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At the RAN#98 WG meeting, upon successful completion of the “Study on expanded and improved NR positioning” [1], the corresponding work item was approved [2]. One of objective for support of sidelink positioning (including ranging) in NR systems is to specify measurements to support RTT-type solutions using SL, SL-AoA, and SL-TDOA.
	The specific objectives of this work item are:
· Specify solutions for support of sidelink positioning (including ranging) in NR systems, including the following [RAN1, RAN2, RAN3, RAN4]:
· Specify SL PRS for support of sidelink positioning such that the SL PRS uses a comb-based (full RE mapping pattern is not precluded) frequency domain structure and a pseudorandom-based sequence where the existing sequence of DL-PRS is used as a starting point [RAN1].
· Specify support for SL PRS bandwidths of up to 100 MHz in FR1 spectrum.
· NOTE: SL PRS transmission in FR2 is not precluded but no FR2 specific aspects will be specified. 
· Specify measurements to support RTT-type solutions using SL, SL-AoA, and SL-TDOA [RAN1, RAN2].



In this contribution, we discuss the SL positioning methods and impact on NR. 
2 Discussion
2.1 Positioning Methods and measurements for SL Positioning in TR
As described in the WID [2], RAN1 will work on the measurements to support RTT-type solutions using SL, SL-AoA, and SL-TDOA in normative work. The following positioning methods using SL measurements will be further discussed in WI:
	-	RTT-type solutions using SL
-	This includes single-sided (also known as one-way) RTT and double-sided (also known as two-way) RTT
-	May include RTT with one or multiple devices.
-	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.
-	SL-AoA
-	This includes both Azimuth of Arrival (AoA) and Zenith of Arrival (ZoA) in the study
-	SL-TDOA
-	For SL-only positioning, at least for the purpose of absolute positioning estimation of a target UE, SL-TDOA corresponds to a method wherein SL PRS are 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).
-	Based on the study, it was agreed that both 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.



With regards to the positioning methods the following measurements using SL PRS are agreed to be introduced in the TR [1]:
	-	SL Rx-Tx time difference measurement
-	SL RSTD measurement
-	SL RSRP measurement
-	SL RSRPP measurement 
-	SL RTOA measurement
-	SL Azimuth angle of Arrival (AoA) and SL Zenith angle of Arrival (ZoA) measurement.


The following aspects on positioning methods should be discussed and finalized in RAN1 at first from RAN2’s perspective: 
- Definition(s) of the corresponding SL measurements for each method, 
- Applicability of different positioning methods to absolute or relative positioning or ranging.
Observation 1:	Definition(s) of SL measurement and applicability of different positioning methods to absolute or relative positioning or ranging are discussed in RAN1 at first.
2.2 New measurements for sidelink positioning
The sidelink positioning methods discussed in SI included: RTT-type solutions, SL-AoA, and SL-TDOA. For example, RTT-type solutions include single-sided and double-sided RTT and SL-TDOA works for absolute positioning. 


    
Figure 1: Single-sided and double-sided RTT
But the applicability of different positioning methods to absolute or relative positioning or ranging, including whether such categorization is needed should be discussed at first, e.g. which method works for relative or absolute positioning.
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[bookmark: _Ref110870990]Figure 2: SL relative positioning  		Figure 3: SL absolute positioning
The potential mapping of SL measurement, relative/absolute positioning and positioning techniques is listed as below:
Table 2-1 The mapping of SL measurement, relative/absolute positioning and positioning techniques 
	Positioning techs
	Relative/absolute positioning
	Target UE
	Anchor UE

	
	
	SL-PRS for
	SL measurement
	SL-PRS 
for
	SL measurement

	SL-TDOA
	Absolute
	receiving
	SL-RSTD
	transmitting
	NA

	SL-TDOA
	Absolute
	transmitting
	NA
	receiving
	SL-RTOA

	SL-AoA
	Relative
	Receiving/ transmitting
	SL-AoA, SL-ZoA/NA
	transmitting /receiving
	NA/SL-AoA, SL-ZoA

