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1 Introduction
In last meeting, RAN4 has discussed the RRM requirements of the sidelink positioning with conclusions captured in [1]. RAN1#114bis meeting has also further discussed the work item and the agreements were captured in [2]. In this paper, we further discuss the potential RRM requirements for sidelink positioning and give our proposals. 
2 Discussion
In last meeting, the measurement period requirements for SL-PRS based RSTD measurement were discussed and it was basically agreed to use sum approach considering the aperiodic allocation of SL-PRS. But some of the detailed factors are still open and in this part, we further discuss the measurement period requirements and give our proposals. 
In [1], the measurement period requirement for SL-PRS based RSTD is defined as below. 
	Issue 1-1-1: Measurement period requirements for SL-PRS based RSTD: 
Agreements:
· 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:
· 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.


In the formula, the scaling factor in the definition of S is to consider the UE processing capability. In [3], the common UE processing capability for sidelink is updated as below: 
	41. NR_pos_enh2
	41-1-1
	Common SL PRS Processing Capability 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 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
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 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]
	The UE does not support the reception and processing of SL PRS
	[Per FS/Per Band/Per FCPC]
	n/a
	n/a


In the defined processing capability above, the most relevant one to the requirements is component 4, which is the needed time for UE to process the SL PRS in one slot. Based on the sum approach agreed in last meeting, the required measurement delay is the sum of the intervals among multiple of SL PRS samples. And considering the UE capability, each interval should be larger than the processing time defined in component 4, otherwise, additional samples are needed. 
One issue is that the minimum time after the end of a slot defined in RAN1 is assuming the maximum bandwidth and maximum SL PRS symbols, while the actual configured bandwidth or SL PRS symbols can be smaller. In such case, theoretically the processing time can be shorter, but to define the minimum requirements, we can use this defined capability in the requirements. 
Based on the understanding above, we understand there are two alternatives to specify the measurement period requirements: 
· Alternative #1: Include the processing capability (component 4) into the formula to determine the scaling factor. 
· Alternative #2: Do not include the processing capability (component 4) into the formula, i.e., scaling factor is 1, and to consider the processing capability as requirements applicability. 
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]For alternative #1, the requirements can be defined as: 

Where, 
· . 
· , where  and  are the start of the s-th and (s+1)-th slot where UE needs to measure SL-PRS. 
· , which is the minimum processing time after the end of a slot carrying the active SL-PRS resource(s). 
For alternative #2, the requirements can be defined as: 

Where, 
· . 
· , where  and  are the start of the s-th and (s+1)-th slot where UE needs to measure SL-PRS, satisfying  ≥ . 
· , which is the minimum processing time after the end of a slot carrying the active SL-PRS resource(s). 
Generally, the two alternatives are similar and we slightly prefer alternative #1 to not limit the configuration. 
For the supported maximum bandwidth, maximum number of active SL PRS resources and maximum number of slots with active SL PRS resources are more appropriate to be considered as side condition or requirements applicability and there is no need to include them in the formula. 
Observation 1: The UE capability for minimum time after the end of a slot carrying a SL-PRS resource for a UE finish the SL-PRS resource processing and preparing the positioning measurement report (component 4) need to be considered in Tlast. 
Observation 2: The components 1, 2 and 3 of Common SL PRS Processing Capability in RAN1 feature list can be considered as the side condition of the measurement requirements. 
In last meeting, the applicable number of samples for SL based measurement period requirements was discussed but with no consensus. Based on the following RAN1 agreement, for dedicated resource pool, a SL PRS resource is immediately preceded by an AGC symbol and the AGC symbol is not considered as part of the SL PRS resource, so we understand there is no need to increase the number of samples reserved for AGC for SL-PRS based measurement period requirements which is different with the legacy PRS measurements. And the number of samples can refer to the simulation. In this meeting, we provided our updated simulation results for sidelink positioning in [4], and we think the SL based measurement period requirements can be defined based on single sample. 
	Agreement
In a dedicated resource pool, a SL PRS resource is immediately preceded by an AGC symbol unless RAN1 explicitly agrees that an AGC symbol is not included for specific cases (if any).
Agreement
An AGC symbol preceding a SL PRS resource is not considered as part of the SL PRS resource itself.


