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1. Introduction
In RAN#94 meeting, the Rel-18 NR positioning evolution SID was agreed [1]. According to description of the SID, one of objectives of this study item is to study of SL positioning architecture and signalling procedures as below:

	SL Positioning SID Objectives:
· Study solutions for sidelink positioning considering the following: [RAN1, RAN2] 

· Scenario/requirements 

· Coverage scenarios to cover: in-coverage, partial-coverage and out-of-coverage

· Requirements: Based on requirements identified in TR38.845 and TS22.261 and TS22.104

· Use cases: V2X (TR38.845), public safety (TR38.845), commercial (TS22.261), IIOT (TS22.104)

· Spectrum: ITS, licensed

· Identify specific target performance requirements to be considered for the evaluation based on existing 3GPP work and inputs from industry forums [RAN1]

· Define evaluation methodology with which to evaluate SL positioning for the uses cases and coverage scenarios, reusing existing methodologies from sidelink communication and from positioning as much as possible [RAN1]. 

· Study and evaluate performance and feasibility of potential solutions for SL positioning, considering relative positioning, ranging and absolute positioning: [RAN1, RAN2]

· Evaluate bandwidth requirement needed to meet the identified accuracy requirements [RAN1]

· Study of positioning methods (e.g. TDOA, RTT, AOA/D, etc) including combination of SL positioning measurements with other RAT dependent positioning measurements (e.g. Uu based measurements) [RAN1]

· Study of sidelink reference signals for positioning purposes from physical layer perspective, including signal design, resource allocation, measurements, associated procedures, etc, reusing existing reference signals, procedures, etc from sidelink communication and from positioning as much as possible [RAN1]

· Study of positioning architecture and signalling procedures (e.g. configuration, measurement reporting, etc) to enable sidelink positioning covering both UE based and network based positioning [RAN2, including coordination and alignment with RAN3 and SA2 as required]

Note: When the bandwidth requirements have been determined and the study of sidelink communication in unlicensed spectrum has progressed, it can be reviewed whether unlicensed spectrum can be considered in further work. Checkpoint at RAN#97 to see if sufficient information is available for this review.


In this contribution, we give our views and proposals on SL positioning scenarios, architecture, protocol stack and signalling procedures. 
2.
Discussion
2.1 SL positioning scenarios and requirements
In RAN1#109 meeting, the agreements on SL positioning scenarios and requirements were made:

	Agreement

Following two operation scenarios are considered for studies on SL positioning:

•
Scenario 1: PC5-only-based positioning

•
Scenario 2: Combination of Uu- and PC5-based positioning solutions

Agreement

For evaluations for SL positioning:

•
For V2X and public safety use-cases, at least in-coverage and out-of-coverage scenarios are considered.

•
For IIoT and commercial use-cases, at least in-coverage scenarios are considered.


There is an issue needs to be clarified, whether U2N relay and U2U relay scenarios are considered for studies on SL positioning? Rel-18 SL positioning is a new topic, it should focus on the basic SL positioning. It will increase complexity to support SL positioning for U2N relay and U2U relay scenarios.
Proposal 1: RAN2 confirms the agreements on SL positioning scenarios and requirements made by RAN1.

Proposal 2: U2N relay and U2U relay scenarios are not considered for studies on Rel-18 SL positioning.
2.2 SL positioning models

In RAN1#109-e meeting, terminology “Target UE” and “Anchor UE” are defined as below:

· Target UE: UE to be positioned (in this context, using SL, i.e. PC5 interface).

· Anchor UE: UE supporting positioning of target UE, e.g., by transmitting and/or receiving reference signals for positioning, providing positioning-related information, etc., over the SL interface. 

· FFS: clarification of the knowledge of the location of the anchor UE

RAN2 can use the terminology of “Target UE” and “Anchor UE” during the SI discussion. 
Proposal 3: The following roles are used for sidelink positioning:

1. Target UE: A UE to be positioned, using sidelink positioning to obtain absolute position, relative position, or ranging information.

