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1. Introduction
In the last RAN2#119e meeting, following agreements regarding sidelink positioning have been made:

Agreements:
Proposal 1 (modified): confirm that for sidelink positioning, in-coverage, partial coverage and out-of-coverage scenario shall be supported. FFS if partial coverage case assumes anything about which UEs are in coverage.
Proposal 2: Study the architecture and signaling procedures to enable at least the following two operation sceanarios:
· Operation Scenario 1: PC5-only-based positioning
· Operation Scenario 2: Combination of Uu- and PC5-based positioning

Agreement:
RAN2 follow SA2 on the architecture, including the possibility of a UE as a location server. FFS from RAN2 perspective if there are cases without a UE in the location server role

Agreement:
Proposal 4(modified): Align with SA2/RAN1 on the terms for sidelink positioning, and introduce the following terms of UE role as the baseline for further discussion:
· Target UE: UE to be positioned
· 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 anchor UE.
Additional roles can be considered.

Agreement:
Study the potential impact to LPP for support of sidelink positioning procedures between UE and LMF. FFS how much impact (if any), e.g., only to carry the new protocol, and if the PC5-only and hybrid PC5+Uu cases are the same or different.

Agreement:
RAN2 will study the question of cast type for positioning signaling. For SL-PRS, follow RAN1 decision and consider cast type if something arises in RAN2 scope.
In this paper, we would like to further present our views on supporting the sidelink positioning in NR from the perspective of architecture, protocol stack, signaling procedure.
2. Discussion
2.1 Consideration on architecture of sidelink positioning
In the latest SA2 TR 23.700-86 V0.4.0, new UE roles have been defined as follows:
Assistant UE: A UE supporting Ranging/Sidelink Positioning between a SL Reference UE and a Target UE over PC5, when the direct Ranging/Sidelink positioning between the SL Reference UE and Target UE cannot be supported. The measurement result of Ranging/Sidelink Positioning between the Assistant UE and the SL Reference UE and that between the Assistant UE and the Target UE are determined and used to derive the Ranging/Sidelink Positioning result between Target UE and SL Reference UE.
Located UE: A SL Reference UE of which the location is known or is able to be known using Uu based positioning. A Located UE can be used to determine the location of the a Target UE using Sidelink Positioning.
SL Positioning Client UE: A third-party UE, other than SL Reference UE and Target UE, which initiates Ranging/Sidelink positioning service request on behalf of the application residing on it.

As can be found in the above definition, the assistant UE is needed when the direct Ranging/Sidelink positioning between the anchor and Target UE cannot be supported. Specifically, the SL positioning measurement between the Assistant UE and the anchor and the one between the Assistant UE and the Target UE are needed to determine the ranging/Sidelink Positioning result between the target UE and anchor UE. It could be concluded that introduction of such UE role will have impact on the RAN side and the SL positioning procedure. As a result, we suggest to explicitly take into account of the assistant UE in the SL positioning related architecture. Examples of architectures for implementing SL positioning with UE and LMF as the location server are depicted as follows: 


(a)


                                             (b)
Figure 1: an example of SL positioning architecture with location server UE (a) or the LMF (b) as the location server
Observation 1: the assistant UE has bee captured in SA2 TR as a new UE role. The SL positioning measurement needs to be performed between the assistant UE and the target UE, and between the assistant UE and the anchor UE.
Proposal 1: RAN2 to agree to take the two types of SL positioning architectures as the baseline 
-	Type A: a UE as location server (with or without assistant UE) 
-	Type B: the LMF as location server (with or without assistant UE)
2.2 Sidelink positioning without a UE as location server role 
As well known, the LMF plays the key role in managing the localization services of the 5G NR network, such as receiving UE localization related capabilities, determination of the positioning method to be used, collecting DL-PRS configurations from TRPs and sending the configuration towards the UE, commanding the serving gNB to configure UL-SRSp towards the UE, retrieving the positioning measurement result from gNB, etc. The NRPPa and LPP protocol is used for related signaling msg transmission between LMF and gNB, and between LMF and UE, respectively.
For in-coverage and partial-coverage scenario where the target UE is in-coverage, it is possible that the LCS request comes from the network or external LCS client, as currently specified in 23.273. In addition, if the Uu positioning result is not good enough, it is possible that the network would trigger the SL positioning to calibrate the Uu positioning result. So, from our perspective, in such cases, the LMF should take the role of location server 
Proposal 2: RAN2 to agree that LMF should take the role of location server for the in-coverage and partial-coverage scenario where the target UE is in-coverage.
On the other hand, when the target UE is outside the coverage, the AMF cannot find the target UE, hence the LCS request coming from the network or external LCS client cannot reach the target UE, at least if without the sidelink relay by another UE. Therefore, in such use cases, it is reasonable to use a UE to play the role as the location server.
Observation 2: when the target UE is outside the coverage, the AMF cannot find the target UE, hence the LCS request coming from the network or external LCS client cannot reach the target UE, at least if without the sidelink relay by another UE.
Proposal 3: RAN2 to agree that whether to use LMF or UE as the location server should depend on the coverage condition of the target UE: when the target UE is outside the coverage, a location server UE is needed; when the target UE is in-coverage, the LMF should be employed.