For shared resource pool, RAN1 has the following conclusion in RAN1#114 meeting, i.e., no additional AGC or gap symbols are defined for SL-PRS based measurement beyond those defined as part of Rel-16 SL communications. The only AGC symbol is the AGC symbol before the first symbol of the PSCCH and a gap symbol is present at the last SL symbol of the slot and/or a gap symbol is present in between PSSCH and PSFCH symbol when PSFCH is present in the slot. 
	Conclusion
[bookmark: OLE_LINK270][bookmark: OLE_LINK271]For a shared resource pool, no additional AGC or gap symbols are defined beyond those defined as part of Rel-16 SL communications, i.e., the only AGC symbol is the AGC symbol before the first symbol of the PSCCH and a gap symbol is present at the last SL symbol of the slot and/or a gap symbol is present in between PSSCH and PSFCH symbol when PSFCH is present in the slot.


And in RAN1#113 meeting, there were the following agreements. For shared resource pool, SL-PRS and the associated PSSCH are TDMed within the same slot and are transmitted with same power. We understand there is not AGC adjustment needed for transmitting and receiving SL-PRS from other signals. So there is no need to include additional samples for AGC in SL-PRS based measurement requirements, i.e., the requirements can be defined based on one sample. 
	Agreement
For a shared resource pool, SL PRS transmit power is same as that for PSSCH.
Agreement
For SL PRS in a shared resource pool, the symbols of a SL-PRS resource within a slot are consecutive symbols.
Agreement
In shared resource pools,
· With regards to PSCCH and SL-PRS multiplexing, support Alt. B.1. from previous agreement (i.e., Only TDMing is supported)
Agreement
In a shared resource pool, SL-PRS, associated PSCCH and PSSCH scheduled by the PSCCH are included in the same slot:
· With regards to PSSCH and SL-PRS multiplexing, only TDMing is supported for the already agreed comb sizes 1, 2, 4
Agreement
In a shared resource pool, SL-PRS, associated PSCCH and PSSCH scheduled by the PSCCH are included in the same slot:
· The PSSCH is used for 2nd SCI and SL-SCH
· Note: the UE may not have data available for transmission. Up to RAN2 how to define the specification support for this case.


Observation 3: No additional samples are needed for AGC in SL-PRS based measurement and the measurement requirements can be defined based on one sample.  
However, in some companies’ simulation, the results of one sample are not good enough for small bandwidth. To move forward, the requirements can be defined based on 1 and 4 samples. And the conditions for 4 samples can be further studied. 
In previous meeting, one company raised the clarification on the definition of “sample”. In our understanding, the definition is same as that for legacy PRS measurement, i.e., one sample means one SL-PRS resource defined in RAN1 which is indicated by a combination of SL PRS resource ID and a SL PRS frequency domain allocation. But this definition is not defined in the specification and also not needed for SL-PRS. 
Observation 4: The definition of SL-PRS sample is same as legacy PRS which is one SL-PRS resource defined in RAN1, but there is no need to define it in the specification.  
Based on the discussion above, the measurement period requirements for SL-PRS based RSTD can be defined as in proposal 1. 
Proposal 1: Choose one of the following alternatives to define the measurement requirement for SL-PRS based RSTD: 
· Alternative #1: Include the processing capability (component 4) into the formula to determine the scaling factor. 

Where, 
· . 
· , where  and  are the start of the s-th and (s+1)-th slot where UE needs to measure SL-PRS. 
· , which is the minimum processing time after the end of a slot carrying the active SL-PRS resource(s). 
·  = 1 or 4. 
· Alternative #2: Do not include the processing capability (component 4) into the formula, i.e., scaling factor is 1, and to consider the processing capability as requirements applicability. 

Where, 
· . 
· , where  and  are the start of the s-th and (s+1)-th slot where UE needs to measure SL-PRS, satisfying  ≥ . 
· , which is the minimum processing time after the end of a slot carrying the active SL-PRS resource(s). 
·  = 1 or 4. 
In last meeting, it was agreed that the measurement period requirement for SL-PRS based RSTD can be reused for SL-PRS based RTOA, RSRP and RSRPP. For AOA/ZOA measurement, there was no measurement requirement in legacy, but for SL positioning since it is UE measurement. And we think there is no difference with timing and power related measurements, i.e., the SL PRS based RSTD measurement requirements can be reused. 
For SL PRS based UE Rx-Tx time difference, the issue is for the new definition introduced by RAN1. Based on RAN1 agreement, there are two definitions for SL PRS based UE Rx-Tx: 
· 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 definition #1, it was agreed to reuse the measurement period requirements for SL PRS based RSTD. But for definition #2, to get the measurement results, UE needs to wait for actual SL PRS transmission to get the Tx information. Based on this understanding, some companies think that the additional delay may be needed. But we think we there is not necessary since this time can be accommodated by the interval between SL PRS samples, i.e., . 
Proposal 2: The measurement requirement for SL-PRS based RSTD can also be reused for SL-PRS based AoA/ZoA and SL-PRS based UE Rx-Tx time difference. 
For the impact of SL DRX, we think the Rel-17 mechanism can be reused, i.e., the defined measurement requirements apply without DRX as well as for any DRX configuration specified in TS 38.331. 
Proposal 3: The SL-PRS based measurement period requirements apply without DRX as well as for any SL DRX configuration. 
For the impact of other signals/channels, there are the following agreements in RAN1: 
	RAN1 agreements: 
· PSSCH is not included in dedicated resource pool for SL positioning.
· In a shared resource pool, SL-PRS, associated PSCCH and PSSCH scheduled by the PSCCH are included in the same slot:
· With regards to PSSCH and SL-PRS multiplexing, only TDMing is supported for the already agreed comb sizes 1, 2, 4


