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Abstract of the contribution: this discussion paper is proposed to discuss the solutions to solve the risk of HTTP timeout when scheduled location time applies as mentioned in C4-220306.
1. Introduction
[bookmark: _Toc352077766]In SA2#148E meeting, S2-2109106 was approved to introduce the scheduled location time feature into TS 23.273.
In CT4#107-bis-e meeting, CT4 identified some questions related to the scheduled location time feature and sent an LS (C4-220306) to SA2. One of the questions in the LS is as follows:
· In MT-LR and MO-LR procedure with scheduled location time, the location request will be open until the UE location estimated is obtain at the scheduled time, i.e. the HTTP response for the location request will be returned after the scheduled time. This brings risks in HTTP Restful design because usually HTTP request is not intended to keep open for long time to avoid too many open streams over the HTTP connection, i.e. an HTTP request will be considered timeout after a certain period (e.g. up to 30 seconds, depending on HTTP stack configuration). If the schedule location time pending the location response with longer time, the service operation will fail.
Q3: Has SA2 already considered the risks of HTTP timeout when defining the synchronized service operation invocation for MT-LR and MO-LR with scheduled location time? 
This discussion paper analyses the candidate solutions to the question above and proposes proposals.
2. Discussion
This clause describes and analyses the candidate solutions for the HTTP timout issue.
2.1	Solutions adding acknowledgement message
The source leading to the risks of HTTP timeout is that the response message is not sent immediately or within reasonable time period, but is delayed several minutes or hours later until the scheduled location time. To avoid the risks, the basic idea of the solutions in this clause is to introduce new ACK message to the request including the scheduled location time.
2.1.1	Solutions applicable to 5GC-MT-LR procedure
For 5GC-MT-LR procedure, the location request will be transferred via GMLC, AMF and then to LMF, all the NFs can store the scheduled location time. So there may be different solutions. The description and analyses of the solutions are shown in Table 1.
Table 1: analyses of solutions to 5GC-MT-LR procedure
	Number
	Solution description
	Impacts to existing 5GC-MT-LR procedure

	1
	When (H)GMLC receives the scheduled location time in the location request, it stores the parameter and sends response to LCS Client or NEF to acknowledge the scheduled location time parameter is received.
The (H)GMLC invokes UDM service until the time remaining to the scheduled location time is within some implementation dependent threshold (e.g. depending on HTTP stack configuration).
The NEF implicitly subscribes the UE location at scheduled location time notification from the (H)GMLC.
	1. One new message from (H)GMLC to LCS Client/NEF is introduced to acknowledge the scheduled location time is received.
2. The response message in step 24b-1 is changed to Ngmlc_Location_EventNotify.
3. (H)GMLC stores the scheduled location time and invokes UDM service until the time remaining to the scheduled location time is within some implementation dependent threshold (e.g. depending on HTTP stack configuration).
4. The NEF implicitly subscribes the UE location at scheduled location time notification from the (H)GMLC.
5. No mobility issue.

	2
	When AMF receives the scheduled location time in the Namf_Location_ProvidePositioningInfo request, it stores the parameter and sends response to (V)GMLC. The (V)GMLC sends response to (H)GMLC which sends response to LCS Client or NEF. All the response messages are used to acknowledge the scheduled location time parameter is received.
The AMF invokes LMF service until the time remaining to the scheduled location time is within some implementation dependent threshold (e.g. depending on HTTP stack configuration).
	1. Three (roaming) or two (non-roaming) new messages are introduced to acknowledge the scheduled location time is received. The messages are sent to (V)GMLC, (H)GMLC, LCS Client/ NEF.
2. The response message in step 24b-1 is changed to Ngmlc_Location_EventNotify.
3. The response message in step 14 is changed to Namf_Location_EventNotify.
4. AMF, V/H-GMLC and NEF(if the location request is from AF) stores the context for the location request until the UE location is received.
5. The AMF invokes LMF service until the time remaining to the scheduled location time is within some implementation dependent threshold (e.g. depending on HTTP stack configuration).
6. The V/H-GMLC and NEF implicitly subscribes the UE location at scheduled location time notification from AMF and GMLC separately.
7. UE mobility support: when AMF change takes place, if the AMF does not invoke LMF service, the UE context including UE location request information is transferred from old AMF to new AMF. Otherwise the old AMF rejects the location request and cancels the signalling dialogue with LMF.