2. Anchor UE: UE supporting positioning of target UE by transmitting and/or receiving SL-PRS, the the location of the anchor UE may be knowable.

Further, RAN1 has agreed four types positioning methods for SL positioning evaluation:
	With regards to the Positioning methods supported using SL measurements study further the following methods:

· RTT-type solutions using SL
· Study both single-sided (also known as one-way) and double-sided (also known as two-way) RTT

· SL-AoA

· Include both Azimuth of arrival (AoA) and zenith of arrival (ZoA) in the study

· SL-TDOA

· SL-AoD

· Corresponds to a method where RSRP and/or RSRPP measurements similar to the DL-AoD method in Uu. 

· Include both Azimuth of departure (AoD) and zenith of departure (ZoD) in the study




The SL positioning implementation mode for each positioning method is below:
	Positioning method
	SL positioning implementation mode

	RTT-type solutions using SL
	SL-PRS measurement between a Target UE and an Anchor UE

	SL-AoA
	Multiple Anchor UEs measure SL-PRS of a Target UE.

	SL-TDOA
	Multiple Anchor UEs measure SL-PRS of a Target UE, or 

Target UE measures SL-PRS of Multiple Anchor Ues.

	SL-AoD
	A Target UE measures SL-PRS of. Multiple Anchor UEs.


Figure 1 shows the transmission models of positioning methods.
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Figure 1 SL positioning models
Proposal 4: Capture the following SL positioning models for SL-PRS transmission between Target UE and Anchor UE(s) in the TR for candidate solutions:

· One-to-one;

· Many-to-one;
· One-to-many.
2.3 SL positioning architecture

To support Ranging-based services and sidelink positioning, study of SL positioning issues were discussed in SA2. Architecture, issues and solutions had been collected in the SA2 TR 23.700-86 [2]. The architecture assumptions captured in TR 23.700-86 is below:

	-
Ranging-based services and sidelink positioning consists of distance measurement, direction measurement, or both. UE is allowed to request the distance measurement only, direction measurement only, or both in the service.

-
Not all UEs are assumed to be Ranging/Sidelink positioning capable. It is assumed that all Ranging/SL positioning capable UEs are ProSe or V2X capable.

-
For direct communication/discovery related aspects, architecture defined in TS 23.287 [3] and TS 23.304 [4] is used as the basis, and the solutions defined for V2X and ProSe will be reused as much as possible.

-
Licensed, unlicensed and ITS spectrum may be used for PC5. If licensed spectrum is used, it shall be fully under operator control:

-
For commercial ranging based service, both licensed and unlicensed spectrum can be used for PC5.

-
For V2X service, licensed, unlicensed and ITS spectrum can be used for PC5.

-
For Public safety service, licensed spectrum is used for PC5.

Editor's note:
RAN has not concluded whether unlicensed spectrum can be considered for R18. This architecture assumption will be revisited once it is concluded in RAN.

-
Privacy protection and other security aspects will be tasked to SA3, and the related impact to architecture enhancement will be based on SA3 conclusion.


Whether unlicensed spectrum can be considered for Rel-18 SL positioning should be discussed in RAN. Since sidelink on unlicensed spectrum will be studied in Rel-18 NR sidelink evolution WI[3], it is uncertainty what are the impacts of performing SL positioning on unlicensed spectrum. In SID[1], a note was added to review whether SL positioning on unlicensed spectrum is considered at RAN#97 meeting.

	Note: When the bandwidth requirements have been determined and the study of sidelink communication in unlicensed spectrum has progressed, it can be reviewed whether unlicensed spectrum can be considered in further work. Checkpoint at RAN#97 to see if sufficient information is available for this review.


