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1. Introduction
In sol#31, there are how to select located UE for delivery of location request when UE is out of coverage. 
Editor's note : How the located UE is selected by the LMF so that UE1 can be successfully discovered is FFS.
Sol#31 provides a method for handling location request for the UE is out of coverage. It is based on last known location information of the UE before it enters out of coverage. There was concern raised during SA2 #152e meeting how to select located UE correctly to contact UE and it was captured as editor’s note.

If there is any method to report discovered located UE reachable the target UE while it is out of coverage, this issue will be solved. And using this located UE and reported location information, any upcoming MT-LR request may be delivered to the UE and the location service may be served.
This contribution propose update on solution#31 to resolve the above-mentioned issue.
2. Proposal
It is proposed to adopt the following changes into TR 23.700-86
* * * First Change * * *
6.31
Solution #31: Enabling SL positioning for the UE out of coverage

6.31.1
General

This solution addresses the KI#5 with a way how to provide location service when the requested UE is out of coverage.

6.31.2
Functional Description
6.31.2.1
Deferred MT-LR which triggers location report when UE enters out of coverage
LCS or AF may request target UE a deferred MT-LR which ask to report it’s location when it enters out of coverage.
After receiving location request from LCS or AF or after registration of a UE supporting SL positioning, AMF may request deferred location request for the UE to the LMF while UE is in coverage.
This location request may include following triggering condition on location report.
· Location report when UE enters out of coverage and discover any located UE or UE2NW relay UE supporting SL positioning.

· Location report when UE moves to another located UE or another UE2NW relay UE while UE is out of coverage.
When this location request is for periodic location report, it may include indication that UE need to report its location per the periodicity if available through any located UE or by connecting relay UE even though UE is out of coverage.

After receiving the deferred location request, the UE may initiate MO-LR for reporting its location per triggering condition or per requested periodicity through a located UE or UE2NW relay UE. The MO-LR mechanism used by the UE will follows any other solutions defined for KI#5.
When UE reports its location with located UE information, AMF or LMF may store this information and use it for delivering any MT-LR request to the UE while UE is out of coverage.
6.31.2.2 Location Request for SL positioning for the UE is out of coverage.
The overall procedure involves AMF, LMF, located UE(s) and a requested UE.

In this solution, in addition to existing functionality, following major functionality are added.

-
UE registered its capability for SL positioning and is configured with policies and parameters for SL positioning (including the case when UE is out of coverage)

-
AMF performs the selection of candidate list of located UEs when UE is determined not reachable and compose a security container including protected location request information for the requested UE.

-
LMF handles NW triggered SL positioning with located Ues and a requested UE.

-
Located UE sets up a PC5 connection with a requested UE and performs the SL positioning operation.

-
A requested UE validates a forwarded location request via a located UE.

This solution can support UE based SL positioning calculation, LMF based SL positioning calculation, and hybrid mode based on configuration in the LMF or negotiation between LMF and located Ues.

This solution supports both immediate location request and deferred location request with triggering condition.

The security container is protected and validated by security credentials shared between UE and the 5GCN.

In this solution, it is assumed that UE and AMF do not remove UE’s context and AMF maintain UE’s last known location information even though UE is considered as deregistered. If there is no context available for the UE in AMF, AMF will reject the received location request.

Editor’s note:
The detail security mechanism is to be determined by SA WG3.
6.31.3
Procedures

6.31.3.1 Procedure of deferred MT-LR triggering location report when UE enters out of coverage.
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 Figure 6.31.3.1-1: Procedure of deferred MT-LR triggering report when UE’s entering out of coverage
0. It is assumed that UE registered its capability for SL positioning and is provisioned with policies and parameters for SL positioning. There may be an MT-LR request received in AMF.
1. Based on received MT-LR request or based on registered capability of target UE for SL positioning, AMF may be triggered to send a deferred location request for the target UE. The deferred location request may include triggering condition to report its location information based on SL positioning directly or via located UE. The triggering condition of location report may include the case that when UE is out of coverage and discover a located UE, when UE connected to another located UE, or when UE disconnected from old located UE and connects to a new located UE.

2. AMF may select LMF to send deferred location request to the target UE.

3. AMF send deferred location request for the target UE to the selected LMF.

4. After receiving request, LMF may communicate with target UE to exchange capability for SL positioning and/or Uu positioning and any assistant information for positioning.

