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1	Introduction
The recently revised work items for SL in RAN2 include 
· Specify signalling and associated UE behavior for support of unicast, groupcast (not including many to one) and broadcast of SL PRS transmissions [RAN1, RAN2].
· Specify unicast session-based signalling and procedures to facilitate support of SL positioning for single target UE (it is not precluded to apply the procedures to multiple target UEs but no signaling optimizations will be considered for this case) [RAN2, RAN3]:
· Specify the protocol and procedures for SL positioning between UEs (Protocol for Sidelink positioning procedures (SLPP)). 
· Specify the protocol and procedures for SL positioning between UEs and a single LMF for in coverage scenario only. 
· NOTE: Assumes all involved UEs are served by same LMF.
· For SL-TDOA, RAN2 will not work on procedures for synchronization of the anchor UEs. RAN2 can discuss if it appropriate to implement some agreed RAN1 parameters related to synchronization given that there will be no defined procedures.
· RAN2 will not discuss discovery parameters/meta info without SA2 decisions. 




[bookmark: _Hlk126854870]In this paper, we discuss the 1) LMF can reach to all UEs in IC 2) SLPP session ID 3) scheme 1 SL-PRS resource allocation 4) LMF maintain session IDs for hybrid positioning session 5) cross capability exchange between LPP and SLPP 6) hybrid positioning measurement report 7) SL ranging measurement when sync source changes 8) Overhearing


2	Discussion
2.1 SA2 Discussion to Resolve Editor’s Note:
Currently, there is an Editor’ note as below for the SA2 procedure as shown in Annex from TS 23.273 v 18.2.0
Editor's note:	Whether supplementary services message or lpp will be sent from LMF to UE is FFS and needs the coordination with RAN WGs.
The supplementary message is mainly about SL positioning method capabilities that the discovered UEs will support. Currently for Uu positioning, the LPP carries the LPP capabilities. Our view is that similarly to LPP, SLPP layer should carry the SL Positioning/ranging capabilities otherwise it will lead to define new LCS container definition to carry the capabilities which will impact CT1.
Further, the trigger to perform discovery procedure can also be initiated by SLPP layer. To simplify the SA2 procedure as described in SA2, we provide the sequence flow should be as below.





Regarding the SLPP session, the Session ID can be provided by LMF as the session is instigated by LMF. It is natural for the session instigator to instigate the session ID which is the case also for LPP. For SL-MT-LR, LMF instigates the session ID and uses the session ID to exchange signalling with target UE and anchor UEs and for the involved UEs to exchange the SL messages among themselves. 
Whereas for SL-MO-LR, target UE generates the session ID as it instigates the session and hence it should provide session ID to LMF.
[bookmark: _Toc146809743]In IC, LMF instigates the session ID for SL-MT-LR, while target UE instigates the session ID for SL-MO-LR and provides to LMF. 
[bookmark: _Toc146809744]Send LS to SA2 and CT1 informing step 10, 11 can be replaced by SLPP message and step 14, 15 can be removed and the capabilities can be provided via SLPP layer for the discovered UEs.
When it comes to defining the SL Session ID, one possibility is to follow as below:
SL-Session ID is 16bits field where MSB is 1 if LMF initiated or 0 if UE initiated. The remaining 12 bits can be the SL-PRS Sequence ID or any ID taken from value (0 to 4095) and the remaining 3 bits are incremented for every new session that the same UE initiates towards the same target.
[bookmark: _Toc146809745]A 16-bit session ID is defined such that MSB indicates whether LMF initiated, or UE initiated session, bits containing SL-PRS Sequence ID and a 3-bit counter.



2.2 LMF can reach all UEs in In-Coverage (IC) Scenario
In IC scenario, target UE and anchor UE(s) are all in network coverage. LMF establishes SLPP session with target UE via SLPP for capability exchange, AD distribution, obtaining measurement, and ranging/SL positioning calculation, LMF can also establish SLPP session with located anchor UE to perform these procedures. For non- located anchor UEs, target UE can forward their messages to LMF and the message from LMF to them. Thus in IC, there is no need to include SL positioning UE server. 
[bookmark: _Toc146809746]In IC scenario, LMF can reach/connect with all UEs in a SLPP session. 
[bookmark: _Toc146809747]SL positioning UE server is not involved for in-coverage SL positioning, and no LMF to SL positioning UE server interaction to be supported in Rel-18.
2.3 SLPP session ID
A SLPP session can be instigated by LMF or target UE, and it is natural for the session instigator to instigate the session ID. For SL-MT-LR, LMF instigates the session ID and use the session ID to exchange signalling with target UE and anchor UEs. For SL-MO-LR, target UE generates the session ID and provides session ID to LMF.
[bookmark: _Toc146809748]In IC, LMF instigates the session ID for SL-MT-LR, while target UE instigates the session ID for SL-MO-LR and provides to LMF. 

