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1 Introduction
In RAN4#101bis-e meeting, the issues on latency reduction of positioning measurement were discussed which include the processing samples reduction, UE processing capability, MG enhancement, PRS measurement without gap and measurement period optimization. And the following conclusions were made and captured in the approved WF [1] as below: 
	Issue 1-1-1: Number of samples (M1) excluding sample(s) for AGC and associated conditions
Agreements:
	Parameters
	Value

	No of samples w/o AGC (M1)
	1

	PRS Ês/Iot (dB)
	≥ -6

	Propagation conditions
	LOS

	PRS BW (RBs)
	≥ [48]

	Accuracy
	R16

	Repetition
	R16


Issue 1-1-2: One or more conditions under which samples for AGC is reduced or not required for PRS measurements
Agreements:
· Additional samples for AGC for PRS measurements are not required in case at least one of the following conditions is met
· Condition #1: 
· 1A) PRS bandwidth is within the active BWP and 
· 1B) Difference between the serving and neighboring cell [total] RX power is within [6] dB. 
· FFS on the detailed RX power definition.
Issue 1-1-3: Applicability conditions for reduced Rx beam sweeping factor (<8) capability
Agreements:
· Reduced Rx beam sweeping factor (<8) capability can be applicable without any additional conditions
· No impact on positioning measurement accuracy requirements for UEs supporting the capability
· Positioning measurement period requirements will be reduced for UEs supporting the capability
· FFS whether UE needs to be configured by LMF to perform measurements with a reduced Rx beam sweeping factor
· Sent following LS reply to RAN1 covering above agreements and agreements on issue 1-1-4:
· R4-2202678, LS reply on lower Rx beam sweeping factor for latency improvement, CATT
Issue 1-1-4: Rx beam sweep numbers for reduced Rx beam sweeping factor (<8) capability
Agreements:
· The following Rx beam sweep numbers are supported for reduced Rx beam sweeping factor (<8) UE capability: {1, 2, 4, 6}
Issue 1-1-5: Defining reduced number of samples (M) or associated parameters as UE capability?
Agreements:
The PRS measurement requirements with reduced number of samples shall apply only for UE which supports PRS measurement with reduced number of samples.
Note: Specific conditions under which the PRS requirements with reduced number of samples apply are covered under issue 1-1-1.
Issue 1-1-6: Measurement period optimizations for latency reduction
Agreements:
· Does the UE processing capability {N,T} for low latency needs to be reviewed/revisited by RAN4 whether a UE can properly process the repeated PRS resources?
· NO
Issue 1-2-1: Work needed for PRS measurements without gaps
· Definition of parameters related to PRS measurement requirements for PRS measurements without gaps
Agreements:
1. PRS measurements without gaps are performed within PRS processing window (PPW)
2. 
3. Scheduling restriction is required based on RAN1 agreements.
4. PRS processing window is based on RAN1 agreements
Issue 1-3-1: Per-FR MG for PRS measurement 
Agreements:
· Per-FR MG for PRS measurements shall be supported in Rel-17.


Besides the conclusions above, there are still some remaining issues. In this paper, we further discuss the latency reduction of positioning measurements and give our proposals. 
2 Discussion
2.1 Number of samples for AGC
Regarding the number of PRS processing samples for AGC, it was agreed that one sample is used if AGC is required. Then it is still under discussion the conditions under which the sample for AGC is not needed. In last meeting, the following condition was agreed: 
	Issue 1-1-2: One or more conditions under which samples for AGC is reduced or not required for PRS measurements
Agreements:
· Additional samples for AGC for PRS measurements are not required in case at least one of the following conditions is met
· Condition #1: 
· 1A) PRS bandwidth is within the active BWP and 
· 1B) Difference between the serving and neighboring cell [total] RX power is within [6] dB. 
· FFS on the detailed RX power definition.


