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1. Introduction
The following agreements on the measurements and reporting for SL positioning were made in RAN1#113 meeting.
	Agreement
For definition of SL-PRS based Rx-Tx measurement, the actual SL-PRS transmission time is used for the definition of SL-PRS based Rx-Tx time difference measurement if the UE optionally reports the Tx time information, otherwise use the Rel-16/17 definition for gNB Rx-Tx time difference/UE Rx-Tx time difference in Uu.
· FFS: details of the Tx time information
· FFS: whether additionally the network or LMF can request the UE to report the Tx time information
· Note: the value of Rx-Tx measurement is within [-0.5 0.5] ms

Agreement
For provision of assistance information for sidelink positioning, the ARP location information can be provided to LMF or UE.
· FFS: which UEs can receive the location information (note: which may be decided by other WGs)
· FFS: details on the location information, e.g., relative location information 
· Note: different ARPs have their own location information

Agreement
For per ARP measurement
· The ARP ID of an ARP used for reception can be reported along with SL positioning measurement in measurement report.The ARP ID is used to uniquely identify an ARP associated with a UE
· FFS: UE can indicate whether different ARPs for Rx and Tx are used for UE Rx-Tx time difference, if the UE optionally reports the Tx time information
· FFS: ARP ID of an ARP used for transmission, and details if supported

Agreement
Support at least the following mechanism to mitigate the impact of synchronization errors between anchor UEs for SL-TDoA based measurement
· Exchange of synchronization information of anchor UEs between a UE and LMF or another UE. 
· FFS detailed synchronization information. E.g: synchronization source, relative time difference (RTD), synchronization quality information 
· FFS other mechanisms

Agreement
Location information of the target UE based on sidelink positioning measurements can be reported at least to LMF.
· FFS: on whether quality information of location is included, e.g., uncertainty etc
· Up to other WGs to determine whether location information of the target UE can be reported to another UE
· Up to RAN2 for signaling details
· FFS: whether and how to report per ARP location information.

Agreement
For definition of SL-PRS based RSRP measurement in frequency range 2
· SL PRS-RSRP shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch.
· If receiver diversity is in use by the UE, the reported SL PRS-RSRP value shall not be lower than the corresponding SL PRS-RSRP of any of the individual receiver branches.
For definition of SL-PRS based RSRPP measurement in frequency range 2
· SL PRS-RSRPP shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch.
· If receiver diversity is in use by the UE, the reported SL PRS-RSRPP value shall not be lower than the corresponding SL PRS-RSRPP of any of the individual receiver branches.

Agreement
Support reporting parameters needed for converting LCS to GCS in a similar way as in TS 38.455. 
· The translation of the LCS to GCS uses the set of angles  (bearing angle),  (downtilt angle),   (slant angle), which can be reported together with the AoA (ϕ) and ZoA (θ) in LCS.

Agreement
For provision of assistance information for SL AoA measurement, expected SL-AoA value and uncertainty range can be provided to measuring UE.
· No specification impact on how to set the uncertainty range
· From RAN1 perspective, no performance requirements are expected to be defined for the uncertainty range in Rel-18

Agreement
A time stamp associated to each SL positioning measurement within the report includes at least the followings:
· SFN, slot number, and optionally including nr-PhysCellID, nr-ARFCN, nr-CellGlobalID
· FFS if at least one of nr-PhysCellID, nr-ARFCN, nr-CellGlobalID is always included
· Or DFN and slot number
· FFS: sidelink synchronization identity
FFS: SL-PRS resource ID is included within the measurement report
FFS: symbol number

Agreement
When GNSS is used for synchronization reference, DFN Initialisation Time is defined based on Tref and OffsetDFN defined for sidelink communications (Subclause 5.8.12 in 38.331).

