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Introduction
In RAN#98-e meeting, WID on Expanded and Improved NR Positioning was approved. The objectives of SL positioning are below:
	· Specify solutions for support of sidelink positioning (including ranging) in NR systems, including the following [RAN1, RAN2, RAN3, RAN4]:
· Specify SL PRS for support of sidelink positioning such that the SL PRS uses a comb-based (full RE mapping pattern is not precluded) frequency domain structure and a pseudorandom-based sequence where the existing sequence of DL-PRS is used as a starting point [RAN1].
· Specify support for SL PRS bandwidths of up to 100 MHz in FR1 spectrum.
· NOTE: SL PRS transmission in FR2 is not precluded but no FR2 specific aspects will be specified. 
· Specify measurements to support RTT-type solutions using SL, SL-AoA, and SL-TDOA [RAN1, RAN2].
· Specify support of resource allocation for SL PRS:
· Including resource allocation Scheme 1 and Scheme 2, where Scheme 1 corresponds to a network-centric SL PRS resource allocation and Scheme 2 corresponds to UE autonomous SL PRS resource allocation [RAN1].
· For resource allocation mechanism for SL PRS in Scheme 2: 
· Study and specify support of sensing-based resource allocation, and/or a random resource selection [RAN1].
· Study and specify solutions for congestion control for SL PRS and/or inter-UE coordination for SL-PRS [RAN1].
· Support resource allocation for shared resource pool with Rel-16/17/18 sidelink communication and dedicated resource pool for SL PRS [RAN1].
· NOTE: For SL positioning resource (pre-)configuration in a shared resource pool with Rel-16/17/18 sidelink communication, backward compatibility with legacy Rel-16/17 UEs should be ensured.
· Specify procedures for transmit power control for SL PRS transmissions at least based on open loop power control (OLPC) [RAN1]. 
· 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 reporting signalling and procedures to facilitate support of SL positioning in all coverage scenarios and for PC5-only and joint PC5-Uu scenarios [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 LMF. 
· Specify signalling to NG-RAN for sidelink positioning and ranging service authorizations as needed. [RAN3, RAN2] 
· Specify corresponding new core requirements, as well as identifying and specify the impact on the existing RAN4 specification, including RRM measurements and procedures [RAN4].



In this contribution, we discuss the architecture and signalling procedures of SL positioning and give our views and proposals. 
Discussion
2.1 	Potential Architecture for SL Positioning
RAN2 has agreed to follow SA2 on the architecture in SI stage. UE roles are not captured in the diagram of the positioning architecture. LTE PC5 is not included in this release. 
	Agreements:
UE roles are not captured in the diagram of the positioning architecture.  Can discuss in normative work if some information is needed in stage 2 in association with the architecture (e.g., a NOTE with the figure).
RAN2 confirm the intention to follow SA2 architecture design.
RAN2 will not work on LTE PC5 in the study item.  RAN2 leave it to RAN to determine if LTE PC5 is in scope of a future WI.



Figure 1 shows the architecture in 5GS applicable to sidelink positioning of a UE. UE A and UE B are in coverage. UE C and UE D may be out of coverage. UE A, UE B, UE C and UE D can be target UE, anchor UE and SL Positioning Server UE [SA2 TR 23.700] in the architecture.


Figure 1 UE Sidelink Positioning Overall Architecture applicable to NG-RAN
Proposal 1: Capture Sidelink Positioning Architecture in Figure 1 in TS 38.305.
2.2 	Protocol between UE and LMF (hybrid PC5+Uu positioning and PC5-only positioning in-coverage)
In RAN2#119bis-e meeting, protocol options between UE and LMF for hybrid PC5+Uu positioning were discussed and agreed to down-select from 3 alternatives during normative work as below:
	Agreement:
Protocol options between UE and LMF for hybrid PC5+Uu positioning and PC5-only positioning in-coverage are studied and RAN2 will down-select during normative work.
1.	Extension of LPP, whereby new signaling shall be defined to support hybrid Uu and PC5 based positioning, i.e. extend the existing LPP to support sidelink based positioning between UE and LMF
2.	Enhancement of LPP whereby SLPP/RSPP signaling can be transported within LPP transparently, i.e. use the newly defined SLPP/RSPP to support sidelink based positioning and use the existing LPP to support Uu based positioning; and the SLPP/RSPP is carried as a container in LPP
3.	Use of SLPP/RSPP between the UE and the LMF


Since RAN2 has agreed to discuss and down-select the protocol used between UE and LMF during normative work, RAN2 can reply it to SA2. 
	