2.4 Scheme 1 SL-PRS Resource Allocation
In scheme 1, SL-PRS resource allocation is scheduled by serving gNB and sent to the UE. In RAN 114, RAN1 has agreed that for scheme 1 SL-PRS resource allocation for a UE requiring to transmit SL-PRS, the serving gNB may receive a request for specific SL PRS resource characteristic(s)/SL-PRS resource configuration(s). The scheme 1 SL-PRS resource allocation is similar to the UL-SRS configuration of legacy positioning, thus LMF can determine the required SL PRS resource characteristic(s), sends the characteristic(s) to serving gNB and request serving gNB to configure SL-PRS for the UE. It would be troublesome for LMF to send such characteristics to UE which further forwards to gNB. 
[bookmark: _Toc146809749]For scheme 1 SL-PRS resource allocation, LMF should be involved to send SL-PRS request with SL PRS resource characteristic(s) for UE. 

2.5 Hybrid Positioning 
There are different use cases which require LMF to perform hybrid positioning such as request from external client to be able to provide the range between two UEs or improve the UE positioning accuracy with assistance from another UE such as located UE. For ranging determination, to improve the reliability and accuracy of range estimation; LMF can perform hybrid positioning such as to obtain the absolute UE location and also range estimation between UEs. 
For SL ranging/positioning, signalling procedures including capability exchange, reference/anchor UE selection, assistance data transfer, ranging/sidelink positioning measurement, report and calculation are needed. In RAN2 122, it is agreed that SLPP carried over NAS is used between UE and LMF. 
An LPP session and SLPP session between the target UE and LMF are set up for hybrid positioning. If there is located UE(s) associated with LMF, LMF may initiate separate SLPP session(s) with located UE(s) to send AD and/or request measurement. LMF may assign a single session ID for Uu session and SL session of the hybrid positioning, or may assign/maintain different session IDs for Uu session and SL session. 


[bookmark: _Toc146809750]The target UE shall discover anchor UE(s) and report to LMF and LMF can setup SLPP positioning session with the discovered located UE(s)directly to send AD or receive SLPP measurement report.

[bookmark: _Toc146809751]LMF sets up LPP session with target UE and SLPP sessions with multiple UEs and obtains both Uu and SL measurements for hybrid positioning. LMF maintains the session ID(s) for the hybrid positioning session. 
2.6 Cross capability exchange between LPP and SLPP
With an existing Uu session, when LMF wants to start a SLPP session with the target UE, it should be able to request corresponding capabilities of the UE via LPP. To implement SL ranging/positioning, discovery procedure is needed to establish PC5 path, thus LMF should be able to request ProSe Capability from UE. For SL ranging/positioning, the UE capability to transmit SL-PRS, measure and calculate for each detailed SL ranging/positioning method such as SL RTT, SL-TDOA should also be defined and supported by LPP. For hybrid positioning initiated in the other direction, the LPP capabilities should also be supported via SLPP. 
Proposal 1 LPP should support to request and provide SLPP Positioning method Capabilities.
Proposal 2 To support hybrid positioning, LPP should support to request and provide SLPP Capabilities for Ranging/SL positioning methods, and SLPP should contain LPP capabilities.

