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Introduction
In RAN4#108bis meeting, there are discussions on the RRM impacts of SL positioning and outcomes are captured in the WF [1]. In this paper, we provide our views on the RRM requirements for SL positioning.
Discussion
[bookmark: _Hlk131435397]Measurement requirements
In RAN4#108bis meeting, the issue of measurement period requirements for SL-PRS RSTD has been discussed and the agreement is captured as
	Agreements:
· [bookmark: _Hlk149329036]The measurement period requirements for SL-PRS based RSTD is defined as: 

where 
· S = scaling factor * Nsample. Scaling factor is FFS. 
· , where  and  are the start of the s-th and (s+1)-th slot where UE needs to measure SL-PRS, satisfying   is > FFS.
·  is FFS.
· For Nsample, further discuss the two options:
· [bookmark: _Hlk149395224]Option 1: Define requirement for the sample number of 1 and FFS for 4.
· Option 2: Define requirement for the sample numbers of 1 and 4.



We would like to review the Rel-17 RSTD measurement period requirements for NR positioning. For scaling factor in Rel-17, at least

· No need to consider the TEG, which means kmultiTEG=1;
· The UE Rx beam sweeping factor NRx,Beam=1;
· The carrier-specific scaling factor for NR SL-PRS based positioning measurements equals to 1, that is, CSSF=1;
· No need to consider the scaling factor for a positioning frequency layer to be measured within the associated measurement gap pattern, which means Kp,PRS=1.
Based on RAN1 UE feature list [2], the common SL-PRS processing capabilities are copied as
	41. NR_pos_enh2
	41-1-1
	Common SL PRS Processing Capability [across all resource pools in a SL BWP]
	1. Maximum SL PRS bandwidth in MHz in a resource pool for positioning, which is supported and reported by UE for SL-PRS measurement
[2. Maximum number of active/occupied SL PRS resources across all configured RPs assuming maximum SL PRS bandwidth in MHz, which is supported and reported by UE]
3. Maximum number of slots with active SL PRS resources across all configured RPs assuming maximum SL PRS bandwidth in MHz, which is supported and reported by UE
[3. Duration of active SL PRS symbols N in units of ms a UE can process [every T ms] assuming maximum SL PRS bandwidth in MHz, which is supported and reported by UE]
4. Minimum time after the end of a slot carrying the active SL-PRS resource(s) assuming maximum number of symbols and maximum bandwidth for a UE to finish the SL-PRS resource processing [and preparing the positioning measurement report] [assuming the active SL-PRS resources during this time haven’t exceeded the reported capabilities], which is supported and reported by UE
[5. SL PRS buffering capability]
	
	Yes
	FFS No
	The UE does not support the reception and processing of SL PRS
	FFS [Per FS/Per Band/Per FCPC]
	n/a
	n/a
	n/a
	Component 1 candidate values:
FR1 bands: {5, 10, 20, 40, 50, 80, 100}
FR2 bands: {50, 100, 200, 400}

[Component 2 candidate values:
FR1 bands: {1, 2, 4, 6, 8, 12, 16 [, 24, 32, 48, 64, 128]} for each SCS: 15kHz, 30kHz, 60kHz
FR2 bands: {1, 2, 4, 6, 8, 12, 16, 24, 32, 48, 64, 128} for each SCS: 60kHz, 120kHz

Component 3 candidate values:
FFS
a) T: {8, 16, 20, 30, 40, 80, 160, 320, 640, 1280} ms
b) N: {0.125, 0.25, 0.5, 1, 2, 4, 6, 8, 12, 16, 20, 25, 30, 32, 35, 40, 45, 50} ms
Component 4 candidate values: {[30ms, 40ms, 50ms, 100ms]}
[Component 5 candidate values: {Type 1 – sub-slot/symbol level buffering, Type 2 – slot level buffering}]

Note: a SL PRS resource is considered as active/occupied starting at the end of the last symbol of the PSCCH carrying the SCI trigger and the occupancy is released at the end of timeline indicated in component 4the last symbol of the PSSCH carrying the report.

