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Introduction
A SID defining objectives for a Study on expanded and improved NR positioning was agreed in RAN #94 [1],  with the following justification for sidelink positioning: 
· There is a need for 3GPP to study and develop sidelink positioning solutions that can support the use cases, scenarios and requirements identified for V2X, public safety, commercial and IIOT use cases.
and the following objective:
· Study of sidelink reference signals for positioning purposes from physical layer perspective, including signal design, resource allocation, measurements, associated procedures, etc., reusing existing reference signals, procedures, etc. from sidelink communication and from positioning as much as possible [RAN1]
· Study of sidelink reference signals for positioning purposes from physical layer perspective, including signal design, resource allocation, measurements, associated procedures, etc., reusing existing reference signals, procedures, etc. from sidelink communication and from positioning as much as possible [RAN1]
[bookmark: _Hlk58595024]The conclusion to the SID was captured in a Technical Report [2]. A Work Item description with the following objective was made:

· Specify measurements to support RTT-type solutions using SL, SL-AoA, and SL-TDOA [RAN1, RAN2].
In this contribution, we discuss RAT based positioning methods for sidelink positioning and their associated measurements and procedures.
Sidelink Positioning Measurements
RTT-type solutions using SL
RTT-type solutions using SL include single or double-sided Multi-RTT (up to 3 anchor UEs for absolute positioning) and single or double-sided RTT (a single anchor UE for relative/absolute positioning). 

Definition of Rx-Tx difference 
In RAN1 #112, the following agreements were made [8]:
	Agreement
For definition of SL-PRS based Rx-Tx measurement, downselect one of the following alternatives in RAN1# 112b to minimize the impact of UE reference timing offset and mobility
· Alt1: actual SL-PRS transmission time is used for the definition of SL-PRS based Rx-Tx time difference measurement
· Alt2: SL-PRS transmission time based on the sidelink PRS receiving symbol 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.



In RAN1 #112-bis-e, the following agreement was made [9]:
	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




The measurements performed at the SL-UE/RSU/PRUs and TRPs are SL-PRS based Rx-Tx time difference measurements (UE/UE),  SL-PRS based and DL-PRS/SRSp Rx-Tx time difference measurements (UE/gNB) and optionally SL-PRS based RSRP, DL-PRS-RSRP and  UL-SRSp-RSRP for the  SL-PRS, DL-PRS and UL-SRS positioning signals. To minimize the impact of UE reference timing offset and mobility select Alt 1 i.e.  actual SL-PRS transmission time is used for the definition of SL-PRS based Rx-Tx time difference measurement. The same method should be used for both single sided and double sided RTT

PRS transmission order and differentiation of different PRS transmissions for multiple rounds of double sided RTT
In RAN1 #112, the following agreement was made [8]: 
	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




In RAN1 #112-bis-e, there was a discussion on how to differentiate single sided RTT, and double sided RTT (with and  without order). 
· To differentiate different PRS transmissions for sidelink PRS Rx-Tx measurement and report support to use higher layer signaling to configure single-sided RTT and double-sided RTT in measurement request.
· The order of the double sided RTT can be implicitly differentiated based on the time-stamp in the measurement report.


Miscellaneous Issues

To enable SL-Multi-RTT/SL-RTT, the following need to be defined: 
· Positioning set: set of devices used to perform SL-RTT (excluding target UE): May be (pre-) configured or dynamically set. May be a single device (for RTT positioning) or up to 3 devices (for multi-RTT positioning). A procedure to select the candidate anchor UEs should be studied.
· Common synchronization source: The synchronization source is not as important for RTT-based positioning. For one-way RTT, the synchronization error can be controlled by ensuring the reply transmission is as close as possible to the initial transmission. For two-way RTT, the effect of the synchronization error can be limited.
· Resource Utilization: To improve resource utilization in the system support for group based SL-Multi-RTT can be considered. The SL-PRS transmission from one UE may be measured and reported by multiple UEs in the group to reduce the number of SL-PRS transmissions overall.


Proposal 1: To minimize the impact of UE reference timing offset and mobility nn the Rx-Tx time difference measurement, select Alt 1 i.e.  actual SL-PRS transmission time is used for the definition of SL-PRS based Rx-Tx time difference measurement. The same method should be used for both single sided and double sided RTT

Proposal 2: To differentiate different PRS transmissions for sidelink PRS Rx-Tx measurement and report support to use higher layer signaling to configure single-sided RTT and double-sided RTT in measurement request.