Agreement
For SL-PRS based RSTD measurement report, the reference UE information is included in measurement reporting.
· FFS: details of the reference UE information



In this contribution, we discuss the solutions for SL positioning measurement and reporting.
2. SL positioning measurement & report
	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


Though SFN0 can be commonly used by the anchor UEs, the exact timing of SFN0 can be different among the anchor UEs. This is because the SSB timing received by the anchor UE is delayed by the distance between the anchor UE and gNB/eNB. To make the exactly aligned common timing between the anchor UEs, it is necessary to apply the timing advance (TA) that is used for UL transmission by the anchor UE. If SFN0 timing received by the anchor UE is advanced by TA/2, the resultant timing is identical to SFN0 timing of gNB/eNB. This timing can be used for T0
The same mechanism can also be applied for tSL-PRS. That is, the timing of SFN and the subframe number of the SL PRS can be advanced by TA/2 so that they are common to all the anchor UEs. With these timing advance of SFN and the subframe number timing, all the anchor UEs come to have a synchronized reception timing reference. This operation can be supported by (pre-)configuration at least for the RRC connected UE.
If the anchor UEs are directly synchronized to GNSS, the timing difference between the anchor UEs are relatively small compare to the case where the anchor UEs are directly synchronized to gNB/eNB. This is because GNSS is much far from the anchor UEs than gNB/eNB, the distance difference between GNSS and the anchor UE will be very small among the different anchor UEs. In this case, T0 and tSL-PRS are DFN0 and DFN/subframe number, which are derived based on the GNSS timing.
Proposal 1: It is supported that the timing of SFN0/SFN for RTOA reference timing is determined by advancing DL SFN0/SFN with TA/2 when the UE is directly synchronized to gNB/eNB and in connected state.
If such a change of the SL synchronization source is caused by UE mobility, it’s more than the issue of reporting the actual SL PRS transmission time. If UE1 or UE2 moves after SL PRS transmission or reception from the location A to the location B, the distance between two UEs changes. As a result, the positioning accuracy of SL RTT will be severely degraded. This issue was pointed out in our companion contribution [1]. If this issue needs to be resolved, the only solution is to report the displacement between SL PRS reception and transmission. This issue is valid regardless of the change of SL synchronization source.
Proposal 2: For SL Rx-Tx time difference measurement, the distance and direction by UE movement between SL PRS transmission and reception timing is reported.
The mobility issue discussed in SL RTT also applies to SL TDOA. If SL PRSs from two anchor UEs are transmitted in different timings, there is possibility that the anchor UEs or a target UE can move during the interval between those different timings. This for sure degrades the positioning accuracy and needs to be compensated. The similar solution for SL RTT can be used for SL TDOA to overcome UE’s mobility.
Proposal 3: For SL RSTD measurement, the distance and direction by UE movement between two SL PRS reception timings is reported.
	Agreement
A time stamp associated to each SL positioning measurement within the report includes at least the followings:
· SFN, slot number, and optionally including nr-PhysCellID, nr-ARFCN, nr-CellGlobalID
· FFS if at least one of nr-PhysCellID, nr-ARFCN, nr-CellGlobalID is always included
· Or DFN and slot number
· FFS: sidelink synchronization identity
FFS: SL-PRS resource ID is included within the measurement report
FFS: symbol number


There were discussions whether SL PRS resource ID or symbol number is additionally included in the time stamp. As there can be multiple TDM durations within a slot, it is necessary to include SL PRS resource ID or symbol number of the received SL PRS. We don’t think SL PRS resource ID or symbol number is necessary because the channel propagation delay is shorter than CP length so the received timing already identifies which SL PRS resource or equivalently which symbol is used for SL PRS resource.
Proposal 4: No additional timing information other than SFN and slot number is included in time stamp.
	Agreement
For per ARP measurement
· The ARP ID of an ARP used for reception can be reported along with SL positioning measurement in measurement report.The ARP ID is used to uniquely identify an ARP associated with a UE
· FFS: UE can indicate whether different ARPs for Rx and Tx are used for UE Rx-Tx time difference, if the UE optionally reports the Tx time information
· FFS: ARP ID of an ARP used for transmission, and details if supported