	3
	When LMF receives the scheduled location time in the Nlmf_Location_DetermineLocation request, it stores the parameter and sends response to AMF. The AMF sends response to (V)GMLC. The (V)GMLC sends response to (H)GMLC which sends response to LCS Client or NEF. All the response messages are used to acknowledge the scheduled location time parameter is received.
	1. Four (roaming) or thress (non-roaming) new messages are introduced to acknowledge the scheduled location time is received. The messages are sent to AMF, (V)GMLC, (H)GMLC, LCS Client /NEF.
2. The response message in step 24b-1 is changed to Ngmlc_Location_EventNotify.
3. The response message in step 13 is changed to Nlmf_Location_EventNotify.
4. The response message in step 14 is changed to Namf_Location_EventNotify.
5. The response message in step 15 is changed to Ngmlc_Location_EventNotify.
6. AMF, V/H-GMLC and NEF(if the location request is from AF) stores the context for the location request until the UE location is received.
7. The LMF triggers UE positioning until the time remaining to the scheduled location time is within some implementation dependent threshold (e.g. depending on HTTP stack configuration).
8. The AMF, V/H-GMLC and NEF implicitly subscribes the UE location at scheduled location time notification from LMF, AMF and GMLC separately.
9. UE mobility support: when AMF change takes place, the old AMF revokes location request to LMF and rejects the location request to GMLC.



After comparing the solutions above, all the solutions need to introduce new messages, but sol#1 has less impacts, i.e. only one message is needed and no mobility issue. Furthermore, both sol#2 and sol#3 has mobility issue.
Proposal 1: use sol#1 (i.e. GMLC stores the scheduled location time and defers the location request) as the way forward for 5GC-MT-LR procedure to solve the HTTP timeout issue.
2.1.2	Solutions applicable to 5GC-MO-LR procedure
For 5GC-MO-LR procedure, the possible solutions and impacts to existing procedures are described in table 2.
Table 2: analyses of solutions to 5GC-MO-LR procedure
	Number
	Solution description
	Impacts to existing 5GC-MO-LR procedure

	1
	When UE decides to obtain the location at scheduled location time (e.g. triggered by application layer) or send the location to LCS Client/AF, the LCS layer in the UE stores the scheduled location time and defers sending the MO-LR request to AMF until the time remaining to the scheduled location time is within some implementation dependent threshold (e.g. depending on HTTP stack configuration).
	1. Only UE internal logic is impacted.

	2
	When AMF receives the scheduled location time in the MO-LR request, it stores the parameter and sends response to UE to acknowledge the scheduled location time parameter is received.
The AMF invokes LMF service until the time remaining to the scheduled location time is within some implementation dependent threshold (e.g. depending on HTTP stack configuration).
	1. One new message is introduced to acknowledge the scheduled location time is received.
2. UE and AMF store the context for the location request.
3. The AMF invokes LMF service until the time remaining to the scheduled location time is within some implementation dependent threshold (e.g. depending on HTTP stack configuration).
4. UE mobility support: when AMF change takes place, if the AMF does not invoke LMF service, the UE context including UE location request information is transferred from old AMF to new AMF. Otherwise the old AMF rejects the location request and cancels the signalling dialogue with LMF.

	3
	When LMF receives the scheduled location time in the Nlmf_Location_DetermineLocation request, it stores the parameter and sends response to AMF. The AMF sends response to UE. Both the response messages are used to acknowledge the scheduled location time parameter is received.
	1. Two new messages are introduced to acknowledge the scheduled location time is received. The messages are sent to AMF and UE.
2. UE, AMF and LMF store the context for the location request until the UE location is received.
3. The LMF triggers UE positioning until the time remaining to the scheduled location time is within some implementation dependent threshold (e.g. depending on HTTP stack configuration).
4. The response message in step 6 is changed to Nlmf_Location_EventNotify.
5. UE mobility support: when AMF change takes place, the old AMF revokes location request to LMF and rejects the location request to GMLC.



