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Abstract of the contribution: this discussion paper is proposed to discuss the candidate solutions to the questions related to TEI19 WID of DLPMR proposed during SA2#160AHE meeting and offline discussion before SA2#161 meeting.
1. Background
[bookmark: _Toc352077766]In SA2#160AHE meeting, the TEI19 WID proposal of DLPMR (S2-2400209) is on the agenda for discussion. It is claimed as follows:
RAN provides solution on NRPPa in NR to receive periodic location measurements from gNB. LMF could use this periodical location information to generate location estimates periodically. However, there is no SA2 procedure which could leverage this periodical received location information to generate location estimates periodically.
Adding a new procedure Deferred 5GC-MT-LR Procedure for Periodic Location Events based NRPPa Periodic Measurement Reports.
Based on the discussion in the SA2#160AHE meeting and the offline discussion before SA2#161 meeting, there are following questions for the TEI19 proposal:
-	Q1: How to cancel the Deferred 5GC-MT-LR Procedure for Periodic Location Events based NRPPa Periodic Measurement Reports.
-	Q2: How this new procedure support UE mobility.
-	Q3: How this new procedure works if UE enters the CM-IDLE state. 
-	Q4: How to control the periodicity. 
Based on the offline discussion before SA2#161 meeting, the solution is already updated to solve questions above. But the solution to Q1 and Q4 still need further discussion and update. This discussion paper discusses the questions, analyses candidate solutions and proposes proposals.
2. How to cancel the Deferred 5GC-MT-LR Procedure for Periodic Location Events based NRPPa Periodic Measurement Reports
The existing deferred 5GC-MT-LR cancellation procedures and analyses are as follows:
-	Cancellation of Reporting of Location Events by a UE procedure in clause 6.3.2 in TS 23.273: UE triggers the procedure to cancel the deferred 5GC-MT-LR procedure. In this TEI, UE is not involved in the proposed deferred 5GC-MT-LR procedure, so the procedure in clause 6.3.2 is not applied.
-	Cancellation of Reporting of Location Events by an AF, an NF or External LCS Client or GMLC procedure in clause 6.3.3 in TS 23.273: when AMF receives the cancellation request, it is responsible to notify UE the cancellation via the steps 6-9 in Figure 2-1. In this TEI, UE is not involved in the proposed deferred 5GC-MT-LR procedure, so the steps 6-9 need to be skipped. To skip the steps, the AMF needs to know that the deferred 5GC-MT-LR procedure is performed by NRPPa periodical measurements in which the UE is not involved.
Observation#1: the Cancellation of Reporting of Location Events by a UE procedure in clause 6.3.2 in TS 23.273 is not applied in this TEI.
Observation#2: the Cancellation of Reporting of Location Events by an AF, an NF or External LCS Client or GMLC procedure in clause 6.3.3 in TS 23.273 needs to be enhanced to skip steps 6-9.