	Pros
	Cons

	Option 1
	LMF needs to support LPP only.
	Duplicated signaling in LPP and SLPP.

	Option 2
	LPP and SLPP are independent of each other.
	Both UE and LMF need to support both LPP and SLPP.

	Option 3
	UE needs to support SLPP only. LPP and SLPP are independent of each other.
	LMF needs to support both LPP and SLPP. Both LPP and SLPP messages may be needed between UE and LMF for a hybrid PC5+Uu positioning session. Two different protocols are used between the same two entities is irregular behavior.



Proposal 2：Enhancement of LPP whereby SLPP signaling is transported within LPP transparently and SLPP/RSPP is carried as a container in LPP message between UE and LMF.
2.3 	SLPP Protocol Stack
In RAN2#120 meeting, it was agreed that SLPP protocol stack will be down selected between PDCP and PC5-U:
	Agreements:
Proposal 1: For the transport layer of SLPP, RAN2 agrees to down select between PDCP and PC5-U. And tell SA2 that we have not decided which options to take. More discussion is needed.



  
Figure 2. SLPP over PDCP

 
Figure 3. SLPP over SDAP
The different between above protocol stacks is whether supports QoS flow mapping. In RAN2#120 meeting, RAN2 ask SA2 about the meaning of QoS information. If PQI like QoS is introduced for SLPP, SLPP over SDAP can be supported. Anyway, SLPP over PDCP can be supported for control plane procedure.
	Proposal 2: Ask SA2 about the meaning of QoS parameters for Service Authorization, i.e. whether it is LCS QoS information or PQI like QoS.


SA2 discussed protocol stack of SLPP, and prefers to use PC5-U as the SLPP transport layer. SA2 also concluded that PQI of Ranging/SL positioning service should be introduced when PC5-U is used as the SLPP transport layer. 
	Regarding issue 1),  RAN2 concluded that the transport layer of SLPP is down selected between PDCP and PC5-U. 
SA2 Conclusion: SA2 has discussed this issue, and prefers to use PC5-U as the SLPP transport layer.
Regarding issue 2),  RAN2 requires more information about the meaning of QoS parameters for Service Authorization, i.e. whether it is LCS QoS information or PQI like QoS.
SA2 Conclusion: SA2 concludes that PQI is authorized and provisioned to the UE by 5GC with the mapping to the Ranging/SL positioning service when PC5-U is used as the SLPP transport layer. The positioning QoS parameters (i.e. LCS QoS information) may also be authorized and provisioned. From SA2 perspective, positioning QoS parameters may include accuracy and latency of direction and distance. SA2 would expect RAN WGs to evaluate if that’s a correct understanding.



Proposal 3: SLPP over PDCP is supported. FFS SLPP over SDAP is also supported which depends on the definition of PQI-like QoS.

2.4 	SLPP session-based procedure
In RAN2#119bis-e meeting, unicast SLPP session-based operation was agreed as below.
	Proposal 1 (modified): RAN2 agrees to support unicast SLPP/RSPP session-based operation and to study the applicability of groupcast/broadcast to SLPP/RSPP group operation.  FFS if groupcast/broadcast operation, if supported, would be session-based or sessionless.
Proposal 3 (modified): RAN2 agrees to support at least unicast SLPP/RSPP “centralized” operation in the sense used in R2-2210911, i.e., operation where one UE performs range and/or position calculations based on measurement/location information relating to itself and/or other UEs.  RAN2 will follow SA2 on which UE(s) can perform the calculation and related RAN1 definitions.


The following Figure 2.4-1 illustrates a typical signaling procedure for SLPP session-based SL positioning.


 Figure 2.4-1: SLPP session-based signaling procedures
1.	The Location Server UE receives a Sidelink Location Service Request message.
2.	The Location Server UE may initiate the discovery and/or sidelink unicast link establishment with Target UE. 
3.	The Target UE initiates the discovery and measures the SD-RSRP of candidate Anchor UEs.
4.	The Target UE initiates the sidelink positioning capability exchange procedure with the Location Server UE and reports the measurement result of candidate Anchor UEs.
5.	The Location Server UE selects SL positioning method and Anchor UEs for the Target UE.
6.	The Location Server UE performs the assistance data transfer procedure with the Target UE.
7.	The Location Server UE establishes unicast link connection with the selected Anchor UEs.
8.	The Location Server UE performs the assistance data transfer procedure with Anchor UE.
9.	SL PRS transmission/measurement procedure between the Target UE and the Anchor UEs.
10.	The Location Server UE obtains the location information of the Target UE from the Target UE and/or the Anchor UEs.
11.	The Location Server UE calculates the location of the Target UE.
12.	The Location Server UE provides the location estimate via Sidelink Location Service Response.