2.7 Hybrid positioning measurement alignment in time domain
[bookmark: _Hlk131066698]Hybrid positioning collects both Uu and SL positioning measurement to determine and/or improve UE’s positioning/ranging result. However, Uu and SL measurement periods cannot always be aligned. Furthermore, the availability of the SL PRS for the SL positioning measurements depends on the SL resource pool configuration e.g. slots which are configured for the SL. Therefore, there is no guarantee that the Uu and SL positioning measurements can always be completed by the UE during the same time or even close in time. They will most likely be misaligned. When the target UE moves, misalignment between Uu and SL positioning measurements will cause degradation to the positioning accuracy, or even fail to compute positioning results with hybrid measurements.  
[bookmark: _Toc146809755]When the target UE has non-zero velocity, misalignment between Uu and SL positioning measurements will cause degradation to the positioning accuracy, or even fail to compute positioning results with hybrid measurements.  
To better align the Uu and SL measurement in the time domain, NW may instruct UE by sending assistance data to UE of the Uu and SL reference signals that are close in time domain and/or request UE to only measure Uu and SL reference signals within a certain time interval. 
[bookmark: _Toc146809752]  NW provides configuration to UE for the Uu and SL reference signals that are close in time domain and request UE to measure Uu and SL reference signals within a certain time interval. 
2.8 SL Ranging measurements when Synch Source or Coverage changes 
For SL positioning/ranging measurements, accurate synchronisation between UEs is essential. The sidelink synchronization reference source can change for different reasons, e.g. due to UE mobility, channel conditions etc., while UE is performing SL positioning measurements which may lead inaccurate measurements. How would UE cope when the synch source during positioning measurement changes? Additionally, another question would be: UEs may be (pre)configured resources to perform SL ranging measurements in different coverage scenario (IC, PC, OOC). A group of UEs (at least 2 UEs; e.g. car platooning) may perform ranging continuously; however in the coverage crossing area (IC to OOC or vice versa) where UEs may have performed the measurement in one coverage but now happen to be in different coverage; would the ongoing measurements be valid? The impact on change of coverage and synchronization reference source while performing the SL positioning measurements needs to be investigated. 
The Synchronization and measurement validity are RAN4 related question which should be provided by RAN4. Depending upon the outcome of the results, the SL procedure would have impact, such as whether to continue the SL procedure or restart the procedure.
[bookmark: _Toc146809753]Send LS to RAN4 requesting how would the ongoing SL measurements be impacted when the synch source changes and/or coverage status changes. 
2.9 LMF Cooridnation for SL-TDOA, SL-RTOA Procedure
As part of the Rel-18 work item on sidelink (SL) positioning, a new SL positioning reference signal (SL-PRS) will be specified to be used for measurements between UEs. Located UE is UE with known location. It would benefit if located UE is also involved in the ranging/SL positioning process to provide extra measurement by listening the SL-PRS by the target UE(s). For example, it can improve the accuracy if the target UE performing ranging are in NLOS condition, and can validate the positioning result by performing measurement as these UEs are in known location . 
Figure 4 shows the mechanism of located UE perform SL-PRS measurement requested by LMF. From Figure 4 when the located UE is requested by LMF to perform measurement,. 
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[bookmark: _Ref127173864]Figure 4 LMF requests located UE(s) to measure SL-PRS
Step 1: UEs performing SL positioning/ranging reserve SL-PRS by either scheme.
Step 2: LMF requests for UEs that are in coverage to send their SL-PRS configuration, and UEs provide LMF the SL-PRS configuration.
Step 3: LMF request located UE(s)to measure SL-PRS transmitted by the UEs via LPP. 
Step 4: located UE(s)reply to the request of LMF via LPP.
Step 5: LMF forward the SL-PRS configuration to located UE(s).
Step 6: Located UE measures SL-PRS.
Step 7: Located UE send the measurement results to LMF.




[bookmark: _Toc146809754]LMF coordinates and provides necessary Assistance data to located UE to facilitate SL-RTOA, SL-TDOA procedures..

3	Conclusion
Observation 1	When the target UE has non-zero velocity, misalignment between Uu and SL positioning measurements will cause degradation to the positioning accuracy, or even fail to compute positioning results with hybrid measurements.
 
Based on the discussion in the previous sections we propose the following:

Proposal 1	In IC, LMF instigates the session ID for SL-MT-LR, while target UE instigates the session ID for SL-MO-LR and provides to LMF.
Proposal 2	Send LS to SA2 and CT1 informing step 10, 11 can be replaced by SLPP message and step 14, 15 can be removed and the capabilities can be provided via SLPP layer for the discovered UEs.
Proposal 3	A 16-bit session ID is defined such that MSB indicates whether LMF initiated, or UE initiated session, bits containing SL-PRS Sequence ID and a 3-bit counter.
Proposal 4	In IC scenario, LMF can reach/connect with all UEs in a SLPP session.
Proposal 5	SL positioning UE server is not involved for in-coverage SL positioning, and no LMF to SL positioning UE server interaction to be supported in Rel-18.
Proposal 6	In IC, LMF instigates the session ID for SL-MT-LR, while target UE instigates the session ID for SL-MO-LR and provides to LMF.
Proposal 7	For scheme 1 SL-PRS resource allocation, LMF should be involved to send SL-PRS request with SL PRS resource characteristic(s) for UE.
Proposal 8	The target UE shall discover anchor UE(s) and report to LMF and LMF can setup SLPP positioning session with the discovered located UE(s)directly to send AD or receive SLPP measurement report.
Proposal 9	LMF sets up LPP session with target UE and SLPP sessions with multiple UEs and obtains both Uu and SL measurements for hybrid positioning. LMF maintains the session ID(s) for the hybrid positioning session.
Proposal 12	NW provides configuration to UE for the Uu and SL reference signals that are close in time domain and request UE to measure Uu and SL reference signals within a certain time interval.
Proposal 13	Send LS to RAN4 requesting how would the ongoing SL measurements be impacted when the synch source changes and/or coverage status changes.
Proposal 14	LMF coordinates and provides necessary Assistance data to located UE to facilitate SL-RTOA, SL-TDOA procedures..
[bookmark: _In-sequence_SDU_delivery]
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[bookmark: _Toc138251313]6.20.3	Procedures of SL-MT-LR involving LMF
The SL-MT-LR procedure is used to estimate the relative locations or distances and/or directions between the UEs.
Figure 6.20.3-1 illustrates a procedure to enable an LCS Client or AF to obtain Ranging/Sidelink Positioning location results for a group of n UEs (n≥2), i.e. UE1, UE2, ..., UEn. In the procedure, the GMLC determines a UE among the n UEs to be designated UE1 (i.e. Target UE in TS 23.586 [40]) and one or more other UEs designated UE2, UE3, ..., UEn (n≥2) (i.e. Reference/Located UEs in TS 23.586 [40]). The Ranging/Sidelink Positioning location results may include absolute locations, relative locations or ranges and directions related to the UEs, based on the service request.
Procedure for periodic and triggered SL-MT-LR is defined in clause 6.20.4.