	Single-side RTT
	Relative
	transmitting & receiving
	UE Rx-Tx Time Difference
	transmitting & receiving
	UE Rx-Tx Time Difference

	Double-side RTT
	Relative
	transmitting & receiving
	UE Rx-Tx Time Difference 1&2
	transmitting & receiving
	UE Rx-Tx Time Difference 1&2


Observation 2: The signaling of SL positioning relies on the conclusion of mapping of SL measurement, relative/absolute positioning and positioning techniques which are under discussion in RAN1 now. 
Proposal 1: RAN2 to discuss and agree the Table 2-1 the mapping of SL measurement, relative/absolute positioning and positioning techniques.
	Positioning techs
	Relative/absolute positioning
	Target UE
	Anchor UE

	
	
	SL-PRS for
	SL measurement
	SL-PRS 
for
	SL measurement

	SL-TDOA
	Absolute
	receiving
	SL-RSTD
	transmitting
	NA

	SL-TDOA
	Absolute
	transmitting
	NA
	receiving
	SL-RTOA

	SL-AoA
	Relative
	Receiving/ transmitting
	SL-AoA, SL-ZoA/NA
	transmitting /receiving
	NA/SL-AoA, SL-ZoA

	Single-side RTT
	Relative
	transmitting & receiving
	UE Rx-Tx Time Difference
	transmitting & receiving
	UE Rx-Tx Time Difference

	Double-side RTT
	Relative
	transmitting & receiving
	UE Rx-Tx Time Difference 1&2
	transmitting & receiving
	UE Rx-Tx Time Difference 1&2



2.3 Roles of SL Positioning Methods 
The NG-RAN may utilize one or more positioning methods including SL and Uu interface in order to determine the position of an UE in absolute positioning or relative positioning.
Positioning the target UE or the relative positioning of UEs or ranging involves two main steps:
-	signal measurements; and
-	Position estimate and optional velocity computation based on the measurements.
Specifically, the SL signal measurements may be made by the target UE or by the anchor UEs, or both, and the SL signals are transmissions of SL-PRS between UEs in the PC5-only and joint PC5-Uu scenarios. The position estimate computation in SL positioning may be made by UEs (including target UE, anchor UE, server UE) in the PC5-only scenarios and or by the LMF in joint PC5-Uu scenarios.
According to the Table 2-1, we can find that a centralized unity is expected in absolute positioning methods including SL-TDOA and SL-AoA. A centralized unity can be skipped in relative positioning considering only two UEs involved. Below please find the summary of the computation roles of SL positioning methods in joint PC5-Uu and PC5-Only scenarios separately.
Table 2-2 Computation role in joint PC5-Uu and PC5-Only scenarios 
	Positioning techs
	Relative/absolute positioning
	SL measurement
	Candidate computation role

	
	
	Target UE
	Anchor UEs
	PC5-Uu
	PC5-Only

	SL-TDOA
	Absolute
	SL-RSTD
	NA
	Target UE/ LMF
	Target UE/Server UE

	SL-TDOA
	Absolute
	NA
	SL-RTOA
	LMF
	Anchor UE/Server UE

	SL-AoA
	Relative
	SL-AoA, 
SL-ZoA
	SL-AoA, 
SL-ZoA
	Target UE/ LMF
	Target UE/Anchor UE/ server UE

	Single-side RTT
	Relative
	UE Rx-Tx Time Difference
	UE Rx-Tx Time Difference
	Target UE/ LMF
	Target UE/Anchor UE/ server UE

	Double-side RTT
	Relative
	transmitting & receiving
	UE Rx-Tx Time Difference 1&2
	Target UE/ LMF
	Target UE/Anchor UE/ server UE