2.3 Potential impact on the LPP for supporting the sidelink positioning
As well known, there are several pieces of information needed to be transferred during the Uu positioning phase: capability, positioning related measurement configuration, and the measurement result report. In our opinion, SL positioning should reuse such kind of information transfer procedure to accomplish the positioning task.
· SL positioning capability transfer:
In this procedure, the UE needs to report its capability for supporting the SL positioning, for instance, whether or not it supports SL-PRS measurement and/or SL-PRS transmission, the timing synchronization accuracy, positioning calculation capability, etc., towards the LMF for choosing proper anchor UEs to perform the sidelink positioning task and the proper SL positioning method (AOA/TDOA/RTT). Currently, the LPP protocol only supports transfer of the capabilities related to Uu positioning methods. Specifically, the LMF sends a RequestCapabilities message to the target UE. The LMF may indicate the types of capability needed. Following that, the target UE responds with a ProvideCapabilities message to the LMF. The capabilities shall correspond to any positioning method types specified in the RequestCapabilities msg. 
Clearly, further enhancement on the LPP protocol to support the transfer of the capabilities related to the sidelink positioning methods are required.  
Proposal 4: RAN2 to agree that further enhancement on the LPP protocol to support the transfer of the capabilities related to the sidelink positioning methods are required.
· SL positioning SL PRS configuration and measurement reporting:
There should exist two categories of SL positioning measurement configuration and reporting procedures:
1. The anchor UEs transmit the SL-PRS, and the target UE performs the measurement
2. The target UE transmits the SL-PRS, and the anchor UEs perform the measurement 
For SL positioning, if the PC5 communication link needs to be established between the anchor UE and target UE, or the broadcast of the SL-PRS configuration is feasible, the SL-PRS configuration may be conveyed directly between the target UE and anchor UEs, and therefore the SL-PRS configuration is agnostic to the LMF. Such SL-PRS configuration method is especially useful if the SL-PRS configuration is autonomously set by UEs 
Otherwise, the SL-PRS configuration for SL positioning task should be distributed by the LMF and towards the UE performing the SL positioning measurement task. Therefore, the LPP protocol needs to be enhanced to support the conveying of the SL positioning configuration. 
The two variants of SL-PRS configuration distribution methods are illustrated as follows:
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Figure 2: (a). the SL-PRS configuration may be conveyed directly between the target UE and anchor UEs using the unicast communication. (b). the SL-PRS configurations are collected and distributed by the LMF. 
In our opinion, such two SL-PRS distribution methods should be all agreed, since they are suitable for UE autonomous SL-PRS configuration and LMF initiated SL-PRS configuration, respectively.
Proposal 5: RAN2 to agree following 2 SL-PRS distribution method to be used when LMF plays the location server role for SL positioning:
· SL-PRS configuration is conveyed between the target UE and anchor UEs directly via PC5 interface (suitable for the UE autonomous SL-PRS configuration)
· SL-PRS configuration is conveyed by taking advantage of LMF via LPP (suitable for LMF initiated SL-PRS configuration).
Proposal 6: RAN2 to agree that LPP protocol needs to be enhanced to support conveying of the SL-PRS configuration.
When LMF is employed as the location server for the SL positioning, the SL measurement results need to be forwarded to it from the anchor UEs or the target UE for the network-based SL positioning method. Therefore, the LPP protocol should be enhanced to support the transmission of the SL-PRS measurement results.
Proposal 7: RAN2 to agree that LPP protocol should be enhanced to support transmission of the SL-PRS measurement results.
Also, we should note that current LPP specification has already supported the transmission of the positioning result in the CommonIEsProvideLocationInformation IEs in the ProvideLocationInformation msg. As a result, for UE-based SL positioning procedure, the LPP protocol could support the transmission of the SL positioning result towards the LMF.
Observation 3: for UE-based SL positioning procedure, the current LPP protocol has already supported the transmission of the SL positioning result towards the LMF.

