is accepted and whether GMLC and/or MO-LR short circuit will be used. The response may also indicate the list of PLMNs in which subsequent location estimates will be determined.
8-10) The response is conveyed to the other GMLCs and (part of the response) to the LCS Client.

4. Reporting of Periodic Location

The UE is responsible for instigating periodic transfer of location estimates to the LCS Client. This begins immediately after the procedure in Figure (1) (i.e. the first location is provided almost immediately) and continues until one of the following events occur.

(a) Specified duration or total number of reports is attained

(b) Procedure is cancelled by the R-GMLC or H-GMLC (via the existing deferred MT-LR cancellation procedure in 23.271)

(c) The UE terminates the procedure due to one of the exception conditions described in section 8.
The procedure would normally be repeated at the required periodic interval with each invocation causing a single location estimate to be returned to the LCS Client. However, as an option, when periodic location is supported within the RAN, the procedure could be repeated at some multiple (e.g. N) of the periodic location interval with each invocation causing return of multiple (e.g. N) periodic location estimates (obtained by the RAN) to the LCS Client. This option is discussed further down. The basic procedure is shown below. Note that while an MSC/SGSN is shown in the figure, the messages to/from the RAN and UE assume an MSC (or MSC server) and would need some changes for an SGSN.
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Figure 2 – Reporting of Periodic Location
1-3) The UE sends a CM Service Request causing authentication and ciphering or return of a CM Service Accept.

4) The UE sends an MO-LR invoke for transfer of location to a third party (TTTP). The UE may include the location estimate if UE Based positioning is supported (e.g. UE Based A-GPS) and MO-LR short circuit is allowed. The MO-LR invoke includes the R-GMLC address if GMLC short circuit is allowed and otherwise the H-GMLC address. For transfer of the final location estimate, the H-GMLC address should be included (even if GMLC short circuit was agreed) in order to notify the V-GMLC and H-GMLC that the procedure is terminating. For example, this tells the H-GMLC when the reference ID is no longer in use and will be useful for billing. The MO-LR invoke also includes the reference ID. The presence of the reference ID indicates that the transfer and its attributes (e.g. use of GMLC short circuit and/or MO-LR short circuit) have been previously authorized by the R-GMLC, H-GMLC and V-GMLC – e.g. using the procedure in Figure 1. If a location estimate is not included, QoS is included and optionally periodic location information (e.g. interval, duration).

5) If a location estimate is not included in (4), the MSC/SGSN obtains location by sending a request to the RAN. If supported in the RAN (e.g. for UMTS) and included by the UE, the location request can include periodic location information.
6) The location is returned either directly to the R-GMLC or via the V-GMLC and H-GMLC depending on whether GMLC short circuit was allowed or not. (The MSC/SGSN can determine which is required from the inclusion of an R-GMLC address versus H-GMLC address in step 4.) If no location estimate was obtained (e.g. positioning failure or timeout), a report indicating this shall still be returned.
7-9) The location is passed to the LCS Client and an ack. is returned to any preceding GMLCs and to the MSC/SGSN. If periodic location in the RAN was requested in step 5, steps 5-9 are repeated at the periodic location interval (as the RAN provides each new location estimate to the MSC/SGSN) until the duration or number of reports is attained or until there is a request from the RAN to hand the UE over to a different MSC/SGSN. (Note that in the case of handover to another RAN associated with the same MSC/SGSN, steps 5-9 could continue in the new RAN.)
10-11) The MSC/SGSN returns an acknowledgement to the UE and instigates release of the CM, MM and RRC (or RR) connections. The UE is responsible for restarting the procedure at step 1 or step 4 if the stop time, remaining duration or total number of location reports has not yet been reached. In the case of restarting at step 4, the CM, MM and RRC (or RR) connections would not be released in step 11, as allowed by the MO-LR procedure description in 24.030.
The procedure described above can easily be extended to support deferred location reporting for events known to the UE – for example change of serving cell or change of location, velocity or acceleration by some given threshold. Efficient location reporting for such events can be supported by the above MO-LR based procedure but would not be so efficient when instigated from the network using an MT-LR or NI-LR based procedure (e.g. because the event might first have to be reported to the network).
5. Use of Periodic Location in the RAN

The procedure described above to report periodic location contains the option of using periodic location reporting in the RAN. This is illustrated in the following figure in more detail.
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 Figure 3 – Reporting of Periodic Location from the RAN
1) The UE invokes periodic location reporting as described in steps 1 to 4 of Figure 2. In this case, the LCS MO-LR invoke sent by the UE to MSC/SGSN contains periodic location information (e.g. periodic location interval and overall duration or total number of reports) but does not contain a location estimate.
2) The MSC/SGSN sends a Location request to the RAN containing the required LCS QOS and the periodic location information (e.g. periodic interval and number of reports).

