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Introduction
The Rel-18 positioning evolution WI has been agreed in RAN#98 [1], with the objectives of sidelink positioning are copied below. 
	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].
· Specify support of resource allocation for SL PRS:
· Including resource allocation Scheme 1 and Scheme 2, where Scheme 1 corresponds to a network-centric SL PRS resource allocation and Scheme 2 corresponds to UE autonomous SL PRS resource allocation [RAN1].
· For resource allocation mechanism for SL PRS in Scheme 2: 
· Study and specify support of sensing-based resource allocation, and/or a random resource selection [RAN1].
· Study and specify solutions for congestion control for SL PRS and/or inter-UE coordination for SL-PRS [RAN1].
· Support resource allocation for shared resource pool with Rel-16/17/18 sidelink communication and dedicated resource pool for SL PRS [RAN1].
· NOTE: For SL positioning resource (pre-)configuration in a shared resource pool with Rel-16/17/18 sidelink communication, backward compatibility with legacy Rel-16/17 UEs should be ensured.
· Specify procedures for transmit power control for SL PRS transmissions at least based on open loop power control (OLPC) [RAN1]. 
· Specify signalling and associated UE behavior for support of unicast, groupcast (not including many to one) and broadcast of SL PRS transmissions [RAN1, RAN2].
· Specify reporting signalling and procedures to facilitate support of SL positioning in all coverage scenarios and for PC5-only and joint PC5-Uu scenarios [RAN2, RAN3]: 
· Specify the protocol and procedures for SL positioning between UEs (Protocol for Sidelink positioning procedures (SLPP)).
· Specify the protocol and procedures for SL positioning between UEs and LMF. 
· Specify signalling to NG-RAN for sidelink positioning and ranging service authorizations as needed. [RAN3, RAN2] 
· Specify corresponding new core requirements, as well as identifying and specify the impact on the existing RAN4 specification, including RRM measurements and procedures [RAN4].


According to the WID, we provide our initial views on the RRM requirements for sidelink positioning in this document.
Discussion on SL positioning methods
For SL positioning, the use cases including V2X, public safety, commercial and IIOT are supported. RAN1 has made a lot of progresses during the study phase, including scenarios/requirements, evaluation methodology and performance evaluation of potential sidelink solutions, etc, which were captured into the TR 38.859. From the previous RAN1 meetings, the spectra are currently limited in ITS band and licensed band since SL-U topic are still under discussion. Also, two operations are supported in RAN1 #111 meeting, including PC5-only-based positioning and combination of Uu- and PC5-based positioning. Besides, RAN1 has discussed following SL positioning methods, where the SL-AoD is deprioritized against the other methods listed below for possible introduction.
RAN1 #111 
	Agreement
From RAN1 perspective, at least the following 2 operation scenarios are recommended for normative work:
· Operation Scenario 1: PC5-only-based positioning.
· Operation Scenario 2: Combination of Uu- and PC5-based positioning.
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.



RAN1 #110bis-e
	[bookmark: _Hlk126241436]Agreement
· From the potential candidate Positioning methods using at least SL measurements, at least the following should be introduced:
· RTT-type solution(s) using SL
· SL-AoA
· SL-TDOA
· FFS: SL-AoD



Based on the above SL positioning methods, a new SL positioning reference signal (SL-PRS) was introduced and studied including signal design, resource allocation, measurements, associated procedures, etc. In RAN1 #110bis-e meeting, agreements of the positioning methods supported using SL-PRS measurements are coped as below
RAN1 #111
	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


The sidelink positioning methods are briefly discussed in the following sections.
RTT
RAN1 has considered RTT-type solutions using SL as a potential candidate method for SL positioning, and both single-sided and double-sided RTT methods are introduced.
RAN1 #111
	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


The reason why the double-sided RTT method is proposed is to alleviate the potential performance degradation caused by clock drift [2]. Based on TS 38.101-1, if two UE has the same synchronization source, the clock error between 2 UEs will be within ±0.1 PPM. But if the synchronization source is different, the clock error will be larger than ±0.1 PPM.
	[bookmark: _Hlk127557403]TS 38101-1-i00 6.4E.1.1
The UE modulated carrier frequency for NR V2X sidelink transmissions in Table 5.2E.1-1, shall be accurate to within ±0.1 PPM observed over a period of 1 ms compared to the absolute frequency in case of using GNSS synchronization source. The same requirements applied over a period of 1 ms compared to the carrier frequency received from the gNB or V2X synchronization reference UE in case of using the gNB or V2X synchronization reference UE sidelink synchronization signals.


