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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
The RAN WG approved work item on Expanded and Improved NR Positioning [1][RP-223549], that includes the following objective:
	· Specify solutions for support of sidelink positioning (including ranging) in NR systems, including the following [RAN1, RAN2, RAN3, RAN4]:
· Specify SL PRS for support of sidelink positioning such that the SL PRS uses a comb-based (full RE mapping pattern is not precluded) frequency domain structure and a pseudorandom-based sequence where the existing sequence of DL-PRS is used as a starting point [RAN1].
· Specify support for SL PRS bandwidths of up to 100 MHz in FR1 spectrum.
· NOTE: SL PRS transmission in FR2 is not precluded but no FR2 specific aspects will be specified. 
· Specify measurements to support RTT-type solutions using SL, SL-AoA, and SL-TDOA [RAN1, RAN2].
· Specify support of resource allocation for SL PRS:
· Including resource allocation Scheme 1 and Scheme 2, where Scheme 1 corresponds to a network-centric SL PRS resource allocation and Scheme 2 corresponds to UE autonomous SL PRS resource allocation [RAN1].
· For resource allocation mechanism for SL PRS in Scheme 2: 
· Study and specify support of sensing-based resource allocation, and/or a random resource selection [RAN1].
· Study and specify solutions for congestion control for SL PRS and/or inter-UE coordination for SL-PRS [RAN1].
· Support resource allocation for shared resource pool with Rel-16/17/18 sidelink communication and dedicated resource pool for SL PRS [RAN1].
· NOTE: For SL positioning resource (pre-)configuration in a shared resource pool with Rel-16/17/18 sidelink communication, backward compatibility with legacy Rel-16/17 UEs should be ensured.
· Specify procedures for transmit power control for SL PRS transmissions at least based on open loop power control (OLPC) [RAN1]. 
· Specify signalling and associated UE behavior for support of unicast, groupcast (not including many to one) and broadcast of SL PRS transmissions [RAN1, RAN2].
· Specify reporting signalling and procedures to facilitate support of SL positioning in all coverage scenarios and for PC5-only and joint PC5-Uu scenarios [RAN2, RAN3]: 
· Specify the protocol and procedures for SL positioning between UEs (Protocol for Sidelink positioning procedures (SLPP)).
· Specify the protocol and procedures for SL positioning between UEs and LMF. 
· Specify signalling to NG-RAN for sidelink positioning and ranging service authorizations as needed. [RAN3, RAN2] 
· Specify corresponding new core requirements, as well as identifying and specify the impact on the existing RAN4 specification, including RRM measurements and procedures [RAN4].


At the RAN1#112b-e meeting, we have the following agreements on NR Positioning [2][ RAN1#112bis-e]:
	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 paper, we further proved our views on SL positioning measure and reporting.

[bookmark: _Hlk135043259][bookmark: _Ref129681832]Relieve UE Rx/Tx and/or gNB Rx/Tx timing delays
From the perspective of signal transmission, there will be a timing delay from the time when the digital signal (including SRS, PRS, SL-PRS and etc.) is generated in the baseband to the time when the RF signal is transmitted from the Tx antenna. And we should minimize the impact of time delays between receiving and sending on the accuracy of UE position calculation as much as possible.
[bookmark: _Hlk135082468]Observation 1: The gNB Rx/Tx and UE Rx/Tx have an impact on the actual signal propagation time, thereby affecting positioning accuracy. 
There will be three possible solutions to alleviate the timing delays between sending and receiving:
[bookmark: _Hlk135111217]Option 1: Reduce UE/TRP Rx/Tx timing delays based on compensation for Rx/Tx timing delays in measurement. Support UE/TRP to provide time delays measurements with UE Rx/Tx TEGs or SL PRS resources with Rx/Tx TEGs in TDOA localization methods.
Option 2:  Reduce UE/TRP Rx/Tx timing delays based on the use of reference devices. 
[image: ]
UE A selects the reference UE (UE D) based on the received power of the SL-PRS or the arrival time of the SL-PRS. The reference UE shares the RTT time of the received UE B and UE C SL-PRS with UE A to obtain the TDOA value that is not affected by the transmission delay.
[bookmark: _Hlk135082485]Proposal 1: Use TEGs or select reference UE to reduce transmission time delays.
Sidelink Synchronous priority design and report
Before conducting NR Sidelink communication, UE needs to first synchronize the time and frequency of Sidelink and obtain broadcast information. After turning on the UE, it will search for synchronization sources based on configured or pre-configured synchronization priority rules. Candidate synchronization sources include GNSS, gNB/eNB, NR UE, etc. After UE searches for the synchronization source with the highest priority and establishes synchronization with it, UE will send the synchronization information in the form of NR Sidelink synchronization signal block (S-SSB).
When the terminal searches for two or more synchronization sources, it can select the synchronization source with the highest priority as the synchronization reference. When the terminal searches for two or more synchronization sources with the same priority, the S-SSB RSRP strength is used as the principle for selecting synchronization sources, that is, the terminal selects which synchronization source has the highest S-SSB RSRP as the synchronization reference.
Observation 2: Reporting on the priority of clock sources can help better select clock synchronization sources and improve positioning accuracy. 
Proposal 2: Develop clock source priorities and support clock source reporting.
Report the priority of the clock source, and only those with higher priority as the synchronization source can provide initial information.
Proposal 3: Only the UEs with high clock source priorities can provide initialisation time.


[bookmark: _Hlk135044258]Conclusions
In this contribution, we present our views on SL positioning measure and reporting. Based on the discussion, we have the following observations and proposals:
Observation 1: The gNB Rx/Tx and UE Rx/Tx have an impact on the actual signal propagation time, thereby affecting positioning accuracy.
Observation 2: Reporting on the priority of clock sources can help better select clock synchronization sources and improve positioning accuracy. 
Proposal 1: Use TEGs or select reference UE to reduce transmission time delays.
Proposal 2: Develop clock source priorities and support clock source reporting.
Proposal 3: Only the UEs with high clock source priorities can provide initialisation time.
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