3) The RAN returns a Location report containing the first location estimate.

4-7) The MSC/SGSN transfers the location estimate to the LCS Client via one or more GMLCs as described for steps 6 to 9 in Figure 2.

8) Immediately or shortly after the first periodic location interval has transpired, the RAN sends a second Location Report containing the second location estimate. 

9-12) The MSC/SGSN transfers the second location to the LCS Client as in steps 4-7. Steps 8 to 12 are then repeated at the periodic location interval until the overall periodic location duration or total number of reports have been attained.

13-14) The MSC/SGSN returns an MO-LR return result to the UE (indicating successful completion) and initiates release of the CM, MM and RRC (or RR) connections.

It should be noted that a rather long MO-LR transaction has been assumed from step 1 to step 13 in Figure 3 during which the UE may have no knowledge of the success of failure of each periodic location transfer (or even if the request has been accepted by the CN and the RAN). However, the open MO-LR transaction may be useful to maintain a CM and MM connection to the UE and prevent the UE returning to idle mode. As an enhancement, the UE could be kept informed of the progress of the periodic location transfer to the LCS Client if the serving MSC/SGSN returns a message (e.g. new LCS Location Update message) to the UE following each acknowledged transfer of location to the LCS Client – i.e. following step 7 and each instance of step 12 in Figure 3. 

If it was preferred to keep the MO-LR transaction short and thereby notify the UE immediately as to whether the periodic location request will be carried out, a slightly different procedure is needed. With this, the UE could also be kept informed of the progress of the periodic location reporting using either a new supplementary services operation (e.g. the LCS Location Update mentioned above) or possibly the existing LCS Notification supplementary services procedure with some extension. The former is shown below in Figure 4. It should be noted that Figure 4 can be seen as a variant or extension of the procedure for periodic MO-LR self location described later in section 7 and shown in Figure 6. In contrast, Figure 3 is an extension of the procedure in Figure 2 for MO-LR TTTP for a single location estimate. In the accompanying CR, the method of Figure 3 is given greater prominence. However, it is recognized that in order to facilitate a phased implementation in which MO-LR TTTP without periodic RAN positioning is supported first followed later by periodic RAN positioning for both MO-LR TTTP and MO-LR self location, it may be better to use the method of Figures 4 and 6 for the periodic RAN positioning. However, this can be resolved later.
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 Figure 4 – Variant of Periodic Reporting from the RAN
1-4) Same as steps 1-4 in Figure 2 but with the MO-LR invoke containing periodic location information and no location estimate.
5) The MSC/SGSN returns an MO-LR return result to the UE immediately to indicate acceptance of the periodic location request in step 4.

6) The first location estimate is provided by the RAN and transferred to the LCS Client as in steps 2-7 of Figure 3.

7) The MSC/SGSN sends an LCS Location Update Invoke to the UE to indicate that the first location estimate has been successfully transferred. This also serves to notify the UE that a second location estimate will be transferred following the next periodic location interval.

8) The UE acknowledges receipt of the Location Update. A cancellation of location could be included in this message if the UE wished to cancel the periodic location procedure at that point.

9-11) As steps 6-8 but for the second location estimate and thereafter repeated at the periodic location interval until the overall duration or total number of reports is attained. 
12) The MSC/SGSN instigates clearing of the CM, MM and RRC (or RR) connections.

The LCS MO-LR TTTP invoke request sent by the UE (e.g. in step 4 of Figure 4) would include, besides the periodic reporting interval, a duration or number of reports less than or equal to the remaining duration or remaining number of reports for the whole procedure. When a smaller duration or number of reports was requested, the target UE would be responsible for reissuing further MO-LR requests, after periodic reporting from the RAN was completed, until the overall duration or number of reports was attained. (For example, if the total number of reports originally requested by the LCS Client was 100, the UE could invoke the procedure in Figure 3 or Figure 4 10 times, each for 10 reports, as an alternative to a single invocation for 100 reports.)  One reason for limiting the duration or number of reports would be to avoid a long MO-LR transaction in the case of the message flow in Figure 3. Another reason might be to change the QoS and/or reporting interval (if allowed according to the original request). 
To support the invocation of periodic reporting in the RAN, the UE needs to be aware of whether this is supported in each PLMN. This is enabled by indicating this for each PLMN provided to the UE when periodic location is first invoked (see step 5 of Figure 1). If more flexibility is needed (e.g. if not all RAN elements in a PLMN support periodic location), then the capability could also (or instead) be indicated in broadcast information from the RAN.

