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1 Introduction:
In Rel 18 study phase, a study on expanded and improved NR positioning is concluded and a TR 38.859 has endorsed in RAN#98. Study was focussing on improving the accuracy of the positioning methods and extending the positioning to different verticals including sidelink. The positioning framework is being extended over sidelink to guarantee more accurate localization for many critical sidelink applications like V2X, IIoT public safety and commercial sidelink (D2D) in in-coverage, partial coverage, and out-of-coverage NR positioning use cases as emphasized in TR 38.845. Additionally, SA1 has developed the ranging-based services and to support them related changes from RAN perspective are studied during study phase. 
Considering the study outcome, a normative phase objective was agreed for work item phase of expanded and improved NR positioning in [1]. The present contribution provides the details on positioning methods, underline measurements and reporting mechanisms of the measurements considering the previous meeting agreements. 

2 Measurements and reporting for SL positioning methods.
In the study it is agreed to define the SL-TDOA, SL-AoA and SL-RTT type method for positioning and ranging should be defined in normative phase. Position request can be initiated by either anchor UE or target UE. Further positioning method configuration can be broadly categorized as UE based method and UE assisted method. In the UE assisted method the measurements are shared back to the SL-PRS transmitting UE/positioning server whereas in UE based method, the SL-PRS receiving UE further processes the measurements performed on SL-PRS to get the positioning of Target UE. The receiving UE can be the target UE or the anchor UE which is based on node initiating the SL-PRS transmission. In the normative phase, all positioning methods mentioned above are considered with some initial agreements. Further details are presented in the section below. 

I.  SL-PRS based Rx-Tx measurements.

In the last meeting regarding the definition of Rx-Tx measurements following options are agreed for down selection 

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


Alt 3 follows the definition of Uu link Rx-Tx measurement definition whereas alt 1 expect the actual time of transmission for the measurement of Rx-Tx. Alt 1 will be more robust towards mobility in SL scenarios like V2X as it will be difficult to ensure the same timing understanding available at Rx UE as in Tx UE. So, we prefer the option Alt 1 from the agreement above. 

Proposal 1: For definition of SL-PRS based Rx-Tx measurement, actual SL-PRS transmission time is used for the definition of SL-PRS based Rx-Tx time difference measurement.


II.  SL-PRS based RSTD and RTOA measurements.
In the last meetings discussion on different sub agendas regarding SL-TDOA was discussed including definition for RTOA, RSTD, synchronization for RSTD and RTOA measurements, measurement procedures and reporting procedures. If the SL-TDOA is configured to transmit SL-PRS by the Target UE, its operation can be like UL-TDOA. In this case, the target UE will transmit SL-PRS to the Anchor UEs. Anchor UEs can be one or more than one. The measurement configurations will be shared by reference anchor UE/positioning server to target UE and the other anchor UEs. The measurement can be SL-RTOA. The definition can be similar to UL-TDOA. Along with SL-TDOA, other measurements could be RSRP, RSRPP, time stamping, and LOS/NLOS indication can be reported. SL-PRS resource can be coordinated between the target UE and the anchor UEs. In this case Anchor UEs can share the preferred/ not preferred resources with the Target UE or resource co-ordination can be from reference Anchor. Regarding the SL-PRS base RTOA following agreement is derived,

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


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 [image: ], 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 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.

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.


Remaining aspect of SL-TDOA method is the synchronization between Anchor UE. If the anchor UEs are having common sync reference derived from either GNSS or cell clock, then error due to synchronization in RSTD or RTOA can be eliminated. This is feasible in case of anchor UEs are in coverage and/or anchor UEs are GNSS synchronization capable. So, it will be important to report the indication of source of synchronization like GNSS, cell or synchRefUE ID with anchor or target UE performing final positioning estimation. Further in some case where location of anchor is known allowing the Anchors to receive the SL-PRS from each other will help to calibrate or estimate the synchronization error. 

Proposal 2: For synchronization issues in RSTD and RTOA, support indication of source of synchronization like GNSS, cell or synchRefUE ID. This indication will be provided as capability information by the anchor UEs.

Proposal 3: For synchronization error estimation and calibration in RSTD and RTOA, the Anchor UEs should be allowed to receive the SL-PRS from each other. Anchor UEs can report the sync offset wrt to another anchor.

Regarding the measurement procedures for RSTD and RTOA, both Target UE based SLPRS transmission and Anchor UEs based SL PRS transmission should be supported. This will be configured in SL location request message. Location request message may indicate periodic transmission of SL-PRS transmission and reporting of measurements/locations in unicast or groupcast/broadcast manner. Triggering can be aperiodic as well where transmitted SL-PRS is expected to be transmitted in predefined time and report is expected after predefined time. 