For per ARP measurement, there were discussions in the last meeting whether or not ARP ID used by TX UE needs to be included together with ARP ID used by RX UE in Rx-Tx time difference measurement report. For SL RTT, it is apparent that the same pair of ARP IDs between TX UE and RX UE should be used for SL PRS transmission and reception. Otherwise, the SL positioning error is caused by the distance difference between different ARPs having different location.
The information of ARP ID of TX UE is also required for SL TDOA based SL positioning. The exact location of the target UE is calculated based on the location information of the anchor UEs, which is determined by ARP ID of the anchor UE used for SL PRS transmission. As a natural consequence, ARP ID of TX UE should be included in the measurement report.
Proposal 5: ARP ID used by TX UE for SL PRS transmission is included by RX UE’s measurement report.
There was FFS point on whether or not to allow that different ARPs of a UE can be used for RX and TX of SL PRS in Rx-Tx time difference measurement. The use of different ARPs of a UE in Rx and Tx of SL PRS causes Rx-Tx time difference measurement error. Therefore the same ARP should be used for RX and Tx of SL PRS in SL RTT.
Proposal 6: For Rx-Tx time difference measurement, same ARP ID of a UE is used for both Rx and Tx of SL PRS.
	Agreement
For SL-PRS based RSTD measurement report, the reference UE information is included in measurement reporting.
· FFS: details of the reference UE information


There was agreement that the reference UE information is included in RSTD measurement report with FFS on details. One possible solution may be to include L2 source ID of the reference UE in RSTD measurement report. However, L2 source ID is unique only between UEs performing unicast transmission. If RSTD measurement report is report to LMF or server UE, L2 source ID cannot be used to identify the reference UE information.
In this regard, we think that the necessary information about the reference UE is the information about SL PRS resource transmitted by the reference UE. This helps e.g. LMF or server UE to confirm the same reference SL PRS resource is used in multiple RSTD measurement reports for SL TDOA based positioning. For this purpose, the time stamp and SL PRS resource ID of the received reference SL PRS resource needs to be reported. The combination of the time stamp and SL PRS resource ID uniquely identifies SL PRS resource transmitted by the reference UE. Otherwise, there can be ambiguity in identifying the reference SL PRS resource.
For example, let’s consider the case when two TDM durations within a slot is (pre-)configured in a resource pool, and UE receives two SL PRS resources for RSTD measurement. With RSTD measurement and the time stamp of the reference SL PRS resource, it is impossible to differentiate between the case#1 where each SL PRS is received at the first TDM duration of each slot, and the case#2 where each SL PRS is received at the second TDM duration of each slot. Such differentiation is important for ensuring the same SL PRS resource as a reference is used among multiple RSTD measurements.
Proposal 7: In SL RSTD measurement report, the time stamp and SL PRS resource ID of the reference SL PRS transmitted by the reference UE is included.
For SL RTT, there is agreement that if UE’s sync timing changes between reception and transmission of SL PRS, Rx-Tx time measurement is based on the actual SL PRS transmission timing. This was to mitigate the impact of UE’s sync timing changes due to e.g. UE mobility. The same situation is also valid for SL RSTD and SL RTOA measurement. If the target UE receives two SL PRS resources with a time gap, and if the target UE’s sync timing changes within the time gap due to e.g. UE mobility, then the impact of such sync timing change to RSTD measurement accuracy needs to be mitigated. For this purpose, we propose that the target UE includes the sync timing offset between two SL PRS receptions in RSTD measurement report.
Proposal 8: In SL RSTD measurement report, UE’s sync timing offset between SL PRS and the reference SL PRS reception is included.
Considering all the aspects discussed above, the resultant SL RSTD measurement report fields are listed in the following proposal.
Proposal 9: SL RSTD measurement report includes at least the followings.
· Time stamp of the reference SL PRS resource
· Reference SL PRS resource ID
· ARP ID used by the reference UE for the reference SL PRS transmission
· Time stamp of SL PRS resource
· ARP ID used by the anchor UE for SL PRS transmission
· Measured RSTD
· Expected RSTD and uncertainty
· ARP ID used by the target UE for reception of both SL PRS and reference SL PRS
· Target UE’s sync timing offset between receptions of SL PRS and reference SL PRS
RTOA reference time is determined based on the SL synchronization source. That is, SFN and subframe number are used when gNB/eNB is selected as SL synchronization source of the anchor UE. If GNSS is selected as SL synchronization source of the anchor UE, DFN and subframe number are used for defining RTOA reference time. It is beneficial to include the SL synchronization source in the SL RTOA measurement report. For example, if UE’s synchronization source is gNB/eNB, the reported RTOA reference timing is assumed to be advanced by T0/2, as discussed earlier.
Proposal 10: SL RTOA measurement report includes at least the followings.
· SL synchronization source
· Time stamp of SL PRS resource
· ARP ID used by the target UE for SL PRS transmission
· Measured RTOA
· Expected RTOA and uncertainty
· ARP ID used by the anchor UE for SL PRS reception
	Agreement
For definition of SL-PRS based Rx-Tx measurement, the actual SL-PRS transmission time is used for the definition of SL-PRS based Rx-Tx time difference measurement if the UE optionally reports the Tx time information, otherwise use the Rel-16/17 definition for gNB Rx-Tx time difference/UE Rx-Tx time difference in Uu.
· FFS: details of the Tx time information
· FFS: whether additionally the network or LMF can request the UE to report the Tx time information
· Note: the value of Rx-Tx measurement is within [-0.5 0.5] ms

