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In RAN#98-e the New WID on Expanded and Improved NR Positioning was approved [RP-223549]. The first objective of the WID is the support of positioning for sidelink:
· “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].”
In this contribution, we focus on potential solutions for SL positioning measurements and reporting. 

Agreements in 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.

Discussion
[bookmark: _Hlk131166553][bookmark: _Hlk131165903]Rx-Tx time difference measurement is required for RTT calculations. In Uu, the Rx-Tx time difference is defined as TUE-RX – TUE-TX, using the time of the subframe closest in time to the subframe in which PRS is received [TS 38.215]. More precisely, TUE-RX is the UE received timing of downlink subframe #i from a Transmission Point, and TUE-TX is the UE transmit timing of uplink subframe #j that is closest in time to the subframe #i received from the TP. If we adapt the same definition for sidelink, the timing of downlink subframe and uplink subframe would correspond to the timing of the sidelink subframe where the SL-PRS was received and the timing of the sidelink subframe where SL-PRS was transmitted. It was pointed out in R1-2300458, that it is possible that between the receiving SL-PRS and transmitting SL-PRS the SL UE may change its synchronization source, and therefore introduce errors in the Rx-Tx time difference if Alt 3 is selected. To cope with this issue of changing subframe timing in between receive and transmit SL-SRS Alt 1 was proposed, where the time difference is measured using the actual time (i.e., measured using local clock, and not the subframe timing).
In RAN1#112bis-e companies were equally split between supporting the existing definition of Rx-Tx time difference (based on the subframe timing) and adopting a new definition based on the actual time.  The supporters of the legacy definition argued that changing the synchronization source between receive and transmit SL-PRS is a very unlikely scenario, moreover the participants in the RTT procedure most likely would use the same synchronization source.
We note that the two alternatives are equivalent (leads to the same result) if there is no time reference change between the receive SL-PRS and transmit SL-PRS, or if the Rx-Tx time difference is compensated accordingly with the difference between new subframe timing and old subframe timing if the synchronization source is changed. We also note that the SL positioning protocol equivalent to LPPP was not yet finalized. In such protocol, the measuring UE may also provide the synchronization source to LMF, which may adjust the Rx-Tx time difference accordingly when the synchronization source changes.
Observation 1: Alt 1 and Alt 3 can be equivalent if in Alt 3 the Rx-Tx time difference is adjusted accordingly when the source of synchronization changes, which can be done at LMF.
Another way to cope with a potential change in the synchronization source between the time of receiving SL-PRS and the time of transmitting SL-PRS, is to report to LMF a time adjustment (TA), which is the difference between the subframe timing between the old and new synchronization reference. We note that TA is part of the information that is provided by UE to LMF for Uu link positioning.
In RAN1#112 it was agreed that for SL-PRS based Rx-Tx measurement for double sided RTT, to consider sidelink PRS transmission without order restriction between multiple rounds of PRS transmission of the involved UEs. Different orders of SL-PRS transmission may be caused by the outcome of resource selection and reservation for SL-PRS transmissions. The remaining open issue is how to differentiate and report the Rx-Tx time difference in this case.
To cope with possible clock drifts and to minimize the chance of changing in synchronizations source and mobility, it is preferable if the Rx-Tx time difference were measured for the latest received SL-PRS transmission from the same source and the first SL-PRS transmission to the same source. However, this cannot be always guaranteed. Therefore, as was pointed out above, the changes in the synchronization source should be reported to the LMF or UE, together with the synchronization source indication.
Proposal 1: Support in the Rx-Tx measurement report the indication of source of synchronization, if necessary.
A SL-PRS transmission may be repeated in consecutive symbols of the same slot. Because the Rx-Tx time difference is based on the time of first path received, the Rx-Tx time difference should be based on the first path of the last received SL-PRS symbol of a sequence of consecutive SL-PRS symbols received from the same source, to provide the most recent measurement.  Similarly, for the transmit timing it should be considered the time of the first transmit SL-PRS symbol of a sequence of consecutive SL-PRS symbols.
Proposal 2: For Rx-Tx time difference consider the first path of the last SL-PRS received symbol of multiple consecutively received SL-PRS symbols from same source, and the first SL-PRS transmit symbol of multiple consecutively transmitted SL-PRS symbols to the same destination. 
A multiple double sided RTT signaling scenario involving multiple UEs is presented in the following figure.   
[image: ]
Figure 1
In other words, the most recent information is used in the calculation of Rx-Tx time difference.
It was agreed in RAN1#112 that FDM and TDM multiplexing of SL-PRS from different UEs is supported. 
It is preferable if the time between Rx and Tx for Rx-Tx time difference is minimized to avoid synchronization source changes and clock drift. However, when each UE independently selects its own SL-PRS resources, out-of-order situations (as in the figure above) may occur. In order to reduce the possible out-of-order SL-PRS transmissions, it is preferable if one UE recommend resources for other UEs participating in the multi-RTT procedure. For instance, in the figure above UE1 reserves resources for transmission of its own SL-PRS and recommends resources for UE2 and UE3 SL-PRS transmissions, where UE2 and UE3 SL-PRS may be multiplexed in the same slot.
Moreover, to reduce the Rx-Tx time difference it would be advantageous if UE1 multicasts SL-PRS to UE2 and UE3 and indicates the reserved resources for UE2 and UE3 transmissions.
[bookmark: _Hlk131175483]Proposal 3: For multi-RTT to reduce the Rx-Tx time difference and the possible out of order SL-PTS transmissions support the possibility that one UE recommend SL-PRS resources for other participating UEs.
The multi-RTT positioning information reported by UE for Uu link is defined in TS38.305, Clause 8.10. For resource allocation Scheme 1 when SL UE is in coverage of gNB, positioning is assumed under the control of LMF. Therefore, SL UE should be capable of providing the information as defined in TS38.305 such as the Rx-Tx time difference, time stamp of measurement, quality of measurement, PRS-RSRP PRS ID, ARFCN, PRS resource ID, PRS resource set ID for each measurement and PRS-RSRPP.
Part of the information reported to LMF is Quality for each measurement.
RAN1 #112bis-e companies agreed that an anchor UE can provide location information to LMF or UE. It was left for further discussion whether an anchor node should provide additional quality information.  The quality of the anchor UE absolute location information is very important in the location accuracy determined at the target UE. Therefore, in the process of anchor selection this information should be considered.
Proposal 4:  Support anchor UEs report of their location accuracy.





Conclusions
Observation 1: Alt 1 and Alt 3 can be equivalent if in Alt 3 the Rx-Tx time difference is adjusted accordingly when the source of synchronization changes, which can be done at LMF.
Proposal 1: Support in the Rx-Tx measurement report the indication of source of synchronization, if necessary
Proposal 2: For Rx-Tx time difference consider the first path of the last SL-PRS received symbol of multiple consecutively received SL-PRS symbols from same source, and the first SL-PRS transmit symbol of multiple consecutively transmitted SL-PRS symbols to the same destination. 
Proposal 3: For multi-RTT to reduce the Rx-Tx time difference and the possible out of order SL-PTS transmissions support the possibility that one UE recommend SL-PRS resources for other participating UEs.
Proposal 4:  Support anchor UEs report of their location accuracy.
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