Based on RAN1 agreements, for dedicated resource pool for SL positioning, there are no other signals/channels allocated, i.e., no need to consider the impact of other signals/channels. For shared resource pool, there are other resources allocated but TDMed with SL-PRS. If anchor UEs are not synchronized, how to handle the collision between SL-PRS from one anchor UE and the other signals from another anchor UE is left to RAN1. From RAN4 perspective, the requirements applicability of legacy PRS measurement can be reused, i.e., the requirements for shared resource pool apply when no SL-PRS is dropped during the measurement period. 
In last meeting, one case was raised when selection/reselection of V2X Synchronization Reference Source occurs during SL PRS based measurement period. Based on existing sidelink requirements in 12.4, for certain cases, UE is allowed to drop some of V2X data and SLSS transmission during the detection time. If SL PRS is dropped, the measurement period requirements would be impacted. This may be the possible case, but we think we don’t need to differentiate every case when PRS is dropped. And the approaches in legacy PRS measurements can be reused, i.e., add a general description that the requirements apply provided that SL PRS was not dropped during the measurement period. 
Proposal 4: The SL-PRS based measurement requirements apply provided no SL-PRS symbols are dropped during the measurement period. 
For the impact of network coverage change, since we only define the requirements for PC5-only, we understand there is no difference between different coverage scenarios because the SL PRS resource allocation is the same. On the other hand, we should define the baseline requirements firstly without considering the scenario change to see the impact factors and then to decide which could be impacted by coverage scenario. Based on the formula discussed in first part, it seems no factor will be impacted by the network coverage change. In summary, we think no need to consider the scenario change, i.e. the requirements should still apply, but we are also fine to postpone the issue after the baseline measurement period is stable. 
For the impact of Uu link connection, since the requirements we are defining is PC5-only requirement which is based on SL transmission in existing SL system, we need to identify which Uu link procedure would impact the SL-PRS transmission/reception and measurement based on existing specification. 
In the current specification, the interruption to V2X sidelink due to active BWP switch and due to transitions between active and non-active during DRX is defined, and there is no any other requirement defined for SL transmission impacted by Uu link change. When there is interruption to V2X sidelink during the SL PRS measurement period, the measurement period may be extended. But similarly as proposal 4, we don’t need to define the exact delay when interruption happens but can add the general description in the requirements applicability. 
In last meeting, one company mentioned that when UE move from in-coverage to out of coverage or some Uu link procedures (e.g., handover) happen, the SL PRS transmission may stop, so that the measurement period requirements would be impacted. We understand such UE behaviour or procedures are within RAN1 scope and need to be clarified in RAN1, but as far as we know, there was no such discussion or clarification in RAN1. So we think we don’t need to consider it in RAN4. 
Observation 5: There is no discussion in RAN1 on the UE behaviour when there is coverage status change or Uu link connection change. 
Proposal 5: Do not define the SL-PRS based measurement period requirements when there is network coverage change or Uu link connection distortion. 
Regarding the requirements for initiation/cease of SL PRS transmissions for positioning, we understand it is not needed. In the existing sidelink requirements, the initiation/cease of SLSS transmission is defined as below. The UE shall be capable of measuring the RSRP of the cell or the selected SyncRef UE used as synchronization reference source to evaluate to initiate/cease SLSS transmissions. For the sidelink UE supporting positioning, the synchronization reference source is same as that for legacy RRM mobility and RAN1/2 didn’t define any such procedure for SL PRS transmission. We understand the following requirements should be still followed and then the transmission of PRS would not be a problem. We don’t need to define separate requirements for the measurement of the cell used for synchronization reference source for sidelink positioning. 
[bookmark: OLE_LINK36]Proposal 6: No need to define additional requirements for initiation/cease of SL PRS transmission. The existing requirements for initiation/cease of SLSS transmission still apply for sidelink UE supporting positioning. 
	TS 38.133
12.3	Initiation/Cease of SLSS Transmissions
12.3.1	Introduction
The requirements in this subclause are applicable to the UE capable of V2X sidelink communication when:
-	GNSS is used as the synchronization reference source;
-	NR Cell is used as the synchronization reference source;
-	EUTRAN Cell is used as the synchronization reference source;
-	SyncRef UE is used as the synchronization reference source.
12.3.1.1	Initiation/Cease of SLSS transmissions with NR cell as synchronization reference source
The requirements apply when the NR Cell is used as synchronization reference source and when the UE is
-	out of coverage on the V2X NR sidelink carrier and in-coverage with a serving cell on a NR non-V2X sidelink carrier, or
-	 in coverage with a serving cell on a NR V2X sidelink carrier, 
[bookmark: OLE_LINK32][bookmark: OLE_LINK33]and when the conditions for SLSS transmissions specified in TS 38.331[2] are met; networkControlledSyncTx is not configured; and syncTxThreshIC is included in SystemInformationBlockType12. The UE shall be capable of measuring the RSRP of the cell used as synchronization reference source to evaluate to initiate/cease SLSS transmissions within Tevaluate,SLSS
where,
-	Tevaluate,SLSS is as specified in Table 12.3.1.1-1 when UE performs SSB based measurements without measurement gaps.
-	Tevaluate,SLSS is as specified in Table 12.3.1.1-2 when UE performs SSB based measurements with measurement gaps.
Table 12.3.1.1-1: Tevaluate,SLSS for measurements without measurement gaps when NR cell is used as synchronization reference source (FR1)
	DRX cycle in NR cell
	Tevaluate,SLSS