2.4 The knowledge of the anchor UEs for sidelink positioning
From the SL-PRS measurement result, only the angle-related or the distance-related information of the target UE could be obtained. For further absolute positioning of the target UE, the position information of the anchor UE should be known by the entity to derive the position of the target UE. 
Generally, if a RSU serves as the anchor UE for sidelink positioning, since the RSUs are deployed by the operators or the positioning service provider, the location information of the RSU is not privacy-sensitive, and could be available to the LMF undoubtably. Moreover, if the network determines to let a UE, either the target UE or the assistance UE, take the task of position calculation, the LMF should send the location information of the RSU towards the UE.
On the other hand, if a normal UE serves as an anchor UE, exposing of the information of its position raises privacy issue. The network or the location server UE should ask for the authorization of the access to its position information firstly. We RAN2 should depend on the SA3 progress on this. Here we can reasonably assume that position information of all the anchor UEs involved in a particular SL positioning session has been authorized to be accessed. Therefore, the new SL protocol to support the SL positioning and the LPP protocol should support transmission of the anchor UE position as the assistance data.
Observation 4: for further absolute positioning of the target UE, absolute position information of the anchor UE should be known by the network entity to derive the position of the target UE.
Proposal 8: RAN2 to agree that the new SL protocol supporting the SL positioning and the LPP protocol should support transmission of the anchor UE position as the assistance data of anchor UE knowledge between LMF and UE and between peer UEs.   
2.5 Feasibility of broadcast of positioning signaling 
As well known, broadcast could save the communication overhead. Different from the Uu positioning where the LMF only needs to retrieve the positioning capability from only 1 UE, for the SL positioning, the location server UE/LMF needs to retrieve SL positioning capabilities from several anchor UEs and target UEs, which may consume significantly more time.
Observation 5：for the SL positioning, the location server UE/LMF needs to retrieve SL positioning capabilities from several anchor UEs and target UEs, which may consume significantly more time.
Furthermore, if the SL-PRS configuration could be set autonomously by the anchor UEs, it is cumbersome for the location server UE to retrieve the SL-PRS configuration one-by-one. In addition, broadcast of the SL-PRS configuration could avoid potential SL-PRS transmission collision from different UEs, i.e., UE preparing to transmit the SL-PRS will monitor the configuration of the SL-PRS already used in proximity. As a result, we propose RAN2 to agree that at least the SL positioning capability and the SL-PRS configuration could be conveyed in the broadcast way that achieved by using the broadcast destination ID in the 2nd stage SCI.
Observation 6: if the SL-PRS configuration could be set autonomously by the anchor UEs, it is cumbersome for the location server UE to retrieve the SL-PRS configuration one-by-one.
Proposal 9: RAN2 to agree that at least the SL positioning capability and the SL-PRS configuration could be conveyed in the broadcast way.

2.6 Combination of Uu- and PC5-based positioning
As well known, the DL-PRS/SRSp propagation path between the UE and the gNB may be blocked or scattered to a large extent in the urban area, which causes NLOS complicated multipath and therefore degrades of the positioning accuracy. However, it should be noted that if the DL-PRS/SRSp propagation path between a UE and a gNB in a particular scenario should be categorized to NLOS or LOS is only known at the receiver after the practical transmission of such reference signal has been done. 
Observation 7: if the DL-PRS/SRSp propagation path between a UE and a gNB in a particular scenario should be categorized to NLOS or LOS is only known at the receiver after the practical transmission of such reference signal has been done.
Such observation leads to two modes of adding PC5 based positioning for further calibration of the Uu based positioning result:
· Option 1: UE/LMF autonomously triggers PC5 based positioning during the Uu positioning session, based on pre-configured condition, e.g., detection of NLOS transmission of the DL-PRS/SRSp, low RSRPP of the received DL-PRS/SRSp, etc.
· Option 2: LMF triggers PC5 based positioning after the Uu positioning session is ended. The decision of triggering further PC5 positioning to calibrate the Uu based positioning could be a result of the bad Uu positioning result, i .e., low positioning accuracy or the integrity of the positioning result could not be guaranteed. 
In our opinion, Option 2 may consume more time than Option 1 to be able to obtain a satisfied positioning result, due to the fact that another new positioning session has to be triggered, and the Uu positioning capability and reference signal configuration may needs to be transferred again between the UE and the gNB during such new positioning session. As a result, we suggest RAN2 to take the Option 1 as baseline to design the signalling procedure of combination of Uu- and PC5-based positioning
Observation 8: Option 2 (LMF triggering PC5 based positioning in a new positioning session) may consume more time than Option 1 (autonomously triggering PC5 based positioning based on some preconfigured condition) to be able to obtain a satisfied positioning result, due to the fact that another new positioning session has to be triggered, and the Uu positioning capability and reference signal configuration may needs to be transferred again between the UE and the gNB during such new positioning session.
Proposal 10: RAN2 to agree that the Option 1 ((autonomously triggering PC5 based positioning based on some preconfigured condition) should be taken as baseline for triggering the PC5 based positioning to calibrate the Uu positioning to design the signalling procedure of combination of Uu- and PC5-based positioning.