The use of a periodic location capability within the RAN may seem to be a mutually exclusive alternative to the use of periodic reporting via MO-LR TTTP. However, it is being proposed as an optional component of the MO-LR based proposal for several reasons. First, it enables efficient location for a UE in a UMTS network where UE based positioning is not supported or where MO-LR short circuit is not agreed. In this case, periodic location within the UTRAN – using either UE assisted or network based positioning - may be more efficient than repeating the MO-LR reporting procedure for each instance of location (since a new procedure would then have to be invoked each time in the UTRAN). However, if the target UE was initially served by a GSM PLMN, it might not be possible to make use of periodic RAN reporting immediately (e.g. since this is not supported by GERAN and would be quite complex to add). Instead, the UE would need to move to an overlapping UMTS network (if any exists with the periodic reporting capability). This is accomplished in this proposal by using the PLMN capability included in the procedure described in section 3 (see step 5 of Figure 1). The overlapping UMTS PLMN might correspond to the same operator as the initial serving GSM PLMN and hence would improve the operator’s periodic LCS capability. The transfer of the UE to a different PLMN would not be possible using a procedure that involved only the core network and the RAN without use of an MO-LR type of invocation from the UE (because the initial PLMN would then remain involved throughout the procedure) but it is supported in the proposal here because of the MO-LR TTTP component. 
Another reason for allowing invocation of periodic RAN location by an MO-LR TTTP would be to support deferred event based reporting (e.g. based on change of location or velocity by a pre-defined threshold) when some duration of fixed periodic reporting is required as a result. (For example, tracking a car that was initially stationary might be helped by triggering a burst of periodic reports when the car first started to move.) In this case again, if UE based positioning with MO-LR short circuit was not supported or not agreed, it might be more efficient to invoke periodic RAN reporting (in the MO-LR TTTP request).

Use of an MO-LR TTTP without periodic RAN reporting is beneficial to transfer location efficiently when UE based positioning is supported, particularly with MO-LR short circuit, and for later extension to event based location reporting for events known to the UE.  By combining periodic MO-LR TTTP with periodic RAN reporting, it is possible to efficiently support periodic location and other types of repetitive event based location for all positioning modes – UE based, UE assisted and network based – and for both GSM and UMTS networks.
6. MO-LR Request for Periodic Location Transfer to a Third Party

This procedure will be useful to enable efficient periodic transfer of location to an external LCS client in the case that the UE subscriber or an application in the UE is the instigator. The procedure would be executed once followed by the procedure described in section 4 or section 5.
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Figure 5 – Deferred MO-LR Initiation of Periodic Location in PS and CS domain
1-3) The UE sends a CM Service Request causing authentication and ciphering or return of a CM Service Accept.

4) The UE sends an MO-LR invoke for periodic transfer of location to a third party (TTTP). The UE shall include the location reporting period (e.g. start time and one of stop time, duration or number of reports) and the reporting interval. The UE shall also include the LCS Client identity and may include the identity of the GMLC through which the LCS Client can be accessed. The UE may include a request for use of MO-LR short circuit (e.g. if the UE supports UE based positioning). The absence of an H-GMLC assigned reference ID in this case indicates that the request has not yet been authorized and hence leads to the procedure described here as opposed to the procedures described in sections 4 and 5 (which are applicable only following authorization).  The MSC/SGSN verifies that the UE subscribes to MO-LR transfer to third party. (Note that a new subscription option for periodic MO-LR TTTP seems unnecessary as the H-GMLC can verify this during steps 5-8 and it seems likely that subscription to basic MO-LR TTTP would normally allow periodic MO-LR TTTP.)
5-8) The request to initiate periodic location is transferred in succession from the MSC/SGSN to the V-GMLC, H-GMLC, R-GMLC serving the LCS Client and finally to the LCS Client. The periodic location parameters (start time and one of stop time, duration or number of reports) are included as well as any request for use of MO-LR short circuit and/or GMLC short circuit. In the case of GMLC short circuit, a specific request might not be included but rather an indication as to whether each entity is willing to support it. In that case, the R-GMLC could make the decision to use or not use it based on whether all entities (MSC/SGSN, V-GMLC, H-GMLC) have agreed to support it. A list of PLMNs in which subsequent locations would be obtained can also be included in the location request. Any entity (SGSN/MSC, V-GMLC, H-GMLC, R-GMLC, LCS Client) is enabled to accept or refuse the request. In addition, if the request was accepted, any entity is free to reject use of MO-LR short circuit and/or GMLC short circuit. If the request is accepted, a reference ID is assigned by the H-GMLC.  
9-12) The response transferred back to the SGSN/MSC shall indicate acceptance or rejection and whether MO-LR short circuit and/or GMLC short circuit (if either were requested) is accepted. The response also includes the reference ID assigned by the H-GMLC, the H-GMLC address and, if GMLC short circuit will be used, the R-GMLC address.
13) The MSC/SGSN returns the result of the request to the UE including the reference ID, H-GMLC address and possibly the R-GMLC address. The MSC/SGSN may also provide a prioritized or unprioritized list of PLMNs in which subsequent location estimates must be obtained and an indication for each PLMN of whether periodic location in the RAN is supported. If no list is provided, subsequent locations are restricted to the current serving PLMN only.
14a) The UE may instigate release of the CM, MM and RRC (or RR) connections – e.g. if the request was rejected or if the MSC/SGSN provided a list of PLMNs that did not include the serving PLMN (or if the serving PLMN was included with a lower priority in a prioritized list).
14b) If the request was accepted and the serving PLMN can be used for subsequent location, the UE may initiate reporting of the first location estimate by sending an MO-LR request indicating transfer of location to the LCS Client. Further signaling would then occur as described in section 4.