[Need for location server/UE to know if the feature is supported]
	Optional with capability signaling



Since RAN1 has not introduced such UE capabilities about N and N’, the scaling factor should be considered in other way instead of . Since RAN1 has not stabilized the SL UE feature list yet, RAN4 should wait RAN1 for more progress to discuss the scaling factor and more parameter in the measurement period formula.
Proposal 1: RAN4 to wait RAN1 progress for SL UE features for further discussing the details, e.g. scaling factors, in measurement period formula.
RAN4 has agreed to discuss the number of samples for SL-PRS measurement period and for accuracy requirements. Number of samples for positioning measurements is FFS
· Option 1: Define requirement for the sample number of 1 and FFS for 4.
· Option 2: Define requirement for the sample numbers of 1 and 4.
Based on our simulation results [3], we have some following observations, e.g. for SL-RSTD:
· High Es/Iot does not bring noticeable accuracy improvements compared to lower Es/Iot.
· Small BW SL-PRS brings noticeable accuracy degradation compared to large BW SL-PRS, especially in fading channel conditions.
· 4 sample SL-PRS based measurement brings noticeable accuracy improvements compared to 1 sample SL-PRS, especially in fading channel conditions. 
Therefore, 4 sample SL-PRS measurement should be supported in case of at least the following conditions: small BW SL-PRS, bad channel environments.
Proposal 2: RAN4 to define the measurement period requirement for the sample numbers of 1 and 4.
In the last meeting, the issue for impact of the type of resource pool is raised

	Way Forward: 
· Option 1: 
· SL-PRS measurement requirements apply for different resource pool types. 
· Option 2: 
· Measurement period may be different for different SL PRS resource pool types (dedicated or shared)




RAN1 has defined two different resource pool types: dedicated resource pool and shared resource pool. A UE can be (pre-) configured with one or more dedicated or share SL resource pool. TDM-ed SL PRS resources within a slot from a single UE in a dedicated/shared resource pool is not supported in Rel-18, which means that there is only one SL-PRS resource from a single UE within a slot in time domain.
For dedicated resource pool, only a single stage SCI is used. PSCCH and associated SL-PRS are TDMed in the same slot. SL-PRS cannot be transmitted in a slot without associated PSCCH. PDFCH and PSSCH is not included in dedicated resource pool for SL positioning. A SL PRS resource is identified by a SL PRS resource ID that is unique within a slot of a dedicated SL PRS resource pool. No additional slots are needed to be supported for a dedicated resource pool.
For shared resource pool, SL PRS is mapped after the last symbol with second stage SCI, and associated PSCCH and PSSCH scheduled by the PSCCH are included in the same slot. A SL PRS resource is identified by a combination of SL PRS resource ID and a SL PRS frequency domain allocation. This combination is unique within a slot of a shared resource pool.
Consider the measurement requirement applicability for different resource types, at least for dedicated resource pool, no other channel/signals could impact the SL-PRS transmission. Thus, the measurement period requirement is obviously applied for the dedicated resource pool. For the shared resource pool, there could be some other channel/signals, e.g. PSSCH, PSFCH within a slot. However, different channels are TDMed and there are no impacts on SL-PRS transmission. UE capability can handle the shared resource pool by same mechanism used for dedicated resource pool. Based on the above, measurement requirements apply for the two types of resource pools.
Proposal 3: SL-PRS measurement requirements apply for different resource pool types.
In the last meeting, the agreement for measurement period requirements for other SL-PRS based measurements are captured as
	Agreements: 
· The measurement period requirement for SL-PRS based RSTD can be reused for other SL-PRS based measurement (i.e., SL-PRS based RTOA, RSRP and RSRPP). 
· For SL-PRS based AoA/ZoA, check and confirm whether the measurement period of SL-PRS based RSTD can be reused in the next meeting. 
· For definition #1 and [definition #2] for UE Rx-Tx time difference, reuse the measurement period of SL-PRS based RSTD. 
· Definition #1: use the Rel-16/17 definition for gNB Rx-Tx time difference/UE Rx-Tx time difference in Uu. 
· Definition #2: the actual SL-PRS transmission time is used for the definition of SL-PRS based Rx-Tx time difference measurement. 




