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1. [bookmark: Proposal_Pattern_Length]Introduction
There was extensive discussion in the last RAN2 meeting on sidelink positioning, especially related to architecture and terminology alignment with RAN1/SA2 and the following agreements were made [1]: 
	Agreements:
Proposal 1(20/20): RAN2 adopts the RAN1 definition of ranging: determination of the distance and/or the direction between a UE and another entity, e.g., anchor UE. SA2 definition is not conflicted with RAN2 definition, there is no need to ask SA2 to follow RAN2 definition.
Proposal 2.1 (16/20): RAN2 wait for RAN1 conclusion on the FFS part of anchor UE definition, and adopt whatever agreed by RAN1.
Proposal 2.2 (16/20): RAN2 does not introduce the definition of located UE of SA2 for now. If there is a need to introduce it later (e.g. in the normative work), we can introduce it then.
Proposal 2.3 (18/20): RAN2 understands that SL reference UE refers to and is aligned with anchor UE, which can be reflected in the reply LS. SL reference UE can be used in absolute positioning, relative positioning and ranging, no clarification on this from SA2 is needed.
Proposal 5.1(18/20): RAN2 do not consider RAT-independent SL positioning in this release.
Proposal 5.2(17/20): RAN2 adopts RAN1 definition on SL positioning: Positioning UE using reference signals transmitted over SL, i.e., PC5 interface, to obtain absolute position, relative position, or ranging information. There is no need to ask SA2 to follow RAN2 definition(i.e. introduce reference signal into the definition).
Proposal 7(20/20) (modified) RAN2 do not introduce SL positioning client UE for now.  If there is a need to introduce it later (e.g. in the normative work), we can introduce it then.
Agreements:
Proposal 3 (14/20) : RAN2 think the definition of target UE from SA2 is generally aligned with RAN2, but RAN2 stick to the RAN1 definition. There is no need to ask SA2 to follow RAN2’s definition.
Proposal 8(12/20): RAN2 to wait RAN1 on the definition of relative positioning.
Proposal 9(13/20): Do not ask SA2 to align the use of “-assisted” with RAN2. RAN2 can tell SA2 about RAN2’s use of “-assisted”, it is up to SA2 to decide whether to align with RAN2 or not.
Agreement:
Proposal 4(14/20) (modified): RAN2 do not decide to support the role of assistant UE for now.  FFS if there is spec impact in RAN2 from the assistant UE.
Agreement:
Indicate in the reply to SA2 that RAN2 have not concluded on the server UE functionalities but have agreed to follow SA2 decision on the definition of the server UE, and discussion continues.



