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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.
Discussion
In the following, we will discuss different SL positioning techniques, focusing on their definition, measurements needed, applicability to absolute or relative positioning and effect of synchronization on their performance. 

Signaling, Measurements, Procedures and Specification Impact
For the different SL positioning techniques, updates to the existing measurements, procedures and signaling may be needed. These updates include:

· Identification of the positioning set,  the positioning reference UE, and the target UE
· Establishment of a common synchronization reference (especially for TDOA-based schemes)
· Establishment of new SL measurements. Some examples of the signaling and measurements needed include: 
· For DL-TDOA-like schemes, information that may be transferred from the LMF to the UE include the source IDs of the candidate UEs in the positioning set, SL-positioning reference signal configuration, and SL positioning reference signal only SL-UE indication. 
· Configuration, transmission and measurement of SL positioning reference signals to or from the target UE
· Feedback of positioning measurement and assistance information to the positioning estimator
· Indication of separate support for each of UL-TDOA-like or DL-TDOA-like positioning methods.
· Indication of separate support for each of the single-sided RTT or multi-sided RTT SL positioning methods.


Proposal 1: The following specification impact of  the SL positioning techniques including the associated signaling, measurements and procedures for the new SL-positioning schemes are as follows:
· Identification of the positioning set and the target UE
· Establishment of a common synchronization reference and the positioning reference UE (for TDOA based schemes)
· Establishment of new SL measurements.
· Configuration, transmission and measurement of SL positioning reference signals to or from the target UE
· Feedback of positioning measurement and assistance information to the positioning estimator
· Indication of separate support for each of UL-TDOA-like or DL-TDOA-like positioning methods.
· Indication of separate support for each of the single-sided RTT or multi-sided RTT SL positioning methods.


SL Positioning Techniques and Measurements
In RAN1 #111, the following agreements were made [7]:

	Agreement
SL-AoD is included as a potential candidate positioning method, and
· SL-AoD should be deprioritized over the remaining methods that have been recommended to be introduced

Agreement
With regards to the RTT-type solutions using SL, both single-sided and double-sided RTT methods should be introduced
· Strive to minimize the changes needed on top of the specification support for single-sided RTT, if any, for the introduction of double-sided RTT.
· Note: a UE should be able to support single-sided RTT without having to support double-sided RTT


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 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





On the issue of what needs to be highlighted, in RAN1 109-e, the following relevant agreement was made [4]:
	From May 17th GTW session
· Consider in the study at least the following aspects:
· Definition(s) of the corresponding SL measurements for each method
· Which method is applicable to absolute or relative positioning or ranging, including whether such categorization is needed to be discussed. 
· For angle-based methods, antenna configuration consideration(s) using practical UE capabilities
· Per-panel location, if UE uses multiple panels. 
· UE’s mobility, especially for V2X scenarios
· Impact of synchronization error(s) between UEs
· Existing SL measurements (e.g. RSSI, RSRP), and UE ID information etc, may be used.
· 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.
· Note: Companies are encouraged to describe the role of SL nodes and their interaction/coordination participating in each method.




In the following, we describe SL positioning solution including  RTT-type solutions using SL, SL-AoA, and SL-TDOA based on the two agreements above.

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). In RAN1 #112, the following agreements were made on 


	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.



Single/Double Sided Multi-RTT: In the SL-Multi-RTT positioning method, the UE position is estimated based on measurements performed at multiple SL-UEs/RSUs/PRUs (in a SL Multi-RTT scheme), or a mix of SL-UE/RSU/PRUs and gNBs/TRPs (for a hybrid SL-Multi-RTT scheme). 
· 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
· This method is typically used for absolute positioning. To acquire the at least three RTT measurements between the target UE and the supporting devices, an RTT estimate is needed between the SL-UE and the supporting devices (SL-UE/gNB/TRP/RSU). The distances obtained from the multi-RTT procedure are used for trilateration to find the absolute position of the target UE.