Figure 6.20.3-1: SL-MT-LR Procedure
Precondition:	At least one of the n UEs is in coverage and registered with a serving PLMN.
1.	The LCS Client or the AF (via NEF) sends an LCS service request to the (H)GMLC for Ranging/Sidelink Positioning location results for the n UEs which may each be identified by a GPSI or a SUPI. The request may include the required QoS, the required location results (e.g. absolute locations, relative locations or distances and/or directions related to the UEs), the SL reference UE(s) in case of relative locations, distance, or direction. The (H)GMLC or NEF authorizes the LCS Client or the AF for the usage of the LCS service. If the authorization fails, the remaining steps are skipped and the (H)GMLC or NEF responds to the LCS Client or the AF with the failure of the service authorization.
	In addition, an Application Layer ID shall be included for each of the n UEs to enable discovery of the UEs at step 12.
Editor's note:	Whether Application Layer ID will be included in LPP operation is FFS and needs the coordination with RAN WGs.
2.	The (H)GMLC invokes a Nudm_SDM_Get service operation towards the UDM of each of the n UEs to get the privacy settings of the UE identified by its GPSI or SUPI. The UDM returns the UE Privacy setting of the UE. The (H)GMLC checks the UE LCS privacy profile.
3.	The (H)GMLC invokes a Nudm_UECM_Get service operation towards the UDM of each of the n UEs (for which GPSI or SUPI is available), one at a time, using the GPSI or SUPI of each UE. The (H)GMLC selects the UE (e.g. which is treated as UE1 in following steps) that initiates the Ranging/SL Positioning and selects the corresponding serving AMF.
NOTE:	The UDM is aware of the serving AMF address at UE registration on an AMF as defined in clause 4.2.2.2.2 of TS 23.502 [19]. The UDM is aware of a serving (V)GMLC address at UE registration on an AMF as defined in clause 4.2.2.2.2 of TS 23.502 [19].
4.	For a non-roaming case, this step is skipped. In the case of roaming, the (H)GMLC may receive an address of a (V)GMLC (together with the network address of the current serving AMF) from the UDM in step 3, otherwise, the (H)GMLC may use the NRF service in the (H)PLMN to select an available (V)GMLC in the (V)PLMN, based on the (V)PLMN identification contained in the AMF address received in step 3. The (H)GMLC then sends the location request to the (V)GMLC by invoking the Ngmlc_Location_ProvideLocation service operation towards the (V)GMLC. In the cases when the (H)GMLC did not receive the address of the (V)GMLC, or when the (V)GMLC address is the same as the (H)GMLC address, or when both PLMN operators agree, the (H)GMLC sends the location service request message to the serving AMF. In this case, step 4 is skipped. The (H)-GMLC also provides the LCS client type of AF, if received in step 1, or LCS client type of LCS client and other attributes to be sent to AMF in step 5.
5.	In the case of roaming, the (V)GMLC first authorizes that the location request is allowed from this (H)GMLC, PLMN or from this country. If not, an error response is returned. The (H)GMLC or (V)GMLC invokes the Namf_Location_ProvidePositioningInfo service operation towards the AMF serving UE1 to request Sidelink positioning/ranging location results of the n UEs. The service operation includes the SUPI of UE1, Application layer IDs of the UEs, the client type and may include the required LCS QoS, the required location results (e.g. relative locations or ranges and directions related to the UEs) and other attributes as received or determined in step 1.
6.	If UE1 is in CM-IDLE state, the AMF initiates a network triggered Service Request procedure to establish a signalling connection with UE1.
	If signalling connection establishment fails, steps 7-17 are skipped.
7-8.	If the indicator of privacy check indicates an action is needed, then same operation as that of step 7-8 of clause 6.1.2 is carried out.
9.	The serving AMF selects an LMF serving UE1 (e.g. an LMF that supports Ranging/Sidelink Positioning) and sends an Nlmf_Location_DetermineLocation service operation towards the LMF with the information received at step 5 e.g. required location results (e.g. relative locations or ranges and directions between pairs of UEs), SL reference UE(s) in case of relative locations, Application layer IDs of the UEs if received in step 5. The service operation includes a LCS Correlation identifier.
10.	The LMF sends an SL-MT-LR request to the serving AMF as a supplementary services message, using the Namf_Communication_N1N2MessageTransfer service operation, and the session ID parameter is set to the LCS Correlation identifier.
The SL-MT-LR request may include the application layer IDs of the other UEs 2 to n, the types of required location results (e.g. relative locations or distances and/or directions) and SL reference UE(s) in case of relative locations.
Editor's note:	Whether supplementary services message or lpp will be sent from LMF to UE is FFS and needs the coordination with RAN WGs.
11.	The serving AMF forwards the SL-MT-LR request and a Routing identifier equal to the LCS Correlation identifier to UE1 using a DL NAS TRANSPORT message.
12.	UE1 attempts to discover the other UE 2 to n using their Application Layer IDs if not already discovered using procedure defined in clause 6.4 of TS 23.586 [40].
13.	UE1 obtains the sidelink positioning capabilities of the discovered UEs via the SLPP if not already obtained.
14.	UE1 returns a supplementary services SL-MT-LR response to the serving AMF in an UL NAS TRANSPORT message and includes the Routing identifier received in step 11.
The SL-MT-LR response indicates which of UEs 2 to n have been discovered and the sidelink positioning capabilities of the discovered UEs.
15.	The serving AMF forwards the SL-MT-LR response to the LMF indicated by the Routing identifier received at step 14 and includes a LCS Correlation identifier equal to the Routing identifier.
16.	Ranging/Sidelink Positioning of UE1 and the other discovered UEs occurs as for an SL-MO-LR as described for steps 10-19 of Figure 6.20.1-1 with the difference that Ranging/Sidelink Positioning location measurement data or results are always returned to the LMF and the LMF indicates to UE1 at step 13 or step 14 of Figure 6.20.1-1 whether the Ranging/Sidelink Positioning location results will be calculated by the LMF (at step 19) or by UE1 (at step 17). For some undiscovered UEs among the other UEs 2 to n, the LMF interacts with GMLC to initiate the 5GC-MT-LR procedure for UE2 to n to get their absolute locations, and calculates the relative locations or distances and/or directions related to the UEs.
17-20.	The LMF returns the Sidelink positioning/ranging location results to the LCS Client or AF as in steps 13-15 and step 24 of clause 6.1.2. The results also include failure information of the UE(s) that was not discovered.
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