Proposal 4: For SL-TDOA, support both target UE-based mechanism and anchor UE-based mechanism,
· Method 1: Target UE send positioning request to anchor UE(s) and expect to receive the SL-PRS and report back the measurements if UE assisted position or measure the location if UE based positioning. 
· Method 2: Target UE send positioning request to anchor UE(s), transmit the SL-PRS, and expect reporting back the measurements/location from the Anchor UEs
· Method 3: Anchor UE upon receiving positioning request, decide either to receive or transmit the SL-PRS and expect reporting of measurements or location information.
· Method 4:  Anchor UEs periodically transmits SL-PRS and the target UE detects it and localize itself. 

III. Per panel/ARP measurement

At least in RTT case, use case with multi panel, it is important to ensure the transmission and reception can happen from the same pair of panels. The Rx-Tx time difference measurements at both sides need to be associated with the same pair of ARPs. In last meeting, following agreement is drawn. 


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. 

For per ARP based measurement, ARP ID can be reported along with measurements of RTT to associate the measurement with ARP. 

Proposal 5: For per ARP based measurement, ARP ID can be reported along with SL positioning related measurement. This can be applicable to all SL positioning methods.
 
IV. Sidelink positioning Reporting.

In the last meeting discussion on measurement reporting and triggering was carried out with following agreements.   

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.

The signalling for sidelink positioning measurement report should be provided by the higher layer in positioning protocol (SLPP/LPP) in provide location information message. But the triggering of report can happen in AS layer using MAC-CE. SCI can be used for resource reservation for reporting as mentioned in our companion contribution [5] for sub-agenda 9.5.1.3. It indicated that the SL PRS reservation SCI can reserve the resource using resource reservation field from stage 1 SCI (SCI 1-A) for measurement reporting.

Proposal 6: Support higher layer signaling for sidelink positioning measurement report and report triggering. Lower layer signalling in SCI should be used for resource reservation for the reporting.
· Measurement report signalling should be provided by SLPP/LPP message e.g., provide location information.
· Report trigger should be provided by AS layer using MAC-CE.

Regarding the time domain behavior of SL positioning measurement report, different use cases demand different solutions. For example, in case of highway with Vehicle tracking for automatic tolling or in IIoT cases, it is better to have periodic transmission of PRS and reporting of the measurement for tracking the devices. Whereas in public safety or commercial case, it is better to have event based aperiodic report. Both cases should be supported and configured by SLPP/LPP in the provided location information message.  

Proposal 7: In SL positioning measurement reporting, support aperiodic and periodic (semi-persistent) reports are supported.

Regarding the reporting quantity for different methods as per agreement, the following table provides the details from LMF and UE perspective. Further it will be beneficial in the case of SL positioning to report measurement parameters associated with multiple methods. We support reporting one of the time-based methods like SL-RTT or SL-TDOA method along with measurements of SL-AOA to be reported. This will increase the estimation of positioning under errors reference UE or synchronization errors. This may be up to RAN 2 to decide the but from RAN 1 point of view it is beneficial.

Proposal 8: To conclude that from RAN 1 point of view, it is beneficial to report measurements related to multiple SL positioning methods.
· At least SL-RTT or SL-TDOA with SL-AOA should be reporting.
· It will be a UE capability. 

Proposal 9: In SL positioning, for different positioning methods, the expected measurement report content is in the following table:

Collection of measurement report content
	
	reporting to LMF
	reporting to UE

	SL-PRS based RSTD measurement
	· SL-RSTD,
· SL-RSRPP,
·  LOS-NLOS indication
· path power, 
· synchronization offset (in case of Anchor is reporting)
· source of synchronization (GNSS, TRP, syncRefUE)
· time stamp
· ARP ID
· Estimated Location
	· SL-RSTD,
· SL-RSRPP,
·  LOS-NLOS indication
· path power, 
· synchronization offset (in case of Anchor is reporting)
· source of synchronization (GNSS, TRP, syncRefUE)
· time stamp
· ARP ID
· Estimated Location 

	SL-PRS based RTOA measurement
	· SL-RTOA
· SL-RSRPP
· LOS-NLOS indication
· path power, synchronization offset (in case of Anchor is reporting)
· source of synchronization (GNSS, TRP, syncRefUE)
· time stamp
· ARP ID
· Estimated Location
	· SL-RTOA
· SL-RSRPP
· LOS-NLOS indication
· path power, synchronization offset (in case of Anchor is reporting)
· source of synchronization (GNSS, TRP, syncRefUE)
· time stamp
· ARP ID
· Estimated Location