Figure 2-1: Enhancements to the existing Cancellation of Reporting of Location Events by an AF, an NF or External LCS Client or GMLC procedure
To support the enhancements highlighted in red in Figure 2-1, based on the offline discussion, the solution is updated to add the following new function:
-	LMF informs AMF in the answer of Nlmf_Location_CancelLocation that steps from 6 and 9 shall not be executed.
Indeed, this function can solve the question, but it is impossible for LMF know the detailed steps that should be skipped. So it is proposed to further reword the sentence to LMF informs the AMF that interaction with UE shall not be executed if the deferred 5GC-MT-LR procedure for periodic event report is performed using the NRPPa periodical measurement.
Proposal#1: reword the sentence of “LMF informs AMF in the answer of Nlmf_Location_CancelLocation that steps from 6 and 9 shall not be executed.” to “LMF informs the AMF in the answer of Nlmf_Location_CancelLocation that interaction with UE shall not be executed if the deferred 5GC-MT-LR procedure for periodic event report is performed using the NRPPa periodical measurement.”
Furthermore, there is no relationship between step5 and the steps from 6 to 9 in the existing procedure, i.e. there is no need for AMF to wait for the response from LMF in step 5 before the AMF performs the steps from 6 to 9. When the proposal#1 is introduced, the sequence between step 5 and steps from 6 to 9 needs to be specified, i.e. the AMF shall wait for LMF response of Nlmf_Location_CancelLocation before performing the steps from 6 to 9.
Proposal#2: add the limitation on AMF behaviour in step 5 that the AMF wait for LMF response of Nlmf_Location_CancelLocation before performing the steps from 6 to 9.
3. How to control the periodicity
3.1	Introduction
In the existing deferred 5GC-MT-LR procedure with periodic event, the UE is responsible to control the periodicity. The control is accurate and independent with the UE state (CM-IDLE and CM-CONNECTED) and HO event. In this TEI, how to control the periodicity is not clear.
The AF/LCS Client requests periodic location report by providing a location request to 5GC. The request includes the time interval between successive location reports and the total number of reports. These parameters could be set to any value by AF/LCS Client. Here is an example used to discuss the solutions in clause 3.2. It is assumed that the time interval between successive location reports = 60mins, the total number of reports = 5. The AF/LCS Client wants to receive the UE location at time 10a.m., 11a.m., 12a.m., 1p.m., 2p.m., so AF/LCS Client sends the location request at the time before 9a.m., e.g. at 8:59a.m.
3.2	Analyses
3.2.1	Solution with limitation
This clause proposes to add the following limitations for the solution proposed by the TEI:
-	UE mobility is not supported.
-	UE keeps in CM-CONNETED state during the time period from the time that the location request is received by LMF to the time that the last periodic location is sent to GMLC.
For this proposal, how to control the periodicity for the example described in clause 3.1is shown in Table 3-1.
Table 3-1 Periodicity control of the existing mechanism and the solution with limitations
	Time
	Existing Mechanism
	The solution proposed by TEI with limitations

	9a.m.
	UE receives the location request with the following parameters:
1. the time interval between successive location reports = 60mins
2. the total number of reports = 5
UE starts to detect that whether the event occurs or not.
	LMF receives the location request with the following parameters:
1. the time interval between successive location reports = 60mins
2. the total number of reports = 5
LMF performs NRPPa Periodic Measurement Inititation procedure by setting the periodicity to 60mins. NG-RAN starts to detect whether the event occurs or not.
LMF records the time when the location request is received, i.e. 9a.m.

	10a.m.
	60mins passed, the UE detects the periodic event happens, the UE notifies the event to LMF which is responsible to obtain UE location and send the location to GMLC.
The UE records the number of event reported=1
Because 1<5 (the total number of reports requested by AF/LCS Client), the UE starts to detect that whether the event occurs or not.
	60mins passed, RAN detects the periodicity happens, RAN performs the measurements and provides the measurements to LMF. LMF calculates UE location based on the measurements and provides UE location to GMLC.
The LMF records the number of event reported=1

	11a.m.
	60mins passed, the UE detects the periodic event happens, the UE notifies the event to LMF which is responsible to obtain UE location and send the location to GMLC.
The UE updates the number of event reported=2
Because 2<5(the total number of reports requested by AF/LCS Client), the UE starts to detect that whether the event occurs or not.
	60mins passed, RAN detects the periodicity happens, RAN performs the measurements and provides the measurements to LMF. LMF calculates UE location based on the measurements and provides UE location to GMLC.
The LMF updates the number of event reported=2

	12a.m.
	60mins passed, the UE detects the periodic event happens, the UE notifies the event to LMF which is responsible to obtain UE location and send the location to GMLC.
The UE updates the number of event reported=3
Because 3<5(the total number of reports requested by AF/LCS Client), the UE starts to detect that whether the event occurs or not.
	60mins passed, RAN detects the periodicity happens, RAN performs the measurements and provides the measurements to LMF. LMF calculates UE location based on the measurements and provides UE location to GMLC.
The LMF updates the number of event reported=3