	No DRX
	max(400ms, ceil( 2 x 5 x Kp) x SMTC period)Note 1 

	DRX cycle≤ 320ms
	max(400ms, ceil(1.5 x 2 x 5 x Kp) x max(SMTC period, DRX cycle)) 

	DRX cycle>320ms
	ceil( 7 x Kp ) x DRX cycle 

	NOTE 1:	If different SMTC periodicities are configured for different cells, the SMTC period in the requirement is the one used by the cell being identified



Table 12.3.1.1-2: Tevaluate,SLSS for measurements with measurement gaps when NR cell is used as synchronization reference source (FR1)
	DRX cycle in NR cell
	Tevaluate,SLSS

	No DRX
	max(400ms, 2 x 5 x max(MGRP, SMTC period)) x CSSFintra

	DRX cycle≤ 320ms
	max(400ms, ceil(2 x 1.5x 5) x max(MGRP, SMTC period,DRX cycle)) x CSSFintra

	DRX cycle>320ms
	7 x max(MGRP, DRX cycle) x CSSFintra



If higher layer filtering is configured, an additional delay in evaluation to initiate/cease SLSS transmissions can be expected.
For the NR cell as synchronization reference source:
-	SS-RSRP related side conditions given in clauses 10.1.2 for FR1, respectively, for a corresponding Band,
-	SS-RSRQ related side conditions given in clauses 10.1.7 for FR1, respectively, for a corresponding Band,
-	SS-SINR related side conditions given in clauses 10.1.12 for FR1, respectively, for a corresponding Band,
-	SSB_RP and SSB Ês/Iot according to Annex B.2.2 for a corresponding Band.
…….


