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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In the RAN4#97-e meeting, there were extensive discussions on CCSF for PRS based measurements for NR positioning. Following agreements were made during the meeting.
	· Define CSSF based on the following principles unless technical issues are identified.
· In case PRS measurement in the positioning frequency layer is considered as a long periodicity measurement, then the CSSF for this frequency layer is equal to one
· Exact definition and criteria for long periodicity PRS measurements are FFS
· Otherwise the positioning frequency layer would compete for MG with other gap-based RRM and/or PRS measurements from other frequency layers
· Option 1: frequency layer would compete for MG with other gap-based RRM measurements 
· Option 2: frequency layer would compete for MG with other gap-based RRM and PRS measurements 


There are other open issues on CCSF for PRS measurement for NR positioning in addition to how PRS measurements would compete for measurement gaps. In this contribution, we provide our views on CCSF for PRS measurements for NR positioning.
2. Discussion
For the long peridocity PRS measurement, it has highest priority when competing measurement gaps with RRM measruements. It is guaranteed by setting the CCSF for the frequency layer as one. Before deciding how PRS measurement with short PRS periodicity would compete measurement gaps, the definition and criteria for long periodicity PRS measurements should be clarified.
2.1 Condition of long periodicity PRS measurement
Following options on condition of long periodicity PRS measurement were extensively discussed in the last meeting and captured in [1]. 
	· 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 


Firstly, the muting pattern and dl-prs-MutingBitRepetitionFactor are related. For muting option 1, dl-prs-MutingBitRepetitionFactor indicates the number of consecutive instances of the PRS resource set corresponding to a single bit of the muting pattern. The muting pattern is applied on the repeated PRS resource set. So, if muting of PRS resource set is considered in the condition of long periodicity of PRS measurement, the repetition factor should be considered either.
In general muting of PRS resource set is used to avoid interference among cells on the same frequency layer in case overlapping PRS resources are configured. An example of muting pattern [1100] is illustrated in Figure 1. Repetition factor is not considered in the example.


Figure 1. Example of muting pattern option 1
UE needs the entire period, which is 4*Tprs as in example in Figure 1, to measure all of the TRPs in the same frequency layer. So, it is not enough for the UE to measure all TRPs if the periodicity is decided by scaling factor of number of consecutive zeros as in option 1a. Therefore, option 1b is most reasonable to define periodicity of PRS measurement.
Proposal 1: The condition of long periodicity PRS measurement is based on option 1b, i.e., the long periodicity of PRS measurement is max(Tprs * X * dl-prs-MutingBitRepetitionFactor) >=320ms, where X is the length of NR-MutingPattern-r16 for mutingOption1-r16.

2.2 CCSF calculation
Then for short periodicity PRS measurement, Tprs-muting = (Tprs * X * dl-prs-MutingBitRepetitionFactor) is no larger than 160ms. it needs to be further decided how it would compete measurement gaps with other measurements. 
It is natural that all PRS measurements frequency layers with short periodicity Tpre-muting are competing measurement gaps with other PRS measurements and RRM measurements. However, there is one more factor of UE processing capabiblity for PRS measurements needs to be taken into account. The UE capability durationOfPRS-Processing-r16 indicates the duration of DL-PRS symbol in units of ms a UE can process every T ms assuming maximum DL-PRS bandwidth in MHz. It is high likely UE processing capability that UE supported and reported would indicate the UE cannot process all the PRS resources within Tprs-muting, which means UE may not be able to finish the measurement within Tprs-muting. If a ‘effective’ periodicity is considered to determin periodicity of PRS measurements then Tprs-muting and processing time T should be both considered. But UE processing capability T would be very diverse for UEs and it depends on configured PRS bandwidth additionally. Even for RRM measurement the CCSF would not be easy to be decided if UE capability of processing time T is considered in CCSF calculation for PRS measurements. 
Therefore, it is proposed that UE processing capability T is not considered in CCSF calculation. The existing measurement period requirements are still valid as it is already considered in PRS measurement period for a single frequency layer. Without UE processing capability T in CCSF for PRS measurements, only one single PRS frequency layer will compete measurement gaps with RRM measurements at a time. 
Proposal 2: Only one short periodicity PRS frequency layer would compete for MG with other gap-based RRM measurements at a time.

2.3 Different resource periodicities in a PRS layer
There are also discussions on different resource periodicities in a PRS layer as captured in [1]. 
	· 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


Based on above discussion, the CCSF calculation for a PRS frequency layer should take option 1 muting into consideration as different cells on the frequency layer may need different PRS occasion for measurement. So, if there are multiple periodicities the option 1 muting should also be taken into account either. It is reasonable that CCSF for a PRS frequency layer is based on the maximum periodicities across all the PRS resources with taking muting option 1 into consideration.
Proposal 3: For a position frequency layer,  is calculated based on the maximum periodicity across all the PRS resources on the frequency layer and muting option 1 is taking into account.

2.4 Muting in PRS measurement period requirements
Whether and how muting option 1 should be taken into account in PRS measurement period requirements needs futher as captured in [1]. 
	· 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 


Based on above discussion, the CCSF calculation for a PRS frequency layer should take option 1 muting into consideration that the periodicity of the PRS frequency layer depends on size of muting pattern. The UE would perform measurement every Tprs-muting (Tprs * X * dl-prs-MutingBitRepetitionFactor) for the frequency layer, if no other measurement is considered.
For PRS RSTD measurements, the measurement period requirements are as follows.
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In our view, the muting can be capture in measurement period requirements as part of . The  can be replaced by , which is  , where  is length of NR-MutingPattern-r16 for DL-PRS-MutingOption1-r16 and  is dl-prs-MutingBitRepetitionFactor. The similar change can be applied to other PRS measurements also.
Proposal 4: Muting is considered in PRS measurement period requirements.
Proposal 5:  is revised to  by taking muting into consideration, where  is length of NR-MutingPattern-r16 for DL-PRS-MutingOption1-r16 and  is dl-prs-MutingBitRepetitionFactor.

2.5 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


In our view the measurement requirements already address the case if time span of the PRS resource instance is greater than UE reported capability N. However, option 2 may be necessary since PRS measurements are conducted within measurement gap. If a DL PRS resource instance is larger than configured measurement gap length some of the PRS resrouces may never be measured. Option 3 is not clear for us.
Proposal 6: The PRS 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.

3. Summary
[bookmark: _Hlk23953093]In this contribution we provide our views on CCSF for PRS measurements for NR positioning. Based on analysis following proposals are present.
Proposal 1: The condition of long periodicity PRS measurement is based on option 1b, i.e., the long periodicity of PRS measurement is max(Tprs * X * dl-prs-MutingBitRepetitionFactor) >=320ms, where X is the length of NR-MutingPattern-r16 for mutingOption1-r16.
Proposal 2: Only one short periodicity PRS frequency layer would compete for MG with other gap-based RRM measurements at a time.
Proposal 3: For a position frequency layer,  is calculated based on the maximum periodicity across all the PRS resources on the frequency layer and muting option 1 is taking into account.
Proposal 4: Muting is considered in PRS measurement period requirements.
Proposal 5:  is revised to  by taking muting into consideration, where  is length of NR-MutingPattern-r16 for DL-PRS-MutingOption1-r16 and  is dl-prs-MutingBitRepetitionFactor.
Proposal 6: The PRS 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.
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