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In RAN #98 e-meeting, the measurements and reporting for SL positioning have been captured in NR_pos_enh2 [1]. In this contribution, we present our views on the issue.
	· Specify measurements to support RTT-type solutions using SL, SL-AoA, and SL-TDOA [RAN1, RAN2].


Positioning measurement 
	[bookmark: Pro2]Agreement
With regards to the Positioning methods supported using SL-PRS measurements 
· at least the following measurements should be introduced:
· SL-PRS based Rx-Tx measurement
· SL-PRS based RSTD measurement
· SL-PRS based RSRP measurement
· SL-PRS based RSRPP measurement
· SL-PRS based RTOA measurement
· SL-PRS based Azimuth of arrival (AoA) and SL zenith of arrival (ZoA) measurement


In the previous meeting,  some measurement definitions are agreed upon.  In this section, we present our views on the remaining issue for SL measurement.
The measurement for RTT
SL-PRS based Rx-Tx measurement
Based on the following agreement, the following alternative is considered
	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



Firstly, the UE Rx – Tx time difference in UU is relative to closet UL boundary because UL and DL boundary is different.
	TS 38.215 UE Rx – Tx time difference
The UE Rx – Tx time difference is defined as TUE-RX – TUE-TX

Where:
TUE-RX is the UE received timing of downlink subframe #i from a Transmission Point (TP) [18], defined by the first detected path in time.
TUE-TX is the UE transmit timing of uplink subframe #j that is closest in time to the subframe #i received from the TP.


But, the timing boundary for SL transmission (ie., closet SL transmission) and SL reception is the same. That means transmit timing of sidelink subframe #j  in the above definition (i.e.,“UE transmit timing of sidelink subframe #j that is closest in time to the subframe #i received from the another UE”) is sidelink subframe#i. In this case, the UE Rx – Tx time difference is defined as TUE-RX – TUE-TX  will be TUE-RX – SL  subframe boundary, and it is equal to SL RTOA. For us, the difference between RTOA and Rx-Tx time difference is the part of SL transmission times. If the feature is removed in the Rx-Tx definition, the related performance gain may be reduced.
In addition, Alt 3 can be seen as a case of  Alt 1 without considering the timing and synchronization change between actual SL-PRS transmission time and  SL PRS reception time. The transmission time TUE-TX of Alt 3 can only be subframe #i(i.e., SL PRS reception subframe#i), while the transmission time TUE-TX of Alt 1 can be any subframe. For example, the transmission time TUE-TX of Alt 3 can only be T0 or T3, if assume the same color (i.e., T0,T2,T3) use the same synchronization timing change. The transmission time TUE-TX of Alt 1 can be any transmission time (i.e., T0, T3, T4, T5). So, Alt 3 is a part of cases of Alt 1.
Meanwhile, which SL PRS transmission (i.e., T0, T3, T4, T5) can be received in UE 1 side is unpredictable, once UE1 measures the SL PRS at T0 and T4, and then the reception side (UE1 side) will introduce the error (i.e., timing offset), if UE1 doesn't know actual Rx-Tx time difference in UE2 side, an additional error will be introduced.


Figure 1 the example of Rx-Tx timing difference
Observation 1: [bookmark: _Hlk135038112]
· For Rx-Tx timing difference, Alt 3 is a special case of Alt 1
· With Alt 3 definition, the timing difference between different UEs for Rx-Tx timing difference measurement will be ignored.
· With Alt 3 definition, the difference between of Rx-Tx timing difference and RTOA measurement will be removed since the difference between Rx-Tx timing difference and RTOA measurement is associated with transmission timing or not.
The performance comparison between Alt 1 and Alt 3
The timing offset between actual SL transmission time and reception time is because of the reference timing change and/or synchronization reference change due to mobility, it will impact RTT performance if Tx side does not consider the timing offset.
For example, for the SyncRef UE case, the UE 2 sidelink transmission timing is equal to the reception timing of the corresponding timing reference frame from the UE1. That is, UE2 Rx-Tx timing difference can be
Alt 1: (j-i) *1ms+T1, T1 is timing adjustment due to the UE movement
Alt 3:  0, if SL-PRS reception time is equal to the #i subframe transmission time


Figure 2 the change in subframe transmission time
In this case, if only one reception side UE1 considers the timing offset(i.e., T1), the additional error will be introduced in RTT positioning as follows.
Alt 1:
Alt 3:
Where is the propagation delay between UE 1 and UE2.
Based on the above equation,  additional error will be introduced for Alt 3. 
Observation 2: [bookmark: _Hlk135038125][bookmark: _Hlk131774531]
· For Rx-Tx timing difference, Alt 3 will introduce  additional error compared to Alt 1.
[bookmark: OLE_LINK21]Moreover, we provide the evaluation for comparison between Alt 1 and Alt 3 in highway scenario. Based on the left side, we can find the performance of Alt 3 will decrease with timing error, but no impact on Alt 1. In addition, in the right figure, even if part of UEs(e.g., 20% UE) are impacted by timing error, the overall performance will drop severely (from 0.28@90->4.9@90%) and it will be difficult to satisfy the requirement
[image: ][image: ]
Figure 3 the performance comparison between Alt 1 and Alt 3
Table 1 the Performance table of Alt 1 and Alt 3
	Case 
	50%
	67%
	80%
	90%

	No timing error impact (i.e., Alt 1)
	0.13
	0.17
	0.21
	0.28

	[bookmark: OLE_LINK22]With timing error, a truncated Gaussian distribution of T1/2= 10ns (Alt3)
	1.64
	2.35
	3.35
	4.97