Proposal 3: The order of the double sided RTT can be implicitly differentiated based on the time-stamp in the measurement report.

Proposal 4: For single/double Sided Multi-RTT for absolute positioning, a procedure to select the candidate anchor UEs should be studied.

Proposal 5: To improve resource utilization in the system support for group based SL-Multi-RTT can be considered.

SL-PRS based RSTD and RTOA 
SL-TDoA positioning is based on the time delay of arrival to or from a SL UE target with  SL UEs in a positioning set (at least 2 for 2-D positioning and at least 3 for 3-D positioning). In hybrid SL-TDOA, one or more of the positioning set may be a gNB. 
· The measurements performed include the RSTD and the RTOA of the positioning reference signal with a reference SL device. 


The definition of SL-PRS based RSTD

In RAN1 #112-bis-e, the following agreement was reached:
	Agreement
SL reference signal time difference (SL RSTD) is the SL relative timing difference between the UE j and the reference UE i, defined as TSubframe_SL-Rxj – TSubframe_SL-Rxi, where:
· TSubframe_SL-Rxj is the time when the UE receives the start of one subframe from UE j.
· TSubframeSL-Rxi is the time when the UE receives the corresponding start of one subframe from UE i that is closest in time to the subframe received from UE j.
FFS: whether or not impact due to mobility or synchronization timing change should be considered for SL RSTD




Synchronization is extremely important for timing based positioning schemes and ideally the UE involved should have a common synchronization source. If there is a synchronization timing change, this could impact the overall performance. One option is to measure TSubframe_SL-Rxi, based on the synchronization timing that was used for measuring TSubframe_SL-Rxj. Also, any change in synchronization source between UE i and UE j should be communicated to the LMF or server UE to allow for (a) re-measurement or (b) reselection of the positioning set or reference UE. 

Indication of synchronization related information for RSTD and RTOA

· Common synchronization source: For timing-based positioning, the impact of synchronization errors between the anchor UEs should be studied to ensure accuracy of the estimated position. To mitigate the impact of synchronization errors RAN1 should study and adopt one  or more of the following:
· a  procedure to identify anchor UEs with a common synchronization reference. In this procedure, synchronization signaling can be specified to enable the UE to identify the synchronization source of a specific UE.  
· a procedure to allow for a change of anchor UEs to a common synchronization reference 
· a procedure to estimate the target UE position in the presence of anchor UEs with different synchronization references and compensate for the difference
· This may require Exchange of synchronization information of anchor UEs between anchor UE and target/server UE/ LMF


Miscellaneous Issues

To enable SL-TDOA, the following need to be defined: 
· Positioning set: set of UEs used to perform SL-TDOA (excluding target UE): May be (pre-) configured or dynamically set. A procedure to select the candidate anchor UEs should be studied.
· Positioning Reference: UE/gNB that serves as reference for SL-TDOA timing


Proposal 6: For SL-TDOA measurements measure TSubframe_SL-Rxi, based on the synchronization timing that was used for measuring TSubframe_SL-Rxj. Also, any change in synchronization source between UE i and UE j should be communicated to the LMF or server UE to allow for (a) re-measurement or (b) reselection of the positioning set or reference UE.

Proposal 7: 
· Enable exchange of synchronization information of anchor UEs between anchor UE and target/server UE/ LMF
· Study procedures to mitigate the effect of synchronization errors includng:
· a  procedure to identify anchor UEs with a common synchronization reference. In this procedure, synchronization signaling can be specified to enable the UE to identify the synchronization source of a specific UE.  
· a procedure to allow for a change of anchor UEs to a common synchronization reference 
· a procedure to estimate the target UE position in the presence of anchor UEs with different synchronization references and compensate for the difference

Proposal 8: 
To enable SL-TDOA, the following need to be defined: 
· Positioning set: set of UEs used to perform SL-TDOA (excluding target UE): May be (pre-) configured or dynamically set. A procedure to select the candidate anchor UEs should be studied.
· Positioning Reference: UE/gNB that serves as reference for SL-TDOA timing

SL-AoA: Sidelink-Angle of Arrival based positioning

To enable SL-AoA, the following need to be defined: 
· Positioning set: set of UEs used to perform SL-AoA (excluding the target UE): May be (pre-) configured or dynamically set.
· Positioning Estimator: The target UE sends the reference signals to the positioning set or vice versa.
· Anchor UE orientation: Given that the orientation of the positioning set at the time of measurement is important (e.g. a rotation occurs either during or after the transmission), the orientation of the measuring UE as well as a time stamp of when this measurement was made should be part of the measurement report.