It is also worth noting that similar discussions were held in the SA2 WGs and SA2 sent an LS to RAN1/RAN2 with a bunch of questions. In this contribution, we discuss these questions as well as other open aspects related  to support of sidelink positioning and present our view.
2. Discussion
2.1	Questions from SA2 
SA2 has asked the following questions related to sidelink positioning [2]:
	1. SA2 concluded a Ranging/SL Positioning layer is introduced under Application layer; however, whether the Ranging/SL Positioning layer is over V2X/ProSe layer or AS layer is open. SA2 concluded that a new Ranging/Sidelink Positioning protocol (i.e. RSPP) will be used for SR5 over the PC5 reference point between the UEs (i.e. Target UE, Reference UE, Assistant UE, Located UE), which can be over PC5-S or PC5-U or (possibly partially) over PC5-D. The Pros & Cons are evaluated based on the following technical considerations:
·   PS5-S is currently designed for unicast link management. PC5-U supports all the cast types. However, security aspect on PC5-U and PC5-S for broadcast and group-cast modes need to be re-evaluated.
· Impact to existing protocols: a standalone extension of PC5-S is expected if PC5-S is used, or RSPP is transported over PC5-U as the payload. Whether it is feasible or desirable to carry RSPP as payload (e.g. metadata) in PC5-D could not yet be concluded, given the lack of information on the potential size of RSPP messages.
· QoS of RSPP transportation: AS layer needs to guarantee RSPP QoS in case of PC5-S is used, or V2X/ProSe layer can explicitly request per Application RSPP QoS in case of PC5-U is used.
SA2 can’t reach consensus between PC5-S or PC5-U or PC5-D, and SA2 expects the RAN WG evaluation as the input to help making a decision in the conclusion.
1.  SA2 has identified several RAN relevant parameters required for Service Authorization to UE, e.g.  the mapping between Ranging/SL positioning services (e.g. ProSe identifiers, V2X service types) and Ranging/SL positioning QoS parameters, and SA2 would like to understand what are the parameters used at AS layer for Ranging/SL positioning.
1. To support Ranging/SL Positioning using Assistant UE, how the determination of using assistant UE and the assistant UE selection/reselection is performed from RAN perspective?
1. On Ranging/SL Positioning discovery,  SA2 concluded to reuse 5G ProSe Discovery procedures and V2X Communication procedures with the additional Ranging/SL Positioning parameters; however, it is not decided whether those Ranging/SL Positioning parameters are transparent to ProSe/V2X layer or not, and SA2 would like to understand the views from RAN perspective.
1. SA2 concluded that LMF may be involved when the Target UE and the Reference UE are both in network coverage, and the protocol used between UE and LMF can be a standalone extension of LPP,  a new protocol or both,  such that only this extension needs to be supported for UEs supporting only SL Positioning/Ranging. This extension and RSPP should be defined as common as possible. SA2 would like to understand whether this is feasible from RAN perspective?
1.  For out-of-coverage SA2 would like to understand how resource coordination and scheduling will be done to enable SL Positioning/Ranging.
1. A SL Positioning Server UE can be discovered and selected for result calculation for the case of partial coverage and out of coverage, in case a constrained UE is not able to support all SL Positioning/Ranging features. Whether the SL Positioning Server functionalities can support more functionalities, e.g. SL Positioning/Ranging method determination, operation coordination, resource coordination and scheduling, in addition to result calculation is FFS. SA2 would like to understand whether this is reasonable from RAN perspective.



With respect to the above questions, we think it would be good to discuss from RAN2 perspective to align our understanding across WGs. In this regard, our views are as follows:
2.1.1	SL Positioning Protocol
How to transport the sidelink positioning (control) signaling is indeed one of the key aspects related to the sidelink positioning architecture that RAN2 has been discussing since the start of this SI. While there were different options proposed as part of the ongoing discussions [1], there was no decision made as it was assumed that SA2 may be the relevant group for this discussion. However, it seems SA2 has not been able to downselect and needs input form RAN2. In our understanding, in order to avoid circuitous discussions, RAN2 needs to simply downselect between the main options discussed previously (PC-S, PC5-U, PC5-RRC and CP-based over PDCP) and inform SA2 of our preference. 

It is worth noting that PC5-RRC was defined for NR sidelink to facilitate unicast connection set up and exchange of configuration information. Therefore, while it may seem natural to follow the same design as Uu based positioning to carry LPP signaling over PC5-RRC, PC5-RRC does not have NAS concept and does not support many of Uu RRC functionalities. So, it may not be preferrable. Regarding PC5-S, SA2 has pointed out that PC5-S is currently designed for unicast. Due to the potentially significant impact to PC5-D/PC5-S to support groupcast/broadcast for SL positioning, we think PC5-S or PC5-D based solutions should not be considered. This leaves PC5-U (UP based) and CP based PDCP solution, whereby RSPP signaling is carried directly over PDCP. Among the two, we slightly prefer PDCP based solution, since CP based approach allows for better QoS guarantee compared to the UP based solution.