	With timing error, a truncated Gaussian distribution of T1/2= 20ns (Alt3)
	3.44
	4.12
	6.71
	10.66

	With timing error, a truncated Gaussian distribution of T1/2= 20ns (Alt3)
	11.07
	14.63
	20.66
	29.64

	20% UE with timing error, a truncated Gaussian distribution of T1/2= 20ns (Alt3)
	0.98
	1.65
	2.68
	4.9

	40% UE with timing error, a truncated Gaussian distribution of T1/2= 20ns (Alt3)
	1.74
	2.91
	4.39
	6.51

	60% UE with timing error, a truncated Gaussian distribution of T1/2= 20ns (Alt3)
	2.6
	3.59
	5.52
	7.2

	80% UE with timing error, a truncated Gaussian distribution of T1/2= 20ns (Alt3)
	3.42
	4.85
	6.56
	8.47

	100% UE with timing error, a truncated Gaussian distribution of T1/2= 20ns (Alt3)
	3.43
	5.01
	6.99
	10.66



Observation 3: [bookmark: _Hlk135038141]
· For Rx-Tx timing difference,
·  The performance of Alt 3 will decrease with timing error, while timing error has not impacted on Alt 1.
· For Alt 3, even if part of UEs (e.g., 20% UE) are impacted by timing error, the overall performance will drop severely(from 0.28@90->4.9@90%) and it is difficult to satisfy the requirement.
The specification impact difference between Alt 1 and Alt 3
For us, the difference between Alt 1 and Alt 3 is whether multiple SL transmission times can be associated with the same reception time. For Alt 3, one Rx timing can only associate with a single SL transmission time (i.e., subframe #i) and report one Rx-Tx timing difference for an Rx timing. For Alt 1, multiple (i.e., M) SL transmission times can be associated with the same SL Rx reception time and multiple(i.e., M) Rx-Tx timing differences for the same SL Rx reception time can be reported.
Alt 1: up to M Rx-Tx timing difference can be reported for a TUE-RX, and one or multiple (i.e., up to M) SL transmission times can be associated with a SL Rx reception time.
Alt 3: single Rx-Tx timing difference can be reported for a TUE-RX, and only one indicated SL transmission time can be associated with a SL Rx reception time.
Proposal 1: [bookmark: _Hlk135038151]
· For SL RTT, the difference between Alt 1 and Alt 3 is whether a reception time can be associated with multiple SL transmission times 
· Alt 1: up to M Rx-Tx timing difference can be reported for a TUE-RX, and one or multiple (ie., up to M)SL transmission times can be associated with a SL Rx reception time
· Alt 3: single Rx-Tx timing difference can be reported for a TUE-RX, and only one indicated SL transmission time can be associated with a SL Rx reception time
In Rel-17, a similar specification change has been introduced for TEG. A UE may also optionally report a Tx TEG ID for UE Rx-Tx time difference measurement, and association of the Tx TEG ID to the UL SRS resource(s)
In SL, considering back-forward compatibility, the SL TEG may be introduced, and the UE may report the UE Tx TEG ID, and the association for the SL PRS that have already been transmitted during the configured period. So, even without Alt 1 introduced, up to M1 Rx-Tx timing difference will also be needed for a TUE-RX considering the association with different Tx TEG IDs. That means the specification change for Alt 1 is minor, only the number (e.g.,M) needs to be extended to consider the association of SL PRS transmission and Rx-Tx timing difference measurements.
	Agreement:
· If a Tx TEG ID is reported with a UE Rx-Tx time difference measurement, the UE should also report the association of the Tx TEG ID to the UL SRS resource(s)
· FFS: how the the association of the Tx TEG ID to the UL SRS resource(s) is determined by UE.
· FFS: details of the signalling
Agreement:
If a RxTx TEG ID is reported with a UE Rx-Tx time difference measurement, the UE may optionally also report a Tx TEG ID. 

Agreement
· For UL-TDOA, supporting the following for the serving gNB to request a UE to report the Tx TEG association information between UE Tx TEG IDs and SRS resources for positioning, subject to UE capability of supporting UE Tx TEG:
· Based on a configured periodicity, a UE may report the UE Tx TEG association for the SRS resources for positioning that have already been transmitted during the configured period 
· It is up to RAN2 to decide how to indicate the change of the Tx TEG association during the configured period (e.g., using the timestamps)
· It is up to RAN4 to decide when the Tx TEG association is changed
· The values of the configurable periodicities are up to RAN2
· Note: Tx TEG association information reporting by single request/response mode is assumed already supported with the previous agreement. 
· Send an LS to RAN2/RAN4 (cc: RAN3)
· to RAN2, including the following RAN1’s agreement related to the reporting of the UE Tx TEG, for RAN2 to work on the signaling
· to RAN4 for checking the agreement and work on how to decide when the Tx TEG association is changed



Observation 4: [bookmark: _Hlk135038161]
· The specification change for Alt 1 is minor, only the number (e.g., M) needs to be extended to consider the association of SL PRS transmission and Rx-Tx timing difference
· Even without Alt 1 introduced, up to M Rx-Tx timing difference measurements will also be needed for Rx-Tx timing difference associated with different Tx TEG IDs.