5. LMF may send target UE deferred location request with triggering condition as indicated by AMF. In order to identify the location request, the LMF may include identifier of the location request such as LOC Event Identifier. By comparing LOC Event identifier and identifier of the target UE, LMF may verify whether the location report is relating to the sent location request.

6. After receiving the deferred location request including triggering conditions, the target UE may respond to LMF. The target UE may start monitoring whether triggering conditions are met or not

7. After receiving the response from the target UE, LMF may inform AMF that deferred location request is successfully sent to the target UE.

8. When the target UE finds it is out of coverage, as indicated in the triggering conditions, the target UE tries to discover located UE or UE2NW relay UE.
9. When the target UE discover a located UE, the target UE establish PC5 connection with the located UE.  
10. The target UE and the located UE perform SL positioning to measure location of the target UE. The target UE may inform the located UE of LMF which send deferred location request to the target UE for location report. The target UE may inform the located UE of LOC Event identifier and target UE’s identifier which will be included in location report.

11. The located UE sends the LMF a location report which include SL positioning result between target UE and located UE. The location report may include the LOC Event identifier and target UE’s identifier received in Step 10.
When the target UE discover UE2NW relay UE in step 9, the target UE connects to relay UE. It may perform SL positioning with UE2NW relay if relay UE support located UE or with any located discovered in step 10, and in step 11, target UE reports the result through UE2NW relay.
12. After receiving location report from the located UE, LMF may determine the location of the target UE using SL positioning result and location of the located UE. LMF send the determined location information of the target UE to the AMF. LMF may include the information about located UE in the location report.

13. AMF may report target UE’s location to the LCS client or AF when there is any pending location request for the UE through GMLC. 

The AMF and the LMF may use the located UE to send location request to the target UE or to request location information of the target UE by using SL positioning.

6.31.3.2 Procedure of immediate location request procedure with SL positioning
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Figure 6.31.3.2-1: Procedure of immediate location request with SL positioning
0.
It is assumed that UE registered its capability for SL positioning and is provisioned with policies and parameters for SL positioning (including the case when UE is out of coverage). It is assumed that located UEs registered its capability for SL positioning and capability for located UE at AMF.

1.
AMF is triggered to initiate location request for UE1. When UE1 is determined unreachable, AMF compose list of located UEs based on last known UE1's location information. When there is any located UE’s information reported by UE1 before, AMF will include those located UEs in the list of located UEs for handling the location request. If there is no context available for the UE in AMF, AMF will reject the received location request.

Editor's note:
It is FFS whether existing timer can be reused or new timer needs to be define for determining how long the context needs to be maintained when UE is deregistered.

AMF selects a LMF and send a location request for UE1 to the selected LMF. In the location request, AMF includes a security container to protect the location request information to UE1. AMF may inform list of located UEs to LMF.


The security container includes information that indication of immediate or deferred location request, information for periodic-triggered location report when deferred location request e.g. type of deferred location request and any parameters for the deferred location request. signature for integrity protection.

Editor's note:
For UE deregistered from NW, how security container is composed and validated between AMF and UE1 is FFS and needs coordination with SA WG3.
2.
After receiving location request, the LMF sends NW triggered SL positioning Request via (R)AN to the selected located UEs which includes the security container information.


It is assumed that LMF is configured or has exchanged capability of Ranging/sidelink positioning of each located UEs before NW triggered SL positioning Request.


3.-4.
The located UE performs discovery procedure with UE1 and if UE1 is discovered, the located UE and UE1 perform security association and PC5 unicast connection setup procedure as mentioned in TS 23.304 [4]. When receiving discovery requests from multiple located UEs, UE1 may select one located UE and perform step 4 with the selected located UE.

5.
After PC5 unicast connection setup, the located UE sends SL positioning Request including the received security container.

6.
After validating the message with information in the security container, UE1 may accept the request with SL positioning Response.

7.
After receiving the SL positioning Response, the located UE may perform SL positioning with the target UE.

8.
After successfully finishing SL positioning procedure, the located UE responds to the LMF via ®AN using NW triggered SL positioning Response which includes the result of SL positioning with UE1. LMF may determine the location information of UE1 using information included in received SL positioning Response.

9.
LMF may response AMF with location information of UE1.

6.31.3.3
Procedure of deferred location request procedure with SL positioning
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Figure 6.31.3.3-1: Procedure of deferred location request with SL positioning
0.
It is assumed that UE registered its capability for SL positioning and is provisioned with policies and parameters for SL positioning (when UE is out of coverage). It is assumed that located UEs registered its capability for SL positioning and capability for located UE at AMF.

