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1. Introduction
In the last RAN2#121 meeting, discussion on sidelink positioning has been made, and following agreement have been made on the aspects such as positioning protocol, signaling procedure, etc.
Agreement:
· PC5-U is used for transport of SLPP
· With respect to the overall signaling procedure for PC5-only positioning (including at least IC and OOC; FFS if there are differences for PC), it is proposed to agree that the sidelink positioning procedure comprises the following series of steps as a baseline, between the LMF/positioning server UE/NG-RAN/candidate Anchor UE(s) and Target UE(s):
1. Triggering event
2. Sidelink positioning capability exchange
3. Sidelink positioning assistance data transfer
4. SL Positioning Request Location Information
5. Measurement of SL-PRS
6. Location calculation
7. SL Positioning Provide Location Information
Some steps may have dependencies on SA2 and can be revisited in this light. The order is subject to further discussion. FFS if discovery and selection of anchor UEs and/or server UE are part of the positioning layer in RAN2 scope. LS to SA2 to ask for confirmation and guidance on the SA2 aspects.
· RAN2 do not intend to discuss assistant UE functionality in Rel-18.
To be indicated in the LS to SA2 in discussion [409].
Direct ranging between two UEs with the server providing assistance to both sides is not precluded.
· RAN2 confirm that for cases without LMF involvement, besides method determination, assistant data distribution and anchor UE selection (agreed in RAN2), the SL positioning server UE may perform SL-PRS configuration coordination and location calculation.

















In this paper, we would like to present our views on supporting the sidelink positioning in NR from the perspective of architecture, protocol stack, signaling procedure.




2. Discussion
2.1 support the sidelink positioning in the in-coverage scenario 
Generally, after the last RAN2 meeting, there are two options on table regarding how to support sidelink positioning in the IC scenario:
· Option 1: making the LMF as one of the endpoints of the SLPP
· Option 2: SLPP msg to be carried in the LPP container
Conventionally, the UE needs to support the LPP protocol for the Uu based positioning, and naturally, to further support the Uu+PC5 positioning, SLPP msg could be simply carried in the LPP container. On the other hand, with such option chosen, for the PC5 only positioning, if the UE needs to directly exchange msgs with the LMF for performing the PC5 only positioning, it is necessary for UEs to support at least the LPP container function as the prerequisite condition, which may become a burden for the PC5-only enabled UEs.
From our point of view, a unified protocol solution for the Uu+PC5 positioning and the PC5-only positioning method should be pursued. Decoupling the SL positioning/ranging function from the Uu positioning so that UEs could only choose to support the SL positioning/ranging functionality but not the Uu positioning may not be the demand of majority of UE types. In addition, even if there exist some of UE types only demanding the SL ranging functionality, for example, in the V2X scenarios for collision avoidance, it is not hard for them to only support the basic LPP container functionality rather than the whole LPP protocol. As a result, we are keen to support Option 2
Proposal 1: RAN2 to agree to support transmitting the SLPP msg in the LPP container for the PC5-only and PC5+Uu positioning in the IC and PC scenarios.
2.2 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 whether 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 1: whether 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, potentially 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+Uu 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. 
Obviously, Option 2 consumes more time than Option 1 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 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 a feasible option for combination of Uu- and PC5-based positioning.
Observation 2: Option 2 (LMF triggering PC5+Uu 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 obtain a satisfied positioning result, since another new positioning session has to be triggered for the option 2, and the Uu positioning capability and reference signal configuration may need to be transferred again between the UE and the gNB during such new positioning session.
Proposal 2: RAN2 to agree to support autonomously triggering PC5 based positioning based on some preconfigured condition to calibrate the Uu positioning as one of the signalling procedures of combination of Uu- and PC5-based positioning.

