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Introduction
In RAN1#112bis-e [1], we discussed the measurements and reporting for SL RTT-type, SL-AoA, SL-TDOA positioning methods. In this paper, we further provide our views on SL positioning measurement and reporting.

RTT-type methods using SL 
Measurements
Rx-Tx time difference has been adopted in the Uu interface for supporting multi-RTT positioning. It is natural to support Rx-Tx time difference for single-sided RTT. Moreover, double-sided RTT can be implemented based on single-sided RTT, which can also use the Rx-Tx time difference measurement.
In RAN1#112bis-e [1], definition of SL-PRS based Rx-Tx time difference measurement has been discussed and we have the following agreement.
	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



We think that Alt1 and Alt3 are the same in most cases. For the cases when they are different, which could be caused by synchronization change, etc. Alt.1 actually requires UE to track the timing change between SL-PRS Rx and SL-PRS Tx, which is not friendly to UE implementation. Besides, Alt1 may increase the positioning latency since the Rx-Tx measurement is always reported after an actual SL-PRS transmission. 
[bookmark: OLE_LINK77]Moreover, the measurement requesting and reporting procedures are more complicated for Alt1 compared to Alt3. For Alt3, the measurement of Rx-Tx time difference is based on the Rx timing of SL-PRS, it is convenient for UE A to request UE B to measure the SL-PRS resources that UE A transmits to UE B, and identify the SL-PRS resources that UE B used to generate the corresponding measurement with the help of timestamp of the measurement in the measurement report. However, the measurement in Alt1 is associated to both transmit SL-PRS and receive SL-PRS. In this case, when UE A transmits SL-PRS to UE B, UE A may require the measurement of this SL-PRS associated with an earlier and/or a later SL-PRS that UE B transmitted to UE A. To achieve this goal, UE A should send the indication of SL-PRS association information in the measurement request. Meanwhile, UE B should carry both the timestamps of transmit SL-PRS and receive SL-PRS in the measurement report. Therefore, we prefer Alt3.
Proposal 1: For definition of SL-PRS based Rx-Tx measurement, support
Alt3: based on the Rel-16/17 definition for gNB Rx-Tx time difference/UE Rx-Tx time difference in Uu.

Single-sided RTT and double-sided RTT
In RAN1#112bis-e [1], signaling to configure single-sided RTT and double-sided RTT has been discussed. 
	FL proposal 3.1.2-v2: 
· Support to use higher layer signaling to distinguish configure single-sided RTT and double-sided RTT in measurement request.  


There are still controversy over whether to introduce such signaling. Besides, we noticed that inter-UE SL-PRS transmission request has been discussed in resource allocation.
	Agreement
In Scheme 2, with regards to the triggering of SL-PRS,
· Support SL-PRS transmission triggering at the physical layer by the UE’s own higher layers
· Working assumption: Support UE-A to request UE-B to transmit SL-PRS via lower layer signaling sent by UE-A. 
· Up to UE-B’s own higher layers to transmit SL-PRS in response to the lower layer request from UE-A
· FFS: Lower layer signaling corresponds to SCI, MAC-CE, or SL-PRS


Based on the above discussions, there may be two ways to realize double-sided RTT. Alt.1, use higher layer signaling to configure double-sided RTT in the measurement request as in FL proposal 3.1.2-v2. Alt.2, UE-A transmit SL-PRS or request UE-B to transmit SL-PRS after two SL-PRS transmissions as in the working assumption. 
[bookmark: OLE_LINK3][bookmark: OLE_LINK5][bookmark: OLE_LINK34]Since the higher layer signaling configuration in Alt.1 is not able to flexibly adjust SL-PRS resources transmission, Alt.1 lacks flexibility, whereas the lower layer inter-UE SL-PRS transmission request for Alt.2 is able to achieve timely backward SL-PRS transmission. In addition, Alt.2 can achieve adaptive SL-PRS transmission according to the channel environment. When the channel is detected with a good condition, SL-PRS transmission can be reduced. When the channel is detected very poor, more SL-PRS transmissions can be requested. 
On the other hand, it is hard to make right decision to choose between SS-RTT and DS-RTT for Alt.1. As we know, the error introduced in SS-RTT is , which is proportional to the time interval of the two SL-PRS transmissions. For Alt.1, if SS-RTT is configured, after sensing and selection, the time interval between the two SL-PRS transmissions may be large, which could make the error of SS-RTT not satisfy the positioning requirement. However, if some assistance information (e.g., error information of clock crystal oscillator) has been provided for Alt.2, UE can estimate the error of SS-RTT after two SL-PRS transmissions and decide whether a third SL-PRS is needed, which further improve resource utilization efficiency.
Proposal 2: Do not support higher layer signaling to configure single-sided RTT and double-sided RTT.
Proposal 3: Support including error information of the clock crystal oscillator as assistance information in SLPP for adaptation between SS-RTT and DS-RTT.