Proposal 4: capture the above SLPP session-based signaling procedures into TS 38.305 as the baseline. 
2.5 	SL positioning procedure for hybrid PC5+Uu positioning
The following Figure 2.5-1 illustrates a typical signaling procedure for SL positioning for hybrid PC5+Uu positioning.


 Figure 2.5-1: SL positioning procedure for hybrid PC5+Uu positioning
1.	The LMF receives a Location Service Request message.
2.	The LMF obtains the sidelink positioning capability of the target UE and candidate Anchor UEs information. 
3.	The LMF determines the sidelink positioning method and Anchor UEs for the target UE.
4, 4a.	The LMF performs the assistance data transfer procedure with target UE and Anchor UEs.
5.	SL PRS transmission/measurement procedure between the target UE and the Anchor UEs.
6.	The LMF performs the location information transfer procedure with the target UE or Anchor UEs.
7.	The LMF obtains the location information of the target UE based on the information from Step 6.
8.	The LMF provides the location estimate via Location Service Response.
Proposal 5: Capture the above SL positioning procedure for hybrid PC5+Uu positioning into TS 38.305 as the baseline. 
2.6 	SL positioning groupcast and broadcast
In RAN2#120 meeting, RAN2 sent a LS to SA3 to ask security requirements (e.g., for ciphering and/or integrity) and feasibility of protecting SL positioning capability (e.g. the capabilities of physical layer) and assistance data signaling transferred using groupcast/broadcast. SA3 discussed it and replied that it is feasible to work on the corresponding requirements and solutions for protecting broadcasted/groupcasted SL positioning signaling.
	Q1: RAN2 requests feedback on potential security requirements (e.g., for ciphering and/or integrity) and feasibility of protecting SL positioning capability (e.g. the capabilities of physical layer) and assistance data signaling transferred using groupcast/broadcast.
A1: SA3 has preliminarily agreed that unprotected broadcast/groupcast signaling has security issue, therefore ciphering and integrity protection are required for the signaling transferred using groupcast/broadcast. Currently, ciphering and integrity protection are not supported for broadcast/groupcast on sidelink. 
SA3 has also preliminarily agreed that it is feasible to work on the corresponding requirements and solutions for protecting broadcasted/groupcasted SL positioning signaling when the basic groupcast/broadcast procedure is stable. Therefore, SA3 would appreciate more information (e.g. user cases for broadcast/groupcast, detailed operations) from RAN2 for developing feasible solutions, if any.


Therefore, SLPP transmission among UEs via broadcast/groupcast can be protected. SA3 requested RAN2 providing more information (e.g. user cases for broadcast/groupcast, detailed operations). 
The potential use cases for SLPP transmission via broadcast/groupcast are below:
· Case 1: Anchor UE(s) transmits SL positioning capability/ assistance data;
· Case 2: Target UE transmits SL positioning capability/ assistance data;
· Case 3: Server UE transmits SL positioning capability;
· Case 4: Server UE transmits SL positioning capability/ assistance data of one or multiple anchor UEs;
· Case 5: Server UE transmits SL positioning capability/ assistance data of target UE.
The procedure of case 4 is below:

 Figure 2.6-1: Server UE transmits SL positioning capability/ assistance data of one or multiple anchor UEs to target UE via groupcast/broadcast
1.	Optional, the Location Server UE receives a Sidelink Location Service Request message.
2.	The Location Server UE may initiate sidelink unicast link establishment with anchor UE(s). 
3.	The Location Server UE may configure the SL-PRS configuration to anchor UE(s). Or the Location Server UE acquires SL-PRS transmission information and/or SL positioning capability from anchor UE(s).
4.	The Location Server UE sends SL positioning capability/assistant data of anchor UE(s) to the target UE via groupcast/broadcast.
5.	SL PRS transmission/measurement procedure between the Target UE and the Anchor UEs.
The procedure of case 5 is below:

 Figure 2.6-2: Server UE transmits SL positioning capability/ assistance data of target UE to anchor UE(s) via groupcast/broadcast
1.	Optional, the Location Server UE receives a Sidelink Location Service Request message.
2.	The Location Server UE may initiate sidelink unicast link establishment with target UE. 
3.	The Location Server UE may configure the SL-PRS configuration to target UE. Or the Location Server UE acquires SL-PRS transmission information and/or SL positioning capability from target UE.
4.	The Location Server UE sends SL positioning capability/assistant data of target UE to anchor UE(s) via groupcast/broadcast.
5.	SL PRS transmission/measurement procedure between the Target UE and the Anchor UEs.
Proposal 6: Capture the following cases for SLPP transmission via broadcast/groupcast in the reply LS to SA3:
· Case 1: Anchor UE(s) transmits SL positioning capability/ assistance data;
· Case 2: Target UE transmits SL positioning capability/ assistance data;
· Case 3: Server UE transmits SL positioning capability;
· Case 4: Server UE transmits SL positioning capability/ assistance data of one or multiple anchor UEs;
· Case 5: Server UE transmits SL positioning capability/ assistance data of target UE. 
Further for the following objective:
	· Specify signalling and associated UE behavior for support of unicast, groupcast (not including many to one) and broadcast of SL PRS transmissions [RAN1, RAN2].


From RAN2 perspective, the specifing signaling is SL-PRS configuration via unicast, groupcast (not including many to one) and broadcast. RAN2 can discuss whether SL-PRS configuration is included in SL positioning assistance data or not based on the progress of RAN1.
Proposal 7: The signalling of unicast, groupcast (not including many to one) and broadcast of SL-PRS transmissions is SL-PRS configuration via unicast, groupcast (not including many to one) and broadcast. RAN2 to discuss whether SL-PRS configuration is included in SL positioning assistance data or not later based on the progress of RAN1.
2.7 	Assistant UE
In the LS [3], SA2 asks RAN2 to clarify whether assistant UE is supported (e.g. in SLPP) in Rel-18
	Regarding issue 3), RAN2 has not decided to support assistant UE, and has not decided whether there is RAN2 impact or not.
Question to RAN2: Will assistant UE be supported (e.g. in SLPP) in this release? 



If assistant UE is supported, it means the direct SL-PRS transmission/reception between target UE and anchor UE(s) is not necessary for SL positioning. It will impact anchor UE (re)selection and signaling procedure of SLPP. The complexity of the specification will increase significantly. Since Rel-18 is the first version of SL positioning, it should focus on the basic functionality. And SL positioning between the target UE and anchor UE without direct SL is not discussed in RAN1.
	“RAN1 assumes that any distinction between Assistant UE and anchor UE is transparent to RAN1. The anchor UE selection/reselection have not been discussed in RAN1. Whether/how physical layer measurement results will be used for determination of using assistant UE and the assistant UE selection/reselection will not be discussed in RAN1.”


Therefore, it is proposed to not support assistant UE in Rel-18.
Proposal 8: Assistant UE is not supported in Rel-18 since RAN1 only discuss the direct SL-PRS transmission/reception between target UE and anchor UE(s), and indicate it to SA2 in the reply LS. 

Conclusion
According to the above discussion, the proposals on the above issue are as follows:
Architecture for SL Positioning aspect:
Proposal 1: Capture Sidelink Positioning Architecture in Figure 1 in TS 38.305.


Figure 1 UE Sidelink Positioning Overall Architecture applicable to NG-RAN

Protocol for SL Positioning aspect:
Proposal 2：Enhancement of LPP whereby SLPP signaling is transported within LPP transparently and SLPP/RSPP is carried as a container in LPP message between UE and LMF.
Proposal 3: SLPP over PDCP is supported. FFS SLPP over SDAP is also supported which depends on the definition of PQI-like QoS.
Procedures for SL Positioning aspect:
Proposal 4: Capture the above SLPP session-based signaling procedures into TS 38.305 as the baseline. 
Proposal 5: Capture the above SL positioning procedure for hybrid PC5+Uu positioning into TS 38.305 as the baseline. 
Groupcast and broadcast aspect:
Proposal 6: Capture the following cases for SLPP transmission via broadcast/groupcast in the reply LS to SA3:
· Case 1: Anchor UE(s) transmits SL positioning capability/ assistance data;
· Case 2: Target UE transmits SL positioning capability/ assistance data;
· Case 3: Server UE transmits SL positioning capability;
· Case 4: Server UE transmits SL positioning capability/ assistance data of one or multiple anchor UEs;
· Case 5: Server UE transmits SL positioning capability/ assistance data of target UE. 
Proposal 7: The signalling of unicast, groupcast (not including many to one) and broadcast of SL-PRS transmissions is SL-PRS configuration via unicast, groupcast (not including many to one) and broadcast. RAN2 to discuss whether SL-PRS configuration is included in SL positioning assistance data or not later based on the progress of RAN1.
Assistance UE aspect:
Proposal 8: Assistant UE is not supported in Rel-18 since RAN1 only discuss the direct SL-PRS transmission/reception between target UE and anchor UE(s), and indicate it to SA2 in the reply LS. 
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