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[bookmark: _Ref513464071]Introduction
In RAN #98 meeting, the WI for R18 NR Positioning is approved, which has the following objectives for measurement and reporting for SL positioning [1]:
	· Specify solutions for support of sidelink positioning (including ranging) in NR systems, including the following [RAN1, RAN2, RAN3, RAN4]:
· Specify measurements to support RTT-type solutions using SL, SL-AoA, and SL-TDOA [RAN1, RAN2].




In RAN#112Bis meeting, the following agreements were made for sidelink positioning [2].
	Conclusion 
· For SL-PRS based RTOA definition, the selection between SFN0 vs DFN0 and SFN vs DFN is determined based on the selection of the synchronization source for SL PRS transmission, as in legacy specifications.
· When the UE selects a cell as the synchronization reference source, SFN0/SFN is used for SL-PRS based RTOA. 
· Otherwise, DFN/DFN0 is used for the definition of the SL-PRS based RTOA.
· FFS on indication of whether SFN or DFN is used along with the RTOA measurement reporting

Agreement
· SFN/DFN Initialisation Time can be provided by UE or by LMF.
· FFS: which UEs can provide initialisation time (note: which may be decided by other WGs)
· FFS: further details of the definition of DFN Initialisation Time
· For the definition of SL-PRS based RTOA, update the definition of reference timing as:
· the reference timing is defined as , where
· T0 is the nominal beginning time of SFN 0 or DFN0 provided by SFN/DFN Initialisation Time
· tSL-PRS = (10nf + nsf) x 10-3, where nf and nsf are the SFN or DFN and the subframe number of the SL-PRS, respectively
· FFS: The timing of SFN0/SFN for RTOA reference timing is determined by advancing DL SFN0/SFN with TA/2 when the UE is in-coverage and in connected state

Agreement
Support both the case with and without translation of the LCS to GCS for SL-PRS based Azimuth of arrival (AoA) and zenith of arrival (ZoA) measurement.

Agreement
SL Angle of Arrival (SL AoA) is defined as the estimated azimuth angle and vertical angle of a transmitting UE with respect to a reference direction, wherein the reference direction is defined:
· In the global coordinate system (GCS), wherein estimated azimuth angle is measured relative to geographical North and is positive in a counter-clockwise direction and estimated vertical angle is measured relative to zenith and positive to horizontal direction
· In the local coordinate system (LCS), wherein estimated azimuth angle is measured relative to x-axis of LCS and positive in a counter-clockwise direction and estimated vertical angle is measured relative to z-axis of LCS and positive to x-y plane direction. The bearing, downtilt and slant angles of LCS are defined according to TS 38.901.
The SL AoA is determined at the receiving UE’s antenna(s) for a SL channel corresponding to the transmitting UE.

Agreement
Support SL-based RSTD, Rx-Tx time difference, RToA, AoA, RSRPP measurement and report for the first path and optionally additional path.
· No specification impact for how to set the additional path measurements
· From RAN1 perspective, no performance requirements are expected to be defined for the additional-path measurements in Rel-18.

Agreement
For provision of assistance information for absolute SL positioning, the anchor UE location information can be provided to LMF or UE.
FFS: which UEs can receive the anchor UE location information (note: which may be decided by other WGs)
FFS on quality information of anchor UE location information.

Agreement
Support per ARP based measurement in sidelink positioning. The ARP related information can be reported along with the SL measurement.
FFS on details of ARP related information, including whether TEG ID can be reused for such purpose. 

Agreement
For definition of SL-PRS based Rx-Tx measurement, further consider Alt1 and Alt3 until RAN1#113:
· Alt1: actual SL-PRS transmission time is used for the definition of SL-PRS based Rx-Tx time difference measurement
· Alt3: based on the Rel-16/17 definition for gNB Rx-Tx time difference/UE Rx-Tx time difference in Uu

Agreement
SL reference signal time difference (SL RSTD) is the SL relative timing difference between the UE j and the reference UE i, defined as TSubframe_SL-Rxj – TSubframe_SL-Rxi, where:
· TSubframe_SL-Rxj is the time when the UE receives the start of one subframe from UE j.
· TSubframeSL-Rxi is the time when the UE receives the corresponding start of one subframe from UE i that is closest in time to the subframe received from UE j.
FFS: whether or not impact due to mobility or synchronization timing change should be considered for SL RSTD

[bookmark: _Hlk133401205]Agreement
Support higher layer signaling for sidelink positioning measurement report and report triggering.
· Up to RAN2 to discuss detailed signaling design. 
FFS on SCI based report triggering.