Report-free RTT
[bookmark: OLE_LINK160][bookmark: OLE_LINK159]The positioning latency and signaling overhead can be reduced if Rx-Tx time difference is not reported in SL-RTT. To support such report-free RTT, the reply time should be known in advance. To achieve this goal, the transmission time of SL-PRS can be adjusted based on the actual time of reception of another SL-PRS, so that the reply time can be a fixed value. For example, in Figure 1, UE1 transmits SL-PRS1 to UE2 at time t1, UE2 would transmit SL-PRS2 to UE1 at time t2 according SL-PRS resource allocation procedure. When UE2 obtains the exact time of reception t3 after measuring SL-PRS1, UE2 can adjust the actual transmission time of SL-PRS2 to t4 = t2+ (t3-t1). Hence, the reply time of UE2 is t4-t3 = t2-t1. Since t1 and t2 are known at UE1, UE1 can calculate the time of flight without measurement report from UE2. The timing adjustment is t3-t1, which is usually 10~100ns level and much shorter than cyclic prefix. Hence, the introduced interference caused by the timing adjustment is negligible. 



UE1
UE2




-


[bookmark: _Ref126604860]Figure 1: Example of report free RTT method

Proposal 4: Support report-free RTT based on adjusting the transmission time of SL-PRS.

 SL-TDOA
General procedures
[bookmark: OLE_LINK52]In RAN1#112bis-e [1], we have discussed synchronization problem for SL-TDOA.
	FL proposal 3.2.2-v3: 
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 anchor UE and target/server UE/ LMF
· FFS detailed synchronization information. E.g: synchronization source, synchronization error, [SFN/DFN Initialisation Time]
· No changes are introduced to sidelink synchronization procedure
· FFS other mechanisms


[bookmark: OLE_LINK23]Overall, there are two ways to solve the synchronization problem.
One way is to check whether a UE’s synchronization performance satisfy the positioning requirement when choosing a UE to participate in SL-TDOA positioning. The key to achieve this is to acquire the assistant information of the UE’s synchronization performance. In sidelink communication, multiple synchronization source types can be used for different UEs such as: GNSS, gNB, UE (UE synchronized to GNSS, UE synchronized to gNB, standalone UE with its own local timing). Different synchronization sources will have different transmit timing, and even for the same type synchronization source, like gNB, different PLMN will have different timing setting. For sidelink positioning, the same timing is required. When a UE report the synchronization source type information to the target UE/LMF, the target UE/LMF can assess the range of the synchronization error and decide whether this UE can participate in the positioning. 
Observation 1: Indication/reporting of synchronization source type helps to choose proper anchor UEs to participate in SL-TDOA positioning.
Proposal 5: Support to transfer synchronization source information (e.g., GNSS, gNB, UE) in SLPP assistance information.
[bookmark: OLE_LINK83]Another way to solve the synchronization problem is to reduce the influence of synchronization error. Since there could be some cases that there are not sufficient UEs whose synchronization performance satisfy the positioning requirement, the target UE/LMF can relax the synchronization requirement and introduce SL-PRS transmission between the anchor UEs to reduce the influence of synchronization error. For example, in Figure 2, both the target UE P and anchor UE B measure the SL-PRS transmitted from anchor UE A. Meanwhile, both the target UE P and anchor UE A measure the SL-PRS transmitted from anchor UE B. The whole procedure can be seen as a DL-TDOA-like method combined with an additional RTT method between anchor UEs. By introducing the SL Rx-Tx time difference measurement from the anchor UEs ( in Figure 2), synchronization problems between the anchor UEs are solved. Since the above procedure only requires additional RTT between anchor UEs, which can reuse the normal SL-RTT positioning procedure, there is no additional RAN1 spec impact.
Observation 2: SL-PRS transmission between anchor UEs, which could reuse the SL-RTT positioning procedure, helps reduce the influence of synchronization error.
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[bookmark: _Ref126675591]Figure 2 TDOA combined with RTT
Proposal 6: To mitigate impact of synchronization errors for SL-TDOA, support SL-PRS transmission between anchor UEs.
Send an LS to RAN2 to inform them that SL positioning measurement procedure can also be applicable between anchor UEs.

