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1. [bookmark: Proposal_Pattern_Length]Introduction
RAN has approved a new study item on expanded and improved NR positioning [1] and one of the key objectives therein is to study solutions to support sidelink positioning for NR:
	· 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 discuss how to support sidelink positioning considering the different scenario and use cases and present our view.  
2. Discussion
2.1	Scope of work
Before starting discussion on the RAN2 specific aspects for support of sidelink positioning, we think it would be good to consider how the work for this SI should be split among different working groups. At least the following areas of work can be identified:
	Scope of work
	Responsible Working group

	Architectural enhancements needed to support sidelink discovery for positioning, support of privacy and security 
	SA2, SA3

	Architectural enhancements needed to support sidelink positioning, e.g. additional RAN functions, positioning procedure, associated signaling (including LPP), and modifications/enhancements to PC5 protocol stack to support SL positioning
	RAN2

	Impact to physical layer procedures, SL-PRS/SRS design and resource pool considerations
	RAN1



Based on the above, it is suggested that RAN2 shall take the above into account during the study on sidelink positioning.
Proposal 1: During the study phase, RAN2 should focus on Architecture (NG-RAN related functions), positioning procedures (RAN related parts, e.g., LPP, PC5). Aspects related to discovery, privacy and LCS related enhancements should rely on SA2 discussion. 

2.2	Support of coverage scenarios 
As part of the discussion in [2], three typical coverage scenarios (which are quite typical of sidelink operation in general) were discussed, i.e., in coverage, partial coverage and out of coverage. All three of these are consequently included as part of this study. However, RAN1 made the following agreements in RAN1#109 meeting:
	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. 
Agreement
For the purpose of evaluations, in-coverage and out-of-coverage scenarios are prioritized during the SI. 
· Note: This prioritization is not intended to down-scope support of SL positioning for partial coverage scenarios.



As is evident from the above, at least initial discussions and evaluations in RAN1 intend to focus on the in coverage and out of coverage scenarios. In RAN1 evaluation discussion, partial coverage scenario is deprioritized. From RAN2 perspective, most of the effort indeed would need to be spent on support of the out of coverage and in coverage (PC5 based only and Uu/PC5 combination based) solutions. Specifically, since the network reachability is out of question for the out of coverage case and Uu based positioning cannot be relied upon, how the necessary information for positioning and the measurements for SL positioning can be provisioned is the key aspect to discuss in this topic. The partial coverage scenario may be able to be supported once the design for in coverage and out of coverage scenarios becomes stable. We think that the existing sidelink relay architecture can be leveraged for support of partial coverage scenarios. However, the additional impact to support partial coverage and whether existing relay function can be reused for this scenario which should be confirmed in RAN2. 
Proposal 2: RAN2 is proposed to focus on the in coverage and out of coverage scenarios during the study. If time permits, RAN2 may discuss additional impacts to support partial coverage and whether Rel-17 U2N sidelink relay architecture can be used to support partial coverage scenario.

2.2	Architecture and general procedures
TS 23.700 captures the reference architecture for sidelink positioning and ranging based services and is reproduced below. It can be seen that the sidelink positioning/ranging service is supported for in coverage, partial coverage and out of coverage scenarios and leverages the underlying 5GC architecture where LMF plays a key role in providing the positioning functionality.


Figure 1 Reference architecture for Sidelink Positioning and Ranging-based services

With regard to the architecture in 5GS applicable to positioning relevant to RAN2, the legacy UE positioning architecture applicable to NG-RAN needs to be updated for support of SL positioning. The figure below shows the inclusion of the Anchor UE/node (which corresponds to the UE C/UE D in Figure 1 and is responsible for the support of SL Positioning/Ranging based services. Especially in the out of coverage case, the presence of this anchor node is essential in order to support sidelink positioning by performing some of the functionality typically associated with the LMF.