	1p.m.
	60mins passed, the UE detects the periodic event happens, the UE notifies the event to LMF which is responsible to obtain UE location and send the location to GMLC.
The UE updates the number of event reported=4
Because 4<5(the total number of reports requested by AF/LCS Client), the UE starts to detect that whether the event occurs or not.
	60mins passed, RAN detects the periodicity happens, RAN performs the measurements and provides the measurements to LMF. LMF calculates UE location based on the measurements and provides UE location to GMLC.
The LMF updates the number of event reported=4

	2p.m.
	60mins passed, the UE detects the periodic event happens, the UE notifies the event to LMF which is responsible to obtain UE location and send the location to GMLC.
The UE updates the number of event reported=5
Because 5=5(the total number of reports requested by AF/LCS Client), the UE removes the context for this periodic location request.
	60mins passed, RAN detects the periodicity happens, RAN performs the measurement and provides the measurements to LMF. LMF calculates UE location based on the measurements and provides UE location to GMLC.
The LMF updates the number of event reported=5
Because 5=5(the total number of reports requested by AF/LCS Client), the LMF terminates measurements.



Observation 3: The LMF needs to store the time interval between successive location reports, the total number of reports, the number of event reported.
Observation 4: The solution proposed by the TEI works well without periodicity control issue when the following limitations are added to the solution:
-	UE mobility is not supported.
-	UE keeps in CM-CONNETED state during the time period from the time that the location request is received by LMF to the time that the last periodic location is sent to GMLC.

Proposal 3: The LMF needs to store the time interval between successive location reports, the total number of reports, the number of event reported.
Proposal 4: The solution proposed by the TEI works well without periodicity control issue when the following limitations are added to the solution:
-	UE mobility is not supported.
-	UE keeps in CM-CONNETED state during the time period from the time that the location request is received by LMF to the time that the last periodic location is sent to GMLC.

3.2.2	Solution without limitation
This clause proposes not to add limitations for the solution proposed by the TEI. In this case, the UE may enters CM-IDLE state and HO may happen during the time period from the time that the location request is received by LMF to the time that the last periodic location is sent to GMLC.
Based on the example described in clause 3.1, the periodicity control issue is further described in Figure 3-1.


Figure 3-1: Question Analyses
Based on the update solution for the TEI, when UE enters CM-IDLE, NG-RAN HO happens or AMF HO happens, the LMF receives error indication from NG-RAN node and reinitiates the NRPPa Periodic Measurement in the time to satisfy the required periodicity from AF, NF and LCS client. But how does the LMF set the periodicity is not described. 
Based on the issue described in Figure 3-1, how to control the periodicity is analysed in Table 3-2.
Table 3-2 Periodicity control of the existing mechanism and the solution proposed by TEI
	Time
	UE state and HO
	Existing Mechanism
	The solution proposed by TEI

	9a.m.
	UE is in CM-CONNECTED state
	UE receives the location request with the following parameters:
1. the time interval between successive location reports = 60mins
2. the total number of reports = 5
UE starts to detect that whether the event occurs or not.
	LMF receives the location request with the following parameters:
1. the time interval between successive location reports = 60mins
2. the total number of reports = 5
LMF performs NRPPa Periodic Measurement Initiation by setting the periodicity to 60mins. RAN starts to detect whether the event occurs or not.
LMF records the time when the location request is received, i.e. 9a.m.