Measurements
In RAN1#112bis-e [1], SL-RTOA measurement has been discussed.
	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.
· [bookmark: OLE_LINK2]FFS on indication of whether SFN or DFN is used along with the RTOA measurement reporting



For UL-like SL-TDOA, the most typical cases would be that all anchor UEs are either synchronized to GNSS (using DFN) or synchronized to gNB (using SFN), and we do not think there should be a deployment with mixture of synchronization sources. Within a single UE, it should simply use its own configuration, and thus we do not think that the selection between SFN0 and DFN0 will ever happen. 
Based on section 3.1, if synchronization source information is agreed to be exchanged between UEs or UE and LMF, we think indication of whether SFN or DFN is used along with the RTOA measurement reporting is not needed. 
Proposal 7: Support RTOA measurement report without indication of SFN or DFN if synchronization sources are provided in assistance information.
For DFN derivation from GNSS, DFN= Floor (0.1*(Tcurrent –Tref–OffsetDFN)) mod 1024, where Tref is the reference UTC time 00:00:00 on Gregorian calendar date 1 January, 1900 (midnight between Thursday, December 31, 1899 and Friday, January 1, 1900), and OffsetDFN indicates the timing offset for the UE to determine DFN timing when GNSS is used for timing reference. If DFN is used for RTOA measurement, the DFN Initialisation Time should be provided based on Tref and OffsetDFN.
Proposal 8: DFN Initialisation Time is defined based on Tref and OffsetDFN, where
·  Tref is the reference UTC time 00:00:00 on Gregorian calendar date 1 January, 1900 (midnight between Thursday, December 31, 1899 and Friday, January 1, 1900)
· OffsetDFN indicates the timing offset for the UE to determine DFN timing when GNSS is used for timing reference

SL-AoA
In Rel-17 positioning, expected DL-AoD/AoA and uncertainty can be signaled by the LMF to the UE, and expected UL-AoA and uncertainty can be signaled by the LMF to gNB. The main advantage is to filter out NLOS path and prejudgment of measurement results from the perspective of UE or gNB. 
In SL positioning, the receiving UE can also benefit from angle assistance information. Therefore, we have the following proposal.
Proposal 9: Support indication of expected SL-AoA value and uncertainty range is signaled by UE-A to UE-B.

Per ARP based measurement
In RAN1#112bis-e [1], per ARP based measurement has been discussed and we have the following agreement. 
	Agreement
[bookmark: OLE_LINK53]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.


