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Introduction
RAN4 continued discussing requirements for SL positioning as part of the Rel-18 WI on expanded and improved NR positioning in RAN4#106bis-e. New agreements and open issues were captured in a WF [1]. 
In this paper, we provide further proposals for SL positioning based on the RAN1 agreements reached to date.
Discussion
Reference signal
RAN1 has reached additional agreements about the definition of the reference signal for SL positioning [2]. Key agreements are reproduced below.
Agreement (RAN1#112bis)
TDM-based multiplexing in a slot of SL PRS from different UEs is NOT supported for a shared resource pool.
Agreement (RAN1#112bis)
SL PRS resource sets are not defined in Rel-18. 
Agreement (RAN1#112bis)
(M, N) patterns with M > N with full staggering are supported. 
· In the last (M-N) symbols, the SL PRS symbols are repeated with same order of comb offsets as in the first N symbols.
Agreement (RAN1#112bis)
· An AGC symbol preceding a SL PRS resource is not considered as part of the SL PRS resource itself.
Agreement (RAN1#112bis)
At least for dedicated SL PRS resource pools, in addition to already-agreed (M, N) = (2, 2), (4, 4), fully staggered pattern with (M, N) = (6, 6) is supported. 
· FFS: Other values of (M, N).
· FFS: Applicability to shared resource pools.


Agreement (RAN1#112bis)
· A SL PRS resource refers to a time-frequency resource within a slot of a dedicated SL PRS resource pool that is used for SL PRS transmission.
· FFS: for a shared resource pool
· Characteristics associated with a SL PRS resource include at least: 
· SL PRS resource ID, 
· SL PRS comb offset and associated SL PRS comb size (N), 
· SL PRS starting symbol and number of SL PRS symbols (M),
· SL PRS frequency domain allocation,
· Note: Additional parameters can be included as/when identified.
· FFS: other time domain aspects, if any
· A SL PRS resource is identified by a SL PRS resource ID that is unique within a slot of a dedicated SL PRS resource pool.
NOTE 1: The above does not imply need for signalling/(pre-)configuration of all these parameters
Agreement
For shared resource pools, a UE does not map SL-PRS and PSSCH DMRS in the same OFDM symbol(s).

Conclusion (RAN1#112bis)
For a partially staggered SL PRS pattern (M, N), repetition of a partially staggered SL PRS pattern (M, N) in a slot is not supported.



Previously, RAN1 had agreed not to extend the construct of positioning frequency layer (PFL) to SL positioning. Now, RAN1 has further agreed not to define resource sets for SL PRS.
Based on the above agreements, there is a definition of SL PRS resource applicable to dedicated resource pools, at least. A SL PRS resource has certain attributes, such as comb size (N) and offset, starting symbol and number of symbols (M), and frequency domain allocation. RAN1 may further discuss other time-domain attributes of SL PRS resources (e.g. repetitions, muting, etc.), as stated above.
For dedicated SL PRS resource pools, fully staggered patterns with comb size 2, 4 and 6 are supported. Repetitions of a fully staggered pattern within a slot are supported, including partial repetitions of the comb pattern for M > N. On the other hand, repetitions of partially staggered patterns within a slot are not supported.
Each SL PRS resource will have an ID that is unique within a slot in a dedicated SL PRS resource pool. It is unclear if the ID remains constant across multiple slots.
Observation 1: RAN1 has yet to complete the definition of the reference signal for SL positioning.
 Measurements
In this section we provide our views and proposals based on RAN1’s latest agreements on new measurements for SL positioning [2].
RAN1 updated the definition of reference timing for SL-PRS-based RTOA measurement as shown below. Similar to UL RTOA in Uu, the SL-PRS-based RTOA measurement is the difference between the subframe start time derived from the received positioning RS and the reference time. Note that both components will be subject to receiver error and both will impact the measurement accuracy. 

Agreement (RAN1#112bis)
· 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



In Rel-16 RAN4 did not define measurement accuracy requirements for UL RTOA due to the difficulty of modeling timing error(s) associated with acquiring the reference time at each receiver. The same issue applies to SL RTOA and, if requirements are to be defined for SL RTOA, RAN4 needs to discuss how to address it.

Proposal 1: RAN4 to discuss whether and how to define absolute accuracy requirements for SL-PRS-based RTOA measurements, taking into account timing uncertainty in acquiring the RTOA Reference Time (T0). 
For SL RTT-like positioning, RAN1 is still working on the definition of the Rx-Tx measurement. RAN4 needs to wait for further progress in RAN1.

Agreement (RAN1#112bis)
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



Observation 2: RAN1 has not yet finalized the definition of SL-PRS-based Rx-Tx measurement.
The next RAN1 agreement contains the measurement definition for SL RSTD. It is equivalent to the definition of RSTD for Uu positioning. However, the physical reference point is not yet specified in the definition.
Agreement (RAN1#112bis)
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


Observation 3: RAN1 has not yet finalized the definition of SL-PRS-based SL RSTD measurement.


RAN1 has also agreed that first path and additional path reporting is supported for several SL positioning measurements.
Agreement (RAN1#112bis)
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.