Single/Double Sided RTT:  In the SL-RTT positioning method, the UE position is estimated based on measurements performed between the target SL-UEs and a (one) supporting SL-UE/RSU/PRU.
· The measurements performed at the SL-UE, RSUs, PRUs and TRPs are SL-PRS based Rx-Tx time difference measurements (UE/UE),  SL-PRS based and DL/SRSp Rx-Tx time difference measurements (UE/gNB) and optionally SL-PRS-RSRP, DL-PRS-RSRP and  UL-SRS-RSRP for the SL-PRS, DL-PRS and UL-SRS signals.  The SL-PRS AoA may also be measured.
· 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 distance obtained from the RTT procedure may be used to estimate the relative position of the target UE. The distance from the RTT procedure and an additionally estimated AoA may be used to estimate the absolute position of the target UE. The absolute position may also be estimated if one of the entities is mobile in which the mobile entity position is known at different times and and can serve as multiple virtual positions. 

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.
· Positioning Estimator: The directionality of the initial/final transmission can be configured to ensure that the positioning estimate is at the UE or at the LMF. 

An example of Multi-RTT (and RTT) for absolute and relative positioning is shown in Figure 1 below:

[image: ]
[bookmark: _Ref111170057]Figure 1: SL Multi-RTT and SL-RTT
On the issue of clock drift, it can be shown that with single sided RTT, the time-of-flight error is dominated by the time delay from the reception of the initiating packet until the transmission of the reply and the clock drift of one of the UEs. As the time delay decreases, the error decreases.  This dominant effect can be reduced with the double-sided RTT (with or without order)  [8].

Proposal 2: RTT Definitions:
· Proposal 2-1: Single/Double Sided Multi-RTT for absolute positioning (definition): In SL-Multi-RTT positioning method, the UE position is estimated based on measurements performed at multiple SL-UEs/RSUs/PRUs (in the SL Multi-RTT scheme), or a mix of SL-UE/RSU/PRUs and gNBs/TRPs (for the hybrid SL-Multi-RTT scheme).
· Proposal 2-2: Single/Double Sided RTT for relative / absolute positioning (definition): In SL-RTT positioning method, the UE position is estimated based on measurements performed between the target SL-UEs and a (one) supporting SL-UE/RSU/PRU.

Proposal 3: RTT Measurements 
· Proposal 3-1: Single/Double Sided Multi-RTT for absolute positioning (Measurement): 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 and are typically used for absolute positioning. 
· Proposal 3-2: Single/Double Sided RTT for relative / absolute positioning (measurement): The measurements performed at the SL-UE, RSUs, PRUs and TRPs are SL-PRS based Rx-Tx time difference measurements (UE/UE), SL-PRS based and DL/SRSp Rx-Tx time difference measurements (UE/gNB) and optionally SL-PRS-RSRP, DL-PRS-RSRP and  UL-SRS-RSRP for the SL-PRS, DL-PRS and UL-SRS signals.  The SL-PRS AoA may also be measured. It is typically used for both absolute and relative positioning.
· Proposal 3-3: 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

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

SL-AoA: Sidelink-Angle of Arrival based positioning
In RAN1 #112, the following agreement was made:

	Agreement
Support both GCS and LCS for SL-PRS based Azimuth of arrival (AoA) and zenith of arrival (ZoA) measurement.
· FFS on the applicable scenario/service for AoA/ZoA relative to LCS without translation of the LCS to GCS



SL-AoA positioning  is based on the angle of arrival of transmission of the transmission to a SL UE target. In hybrid SL-AoA, one or more of the positioning set may be a gNB. 
· SL-AoA can be used to estimate the relative direction between two SL devices or to estimate absolute positioning with up to 3 sidelink devices or when combined with other positioning techniques e.g. RTT.
· The accuracy is improved with an increase in the # of antennas at the device at which the angle is measured.

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.

An example of the SL-AoA is shown in  Figure 2 with the target UE sending the SL-reference signal to the  SL positioning set. 

Proposal 5: SL-AoA positioning Definitions: 
· SL-AoA positioning   is based on the angle of arrival of transmission or angle of departure of transmission to or from a SL UE target. In hybrid SL-AoA/AoD, one or more of the positioning set may be a gNB. 

Proposal 6: SL-AoA positioning Measurements: 
· Proposal 6-1: The measurements performed can include both Azimuth of arrival (AoA) and zenith of arrival (ZoA). 
· Proposal 6-2: 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.

[image: Diagram
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[bookmark: _Ref102064228]Figure 2: SL AoA Positioning
SL-TDOA: Sidelink Time Delay of Arrival based Positioning
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 TDoA of the positioning reference signal with a reference SL device. 

