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Introduction
This paper will discuss the following remaining issues which may have impacts on core requirements:
· Ri calculation for PRS measurements
· PRS periodicity scaling
· Requirements applicability considering UE capability 
· Use of MG pattern #24/25 for LTE RRM measurements
Discussion
Ri calculation for PRS measurement
It is agreed that the CSSF for PRS is based on Rel-15 CSSF framework [1], where the PRS resources will be categorized into long-periodicity PRS with high measurement priority or short-periodicity PRS which has low measurement priority and would compete for MG with other RRM measurements.
	From spec TS 38.133, section 9.1.5 [2]:
The carrier specific scaling factor CSSFwithin_gap,i is given by:
	If measGapSharingScheme is equal sharing, CSSFwithin_gap,i= max(ceil(Ri×Mtot,i,j)), where j=0…(160/MGRP)-1
	If measGapSharingScheme is not equal sharing and
-	measurement object i is an intra-frequency measurement object, CSSFwithin_gap,i is the maximum among
-	ceil(Ri×Kintra×Mintra,i,j) in gaps where Minter,i,j≠0, where j=0…(160/MGRP)-1
-	ceil(Ri×Mintra,i,j) in gaps where Minter,i,j=0, where j=0…(160/MGRP)-1
-	measurement object i is an inter-frequency or inter-RAT measurement object, CSSFwithin_gap,i is the maximum among
-	ceil(Ri×Kinter×Minter,i,j) in gaps where Mintra,i,j ≠0, where j=0…(160/MGRP)-1
-	ceil(Ri×Minter,i,j) in gaps where Mintra,i,j=0, where j=0…(160/MGRP)-1 
	Where Ri is the maximal ratio of the number of measurement gap where measurement object i is a candidate to be measured over the number of measurement gap where measurement object i is a candidate and not used for RSTD measurement with periodicity Tprs>160ms or with periodicity Tprs=160ms but prs-MutingInfo-r9 is configured within an arbitrary 1280ms period.



As shown above, a scaling factor Ri is used for CSSF calculation to exclude the MGs used for long-periodicity PRS measurements. In Rel-16, restricted by the PRS processing time, there are some collisions between PRS layers in different MGs and the MGs which could be used for short-periodicity PRS measurements will be further reduced. 
Case-1: as illustrated in Figure 1, if long-periodicity PRS layer 1 and short-periodicity PRS layer 2 are configured, and PRS layer 2 in MG #1 is within the processing time of PRS layer 1 in MG #0. Then, PRS layer 1 in MG #0 has higher measurement priority and PRS layer 2 in MG #1 should not be measured.


Figure 1. short-periodicity PRS is within the processing time of long-periodicity PRS
Case-2: as illustrated in Figure 2, if long-periodicity PRS layer 1 and short-periodicity PRS layer 2 are configured, and PRS layer 1 in MG #2 is within the processing time of PRS layer 2 in MG #1. Then, PRS layer 1 in MG #2 has higher measurement priority and PRS layer 2 in MG #1 should not be measured either.


Figure 2. long-periodicity PRS is within the processing time of short-periodicity PRS
In the two cases above, even if MG #j=1 does not contain any long-periodicity PRS signal, it cannot be used for short-periodicity PRS measurements due to processing time, and therefore should be excluded when counting the number of actually available MGs, i.e. the denominator of Ri. 
Proposal 1: As for counting the number of actually available MGs for short-periodicity PRS layer i (the denominator of Ri), the candidate MG #j should be excluded under the following conditions:
· Case-1: when MG #j is within the processing time of any long-periodicity PRS in another MG #j-n, as illustrated in Figure 1, or
· Case-2: when any long-periodicity PRS in another MG #j+n is within the processing time of PRS layer i in MG #j, as illustrated in Figure 2, or 
· Case-3: when MG #j contains any long-periodicity PRS, which is already captured in the spec above

[bookmark: _Hlk68252295][bookmark: _Hlk54019695]PRS periodicity scaling 
	FFS whether and how to account for muting in measurement period requirements
· Option 1a: If muting option 1 is applied, the periodicity of a PRS resource is scaled by 
· where  is X * dl-prs-MutingBitRepetitionFactor, and X is the size of NR-MutingPattern-r16 for mutingOption1-r16
· Option 1b: If muting option 1 is applied, the periodicity of a PRS resource is scaled by 
· where  is X * dl-prs-MutingBitRepetitionFactor, and X is the [maximum] number of consecutive zeros in NR-MutingPattern-r16 for mutingOption1-r16
· Option 2: Muting is accounted with same approach as in LTE (the current requirements apply when up to ½ of PRS resources can be muted)
· Option 3: Do not define requirements for the case of PRS resource muting in Rel-16