In this contribution, we discuss the solution for measurement and reporting for SL positioning. 
Measurements and reporting for SL positioning:

SL-PRS measurements parameters:
In our view, each sidelink positioning method needs a set of SL-PRS measurement parameters. Therefore, once the sidelink positioning method for a sidelink positioning session is determined, a measurement reporting UE can determine which SL-PRS measurements to report. Alternatively, the receiver of measurement reporting may also expect which measurements to receive. Specifically, for RTT method, Tx-Rx measurement is essential. Additionally, SL-RSRP and SL-RSRPP also can be used to provide additional information regarding the channel condition between the two UEs. 
Proposal 1: Support at least the following measurements for RTT positioning method:
· Rx-Tx measurement
· RSRP
· RSRPP

In RAN1#112Bis meeting, the following agreement was made for sidelink positioning [2].
	Agreement
For definition of SL-PRS based Rx-Tx measurement, further consider Alt1 and Alt3 until RAN1#113:
· Alt1: actual SL-PRS transmission time is used for the definition of SL-PRS based Rx-Tx time difference measurement
· Alt3: based on the Rel-16/17 definition for gNB Rx-Tx time difference/UE Rx-Tx time difference in Uu



From the wide discussion held during RAN1#112Bis meeting, both alternatives seem to provide the same timing accuracy for RTT measurements. One important advantage of Alt 3 is that it does not require an actual PRS transmission to compute/report RTT time which is quite considerable for measurement validity and latency. Some companies discussed the issue of syncRef change during an RTT procedure but to our understanding that’s a very corner case. An additional advantage of Alt 3 is that it keeps the RTT computation same as in the Uu design thus limiting the efforts for the design while keeping the reliable functionality.

Proposal 2: For the definition of SL-PRS based Rx-Tx measurement, RTT is defined based upon Rel-16/17 definition for gNB RTT/UE RTT in Uu. [Alt 3 in RAN1#112Bis Agreement]
For SL-TDOA positioning method, RSTD is the essential positioning measurement parameter for DL-like SL-TDOA and RTOA is a required measurement parameter for UL-like SL-TDOA. Similar to RTT method, RSRP and RSRPP may be the additional measurement parameters to provide information regarding the channel condition between two UEs.

Proposal 3: Support at least the following measurements for SL-TDOA positioning methods:
· RSTD
· [RTOA]
· RSRP
· RSRPP

For AoA, Azimuth of arrival (AoA) and Sidelink Zenith of Arrival (ZoA) are two fundamental measurement parameters. RSRP and RSRPP are two additional measurement parameters. Therefore, at least these four SL-PRS based measurement parameters should be supported. 

Proposal 4: Support at least the following measurements for AoA positioning method:
· AoA
· ZoA
· RSRP
· RSRPP

SL-PRS measurement error handling:
Regarding SL-PRS synchronization for SL-TDOA and SL-RTOA positioning methods, it can be difficult to synchronize SL reference timing of regular anchor UEs (not RSU) to a degree that will satisfy the high positioning accuracy requirement. UEs with the same synchronization source, e.g., GNSS, same gNB and/or same SyncRef UE, can still have an error too large for these positioning methods. The impact of such synchronization timing error on SL TDoA-based positioning should be further investigated as to what level such timing uncertainty translates into estimated positioning error. To avoid the positioning procedure running over a set of UEs having different synchronization sources, one option is to enable UEs in a positioning group to synchronize with a common SyncRef UE (e.g., the target UE or an anchor UE) in the group. The group can be formed to perform SL TDOA-based positioning.  
Proposal 5: Support the UEs in a positioning group synchronize with a common SyncRef UE in the same group where the group can be formed to perform SL TDOA-based positioning. 
To determine an absolute position of a target UE in a positioning method, e.g., in TDoA-based positioning, the location information of the anchor UEs are required at the entity performing the positioning computation, e.g., LMF (in-coverage) or the target UE (out-of-coverage). In addition to SL-PRS measurement, an anchor UE can provide its own location information and associated uncertainty information, e.g., to assist determination of the absolution position of a target UE in the same SL positioning group. In RAN#112Bis meeting, the following agreement was made [2].
	Agreement
For provision of assistance information for absolute SL positioning, the anchor UE location information can be provided to LMF or UE.
FFS: which UEs can receive the anchor UE location information (note: which may be decided by other WGs)
FFS on quality information of anchor UE location information.