There is an additional aspect to consider here, which was also brought up in the last meeting regarding the support of groupcast/broadcast and implications of sending positioning related data without establishing security. While we can rely on the security established as part of link establishment procedure in case of PC5-S, it is not clear how that would work in case of PC5-U or PDCP based approach. Specifically, sending the UE SL positioning capability information in a groupcast/broadcast way without establishing security seems like a security concern, which needs to be evaluated by the relevant WGs. In our understanding, we should highlight this aspect (as captured in the last meeting minutes) alongside our recommendation to SA2 and inform SA3 to analyse the security implications.

Proposal 1a: For the selection of protocol for SL positioning signaling, RAN2 is proposed to agree that CP based PDCP solution is preferred. 
Proposal 1b: RAN2’s preference, alongside the potential use cases for support of groupcast/broadcast and security considerations should be highlighted to SA2 and SA3.

2.1.2	Service Authorization
For the parameters related to service authorization, in our view, it is too soon to identify any specific AS layer parameters for SL positioning in RAN2, especially given that the SL positioning architecture is not agreed yet. We assume that once the discussion in RAN2 matures and RAN2 identify any specific aspects related to service authorization, RAN2 may inform SA2.

Proposal 2: For parameters related to service authorization, respond to SA2 that RAN2 has not yet discussed any AS layer parameters for SL positioning. Once the discussion on overall SL positioning architecture matures in RAN2, RAN2 may inform SA2 if any specific parameters are identified.

2.1.3	Assistant UE
Regarding the role of assistant UE, RAN2 already had discussion on the need and use case for assistant UE in the previous meeting and the following was agreed:
	[bookmark: _Hlk118103347]RAN2 do not decide to support the role of assistant UE for now.  FFS if there is spec impact in RAN2 from the assistant UE.



In our understanding, the assistant UE seems to be involved when direct SL positioning/ranging between the anchor UE and the target UE cannot be supported. Note that in SA2, this is related to “Key Issue 2: Ranging service operation procedure with the assistance of another UE”, whereby the assistant UE(s) can help measurement and data transmission between the anchor and the target UEs. Furthermore, the following was concluded in SA2 related to this KI#2 [3]:
	Both Model A and Model B can be used for Assistant UE discovery
SL Reference UE and Target UE perform the Ranging/SL Positioning with the selected Assistant UE(s) respectively. Then the measurement/result are used by the SL Reference UE or Target UE to calculate the final ranging result



This seems to imply that there need to be at least two separate SL positioning procedures for the case that an assistant UE is selected, one between the anchor/reference UE and the assistant UE and the other between the assistant UE and the target UE. Finally, the results for the two procedures need to be “combined” to get the location information for the target UE.
Based on the above understanding, it needs to be discussed whether this has impact on the AS layer procedures. The key question is whether the two SL positioning procedures have some correlation with each other or whether they can be assumed to be somewhat independent of each other? If it is the former, this implies more complexity in the SL positioning architecture, since the location estimation step has to consider the measurement results from both the procedures. We think RAN2 needs to discuss this aspect first.
Proposal 3: On the role of the assistant UE, inform SA2 of the RAN2 previous agreement, i.e. “RAN2 has not decided to support the role of assistant UE for now; FFS any specification impact.”

2.1.4	Discovery for SL positioning
With respect to the discovery procedure, RAN2 has not had any discussions on any AS layer related enhancements needed to the discovery procedure for positioning and assume that SA2 will handle them as needed. In our understanding, we certainly see some benefits of including some SL positioning related information within the discovery message, e.g. related to supported SL positioning capability or supported positioning methods, etc. This can inform the peer UE’s before setting up a direct link for the purpose of performing SL positioning ranging. In any case, if there are any specific parameters identified by RAN2 that need to be visible to the AS layer, RAN2 shall inform SA2.
Proposal 4: With respect to the discovery procedure, respond to SA2 that RAN2 has not yet identified any AS layer enhancements for SL positioning. If any specific enhancements are identified, RAN2 shall inform SA2.