The measurement for SL-TDOA
	Agreement
For SL-TDOA, DL-TDOA-like operation and UL-TDOA-like operation should be introduced.
· A UE is not required to support both DL-TDOA-like operation and UL-TDOA-like operation
Agreement
With regards to SL-TDOA positioning method for SL-only positioning,
· It corresponds to a method where SL-PRS is being transmitted from multiple anchor UEs to a target UE (i.e., DL-TDOA-like operation), and/or from a target UE to multiple anchor UEs (i.e. UL-TDOA-like operation) at least for the purpose of absolute positioning estimation of the target UE
· Study the detailed procedure, necessary signalling for SL-TDOA, method(s) to mitigate impact of synchronization error between multiple anchor UEs including whether such method(s) are needed.
Proposal
Study whether and how to mitigate impact of synchronization errors between anchor UEs for TDoA measurement, considering the following options, and decide by RAN1#112bis whether solutions specifically addressing the impact of synchronization errors between anchor UEs for TDoA measurement will be considered in Rel-18:
· Opt1: indication/reporting of synchronization related information, e.g., synchronization source, synchronization source type, synchronization error or quality of synchronization information, TA offset 
· Opt2: SL-PRS transmission between anchor UEs. No synchronization procedure is expected to be defined based on SL-PRS transmission.
· Opt3: (pre-)configuration and capability report of the clock source’s accuracy requirement/threshold. If a UE does not satisfy the requirement, it does not participate in the positioning.
· Others options are not precluded
Proposed conclusion
Enhancements in procedures (e.g. synchronization procedures)  specifically addressing the impact of synchronization errors between anchor UEs for TDoA measurement will not be considered by RAN1 in Rel-18.


For SL TDOA, studying the method to mitigate the impact of synchronization error is a part of the work. And some options are proposed based on the above proposals. For us, only some synchronization information exchange can be supported. That means no additional procedure is expected to be introduced in Rel-18.
For the detailed synchronization information, in NR positioning, the RTD information can be provided to mitigate the synchronization error between TRPs. For DL-TDOA-like operation and UL-TDOA-like operation, we think corresponding information(i.e., RTD information between anchor UEs) can also be reused to mitigate the synchronization error. In addition, considering the multiple synchronization sources that are supported in sidelink (e.g., GNSS,  gNB, and UE),  the synchronization source in use can also be provided.
Proposal 2: [bookmark: _Hlk127463259]
· To mitigate the impact of synchronization errors between anchor UEs for SL TDoA measurement, no physical layer synchronization procedures are introduced in Rel-18.
· To mitigate the impact of synchronization errors between anchor UEs for SL TDoA measurement, the following information enhancement can be supported
· Exchange of synchronization source of anchor UEs between anchor UE and target/server UE/ LMF
· Exchange of synchronization error (e.g., RTD) of anchor UEs. 
SL-PRS based RTOA
	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


For the issue in which UE can provide initialization time, we think the similar flow in NR can be seen as reference. In NR positioning, the SFN Initialisation time which can be provided by TRP and LMF, the related information is captured in TS 38.455 as follows
NG-RAN to LMF
	SFN Initialisation Time
	O
	
	Relative Time 1900 
9.2.36
	
	YES
	ignore


LMF to NG-RAN
	SFN initialisation Time
	O
	
	Relative Time 1900
9.2.36
	If this IE is not present, the TRP may assume that the value is same as its own SFN initialisation time.
	YES
	ignore


[bookmark: OLE_LINK4]Therefore, in our view, the measuring UE can inform its own SFN/DFN Initialisation Time to target/server UE/LMF same as the above information (NG RAN to LMF) in TS 38.455, and then measuring UEs can be provided common SFN/DFN Initialisation time from target/server UE/LMF to align the reference time. 
So, we propose
Proposal 3: [bookmark: _Hlk127463312]
· The measuring UE can inform its SFN/DFN Initialisation Time to target/server UE/LMF same as the definition in TS 38.455.
· The measuring UEs can be provided common SFN/DFN Initialisation time from target/server UE/LMF to align the reference time.
The measurement for SL-AoA
	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.


In NR, due to angle ambiguity for a path, the multiple UL-AOAs values (pair of AOA & ZOA values) can be reported per SRS resource for the first arrival path, and the corresponding maximum value for same timestamp is 8. In our view, a similar feature can also be supported for SL-AOA.
Proposal 4: [bookmark: _Hlk135038287][bookmark: _Hlk127463348]
· The maximum number of SL-AOAs values (pair of AOA & ZOA values) to be reported per SL-PRS for the first arrival path corresponding to the same timestamp can be 8. 
Per ARP measurement
	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. 


[bookmark: _Toc51776055][bookmark: _Toc56773077][bookmark: _Toc64447706][bookmark: _Toc74152362][bookmark: _Toc88654215][bookmark: _Toc99056284][bookmark: _Toc99959217][bookmark: _Toc105612403][bookmark: _Toc106109619][bookmark: _Toc112766511][bookmark: _Toc113379427][bookmark: _Toc120091980][bookmark: _Toc120534897]In RAN1#112bis-e meeting, per ARP based measurement and reporting ARP related information is agreed. For the FFS issue of whether TEG ID can be reused for such purpose, we think the TEG ID is not enough for ARP based measurement since the different ARP measurements can use the same TEG ID if the timing error difference between different ARP measurements are within a certain margin. In our view, the ARP related information can be ARP ID at least based on the current TS 38.455 since the ARP ID can be reported along with the SL measurement.
TS 38.455 9.2.37	TRP Measurement Result
This information element contains the measurement result.
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description
	Criticality
	Assigned Criticality

	Measured Result Item
	
	1 .. <maxnoPosMeas>
	
	
	
	

	>CHOICE Measured Results Value
	M
	
	
	
	
	

	>>UL Angle of Arrival
	M
	
	9.2.38
	
	-
	

	>>UL SRS-RSRP
	M
	
	INTEGER (0..126)
	