2.3 Sidelink positioning signalling procedure
Conventionally, in the Uu positioning procedure, three types of location request have been introduced as follows:
· Mobile Originated Location Request (MO-LR)
· Mobile Terminated Location Request (MT-LR) 
· Network Induced Location Request (NI-LR)
As indicated in the TS 23.273, the UE, the LCS client, the AF external to or internal to a serving PLMN, or the server AMF could initialize the location request and subsequently the related positioning signaling procedure. For the sidelink positioning, other than directly triggered by the target UE itself, LCS client or the server AMF, as indicated in the above section 2.2, we think it is also necessary to allow the LMF or the location server UE to trigger the sidelink positioning signaling procedure upon some conditions such as the deteriorated Uu positioning result, NLOS DL-PRS/SRS positioning measurement result, etc., are detected. In addition, to motivate the autonomous triggering of the sidelink positioning, sidelink positioning triggering events could be defined and pre-configured towards the location server UE.   
Proposal 3: RAN2 to agree that LMF or the location server UE could trigger the sidelink positioning signaling procedure to calibrate the Uu positioning result.
Proposal 4: RAN2 to agree that sidelink positioning triggering event could be defined and pre-configured towards the location server UE.
Regarding the positioning capability exchange, we think the purpose of this signaling message is for the location server UE or the LMF to decide the anchor UE and the positioning method to be employed. Hence, at least following information could be considered to be included in the sidelink positioning capability exchange msg:
· supported positioning methods
· timing sync reference source
Proposal 5: RAN2 to agree that at least the following information should be included in the sidelink positioning capability exchange msg:
· supported positioning methods
· timing sync reference source
Regarding assistance data transfer, in the context of SL positioning, we think it could serve for three purposes. Firstly, if the SL-PRS configuration could be autonomously decided by SL-PRS transmitter UE, the SL-PRS transmitter UE may need to send the SL-PRS configuration to the location server UE for further distribution. Subsequently, the location server could also employ the assistance data transfer msg to distribute the SL-PRS configuration to the SL-PRS monitor UEs. Thirdly, since it has been agreed in the last RAN2 meeting that the location server UE can be arm with the SL-PRS configuration coordination functionality, the assistance data transfer msg could be employed to send the SL-PRS configuration towards the SL-PRS transmitter UE. 
In addition, the location information of anchor UEs could be also included in the assistance data transfer msg to be transmitted towards the location server UE or other UEs for the position calculation. 
Overall, SL positioning assistance data transfer msg should include required assistance data for UEs to perform the necessary SL-PRS measurements. As a result, we propose RAN2 that SL positioning assistance data transfer msg could be used in following scenarios, optionally with the location information of the anchor UEs included:
· the SL-PRS transmitter UE sends out its SL-PRS configuration
· the location server UE/LMF transmits the SL-PRS configuration of transmitter UEs to the SL-PRS monitor UEs
· the location server UE/LMF sends the SL-PRS configuration to be used to the SL-PRS transmitter UEs.
Observation 4: the SL positioning assistance data transfer msg should include required assistance data for UEs to perform the necessary SL-PRS measurements.
Proposal 6: RAN2 to agree that SL positioning assistance data transfer msg could be used in following scenarios, optionally with the location information of the anchor UEs included:
· the SL-PRS transmitter UE sends out its SL-PRS configuration
· the location server UE/LMF transmits the SL-PRS configuration of other transmitter UEs to the SL-PRS monitor UEs
· the location server UE/LMF sends the SL-PRS configuration to be used to the SL-PRS transmitter UEs.

Next, similar to the Uu based positioning, the SL Positioning Location Information Request should tell the SL-PRS monitor UE which kind of SL-PRS measurement result is needed, which is related to the positioning method chosen by the location server UE. Bearing in mind that SL-AOA, SL-TDOA and SL-RTT have been agreed in the WID as the candidate sidelink positioning method, we kindly propose RAN2 to at least include following three positioning method related IEs in the SLPP RequestLocationInformation msgs:
· SL-AOA-RequestLocationInformation
· SL-TDOA-RequestLocationInformation
· SL-RTT-RequestLocationInformation
Once the SL-PRS monitor UE receives the SLPP RequestLocationInformation msg, it can perform the SL-PRS measurement corresponding to the demanded positioning method and report the related positioning measurement result to the location server.
Proposal 7: RAN2 to agree that at least following three positioning method related IEs should be included in the SLPP RequestLocationInformation msgs:
· SL-AOA-RequestLocationInformation
· SL-TDOA-RequestLocationInformation
· SL-RTT-RequestLocationInformation
Subsequently, after performing the SL positioning measurement, the SL-PRS monitor UE or the UE taking the task of position calculation should send back the positioning measurement result or position estimates to the location server. As a result, we propose at least following IEs should be at least included in the SLPP ProvideLocationInformation msg:
· commonIEsProvideLocationInformation (including the position estimate result or the ranging result)
· SL-Multi-RTT-ProvideLocationInformation
· SL-TDOA-ProvideLocationInformation
· SL-AOA-ProvideLocationInformation