The roles of SL Positioning methods can be categorized as below and the roles of:
- Absolute position estimate computation in PC5-Uu:
	The roles may follow the legacy mechanism in Uu positioning.
- Absolute position estimate computation in PC5-Only: 
The server UE is supposed to work as LMF.
- Relative position estimate computation in PC5-Uu:
The relative position estimate computation may be target UE or LMF in joint PC5-Uu following the legacy mechanism, FFS the anchor UE because of the relative position.
- Relative position estimate computation in PC5-Only 
The relative position estimate computation may be target UE or anchor UE, FFS the server UE if necessary.
Proposal 2: RAN2 to discuss the roles of SL absolute/ relative positioning methods in the joint PC5-Uu and PC5-Only within Table 2-2 Computation role in joint PC5-Uu and PC5-Only scenarios.
Proposal 3: The absolute position estimate computation in joint PC5-Uu follows the legacy mechanism, and the absolute position in PC5-Only may be made by target UE/server UE or anchor UE/server UE.
Proposal 4: The relative position estimate computation in SL positioning follows the legacy mechanism, i.e.by target UE or LMF in joint PC5-Uu, FFS the anchor UE which depends on the methods in RAN1. And the relative position may be made by target UE or anchor UE or server UE in PC5-Only.
2.4 Standard UE SL Positioning Methods 
[bookmark: _Toc12632592][bookmark: _Toc29305286][bookmark: _Toc37338091][bookmark: _Toc46488932][bookmark: _Toc52567285][bookmark: _Toc115387933]There used to be standard positioning methods supported for NG-RAN access, including RAT-Dependent and RAT-Independent methods for absolute positioning. Now when absolute and relative positioning based on NG-RAN access and SL signals are involved in Rel-18, the standard UE positioning methods will be updated accordingly.
The new standard positioning methods supported for sidelink signals will be discussed and added:
-	Round Trip Time Positioning (RTT based on sidelink signals);
-	Sidelink Time Difference of Arrival (SL-TDOA) based on sidelink signals;
-	Sidelink Angle-of-Arrival (SL-AoA), including Azimuth of Arrival (AoA) and Zenith of Arrival (ZoA) based on sidelink signals.
Proposal 5: RAN2 to discuss and capture the new standard positioning methods supported for sidelink signals in Clause 4.3	Standard UE Positioning Methods in TS 38.305, including:
-	Round Trip Time Positioning (RTT based on sidelink signals);
-	Sidelink Time Difference of Arrival (SL-TDOA) based on sidelink signals;
-	Sidelink Angle-of-Arrival (SL-AoA), including Azimuth of Arrival (AoA) and Zenith of Arrival (ZoA) based on sidelink signals.

Table 4.3.1-1 in TS 38.305 [3] indicates which of these versions are supported in this version of the specification for the standardised positioning methods. These new sidelink positioning methods may be supported in UE-based, UE-assisted/LMF-based, and RAN2 need to further discuss if UE-assisted/Server UE-based, or Anchor UE-based will be added. So a new table on supported versions of UE sidelink positioning methods will be considered as well.
Table 4.3.1-X: Supported versions of UE sidelink positioning methods
	Method 
	Rel/
Absolute 
	TargetUE
-based
	TargetUE/AnchorUE-assisted, LMF-based
	TargetUE/AnchorUE-assisted, Server UE-based
	Anchor UE-based

	SL-TDOA 
	Absolute
	Yes
	Yes
	Yes
	Yes

	SL-AoA
	Relative
	Yes
	Yes
	Yes
	Yes

	RTT
	Relative
	Yes
	Yes
	Yes
	Yes


Proposal 6: RAN2 to discuss of the supported versions of UE sidelink positioning methods in Table 4.3.1-X and capture it into TS38.305 following the Table 4.3.1-1: Supported versions of UE positioning methods.
3 Conclusions
In this contribution, we have provided tentative work plan on Rel-18 positioning work item for information purpose only, in order to help facilitate preparation of contributions and work planning on Rel-18 positioning.
New measurements for sidelink positioning aspect:
Observation 1:	Definition(s) of SL measurement and applicability of different positioning methods to absolute or relative positioning or ranging are discussed in RAN1 at first.
Observation 2: The signaling of SL positioning relies on the conclusion of mapping of SL measurement, relative/absolute positioning and positioning techniques which are under discussion in RAN1 now. 
Proposal 1: RAN2 to discuss the Table 2-1 the mapping of SL measurement, relative/absolute positioning and positioning techniques.
	Positioning techs
	Relative/absolute positioning
	Target UE
	Anchor UE