	-
	

	>>UL RTOA
	M
	
	9.2.39
	
	-
	

	>>gNB Rx-Tx Time Difference
	M
	
	9.2.40
	
	-
	

	>>Z-AoA
	M
	
	9.2.67
	
	YES
	reject

	>>Multiple UL-AoA
	M
	
	9.2.71
	
	YES
	reject

	>>UL SRS-RSRPP
	M
	
	9.2.72
	
	YES
	reject

	>Time Stamp
	M
	
	9.2.42
	
	-
	

	>Measurement Quality
	O
	
	9.2.43
	
	-
	

	>Measurement Beam Information
	O
	
	9.2.57
	
	-
	

	>SRS Resource type
	O
	
	9.2.73
	
	YES
	ignore

	>ARP ID
	O
	
	9.2.75
	
	YES
	ignore

	>LoS/NLoS Information
	O
	
	9.2.77
	
	YES
	ignore




Figure4 The ambiguity of the direction of the coming vehicle
Proposal 5: [bookmark: _Hlk135038305]
· The ARP related information should include ARP ID.
In addition, the geographical coordinates of the antenna reference points (ARP) for the DL-PRS Resources of a TRP has been provided as assistance data in TS 37.355.
Besides, the anchor UE location information is agreed to be provided to LMF or UE as assistance data in RAN1#112bis-e meeting. So, the anchor UE location information can optionally include ARP location information.
	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.



Besides,
Proposal 6: [bookmark: _Hlk135038319]
· For provision of assistance information for absolute SL positioning,  the ARP location information can be provided to LMF or UE as part of anchor UE location information.
Measurement report
	Agreement
For the content of the sidelink positioning measurement report, potential elements may include at least the following:
· One or more sidelink positioning measurement(s)
· Timestamp(s) associated with a sidelink positioning measurement 
· Quality metric(s) associated with a sidelink positioning measurement 
· Identification Information for a sidelink positioning measurement
FFS any detail for the above


Separate method VS unified method
	· Note: The above categorization does not necessarily mean that there will be separate SL positioning methods specified, or whether there will be a unified SL Positioning method.  


In the SI stage, whether there will be separate SL positioning methods or unified SL positioning methods specified is discussed. For us, unified SL positioning methods are preferred since the combination of multiple measurement results on the UE side is suggested under different positioning methods in Rel-17, and choosing one or more measurement results reporting which is not tied to the positioning method based on measurement request is supported in the TRP side. 
So, for sidelink positioning, we propose to refer to the UL positioning solution on the TRP side to choose one or more measurement results reporting for SL positioning based on measurement request and independent of the positioning method.
Proposal 7: [bookmark: _Hlk131774693][bookmark: _Hlk135038334][bookmark: _Hlk127463399]
· A unified positioning method is supported, and to support one or more measurement reporting associated with the same identification can be reported together. 
If the unified method is agreed upon, the measurement report can be further summarized as follows 
	
	Reporting to LMF
	Reporting to anchor UE

	SL-PRS based measurement
	One or multiple measurement elements can be included, for each measurement element can include
· （Optional）Anchor UE identity information（ie., Source ID and/or destination ID of anchor UE ）
· ARP/Panel ID if multiple ARP/Panel are used for reception UE
· Resource/set ID if multiple resources/sets are used
· Measurement results
· （Optional）Rx-Tx timing difference and quality
· （Optional）RSTD measurement and quality
· （Optional）RTOA measurement and quality
·   (Optional)   AoA measurement and quality
·   (optional ) RSRP,RSRPP measurement 
· Time stamp
· LoS indicator



Proposal 8: [bookmark: _Hlk135038347]
· Considering the majority of parameters can be reused for a measurement element,  the unified measurement content can be summarized as follows for all SL measurement 
· （Optional）Anchor UE identity information（ie., Source ID and/or destination ID of anchor UE ）
· ARP ID if multiple ARP/Panel are used for reception UE
· Resource ID if multiple resources are used
· Measurement results
· （Optional）Rx-Tx timing difference and quality
· （Optional）RSTD measurement and quality
· （Optional）RTOA measurement and quality
·   (Optional)   AoA measurement and quality
·   (optional ) RSRP, RSRPP measurement 
· Time stamp
· LoS indicator

Identification Information for a sidelink positioning measurement
[bookmark: OLE_LINK3]Based on the following specification, TRP ID, nr-DL-PRS-ResourceSetID and nr-DL-PRS-ResourceID-r16 are used to uniquely identify a DL PRS resource in NR positioning.
	[bookmark: _Toc29673158][bookmark: _Toc29673299][bookmark: _Toc29674292][bookmark: _Toc36645522][bookmark: _Toc45810567][bookmark: _Toc114223814]5.1.6.5	PRS reception procedure

The UE expects that one of these dl-PRS-ID along with a nr-DL-PRS-ResourceSetID and a nr-DL-PRS-ResourceID-r16 can be used to uniquely identify a DL PRS resource


Naturally, for the SL MR, the UE ID is used to identify the SL-PRS measurement for which UE
	Agreement
Study the following candidates for identification information in sidelink positioning report, considering different measurements and different reporting targets (LMF and UE):
· SL-PRS resource ID/SL-PRS resource set ID if multiple resources/resource sets are configured to a UE
· FFS: whether SL-PRS resource set is supported
· Source ID and/or destination ID
· Other identification information not precluded


In the RAN1#112 meeting, the above informations are studied as candidates for identification information. In addition, SA2 agrees to report the identity of the Located UE(s) with the Ranging measurement data or estimation result. In this case, the unique UE identity will be FFS by SA2.
	-	Either the Target UE or LMF determines if network assisted SL positioning will be applied. When LMF determines that network assisted SL positioning is used, LMF may trigger the Target UE to perform the discovery of Located UE(s).
-	The Target UE discovers Located UE(s) for network assisted SL positioning. Optionally, to assist the Target UE the LMF may provide to the Target UE a list of candidate Located UE(s). In this case the LMF maintains the candidate list of Located UE(s) including e.g. the capability and location information of the Located UE(s).
-    The Target UE and Located UE(s) perform ranging/SL positioning. The Target UE includes the UE identity of the Located UE(s) to the LMF together with the Ranging measurement data or estimation result. The LMF may interact with GMLC to get the location of Located UE.
Editor's note:	It is FFS what UE identity of the Located UE that the Target UE provides to the LMF. Depending on which UE identity, the LMF or the GMLC may need to resolve this by query another NF. The security impact will be coordinated with SA3.