Based on the analyses in table 2, sol #1 impacts UE logic but has no mobility support issue. Sol #2 has less impacts compared with sol#3.
Proposal 2: use sol#1 (i.e. UE stores the scheduled location time and defers the location request) or sol#2 (i.e. AMF stores the scheduled location time and defers the location request) as the way forward for 5GC-MO-LR procedure to solve the HTTP timeout issue.
2.1.3	Solutions applicable to Deferred 5GC-MT-LR procedure
In the existing deferred 5GC-MT-LR procedure, the scheduled location time is transferred to UE which is responsible to decide when to send the periodic event report based on the scheduled location time. The request messages are already responded when transferring the time to the UE. So there is no risk of HTTP timeout.
Proposal 3: the existing solution has no risk of HTTP timeout.
2.1.4	Proposal#1
Based on the analyses and proposals above, the summary of the proposal for clause 2.1 is as follows:
Proposal#1: introducing acknowledge message
-	Impacts to 5GC-MT-LR:
-	Add the following new functions in step 1:
-	(H)GMLC returns message to LCS Client or NEF to acknowledge the scheduled location time is received, stores the time and defers performing the step 2.
-	When NEF sends scheduled location time to (H)GMLC, it implicitly subscribes the UE location at scheduled location time notification from the (H)GMLC.
-	Add clarification in step 24b-1: if the scheduled location time is received in step 1b-2, the service operation invoked by the (H)GMLC in step 24b-1 is the Ngmlc_Location_EventNotify but not the Ngmlc_Location_ProvideLocation Response.
-	Impacts to 5GC-MO-LR: Add the following new functions in step 2
-	The AMF returns MO-LR Ack message to UE to acknowledge that this scheduled location time is received, stores the time and defers performing the step 3.
-	Before the AMF performs the step 3, if AMF change takes place, the UE context transferred from the old AMF to the new AMF includes the parameters in the MO-LR request. Otherwise, the old AMF rejects the MO-LR request and cancel the signalling dialogue with LMF if exists.
-	No Change is needed to the deferred 5GC-MT-LR procedure as there is no risk of HTTP timeout.
2.2	Solutions without adding acknowledgement message
Based on the proposal #1 in clause 2.1.4, acknowledgement message needs to be introduced. The idea of the solutions in this clause is aims to avoid introducing the impact above.
2.2.1	Solutions to 5GC-MT-LR procedure
Based on the following impacts to 5GC-MT-LR procedure in proposal #1:
-	Changes to 5GC-MT-LR:
-	Add the following new functions in step 1:
-	(H)GMLC returns message to LCS Client or NEF to acknowledge the scheduled location time is received, stores the time and defers performing the step 2.
-	When NEF sends scheduled location time to (H)GMLC, it implicitly subscribes the UE location at scheduled location time notification from the (H)GMLC.
-	Add clarification in step 24b-1: if the scheduled location time is received in step 1b-2, the service operation invoked by the (H)GMLC in step 24b-1 is the Ngmlc_Location_EventNotify but not the Ngmlc_Location_ProvideLocation Response.
The location request is acknowledged and later the UE location is provided via event report. The logic here is similar to the logic of the existing deferred 5GC-MT-LR procedure. The difference is that in 5GC-MT-LR, only one UE location at scheduled location time is returned to LCS Client/AF, while in deferred 5GC-MT-LR, several UE location is returned to LCS Client/AF and the first UE location is at scheduled location time.
The objective to introduce the scheduled location time to 5GC-MT-LR procedure is that the 5GC can provide the UE location at the scheduled location time to the LCS Client/AF. Instead updating the 5GC-MT-LR procedure directly, this solution proposes to re-use the deferred 5GC-MT-LR procedure with adding the following description:
When LCS Client or AF decides to obtain one UE location at the scheduled location time, the LCS Client or AF can initiate the deferred 5GC-MT-LR for periodic location event, include the scheduled location time in the location request and set the value of total reporting number parameter in the location request to one.
Proposal 4: When LCS Client or AF decides to obtain one UE location at the scheduled location time, the LCS Client or AF can initiate the deferred 5GC-MT-LR for periodic location event, include the scheduled location time in the location request and set the value of total reporting number parameter in the location request to one.
2.2.2	Solutions to 5GC-MO-LR procedure
As analysed in clause 2.1.2, extending UE internal logic can avoid the risk of HTTP timeout. To avoid introducing new acknowledge message, this solution proposes to extend the UE logic as follows:
When UE decides to include the scheduled location time in the MO-LR Request (e.g. triggered by application layer), the UE defers sending the request to AMF until the time remaining until the scheduled location time is within some implementation dependent threshold in order to avoid failure which may be triggered by e.g. HTTP request timeout or UE mobility.
Proposal 5: When UE decides to include the scheduled location time in the MO-LR Request, the UE defers sending the request to AMF until the time remaining until the scheduled location time is within some implementation dependent threshold in order to avoid failure which may be triggered by e.g. HTTP request timeout or UE mobility.
2.2.3	Solutions to Deferred 5GC-MT-LR procedure
In the existing deferred 5GC-MT-LR procedure, the scheduled location time is transferred to UE which is responsible to decide when to send the periodic event report based on the scheduled location time. The request messages are already responded when transferring the time to the UE. So there is no risk of HTTP timeout.
Proposal 3: the existing solution has no risk of HTTP timeout.
2.2.4	Proposal#2
Based on the analyses and proposals above, the summary of the proposal for clause 2.2 is as follows:
Proposal#2: without introducing acknowledge message
-	Impacts to 5GC-MT-LR: all the description related to scheduled location time is removed.
-	Impacts to 5GC-MO-LR: Add one note as follows in step 2
-	NOTE X:	When UE decides to include the scheduled location time in the MO-LR Request, the UE defers sending the request to AMF until the time remaining until the scheduled location time is within some implementation dependent threshold in order to avoid failure which may be triggered by e.g. HTTP request timeout or UE mobility.
-	Impacts to deferred 5GC-MO-LR: Add one note as follows in step 1 to realize the function that 5GC can provide one UE location at the scheduled location time to LCS Client or AF instead of introducing scheduled location time into 5GC-MT-LR
-	NOTE X:	When LCS Client or AF decides to obtain one UE location at the scheduled location time, the LCS Client or AF can initiate the deferred 5GC-MT-LR for periodic location event, include the scheduled location time in the location request and set the value of total reporting number parameter in the location request to one.