For the UE behaviour when synchronization reference source change, the difference on Tx side can be handled by RAN1 agreements and no need to further discuss. When the synchronization resource change occurs at Rx side, i.e., at the UE which is performing the measurement, the UE behaviour is similar as legacy PRS measurements and the similar mechanism can be used. For the unidirectional measurement (e.g., RSTD, RSRP and RTOA measurements), UE should continue the measurement and meet the measurement period requirements. For bidirectional measurement (i.e., UE Rx-Tx measurement), the Tx timing may be different before and after the change. Although UE can continue the measurement, the accuracy may not be guaranteed. In such case, UE is allowed to restart the UE Rx-Tx time difference measurement. 
[bookmark: OLE_LINK37][bookmark: OLE_LINK38]Proposal 7: When the synchronization reference source changes occurs during the measurement period at Rx side, i.e., at the UE which is performing the measurement, 
· for SL RSTD and RTOA measurements, UE shall continue the measurement and meet the measurement period requirements.  
· for SL PRS based Rx-Tx measurement, UE shall restart the measurement. And no need to limit the number of restarting in the specification. 
For the side condition of SL PRS based measurement, based on our simulation results in [4], we see a little improvement when the SINR increases. But the results at -6dB is already acceptable. We think the side condition can be defined as [0, -6]dB which is the same as the legacy requirements for reduced samples. 
Proposal 8: The side condition for SL PRS based RSTD is defined as [0, -6]dB for reference cell and neighbor cell. 
Proposal 9: The side condition for SL PRS based RSRP/RSRPP/UE Rx-Tx is defined as [0]dB and [-6]dB. 
In legacy measurement, there are no accuracy requirements for UL RTOA and UL AOA/ZOA. Similarly for sidelink, we think no need to define accuracy requirements for SL PRS based RTOA and AOA/ZOA. 
Proposal 10: Do not define accuracy requirements for SL PRS based RTOA and AOA/ZOA measurement. 
In TS 38.215, RAN1 has also defined SL PRS-RSSI measurement for congestion control. Referring to the SL RSSI measurement, the absolute accuracy requirements for SL PRS-RSSI are needed. 
Proposal 11: Define absolute accuracy requirements for SL PRS-RSSI measurement. 
3 Summary
In this paper, we discuss the RRM aspects on sidelink positioning and the following proposals are given: 
Observation 1: The UE capability for minimum time after the end of a slot carrying a SL-PRS resource for a UE finish the SL-PRS resource processing and preparing the positioning measurement report (component 4) need to be considered in Tlast. 
Observation 2: The components 1, 2 and 3 of Common SL PRS Processing Capability in RAN1 feature list can be considered as the side condition of the measurement requirements. 
Observation 3: No additional samples are needed for AGC in SL-PRS based measurement and the measurement requirements can be defined based on one sample.  
Observation 4: The definition of SL-PRS sample is same as legacy PRS which is one SL-PRS resource defined in RAN1, but there is no need to define it in the specification.  
Observation 5: There is no discussion in RAN1 on the UE behaviour when there is coverage status change or Uu link connection change. 
Proposal 1: Choose one of the following alternatives to define the measurement requirement for SL-PRS based RSTD: 
· Alternative #1: Include the processing capability (component 4) into the formula to determine the scaling factor. 

Where, 
· . 
· , where  and  are the start of the s-th and (s+1)-th slot where UE needs to measure SL-PRS. 
· , which is the minimum processing time after the end of a slot carrying the active SL-PRS resource(s). 
·  = 1 or 4. 
· Alternative #2: Do not include the processing capability (component 4) into the formula, i.e., scaling factor is 1, and to consider the processing capability as requirements applicability. 

Where, 
· . 
· , where  and  are the start of the s-th and (s+1)-th slot where UE needs to measure SL-PRS, satisfying  ≥ . 
· , which is the minimum processing time after the end of a slot carrying the active SL-PRS resource(s). 
·  = 1 or 4. 
Proposal 2: The measurement requirement for SL-PRS based RSTD can also be reused for SL-PRS based AoA/ZoA and SL-PRS based UE Rx-Tx time difference. 
Proposal 3: The SL-PRS based measurement period requirements apply without DRX as well as for any SL DRX configuration. 
Proposal 4: The SL-PRS based measurement requirements apply provided no SL-PRS symbols are dropped during the measurement period. 
Proposal 5: Do not define the SL-PRS based measurement period requirements when there is network coverage change or Uu link connection distortion. 
Proposal 6: No need to define additional requirements for initiation/cease of SL PRS transmission. The existing requirements for initiation/cease of SLSS transmission still apply for sidelink UE supporting positioning. 
Proposal 7: When the synchronization reference source changes occurs during the measurement period at Rx side, i.e., at the UE which is performing the measurement, 
· for SL RSTD and RTOA measurements, UE shall continue the measurement and meet the measurement period requirements.  
· for SL PRS based Rx-Tx measurement, UE shall restart the measurement. And no need to limit the number of restarting in the specification. 
Proposal 8: The side condition for SL PRS based RSTD is defined as [0, -6]dB for reference cell and neighbor cell. 
Proposal 9: The side condition for SL PRS based RSRP/RSRPP/UE Rx-Tx is defined as [0]dB and [-6]dB. 
Proposal 10: Do not define accuracy requirements for SL PRS based RTOA and AOA/ZOA measurement. 
Proposal 11: Define absolute accuracy requirements for SL PRS-RSSI measurement. 
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