2.1.5	Signaling between UE and LMF for in coverage
There was extended discussion in RAN2#119bis-e meeting on the protocol options between UE and LMF for the in-coverage scenario and the following three options were captured, with down selection to happen during the normative phase:

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

It is also worth noting that the functionalities supported by RSPP/SLPP form a subset of those supported by LPP. The signaling design for RSPP/SLPP procedures shall be handled in the normative phase, but we assume that the commonality between RSPP/SLPP and enhancement/extension of LPP can be considered feasible from RAN2 perspective.

Proposal 5: Inform SA2 that as per RAN2 agreement, the down-selection between protocol options between LMF and UE shall be done in the normative phase. RAN2 aims to define the proposed extension and RSPP with as much commonality as possible.

2.1.6	Resource coordination and scheduling
For out of coverage scenario, it is our understanding that RAN1 is discussing the resource coordination and scheduling between the anchor UE(s) and the target UE and RAN2 will follow RAN1 design.

Proposal 6: Reply to SA2 that RAN2’s understanding is that for out of coverage scenario, RAN1 is discussing the resource coordination and scheduling aspects between the anchor UE(s) and the target UE and RAN2 shall follow RAN1 design.

2.1.7	SL Positioning Server UE
Similar to the discussion on server UE, there was extended discussion in the last RAN2 meeting on the role and use case for SL positioning server UE, with the following proposed based on AT-meeting email discussion [4]:

	Proposal 6.1 (11/20): With respect to SL Positioning Server UE, RAN2 to discuss whether to support the following functionalities for SL positioning server UE, aside from location calculation functionality:
-	a) : managing the overall co-ordination and scheduling of resources(9 companies)
-	b):  determining type and number of position methods (10 companies)
-	c): determine how many and which UEs act as anchor UEs (10 companies) 




However, in the end there was no clear consensus in RAN2 and the following was agreed [1]:
	Agreement:
Indicate in the reply to SA2 that RAN2 have not concluded on the server UE functionalities but have agreed to follow SA2 decision on the definition of the server UE, and discussion continues.



For the case of SL positioning server UE, the assumption in SA2 (as part of Solution #26) is as follows:
	the functionality offered towards the UE by a Location Server can also reside in a UE able to host such functionality as not all UEs supporting SL positioning may be able to position themselves; and
-	a Positioning Protocol be defined that can operate;
-	between a Target UE and a SL Positioning Server UE (if a Target UE needs assistance from a SL Positioning Server UE);
-	between a SL Positioning Server UE and a Reference UE, so the SL Positioning Server UE can gain additional reference information to help position a Target UE (similar to a Location Server NF getting information from base stations);
-	between a Target UE and a Reference UE, at least for the case when a Target UE need not rely on a SL Positioning Server UE to position itself.



As per the LS from SA2, this functionality may include Positioning method determination, operation coordination, resource coordination and scheduling, in addition to measurement result calculation. Therefore, the key question that needs to be discussed in RAN2 is whether this functionality is required from AS layer perspective and if so, whether any assumptions can be made about which node/entity provides this functionality? In our understanding, at least for the out of coverage case, since peer to peer SL positioning operation cannot rely upon CN involvement, such functionality is required. In case of out of coverage case, there needs to be some entity that can provide information e.g. about which positioning method(s) to use, the positioning related assistance data, etc. Of course, whether this can be handled by the anchor UE (or target UE) itself and what the impact is on the SL positioning architecture can be further discussed, but RAN2 should first agree on the need for some UE/node providing this functionality for partial coverage/out of coverage scenarios. Once the need of these functionality is clarified, RAN2 can updated SA2.
Proposal 7: At least for out of coverage scenario, agree that the following functionalities need to be supported by some UE/node:
a) Managing the overall co-ordination and scheduling of resources
b) Determining type and number of position methods
c) Location calculation
Proposal 8: RAN2 further discuss if either the Target UE or the anchor UE shall always perform the above functionalities or whether some other node/UE can be involved.
Proposal 9: Regarding the SL positioning server UE, inform SA2 that from RAN2 perspective, the above functionalities for the server UE are needed, but FFS which UE/node shall support these functionalities.