3. Proposal
[bookmark: _Toc510607499][bookmark: _Toc518306733]Based on the analyses in clause 2, this discussion paper proposes two candidate proposals, as follows:
Proposal#1: introducing acknowledge message
-	Impacts to 5GC-MT-LR:
-	Add the following new functions in step 1:
-	(H)GMLC returns message to LCS Client or NEF to acknowledge the scheduled location time is received, stores the time and defers performing the step 2.
-	When NEF sends scheduled location time to (H)GMLC, it implicitly subscribes the UE location at scheduled location time notification from the (H)GMLC.
-	Add clarification in step 24b-1: if the scheduled location time is received in step 1b-2, the service operation invoked by the (H)GMLC in step 24b-1 is the Ngmlc_Location_EventNotify but not the Ngmlc_Location_ProvideLocation Response.
-	Impacts to 5GC-MO-LR: Add the following new functions in step 2
-	The AMF returns MO-LR Ack message to UE to acknowledge that this scheduled location time is received, stores the time and defers performing the step 3.
-	Before the AMF performs the step 3, if AMF change takes place, the UE context transferred from the old AMF to the new AMF includes the parameters in the MO-LR request. Otherwise, the old AMF rejects the MO-LR request and cancel the signalling dialogue with LMF if exists.
-	No Change is needed to the deferred 5GC-MT-LR procedure as there is no risk of HTTP timeout.

Proposal#2: without introducing acknowledge message
-	Impacts to 5GC-MT-LR: all the description related to scheduled location time is removed.
-	Impacts to 5GC-MO-LR: Add one note as follows in step 2
-	NOTE X:	When UE decides to include the scheduled location time in the MO-LR Request, the UE defers sending the request to AMF until the time remaining until the scheduled location time is within some implementation dependent threshold in order to avoid failure which may be triggered by e.g. HTTP request timeout or UE mobility.
-	Impacts to deferred 5GC-MO-LR: Add one note as follows in step 1 to realize the function that 5GC can provide one UE location at the scheduled location time to LCS Client or AF instead of introducing scheduled location time into 5GC-MT-LR
-	NOTE X:	When LCS Client or AF decides to obtain one UE location at the scheduled location time, the LCS Client or AF can initiate the deferred 5GC-MT-LR for periodic location event, include the scheduled location time in the location request and set the value of total reporting number parameter in the location request to one.

Two CRs are submitted in SA2#149E meeting per proposals above for further discussion. The CR related to proposal#2 is preferred because it has less impact on specification.