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.
· 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
· Positioning Reference: UE/gNB that serves as reference for SL-TDOA timing
· Positioning Estimator: 
· DL-TDOA-like operation: direction of signals from positioning set to target UE (equivalent to DL-TDOA for Uu case)
· UL-TDOA-like operation: direction of signals from target UE to positioning set (equivalent to UL-TDOA for Uu case)


An example of the UL-TDOA-like operation is shown in  Figure 3 with the target UE sending the SL-reference signal to the  SL positioning set. 
[image: Diagram, schematic
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[bookmark: _Ref102064047][bookmark: _Ref102064041]Figure 3: UL-TDOA-like operation positioning
Proposal 7: SL-TDOA definition: 
· 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.  

Proposal 8: SL-TDOA Measurements:
· The measurements performed include the TDoA of the positioning reference signal with a reference SL device and is typically used for absolute positioning

Proposal 9:
· 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:
· Enable a procedure to identify anchor UEs with a common synchronization reference. 
· Enable a procedure to allow for a change of anchor UEs to a common synchronization reference 
· Enable a procedure to estimate the target UE position in the presence of anchor UEs with different synchronization references and compensate for the difference

The following table summarizes the measurements, synchronization requirements and anchor UE selection needed for the  SL positioning schemes :

Proposal 10: 
· 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: The following specification impact of  the SL positioning techniques including the associated signaling, measurements and procedures for the new SL-positioning schemes are as follows:
· Identification of the positioning set and the target UE
· Establishment of a common synchronization reference and the positioning reference UE (for TDOA based schemes)
· Establishment of new SL measurements.
· Configuration, transmission and measurement of SL positioning reference signals to or from the target UE
· Feedback of positioning measurement and assistance information to the positioning estimator
· Indication of separate support for each of UL-TDOA-like or DL-TDOA-like positioning methods.
· Indication of separate support for each of the single-sided RTT or multi-sided RTT SL positioning methods.

Proposal 2: RTT Definitions:
· Proposal 2-1: Single/Double Sided Multi-RTT for absolute positioning (definition): In SL-Multi-RTT positioning method, the UE position is estimated based on measurements performed at multiple SL-UEs/RSUs/PRUs (in the SL Multi-RTT scheme), or a mix of SL-UE/RSU/PRUs and gNBs/TRPs (for the hybrid SL-Multi-RTT scheme).
· Proposal 2-2: Single/Double Sided RTT for relative / absolute positioning (definition): In SL-RTT positioning method, the UE position is estimated based on measurements performed between the target SL-UEs and a (one) supporting SL-UE/RSU/PRU.

Proposal 3: RTT Measurements 
· Proposal 3-1: Single/Double Sided Multi-RTT for absolute positioning (Measurement): 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 and are typically used for absolute positioning. 
· Proposal 3-2: Single/Double Sided RTT for relative / absolute positioning (measurement): The measurements performed at the SL-UE, RSUs, PRUs and TRPs are SL-PRS based Rx-Tx time difference measurements (UE/UE), SL-PRS based and DL/SRSp Rx-Tx time difference measurements (UE/gNB) and optionally SL-PRS-RSRP, DL-PRS-RSRP and  UL-SRS-RSRP for the SL-PRS, DL-PRS and UL-SRS signals.  The SL-PRS AoA may also be measured. It is typically used for both absolute and relative positioning.
· Proposal 3-3: 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

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

Proposal 5: SL-AoA positioning Definitions: 
· SL-AoA positioning   is based on the angle of arrival of transmission or angle of departure of transmission to or from a SL UE target. In hybrid SL-AoA/AoD, one or more of the positioning set may be a gNB. 

Proposal 6: SL-AoA positioning Measurements: 
· Proposal 6-1: The measurements performed can include both Azimuth of arrival (AoA) and zenith of arrival (ZoA). 
· Proposal 6-2: 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 7: SL-TDOA definition: 
· 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.  

Proposal 8: SL-TDOA Measurements:
· The measurements performed include the TDoA of the positioning reference signal with a reference SL device and is typically used for absolute positioning

Proposal 9:
· 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:
· Enable a procedure to identify anchor UEs with a common synchronization reference. 
· Enable a procedure to allow for a change of anchor UEs to a common synchronization reference 
· Enable a procedure to estimate the target UE position in the presence of anchor UEs with different synchronization references and compensate for the difference






Proposal 10: 
· 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
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