For this condition, the only remaining issue is the Rx power definition. In our understanding, AGC is required to adjust the received signal power of different cells. In this condition, UE shall receive all the signals from serving cell including SSB, PRS and data etc. and receive PRS resources from neighbour cell. To reduce the number of samples for AGC, the Rx power for serving cell and neighbour cell should be close. Since we are not sure which signals UE is receiving from serving cell together with neighbour cell PRS, we would like to suggest to use the general description i.e. the Rx power of serving cell signal. 
Proposal 1: Condition 1B can be that difference between the serving cell signal and neighboring cell PRS RX EPRE is within [6] dB. 
For condition 2, we think there is no power related information is provided in the QCL information, so it seems the AGC adjustment for SSB measurement cannot help the PRS receiving i.e. the AGC for PRS measurement is still needed. So we think condition may not reduce the number of samples for AGC. 
For condition 3, the intention is to request more PRS symbols (e.g. with more repetitions in one sample). In this case, the AGC can be completed in the same samples as measurement and no additional samples are needed for AGC. And we think this will not impact the definition of the minimum number of repetitions. We understand in this case the processing PRS duration may be extended, but if UE processing capability can handle this extension, the measurement period can be reduced due to reduced number of samples. 
Proposal 2: The following condition can be considered under which the AGC is not needed: enough resource repetitions in one sample. Number of repetitions is FFS. 
In last meeting, it was agreed to introduce the UE capability for reduced Rx beam sweeping factor, but it is still open whether LMF need to configure the UE to use the reduced Rx beam sweeping factor. In our understanding, if UE support this capability, it should report the used sweeping factor when performing the measurement without NW indication. So we think this NW indication is not very necessary. But we can accept to introduce this indication if majority companies want to do so. This can allow NW to request the reduced latency based on the its positioning demand. 
Proposal 3: There is no need for LMF to configure UE to measure with reduced Rx beam sweeping factor. 
2.2 PRS measurement without MG
In last meeting, RAN4 further discussed the measurement requirements for the PRS measurement without MG and some factors were agreed. But the following factors are still open for further study, so we would like to give our views on these factors in this section. 
Open issues:
· Options for definition of parameters related 
	No.
	Parameters/issues
	Option 1
	Option 2
	Option 3
	Option 4

	5
	
	R16
	Unmuted and overlapped PRS within PRS processing window
	
	

	6
	 
	R16
	.
	
	

	7
	Applicable number of PFLs
	1 
	> 1
	
	

	8
	Applicable number of samples
	4 
	4 and < 4
	1
	

	9
	Approach on the calculation of multiple positioning frequency layers
	Based on PRS resources overlapping of different PFLs
	1 PFL
	Sum approach
	N/A

	10
	Requirement applicability
	Rx time difference within CP
	Numerology, RX timing difference, RX power offset, 
	When PRS has higher priority than all other signals/channels inside PRS processing window
	PRS overlaps with PPW, PRS not overlap with other signals channels of higher priority, PRS whose RTD is ≤ max RTD supported by UE, same SCS

	11
	CSSF outside MG
	Based on processing unit assumption
	1
	Update CSSF outside MG in clause 9.1.5.1 
	N/A

	12
	Scheduling restriction
	Scheduling restriction table 1 (R4-2201637)
	
RLM, BFD and L1/L3 measurement higher priority over PRS
	

	

	13
	PRS/SSB collision
	Extend PRS measurement period or drop SSB
	PRS is prioritized. Equal sharing between SSB and PRS in case of full overlapping
	

	

	14
	MG/PPW reconfig/activation
	Measurement period is extended 
	
	
	