Observation 4: Reporting of measurements for first path and additional paths is supported for SL-PRS-based RSTD, Rx-Tx difference, RTOA, AoA and RSRPP.
RAN1 has reached the following agreement on the definition of SL AoA measurements.
Agreement (RAN1#112bis)
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.


Observation 5: RAN1 has completed the definition of SL-PRS-based AoA measurement.
The existing UL AoA measurement report mapping features an angular resolution of 0.1 degrees. This should be sufficient for SL positioning use cases.
Proposal 2: Reuse the UL AoA measurement report mapping in 38.133 for SL AoA measurements.


 Core requirements
In this section we provide our views on how to define core requirements for SL positioning measurements based on the current status in RAN1.
RAN4 previously agreed that SL PRS-based measurements are performed without measurement gaps [1]. Our assumption is that RAN1 will define priority rules to resolve conflicts between SL PRS and other SL signals that may be present at the same time in the air interface. RAN4 should wait for further progress in RAN1 before starting to work on the detailed requirements for SL PRS-based measurements.
Issue 1-1-6: Applicable gap condition
Agreements:
· RAN4 to define the requirements for SL-PRS based measurement without measurement gap. 


Observation 6: RAN1 has yet to define prioritization rules of SL PRS vs. other sidelink signals.

Issue 1-2-2: How to define the measurement period requirements
< Way forward >
· Option 1: 
· RAN4 waits for more RAN1/2 progress before discussing exact SL PRS measurement period requirements. 
· Option 2: 
· RAN4 prioritizes measurement period requirements for SL-PRS-RSRP and further discuss whether the measurement period requirements for other SL PRS-based measurements are different from that for SL-PRS-RSRP.
· Option 3: 
· For the measurement requirements for SL positioning, the R17 PRS measurement requirements can be the baseline taking the following possible differences into account: 
· UE processing capability
· Number of samples
· Number of Rx beams
· Gap sharing with Uu positioning and/or RRM measurement


Regarding the measurement period requirement, our view is that RAN4 should aim to develop a measurement period formulation that can be easily leveraged across all the SL positioning measurements. Minor modifications may be applied to the requirement for some measurements, if needed. Applicability conditions can also be tailored to each measurement. To that end, we agree that it is reasonable for RAN4 to develop the requirement for one of the measurements first as baseline, and then further discuss potential modifications that may be required to apply it to other measurements. However, instead of using SL PRS-RSRP as the reference to develop the measurement period requirement, we suggest using one of the primary SL positioning measurements, e.g. SL RTT.
Proposal 3: Develop the measurement period requirement for SL RTT as the baseline and further discuss any potential modifications required to apply the requirement to other SL positioning measurements.
Overall, we think that further progress in RAN1 is needed before RAN4 can discuss detailed measurement period requirements for SL positioning.
Proposal 4: RAN4 waits for more RAN1/2 progress before discussing exact SL PRS measurement period requirements.
RAN1 has agreed to support SL PRS transmission with and without periodic reservation. In the latter scenario, SL PRS could be transmitted once. That means that UEs could get only one (or few) opportunities to measure a SL PRS resource from a source. Also, in SL positioning we expect low-latency measurements may be desired in many cases. RAN4 should defined requirements at least for single-sample measurements.
Agreement (RAN1#112)
For SL-PRS transmission, at least support the following
· SL-PRS transmissions with periodic reservation: SL-PRS transmissions which are being reserved with a similar mechanism as the SL periodic resource reservation for another TB in legacy SL communication 
· FFS: whether/what changes are needed
· SL-PRS transmissions without periodic reservation: SL-PRS transmissions in which the SL-PRS is transmitted at least once without periodic reservation, with a similar mechanism as in legacy SL communication with SL resource without periodic reservation.
· FFS: Maximum number of reservations and transmissions after triggering


Proposal 5: RAN4 to define requirements for SL PRS measurements assuming one sample (N_sample = 1). FFS whether to define requirements for N_sample > 1.
Regarding the applicable carrier bandwidth for requirements, we propose extending the below agreement to include 100 MHz.
Issue 1-1-2: Applicable CBW and SCS
Agreements:
· Specify RRM requirement for sidelink positioning up to 40MHz CBW and all supported SCS for sidelink for FR1.
· FFS for support of larger CBW for up to 100 MHz


Proposal 6: Define SL positioning requirements for CBW = 100 MHz for SL in Rel-18.


RAN4 also started discussing potential impact of timing errors on SL positioning measurements. It was agreed that the impact of UE timing errors will be discussed by RAN4. While it is reasonable to discuss potential impact of UE timing errors on core and accuracy requirements for SL positioning, we do not think the RAN4 scope in this WI includes specifying UL timing accuracy enhancements. We support reusing the existing requirements. 
Issue 1-4-1: Timing error limit requirements
Agreements:
· RAN4 to discuss the impact of UE timing error requirements on the sidelink positioning measurement period and accuracy requirements. 
< Way forward >
· Option 1: 
· RAN4 needs to specify a more stringent timing error limit requirement for SL positioning. 
· Can be necessary the anchor UE’s transmission time error requirement. (e.g. less than 10 nsec which equates to about 3m distance offset)
· Option 2: 
· RAN4 can reuse current Te requirements in order to define the performance requirements. In parallel RAN4 could check feasibility for improved Te requirements.
· Option 3: 
· Reuse the existing Te requirements for SL positioning in Rel-18.
· Option 4: 
· Other options are not precluded.