Agreement
A time stamp associated to each SL positioning measurement within the report includes at least the followings:
· SFN, slot number, and optionally including nr-PhysCellID, nr-ARFCN, nr-CellGlobalID
· FFS if at least one of nr-PhysCellID, nr-ARFCN, nr-CellGlobalID is always included
· Or DFN and slot number
· FFS: sidelink synchronization identity
FFS: SL-PRS resource ID is included within the measurement report
FFS: symbol number


In the above agreement for SL RTT, there was FFS point on the details of the TX time information when the actual SL PRS transmission time is used for Rx-Tx time difference measurement. As we already have an agreement on the time stamp on SL positioning measurement, we think that the time stamp of the transmitted SL PRS can be used for Tx time information to be included in Rx-Tx time difference measurement.
Proposal 11: Time stamp of the transmitted SL PRS is used as TX time information in Rx-Tx time difference measurement report.
In the above agreement, let’s assume that UE1 transmits SL PRS1 to UE2, and then UE2 transmit SL PRS2 to UE1 for SL RTT. When UE2’s synchronization timing changes after receiving SL PRS1 and before transmitting SL PRS2, UE2 should additionally report Tx time information of SL PRS2. One point is that the Tx time information should be sent to UE1 so that UE1 can determine the received SL PRS needed for Rx-Tx time difference when UE2 transmits multiple SL PRSs to UE1. It should be done even when UE1 is not the entity (i.e. server UE) calculating the distance between UE1 and UE2.
Proposal 12: For SL Rx-Tx time difference measurement, UE2 transmitting SL PRS should send the SL PRS Tx time information to UE1 receiving the SL PRS, if UE2’s sync timing changes between Rx and Tx of SL PRS.
If UE2 receives SL PRS Tx time information from UE1, UE2 should use the actual SL PRS reception time for Rx-Tx time difference correspondingly. The reason is same as for using actual SL PRS transmission time case. As the Rel-16/17 definition for gNB Rx-Tx time difference/UE Rx-Tx time difference in Uu will not work in this timing change case.
Proposal 13: For SL Rx-Tx time difference measurement, if UE1 receives SL PRS Tx time information from UE2, UE1 should use the actual SL PRS reception time for Rx-Tx time difference measurement.
Considering the optional Tx time information and ARP ID information, the resultant SL single-sided RTT measurement report fields are listed in the following proposal.
Proposal 14: SL single-sided RTT measurement report includes at least the followings.
· Time stamp of the received SL PRS resource
· ARP ID used by peer UE for SL PRS transmission
· ARP ID used by UE for SL PRS reception
· Time stamp of the transmitted SL PRS resource
· Measured RX-TX time difference
· Expected RX-TX time difference and uncertainty
	Agreement
For SL-PRS based Rx-Tx measurement for double sided RTT, consider sidelink PRS transmission without order restriction between multiple rounds of PRS transmission of involved UEs. 
· FFS on how to differentiate different PRS transmissions for sidelink PRS Rx-Tx measurement and report
· FFS on impact of Scheme 2 resource allocation when the different orders in double sided RTT is considered and whether and how to minimize number of different orders
· Aspects related to scheme 2 resource allocation are to be discussed in agenda 9.5.1.3