[bookmark: _Hlk118282244]2.2	Architecture and general procedures
The legacy UE positioning architecture applicable to NG-RAN needs to be updated for support of SL positioning, including the addition of target UE, anchor UE and (potentially the positioning server UE). The figure below shows the inclusion of the Anchor UE/node (which 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 1 Overall architecture to support SL positioning
In terms of the functionality to support sidelink positioning, the anchor 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 (FFS relying on the assistant UE(s)) and/or obtain a location estimate based on provided positioning measurements if requested (FFS relying on the positioning server UE). 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 anchor 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 10: 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 1 and capture it in the TR. 
Proposal 11: 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. For the former, we can further consider the PC5 based only positioning and Uu/PC5 based (hybrid) positioning cases. 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 2 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. The role of the positioning server UE in this case also needs to be discussed, i.e. whether legacy LMF or a sidelink positioning server UE is responsible for location estimation in this case.
Finally, in case of out of coverage when both the target UE and the peer UE are considered out of network coverage, we cannot rely on the traditional positioning architecture, specifically 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. Also note that the target UE may need to provide positioning measurement results over PC5 to the positioning server UE to obtain the location estimate.



Figure 3 UE sidelink positioning for out of coverage scenario
Proposal 12: RAN2 to confirm the procedure and signaling flow for UE based sidelink positioning for in coverage and out of coverage as captured in Figures 2 and 3 above, and  capture them in the TR.

3. Conclusion
[bookmark: _Hlk85555806][bookmark: _Hlk85205107]This contribution discusses aspects related to support of sidelink positioning and makes the following observations and proposals:
Proposal 1a: For the selection of protocol for SL positioning signaling, RAN2 is proposed to agree that CP based PDCP solution is preferred. 
Proposal 1b: RAN2’s preference, alongside the potential use cases for support of groupcast/broadcast and security considerations should be highlighted to SA2 and SA3.
Proposal 2: For parameters related to service authorization, respond to SA2 that RAN2 has not yet discussed any AS layer parameters for SL positioning. Once the discussion on overall SL positioning architecture matures in RAN2, RAN2 may inform SA2 if any specific parameters are identified.
Proposal 3: On the role of the assistant UE, inform SA2 of the RAN2 previous agreement, i.e. “RAN2 has not decided to support the role of assistant UE for now; FFS any specification impact.”
Proposal 4: With respect to the discovery procedure, respond to SA2 that RAN2 has not yet identified any AS layer enhancements for SL positioning. If any specific enhancements are identified, RAN2 shall inform SA2.
Proposal 5: Inform SA2 that as per RAN2 agreement, the down-selection between protocol options between LMF and UE shall be done in the normative phase. RAN2 aims to define the proposed extension and RSPP with as much commonality as possible.
Proposal 6: Reply to SA2 that RAN2’s understanding is that for out of coverage scenario, RAN1 is discussing the resource coordination and scheduling aspects between the anchor UE(s) and the target UE and RAN2 shall follow RAN1 design.
Proposal 7: At least for out of coverage scenario, agree that the following functionalities need to be supported by some UE/node:
a) Managing the overall co-ordination and scheduling of resources
b) Determining type and number of position methods
c) Location calculation
Proposal 8: RAN2 further discuss if either the Target UE or the anchor UE shall always perform the above functionalities or whether some other node/UE can be involved.
Proposal 9: Regarding the SL positioning server UE, inform SA2 that from RAN2 perspective, the above functionalities for the server UE are needed, but FFS which UE/node shall support these functionalities.
Proposal 10: 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 1 and capture it in the TR. 
Proposal 11: 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 12: RAN2 to confirm the procedure and signaling flow for UE based sidelink positioning for in coverage and out of coverage as captured in Figures 2 and 3 above, and  capture them in the TR.
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