Proposal 7: Reuse the existing Te requirements for SL positioning in Rel-18.

Issue 1-4-2: Transmission time adjustment
< Way forward >
· Option 1: 
· RAN4 needs to specify transmission time adjustment with high granularity requirement for SL positioning. 
· Option 2:
· No new requirements related to transmit timing adjustment for SL positioning.


Proposal 8: No new requirements related to transmit timing adjustment for SL positioning.


On the question of whether and how to account for SL-DRX in the measurement period requirement, our view is that it is reasonable to prioritize defining requirements for non-DRX.
Issue 1-5-1: Impact of SL-DRX
< Way forward >
· Option 1: 
· RAN4 to prioritize non-DRX case for the measurement period for SL PRS-based measurements. 
· Option 2: 
· RAN4 to discuss whether the measurement period for SL PRS-based measurements is impacted by the SL-DRX cycle length.


Proposal 9: Prioritize defining the measurement period requirement for non-DRX (or wait for RAN1 progress).
Simulation assumptions
RAN4 will have to start discussing simulation assumptions for sidelink positioning. The following aspects should be included in the assumptions:
1. Dimensions of the target area
2. Number, distribution, and mobility of UEs, including anchor UEs, within the target area 
3. Propagation conditions
4. SL carrier configuration (BW, SCS)
5. Tx/Rx antenna configuration
6. SL PRS configuration
7. Side conditions
8. Receiver sampling rate assumptions
As part of the simulation assumptions, RAN4 should agree on the SL PRS patterns to be simulated. In Rel-16/17 NR positioning, RAN4 evaluated measurement performance for fully staggered DL PRS. In our view, it is reasonable to prioritize simulations for fully staggered SL PRS as well.
Proposal 10: Prioritize fully staggered SL PRS patterns in RAN4 simulations.
Proposal 11: Simulate SL positioning performance in AWGN. FFS other propagation channels. 
Proposal 12: Assume 1Tx/2Rx antenna configuration for SL positioning simulations.
Proposal 13: Simulate PRS BW = 10 MHz, 20 MHz, 40 MHz, and 100 MHz and SCS = 15kHz, 30kHz, 60kHz for SL positioning simulations.
Proposal 14: Assume CBW equal to the PRS BW.
Proposal 15: Reuse the sampling rate assumptions from NR positioning based on PRS BW.


Conclusions
Observation 1: RAN1 has yet to complete the definition of the reference signal for SL positioning.
Proposal 1: RAN4 to discuss whether and how to define absolute accuracy requirements for SL-PRS-based RTOA measurements, taking into account timing uncertainty in acquiring the RTOA Reference Time (T0). 
Observation 2: RAN1 has not yet finalized the definition of SL-PRS-based Rx-Tx measurement.
Observation 3: RAN1 has not yet finalized the definition of SL-PRS-based SL RSTD measurement.
Observation 4: Reporting of measurements for first path and additional paths is supported for SL-PRS-based RSTD, Rx-Tx difference, RTOA, AoA and RSRPP.
Observation 5: RAN1 has completed the definition of SL-PRS-based AoA measurement.
Proposal 2: Reuse the UL AoA measurement report mapping in 38.133 for SL AoA measurements.
Observation 6: RAN1 has yet to define prioritization rules of SL PRS vs. other sidelink signals.
Proposal 3: Develop the measurement period requirement for SL RTT as the baseline and further discuss any potential modifications required to apply the requirement to other SL positioning measurements.
Proposal 4: RAN4 waits for more RAN1/2 progress before discussing exact SL PRS measurement period requirements.
Proposal 5: RAN4 to define requirements for SL PRS measurements assuming one sample (N_sample = 1). FFS whether to define requirements for N_sample > 1.
Proposal 6: Define SL positioning requirements for CBW = 100 MHz for SL in Rel-18.
Proposal 7: Reuse the existing Te requirements for SL positioning in Rel-18.
Proposal 8: No new requirements related to transmit timing adjustment for SL positioning.
Proposal 9: Prioritize defining the measurement period requirement for non-DRX (or wait for RAN1 progress).
Proposal 10: Prioritize fully staggered SL PRS patterns in RAN4 simulations.
Proposal 11: Simulate SL positioning performance in AWGN. FFS other propagation channels. 
Proposal 12: Assume 1Tx/2Rx antenna configuration for SL positioning simulations.
Proposal 13: Simulate PRS BW = 10 MHz, 20 MHz, 40 MHz, and 100 MHz and SCS = 15kHz, 30kHz, 60kHz for SL positioning simulations.
Proposal 14: Assume CBW equal to the PRS BW.
Proposal 15: Reuse the sampling rate assumptions from NR positioning based on PRS BW.
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