There were FFS points regarding the details of double-sided SL RTT without SL PRS transmission order restriction. The possible issue of double-side RTT for SL positioning is the fixed order of SL PRS transmissions (e.g. UE1 to UE2, then UE2 to UE1 followed by again UE1 to UE2). This fixed order makes the SL PRS resource allocation inflexible from the resource utilization point of view. Especially when UE determines the SL resources for SL PRS transmission, such an order may reduce the possible combinations of the available resources and enlarge the latency due to inflexible resource selection. Instead, more flexible order can be used to remove the issues discussed above.
For example, the only rule to be satisfied can be the asymmetric number of SL PRS transmissions between UEs. Either UE1 or UE2 can transmits two SL PRSs while the other UE transmits only one SL PRS. The order of the SL PRS transmissions are not fixed, so the SL PRS resources can be selected more flexibly considering the SL transmission channel status and the delay requirement. The example of SL PRS transmission order of the modified double-sided RTT are depicted in Figure 2 and Figure 3 while the original SL PRS transmission order is in Figure 1. This flexible way of SL PRS transmission for double-side RTT should keep the benefit of insensitivity to the clock offset, which is provided by the original double-side RTT.
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[bookmark: _Ref115340606]Figure 1 SL PRS transmission of double-sided RTT (type-1)
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[bookmark: _Ref115340571]Figure 2 SL PRS transmission of the modified double-sided RTT (type-2)
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[bookmark: _Ref115340593]Figure 3 SL PRS transmission of the modified double-sided RTT (type-3)
We have simulated the three types of SL RTT shown in Figure 1 to Figure 3, to see whether there is any performance impact on robustness to the clock frequency offset depending on the order of SL PRS transmission. Figure 4 shows the positioning errors of the three type of SL RTT are almost identical and negligible. Therefore, the order of SL PRS transmissions can be changed without performance loss according to the channel state or UE transmission condition.
[image: ]
[bookmark: _Ref127532234]Figure 4 Performance of SL RTT with different SL PRS transmission order
Observation 1: The order of three SL PRS transmissions for the double-side RTT can be changed without any performance degradation.
Proposal 15: Double-sided SL RTT without SL PRS transmission order restriction is supported.
There are 2 types of double-sided(DS) SL RTT methods. The type 1 is the case where UE1 is a target UE and UE2 is an anchor UE in Figure 1 to Figure 3. In this type, a target UE transmits SL PRS two times while an anchor UE transmits SL PRS one time. The type 2 is the case where UE2 is a target UE and UE2 is an anchor UE in Figure 1 to Figure 3. In this type, a target UE transmits SL PRS one time while an anchor UE transmits SL PRS two times. Considering the network-based DS SL RTT operation, there is no signaling overhead difference between two types of DS SL RTT methods.
Observation 2: There are 2 types of double-sided SL RTT methods. In Type 1, a target UE transmits SL PRS two times while an anchor UE one time. In Type 2, an anchor UE transmits SL PRS two times while a target UE one time.
Regarding the order of SL PRS transmission, there are 3 types of SL PRS transmission order set for each DS SL RTT method, as shown in Figure 1 to Figure 3. For example of the type-1 DS SL RTT method, in type 1 SL PRS transmission order, the target UE and the anchor UE transmits and receives in turn, as shown in Figure 1. In type 2, the target UE first transmits SL PRS two times, then receives SL PRS one time from the anchor UE, as shown in Figure 2. In type 3, the target UE first transmits SL PRS one time, then receives SL PRS two times from the anchor UE, as shown in Figure 3.
Observation 3: There are 3 types of SL PRS transmission orders for each type of double-sided SL RTT method.
Observation 4: For LMF-based SL positioning, there is no difference in signaling overhead among the types of double-side SL RTT method and SL PRS transmission order set.
Those two kinds of type information – one for DS SL RTT method, and the other for SL PRS transmission order set – needs to be reported to the location calculation entity, so that it calculates the location with the proper set of SL PRS transmission resources.
Proposal 16: The measurement report of double-sided SL RTT includes the information on which type of double-sided SL RTT methods and which type of SL PRS transmission order are used.
Proposal 17: SL double-sided RTT measurement report includes at least the followings.
· Type of double-sided SL RTT method
· Type of SL PRS transmission order
· Time stamp of the received SL PRS resource #1
· If two SL PRS resources are received
· Time stamp of the received SL PRS resource #2
· ARP ID used by the peer UE for SL PRS transmission
· ARP ID used by UE for SL PRS reception
· Time stamp of the transmitted SL PRS resource #1
· If two SL PRS resources are transmitted
· Time stamp of the transmitted SL PRS resource #2
· Measured RX-TX time difference #1
· Expected RX-TX time difference #1 and uncertainty
· Measured RX-TX time difference #2
· Expected RX-TX time difference #2 and uncertainty
	FL proposal 3.1.3-v1: 
For SL-PRS based Rx-Tx measurement, support the functionality of SL Rx-Tx measurement not being reported but the SL-PRS transmission time being adjusted based on the measurement.