	
	
	SL-PRS for
	SL measurement
	SL-PRS 
for
	SL measurement

	SL-TDOA
	Absolute
	receiving
	SL-RSTD
	transmitting
	NA

	SL-TDOA
	Absolute
	transmitting
	NA
	receiving
	SL-RTOA

	SL-AoA
	Relative
	Receiving/ transmitting
	SL-AoA, SL-ZoA/NA
	transmitting /receiving
	NA/SL-AoA, SL-ZoA

	Single-side RTT
	Relative
	transmitting & receiving
	UE Rx-Tx Time Difference
	transmitting & receiving
	UE Rx-Tx Time Difference

	Double-side RTT
	Relative
	transmitting & receiving
	UE Rx-Tx Time Difference 1&2
	transmitting & receiving
	UE Rx-Tx Time Difference 1&2



Roles of SL Positioning Methods aspect:
Proposal 2: RAN2 to discuss the roles of SL absolute/ relative positioning methods in the joint PC5-Uu and PC5-Only within Table 2-2 Computation role in joint PC5-Uu and PC5-Only scenarios.
Table 2-2 Computation role in joint PC5-Uu and PC5-Only scenarios 
	Positioning techs
	Relative/absolute positioning
	SL measurement
	Candidate computation role

	
	
	Target UE
	Anchor UEs
	PC5-Uu
	PC5-Only

	SL-TDOA
	Absolute
	SL-RSTD
	NA
	Target UE/ LMF
	Target UE/Server UE

	SL-TDOA
	Absolute
	NA
	SL-RTOA
	LMF
	Anchor UE/Server UE

	SL-AoA
	Relative
	SL-AoA, 
SL-ZoA
	SL-AoA, 
SL-ZoA
	Target UE/ LMF
	Target UE/Anchor UE/ server UE

	Single-side RTT
	Relative
	UE Rx-Tx Time Difference
	UE Rx-Tx Time Difference
	Target UE/ LMF
	Target UE/Anchor UE/ server UE

	Double-side RTT
	Relative
	transmitting & receiving
	UE Rx-Tx Time Difference 1&2
	Target UE/ LMF
	Target UE/Anchor UE/ server UE


Proposal 3: The absolute position estimate computation in joint PC5-Uu follows the legacy mechanism, and the absolute position in PC5-Only may be made by target UE/server UE or anchor UE/server UE.
Proposal 4: The relative position estimate computation in SL positioning follows the legacy mechanism, i.e.by target UE or LMF in joint PC5-Uu, FFS the anchor UE which depends on the methods in RAN1. And the relative position may be made by target UE or anchor UE or server UE in PC5-Only.
Standard UE SL Positioning Methods aspect:
Proposal 5: RAN2 to discuss and capture the new standard positioning methods supported for sidelink signals in Clause 4.3	Standard UE Positioning Methods in TS 38.305, including:
-	Round Trip Time Positioning (RTT based on sidelink signals);
-	Sidelink Time Difference of Arrival (SL-TDOA) based on sidelink signals;
-	Sidelink Angle-of-Arrival (SL-AoA), including Azimuth of Arrival (AoA) and Zenith of Arrival (ZoA) based on sidelink signals.
Proposal 6: RAN2 to discuss of the supported versions of UE sidelink positioning methods in Table 4.3.1-X and capture it into TS38.305 following the Table 4.3.1-1: Supported versions of UE positioning methods.
Table 4.3.1-X: Supported versions of UE sidelink positioning methods
	Method 
	Rel/
Absolute 
	TargetUE
-based
	TargetUE/AnchorUE-assisted, LMF-based
	TargetUE/AnchorUE-assisted, Server UE-based
	Anchor UE-based

	SL-TDOA 
	Absolute
	Yes
	Yes
	Yes
	Yes

	SL-AoA
	Relative
	Yes
	Yes
	Yes
	Yes

	RTT
	Relative
	Yes
	Yes
	Yes
	Yes
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