3. Conclusion and proposals
Observation 1: the assistant UE has been captured in SA2 TR as a new UE role. The SL positioning measurement needs to be performed between the assistant UE and the target UE, and between the assistant UE and the anchor UE.
Proposal 1: RAN2 to agree to take the two types of SL positioning architectures as the baseline 
-	Type A: a UE as location server (with or without assistant UE) 
-	Type B: the LMF as location server (with or without assistant UE)
Proposal 2: RAN2 to agree that LMF should take the role of location server for the in-coverage and partial-coverage scenario where the target UE is in-coverage.
Observation 2: when the target UE is outside the coverage, the AMF cannot find the target UE, hence the LCS request coming from the network or external LCS client cannot reach the target UE, at least if without the sidelink relay by another UE.
Proposal 3: RAN2 to agree that whether to use LMF or UE as the location server should depend on the coverage condition of the target UE: when the target UE is outside the coverage, a location server UE is needed; when the target UE is in-coverage, the LMF should be employed.
Proposal 4: RAN2 to agree that further enhancement on the LPP protocol to support the transfer of the capabilities related to the sidelink positioning methods are required.
Proposal 5: RAN2 to agree following 2 SL-PRS distribution methods to be used when LMF plays the location server role for SL positioning:
· SL-PRS configuration is conveyed between the target UE and anchor UEs directly via PC5 interface (suitable for the UE autonomous SL-PRS configuration)
· SL-PRS configuration is conveyed by taking advantage of LMF via LPP (suitable for LMF initiated SL-PRS configuration).
Proposal 6: RAN2 to agree that LPP protocol needs to be enhanced to support conveying of the SL-PRS configuration.
Proposal 7: RAN2 to agree that LPP protocol should be enhanced to support transmission of the SL-PRS measurement results.
Observation 3: for UE-based SL positioning procedure, the current LPP protocol has already supported the transmission of the SL positioning result towards the LMF.
Observation 4: for further absolute positioning of the target UE, absolute position information of the anchor UE should be known by the network entity to derive the position of the target UE.
Proposal 8: RAN2 to agree that the new SL protocol supporting the SL positioning and the LPP protocol should support transmission of the anchor UE position as the assistance data of anchor UE knowledge between LMF and UE and between peer UEs.   
Observation 5：for the SL positioning, the location server UE/LMF needs to retrieve SL positioning capabilities from several anchor UEs and target UEs, which may consume significantly more time.
Observation 6: if the SL-PRS configuration could be set autonomously by the anchor UEs, it is cumbersome for the location server UE to retrieve the SL-PRS configuration one-by-one.
Proposal 9: RAN2 to agree that at least the SL positioning capability and the SL-PRS configuration could be conveyed in the broadcast way.
Observation 7: if the DL-PRS/SRSp propagation path between a UE and a gNB in a particular scenario should be categorized to NLOS or LOS is only known at the receiver after the practical transmission of such reference signal has been done.
Observation 8: Option 2 (LMF triggering PC5 based positioning in a new positioning session) may consume more time than Option 1 (autonomously triggering PC5 based positioning based on some preconfigured condition) to be able to obtain a satisfied positioning result, due to the fact that another new positioning session has to be triggered for the Option 2, and the Uu positioning capability and reference signal configuration may needs to be transferred again between the UE and the gNB during such new positioning session.
Proposal 10: RAN2 to agree that the Option 1 ((autonomously triggering PC5 based positioning based on some preconfigured condition) should be taken as baseline for triggering the PC5 based positioning to calibrate the Uu positioning to design the signalling procedure of combination of Uu- and PC5-based positioning.
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