There were concerns on overcomplicating the UE location information transferred over the Uu/PC5 interface (e.g. each UE may be represented by multiple ARP locations in 3GPP). Introducing ARP specific measurement reporting in Rel-18 can only target distinction of transmission/reception ARPs, without actually revealing the location information of different ARPs. In other words, having an ARP ID without actual ARP location reporting (similar to the concept of TEG ID without actual group delay value) associated with transmission/measurement could be considered.
For RTT-based positioning, the Rx-Tx time difference measurements at both sides need to be associated with the same pair of ARPs to make the measurement meaningful. For some cases, in the Rx-Tx time difference measurement, the Rx antenna/panel used for a SL-PRS reception may not be the same as the Tx antenna/panel used for a SL-PRS transmission as shown in Figure 3. For RTT-based positioning, it would be beneficial to know whether for a Rx-Tx time difference, the Rx antenna/panel and the Tx antenna/panel are the same, i.e., to avoid an erroneous positioning estimation. 
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[bookmark: _Ref131666683]Figure 3: Transmission and reception of SL-PRS with different panels
Proposal 10: Support per ARP/panel based measurement/transmission in sidelink positioning, where ARP related information is used to identify whether
Two measurements are from the same ARP
Two transmissions are from the same ARP
Rx time and Tx time are from the same ARP for UE Rx – Tx time difference

[bookmark: _GoBack]Reporting of SL positioning measurements
[bookmark: OLE_LINK19]The measurement report should contain identification information, timestamp, quality metric, etc. With regards to the identification information, our view is as follows:
[bookmark: OLE_LINK40][bookmark: OLE_LINK41]Identification information for UE.
· For reporting to UE, if the report is between the two UEs which perform SL PRS transmission and measurement, the identification information for UE may not be needed. If the measurement is reported to a third-party UE (e.g., the server UE), the ID of the UE transmitting SL-PRS may be needed. However, it is not clear whether a mechanism such as LCS correlation ID can be used for this case.
· For reporting to LMF, a core network (CN) UE ID recognizable by LMF may be required to assist the LMF to identify the transmitting UE. 
· We do not think the UE ID receiving the SL-PRS is needed (a.k.a. destination ID), since the measurement report is only expected from the UE receiving the SL-PRS and performing the measurement.
Identification information for SL-PRS.  
· In UE-assisted Uu positioning, UE reports the DL PRS resource ID to the LMF mainly for the purpose of beam information that can help LMF find the coarse UE location, since DL PRS resource is associated with known Tx beam.
· It is not the case for SL, because there is no beam defined, and let alone the beam direction. Therefore, it is not clear how SL PRS resource ID reporting could help locating the UE.
The content of measurement report is summarized in Table 1.
[bookmark: _Ref130912783]Table 1 Content of measurement report
	[bookmark: OLE_LINK65]
	reporting to LMF
	reporting to UE

	SL-PRS based Rx-Tx measurement
	CN UE ID transmitting SL-PRS
Timestamp
Quality metric
LoS/NLoS indicator
	[bookmark: OLE_LINK37]PC5 UE ID transmitting SL-PRS
Timestamp
Quality metric
LoS/NLoS indicator

	SL-PRS based RSTD measurement
	CN UE ID transmitting SL-PRS
Timestamp
Quality metric
LoS/NLoS indicator
	PC5 UE ID transmitting SL-PRS
Timestamp
Quality metric
LoS/NLoS indicator

	SL-PRS based RSRP measurement
	CN UE ID transmitting SL-PRS
Timestamp
Quality metric
LoS/NLoS indicator
	PC5 UE ID transmitting SL-PRS
Timestamp
Quality metric
LoS/NLoS indicator

	SL-PRS based RSRPP measurement
	CN UE ID transmitting SL-PRS
Timestamp
Quality metric
LoS/NLoS indicator
	PC5 UE ID transmitting SL-PRS
Timestamp
Quality metric
LoS/NLoS indicator

	SL-PRS based RTOA measurement
	CN UE ID transmitting SL-PRS
Timestamp
Quality metric
LoS/NLoS indicator
	PC5 UE ID transmitting SL-PRS
Timestamp
Quality metric
LoS/NLoS indicator

	SL-PRS based Azimuth of arrival (AoA) and SL zenith of arrival (ZoA) measurement
	CN UE ID transmitting SL-PRS
Timestamp
[bookmark: OLE_LINK38][bookmark: OLE_LINK39]Quality metric
LoS/NLoS indicator
GCS/LCS indication and translation
	PC5 UE ID transmitting SL-PRS
Timestamp
Quality metric
LoS/NLoS indicator
GCS/LCS indication and translation



Proposal 11: No need to provide ID for the UE receiving SL-PRS (destination ID) to either LMF or UE.
Proposal 12: No need to provide the SL-PRS resource ID in the measurement report.
From reporting perspective, a UE could report measurement based on SL-PRS from a second UE to a third party UE or LMF, then it should support the third party UE or the LMF to request the first UE to measure the second UE. Then the measurement request should include the UE identification information of the second UE.
Proposal 13: Identification information of UE should also be included in the measurement request from a UE or from the LMF.

