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1. Introduction
The Rel-18 WID[1] of sidelink positioning has been modified as follows:
	· 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, including joint PC5-Uu scenarios. 
· 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 and implement agreed RAN1 parameters related to synchronization.
· Specify signalling to NG-RAN for sidelink positioning and ranging service authorizations as needed. [RAN3, RAN2] 


This contribution provides discussion and proposals for the open main issues of higher-layer related SL positioning, based on the revised WID.
2. Discussion
Joint Uu and SL positioning
Activation 
Based on the current WID, when the UE is in coverage, UE can adopt either hybrid positioning or PC5 only positioning. Then for a specific sidelink positioning session, how does UE determine which way it should adopt? 
Since for the in-coverage scenario, the positioning method determination and positioning requirement are generated from LMF, LMF can also determine whether the target UE should adopt hybrid positioning or PC5 positioning only, according to target UE’s current coverage or channel/measurement quality. Naturally, this message can be carried in LPP signaling and transmitted to in/partial coverage target UE, like Figure 1 indicates.
[image: SL hybird PC5]
Figure 1. LMF indicates whether the in/partial coverage target UE should adopt hybrid positioning or PC5-only positioning
Proposal 1: For LMF involved case, support LMF to indicate whether the in coverage target UE should adopt hybrid positioning or PC5-only positioning. 
Measurement
DL-TDOA-like method is a typical technique for joint positioning where both DL-PRS from multiple TRPs and SL-PRS from multiple anchor UEs are transmitted to target UE. Take Figure 2 as an example, target UE’s position cannot be calculated by either Uu positioning or SL positioning since DL-TDOA-like positioning requires at least 3 anchor nodes wherein one of them is a reference node. In such case, we have to merge both Uu measurements (i.e. measured between target UE and TRP 1/2) and SL measurements (i.e. measured between target UE and anchor UE 1/2). 
[image: ]
Figure 2. DL-TDOA-like joint SL & Uu positioning
However, usually anchor UEs and TRPs are not accurately synchronized and reference nodes for SL and Uu positioning are selected separately. For Uu positioning, a reference TRP (e.g. TRP 1) is selected as reference node, Uu RSTD measurement is obtained by calculating relative timing difference between the anchor TRP and a reference TRP. For SL positioning, a reference UE (e.g. anchor UE 1) is selected as reference node, SL measurement RSTD is obtained by calculating relative timing difference between the anchor UE and the SL reference node. For UE-assisted positioning, DL measurement and SL measurement can be reported to LMF jointly. In order for the LMF to know the time difference or time synchronization error between Uu session and SL session, a special RSTD measurement can be introduced and reported from target UE to LMF. This special RSTD is used to specify the measurement of the relative timing difference between SL reference node and Uu reference node.
Proposal 2: In SL-TDOA measurement reporting, support target UE reports a RSTD for the timing difference between SL reference node and Uu reference node in SLPP ProvideLocationInformation message.
Forwarding issue
LMF involved forwarding 
RAN2#123-bis[2] has reached the following agreements:
	Same as proposal in 401, the provide assistance data message contains multiple SL-PRS configurations. 
Reuse the Request/Provide Assistance Data messages for server to get the assistance data from Anchor UEs. FFS on how to capture.
The agreements for SLPP can be applied for LMF involved case unless the issue is identified. FFS on session ID handling since it is also related to forwarding case.


During the pre-discussion between RAN2 and SA2, the two WGs reached a WF as follows:
	SA2 existing solution i.e. Option 1, is acceptable to be used as the baseline, with the assumption that additional information, i.e. forwarding information of UE2/…/UEn, will not be developed for SLPP, and they will be developed by CT WGs.