Thus, the potential error in the estimated propagation delay will increase. For solving this problem, double-sided RTT method are proposed. In this section, we briefly summarized the two RTT-type methods.
Single-sided RTT
Fig. 1 illustrates an example of single-sided RTT for SL positioning, the UE Rx-Tx time difference can be defined as the difference between UE received timing of SL-PRS and UE transmitted timing of SL-PRS. Thus, the propagation delay can be estimated as




Where  is the difference between UE 1 received timing of SL-PRS 2 and UE 1 transmitted timing of SL-PRS 1,  is the difference between UE 2 transmitting time of SL-PRS 2 and UE 2 receiving time of SL-PRS 1. In fact, the definition of the SL-PRS based Rx-Tx measurement is depend on RAN1 and currently undefined. RAN4 needs to wait for RAN1 decision for the definition of the SL-PRS based Rx-Tx measurement.
[image: ]
Fig.1. Example of single-sided RTT for SL
Double-sided RTT
Fig. 2 illustrates an example of double-sided RTT for SL positioning, the propagation delay can be estimated by two measurements as


[image: ]
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Fig. 2. Example of double-sided RTT for SL
SL-AoA


In previous releases, the AoA method has always been limited in TRP side. For Rel-18 SL positioning, the SL-AoA has been agreed to support the angle ranging although the angle estimation is limited based on the SL UE antenna number. SL-AoA can use some direction-of-arrival (DoA) estimation methods (e.g. MUSIC, ESPRIT) to obtain the angle of arrival of the signal, and the resolution mainly depends on the array configuration, such as the distance between antennas, the location of antennas, the pattern of antennas, etc. Fig. 3 shows an example of an antenna array, 4 antenna elements lie on the xy plane and the distance between them are assumed as d1<λ/2, d2<λ/2. Based on the configuration, the azimuth angle of arrival  and the zenith angle of arrival  can be estimated. The definition of the SL-PRS based AoA/ZoA measurement is depend on RAN1 and RAN4 needs to wait for RAN1 decision.
[image: ]
Fig. 3. Example of SL-AoA
SL-TDOA
SL-TDOA method can obtain good positioning performance under the conditions that the anchor UEs are perfectly synchronized, which means that the SL UE be fixed, such as RSU, is possible to be the anchor UE for SL-TDOA method. However, when consider the SL UEs are mobile devices, the method to achieving synchronization between different anchor UEs should be further studied. RAN1 has made some agreements on SL-TDOA method
RAN1#110bis-e
	[bookmark: _Hlk126327591]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.


RAN1#111
	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


SL-TDOA has been agreed to absolute positioning estimation of the target UE based on the signalling transmission between multiple anchor UEs and target UE. Whether the SL-TDOA can be used for ranging and relative positioning need to be studied. In addition, DL-TDOA-like operation and UL-TDOA-like operation should be introduced and whether the UE supports the two operations depends on the UE implementation. The definition of the SL-PRS based RTOA and the SL-PRS based RSTD measurement is dependent on RAN1 and RAN4 needs to wait for RAN1 decision. Fig. 4 shows an example of the two operations of the SL-TDOA.
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(a) SL-TDOA positioning (UL-TDOA-like operation)
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(b) SL-TDOA positioning (DL-TDOA-like operation)


Fig. 4. Example of SL-TDOA
RRM requirements on measurements for SL positioning
For RAN4, the existing NR positioning RRM requirements framework could be considered as the baseline. Therefore, before starting to discuss the RRM requirements for SL positioning, we need to review the RRM requirements for the Rel-16/Rel-17 NR positioning. Following NR positioning methods and measurements with the corresponding RRM requirements including measurement period, accuracy and reporting were specified in the previous release.
Table 1 Rel-16/Rel-17 NR positioning methods
	NR Positioning Method
	Reference Signal
	UE Side
	gNB Side

	DL-TDOA
	DL PRS
	DL PRS RSTD
	/

	DL-AOD
	DL PRS
	DL PRS RSRP/RSRPP
	AoA/ZoA

	UL-TDOA
	UL SRS-Pos
	/
	UL SRS RTOA

	UL-AOA
	UL SRS-Pos
	/
	AoA/ZoA

	E-CID
	SSB/CSI-RS
	UE Rx-Tx time difference, RSRP/RSRQ
	gNB Rx-Tx time difference, AoA/ZoA

	Multi-RTT
	DL PRS/UL SRS-Pos
	UE Rx-Tx time difference
	gNB Rx-Tx time difference