Proposal 9: SL-AoA positioning Measurements Anchor UE orientation: Given that the orientation of the positioning set at the time of measurement is important (e.g. a rotation occurs either during or after the transmission), the orientation of the measuring UE as well as a time stamp of when this measurement was made should be part of the measurement report.
Sidelink Positioning Report
Report signaling
On the signaling and contents of the report the following should be supported:
· Support SLPP based higher layer signaling for sidelink positioning measurement report and report triggering. Details are up to RAN2
· Support one shot and periodic report for sidelink positioning measurement report. 
· Support including the SL-PRS resource ID and UE ID in the sidelink positioning measurement report.
· The time stamp for SL positioning measurement report includes at least the DFM and slot number.


Proposal 10: 
· Support SLPP based higher layer signaling for sidelink positioning measurement report and report triggering. Details are up to RAN2
· Support one shot and periodic report for sidelink positioning measurement report. 
· Support including the SL-PRS resource ID and UE ID in the sidelink positioning measurement report.
· The time stamp for SL positioning measurement report includes at least the DFM and slot number.


The following table summarizes the measurements, synchronization requirements and anchor UE selection needed for the  SL positioning schemes :
Proposal 11: 
· Summary of measurements, synchronization and anchor UE selection for SL-positioning schemes:
	
	Measurements
	Synchronization
	Anchor UE Selection

	RTT based positioning for SL
	SL-PRS based Rx-Tx measurement
SL-PRS based Azimuth of arrival (AoA) and SL zenith of arrival (ZoA) measurement (for joint RTT/AoA)
	
	Yes

	SL AoA
	SL-PRS based Azimuth of arrival (AoA) and SL zenith of arrival (ZoA) measurement
	
	Yes

	SL TDoA
	SL-PRS based RSTD measurement
SL-PRS based RTOA measurement
	Procedure Update
	Yes

	General
	SL-PRS based RSRP measurement
SL-PRS based RSRPP measurement
	
	



Conclusion
In this contribution, the following observations and proposals were made:

Proposal 1: To minimize the impact of UE reference timing offset and mobility nn the Rx-Tx time difference measurement, select Alt 1 i.e.  actual SL-PRS transmission time is used for the definition of SL-PRS based Rx-Tx time difference measurement. The same method should be used for both single sided and double sided RTT

Proposal 2: To differentiate different PRS transmissions for sidelink PRS Rx-Tx measurement and report support to use higher layer signaling to configure single-sided RTT and double-sided RTT in measurement request.

Proposal 3: The order of the double sided RTT can be implicitly differentiated based on the time-stamp in the measurement report.

Proposal 4: For single/double Sided Multi-RTT for absolute positioning, a procedure to select the candidate anchor UEs should be studied.

Proposal 5: To improve resource utilization in the system support for group based SL-Multi-RTT can be considered.

Proposal 6: For SL-TDOA measurements measure TSubframe_SL-Rxi, based on the synchronization timing that was used for measuring TSubframe_SL-Rxj. Also, any change in synchronization source between UE i and UE j should be communicated to the LMF or server UE to allow for (a) re-measurement or (b) reselection of the positioning set or reference UE.

Proposal 7: 
· Enable exchange of synchronization information of anchor UEs between anchor UE and target/server UE/ LMF
· Study procedures to mitigate the effect of synchronization errors includng:
· a  procedure to identify anchor UEs with a common synchronization reference. In this procedure, synchronization signaling can be specified to enable the UE to identify the synchronization source of a specific UE.  
· a procedure to allow for a change of anchor UEs to a common synchronization reference 
· a procedure to estimate the target UE position in the presence of anchor UEs with different synchronization references and compensate for the difference

Proposal 8: 
To enable SL-TDOA, the following need to be defined: 
· Positioning set: set of UEs used to perform SL-TDOA (excluding target UE): May be (pre-) configured or dynamically set. A procedure to select the candidate anchor UEs should be studied.
· Positioning Reference: UE/gNB that serves as reference for SL-TDOA timing

Proposal 9: SL-AoA positioning Measurements Anchor UE orientation: Given that the orientation of the positioning set at the time of measurement is important (e.g. a rotation occurs either during or after the transmission), the orientation of the measuring UE as well as a time stamp of when this measurement was made should be part of the measurement report.
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