For LMF involved case, the structure is pretty clear that, LMF only talks to one UE (UE1) using a new service request. The one UE can be target UE or one of the anchor UE. Forwarding is needed and the forwarding node is UE1. There are further detail issues need to be addressed:
1. Whether the service request that LMF triggers is a Uu positioning session (with routing ID) or a SL positioning session (with SLPP session ID)? If session is different, how to coordinate the different session?
[image: 图片1]
Figure 3. TS23.273 SL-MT-LR procedure, one service request with two sessions
In legacy uu positioning, one service request triggers one session. Here seems one service request triggers two sessions (in Figure 3), one is Uu session (between UE1 and LMF, using correlation ID and routing ID) and the other is SL positioning session (between UE1 to n, using SLPP session ID). The two sessions of the same service request should be associated by the UE that LMF reaches to, i.e., UE1 has to maintain the relationship between the two sessions belonging to a same SL-MT-LR/SL-MO-LR service request. 
Observation 1: One service request triggers two sessions, one is Uu session (between UE1 and LMF, using correlation ID and routing ID) and the other is SL positioning session (between UE1 to n, using SLPP session ID).
Each SLPP session ID associates with a specific sidelink positioning session having a certain QoS requirement. Session ID is agreed to be included in the SLPP message. For the case that SLPP is transferred between UE and LMF, similar as LPP message, the SLPP message will also be embedded in the NAS message, so LMF, AMF and the UE can still use the LCS correlation ID and routing ID to differentiate different SL positioning sessions. That is to say, SLPP session ID is transparent to the LMF and AMF. So we think there is no need to expose SLPP session ID to the LMF when SLPP message is transferred between UE and LMF.
Proposal 3: SLPP session ID should be ignored by both endpoints when SLPP message is transferred between UE and LMF.
Further, RAN2#123[3] has agreed that the UE who receives the LCS request should assign the SLPP session ID. For a UE receiving service requests with routing IDs, since different routing ID represents different positioning session with different QoS, the UE should assign SLPP session ID that has one-to-one mapping with the received routing ID. That is to say, if the UE receives two routing IDs simultaneously, the assigned SLPP session ID should also be different two IDs, not one. However this does not mean we need to specify mechanism to restrict which routing ID is associated to which SLPP session ID. This should be done by UE’s implementation, the UE should ensure that there are no overlapping session IDs during the life time of each sidelink positioning session. The UE here can be target UE or the anchor UE which LMF directly reaches to.
Proposal 4: For LMF involved case, the UE who receives the service request should assign SLPP session ID that has a one-to-one mapping with the received routing ID, and when the UE has received more than one parallel service requests, the UE should ensure that there are no overlapping SL positioning session IDs during the life time of each sidelink positioning session. 
2. What SLPP message should be in a container in the service request, and what SLPP message should be separately in SLPP message and directly deliver to LMF? Is there RAN2 impact or only SA/CT design is enough?
The capability request/response between UE and LMF is conveyed by SLPP container in the service request, and the provide location from LMF to UE is conveyed in the SL-MO-LR service request. Currently, the assistance data request/response and location information request/response are not in LCS message in SA2’s figure. Regarding to these two kinds of transactions and different signaling direction, we have the following analysis:
	
	SLPP signaling needed from LMF to UE
	SLPP signaling needed from UE to LMF

	SL-TDOA
	Request AD:
· LMF requests anchor UE to provide location. (this message requires UE1 forwarding)
Provide AD:
· LMF provides Tx sequence IDs to anchor UEs (this message requires UE1 forwarding)
· LMF may need to provide Rx sequence IDs to target UE (this message requires UE1 forwarding if UE1 is not target UE)
Request location information:
· LMF request target UE to report the SL-PRS measurement (this message requires UE1 forwarding if UE1 is not target UE)
	Request AD:
· Anchor UE requests LMF to provide Tx sequence IDs (this message requires UE1 forwarding)
· Target UE requests LMF to provide Rx sequence IDs (this message requires UE1 forwarding if UE1 is not target UE)
Provide AD:
· Anchor UEs provide the anchor UE location to LMF (this message requires UE1 forwarding)
Provide location information:
· Target UE provides SL-PRS measurement to LMF (this message requires UE1 forwarding if UE1 is not target UE)

	SL-AOA or SL-TOA
	Request AD:
· LMF requests anchor UE to provide location. (this message requires UE1 forwarding)
Provide AD:
· LMF provides Tx sequence IDs to Target UE (this message requires UE1 forwarding if UE1 is not target UE)
· LMF may need to provide Rx sequence IDs to anchor UEs (this message requires UE1 forwarding )
Request location information:
· LMF request anchor UEs to report the SL-PRS measurement (this message requires UE1 forwarding)
	Request AD:
· Target UE requests LMF to provide Tx sequence IDs (this message requires UE1 forwarding if UE1 is not target UE)
· Anchor UEs request LMF to provide Rx sequence IDs (this message requires UE1 forwarding)
Provide AD:
· Anchor UEs provide the anchor UE location to LMF (this message requires UE1 forwarding)
Provide location information:
· anchor UEs provide SL-PRS measurement to LMF (this message requires UE1 forwarding)