The quality information or uncertainty information can be provided in various forms. Uncertainty information can be a range of the absolute location, similar to the uncertainty of TRP or ARP locations specified in TS 37.355[4]  or TS 38.455 [5], respectively. Since a SL UE can obtain location information based on the methods of GNSS, Uu-based positioning, SL-based positioning, it can be useful to have uncertainty information associated with each described method. Uncertainty information can also be level of uncertainty where each level indicates the degree of uncertainty. Such uncertainty information can be reported to LMF or the target UE depending on the coverage. In addition, uncertainty information can be used by a target UE to select anchor UEs prior to performing a positioning method. For example, the target UE can select anchor UEs with the least uncertainty in their location information. Thus, the following proposal is made.
Proposal 6: Support anchor UE providing the quality/uncertainty information with its reported location information. 
In a SL RTT-based positioning method, a SL RX-TX time difference between a received and transmitted SL-PRS transmission is measured and reported by either target UE or reference anchor UE to estimate the propagation delay (thus distance) between the pair of UEs. The accuracy of such propagation delay estimate can be impacted by SL reference timing offset between a target and reference anchor UE. 
A UE derives a SL reference timing based on its SL synchronization source. Based on a set of (pre)configured conditions, a UE selects one of GNSS, gNB DL, a SyncRef UE or internal clock as the synchronization source. Two UEs with the same synchronization source (e.g., a gNB) may still have a SL reference timing offset (due to the distance to the gNB) that may cause propagation delay estimation error. 
Also, the mobility of a target UE and/or reference anchor UE can impact the accuracy of RTT-based positioning. The relative movement of a target UE and/or reference anchor UE between the SL-PRS transmission and reception may cause error, especially for high-speed vehicle UEs. 
Therefore, it is preferred to study mechanisms to mitigate the errors caused by the clock drift and/or UE mobility for RTT-based positioning. For example, a target UE can become a SyncRef UE of the anchor UE for RTT measurement.
Proposal 7: Study the impact of UE reference timing offset and mobility on single-sided RTT-based positioning.

SL-PRS measurement report contents:
Once a positioning technique is underway among a set of SL devices, depending upon the method selected, UEs will perform different types of measurements. These measurements may then be reported to LMF or a suitable server UE (e.g., a target UE or an anchor UE) for processing and position computation. For each positioning method, the processing entity (e.g., LMF or server UE) needs to know the identity of the UE transmitting SL-PRS to associate the measurement report to such UE. An example of such identity can be a Source ID. 

Proposal 8: Identity of SL-PRS transmitting UE is included in the same measurement reporting. 

[bookmark: _Hlk131517986]Another information needs to be included in the measurement report is the SL-PRS resources (e.g., the time and frequency) used to perform measurement. For example, the associated SCI indication on SL-PRS resources can be included in the measurement reporting where the corresponding measurement results are reported. 

Proposal 9: SL-PRS measurement report includes the information of SL-PRS time and frequency resources over which reported measurements are performed. 

It was agreed in the last RAN1 #112 meeting that of LOS/NLOS indication is supported and can be included in the measurement report to another UE or LMF. SL-PRS measurement report shall contain the necessary measurement for a positioning method. In addition, the SL-PRS measurement report can also comprise of the quality information or uncertainties associated to the reported measurements. These uncertainties can be used with reported measurements and other parameters to associate confidence or trust to the estimated position.

[bookmark: _Hlk131518009]Proposal 10: Positioning measurement report includes the measurements necessary for a positioning method and the quality of the measurements if available. 

Based upon the prior discussion, we propose the reporting content as tabulated in Table 1. Specifically, for measurement necessary for a positioning method, the measurement reporting should include the associated measurement quality (e.g., Meas Quality) for each reported measurement value and the LOS/NLOS indication. For RSTD or RTOA measurement reporting, the measurement report should include the synchronization information (e.g., sync-ref-indication). Finally, to identify each measurement report, we propose to include the Source ID, anchor UEs’ location and its associated uncertainty (if available), and SL PRS resources used for measurement in the measurement report. 

[bookmark: _Hlk131518025]Proposal 11: Support at least the contents of the measurement report for different positioning methods as tabulated in  Table 1.


[bookmark: _Ref131513498]Table 1: The contents of PRS Measurement Report
	
	reporting to LMF
	reporting to UE

	SL-PRS based Rx-Tx measurement
	Source ID, anchor UEs’ location and its associated uncertainty, SL PRS resources used for measurement, 
Rx-Tx time, RSRP, RSRPP, Meas Quality, LOS/NLOS indication.
	Source ID, anchor UEs’ location and its associated uncertainty, SL PRS resources used for measurement, 
Rx-Tx time, RSRP, RSRPP, Meas Quality, LOS/NLOS indication.