Therefore, we can waiting for the conclusion of RAN plenary session..
Proposal 5: For SL positioning, the architecture assumptions in RAN2 should be aligned with SA2.
Proposal 6: Whether SL positioning on licensed spectrum is considered for Rel-18 waiting for the conclusion of RAN plenary session.
A reference architecture for Sidelink Positioning and Ranging-based services for non-roaming operation provided in the SA2 TR 23.700-86 is shown in Figure 2.
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Figure 2 Reference architecture for Sidelink Positioning and Ranging-based services for non-roaming and same PLMN operation

The reference points SR1 (The reference point between the UE Sidelink (SL) Positioning and Ranging function in the UE and the SL Positioning/Ranging Server) and SR5 (The reference point between the Sidelink (SL) Positioning and Ranging function in UEs) are introduced. 
Furthermore, SL positioning/Ranging function is supported at LMF.

From RAN’s perspective, PC5 interface needs to be supported for SL positioning based on NG-RAN Positioning Architecture in TS 38.305, as showed in Figure 3.

UE A and UE C are involved in coverage. UE B and UE D are out of coverage. In Figure 3, any UE (i.e. UE-A, UE-B, UE-C and UE-D) can be SL positioning Target UE or Anchor UE, and there could also be third party UE in the architecture as per the solution.
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Figure 3 NG-RAN UE SL Positioning Architecture
Proposal 7: For sidelink positioning, capture above Figure 3 as the reference architecture of NG-RAN UE SL Positioning Architecture in the TR.
2.4 SL positioning protocol stack
Similar to Uu positioning, SLPP (Sidelink Positioning Protocol) messages can be introduced to exchange sidelink positioning informations (sidelink positioning capabilities, configurations, measurement results and position estimate) between a pair UEs in SR5. Furthermore, SL-LCS messages should be introduced to exchange sidelink location service between a pair UEs in SR5. SL-LCS messages are not discussed in RAN, how to design it depending on SA2.
Proposal 8: Abbreviation of SLPP is introduced as below:
· SLPP : Sidelink Positioning Protocol
Consideration on transmission reliability and latency, SLPP messages can be carried by SCCH (control plane). Proposal 9: For sidelink positioning, using control plane protocol stack for SCCH for SLPP.
There are 2 options for SLPP protocol stack:
· Option 1: SLPP is over PC5-S;

· Option 2: SLPP is independent of PC5-S, same as discovery.
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Figure 4. SLPP is over PC5-S
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Figure 5.  SLPP is over PDCP
Unlike the Uu Interface, PC5-S messages are not encapsulated in PC5-RRC message at PC5 interface. Therefore, SLPP message can delivered to PDCP directly.  
Proposal 10: SLPP is located over PDCP.
2.5 General UE SL Positioning Operations
No matter which positioning model is used, SL positioning procedure is happened between a pair of UEs.

Figure 6 shows the SL Location Service procedure between a pair of UEs.
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Figure 6. SL Location Service Support by UEs
1.
UE A sends a location request message to UE B to request SL positioning.

2.
UE A sends a location request privacy message to UE B.

3.
UE B sends a location request privacy response message to UE .

4.
SLPP exchange procedure between UE A and UE B, UE A can negotiate who performs position calculation. 
5a,5b.
UE A or UE B performs SL position calculation.

6.
UE B returns a location response to UE A with any location estimate obtained as a result of step5b.
Note: UE A and UE B can be Target UE, Anchor UE or third party UE.
Figure 7 shows the general SL positioning procedure where the UE performs SL positioning measurements between a pair of UEs.
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Figure 7. general SL positioning procedure
1.
UE A and UE B exchange SLPP capability. 

2.
UE A and UE B exchange SLPP assistant data (SL-PRS information).
3.
UE A triggers UE B to perform SL positioning measurement.

4.
UE B performs SL positioning measurement and/or location estimate calculation.

5.
UE B provides sidelink positioning measurements or location estimate to UE A.
6.
If UE A provides sidelink positioning measurements in step 5, UE A performs location estimate calculation.
Note: UE A and UE B can be Target UE, Anchor UE or third party UE.
Figure 8 shows a combination of Uu- and PC5-based positioning procedure:
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Figure 8 Combination of Uu- and PC5-based positioning procedure
0.
The LMF receives the location service request. The request can be come from the serving AMF of target UE, or location server, or a third UE.