Figure 2 Overall architecture to support SL positioning

Note that the Anchor node shown above may correspond to the reference UE as in SA2 discussions [3] and there could also be Assistant UE, Located UE and Location Server UE in the architecture as per the solution adopted. From a positioning standpoint, as per RAN1 discussions, this can correspond to the anchor UE/RSU depending on the deployment scenario considered. As agreed in RAN1, there are target UE, anchor UE concept. We can reuse the concept from RAN1. Anchor UE can provide assistance data to the UE as assistant UE, calculate the location or provide the reference location as reference UE.
	For the purpose of RAN1 discussion during this study item, at least the following terminology is used:
· 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



In terms of the functionality to support sidelink positioning, the reference UE (UE supporting positioning of target UE) may interact with the target UE (UE to be positioned) over PC5 interface to deliver assistance data if requested for a particular location service, perform SL-PRS transmission (relying on the assistant UE(s) and/or obtain a location estimate based on provided positioning measurements if requested. It may also interact with ng-RAN node(s) and/or the LMF in order to be able to perform some of the above functionality. The assistant UE/node (which may be collocated with the reference UE/node) as depicted in the figure above may also have connection with LMF and can be configured to perform transmission of (SL-)PRS signals and/or perform (SL)-SRS measurements based on the request from the LMF.
Proposal 3a: In order to support sidelink based positioning for in coverage and out of coverage case, RAN2 to confirm the SL positioning architecture (including the concept of an anchor node/UE) shown in figure 2 and capture it in the TR. 
Proposal 3b: To support sidelink based positioning, RAN2 to confirm the corresponding functionality of the anchor node, i.e. (interact with the target UE over PC5 to deliver assistance data, perform SL-PRS transmission/measurement and location estimation, and capture it in the TR. 

We also need to consider the potential impact to the sidelink protocol design of supporting sidelink positioning for in coverage and out of coverage scenarios. In case of in-coverage, we can further consider the PC5 based only positioning and Uu/PC5 based (hybrid) positioning cases. For in-coverage scenario, in both the cases, it can be assumed that there exists a connection between the interested UE and the LMF via the direct Uu link. Therefore, in order to ensure that the existing positioning mechanism is reused as much as possible, we think the LPP procedure between UE and LMF over NAS as in legacy should be considered as baseline. The target UE (i.e. the UE interested in positioning) is still responsible for exchanging the capability transfer, AD transfer and location information transfer (as in the case of Uu based positioning) with the LMF via the serving gNB. In addition, depending on whether PC5 based only or PC5 and Uu based (hybrid) positioning is being used, the LMF may also provide the relevant configuration (positioning capability, SL assistance data and SL-PRS configuration) to the anchor UE to assist in sidelink positioning. Following the positioning measurements, the target UE may forward the measurement results to the LMF for positioning calculation. The signaling design for this scenario is shown in the figure below:



Figure 3 UE sidelink positioning for in coverage/partial coverage scenario

In case of partial coverage scenario, i.e. when the target UE is not directly in coverage of the NR-RAN node, the anchor UE may be responsible for handling the transfer of positioning related signaling to/from the network. For instance, the location service request in case of UE initiated positioning procedure from the target UE may be sent to the anchor UE over the PC5 link first, which then relays/forwards this to the AMF. Similarly, the location estimates or measurements from the target UE may be forwarded by the anchor UE.
Finally, in case of out of coverage when both the target UE and the peer UE are considered out of network coverage, we can not rely on the traditional positioning architecture vis-à-vis the LMF. Instead, the target UE may rely on anchor UE/node to provide the necessary information/configuration in order to perform positioning to obtain location estimates. The high level signaling in that case is depicted in the figure below, where the anchor UE plays the key role by handling the positioning capability exchange, assistance data and location estimation functionality. The location request is sent directly to the anchor node, which can then exchange positioning capability, positioning assistance data and is responsible for scheduling of SL-PRS transmissions to obtain positioning measurements.



Figure 4 UE sidelink positioning for out of coverage scenario
Proposal 4: RAN2 to confirm the procedure and signaling flow for UE based sidelink positioning for in coverage and out of coverage as captured in Figures 3 and 4 above, and  capture them in the TR.