	PPW= PRS processing window
PPWRP= PPW Repetition Period



For the measurement requirements outside gap, the requirements of the measurement within gap in R16 can be a reference. The calculation of  has been agreed in last meeting. Based on this, since UE processing capability is under discussion in RAN1 for the PRS measurement without gap and the definition is similar as that in R16, we think the calculation of   can also use the approach as R16. 
For the calculation approach and the impact of PRS resources configuration (including number of resources in a slot and muting patterns) in R16 can be reused for the PRS measurement without gap. 
For calculating CSSF outside gap, we think the assumption of processing unit on PRS measurement need to be discussed first. If the PRS measurement is performed with dedicated processing unit, the scaling factor between PRS measurement and RRM measurement is not needed. Then the CSSF for PRS measurement should be discussed among the multiple PFLs. If the PRS measurement is performed with the same processing unit as RRM measurement, then scaling factor between PRS and RRM measurement should be considered. And in this case, we think the same principle as R16 for PFL counting can be used i.e. only one PFL is counted when defining CSSF for RRM measurement. 
For the calculation of multiple positioning frequency layers, we think if the PRS processing windows among PFLs are overlapped, the sum approach can be used. But if the processing windows are non-overlapped, the max approach can be used. 
For the number of samples, we think the reduced number of samples defined in section 2.1 can also applied for the measurement without gap. 
Since the PRS measurement without gap is performed within PRS processing window, if the PRS processing window is reconfigured, UE shall restart the measurement. 
Proposal 4: For the measurement requirements of PRS measurement without gap, the definition of  and the calculation of  in R16 can be reused. 
Proposal 5: For the measurement requirements of PRS measurement without gap, the reduced number of samples decided in section 2.1 can be used. 
Proposal 6: For calculating CSSF outside gap, the assumption of processing unit on PRS measurement needs to be discussed first. If PRS measurement is performed with dedicate engine, CSSF = 1; if PRS measurement is performed with the same engine as RRM measurement, update the CSSF outside MG in 9.1.5.1 by accounting for one positioning frequency layer. 
Proposal 7: For the calculation of multiple positioning frequency layers, if the PRS processing windows among PFLs are overlapped, the sum approach can be used. But if the processing windows are non-overlapped, the max approach can be used. 
Proposal 8: If the PRS processing window is reconfigured during measurement period, UE shall restart the PRS measurement. 
Regarding to the condition for PRS measurement without gap mentioned in RAN1 LS [2], we think the FFT assumption should be aligned first. In our understanding, similar as SSB based measurement, for the PRS measurement without gap, there is no need to have single processing window assumption. UE can receive the PRS resources of neighbor cell based on its own timing i.e. no need to define the expected Rx timing difference and the threshold. 
But if we assume one FFT processing window to handle the PRS resources of all the cells, the threshold can be CP which is the same as the CSI-RS based intra-frequency measurement. In last meeting, companies proposed to define UE capability for supported timing difference between serving cell and neighbor cell. We prefer not to define this capability, but if defined, the candidate value shall not be smaller than CP. 
Proposal 9: For the PRS measurement without MG, the condition that the expected Rx timing difference between the PRS from the non-serving cell and that from serving cell is within a threshold is not necessary when multiple FFT processing is assumed. 
Proposal 10: If single FFT processing is assumed, the condition for PRS measurement without MG is that the expected Rx timing difference between the PRS from the non-serving cell and that from serving cell is within CP. 
2.3 MG enhancement for PRS measurement
In last meeting, the MG enhancement for PRS measurement was discussed and the following two remaining issues were captured in the WF [1]: 
	Issue 1-3-2: Optimization of PRS measurements with gaps
Open issues:
· Option 1: 
· Define Tlast as T+MGL when all of the PRS resources to be measured are available in the same MG occasion during Tavailabe.
· Option 2: 
· For a low-latency PFL i with ,  and , set  in the measurement period requirement if all the PRS resources in  are contained within a single measurement gap instance.
Issue 1-3-3: Requirements for MG enhancements introduced by RAN1
Open issues:
Scenarios under which PRS measurement requirements can be defined based on preconfigured measurement gap procedure (defined in clause 5.1.6.5, TS 38.214 v17.0.0 and TS 38.321):
· Scenario 1: No MG is configured for RRM measurement
· POS MG is considered as legacy MG in PRS and RRM measurements when activated
· POS MG is not considered in RRM requirements when deactivated
· Scenario 2: One legacy MG is configured for RRM measurement
· FFS to define requirements for RRM and PRS measurements based on framework of concurrent MGs when POS MG is activated
· POS MG is not considered in RRM requirements when deactivated
· Scenario 3: 
· POS MG(s) are configured with the assumptions that POS MG(s) can only be used for PRS measurement, and only one POS MG can be activated at a time.