Proposal 8: RAN2 to agree at least following IE should be included in the SLPP ProvideLocationInformation msg at least:
· commonIEsProvideLocationInformation (including the position estimate result or the ranging result)
· SL-Multi-RTT-ProvideLocationInformation
· SL-TDOA-ProvideLocationInformation
· SL-AOA-ProvideLocationInformation

2.5 Application of broadcast of positioning signalling msg
The SA2 has agreed to reuse 5G ProSe Discovery procedures and V2X Communication procedures on Ranging/SL Positioning discovery, with the additional Ranging/SL Positioning parameters such as ProSe identifier or the Service Type identifier “Ranging/Sidelink Positioning” and the expected roles of the UE (i.e., Target UE, SL Reference UE, Located UE, Assistant UE, SL positioning Server UE). With such information, the RAN layer can know the candidate UEs being involved in a particular positioning session potentially. To further determine the positioning method to be used, and the exact UEs to be applied and the corresponding roles, the positioning capability needs to be transferred from the candidate UEs. Conventionally, positioning capability are retrieved by the LMF from the target UE in the unicast way. However, reusing such mechanism for performing SL positioning introduces significant timing latency, since the SL positioning capabilities need to be collected from potentially all candidate UEs. As the transfer of the positioning capability needs to be done before making the decision on which positioning method to be used and the exact UEs for involving in a particular positioning session and corresponding roles, the positioning capability should be broadcast periodically, similar with the SL positioning discovery model A, to accelerate the SL positioning procedure.
Observation 5: retrieving positioning capability in the unicast way for performing SL positioning introduces significant timing latency, since the SL positioning capabilities need to be collected from candidate UEs potentially more than the necessary UEs required for the SL positioning.
Proposal 9: RAN 2 to agree the positioning capability can be broadcast/groupcast periodically, similar with the SL discovery model A.  
Regarding the broadcast of the assistance data, it is also possible to directly exchange the S-PRS configuration between target device and anchor UEs via groupcast or the broadcast. To achieve this, the target device and anchor UEs simply need to know the ID of the source of the SL-PRS to monitor in prior.
Proposal 10: RAN2 to agree that SL-PRS configuration could be broadcast/groupcast between anchor UEs and the target UE, after they autonomously determine the SL-PRS configuration. 
2.6 Consideration of the session-less positioning procedure
According to [1], the session-less positioning procedure targets at providing the positioning services in highly dynamic mobility environment, wherein the SL-PRS configurations and the location measurement results are exchanged with each other UEs without establishing the SL unicast communication link in prior. The UEs in proximity to the initiating UE are free to choose to join in the positioning or not. Also note that the SL-PRS configuration of each UE is independently chosen by each UE from the configuration pool provided by the initiating UE.    
However, as well known, for obtaining the absolute positioning result of one particular UE, the location information of the reference points, in the SL positioning case, the anchor UEs, should be known in advance by the positioning entity. This principle, however, cannot be held in the session-less positioning procedure if the location information of UEs participating in as the anchor UE are unknown. For example, if the Mult-RTT positioning method is used, the positioning entity could only know the distance between each pair of UEs participated in the session-less positioning procedure, which is definitely not enough for obtaining the absolute positioning result.
Observation 6: the principle that the location information of the reference points, say, the anchor UEs in the SL positioning case, should be known in advance by the positioning entity cannot be held in the session-less positioning procedure if the location information of UEs participating in as the anchor UEs are unknown.
Also, for the RTT implementation to get the distance information, the SL-PRSs of each pair of participating UEs should be distributed in different timing occasion to guarantee that one UE should only start to transmit the SL-PRS after reception of the SL-PRS from another UE, which is illustrated as follows:





Figure 1: the SL-PRS of UE2 should only be transmitted after reception of a SL-PRS from the UE1