1.
The LMF sends the SLPP location request information to Target UE to trigger the Sidelink positioning procedure. 
2.
Target UE performs SL positioning procedure. Target UE may perform 5G ProSe Direct Discovery procedure to discovery Anchor UE(s) and establish SL connection with Anchor UE(s) before SL positioning procedure.
3a.
Target UE calculates location estimate based on the SL positioning measurements.

3b.
Anchor UE calculates location estimate of Target UE based on the SL positioning measurements. And Anchor UE send location estimate of Target UE to Target UE A.

4.
Target UE provides sidelink positioning measurements or location estimate to LMF.
5.
If Target UE provides sidelink positioning measurements in step 4, LMF determines and/or verifies the location estimate of Target UE based on the positioning measurements obtained over PC5 and/or Uu.

Proposal 11: Capture the above Figure-6, Figure-7 and Figure-8 as the general SL positioning procedure in the TR.
2.6 Configuration of SL-PRS
In RAN1#109 meeting, RAN1 discussed the configuration/activation/deactivation/triggering of SL-PRS. Three options were provided:
	With regards to the configuration/activation/deactivation/triggering of SL-PRS, study the following options:

· Option 1: High-layer-only signaling involvement in the SL-PRS configuration
· No Lower layer involvement, e.g., SL-MAC-CE or SCI or DCI, for the activation or the triggering of a SL-PRS. 

· Based on the study, this option may correspond to

· A SL-PRS configuration that is a single-shot or multiple shots 

· A high-layer configuration that may be received from an LMF, a gNB, or a UE

· Option 2: High-layer and lower-layer signaling involvement in the SL-PRS configuration
· Lower-layer may correspond to SL-MAC-CE, or SCI, or DCI

· For example, high layer signaling can may be used for SL-PRS configuration and lower layer signaling can may be used for initiating SL positioning and/or configuration/triggering/activating/deactivating/indicating and potential resource indication/reservation transmission of SL-PRS.

· Option 3: Only lower-layer signaling involvement in the SL-PRS configuration
· Lower-layer may correspond to SL-MAC-CE, or SCI, or DCI

· Note 1: Include aspects in the study related to flexibility, overhead, latency, and reliability as/if needed.




From RAN2’s perspective, high-layer signaling used to configure SL-PRS can be PC5-S, PC5-RRC or SLPP message. It is unnecessary to discuss which message is used since it is depending on RAN1’s conclusion.
Proposal 12: RAN2 can wait RAN1’s conclusion on configuration of SL-PRS.
3. Conclusions
According to the analysis in section 2, we have the following proposals:

Proposal 1: RAN2 confirms the agreements on SL positioning scenarios and requirements made by RAN1.

Proposal 2: U2N relay and U2U relay scenarios are not considered for studies on Rel-18 SL positioning.
Proposal 3: The following roles are used for sidelink positioning:

Target UE: A UE to be positioned, using sidelink positioning to obtain absolute position, relative position, or ranging information.

Anchor UE: UE supporting positioning of target UE by transmitting and/or receiving SL-PRS, the the location of the anchor UE may be knowable.

Proposal 4: Capture the following SL positioning models for SL-PRS transmission between Target UE and Anchor UE(s) in the TR for candidate solutions:

· One-to-one;

· Many-to-one;
· One-to-many.
Proposal 5: For SL positioning, the architecture assumptions in RAN2 should be aligned with SA2.
Proposal 6: Whether SL positioning on licensed spectrum is considered for Rel-18 waiting for the conclusion of RAN plenary session.
Proposal 7: For sidelink positioning, capture above Figure 3 as the reference architecture of NG-RAN UE SL Positioning Architecture in the TR.
Proposal 8: Abbreviation of SLPP is introduced as below:

· SLPP : Sidelink Positioning Protocol
Proposal 9: For sidelink positioning, using control plane protocol stack for SCCH for SLPP.
Proposal 10: SLPP is located over PDCP.
Proposal 11: Capture the above Figure-6, Figure-7 and Figure-8 as the general SL positioning procedure in the TR.
Proposal 12: RAN2 can wait RAN1’s conclusion on configuration of SL-PRS.
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