	9:40a.m.
	UE enters CM-IDLE
	No impact
	NG-RAN sends LMF an error indication before the UE context is removed. LMF terminates measurements and reinitiates NRPPa Periodic Measurement Initiation.
Because the time is 9:40a.m., this means that 40mins has been passed since the location request is received at 9a.m., there is 20mins before the next periodic event happens at 10a.m. So when LMF reinitiates the NRPPa procedure, how does the LMF set the NRPPa periodicity parameter to ensure that the AF/LCS Client can receive the periodic location at 10a.m.?
Alt#1: the LMF set the periodicity to 20mins when reinitiating NRPPa periodical measurement. But this is impossible because the periodicity of 20mins is not supported by TS 38.455. So alt#1 is not workable.
NOTE1: TS 38.455 only supports the periodicity of ENUMERATED (120ms, 240ms, 480ms, 640ms, 1024ms, 2048ms, 5120ms, 10240ms, 1min, 6min, 12min, 30min, 60min,…, 20480ms, 40960ms, extended)

	10a.m.
	CM-IDLE
	60mins passed, the UE detects the periodic event happens, the UE enters CM-CONNECTED state via the SR procedure and then notifies the event to the LMF which is responsible to obtain UE location and send the location to GMLC.
The UE records the number of event reported=1
Because 1<5 (the total number of reports requested by AF/LCS Client), the UE starts to detect that whether the event occurs or not.
	Alt#2: The LMF detects that periodic event happens, i.e. the time interval between successive location reports (60mins) has been passed since the location request is received at 9a.m.. The LMF initiates UE positioning procedure to obtain UE location and notifies the UE location to GMLC.
The LMF records the number of event reported=1
The LMF reinitiates the NRPPa periodical measurement by setting the periodicity to 60mins.
The LMF records the time to send the latest periodic location to GMLC, i.e. 10a.m.

	11a.m.
	CM-CONNECTED
	60mins passed, the UE detects the periodic event happens, the UE notifies the LMF which is responsible to obtain UE location and send the location to GMLC.
The UE updates the number of event reported=2
Because 2<5(the total number of reports requested by AF/LCS Client), the UE starts to detect that whether the event occurs or not.
	60mins passed, RAN detects the periodicity happens, RAN performs the measurement and provides the measurements to LMF. LMF calculate UE location based on the measurements and provide UE location to GMLC.
The LMF updates the number of event reported=2
The LMF updates the time to send the latest periodic location to GMLC, i.e. 11a.m.

	12a.m.
	CM-CONNECTED
	60mins passed, the UE detects the periodic event happens, the UE enters CM-CONNECTED by initiating SR procedure and then notifies the LMF which is responsible to obtain UE location and send the location to GMLC.
The UE updates the number of event reported=3
Because 3<5(the total number of reports requested by AF/LCS Client), the UE starts to detect that whether the event occurs or not.
	60mins passed, RAN detects the periodicity happens, RAN performs the measurement and provides the measurements to LMF. LMF calculate UE location based on the measurements and provide UE location to GMLC.
The LMF updates the number of event reported=3
The LMF updates the time to send the latest periodic location to GMLC, i.e. 12a.m.

	12:30a.m.
	NG-RAN HO
	No impact
	NG-RAN provides error indication to LMF before the UE context is removed. LMF terminates measurements and reinitiate NRPPa Periodic Measurement Initiation.
Because the time is 12:30a.m., this means that 30mins has been passed since the latest periodic event happens, there is 30mins before the next periodic event happens at 10a.m. So when LMF reinitiates the NRPPa procedure, how does the LMF set the NRPPa periodicity parameter to ensure that the AF/LCS Client can receive the periodic location at 10a.m.?
Alt#1: the LMF set the periodicity to 30mins when reinitiating NRPPa periodical measurement. This is possible because the periodicity of 30mins is supported by TS 38.455.
NOTE1: TS 38.455 only supports the periodicity of ENUMERATED (120ms, 240ms, 480ms, 640ms, 1024ms, 2048ms, 5120ms, 10240ms, 1min, 6min, 12min, 30min, 60min,…, 20480ms, 40960ms, extended)