The remaining issue is whether source ID/destination ID are needed to be reported in the measurement report, and how to confirm the association between the source ID/destination ID and SA2 UE identity. 
For us, if the source ID/destination ID of the SL-PRS measurement is different from the source ID/destination ID of the measurement report, the source ID/destination ID of the SL-PRS measurement needs to be reported in a measurement report. That is, if the measurement report is reported to LMF/server UE as the following figure, the source ID/ destination ID of SL-PRS measurement should be included in SLPP.
[image: ][image: ][image: ][image: ]
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                                               Case A                                                                  Case B
Figure5 The alternative architecture for measurement report
For the association between source ID/destination ID and SA2 UE identity, it can be provided by discovery procedure based on SA specification. For MR, only source ID/destination ID is enough to identify anchor UEs.
Proposal 9: [bookmark: _Hlk135038361][bookmark: _Hlk127463519]
· For identification information for a sidelink positioning measurement, the following options can be supported.
· Source ID and/or destination ID of corresponding SL-PRS measurement.
· ARP ID if multiple ARPs are used. 
· SL-PRS resource ID 
· Defer the discussion of unique UE identity in RAN1, and may reconsider the issue after SA2 is clear.
If the source ID and/or destination ID of corresponding SL-PRS measurement is agreed as the identification information for a sidelink positioning, the potential issue is whether the source ID belongs to anchor UE or target UE. In NR, only TRP ID needs to be reported, and target UE ID can be identified by the Uu link.
Similar to NR positioning, we prefer the Source ID and/or destination ID is of anchor UE, and target UE ID can be identified by session ID or sidelink link.
Proposal 10: [bookmark: _Hlk135038425]
· For identification information for a sidelink positioning measurement, the Source ID and/or destination ID in high layer measurement report belongs to anchor UE.
The reference identification for RSTD
[bookmark: OLE_LINK1]Based on the NR positioning, and section 2.2.2, the RSTD is defined as the timing difference between the target and reference. 
Besides, the NR reference includes TRP ID, resource set ID, and resource ID.
	DL-PRS-ID-Info
The IE DL-PRS-ID-Info provides the IDs of the reference TRPs' DL-PRS Resources.
-- ASN1START
 
DL-PRS-ID-Info-r16 ::= SEQUENCE {
	dl-PRS-ID-r16					INTEGER (0..255),
	nr-DL-PRS-ResourceID-List-r16	SEQUENCE (SIZE (1..nrMaxResourceIDs-r16)) OF
													NR-DL-PRS-ResourceID-r16
																			OPTIONAL, -- Need ON
	nr-DL-PRS-ResourceSetID-r16		NR-DL-PRS-ResourceSetID-r16
																			OPTIONAL  -- Need ON
} 


So, for SL TDOA, the UE ID and SL-PRS resource ID  can be used to indicate the reference ID.
Proposal 11: [bookmark: _Hlk127463569]
· The UE ID and SL-PRS resource ID can be used to indicate the reference of SL-TDOA.
The architecture for MR
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                                            Alt. A                                                                  Alt. B
                                   Figure6 The alternative architecture for measurement report to LMF
For reporting to LMF or server UE, there are two alternatives as above figure
· Alt. A, the target UE can report the target UE and anchor UE measurement to LMF after receiving anchor UE measurement results.
· Alt. B, the target UE and anchor UE separately report their measurement to LMF
So, we propose
Proposal 12: [bookmark: _Hlk135038496]
· [bookmark: _Hlk135038636]Support one or both architectures for Measurement reporting
· Alt. A, the target UE can report the target UE and anchor UE measurement to LMF after receiving anchor UE measurement results from anchor UE.
· Alt. B, the target UE and anchor UE separately report their measurement to LMF.

Location information reporting
	Agreement
Study the necessity and scenarios of including location information and quality information of the location of a UE in sidelink positioning measurement report, considering different measurements and different reporting targets (LMF and UE).


In NR, UE-based positioning is supported, the UE location can be reported to LMF. For SL ranging service and SL positioning service, RAN2 agrees on the following procedure including location calculation and providing location information.
[bookmark: OLE_LINK7]Agreement:
With respect to the overall signaling procedure for PC5-only positioning (including at least IC and OOC; FFS if there are differences for PC), it is proposed to agree that the sidelink positioning procedure comprises the following series of steps as a baseline, between the LMF/positioning server UE/NG-RAN/candidate Anchor UE(s) and Target UE(s):
1. Triggering event
2. Sidelink positioning capability exchange 
3.	Sidelink positioning assistance data transfer
4.	SL Positioning Request Location Information
5.	Measurement of SL-PRS
6.	Location calculation
7.	SL Positioning Provide Location Information
Some steps may have dependencies on SA2 and can be revisited in this light.  The order is subject to further discussion.  FFS if discovery and selection of anchor UEs and/or server UE are part of the positioning layer in RAN2 scope.
LS to SA2 to ask for confirmation and guidance on the SA2 aspects.
Therefore, we propose, the following location information can be reported
Proposal 13: [bookmark: _Hlk131775081]
· For Ranging/SL positioning service, the following location information can be reported
· Ranging of distance and/or angle
· UE location
· UE relative location.
Timestamp
In the SI phase, the timestamp has been agreed to associate with measurement. In this section, we discuss the detailed information on the timestamp in MR. In NR, the timestamp related descriptions are as follows
	For the DL RSTD, DL PRS-RSRP, DL PRS-RSRPP, and UE Rx-Tx time difference measurements the UE reports an associated higher layer parameter nr-TimeStamp. The nr-TimeStamp can include the dl-PRS-ID, the SFN and the slot number for a subcarrier spacing. These values correspond to the reference which is provided by nr-DL-PRS-ReferenceInfo. 


