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Introduction
In RAN4#106 meeting, there were initial discussions on the RRM impacts of SL positioning. The following agreements were achieved and captured in the WF [1].
	Issue 2-1-1: Applicable frequency range (FR)
Agreements (on-line session):
· In Rel-18, RAN4 will discuss and define requirements for sidelink positioning in FR1 only.
Issue 2-1-2: Applicable coverage scenarios:
Agreements:
· RAN4 will prioritize requirements for SL positioning measurements performed by the UE only on the PC5.
· RAN4 to investigate whether the SL positioning measurement requirements will be defined in all or subset of the following coverage scenarios: in-coverage, out-of-coverage and partial coverage. 



In this paper, we provide our views on the RRM requirements for SL positioning.
Discussion on coverage scenarios for SL positioning
According to the WF [1] that RAN4 to investigate whether the SL positioning measurement requirements will be defined in all or subset of the following coverage scenarios: in-coverage, out-of-coverage and partial coverage, the relationship between the positioning operation scenarios and the coverage scenarios should be clarified, which is listed in Table 1.
Table 1 Relationship between positioning operation scenarios and coverage scenarios
	Operation Scenario
	Coverage Scenarionote
	Comment

	PC5-only-based positioning
	In-coverage
	All UEs are inside the network coverage and no positioning measurements are performed over Uu, the synchronization source can be gNB.

	
	Partial coverage
	At least one UE is outside the network coverage and no positioning measurements are performed over Uu. For the UE outside the network coverage, the synchronization source can be SyncRef UE. For the UE inside the network coverage, the synchronization source can be gNB.

	
	Out-of-coverage
	All UEs are outside the network coverage and the synchronization source can be GNSS, SyncRef UE and UE’s own clock.

	Combination of Uu- and PC5-based positioning 
	In-coverage
	All UEs are inside the network coverage, positioning measurements are performed over Uu and PC5.

	
	Partial coverage
	At least one UE are outside the network coverage, positioning measurements are performed over Uu and PC5.

	Note: the coverage scenarios are exclusive of consideration for GNSS coverage



RAN4 has agreed to prioritize requirements for SL positioning measurements performed by the UE only on the PC5, thus we focus on PC5-only-based operation at the present stage. 
For in-coverage scenario, all UEs are inside the network coverage and no positioning measurements (e.g. PRS measurement) are performed over Uu. The gNB can configure which UE will function as a target UE or an anchor UE, when to transmit/receive the SL-PRS and using which resources (resource allocation scheme 1) and SL positioning method. For Scheme 1 resource allocation, gNB can schedule the SL-PRS resource and/or SL measurement report resource for UE. The dynamic grant or configured grant type 1/type 2 from gNB can be used for SL-PRS resource allocation in scheme 1. The synchronization reference source can be gNB. Fig. 1 illustrates an example of in-coverage scenario for PC5-only-based positioning.  
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Fig. 1. Example of in-coverage scenario for PC5 -only-based positioning
For out-of-coverage scenario, all UEs are outside network coverage. In some cases, both the GNSS and network are not reachable from UE, e.g. long tunnel, underground parking lot. UE which is unable to find any other synchronization reference source uses its own clock as synchronization reference. In out-of-coverage scenario, SL-PRS resource allocation is operated autonomously by UEs (resource allocation scheme 2). Fig. 2 illustrates an example of out-of-coverage scenario for PC5-only-based positioning. 
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Fig. 2. Example of out-of-coverage scenario for PC5 -only-based positioning
For partial coverage scenario, at least one UE is outside the network coverage and no positioning measurements (e.g. PRS measurement) are performed over Uu. Resource allocation scheme 1 and 2 can be performed together in partial coverage scenario. For the UE outside the network coverage, the synchronization source can be SyncRef UE. For the UE inside the network coverage, the synchronization source at least can be gNB. Fig. 3 illustrates an example of partial coverage scenario for PC5-only-based positioning. 
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Fig. 3. Example of partial coverage scenario for PC5 -only-based positioning
Based on the analysis, it can be observed that the PC5-only solution includes all the coverage scenarios, and different coverage scenario includes different synchronization reference source, resource allocation scheme, etc. Thus, RAN4 needs to define the SL positioning measurement requirements in all coverage scenarios. For example, Fig. 4 illustrates different types of UE in different coverage scenarios respectively. Since the clock source and the bear synchronization devices are different, the measurement requirements may be different. More details need to be further studied. In addition, the impacts of coverage state change need to be considered.
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Fig. 4. Different types of UE in different coverage scenarios. (a) In-coverage (b) Partial coverage (c) Out-of-coverage
Observation 1: PC5-only solution includes all the following coverage scenarios: in-coverage, out-of-coverage and partial coverage.
Proposal 1: RAN4 to define the SL positioning measurement requirements in all of the following coverage scenarios: in-coverage, out-of-coverage and partial coverage.
RRM requirements on measurements for SL positioning
[bookmark: _Hlk131435261]During SI stage, RAN1 made the agreements of the positioning methods supported using SL-PRS measurements 
	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
· [bookmark: OLE_LINK7]SL-PRS based RTOA measurement
· SL-PRS based Azimuth of arrival (AoA) and SL zenith of arrival (ZoA) measurement