	1p.m.
	CM-CONNECTED
	60mins passed, the UE detects the periodic event happens, the UE notifies the LMF which is responsible to obtain UE location and send the location to GMLC.
The UE updates the number of event reported=4
Because 4<5(the total number of reports requested by AF/LCS Client), the UE starts to detect that whether the event occurs or not.
	30mins passed, RAN detects the periodicity (30mins) happens, RAN performs the measurement and provides the measurements to LMF. LMF calculate UE location based on the measurements and provide UE location to GMLC.
The LMF updates the number of event reported=4
The LMF updates the time to send the latest periodic location to GMLC, i.e. 1p.m.
In this case, the periodicity in RAN is 30mins to guarantee that the AF/LCS Client can receive the UE location at time 1p.m. Because the next UE location sent to AF/LCS Client is at 2p.m., the LMF terminates measurements and reinitiate NRPPa Periodic Measurement Initiation with the periodicity of 60mins.

	1:15p.m.
	AMF HO happens
	No impact
	New AMF informs LMF about the new AMF address. LMF terminates measurements and reinitiates NRPPa Periodic Measurement Initiation towards the new serving AMF.
Because the time is 1:15p.m., this means that 15mins has been passed since the latest periodic event happens, there is 45mins before the next periodic event happens at 2p.m. So when LMF reinitiates the NRPPa procedure, how does the LMF set the NRPPa periodicity parameter to ensure that the AF/LCS Client can receive the periodic location at 2p.m.?
Alt#1: the LMF set the periodicity to 45mins when reinitiating NRPPa periodical measurement. But this is impossible because the periodicity of 45mins is not supported by TS 38.455. So alt#1 is not workable.
NOTE1: TS 38.455 only supports the periodicity of ENUMERATED (120ms, 240ms, 480ms, 640ms, 1024ms, 2048ms, 5120ms, 10240ms, 1min, 6min, 12min, 30min, 60min,…, 20480ms, 40960ms, extended)

	2p.m.
	CM-CONNECTED
	60mins passed, the UE detects the periodic event happens, the UE enters CM-CONNECTED state by initiating SR procedure and then notifies the LMF which is responsible to obtain UE location and send the location to GMLC.
The UE updates the number of event reported=5
Because 5=5(the total number of reports requested by AF/LCS Client), the UE removes the context for this periodic location request.
	Alt#2: The LMF detects that periodic event happens, i.e. the time interval between successive location reports (60mins) has been passed since the time to send the latest UE location to GMLC, i.e. 1p.m.. The LMF initiates UE positioning procedure to obtain UE location and notifies the UE location to GMLC.
The LMF updates the number of event reported=5
The LMF updates the time to send the latest periodic location to GMLC, i.e. 2p.m.
Because 5=5(the total number of reports requested by AF/LCS Client), the LMF terminates measurements.