7. MO-LR Request for Periodic Self Location

In the case of support for UE based positioning, there is little use for a periodic MO-LR self location capability. But if a UE only supports UE assisted positioning or has no positioning capability, there will be some overhead in repeating an MO-LR request for self location because of the need to periodically set up and tear down a location transaction in the RAN. A more efficient procedure is possible if the RAN supports periodic location. The procedure can be seen as a variant of that shown in Figure 4 (for periodic transfer of location to an external LCS Client) and is shown below.
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 Figure 6 – MO-LR for periodic self location with periodic positioning in the RAN
1-3) The UE sends a CM Service Request causing authentication and ciphering or return of a CM Service Accept.

4) The UE sends an MO-LR invoke requesting periodic self location. The request includes the required QoS, the periodic location interval and the total duration or total number of reports.

5) The MSC/SGSN verifies that the UE subscribes to MO-LR basic self location and returns an MO-LR return result to the UE immediately to indicate acceptance of the periodic location request in step 4. (Again, a new subscription option seems unnecessary since what is being supported here is basic MO-LR self location repeated periodically but using a more efficient procedure.)
6) The MSC/SGSN sends a location request to the RAN containing the QoS and periodic location information received in step 4.

7) The first location estimate is provided by the RAN.

8) The MSC/SGSN sends an LCS Location Update Invoke (new message in 24.080) to the UE containing the first location estimate. Note that an existing supplementary services message (e.g. the Location Notification Invoke with some new parameters) could be used instead if it is preferred not to add new messages.
9) The UE acknowledges receipt of the first location estimate. If the UE wished to cancel the periodic location procedure at that point, an additional parameter (e.g. flag or cause value) could be included in this message.

10-12) As steps 7-9 for the second location estimate and thereafter repeated at the periodic location interval until the overall duration or total number of reports is attained. 

12) The MSC/SGSN instigates clearing of the CM, MM and RRC (or RR) connections.
8. Exception Procedures applicable to Periodic Location Transfer to an External LCS Client
The UE is responsible for ensuring a location report is sent to the R-GMLC (via the MO-LR TTTP procedure described in section 4) at the required intervals even if, in the case of MO-LR short circuit and UE based positioning, the UE cannot obtain a location estimate. This means that an MO-LR TTTP must be sent at the requested intervals. This enables the R-GMLC to determine (by running a timer) if the UE may have moved out of coverage of the PLMN(s) within which periodic location is allowed. The R-GMLC shall initiate explicit cancellation of the periodic location service by sending an LCS Cancel Service request to the H-GMLC whenever the R-GMLC infers from the absence of periodic location reports that the service may have been terminated. The H-GMLC shall forward this request to the V-GMLC which shall forward it to the current serving MSC/SGSN which shall in turn send an LCS Periodic Event cancellation to the UE (if the UE is reachable).
The UE terminates the procedure if it moves permanently out of coverage of the PLMN(s) in which location is allowed or if a conflict with the PLMNs preferred by the UE for other services prevents access to the PLMNs assigned for periodic location. The UE determines the need for termination if it is unable to instigate an MO-LR TTTP request for some period T (e.g. T is some multiple of the required periodic location interval).  
The UE terminates the procedure if any MO-LR TTTP request is rejected by the current serving PLMN with a cause indicating that the procedure cannot (or can no longer) be supported – e.g. MO-LR short circuit, if this was initially agreed, cannot (or can no longer) be supported – and the procedure cannot be successfully retried in any other PLMN indicated to the UE when the procedure was first started.
It is proposed that the UE be enabled to cancel the periodic location procedure by sending an MO-LR TTTP report without a location estimate, but with a termination cause, to the V-GMLC, H-GMLC and R-GMLC if some event forces early termination – e.g. the subscriber terminates the procedure. This will both speed up notification to the GMLCs and LCS Client and allows a specific reason for the termination to be given.
It is not proposed to allow modification (as opposed to cancellation and restarting) of a periodic MT-LR due to additional complications (e.g. this is not currently supported for other types of deferred MT-LR). Modification can still be supported by canceling and then restarting the procedure with different parameters.
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