Unified reporting
For SL positioning, there was also discussion whether the reporting between UE and LMF follows that between UE and UE, i.e. whether LPP is extended or enhanced to support PC5 positioning in LMF. From our point of view, this is not only about measurement reporting, it should also cover the capability exchange, assistance data exchange, as well as the location information request. With SLPP being a transparent container in LPP, it effectively means that anything between UEs can be transported to the LMF, which lacks sufficient analysis.
For example, some capabilities transported between UEs including radio resource management may not be useful at the LMF.
Another example is the anchor UE location provision to the LMF according to the agreement made in RAN1#112bis-e, where it is not clear how this can be reflected in LPP/SLPP, which appears to be a ProvideAssistanceData from UE to the LMF, which however deviates the logic that the ProvideAssistanceData is originated from LMF and terminated at UE.
	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.



Based on the discussion, we have the following proposal.
Proposal 14: RAN1 should case by case discuss the signaling in SLPP and LPP, including capability, assistance data, and location information; highlight the discrepancy if any.

Conclusion
In this contribution, we provided our views on SL positioning measurement and reporting. Based on the discussion, we have the following observations and proposals.
Proposal 1: For definition of SL-PRS based Rx-Tx measurement, support
Alt3: based on the Rel-16/17 definition for gNB Rx-Tx time difference/UE Rx-Tx time difference in Uu.
Proposal 2: Do not support higher layer signaling to configure single-sided RTT and double-sided RTT.
Proposal 3: Support including error information of the clock crystal oscillator as assistance information in SLPP for adaptation between SS-RTT and DS-RTT.
Proposal 4: Support report-free RTT based on adjusting the transmission time of SL-PRS.
Observation 1: Indication/reporting of synchronization source type helps to choose proper anchor UEs to participate in SL-TDOA positioning.
Proposal 5: Support to transfer synchronization source information (e.g., GNSS, gNB, UE) in SLPP assistance information.
Observation 2: SL-PRS transmission between anchor UEs, which could reuse the SL-RTT positioning procedure, helps reduce the influence of synchronization error.
Proposal 6: To mitigate impact of synchronization errors for SL-TDOA, support SL-PRS transmission between anchor UEs.
Send an LS to RAN2 to inform them that SL positioning measurement procedure can also be applicable between anchor UEs.
Proposal 7: Support RTOA measurement report without indication of SFN or DFN if synchronization sources are provided in assistance information.
Proposal 8: DFN Initialisation Time is defined based on Tref and OffsetDFN, where
·  Tref is the reference UTC time 00:00:00 on Gregorian calendar date 1 January, 1900 (midnight between Thursday, December 31, 1899 and Friday, January 1, 1900)
· OffsetDFN indicates the timing offset for the UE to determine DFN timing when GNSS is used for timing reference
Proposal 9: Support indication of expected SL-AoA value and uncertainty range is signaled by UE-A to UE-B.
Proposal 10: Support per ARP/panel based measurement/transmission in sidelink positioning, where ARP related information is used to identify whether
Two measurements are from the same ARP
Two transmissions are from the same ARP
Rx time and Tx time are from the same ARP for UE Rx – Tx time difference
Proposal 11: No need to provide ID for the UE receiving SL-PRS (destination ID) to either LMF or UE.
Proposal 12: No need to provide the SL-PRS resource ID in the measurement report.
Proposal 13: Identification information of UE should also be included in the measurement request from a UE or from the LMF.
Proposal 14: RAN1 should case by case discuss the signaling in SLPP and LPP, including capability, assistance data, and location information; highlight the discrepancy if any.
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