2.3	Protocol stack considerations

Uu based positioning comprises of LPP messages carried as transparent PDUs across intermediate network interfaces using the appropriate protocols (e.g., NGAP over the NG-C interface, NAS/RRC over the LTE-Uu and NR-Uu interfaces). RRC protocol then provides transport of the LPP messages over Uu, as well as supporting measurements for positioning and support of broadcasting of assistance data. The overall protocol stack for LMF to UE signaling for the case of Uu based positioning is shown below [4]:


Figure 5 Protocol layering for Uu based positioning

When it comes to sidelink positioning, the key question is how the protocol layering shall operate. In our view, similar philosophy as in case of Uu based positioning should be applied to sidelink positioning as well and therefore, two different options can be envisioned:
1) Define a new SL specific LPP to support sidelink based positioning
2) Extend the existing LPP for positioning over sidelink interface
In our view, both options are viable, but we (slightly) prefer the second option, i.e. extending the usage of LPP over sidelink for reduced specification work, especially for the scenario that sidelink UE may also support legacy positioning methods:
· We can avoid the UE/network to support two duplicated positioning protocols.  
· We can also avoid duplicating every detail from LPP to this new protocol, e.g. integrity, etc to be supported for sidelink positioning in the future.  
In addition, since the support of NB-IoT was also captured in existing LPP specification, we do not see the issue to capture sidelink related changes in the LPP specification.
Proposal 5: The Existing LPP protocol shall be extended to support positioning over sidelink interface. RAN2 shall strive to reuse as much of the existing protocol design as possible to limit specification impact.

Moreover, regardless of which of the above option is adopted, how to carry this signaling at the AS layer needs to be discussed, i.e. whether it is carried over control plane or as user plane. It is worth noting that PC5-RRC was defined for NR sidelink to facilitate unicast connection set up and exchange of configuration information. Therefore, it seems natural to follow the same design as Uu based positioning to carry LPP signaling over PC5-RRC; however, compared to Uu-RRC, PC5-RRC does not have NAS concept, does not support many of Uu RRC functionalities. On the other hand, carrying this as user plane traffic (i.e. over SL PDCP) has the benefit that it is agnostic to underlying link setup and could also be supported for the groupcast or broadcast cases. However, RAN2 needs to first clarify the positioning models for multicast operation, given that while the assistance data can be broadcasted and multiple nodes may transmit DL PRS, the LPP/LCS transactions themselves are typically only performed between a UE and a LMF, i.e. one to one. In general, it would be good to have common understanding on the meaning of one to one, one to many, many to one when it comes to sidelink based positioning.


Figure 6 LPP carried over PC5-RRC (Control plane based approach)




Figure 7 LPP carried over PDCP (User plane based approach)
Proposal 6: With respect to control plane vs user plane-based approach for carrying SL LPP signaling over PC5 interface, RAN2 shall discuss the pros and cons of both approaches. Accordingly, the protocol stacks for both approaches as in Figures 6 and 7 above shall be captured in the TR.

3. Conclusion
[bookmark: _Hlk85555806][bookmark: _Hlk85205107]This contribution discusses preliminary aspects related to support of sidelink positioning and makes the following observations and proposals:
Proposal 1: During the study phase, RAN2 should focus on Architecture (NG-RAN related functions), positioning procedures (RAN related parts, e.g. LPP, PC5). Aspects related to discovery, privacy and LCS related enhancements should rely on SA2 discussion. 
Proposal 2: RAN2 is proposed to focus on the in coverage and out of coverage scenarios during the study. If time permits, RAN2 may discuss additional impacts to support partial coverage and whether Rel-17 U2N sidelink relay architecture can be used to support partial coverage scenario.
Proposal 3a: In order to support sidelink based positioning for in coverage and out of coverage case, RAN2 to confirm the SL positioning architecture (including the concept of an anchor node/UE) shown in figure 2 and capture it in the TR. 
Proposal 3b: To support sidelink based positioning, RAN2 to confirm the corresponding functionality of the anchor node, i.e. (interact with the target UE over PC5 to deliver assistance data, perform SL-PRS transmission/measurement and location estimation, and capture it in the TR. 
Proposal 4: RAN2 to confirm the procedure and signaling flow for UE based sidelink positioning for in coverage and out of coverage as captured in Figures 3 and 4 above, and  capture them in the TR.
Proposal 5: The Existing LPP protocol shall be extended to support positioning over sidelink interface. RAN2 shall strive to reuse as much of the existing protocol design as possible to limit specification impact.
Proposal 6: With respect to control plane vs user plane-based approach for carrying SL LPP signaling over PC5 interface, RAN2 shall discuss the pros and cons of both approaches. Accordingly, the protocol stacks for both approaches as in Figures 6 and 7 above shall be captured in the TR.
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