Proposal 1: The existing NR positioning RRM requirements framework could be considered as the baseline.
In this section, we have reviewed the existing RRM requirements for NR positioning, and proposed some potential impacts for sidelink positioning RRM requirements.
RRM requirements on SL-PRS measurements
SL-PRS based Rx-Tx measurement
In Rel-16/Rel-17 NR positioning, multi-RTT is the UL and DL-based positioning technique, which requires measurements at both UE and gNB sides. UE measures and reports UE Rx-Tx time difference based on DL PRS and gNB measures and reports gNB Rx-Tx time difference based on UL SRS-Pos UE. Generally, LMF can calculate the position of the UE by using the UE Rx-Tx time difference reported by UE and the gNB Rx-Tx time difference reported by TRPs. RAN4 has defined the RRM requirements for UE/gNB Rx-Tx time difference measurement.
In single-sided RTT methods, SL UEs need to measure/transmit SL-PRS and report the sidelink measurements results to e.g. LMF or location serve UE, and no gNBs participate in this procedure. Thus, RAN4 need to at least define the UE RRM requirements including measurement period, accuracy and reporting for the SL-PRS based Rx-Tx time difference measurement.
Proposal 2: RAN4 to define the UE RRM requirements for the SL-PRS based Rx-Tx time difference measurement, including measurement period, accuracy and reporting etc.

SL-PRS based AoA/ZoA measurement
In Rel-16/Rel-17 NR positioning, UL-AoA is the UL-only positioning technique, which requires measurements only at gNB side based on SRS-Pos. For UL-AoA, the gNB measures AoA and ZoA from UE and report measurements to LMF by NRPPA. The gNB measurements requirements for UL AoA/ZoA was not defined, and the report mapping for AoA/ZoA was defined. In SL-AoA method, the measurements and report are all depend on SL UE, therefore, RAN4 need to at least define the UE RRM requirements including measurement period, accuracy and reporting for the SL-PRS based AoA/ZoA measurement.
Proposal 3: RAN4 to study how to define the UE RRM requirements for the SL-PRS based AoA/ZoA measurement, e.g., whether to define measurement period, accuracy and reporting requirements.
SL-PRS based RSTD and RTOA measurement
In Rel-16/Rel-17 NR positioning, DL-TDOA is DL-only positioning techniques, which requires measurements only at UE side based on DL PRS. For DL-TDOA, UE measures the RSTD between the reference cell and the neighbour cells. UE requirements for DL RSTD including measurement period, accuracy and report were defined. UL-TDOA is UL-only positioning techniques, which requires measurements only at gNB side based on SRS-Pos. For UL-TDOA, gNB measures RTOA for the UE and only the report mapping for UL RTOA was defined. 
In SL-TDOA method, the measurements and report are based on SL UE, therefore, RAN4 needs to at least define the UE RRM requirements including measurement period, accuracy and reporting for the SL-PRS based RTOA measurement for UL-TDOA-like operation and at least define the UE RRM requirements including measurement period, accuracy and reporting for the SL-PRS based RSTD measurement for DL-TDOA-like operation.
Proposal 4: RAN4 to define the UE RRM requirements for the SL-PRS based RSTD and the SL-PRS based RTOA, including measurement period, accuracy and reporting etc.
SL-PRS based RSRP and RSRPP measurements
DL-PRS RSRP has been supported in Rel-16, and DL-PRS RSRPP has been supported in Rel-17. DL-PRS RSRP and DL-PRS RSRPP can be measured and reported alone with other measurements, e.g. RSTD, RTOA. In SL positioning, SL-PRS based RSRP and SL-PRS based RSRPP can also be measured and reported optionally for the reliability of other measurements, and may be helpful for resource selection. The definition of the SL-PRS based RSRP/RSRPP measurement is based on RAN1 and RAN4 needs to wait for RAN1 decision. Therefore, RAN4 needs to at least define the UE RRM requirements including measurement period, accuracy and reporting for the SL-PRS based RSRP measurement and at least define the UE RRM requirements including measurement period, accuracy and reporting for the SL-PRS based RSRPP measurement.
Proposal 5: RAN4 to define the UE RRM requirements for the SL-PRS based RSRP and the SL-PRS based RSRPP, including measurement period, accuracy and reporting etc.

Other aspects
In NR, the positioning accuracy requirement and side condition are based on simulation, thus we think the simulation should also be done for SL positioning to study the RRM requirements. However, the SL-PRS design and definition of SL-PRS based measurements for various positioning mechanism are still under discussion in RAN1, so RAN4 should wait for further agreements from RAN1. 
Observation 1: Simulations are needed for the SL-PRS based measurements. 
Also, the beam management is only considered in FR2 SL which is an Rel-18 study objective. Thus， there is no need to discuss the impact of beam management for FR2 SL positioning in this WI.
Observation 2: Requirements for FR2 sidelink based beam management are not in the scope of the WI.