	SL-PRS based Azimuth of arrival (AoA) and SL zenith of arrival (ZoA) measurement
	· SL-ZoA
· SL-AoA
· LCS to GCS conversion
· path powers
· Los/NLos indication
· Estimated location
· ARP ID
	· SL-ZoA
· SL-AoA
· LCS to GCS conversion
· path powers
· Los/NLos indication
· Estimated location
· ARP ID




3 Conclusion
The contribution provides the following proposals towards SL positioning and ranging methods and their measurements & reporting:

Proposal 1: For definition of SL-PRS based Rx-Tx measurement, actual SL-PRS transmission time is used for the definition of SL-PRS based Rx-Tx time difference measurement.

Proposal 2: For synchronization issues in RSTD and RTOA, support indication of source of synchronization like GNSS, cell or synchRefUE ID. This indication will be provided as capability information by the anchor UEs.

Proposal 3: For synchronization error estimation and calibration in RSTD and RTOA, the Anchor UEs should be allowed to receive the SL-PRS from each other. Anchor UEs can report the sync offset wrt to another anchor.

Proposal 4: For SL-TDOA, support both target UE-based mechanism and anchor UE-based mechanism,
· Method 1: Target UE send positioning request to anchor UE(s) and expect to receive the SL-PRS and report back the measurements if UE assisted position or measure the location if UE based positioning. 
· Method 2: Target UE send positioning request to anchor UE(s), transmit the SL-PRS, and expect reporting back the measurements/location from the Anchor UEs
· Method 3: Anchor UE upon receiving positioning request, decide either to receive or transmit the SL-PRS and expect reporting of measurements or location information.
· Method 4:  Anchor UEs periodically transmits SL-PRS and the target UE detects it and localizes itself. 


Proposal 5: For per ARP based measurement, ARP ID can be reported along with SL positioning related measurement. This can be applicable to all SL positioning methods.

Proposal 6: Support higher layer signalling for sidelink positioning measurement report and report triggering. Lower layer signalling in SCI should be used for resource reservation for the reporting.
· Measurement report signalling should be provided by SLPP/LPP message e.g., provide location information.
· Report trigger should be provided by AS layer using MAC-CE.

Proposal 7: In SL positioning measurement reporting, support aperiodic and periodic (semi-persistent) reports are supported.


Proposal 8: To conclude that from RAN 1 point of view, it is beneficial to report measurements related to multiple SL positioning methods.
· At least SL-RTT or SL-TDOA with SL-AOA should be reporting.
· It will be a UE capability. 

Proposal 9: In SL positioning, for different positioning methods, the expected measurement report content is in the following table:

Collection of measurement report content
	
	reporting to LMF
	reporting to UE

	SL-PRS based RSTD measurement
	· SL-RSTD,
· SL-RSRPP,
·  LOS-NLOS indication
· path power, 
· synchronization offset (in case of Anchor is reporting)
· source of synchronization (GNSS, TRP, syncRefUE)
· time stamp
· ARP ID
· Estimated Location
	· SL-RSTD,
· SL-RSRPP,
·  LOS-NLOS indication
· path power, 
· synchronization offset (in case of Anchor is reporting)
· source of synchronization (GNSS, TRP, syncRefUE)
· time stamp
· ARP ID
· Estimated Location 

	SL-PRS based RTOA measurement
	· SL-RTOA
· SL-RSRPP
· LOS-NLOS indication
· path power, synchronization offset (in case of Anchor is reporting)
· source of synchronization (GNSS, TRP, syncRefUE)
· time stamp
· ARP ID
· Estimated Location
	· SL-RTOA
· SL-RSRPP
· LOS-NLOS indication
· path power, synchronization offset (in case of Anchor is reporting)
· source of synchronization (GNSS, TRP, syncRefUE)
· time stamp
· ARP ID
· Estimated Location

	SL-PRS based Azimuth of arrival (AoA) and SL zenith of arrival (ZoA) measurement
	· SL-ZoA
· SL-AoA
· LCS to GCS conversion
· path powers
· Los/NLos indication
· Estimated location.
· ARP ID
	· SL-ZoA
· SL-AoA
· LCS to GCS conversion
· path powers
· Los/NLos indication
· Estimated location.
· ARP ID
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