	SL-RTT
	Request AD:
· LMF requests anchor UE to provide location. (this message requires UE1 forwarding)
Provide AD:
· LMF provides Tx/Rx sequence IDs to Target UE (this message requires UE1 forwarding if UE1 is not target UE)
· LMF may need to provide Tx/Rx sequence IDs to anchor UEs (this message requires UE1 forwarding )
Request location information:
· LMF request target UE/anchor UEs to report the SL-PRS measurement (this message requires UE1 forwarding)
	Request AD:
· Target UE requests LMF to provide Tx/Rx sequence IDs (this message requires UE1 forwarding if UE1 is not target UE)
· Anchor UEs request LMF to provide Tx/Rx sequence IDs (this message requires UE1 forwarding)
Provide AD:
· Anchor UEs provide the anchor UE location to LMF (this message requires UE1 forwarding)
Provide location information:
· Target UE/anchor UEs provide SL-PRS measurement to LMF (this message requires UE1 forwarding)


It can be seen that all the SLPP messages have the need to be forwarded via UE1 between LMF and UE2~UEn. And, different directions requires different signaling contents, the message from LMF to UE1 should contain the information that whether to forward the corresponding SLPP message to UE2~n, and where to forward (exactly destination UE ID); The message from UE1 to LMF should contain each UE2~n’s SLPP message. 
Observation 2: Different signaling direction requires different signaling contents. The message from LMF to UE1 should contain the information that whether to forward the corresponding SLPP message to UE2~n, and where to forward (exactly destination UE ID); the message from UE1 to LMF should contain each UE2~n’s SLPP message.
To minimum the impact of RAN2 SLPP signaling, we suggest to not change or extend current SLPP message in 38.355 to enable the forwarding. SA/CT can define two new LCS message types, one is from LMF to UE1 to distribute messages to UE 1-n, containing SLPP container with SLPP-Method-RequestAssistanceData, SLPP-Method-ProvideAssistanceData and SLPP-Method-RequestLocationInformation; the other is from UE1 to LMF to gather messages from UE 1-n, containing SLPP container with SLPP-Method-RequestAssistanceData, SLPP-Method-ProvideAssistanceData and SLPP-Method-ProvideLocationInformation. In this way, SLPP messages can remain the current style and no forwarding is reflected in the SLPP protocol itself.
The example of LCS message structure can be like the following figure:
[image: LMF to UE]
Figure 4. Example structure of new LCS message from LMF to UE1 (forwarding node)
[image: UE to LMF]
Figure 5. Example structure of new LCS message from UE1 (forwarding node) to LMF
Proposal 5: Not to change or extend current SLPP message in 38.355 to enable the forwarding.
Proposal 6: Define two new LCS message types to enable SLPP forwarding between UE and LMF, one is from LMF to UE1 (forwarding node), the other is from UE1 (forwarding node) to LMF. Send LS to SA2/CT1 for confirmation.
3. Whether server UE should be involved in the LMF involved case?
LMF involved case can have LMF based positioning (LMF calculates location estimate), or UE based positioning (UE calculates location estimate). For LMF based positioning, server UE should not be discovered and selected; For UE based positioning, server UE is reasonable and feasible to work, which may include SLPP forwarding between UEs.
Proposal 7: Server UE should not be discovered and selected when LMF based positioning is used.
UE-only forwarding 
For UE only case, the situation is not quite clear. When server UE is a separate UE, the controversy focus on whether server UE should be the forwarding node, or the target UE should be the forwarding node.
· If server UE is to be the forwarding node: this is to assume target UE and server UE can have direct link, in the meanwhile, anchor UE and server UE can have direct link. This assumption is based on the agreement that ‘the provide assistance data message contains multiple SL-PRS configurations’. However this is only for SL-TDOA and for server to provide multiple anchor UE’s AD to target UE.
[image: server]
Figure 6. Server UE as the forwarding node
· If target UE is to be the forwarding node: some companies believe that TU and AU should be able to transmit/receive SL-PRS with each other, so it is natural that SLPP messages can be delivered directly between target UE and anchor UEs. Also target UE should discover server UE, it means target UE and server UE can make connection and transmit messages directly. Also, it is the same as LMF involved case, where target UE is UE1, anchor UEs are UE2-n, server UE is LMF.
[image: target]
Figure 7. Target UE as the forwarding node
It can be seen that letting target UE as a forwarding node can reuse the procedure of LMF-involved forwarding, which can simply RAN2 work and give a unified design to SA2/CT1.
However, RAN2 made the agreement that ‘provide assistance data message contains multiple SL-PRS configurations’. It means for SL-TDOA and SL-RTT, server UE will gather anchor UE’s AD and sends to target UE. If target UE and anchor UE can directly deliver the SLPP message between each other, then why does this server UE need to gather AD from anchor UEs in advance? Anchor UE can directly send the AD to target UE.
Proposal 8: For UE only operation, when server UE is a separate UE, target UE is to be the forwarding node between server UE and anchor UEs.
Proposal 9: RAN2 to revisit the necessity of previous agreement: ‘the provide assistance data message contains multiple SL-PRS configurations ’.
If we still want to not change/make extension to the SLPP spec, the forwarding UE can take the similar procedure as LMF involved forwarding case, i.e., two message type, one is from target UE to server UE, the other is from server UE to target UE.