Specification structure
In TS 38.133, NR positioning RRM core requirements and performance requirements for each measurement are specified like 
9 Measurement Procedure
     9.9 NR measurements for positioning
10 Measurement Performance requirement
     10.1.23 RSTD Measurements
     10.1.24 PRS-RSRP Measurements
     10.1.25 UE Rx-Tx Time Difference Measurements
     10.1.38 PRS-RSRPP Measurements
In addition, NR SL RRM core requirements are specified in dedicated section ‘12 V2X Requirements’ and NR SL RRM performance requirements are specified in subsection ‘10.4 V2X measurements’ under section 10. Thus, we propose SL positioning RRM specification structure as follows.
Proposal 6: Define SL positioning RRM core requirements in dedicated subsection ‘9.X’ under section 9 and define SL positioning RRM performance requirements in dedicated subsection ‘10.X’ under section 10 in TS38.133.
RAN4 also needs to discuss what terminology should be used for SL-PRS based measurements and positioning, e.g., “V2X positioning” and “sidelink positioning” etc.
Proposal 7: Discuss the terminology to be used in RAN4 specification for SL-PRS based positioning.
For example,
SL positioning RRM core requirements
	9 Measurement Procedure
9.X Sidelink Measurements for Positioning


SL positioning RRM performance requirements
	10 Measurement Performance requirements
10.XSidelink Measurements for Positioning


Conclusion
[bookmark: _Hlk23953093]In this contribution, we provided our views on the RRM requirements for sidelink positioning. Based on analysis following observations and proposals are present.
Observation 1: Simulations are needed for the SL-PRS based measurements. 
Observation 2: Requirements for FR2 sidelink based beam management are not in the scope of the WI.

Proposal 1: The existing NR positioning RRM requirements framework could be considered as the baseline.
Proposal 2: RAN4 to define the UE RRM requirements for the SL-PRS based Rx-Tx time difference measurement, including measurement period, accuracy and reporting etc.
Proposal 3: RAN4 to study how to define the UE RRM requirements for the SL-PRS based AoA/ZoA measurement, e.g., whether to define measurement period, accuracy and reporting requirements.
Proposal 4: RAN4 to define the UE RRM requirements for the SL-PRS based RSTD and the SL-PRS based RTOA, including measurement period, accuracy and reporting etc.
Proposal 5: RAN4 to define the UE RRM requirements for the SL-PRS based RSRP and the SL-PRS based RSRPP, including measurement period, accuracy and reporting etc.
Proposal 6: Define SL positioning RRM core requirements in dedicated subsection ‘9.X’ under section 9 and define SL positioning RRM performance requirements in dedicated subsection ‘10.X’ under section 10 in TS38.133.
Proposal 7: Discuss the terminology to be used in RAN4 specification for SL-PRS based positioning.

References
[1] [bookmark: _Ref431017336]RP-223549, “New WID on Expanded and Improved NR Positioning”, Intel Corporation, CATT, Ericsson
[2] [bookmark: OLE_LINK1][bookmark: OLE_LINK2]R1-2211012, “Discussion on potential solutions for sidelink positioning”, vivo
2

image1.wmf
(

)

1

ˆ

2

roundreply

T

TT

-

=


oleObject1.bin

image2.wmf
round

T


oleObject2.bin

image3.wmf
reply

T


oleObject3.bin

image4.png
Tround >{

SLUE 1

SI-PRS 1 SI-PRS 2

T T,
SL UE 2 iad




image5.wmf
1212

1212

-

ˆ

roundroundreplyreply

roundroundreplyreply

TTTT

T

TTTT

´´

=

+++


oleObject4.bin

image6.png
Tioumar Tiepiy2

o —
SL UE 1

! SIPRS 1 SI/-PRS 2 SI\PRS 3
L) ]

T T,

SLUE 2 <plyl "




image7.wmf
f


oleObject5.bin

image8.wmf
q


oleObject6.bin

image9.png




image10.png
RSU 2

:((.tr‘)l

\ \\
AN \ RTOA2
\
\
AN \ SL-PRS 2
N \
\\ \
N \
N | - -
SN | -
N -
o
RTOA 1 SL Tafget
SL-PRS 1 /
() ) SL-PRS 3
& /
/ RTOA 3
RSU 1 /

/ @

/ RSU 3




image11.png
RSU 2

:((.tr‘)l

\ \\
AN \ RSID2
\
\
AN \ SL-PRS 2
N \
\\ \
N \
N | - -
SN | -
N -
o
RSTD 1 SL Tafget
SL-PRS 1 /
() ) SL-PRS 3
& /
/ RSTD 3
RSU 1 /

/ @

/ RSU 3