In RAN1#112bis-e meeting, there were discussions on whether or not to support the report-free RTT based SL positioning. It is actually not a ‘report-free’ operation, but another type of reporting, which does not require the conventional measurement report.
Major concern was the interference problem caused by arbitrarily adjusting SL PRS transmission timing to maintain the fixed Rx-Tx time difference so as not to report the measurement. There was an argument that the cyclic shifting of SL PRS in time domain does not require SL PRS transmission timing adjustment, so there would be no interference issue. Though the solution may not cause the interference problem, it has another issue of insufficiency in maintaining the fixed of Rx-Tx time difference. The reason is that the received SL PRS timing can be in-between the time domain samples, but the cyclic shift resolution should be based on the time-domain sample interval. As a result, the resultant cyclic shift of SL PRS in time domain will not accurately represent the real timing of the received SL PRS.
One possible solution would be adjust the timing by the phase rotation in frequency domain. The time domain shift is equivalent to the phase rotation in frequency domain. One practical difference is that the phase rotation can provide better resolution of the timing adjustment than the cyclic shift in time domain. The phase rotation is not restricted by the sample interval in time domain. Therefore, the phase-rotation based SL RTT provides a benefit of removing the measurement report transmission, without any loss of SL positioning accuracy.
Proposal 18: SL PRS phase-rotation based SL RTT is supported.
At least for SL TDOA positioning, the synchronization between anchor UEs of the SL positioning group is important for high accuracy positioning. Especially the synchronization between anchor UEs significantly affects the SL positioning performance. As one of the solution for the synchronization, anchor UEs that performs SL positioning needs to perform the SL synchronization procedure based on S-SSB, which is defined for SL communication. As any UE can possibly become anchor UE in SL positioning, every UE performing SL positioning should follow the synchronization procedure based on S-SSB. Or at least if UE joins a SL positioning group as anchor UE for SL TDOA, the UE should follow the synchronization procedure based on S-SSB.
Proposal 19: SL synchronization procedure is performed by the UE that performs SL positioning.
	Agreement
Support at least the following mechanism to mitigate the impact of synchronization errors between anchor UEs for SL-TDoA based measurement
· Exchange of synchronization information of anchor UEs between a UE and LMF or another UE. 
· FFS detailed synchronization information. E.g: synchronization source, relative time difference (RTD), synchronization quality information 
· FFS other mechanisms