For SL, the slot index is relative to slot#0 of the radio frame corresponding to SFN 0 of the serving cell if the serving cell timing reference is in use, or DFN 0 otherwise. So, an additional indication can be included in the SL timestamp to indicate the timestamp is relative to SFN 0 of the serving cell or DFN 0.
To accompany the SFN and the slot number, nr-TimeStamp can also indicate the reference of the value through nr-DL-PRS-ReferenceInfo in NR positioning. Similarly, for the SL time stamp, if the timing is related to SFN 0 of the serving cell, the cell index of the serving cell can be included. If the timing is related to DFN 0, the synchronization reference source (e.g., GNSS or UE) can be reported. 
So, the SL TimeStamp can be
· SFN and the slot index relative to SFN 0 of the serving cell
· And the nr-PhysCellID, nr-ARFCN, nr-CellGlobalID can be included to identify the serving cell (NR).
· DFN and the slot index relative to DFN 0 
· The synchronization reference source indication (e.g., GNSS or UE), the DFN time (e.g., Tref, offset DFN) can be included
Proposal 14: [bookmark: _Hlk127463475]
· The SL TimeStamp can be :
· the SFN and the slot index relative to slot#0 of the radio frame corresponding to SFN 0 of the serving cell if the serving cell timing reference is in use
· the nr-PhysCellID, nr-ARFCN, nr-CellGlobalID can be included to identify the serving cell
· or the DFN and the slot indexr
· he synchronization reference source indication (e.g., GNSS or UE), the DFN time (e.g., Tref, offset DFN) can be included
Quality
In NR, only timing quality has been defined on the UE side.
	[bookmark: _Hlk24184832]TS 38.214
The UE may be configured to report quality metrics NR-TimingQuality corresponding to the DL RSTD and UE Rx-Tx time difference measurements which include the following fields:
-	timingQualityValue which provides the best estimate of the uncertainty of the measurement
-	timingQualityResolution which specifies the resolution levels used in the timingQualityValue field.


For the TRP side, timing and angle quality are defined as follows.
	Ta 38.455 9.2.43 Measurement quality
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	CHOICE Measurement Quality
	M
	
	
	

	>Timing Measurement Quality
	
	
	
	

	>>Measurement Quality
	M
	
	INTEGER(0..31)
	TS 37.355 [14]

	>>Resolution
	M
	
	ENUMERATED(0.1m, 1m, 10m, 30m, …)
	TS 37.355 [14]

	>Angle Measurement Quality
	
	
	
	

	>>Azimuth Quality
	M
	
	INTEGER(0..255)
	

	>>Zenith Quality
	O
	
	INTEGER(0..255)
	

	>>Resolution
	M
	
	ENUMERATED (0.1deg, …)
	





Considering the support of SL AoA, we propose both timing quality corresponding to the UE Rx-Tx time difference, RSTD, and RTOA and angle quality corresponding to the AoA are supported.
Proposal 15: [bookmark: _Hlk127463486]
· Both timing quality corresponding to the timing related measurements and angle quality corresponding to the AoA measurement are supported. 
Additional path measurement  
	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.



In RAN1#112bis-e meeting, the additional path reporting is agreed upon, in this case, the remaining issue is the number of additional paths foor a SL-PRS measurement.Considering NR positioning, the number of additional paths for different methods are summarized as the following
	Method
	RSTD
	Rx-Tx 
	RTOA
	AoA
	RSRPP

	Path number
	{2, 4, 8}
	{2, 4, 8}
	{2, 4, 6, 8}
	{1, 2, 4, 8}
	Support for timing-based positioning


So we propose
Proposal 16: [bookmark: _Hlk127463606]
· The additional path can be [2, 4, 8] for a SL-PRS.
Signaling for measurement or measurement report
Latency condition
	[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.