1.
AMF is triggered to initiate location request for target UE. When target UE is determined unreachable, AMF compose list of located UEs based on last known target UE's location information. When there is any located UE’s information reported by UE1 before, AMF will include those located UEs in the list of located UEs for handling the location request. If there is no context available for the UE in AMF, AMF will reject the received location request.


AMF selects LMF and send a location request for target UE to the selected LMF. In the location request, AMF includes a security container to protect the information to target UE. AMF may inform list of located UEs to LMF.


The security container may include a indication of immediate or deferred location request, information for periodic-triggered location report when deferred location request e.g. type of deferred location request and any parameters for the deferred location request. list of selected located UEs, and signature for integrity protection.

Editor's note:
For UE deregistered from NW, how security container is composed and validated between AMF and target UE is FFS and needs coordination with SA WG3.
2.
After receiving location request, the LMF sends NW triggered SL positioning Request v®(R)AN to the selected located UEs which includes the security container information.

3.-4.
The located UE performs discovery procedure with target UE and if target UE is discovered, the located UE and UE1 perform security association and PC5 unicast connection setup procedure as mentioned in TS 23.304 [4].

5.
After PC5 unicast connection setup, the located UE sends SL positioning Request including the received security container.

6.
After validating the message with information in the security container, the target UE may accept the request with SL positioning Response.


When the location type indicated in the security container is deferred location request, the target UE will store the information and when the trigger conditions are satisfied, the target UE may initiate MO-LR type location request.

7.
After receiving the SL positioning Response, the located UE_1 may respond LMF with NW triggered SL positioning Response to indicate the request was delivered well.

8.
After receiving SL positioning Response, the LMF may respond AMF with Location Response to indicate the Location Request was successfully delivered.

9.
When triggering condition was satisfied, the target UE may initiate procedure for 5GC-MO-LR request.

10.
The target UE performs discovery procedure to find available located UEs. When the target UE discover a located UE, the target UE may check whether the located UE_2 is in the list of located UEs which is received in the security container.

10.-11.
After finding the located UE_2 is in the list of located UEs, target UE and the located UE_2 perform security association and PC5 unicast connection setup procedure as mentioned in TS 23.304 [4].

12.
The target UE send a NW Assisted SL positioning Request to the located UE_2.


NW Assisted SL positioning Request includes the information required to compose 5GC-MO-LR Request message at the located UE_2 e.g. information about the consumer of the location information of target UE, i.e. AF ID or LCS client ID, QoS information for the location request, and requested positioning method.

13.
The target UE and the located UE_2 performs SL positioning.

14.
The located UE_2 sends 5GC-MO-LR request to LMF which include target UE ID, located UE ID, consumer AF or LCS client ID, result of SL positioning between located UE_2 and the target UE.

15.
After receiving 5GC-MO-LR request, LMF may perform procedure to determine location information of the located UE_2.

16.
After determining the location information of the target UE, LMF may send Location Report to the AMF which include target UE ID, location information of the target UE, and consumer AF or LCS_client ID.

6.31.4
Impacts on services, entities, and interfaces

The solution has impacts in the following entities and interfaces:
-
UE: policy provisioning for SL positioning and performing SL positioning with security update.

-
AMF: handling deferred location request with new triggering conditions, managing list of located UE for SL positioning of UE out of coverage and composing security container to target UE out of coverage.

-
LMF: handling deferred location request with new triggering condition, location determination with SL positioning.

* * * Next change * * * 

7
Evaluation

Editor's note:
This clause provides the evaluations of the solutions of clause 6.
7.X Solutions addressing KI#5 network assisted SL positioning

7.X.1 General

Solution#31

MT-LR: Deferred MT-LR is proposed to trigger location report from target UE when it enters out of coverage through located UE or UE2NW relay UE. For MT-LR with SL positioning when UE is out of coverage, the AMF provides together with Location Request a list of Located UEs that the LMF can use as Located UEs. The AMF also includes a Security Container to be used by the Target UE to validate the ranging/sidelink positioning request from the Located UE. The LMF sends a SL positioning request to one of the Located UEs. The Located UE performs PC5 discovery of the Target UE and setup a PC5 unicast connection. The Located UE send a SL positioning request including the security container to the Target UE. After the Target UE have validated the request, the Located UE proceeds with the SL positioning and reports the measurement to the LMF. In this solution there is no NAS connection with the Target UE as the Target UE is out-of-coverage.
* * * End of changes * * * 
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