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Introduction
RAN4 #97 e-meeting has completed the majority work for PRS core requirements [1]. This paper will discuss the following remaining issues which may have impacts on core requirements:
· Ri calculation for PRS measurements
· PRS periodicity scaling
· Applicability conditions related to measurement capability
Discussion
Ri for PRS measurement
It is agreed that the CSSF for PRS is based on Rel-15 CSSF framework, 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: _Hlk54019695]PRS periodicity scaling 
The exact definition and criteria for long-periodicity PRS are still under discussion and captured in WF [3].
	Condition of long periodicity PRS measurement:
· Option 1a: Tprs * X * dl-prs-MutingBitRepetitionFactor >=160ms
· X is the number of consecutive zeros in NR-MutingPattern-r16 for mutingOption1-r16
· Option 1b: max(Tprs * X * dl-prs-MutingBitRepetitionFactor) >=320ms
· X is the length of NR-MutingPattern-r16 for mutingOption1-r16
· Option 1c: Tprs * X >=320ms
· X is the size of MutingPattern
· Option 1d: Long-periodicity NR measurements are the measurements with PRS periodicity >160 ms (with or without muting) or equal 160 ms (with muting)
· Option 2: Long-periodicity PRS means the PRS periodicity in each frequency layer defined in sub-topic 1-2 is larger than or equal to [320]ms
· Option 3: FFS
Different resource periodicities in a PRS layer
· Option 1: For position frequency layers, calculate   based on the maximum periodicity across all the PRS resources within each layer and taking into account type1 (inter-period) muting
· Option 1a: Follow the same conclusion of sub-topic 1-2
· Option 2: Not needed. We should take the per-gap approach, as it is in Rel-15.
· Option 3: FFS
FFS whether and how muting should be accounted in the PRS measurement period requirements as captured in TS 38.133 sections 9.9.2, 9.9.3 and 9.9.4 



Muting pattern will determine whether PRS instance is actually transmitted, therefore it should be considered for both CSSF and long-periodicity criteria. Option 1a is not workable in some scenarios, e.g. when muting pattern is 01001001. Option 1b is preferred because it is simple and practical.
Proposal 2: Consider inter-period muting pattern to scale the PRS periodicity and support option 1b:
· TPRS, muting = max(TPRS * X * dl-prs-MutingBitRepetitionFactor),
· Where X is the length 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, step B and step C will be discussed in this meeting and our opinion on step C is provided in [4].
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 inter-period muting pattern 
· 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 

For CSSF calculation, it is frequency layer specific and is only for PRS within gaps in Rel-16, therefore  or  could be considered. If  is used, the selection of MGs within the processing time needs further discussion since the number of SSB/CSI-RS based MOs in these MGs may be different, e.g. MG #0 and MG #1 in Figure 3.
Proposal 4: Further discuss whether CSSF should be calculated based on  or .


Figure 3. illustration of  and 

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 5:  could be used as the condition of long-periodicity PRS.
Applicability conditions related to measurement capability

	Applicability conditions related to measurement capability: 
· 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: 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 3: 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 4: none of option 1~3 is needed. It’s already clear from 38.133 that the measurements are performed within the UE capability.
· Note: option 1~3 are not exclusive with each other



Clearly, the PRS resource instance greater than UE capability or MGL cannot be measured. 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 6: Support option 1~3 for applicability conditions related to measurement capability.
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: Consider inter-period muting pattern to scale the PRS periodicity and support option 1b:
· TPRS, muting = max(TPRS * X * dl-prs-MutingBitRepetitionFactor),
· Where X is the length 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 inter-period muting pattern 
· 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: Further discuss whether CSSF should be calculated based on  or .
Proposal 5:  could be used as the condition of long-periodicity PRS.
Proposal 6: Support option 1~3 for Applicability conditions related to measurement capability.
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