However, for the case of session-less positioning procedure, the SL-PRS is chosen randomly by the participated UEs from the configuration poll, and therefore the timing order of the SL-PRSs of each pair of UEs cannot be guaranteed for obtaining the accurate ranging result as well.
Observation 7: for the case of session-less positioning procedure, the SL-PRS is chosen randomly by the participated UEs from the configuration poll, and therefore the timing order of the SL-PRSs of each pair of UEs cannot be guaranteed for obtaining the accurate ranging result as well.
As a result, we propose that for one particular session-less positioning procedure, except the initiating UE, the participating UEs should be the ones with pre-configured deterministic SL-PRS configuration and known location information, for instance the RSUs. In other words, the initiating UE should only perform SL-PRS measurement of the UEs with pre-configured deterministic SL-PRS configuration and known location information, for instance, the RSUs.
Proposal 11: for one particular session-less positioning procedure, the initiating UE, should only perform SL-PRS measurement of the UEs with pre-configured deterministic SL-PRS configuration and known location information, for instance, the RSUs.
3. Conclusion and proposals
Proposal 1: RAN2 to agree to support transmitting the SLPP msg in the LPP container for the PC5-only and PC5+Uu positioning in the IC and PC scenario.
Observation 2: Option 2 (LMF triggering PC5+Uu 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 obtain a satisfied positioning result, since another new positioning session has to be triggered for the option 2, and the Uu positioning capability and reference signal configuration may need to be transferred again between the UE and the gNB during such new positioning session.
Proposal 2: RAN2 to agree to support autonomously triggering PC5 based positioning based on some preconfigured condition to calibrate the Uu positioning as one of the signalling procedures of combination of Uu- and PC5-based positioning.
Proposal 3: RAN2 to agree that LMF or the location server UE could trigger the sidelink positioning signaling procedure to calibrate the Uu positioning result.
Proposal 4: RAN2 to agree that sidelink positioning triggering event could be defined and pre-configured towards the location server UE.
Proposal 5: RAN2 to agree that at least following information should be included in the sidelink positioning capability exchange msg:
· supported positioning methods
· timing sync reference source
Observation 4: the SL positioning assistance data transfer msg should include required assistance data for UEs to perform the necessary SL-PRS measurements.
Proposal 6: RAN2 to agree that SL positioning assistance data transfer msg could be used in following scenarios, optionally with the location information of the anchor UEs included:
· the SL-PRS transmitter UE sends out its SL-PRS configuration
· the location server UE/LMF transmits the SL-PRS configuration of other transmitter UEs to the SL-PRS monitor UEs
· the location server UE/LMF sends the SL-PRS configuration to be used to the SL-PRS transmitter UEs.
Proposal 7: RAN2 to agree that at least following three positioning method related IEs should be included in the SLPP RequestLocationInformation msgs:
· SL-AOA-RequestLocationInformation
· SL-TDOA-RequestLocationInformation
· SL-RTT-RequestLocationInformation
[bookmark: _GoBack]Proposal 8: RAN2 to agree at least following IE should be included in the SLPP ProvideLocationInformation msg at least:
· commonIEsProvideLocationInformation (including the position estimate result or the ranging result)
· SL-Multi-RTT-ProvideLocationInformation
· SL-TDOA-ProvideLocationInformation
· SL-AOA-ProvideLocationInformation
Observation 5: retrieving positioning capability in the unicast way for performing SL positioning introduces significant timing latency, since the SL positioning capabilities need to be collected from candidate UEs potentially more than the necessary UEs required for the SL positioning.
Proposal 9: RAN 2 to agree the positioning capability can be broadcast/groupcast periodically, similar with the SL discovery model A.  
Proposal 10: RAN2 to agree that SL-PRS configuration could be broadcast/groupcast between anchor UEs and the target UE, after they autonomously determine the SL-PRS configuration. 
Observation 6: the principle that the location information of the reference points, say, the anchor UEs in the SL positioning case, should be known in advance by the positioning entity cannot be held in the session-less positioning procedure if the location information of UEs participating in as the anchor UEs are unknown.
Observation 7: for the case of session-less positioning procedure, the SL-PRS is chosen randomly by the participated UEs from the configuration poll, and therefore the timing order of the SL-PRSs of each pair of UEs cannot guaranteed for obtaining the accurate ranging result as well.
Proposal 11: for one particular session-less positioning procedure, the initiating UE, should only perform SL-PRS measurement of the UEs with pre-configured deterministic SL-PRS configuration and known location information, for instance, the RSUs.
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