	SL-PRS based RSTD measurement
	Source ID, anchor UEs’ location and its associated uncertainty, SL PRS resources used for measurement, 
RSTD, RSRP, RSRPP, sync-ref-indication, Meas Quality, LOS/NLOS indication.
	Source ID, anchor UEs’ location and its associated uncertainty, SL PRS resources used for measurement, 
RSTD, RSRP, RSRPP, sync-ref-indication, Meas Quality, LOS/NLOS indication.

	SL-PRS based RSRP measurement
	Source ID, anchor UEs’ location and its associated uncertainty, SL PRS resources used for measurement, 
RSRP, Meas Quality, LOS/NLOS indication.
	Source ID, anchor UEs’ location and its associated uncertainty, SL PRS resources used for measurement, 
RSRP, Meas Quality, LOS/NLOS indication.

	SL-PRS based RSRPP measurement
	Source ID, anchor UEs’ location and its associated uncertainty, SL PRS resources used for measurement, 
RSRPP, RSRP, Meas Quality, LOS/NLOS indication.
	Source ID, anchor UEs’ location and its associated uncertainty, SL PRS resources used for measurement, 
RSRPP, RSRP, Meas Quality, LOS/NLOS indication.

	SL-PRS based RTOA measurement
	Source ID, anchor UEs’ location and its associated uncertainty, SL PRS resources used for measurement, 
RTOA, RSRP, RSRPP, sync-ref-indication, Meas Quality, LOS/NLOS indication.
	Source ID, anchor UEs’ location and its associated uncertainty, SL PRS resources used for measurement, 
RTOA, RSRP, RSRPP, sync-ref-indication, Meas Quality, LOS/NLOS indication.

	SL-PRS based Azimuth of arrival (AoA) and SL zenith of arrival (ZoA) measurement
	Source ID, anchor UEs’ location and its associated uncertainty, SL PRS resources used for measurement, LOS/NLOS indication, 
AoA, ZoA, RSRP, RSRPP, Meas Quality, LOS/NLOS indication.
	Source ID, anchor UEs’ location and its associated uncertainty, SL PRS resources used for measurement, LOS/NLOS indication, 
AoA, ZoA, RSRP, RSRPP, Meas Quality, LOS/NLOS indication.



SL-PRS measurement and reporting scenarios:
For UE-based (UE-B) positioning, the UE is responsible to calculate its own position. The target UE may need to receive measurement report from multiple anchor UEs. Alternatively, for UE-Assisted (UE-A) positioning, the target UE may receive measurement report from anchor UEs. 

[bookmark: _Hlk131518045]Proposal 12: Support the target UE to receives SL-PRS measurement report from anchor UEs for both UE-B (based) and UE-A (assisted) scenario.

If the target UE is in coverage, similar to Uu positioning, the UE can report estimated measurements and the received measurement from anchor UEs to LMF. 

Proposal 13: For in coverage scenario, support the target UE to report SL-PRS measurements to LMF for UE-A sidelink positioning.

For UL-like SL-TDOA positioning method, the target UE performs SL-PRS transmission. Each anchor UE may receive SL-PRS transmission from the target UE and measure RTOA. For UE-B positioning method, the anchor UE can report back the measured RTOA to the target UE. For UE-A positioning, the target UE can collect all measurement reporting from the anchor UEs and forward the measurement report to LMF. Alternatively, if all anchor UEs are in coverage, it is beneficial if each anchor UE reports the SL-PRS measurement to LMF.

Proposal 14: Support in coverage anchor UEs to report SL-PRS measurements to LMF for UE-A positioning scenario.