Muting pattern will determine whether PRS instance is actually transmitted, therefore it should be considered for both CSSF and long-periodicity criteria. Option 1b is not workable in some scenarios, e.g. when muting pattern is 01001001. Option 1a is preferred because it is simple and practical.
Proposal 2: If muting pattern option 1 is applied, support option 1a: the periodicity of a PRS resource is scaled by 
· where  is X * dl-prs-MutingBitRepetitionFactor, and X is the size of NR-MutingPattern-r16 for mutingOption1-r16

So far, several parameters have been discussed to scale the PRS periodicity, such as muting pattern, MGRP, UE processing time and so on. We should discuss the applying order of these parameters firstly and then move on to the issue of which scaling periodicity should be used for CSSF and long-periodicity criteria. Following is the applying order from our perspective: 
· A): The periodicity of PRS resource set, which is indicated by high layer parameter “NR-DL-PRS-Periodicity-and-ResourceSetSlotOffset-r16”. For simplicity, , …  are used to denoted N different PRS periodicities configured in the same frequency layer. 
· B): Scaling the PRS periodicity based on muting pattern as proposal 2. Since muting pattern is a PRS resource set specific parameter, we think it should be applied to PRS periodicity directly. And the periodicity after muting pattern scaling is denoted as , e.g.  
· C): If multiple PRS periodicities are configured, derive the frequency layer specific periodicity, denoted as . Based on the discussion in the last meeting,  could be calculated by  or 
· D): Derive the available periodicity within MGs by 
· E): Derive the effective periodicity based on PRS processing time  by  
Note that step D and step E have been agreed and captured in spec, the initial solution for step C was reached in last meeting, and step B will be discussed in this meeting.
Proposal 3: The applying order to scale the PRS periodicity should be: 
· A): The PRS periodicity indicated by “NR-DL-PRS-Periodicity-and-ResourceSetSlotOffset-r16”
· B): Scale the PRS periodicity based on muting pattern option 1 
· C): Derive the frequency layer specific periodicity if multiple periodicities are configured in this layer
· D): Derive the available periodicity within MGs
· E): Derive the effective periodicity based on PRS processing time 

The exact definition and criteria for long-periodicity PRS are still under discussion and captured in WF [1].
	FFS: Definition of long periodicity measurement
· Option 1: Tavailable,i≥320ms .
· Option 2: max(Tprs * X * dl-prs-MutingBitRepetitionFactor) >=320ms, where X is the length of NR-MutingPattern-r16 for mutingOption1-r16r
· Option 3:  where  is the PRS resource set index within a PFL, ,  is the PRS resource periodicity and  is the number of consecutive zeros in NR-MutingPattern-r16 for mutingOption1-r16
· Option 4: 
	· PRS periodicity (ms)
	· DL-PRS-MutingPattern configuration

	· >160
	· With or without muting

	· 160
	· With muting






Long-periodicity PRS criteria is frequency layer specific and therefore periodicity after step C could be used. We prefer to use  and are also open to discuss whether MGRP and processing time should be considered or not.
Proposal 4:  could be used as the condition of long-periodicity PRS.
Requirements applicability considering UE capability

	Requirements applicability considering UE capability: 
· FFS: time span of PRS resource instance > N
· Option 1: The measurement requirements do not apply for a PRS resource, if time span of the PRS resource instance is greater than UE reported capability N
· Option 2: at least UE should be able to measure one PRS resource without repetition 
· Option 3: No clarification is needed 
· FFS: time span of PRS resource instance > MGL
· Option 1: The measurement requirements do not apply for a PRS resource, if the time span of a DL PRS resource instance is greater than the configured measurement gap length
· Option 2: When time span of PRS resource instance > MGL, the PRS within the useful part of MG can be assumed
· Option 3: The requirements apply, provided a sufficient number of PRS symbols are available within MGL excluding the RF switching time. The PRS symbols beyond MGL are not considered for PRS measurements
· FFS: time span of PRS resource instance being across two sampling duration of N within duration Lprs
· Option 1: The measurement requirements do not apply for a PRS resource, if the PRS resource is across two sampling duration of N within duration Lprs
· Option 2: UE may need to combine the PRS resource in the two sampling periods, or overlapped sampling window can be used if the issue exists 
· Option 3: No clarification is needed 