Proposal 10: For UE only operation, when server UE is a separate UE, define two new LCS message types to enable SLPP forwarding between UEs, one is from server UE to target UE(forwarding node), the other is from target UE(forwarding node) to server UE. Send LS to SA2/CT1 for confirmation.
Open issue discussions
According to RAN2#123-bis post email discussion [412], there are following issues that requires companies contribution:
- 5 LMF involved case, FFS on how to handle session for UEs involved in the same LMF involved SL based positioning and the relationship between routing ID/correlation ID and session ID. 
Addressed in Proposal x and Proposal x in section 2.2.
- 6 FFS if this involves single or separate SLPP sessions (LMF UE1 and UE1 UE2).
Addressed in Observation x above in section 2.2.
- 9 RAN2#123bis, FFS to introduce endSession Boolean value in the message header with/without the messageBody. 
Explicit endSession indication is not needed since RAN2 can reuse the timer-based session release mechanism like in LPP, or, the session can be ended when an endpoint receives the SLPP Error message or SLPP Abort message.
Proposal 11: Do not introduce endSession Boolean value explicitly.
- 24 Editor's note	FFS if any UEs can request the capabilities from the peer UE. FFS on Endpoint A can also be the server UE
TU and AU can have direct link, TU and SU can have direct link. Server UE can trigger capability request to peer UE, in order for server UE to determine SL positioning methods and send assistance data.
Proposal 12: Server UE can trigger capability request to peer UE.
- 28 Editor's note	FFS if any UEs can trigger the assistance data transfer procedure. 
For SL-TDOA and SL-RTT, server UE can trigger AD transfer procedure to request anchor UE location; anchor UE can trigger AD transfer procedure to request Tx SL-PRS sequence ID; target UE can trigger AD transfer procedure to request Rx SL-PRS sequence ID.
For SL-TOA, SL-AoA and SL-RTT, server UE can trigger AD transfer procedure to request anchor UE location; target UE can trigger AD transfer procedure to request Tx sequence ID; anchor UE can trigger AD transfer procedure to request Rx SL-PRS sequence ID.
So based on above, any UE role (target UE, anchor UE, server UE) can trigger AD transfer procedure in different positioning methods.
Proposal 13: Any UEs (target UE, anchor UE, server UE) can trigger the assistance data transfer procedure.
- 31 Editor's note	FFS if any UEs can trigger the location information transfer procedure. 
For SL-TDOA and SL-RTT, server UE can trigger location information transfer procedure to request target UE’s location measurement;
For SL-TOA, SL-AoA and SL-RTT, server UE can trigger location information transfer procedure to request anchor UE’s location measurement;
That is to say, no matter in which SL positioning method, only the node that calculates location estimate(server UE) can trigger the location information transfer procedure. 
Note: This does not include forwarding, i.e., when server UE sends SLPP RequestLocationInformation to target UE for target UE to forward to anchor UEs, even if target UE distributes the SLPP RequestLocationInformation, it should not be called as ‘target UE triggers the location information transfer procedure’.
Proposal 14: Only the node that calculates location estimate (i.e., server UE) can trigger the location information transfer procedure. 
[bookmark: _Hlk141345066]- 32 Editor's note	FFS on Need code (e.g. how to support no UL/DL), support of delta signalling, full configuration, import IE from LPP, setup/release. 
Delta signaling is useful for forward compatibility. Delta signaling contains Need code and toaddmodlist/toreleaselist. For Need Code, since the request and response message can be transferred bidirectionally between LMF and UE and between UE and UE, all the need code should be supported in all of the request/response message of capability/AD/location information. In addition:
· For ProvideLocationInformation, we think the SL-PRS measurement IE should be need N to indicate one-shot location measurement provision.
· For Tx sequence ID in Provide asststance data, this IE should be Need S to indicate if the field is absent, SL-PRS Tx UE should generate one by itself.
Proposal 15: All the need code should be supported in all of the request/response message of capability/AD/location information. In addition:
· For ProvideLocationInformation, the SL-PRS measurement IE should be Need N to indicate one-shot location measurement provision.
· For Tx sequence ID in ProvideAsststanceData, this IE should be Need S to indicate if the field is absent, SL-PRS Tx UE should generate one by itself.
For toaddmodlist/toreleaselist this kind of dynamic delta signaling, from RAN1’s latest RRC parameter list R1-2310695, we see SLPP signaling payload has no much difference with LPP, i.e., there is no SLPP IE that changes very quickly and requires much radio payload. Since LPP does not introduce this kind of data structure for optimization radio payload, there is no need to introduce toaddmodlist/toreleaselist in the SLPP ignaling structure for the simplicity. Also, toaddmodlist/toreleaselist cannot be applied to broadcast or groupcast SLPP signaling (if supported in future release) since UE may not able to receive the corresponding field before. 
According to RAN1’s latest RRC parameter list R1-2310695, currently we see no need to inport IE from LPP, nor the setup/release structure. RAN2’s remaining work is to capture/list each IE in RAN1’s RRC parameter list correctly.
Proposal 16: Do not introduce toaddmodlist/toreleaselist, import from LPP and setup/release in the SLPP signaling structure.
Assistance data transfer procedure of SL positioning methods
To better illustrate the above proposals and give a better understanding of forwarding, we give the following AD transfer procedures.
For SL-TDOA:
[image: SL-TDOA, TU forwarding]
Figure 8. SL-TDOA assistance data transfer procedure with target UE as forwarding node