 
[bookmark: _Hlk131435397]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 2 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


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 or double-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 may define the UE RRM requirements e.g. measurement period, accuracy and reporting for the SL-PRS based Rx-Tx time difference measurement. In RAN1#112 meeting, the agreement for the definition of SL-PRS based Rx-Tx measurement is copied as below
	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.



Since the definition are still under discussion, RAN4 needs to wait for progress in RAN1 to define the UE RRM requirements for the SL-PRS based Rx-Tx time difference measurement.
Proposal 2: RAN4 to wait for progress in RAN1 to define the UE RRM requirements for SL-PRS based Rx-Tx time difference measurements, e.g., measurement period, accuracy and reporting.
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 study how to define the UE RRM requirements e.g. measurement period, accuracy and reporting for the SL-PRS based AoA/ZoA measurement. In RAN1#112 meeting, the agreement for the definition of SL-PRS based AoA/ZoA measurement is copied as below
	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



Since the definition are still under discussion, RAN4 needs to wait for progress in RAN1 to decide whether to study how to define the UE RRM requirements for the SL-PRS based AoA/ZoA measurement, e.g., measurement period, accuracy and reporting.
[bookmark: _Hlk131444578]Proposal 3: RAN4 to wait for progress in RAN1 to decide whether to study how to define the UE RRM requirements for the SL-PRS based AoA/ZoA measurement, e.g., measurement period, accuracy and reporting.
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 may define the UE RRM requirements e.g. measurement period, accuracy and reporting for the SL-PRS based RTOA measurement for UL-TDOA-like operation and define the UE RRM requirements e.g. measurement period, accuracy and reporting for the SL-PRS based RSTD measurement for DL-TDOA-like operation. In RAN1#112 meeting, the agreement for the definition of SL-PRS based RTOA measurement is copied as below
	Agreement
SL-PRS based RTOA TSL-RTOA is defined as the beginning time of SL subframe #i containing SL-PRS received from a UE, relative to the RTOA Reference Time. The SL RTOA reference time is defined as , where
· T0 is the nominal beginning time of SFN 0 or DFN0.
· FFS on how to select between SFN 0 or DFN 0 for determination of T0.
· FFS: the source for the reference timing
· 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 on how to select between SFN or DFN



Since the definition of SL-PRS based RTOA still remains many FFS bullets and no agreements for SL-PRS based RSTD are reached. RAN4 needs to wait for progress in RAN1 to define the UE RRM requirements for the SL-PRS based RSTD and the SL-PRS based RTOA, e.g., measurement period, accuracy and reporting.
Proposal 4: RAN4 to wait for progress in RAN1 to define the UE RRM requirements for the SL-PRS based RSTD and the SL-PRS based RTOA, e.g., measurement period, accuracy and reporting.
[bookmark: _Hlk131436226]SL-PRS based RSRP and RSRPP measurements
[bookmark: _Hlk131436964][bookmark: _Hlk131437044]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. In RAN1#112 meeting, the agreement for the definition of SL-PRS based RSRP and RSRPP measurement is copied as below
	Agreement
SL PRS reference signal received power (SL PRS-RSRP)
· is defined as the linear average over the power contributions (in W) of the resource elements that carry SL PRS reference signals configured for RSRP measurements within the considered measurement frequency bandwidth 
With regard to the reference point
· For frequency range 1, the reference point for the SL PRS-RSRP shall be the antenna connector of the UE.
· For frequency range 1, if receiver diversity is in use by the UE, the reported SL PRS-RSRP value shall not be lower than the corresponding SL PRS-RSRP of any of the individual receiver branches.