Clearly, the PRS resource instance greater than UE capability or MGL cannot be measured since measuring partial PRS resource will complicate both UE implementation and rules of requirements applicability. For the PRS resource across two sampling duration of N, we propose to not define measurement requirements in Rel-16 due to the limited time and discuss advanced measurement method in the next release. 
Proposal 5: Measurement requirements do not apply for the following three scenarios:
· When the time span of PRS resource instance > N, or 
· When the time span of PRS resource instance > MGL, or
· When the time span of PRS resource instance being across two sampling duration of N within duration Lprs
Use of MG pattern #24/25 for LTE RRM measurements
	FFS whether MG pattern #25 is an applicable pattern for LTE measurements
· Option 1: Remove MG pattern #25 as an applicable pattern for LTE measurement
· Option 2: No change is needed to the current specification

FFS Measurement window when MG pattern #24 is used for LTE measurement
· Option 1: When MG pattern #24 is used for LTE measurement, the measurement window is defined as the first 5ms after the RF re-tuning time
· Option 2: no need to limit this to 5 ms



During the last meeting discussion, issues regarding the use of MG pattern #24/25 for LTE RRM measurement were raised as shown above. Since 160ms MGRP is not supported for LTE measurement, MG pattern #25 can be removed as an applicable pattern for LTE measurement. 
Proposal 6: Remove MG pattern #25 as an applicable pattern for LTE measurement.
When the MG pattern #24 is used for LTE measurement, it is true that the actual measurement duration is 5ms within 10ms MGL. If the intention of the measurement window is to increase throughput, i.e. by data transmission within MGL but outside window, it is not workable since whether one MG occasion is used for LTE measurements or NR measurements is up to UE implementation and network has no information about UE behaviour. If the intention is to specify UE measurement behaviour, we prefer to leave more flexibility for UE implementation. Thus, introducing 5ms measurement window when MG pattern #24 for LTE measurement is unnecessary. 
Proposal 7: Prefer not to limit this to 5 ms, and how to use MG pattern #24 for LTE measurement is up to UE implementation.
Conclusion
This paper discusses some remaining issues for general PRS measurements and our opinions are summarized below: 
Proposal 1: As for counting the number of actually available MGs for short-periodicity PRS layer i (the denominator of Ri), the candidate MG #j should be excluded under the following conditions:
· Case-1: when MG #j is within the processing time of any long-periodicity PRS in another MG #j-n, as illustrated in Figure 1, or
· Case-2: when any long-periodicity PRS in another MG #j+n is within the processing time of PRS layer i in MG #j, as illustrated in Figure 2, or 
· Case-3: when MG #j contains any long-periodicity PRS, which is already captured in the spec above
Proposal 2: If muting pattern option 1 is applied, support option 1a: the periodicity of a PRS resource is scaled by 
· where  is X * dl-prs-MutingBitRepetitionFactor, and X is the size of NR-MutingPattern-r16 for mutingOption1-r16
Proposal 3: The applying order to scale the PRS periodicity should be: 
· A): The PRS periodicity indicated by “NR-DL-PRS-Periodicity-and-ResourceSetSlotOffset-r16”
· B): Scale the PRS periodicity based on muting pattern option 1 
· C): Derive the frequency layer specific periodicity if multiple periodicities are configured in this layer
· D): Derive the available periodicity within MGs
· E): Derive the effective periodicity based on PRS processing time 
Proposal 4:  could be used as the condition of long-periodicity PRS.
Proposal 5: Measurement requirements do not apply for the following three scenarios:
· When the time span of PRS resource instance > N, or 
· When the time span of PRS resource instance > MGL, or
· When the time span of PRS resource instance being across two sampling duration of N within duration Lprs
Proposal 6: Remove MG pattern #25 as an applicable pattern for LTE measurement.
Proposal 7: Prefer not to limit this to 5 ms, and how to use MG pattern #24 for LTE measurement is up to UE implementation.
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