For SL-PRS based AoA/ZoA, the only difference is that the SL-AoA is determined at the receiving UE’s antenna, while the SL-RSTD, SL-RTOA, SL-RSRP and SL-RSRPP is the Rx antenna connect of the UE in FR1. This difference has no impact on the measurement period requirement for SL-AoA, the measurement period of SL-PRS based RSTD can be reused for SL-PRS based AoA/ZoA.
Proposal 4: The measurement period of SL-PRS based RSTD can be reused for SL-PRS based AoA/ZoA.
In the last meeting, some companies proposed that RAN4 should study the potential impact to measurement period due to the definition change of UE Rx-Tx. If the actual SL-PRS transmission time is used for the definition of SL-PRS based Rx-Tx time difference measurement, the measurement period may be extended until the UE transmits the SL-PRS. Fig .1 illustrates the situation for unextended period and extended period, respectively.
[image: ]
(a) Measurement period delay 1 is for definition 1, delay 2 which is extended is for definition 2.
[image: ]
(b) Measurement period equals delay 1 + delay 2 or delay 3 + delay 4, it will not be extended in any case of definition.
Fig. 1 An example of the situation for unextended period and extended period
Therefore, when the last corresponding Tx SL-PRS is after one or multiple SL-PRS measurements, the measurement period needs to be extended in the case of definition 2. Anyway, this extended duration can be included in Tlast measurement period.
[bookmark: OLE_LINK23][bookmark: OLE_LINK24]Proposal 5: For definition #2 for UE Rx-Tx time difference, the measurement period based on SL-RSTD may needs to be extended and the extended duration can be included  in Tlast..
[bookmark: _Hlk149413636]Impact of other channel/signals
In the last meeting, following agreements are made
	Agreements: 
· FFS: SL PRS measurement requirements apply provided that reception/transmission of the slots containing SL PRS is not dropped due to other SL procedures (e.g., Selection/Reselection of V2X Synchronization Reference Source). 
· FFS: If the reception/transmission of the slots containing SL PRS is dropped, the measurement period can be extended. 
· Option 1: RAN4 does not specify how exactly the measurement period is extended.
· Option 2: RAN4 will specify how exactly the measurement period is extended.



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. 2 illustrates an example of SL transmission dropping when SyncRef UE is asynchronous to the current synchronization source. 
[image: ]
Fig. 2 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. Fig. 3. illustrates examples of SL-PRS dropping when SyncRef UE is asynchronous to the current synchronization source.
[image: ]
Fig.  3 SL transmission dropping when detecting async SyncRef UE
Besides, if the synchronization detection occurs in the procedure of SL positioning measurement and SyncRef UE is synchronous to the current synchronization source, there will be no dropping of SL-PRS.
Observation 1: If the synchronization detection occurs in the procedure of SL positioning measurement and SyncRef UE is synchronous to the current synchronization source, there will be no dropping of SL-PRS. 
Observation 2: If the synchronization detection occurs in the procedure of SL positioning measurement and SyncRef UE is asynchronous to the current synchronization source, UE may drop the SL-PRS transmission and reception.
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, at least including the measurement procedure. Consider the SLSS period TSLSS and SL-PRS period TSL-PRS, we give the following cases as
a. When the SL-PRS period TSL-PRS is less than or equal to 1SLSS period TSLSS, UE is allowed to drop SL-PRS
b. When the SL-PRS period TSL-PRS is greater than 1SLSS period TSLSS, UE is not allowed to drop SL-PRS
For case a, Fig. 4 and Fig. 5 shows the example of TSL-PRS= TSLSS, and TSL-PRS= 0.5*TSLSS, respectively.
[image: ]
Fig. 4. TSL-PRS= TSLSS, when UE is detecting new SyncRef UE 
[image: ]
Fig. 5. TSL-PRS= 0.5*TSLSS, when UE is detecting new SyncRef UE
For case b, Fig.6 shows the example of TSL-PRS= 2TSLSS.
[image: ]
Fig. 6. TSL-PRS= 2*TSLSS, when UE is detecting new SyncRef UE
For case a, at least one SL-PRS is contained in a measurement window which is used for detecting new sync source, that is, at least one SL-PRS will be dropped in this measurement window if dropping occurs, as shown in Fig. 5 and Fig. 6. However, for case b, it is possible to avoid dropping SL-PRS during the measurement window duration. The UE sending SL-PRS needs to stagger the measurement window for detecting SLSS and the occasion for sending SL-PRS in the time domain. That is, the UE performs SLSS detection in the measurement window without SL-PRS, as shown in Fig. 6.
In order to obtain a valid SL-PRS measurement result, the UE needs to extend the measurement duration time to measure additional SL-PRS sample when SL-PRS is dropped. The measurement period shall be related to the following two factors
a) The measurement time of Nsample SL-PRS samples required to obtain a valid measurement result;
b) The measurement time for the additional L SL-PRS samples that the UE is allowed to acquire. Among them, L needs to be less than or equal to Lmax, otherwise the UE will restart or cease the measurement;
For example, the SL-PRS RSTD measurement period can be rewrite as


Where L is the number of SL-PRS sample not available at the UE during TSL RSTD for SL-PRS RSTD measurement, where L≤Lmax.
Proposal 6: SL PRS measurement requirements apply provided that reception/transmission of the slots containing SL PRS is not dropped due to other SL procedures (e.g., Selection/Reselection of V2X Synchronization Reference Source).
Proposal 7: If the reception/transmission of the slots containing SL PRS is dropped, the measurement period can be extended. RAN4 will specify how exactly the measurement period is extended, e.g.