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



In RAN1#112bis-e meeting, the high layer reporting and trigger are agreed upon, the remaining issue is whetherlatency boundary is needed for SL PRS MR.
For SL CSI reporting, the MAC entity maintains an sl-CSI-ReportTimer for each pair of the Source Layer-2 ID and the Destination Layer-2 ID. Sl-CSI-ReportTimer is used for an SL-CSI reporting UE to follow the latency requirement signalled from a CSI triggering UE. The value of sl-CSI-ReportTimer is the same as the‎ latency requirement of the SL-CSI reporting in sl-LatencyBoundCSI-Report configured by RRC.
Proposal 17: [bookmark: _Hlk127463650]
· Positioning measurement reporting latency boundary can be introduced for positioning MR. 
Conclusion
In this contribution, we discuss potential positioning enhancements with the following observations and proposals. 
Observation 1: 
· For Rx-Tx timing difference, Alt 3 is a special case of Alt 1
· With Alt 3 definition, the timing difference between different UEs for Rx-Tx timing difference measurement will be ignored.
· With Alt 3 definition, the difference between of Rx-Tx timing difference and RTOA measurement will be removed since the difference between Rx-Tx timing difference and RTOA measurement is associated with transmission timing or not.
Observation 2: 
· For Rx-Tx timing difference, Alt 3 will introduce  additional error compared to Alt 1.
Observation 3: 
· For Rx-Tx timing difference,
·  The performance of Alt 3 will decrease with timing error, while timing error has not impacted on Alt 1.
· For Alt 3, even if part of UEs (e.g., 20% UE) are impacted by timing error, the overall performance will drop severely(from 0.28@90->4.9@90%) and it is difficult to satisfy the requirement.
Observation 4: 
· The specification change for Alt 1 is minor, only the number (e.g., M) needs to be extended to consider the association of SL PRS transmission and Rx-Tx timing difference
· Even without Alt 1 introduced, up to M Rx-Tx timing difference measurements will also be needed for Rx-Tx timing difference associated with different Tx TEG IDs.
Proposal 1: 
· For SL RTT, the difference between Alt 1 and Alt 3 is whether a reception time can be associated with multiple SL transmission times 
· Alt 1: up to M Rx-Tx timing difference can be reported for a TUE-RX, and one or multiple (ie., up to M)SL transmission times can be associated with a SL Rx reception time
· Alt 3: single Rx-Tx timing difference can be reported for a TUE-RX, and only one indicated SL transmission time can be associated with a SL Rx reception time
Proposal 2: 
· To mitigate the impact of synchronization errors between anchor UEs for SL TDoA measurement, no physical layer synchronization procedures are introduced in Rel-18.
· To mitigate the impact of synchronization errors between anchor UEs for SL TDoA measurement, the following information enhancement can be supported
· Exchange of synchronization source of anchor UEs between anchor UE and target/server UE/ LMF
· Exchange of synchronization error (e.g., RTD) of anchor UEs. 
Proposal 3: 
· The measuring UE can inform its SFN/DFN Initialisation Time to target/server UE/LMF same as the definition in TS 38.455.
· The measuring UEs can be provided common SFN/DFN Initialisation time from target/server UE/LMF to align the reference time.
Proposal 4: 
· The maximum number of SL-AOAs values (pair of AOA & ZOA values) to be reported per SL-PRS for the first arrival path corresponding to the same timestamp can be 8. 
Proposal 5: 
· The ARP related information should include ARP ID.
Proposal 6: 
· For provision of assistance information for absolute SL positioning,  the ARP location information can be provided to LMF or UE as part of anchor UE location information.
Proposal 7: 
· A unified positioning method is supported, and to support one or more measurement reporting associated with the same identification can be reported together. 
Proposal 8: 
· Considering the majority of parameters can be reused for a measurement element,  the unified measurement content can be summarized as follows for all SL measurement 
· （Optional）Anchor UE identity information（ie., Source ID and/or destination ID of anchor UE ）
· ARP ID if multiple ARP/Panel are used for reception UE
· Resource ID if multiple resources are used
· Measurement results
· （Optional）Rx-Tx timing difference and quality
· （Optional）RSTD measurement and quality
· （Optional）RTOA measurement and quality
·   (Optional)   AoA measurement and quality
·   (optional ) RSRP, RSRPP measurement 
· Time stamp
· LoS indicator
Proposal 9: 
· For identification information for a sidelink positioning measurement, the following options can be supported.
· Source ID and/or destination ID of corresponding SL-PRS measurement.
· ARP ID if multiple ARPs are used. 
· SL-PRS resource ID 
· Defer the discussion of unique UE identity in RAN1, and may reconsider the issue after SA2 is clear.
Proposal 10: 
· For identification information for a sidelink positioning measurement, the Source ID and/or destination ID in high layer measurement report belongs to anchor UE.
Proposal 11: 
· The UE ID and SL-PRS resource ID can be used to indicate the reference of SL-TDOA.
Proposal 12: 
· Support one or both architectures for Measurement reporting
· Alt. A, the target UE can report the target UE and anchor UE measurement to LMF after receiving anchor UE measurement results from anchor UE.
· Alt. B, the target UE and anchor UE separately report their measurement to LMF.
Proposal 13: 
· For Ranging/SL positioning service, the following location information can be reported
· Ranging of distance and/or angle
· UE location
· UE relative location.
Proposal 14: 
· The SL TimeStamp can be:
· the SFN and the slot index relative to slot#0 of the radio frame corresponding to SFN 0 of the serving cell if the serving cell timing reference is in use
· the nr-PhysCellID, nr-ARFCN, nr-CellGlobalID can be included to identify the serving cell
· or the DFN and the slot indexr
· he synchronization reference source indication (e.g., GNSS or UE), the DFN time (e.g., Tref, offset DFN) can be included
Proposal 15: 
· Both timing quality corresponding to the timing related measurements and angle quality corresponding to the AoA measurement are supported. 
Proposal 16: 
· The additional path can be [2, 4, 8] for a SL-PRS.
Proposal 17: 
· Positioning measurement reporting latency boundary can be introduced for positioning MR. 
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Appendix
A.1 The detailed measurement report for different SL measurement
A.1.1 The detailed measurement report for SL RTT
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                                            Case A                                                                  Case B
                                   Figure A.1 The alternative architecture for measurement report to LMF
Based on analyze, we can find the difference between case A and case B is case A can include multiple measurement results from different UEs in a measurement report. So, case A can be seen as multiple case B. In this case, we merge case A and case B as the following table for SL-PRS based Rx-Tx measurement
 Table A.1 measurement report content for RTT
	