There was agreement in RAN1#113 meeting that the synchronization information exchange is supported to mitigate the impact of synchronization error between anchor UEs. One of the candidate synchronization information is the relative time difference (RTD) between anchor UEs. We are not sure how RTD can be calculated between the anchor UEs because the anchor UEs do not know the timing of other anchor UE.
One of the solution to mitigate the synchronization error as other mechanisms in FFS point is that the anchor UE reports Rx-Tx time difference to the target UE. In this case, Rx time is the receive time of SL PRS transmitted by other anchor UE, and Tx time is the transmit time of SL PRS transmitted by the anchor UE that transmits SL PRS. Such information can be used for the target UE to perfectly remove any timing offset between anchor UEs in RSTD measurement. The details can be found in our proposal for RAN1#113 meeting [1]
Proposal 20: To mitigate the impact of sync errors between anchor UEs for SL TDOA, it is supported that RX-TX time difference measured by the anchor UE is reported to the target UE.
3. Conclusions
In this contribution, the solutions for SL positioning measurement and reporting were discussed. The following proposals were made as a conclusion.
Proposal 1: It is supported that the timing of SFN0/SFN for RTOA reference timing is determined by advancing DL SFN0/SFN with TA/2 when the UE is directly synchronized to gNB/eNB and in connected state.
Proposal 2: For SL Rx-Tx time difference measurement, the distance and direction by UE movement between SL PRS transmission and reception timing is reported.
Proposal 3: For SL RSTD measurement, the distance and direction by UE movement between two SL PRS reception timings is reported.
Proposal 4: No additional timing information other than SFN and slot number is included in time stamp.
Proposal 5: ARP ID used by TX UE for SL PRS transmission is included by RX UE’s measurement report.
Proposal 6: For Rx-Tx time difference measurement, same ARP ID of a UE is used for both Rx and Tx of SL PRS.
Proposal 7: In SL RSTD measurement report, the time stamp and SL PRS resource ID of the reference SL PRS transmitted by the reference UE is included.
Proposal 8: In SL RSTD measurement report, UE’s sync timing offset between SL PRS and the reference SL PRS reception is included.
Proposal 9: SL RSTD measurement report includes at least the followings.
· Time stamp of the reference SL PRS resource
· Reference SL PRS resource ID
· ARP ID used by the reference UE for the reference SL PRS transmission
· Time stamp of SL PRS resource
· ARP ID used by the anchor UE for SL PRS transmission
· Measured RSTD
· Expected RSTD and uncertainty
· ARP ID used by the target UE for reception of both SL PRS and reference SL PRS
· Target UE’s sync timing offset between receptions of SL PRS and reference SL PRS
Proposal 10: SL RTOA measurement report includes at least the followings.
· SL synchronization source
· Time stamp of SL PRS resource
· ARP ID used by the target UE for SL PRS transmission
· Measured RTOA
· Expected RTOA and uncertainty
· ARP ID used by the anchor UE for SL PRS reception
Proposal 11: Time stamp of the transmitted SL PRS is used as TX time information in Rx-Tx time difference measurement report.
Proposal 12: For SL Rx-Tx time difference measurement, UE2 transmitting SL PRS should send the SL PRS Tx time information to UE1 receiving the SL PRS, if UE2’s sync timing changes between Rx and Tx of SL PRS.
Proposal 13: For SL Rx-Tx time difference measurement, if UE1 receives SL PRS Tx time information from UE2, UE1 should use the actual SL PRS reception time for Rx-Tx time difference measurement.
Proposal 14: SL single-sided RTT measurement report includes at least the followings.
· Time stamp of the received SL PRS resource
· ARP ID used by peer UE for SL PRS transmission
· ARP ID used by UE for SL PRS reception
· Time stamp of the transmitted SL PRS resource
· Measured RX-TX time difference
· Expected RX-TX time difference and uncertainty
Observation 1: The order of three SL PRS transmissions for the double-side RTT can be changed without any performance degradation.
Proposal 15: Double-sided SL RTT without SL PRS transmission order restriction is supported.
Observation 2: There are 2 types of double-sided SL RTT methods. In Type 1, a target UE transmits SL PRS two times while an anchor UE one time. In Type 2, an anchor UE transmits SL PRS two times while a target UE one time.
Observation 3: There are 3 types of SL PRS transmission orders for each type of double-sided SL RTT method.
Observation 4: For LMF-based SL positioning, there is no difference in signaling overhead among the types of double-side SL RTT method and SL PRS transmission order set.
Proposal 16: The measurement report of double-sided SL RTT includes the information on which type of double-sided SL RTT methods and which type of SL PRS transmission order are used.
Proposal 17: SL double-sided RTT measurement report includes at least the followings.
· Type of double-sided SL RTT method
· Type of SL PRS transmission order
· Time stamp of the received SL PRS resource #1
· If two SL PRS resources are received
· Time stamp of the received SL PRS resource #2
· ARP ID used by the peer UE for SL PRS transmission
· ARP ID used by UE for SL PRS reception
· Time stamp of the transmitted SL PRS resource #1
· If two SL PRS resources are transmitted
· Time stamp of the transmitted SL PRS resource #2
· Measured RX-TX time difference #1
· Expected RX-TX time difference #1 and uncertainty
· Measured RX-TX time difference #2
· Expected RX-TX time difference #2 and uncertainty
Proposal 18: SL PRS phase-rotation based SL RTT is supported.
Proposal 19: SL synchronization procedure is performed by the UE that performs SL positioning.
Proposal 20: To mitigate the impact of sync errors between anchor UEs for SL TDOA, it is supported that RX-TX time difference measured by the anchor UE is reported to the target UE.
4. References
[1] 3GPP R1-2305636 “Discussion on resource allocation for SL positioning reference signal,” LGE
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