Agreement
SL PRS reference signal received path power (SL PRS-RSRPP),
· is defined as the power of the linear average of the channel response at the i-th path delay of the resource elements that carry SL PRS signal configured for the measurement, where SL PRS-RSRPP for the 1st path delay is the power contribution corresponding to the first detected path in time.
With regard to the reference point
· For frequency range 1, the reference point for the SL PRS-RSRPP shall be the antenna connector of the UE.
· For frequency range 1, if receiver diversity is in use by the UE, the reported SL PRS-RSRPP value shall not be lower than the corresponding SL PRS-RSRPP of any of the individual receiver branches.



In RAN 1#112 meeting, the definition of SL-PRS RSRP and SL-PRS RSRPP has been agreed upon as above. Therefore, RAN4 needs to at least define the UE RRM requirements for the SL-PRS RSRP and the SL-PRS RSRPP, e.g. measurement period, accuracy and reporting.
Proposal 5: RAN4 to define the UE RRM requirements for the SL-PRS RSRP and the SL-PRS RSRPP, including measurement period, accuracy and reporting.
Impact of Selection/Reselection of Synchronization Reference Source on SL positioning measurement
SL UE may intend to change its synchronization reference source in some conditions, e.g, when UE is close to the edge of the cell. During the procedure of selection/reselection of new synchronization source, UE needs to first identify the new synchronization source and then decides whether to change its synchronization source based on the different priorities of gNB/eNB, GNSS and SyncRef UEs. The selection of a gNB/eNB is based on the cell selection procedure in NR Uu, while the selection of GNSS is based on the reliability of GNSS.
RAN4 has defined the requirements for selection/reselection of synchronization reference source in sidelink. SL UE has to drop some SL transmission/reception e.g. SLSS, SL data, for detecting new synchronization source. Fig. 5 illustrates an example of SL transmission dropping when SyncRef UE is asynchronous to the current synchronization source. 
[image: ]
Fig. 5 SL transmission dropping when detecting async SyncRef UE
If the synchronization detection occurs in the procedure of SL positioning measurement, UE may drop the SL-PRS transmission and reception that may impact the positioning measurement. In addition, when the detection is done and UE changes its synchronization source to the new synchronization source successfully while the SL positioning measurement is still on-going, the UE behaviour is not clear and need to be clarified. Therefore, it is necessary for RAN4 to investigate the impact of selection/reselection of synchronization reference source on SL positioning measurement.
Proposal 6: RAN4 to investigate the impacts of selection/reselection of synchronization reference source on SL positioning measurement, e.g. the dropping of SL-PRS transmission and reception, the measurement requirements for SL-PRS, the UE behaviour.
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: PC5-only solution includes all the following coverage scenarios: in-coverage, out-of-coverage and partial coverage.
Proposal 1: RAN4 to define the SL positioning measurement requirements in all of the following coverage scenarios: in-coverage, out-of-coverage and partial coverage.
Proposal 2: RAN4 to wait for progress in RAN1 to define the UE RRM requirements for SL-PRS based Rx-Tx time difference measurements, e.g., measurement period, accuracy and reporting.
Proposal 3: RAN4 to wait for progress in RAN1 to decide whether to study how to define the UE RRM requirements for the SL-PRS based AoA/ZoA measurement, e.g., measurement period, accuracy and reporting.
Proposal 4: RAN4 to wait for progress in RAN1 to define the UE RRM requirements for the SL-PRS based RSTD and the SL-PRS based RTOA, e.g., measurement period, accuracy and reporting.
Proposal 5: RAN4 to define the UE RRM requirements for the SL-PRS RSRP and the SL-PRS RSRPP, including measurement period, accuracy and reporting.
Proposal 6: RAN4 to investigate the impacts of selection/reselection of synchronization reference source on SL positioning measurement, e.g. the dropping of SL-PRS transmission and reception, the measurement requirements for SL-PRS, the UE behaviour.
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