	Reporting to LMF 

	SL-PRS based Rx-Tx measurement
	One or multiple measurement elements can be included, for each measurement element can include
· Anchor UE identity information（ie., Source ID and/or destination ID of anchor UE ）
· ARP/Panel ID if multiple ARP/Panel are used for reception UE
· Resource/set ID if multiple resources/sets are used
· Rx-Tx timing difference which is measured by reception UE
· Other measurement results(e.g RSRP, RSRPP, AoA) if multiple measurements are used
· Quality
· Time stamp
· LoS indicator


	Target UE-based Ranging information based on SL-PRS based Rx-Tx measurement
	· Anchor UE1’s identity information（ie., Source ID and destination ID of anchor UE1）
· ARP/Panel ID if multiple ARPs/Panels are used for Target UE
· Resource/set ID if multiple resources/sets are used
· Distance of Anchor UE1 and target UE


Reporting to UE
SL PRS 

[image: ][image: ]                                              
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Figure A.2 The architecture for measurement report between anchor UE1 and target UE
The big difference between measurement reporting between anchor UE1 and target UE and measurement reporting to LMF is the source ID/destination ID has been transmitted in SCI and MAC CE so that the UE identity information can be omitted in SLPP. Other part elements same as the content to report to LMF
Table A.2 measurement report content for RTT to UE
	
	Reporting to Anchor UE1 or Target UE1

	SL-PRS based Rx-Tx measurement
	For each measurement element can include
· (Option) UE identity information（ie., Source ID and destination ID of transmission UE for SL-PRS transmission）
· ARP/Panel ID if multiple ARP/Panel are used for reception UE
· Resource/set ID if multiple resources/sets are used
· Rx-Tx timing difference which is measured by reception UE
· Other measurement results(e.g RSRP, RSRPP, AoA) if multiple measurements are used
· Quality
· Time stamp
· LoS indicator






A.1.2 The detailed measurement report for DL-like TDOA 
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Figure A.3 The architecture for measurement report for DL-like TDOA
Based on the analysis, the DL-like TDOA architecture same as DL TDOA as above figure. The target UE needs to measure all the SL-PRS from anchor UEs and report the SL-PRS based RSTD measurement to LMF or server UE. Based on the unified architecture, we think there is no difference in measurement report content to LMF and server UE.
So, the measurement content can be 
	
	Reporting to LMF from target UE
	Reporting to anchor UE from target UE

	SL-PRS based RSTD measurement
	Reference anchor UE information includes:
· Reference Anchor UE identity information（ie., Source ID and destination ID of anchor UE1 for SL-PRS transmission）

One or multiple measurement elements can be included, for each measurement element can include

· Anchor UE identity information（ie., Source ID and destination ID of anchor UE for SL-PRS transmission）
· ARP/Panel ID if multiple ARP/Panel are used for Target UE
· Resource/set ID if multiple resources/sets are used
· RSTD measurement 
· Other measurement results(e.g RSRP,RSRPP, AoA) if multiple measurements are used
· Quality
· Time stamp
· LoS indicator










A.1.3 The detailed measurement report for UL-like TDOA 
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                                      Case A                                                                                           Case B
                                   FigureA.4 The alternative architecture for RTOA measurement report to LMF
For RTOA, only anchor UE can perform the measurement. And different anchor UEs can measure the same SL-PRS from Target UE. That means the SL-PRS may be associated with the same source ID and destination ID of target UE. So, similar to RTT and DL-like TDOA, using anchor UE identity to identify the measurement from which anchor UE is more logical for SL-PRS basesd RTOA measurement. 
 In this case, the measurement content is identified in the following table
	
	Reporting to LMF


	SL-PRS based RTOA measurement
	One or multiple measurement elements can be included, for each measurement element can include

· Anchor UE identity information（ie., Source ID and destination ID of anchor UE for SL-PRS transmission）
· ARP/Panel ID if multiple ARP/Panel are used for anchor  UE
· Resource/set ID if multiple resources/sets are used
· RTOA measurement 
· Other measurement results(e.g RSRP,RSRPP, AoA) if multiple measurements are used
· Quality
· Time stamp
· LoS indicator




Report to UE
In our view, for SL-PRS based RTOA measurement, reporting to UE is almost the same as reporting to LMF except for anchor UE report to target UE case that anchor UE identity can be omitted in SLPP since it is covered in the low layer, the measurement content is identified in the following table
	
	Reporting to UE


	SL-PRS based RTOA measurement
	One or multiple measurement elements can be included, for each measurement element can include

· (Optional)Anchor UE identity information（ie., Source ID and destination ID of anchor UE for SL-PRS transmission）
· ARP/Panel ID if multiple ARP/Panel are used for anchor  UE
· Resource/set ID if multiple resources/sets are used
· RTOA measurement 
· Other measurement results(e.g RSRP, RSRPP, AoA) if multiple measurements are used
· Quality
· Time stamp
· LoS indicator




A.1.4 The detailed measurement report for AoA
Similar to SL-RTT,  the AoA can also be measured by anchor UE and target UE, the measurement content is identified as following table
	
	Reporting to LMF 
	Reporting to UE

	SL-PRS based AoA measurement
	
One or multiple measurement elements can be included, for each measurement element can include

· (Optional)Anchor UE identity information（ie., Source ID and destination ID of anchor UE for SL-PRS transmission）
· ARP/Panel ID if multiple ARP/Panel are used for Target UE
· Resource/set ID if multiple resources/sets are used
· AoA measurement 
· Other measurement results(e.g RSRP,RSRPP, AoA) if multiple measurements are used
· Quality
· Time stamp
· [bookmark: _GoBack]LoS indicator
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