SL-PRS measurement and reporting procedure:
In Uu positioning, the UE can be semi-statically configured with a positioning processing window (PPW). The UE is expected to perform prioritization between DL-PRS and other downlink signals during the PPW within the active BWP. Specifically, the UE is configured to down-prioritize either DL-PRS or another DL signal/channels based on the priority associated with DL-PRS and other DL signal/channels.
Regarding SL-PRS reception, in our perspective, a similar concept as PPW is necessary so that SL data communication and SL positioning can coexist. If PPW is applicable for SL-PRS reception, the UE may be expected to prioritize between SL-PRS reception and other sidelink channel/signal reception. 
In Uu positioning, DL-PRS is semi-statically configured; therefore, PPW can be configured semi-statically as well. However, for SL-PRS, it is expected that configuration of SL-PRS transmission can be dynamic based on Scheme 2 resource allocation for SL-PRS or Scheme 1 dynamic scheduling for SL-PRS. Therefore, it is impossible to semi-statically configure PPW for the UE to perform SL-PRS reception. Since the Rx UE may be aware of its SL-PRS reception resources, it is desirable for the Rx UE to handle PPW. Specifically, the Rx UE can inform other UEs of its intended PPW for SL-PRS so that other UEs may refrain from transmitting other sidelink signal to the Rx UE. 
[bookmark: _Hlk131518067]Proposal 15: Study whether/how PPW is supported for sidelink positioning.
An Rx UE may perform SL-PRS measurement in multiple SL-PRS resources to derive the SL-PRS measurement reporting. However, due to SL-PRS collision or prioritization, the Rx UE may not properly measure one or more SL-PRS resource. Therefore, it is beneficial to allow the Rx UE to feedback regarding the SL-PRS measurement to the Tx UE. Specifically, the Rx UE, based on the feedback, can request additional SL-PRS transmission for measurement. Alternatively, it also can request the Tx UE to stop SL-PRS transmission. The feedback can be used to provide an indication about the measurement’s quality.
Proposal 16: Support the Rx UE to feedback for a SL-PRS transmission to the Tx UE based on the measurement on the SL-PRS resource.
Another remaining problem is which channel can be used to convey SL-PRS measurement reporting. In RAN#112Bis meeting, the following agreement was made for sidelink positioning [2] where higher layer signaling based reporting and report trigger are agreed.
	Agreement
Support higher layer signaling for sidelink positioning measurement report and report triggering.
· Up to RAN2 to discuss detailed signaling design. 
FFS on SCI based report triggering.


An FFS was noted as to if report triggering can be achieved through dynamic SCI based indication. In some scenarios, higher layer configurations may provide the configuration for signals and reporting parameters and the trigger may be transmitted by one of SL UE e.g., Tx UE as part of PRS transmission. For example, a Tx UE transmitting PRS can request an early or partial PRS measurement report. Such a dynamic triggering is beneficial  for certain low latency SL positioning application.
Proposal 17: The transmission of SL Positioning Report can be triggered through a lower layer indication, such as an indication in the SCI.
For SL positioning, in some scenarios such as in out-of-coverage, a server UE may be performing the position location determination for UE assisted positioning methods. To enable server UE position location determination, the positioning measurements from UEs (target UE, anchor UEs etc) may need to be sent to the server UE. It would be important to understand whether RAN1 would discuss and specify the measurements reporting to the server UE, and whether there is any spec impact for measurements reporting to the server UE.
Proposal 18: Investigate whether there is a spec impact of measurement reporting to the server UE from RAN1’s perspective.
Conclusions
In this contribution, the following proposals are made for measurement and reporting in SL positioning:
Proposal 1: Support at least the following measurements for RTT positioning method:
· Rx-Tx measurement
· RSRP
· RSRPP

Proposal 2: For the definition of SL-PRS based Rx-Tx measurement, RTT is defined based upon Rel-16/17 definition for gNB RTT/UE RTT in Uu. [Alt 3 in RAN1#112Bis Agreement]
Proposal 3: Support at least the following measurements for SL-TDOA positioning methods:
· RSTD
· [RTOA]
· RSRP
· RSRPP

Proposal 4: Support at least the following measurements for AoA positioning method:
· AoA
· ZoA
· RSRP
· RSRPP
· 
Proposal 5: Support the UEs in a positioning group synchronize with a common SyncRef UE in the same group where the group can be formed to perform SL TDOA-based positioning.
Proposal 6: Support anchor UE providing the quality/uncertainty information with its reported location information.
Proposal 7: Study the impact of UE reference timing offset and mobility on single-sided RTT-based positioning.
Proposal 8: Identity of SL-PRS transmitting UE is included in the same measurement reporting. 

Proposal 9: SL-PRS measurement report includes the information of SL-PRS time and frequency resources over which reported measurements are performed. 

Proposal 10: Positioning measurement report includes the measurements necessary for a positioning method and the quality of the measurements if available. 

Proposal 11: Support at least the contents of the measurement report for different positioning methods as tabulated in  Table 1.

Proposal 12: Support the target UE to receives SL-PRS measurement report from anchor UEs for both UE-B (based) and UE-A (assisted) scenario.

Proposal 13: For in coverage scenario, support the target UE to report SL-PRS measurements to LMF for UE-A sidelink positioning.

Proposal 14: Support in coverage anchor UEs to report SL-PRS measurements to LMF for UE-A positioning scenario.
Proposal 15: Study whether/how PPW is supported for sidelink positioning.
Proposal 16: Support the Rx UE to feedback for a SL-PRS transmission to the Tx UE based on the measurement on the SL-PRS resource.
Proposal 17: The transmission of SL Positioning Report can be triggered through a lower layer indication, such as an indication in the SCI.
Proposal 18: Investigate whether there is a spec impact of measurement reporting to the server UE from RAN1’s perspective.
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