Based on the Table 3-2, the observations are as follows:
Observation 5: to support the correct periodicity control, the LMF needs to main the following information:
 -	The number of event reported.
-	The time to send the latest periodic location to GMLC.
-	The time interval between successive location reports, and 
-	The total number of reports.
Observation 6: during the time period from the time that the location request is received by LMF to the time that the last periodic location is sent to GMLC, if UE enters CM-IDLE state or HO happens, LMF is informed about the error cause from NG-RAN or new AMF address from old AMF (AMF HO). In order to ensure that the AF/LCS Client can receive the UE location at the required periodicity, the following two alternatives may happen:
-	Alt#1: if the time period from the time that the LMF is informed about the error cause or new AMF address to the time that the next periodic event happens is one of the periodicity supported by TS 38.455, the LMF can reinitiates NRPPa Periodic Measurement Initiation by setting the periodicity to the time period above. When the measurement is received by LMF, it calculates UE location and sends the event report to GMLC. Because this time period is not the periodicity requested by AF/LCS Client, the LMF needs to cancel the measurement and reinitiates NRPPa Periodic Measurement Initiation by setting the periodicity to the one requested by AF/LCS Client.
-	Alt#2: When LMF is informed about the error cause or new AMF address, it detects whether the periodic event happens or not based on the information maintained locally. If the event happens, the LMF obtains UE location by triggering UE positioning procedure and send the UE location to GMLC. Then the LMF reinitiates NRPPa Periodic Measurement Initiation by setting the periodicity to the one requested by AF/LCS Client.
The alt#1 only works for specific scenario, i.e. the time period from the time that the LMF is informed about the error cause or new AMF address to the time that the next periodic event happens is one of the periodicity supported by TS 38.455, so it is not applied to general case. Compared with alt#1, the alt#2 can support every scenario. Actually, in alt#2, the existing UE functionality (i.e. event detection) is moved to LMF.
Proposal 5: to support the correct periodicity control, the LMF needs to main the following information:
 -	The number of event reported.
-	The time to send the latest periodic location to GMLC.
-	The time interval between successive location reports, and 
-	The total number of reports.
Proposal 6: during the time period from the time that the location request is received by LMF to the time that the last periodic location is sent to GMLC, if UE enters CM-IDLE state or HO happens, when LMF is informed about the error cause from NG-RAN or new AMF address from old AMF (AMF HO), the LMF detects whether the periodic event happens or not based on the information maintained locally. If the event happens, the LMF obtains UE location by triggering UE positioning procedure and send the UE location to GMLC. Then the LMF reinitiates NRPPa Periodic Measurement Initiation by setting the periodicity to the one requested by AF/LCS Client.
3.2.3	Solution comparison
The solution with limitation in clause 3.2.1 has less impact than the solution without limitation in clause 3.2.2, because there are no state transmission and HO issues.
Proposal 7: take the solution with limitation as the way forward.

4. Proposal
Based on analyses above, the proposals for different questions are as follows:
Q1: How to cancel the Deferred 5GC-MT-LR Procedure for Periodic Location Events based NRPPa Periodic Measurement Reports
-	Proposal#1: reword the sentence of “LMF informs AMF in the answer of Nlmf_Location_CancelLocation that steps from 6 and 9 shall not be executed.” to “LMF informs the AMF in the answer of Nlmf_Location_CancelLocation that interaction with UE shall not be executed if the deferred 5GC-MT-LR procedure for periodic event report is performed using the NRPPa periodical measurement.”
-	Proposal#2: add the limitation on AMF behaviour in step 5 that the AMF wait for LMF response of Nlmf_Location_CancelLocation before performing the steps from 6 to 9.
Q4: How to control the periodicity.
-	Solution with limitation
-	Proposal 3: The LMF needs to store the time interval between successive location reports, the total number of reports, the number of event reported.
-	Proposal 4: The solution proposed by the TEI works well without periodicity control issue when the following limitations are added to the solution:
-	UE mobility is not supported.
-	UE keeps in CM-CONNETED state during the time period from the time that the location request is received by LMF to the time that the last periodic location is sent to GMLC.
-	Solution without limitation
-	Proposal 5: to support the correct periodicity control, the LMF needs to main the following information:
-	The number of event reported.
-	The time to send the latest periodic location to GMLC.
-	The time interval between successive location reports, and 
-	The total number of reports.
-	Proposal 6: during the time period from the time that the location request is received by LMF to the time that the last periodic location is sent to GMLC, if UE enters CM-IDLE state or HO happens, when LMF is informed about the error cause from NG-RAN or new AMF address from old AMF (AMF HO), the LMF detects whether the periodic event happens or not based on the information maintained locally. If the event happens, the LMF obtains UE location by triggering UE positioning procedure and send the UE location to GMLC. Then the LMF reinitiates NRPPa Periodic Measurement Initiation by setting the periodicity to the one requested by AF/LCS Client.
[bookmark: _GoBack]-	Proposal 7: take the solution with limitation as the way forward.
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