For SL-TOA/SL-AoA:
[image: SL-TOA, TU forwarding]
Figure 9. SL-TOA/SL-AoA assistance data transfer procedure with target UE as forwarding node

3.  Conclusion
In this contribution, we propose the following observation and proposals:
Joint Uu and SL positioning:
Proposal 1: For LMF involved case, support LMF to indicate whether the in coverage target UE should adopt hybrid positioning or PC5-only positioning. 
Proposal 2: In SL-TDOA measurement reporting, support target UE reports a RSTD for the timing difference between SL reference node and Uu reference node in SLPP ProvideLocationInformation message.

LMF involved forwarding:
Observation 1: One service request triggers two sessions, one is Uu session (between UE1 and LMF, using correlation ID and routing ID) and the other is SL positioning session (between UE1 to n, using SLPP session ID).
Observation 2: Different signaling direction requires different signaling contents. The message from LMF to UE1 should contain the information that whether to forward the corresponding SLPP message to UE2~n, and where to forward (exactly destination UE ID); the message from UE1 to LMF should contain each UE2~n’s SLPP message.
Proposal 3: SLPP session ID should be ignored by both endpoints when SLPP message is transferred between UE and LMF.
Proposal 4: For LMF involved case, the UE who receives the service request should assign SLPP session ID that has a one-to-one mapping with the received routing ID, and when the UE has received more than one parallel service requests, the UE should ensure that there are no overlapping SL positioning session IDs during the life time of each sidelink positioning session. 
Proposal 5: Not to change or extend current SLPP message in 38.355 to enable the forwarding.
Proposal 6: Define two new LCS message types to enable SLPP forwarding between UE and LMF, one is from LMF to UE1 (forwarding node), the other is from UE1 (forwarding node) to LMF. Send LS to SA2/CT1 for confirmation.
Proposal 7: Server UE should not be discovered and selected when LMF based positioning is used.

UE only forwarding:
Proposal 8: For UE only operation, when server UE is a separate UE, target UE is to be the forwarding node between server UE and anchor UEs.
Proposal 9: RAN2 to revisit the necessity of previous agreement: the provide assistance data message contains multiple SL-PRS configurations ’.
Proposal 10: For UE only operation, when server UE is a separate UE, define two new LCS message types to enable SLPP forwarding between UEs, one is from server UE to target UE(forwarding node), the other is from target UE(forwarding node) to server UE. Send LS to SA2/CT1 for confirmation.

Open issue discussion:
Proposal 11: Do not introduce endSession Boolean value explicitly.
Proposal 12: Server UE can trigger capability request to peer UE.
Proposal 13: Any UEs (target UE, anchor UE, server UE) can trigger the assistance data transfer procedure.
Proposal 14: Only the node that calculates location estimate (i.e., server UE) can trigger the location information transfer procedure. 
Proposal 15: All the need code should be supported in all of the request/response message of capability/AD/location information. In addition:
· For ProvideLocationInformation, the SL-PRS measurement IE should be Need N to indicate one-shot location measurement provision.
· For Tx sequence ID in ProvideAsststanceData, this IE should be Need S to indicate if the field is absent, SL-PRS Tx UE should generate one by itself.
Proposal 16: Do not introduce toaddmodlist/toreleaselist, import from LPP and setup/release in the SLPP signaling structure.
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