Regarding the enhancement on Tlast, our preference is not to consider the R16 optimization in limited configuration and scenarios unless the gain of this enhancement is not evident. But if the optimization on Tlast is introduced, we think option 1 is valid. And if this is agreed, it should also be applied for R16 positioning measurement requirements. 
Proposal 11: Define Tlast as T+MGL when all of the PRS resources to be measured are available in the same MG occasion during Tavailable. This can also be applied for R16 positioning measurement. 
In R17 positioning enhancement, pre-configured MG was introduced in RAN1 and can be activated/deactivated by MAC CE. This pre-configured MG is also based on the legacy gap defined in R16, so when defining requirements for the measurement with this MAC CE based pre-configured MG, we think the MG should be regarded as legacy gap which can be used for both PRS measurement and RRM measurement i.e. no other gaps will be configured when this MAC CE based measurement is configured. 
Proposal 12: When defining the measurement requirements, POS MG defined in RAN1 should be regarded as general gap which can be used for both PRS and RRM measurement i.e. no other gaps will be configured when POS MG is configured. 
3 Summary
In this paper, the issues on latency reduction of positioning measurement are discussed, and the following observations and proposals are given: 
Proposal 1: Condition 1B can be that difference between the serving cell signal and neighboring cell PRS RX EPRE is within [6] dB. 
Proposal 2: The following condition can be considered under which the AGC is not needed: enough resource repetitions in one sample. Number of repetitions is FFS. 
Proposal 3: There is no need for LMF to configure UE to measure with reduced Rx beam sweeping factor. 
Proposal 4: For the measurement requirements of PRS measurement without gap, the definition of  and the calculation of  in R16 can be reused. 
Proposal 5: For the measurement requirements of PRS measurement without gap, the reduced number of samples decided in section 2.1 can be used. 
Proposal 6: For calculating CSSF outside gap, the assumption of processing unit on PRS measurement needs to be discussed first. If PRS measurement is performed with dedicate engine, CSSF = 1; if PRS measurement is performed with the same engine as RRM measurement, update the CSSF outside MG in 9.1.5.1 by accounting for one positioning frequency layer. 
Proposal 7: For the calculation of multiple positioning frequency layers, if the PRS processing windows among PFLs are overlapped, the sum approach can be used. But if the processing windows are non-overlapped, the max approach can be used. 
Proposal 8: If the PRS processing window is reconfigured during measurement period, UE shall restart the PRS measurement. 
Proposal 9: For the PRS measurement without MG, the condition that the expected Rx timing difference between the PRS from the non-serving cell and that from serving cell is within a threshold is not necessary when multiple FFT processing is assumed. 
Proposal 10: If single FFT processing is assumed, the condition for PRS measurement without MG is that the expected Rx timing difference between the PRS from the non-serving cell and that from serving cell is within CP.
Proposal 11: Define Tlast as T+MGL when all of the PRS resources to be measured are available in the same MG occasion during Tavailable. This can also be applied for R16 positioning measurement. 
Proposal 12: When defining the measurement requirements, POS MG defined in RAN1 should be regarded as general gap which can be used for both PRS and RRM measurement i.e. no other gaps will be configured when POS MG is configured. 
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1	Overall description
RAN4 thanks RAN1 for the LS on the condition for PRS measurement without MG. RAN4 discussed the agreement and the condition mentioned in the LS, and the following agreement is made: 
	· For the PRS measurement without MG, the condition that the expected Rx timing difference between the PRS from the non-serving cell and that from serving cell is within a threshold is not necessary when multiple FFT processing is assumed. 
· If single FFT processing is assumed, the condition for PRS measurement without MG is that the expected Rx timing difference between the PRS from the non-serving cell and that from serving cell is within CP


RAN4 kindly asks RAN1 to take the above information into account in the following work on NR positioning enhancements. 

2	Actions
To RAN WG1: 
ACTION: 	RAN4 kindly asks RAN1 to take the above information into account in the following work on NR positioning enhancements.  

3	Dates of next TSG RAN WG4 meetings
TSG RAN WG4 Meeting #103-e		May 16 – May 27, 2022		Electronic Meeting
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