Where 
· L is the number of SL-PRS sample not available at the UE during TSL RSTD for SL-PRS RSTD measurement, where L≤Lmax.
Impact of synchronization reference source change 
[bookmark: _Hlk149413662][bookmark: _Hlk149413361]In the last meeting, the impact on SL-PRS measurement requirements when synchronization reference source change occurs (sync case) has been discussed and the agreement is captured as
	Agreements: 
· UE behavior and the impact on SL-PRS measurement requirements when synchronization reference source change occurs at Rx side
· For SL Rx-Tx measurement, UE shall restart the measurement after change and the previous measurement samples are dropped. The SL Rx-Tx measurement period requirement due to the change: 
· Apply the existing measurement period requirement, and starting point of the measurement period is after the change.
· Option A: Limit the number of restarting, FFS the exact number.
· Option B: FFS whether to limit the number of restarting.
· [bookmark: _Hlk149414248]For SL RSRP and RSRPP measurements, UE shall continue the measurement after the change. 
· For SL RSTD and RTOA measurements, FFS UE shall continue the measurement after the change. 




The discussion only focus on SL Rx-Tx, SL-RSTD, SL-RTOA, SL-RSRP, SL-RSRPP. For SL-AoA/ZoA, there is no such discussion. SL-AoA method is based on 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. The change of timing error due to the synchronization reference source change has no impact on such DoA estimation methods. Thus, For SL-AoA measurements, UE shall continue the measurement after the change.
Proposal 8: For SL-AoA measurements, UE shall continue the measurement after the synchronization reference source change.
For SL RSTD and RTOA, since RAN1 has agreed to introduce mechanisms to mitigate the impact of synchronization errors between anchor UEs for SL-TDOA based measurements, e.g. exchange of synchronization information of anchor UEs between a UE and LMF or another UE. There is no need to drop or restart the measurement for SL-RSTD and SL-RTOA. Thus, for SL RSTD and RTOA measurements, UE shall continue the measurement after the change.
Proposal 9: For SL RSTD and RTOA measurements, UE shall continue the measurement after the synchronization reference source change.
For SL Rx-Tx measurement, setting an appropriate number of restarting is acceptable. It is benefit to restrict the total measurement duration time and guarantee the performing of RTT method. The exact number of restarting need to be further discussed.
Besides, all the discussion here is about the sync case. For the async case, which is an essential case discussed in Rel-16/17 SL, all the SL-PRS measurement should be dropped and restarted.
Proposal 10: For the async case, all the SL-PRS measurement should be dropped after the synchronization reference source change.
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: If the synchronization detection occurs in the procedure of SL positioning measurement and SyncRef UE is synchronous to the current synchronization source, there will be no dropping of SL-PRS. 
Observation 2: If the synchronization detection occurs in the procedure of SL positioning measurement and SyncRef UE is asynchronous to the current synchronization source, UE may drop the SL-PRS transmission and reception.
Proposal 1: RAN4 to wait RAN1 progress for SL UE features for further discussing the details, e.g. scaling factors, in measurement period formula.
Proposal 2: RAN4 to define the measurement period requirement for the sample numbers of 1 and 4.
Proposal 3: SL-PRS measurement requirements apply for different resource pool types.
Proposal 4: The measurement period of SL-PRS based RSTD can be reused for SL-PRS based AoA/ZoA.
Proposal 5: For definition #2 for UE Rx-Tx time difference, the measurement period based on SL-RSTD may needs to be extended and the extended duration can be included in Tlast..
Proposal 6: SL PRS measurement requirements apply provided that reception/transmission of the slots containing SL PRS is not dropped due to other SL procedures (e.g., Selection/Reselection of V2X Synchronization Reference Source).
Proposal 7: If the reception/transmission of the slots containing SL PRS is dropped, the measurement period can be extended. RAN4 will specify how exactly the measurement period is extended, e.g.


Where 
· L is the number of SL-PRS sample not available at the UE during TSL RSTD for SL-PRS RSTD measurement, where L≤Lmax.
Proposal 8: For SL-AoA measurements, UE shall continue the measurement after the synchronization reference source change.
Proposal 9: For SL RSTD and RTOA measurements, UE shall continue the measurement after the synchronization reference source change.
Proposal 10: For the async case, all the SL-PRS measurement should be dropped after the synchronization reference source change.
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