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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In the RAN4#98-e meeting, there were discussions on CCSF, measurement gap and applicability of requirements for NR positioning etc. The agreements were captured in WF [1] as follows.
	· Measurement period of multiple PLFs – overlapping case
· Measurement period of multiple PRS layers is defined as summation of the measurement period in each frequency layer 
· CSSF is only for the MG sharing between PRS and RRM layers. Count only a single PRS layer for a gap occasion in CSSF calculation for both PRS and RRM layers. 


There are remaining open issues for these aspects. In this contribution, we provide our views on general PRS measurement requirements 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 CCSF
Following options on definition of long periodicity PRS measurement were extensively discussed in the last meeting and captured in [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


· 


The measurement of long periodicity PRS is prioritized due to the scarcity of the PRS resources.  It will take too long time to measure if it is not prioritized. So, to define long periodicity PRS measurement, it should be based on the scarcity of the PRS resources. Since the PRS based measurement is conducted in measurement gap, short periodicity of PRS resources doesn’t mean it can be measured in measurement gap as long as there is measurement gap. So, it would be reasonable to take measurement gap periodicity into consideration.
Muting is also need to be considered in the definition of long periodicity PRS measurement. Even if with short periodicity of PRS resources the avabile PRS resources will become reduced after muting. 
Then, the long periodicity measurement can be defined as option 1 with clarification that muting will be considered in Tavailable.
Proposal 1:  is revised to  by taking muting into consideration, where  is X * dl-prs-MutingBitRepetitionFactor and X is the length of NR-MutingPattern-r16 for DL-PRS-MutingOption1-r16.
Proposal 2: The definition of long periodicity PRS measurement is based on option 1, i.e., the long periodicity of PRS measurement is  >=320ms.

There are issues on whether and how a positioning frequency layer is taken into CCSF calculation. 
	· FFS Whether a PLF is considered as candidate for a MG occasion when part but not all resources on that PFL are within the MGL of the MG occasion
· Option 1
· PFL is counted as candidate for a MG occasion if at least one PRS resource on that PFL is fully covered by the MGL excluding RF switching time.
· Option 2
· Yes, a PFL is counted as candidate for a MG occasion if a sufficient number of PRS symbols are contained within MGL excluding RF switching time
· FFS for the sum-based approach, Selection of one PFL in CSSF calculation for PRS measurement period
· Option 1
· Only one PRS frequency layer with a short periodicity would compete for MG with other gap-based RRM measurements at a time
· Selection of the one PRS frequency layer for measurement is up to UE implementation
· Option 2
· For PFLs that do not satisfy the long periodicity condition, CSSF would be calculated by counting only one PFL at a time.
· For RRM frequency layers, N intermediate CSSF values would be calculated, when N is the number of PFLs and each intermediate CSSF value accounts for only one of the PFLs. FFS: The CSSF value for a RRM frequency layer could be the highest among the N intermediate CSSF values or chosen depending on with PFL is being processed at the time.
· Option 3
· CSSF should be defined on per MG occasion basis, i.e. a PRS frequency layer is counted as candidate for a MG occasion if at least one PRS resource occasion is fully covered by the MGL excluding RF switching time.
· Count only a single PLF for each MG occasion.
· FFS For the sum-based approach, CSSF for RRM measurements on a carrier frequency with PRS measurements
· Option 1: Rel-15 approach
· 


Due to the limited length of MGL of MG occasion and complicated PRS configurations, e.g., muting and repetition, it is likely that not all PRS resources on a PFL can be confined in the MG occasion. In our view as long as there is one PRS resource is in the MG occasion, it should compete the MG for measurements.
Proposal 3: A PFL is counted as candidate for a MG occasion if at least one PRS resource on that PFL is fully covered by the MGL excluding RF switching time.

Then a specific PFL needs to be decided to compete for MG for a MG occasion if there are multiple PFLs configured, as it was agreed that counting only a single PRS layer for a gap occasion in CSSF calculation for both PRS and RRM layers. In general option 1 and option 3 are similar. 
Proposal 4: CSSF should be defined on per MG occasion basis, i.e., only one PRS frequency layer is counted as candidate for a MG occasion if at least one PRS resource occasion is fully covered by the MGL excluding RF switching time.

2.2 Terminology
There are also discussions on different resource periodicities in a PRS layer as captured in [1]. 
	· FFS which term should be used in the specification 
· Option 1
· Positioning frequency layer
· Option 2
· PRS frequency layer
· Option 3
· Frequency layer (with NR PRS measurement)
· Other options not precluded
· Companies are also encouraged to check specifications of other WGs


In 38.214, the definition of positioning frequency layer is follows.

A DL PRS positioning frequency layer is defined as a collection of DL PRS resource sets which have common parameters configured by NR-DL-PRS-PositioningFrequencyLayer.
A positioning frequency layer is configured by NR-DL-PRS-PositioningFrequencyLayer, consists of one or more DL PRS resource sets and it is defined by:
-	dl-PRS-SubcarrierSpacing defines the subcarrier spacing for the DL PRS resource. All DL PRS resources and DL PRS resource sets in the same DL PRS positioning frequency layer have the same value of dl-PRS-SubcarrierSpacing. The supported values of dl-PRS-SubcarrierSpacing are given in Table 4.2-1 of [4, TS38.211].
-	dl-PRS-CyclicPrefix defines the cyclic prefix for the DL PRS resource. All DL PRS Resources and DL PRS Resource sets in the same DL-PRS-positioningfrequencylayer have the same value of dl-PRS-CyclicPrefix. The supported values of dl-PRS-CyclicPrefix are given in Table 4.2-1 of [4, TS38.211].
-	dl-PRS-PointA defines the absolute frequency of the reference resource block. Its lowest subcarrier is also known as Point A. All DL PRS resources belonging to the same DL PRS resource set have common Point A and all DL PRS resources sets belonging to the same DL PRS positioning frequency layer have a common Point A.
In TS 37.355 positioning frequency layer is also widely used.
PRS frequency layer is on the other hand a new term. It should not be used as it would cause confusion among specs.
Option 3 is not preferable as it is not term and there is no frequency layer (with SSB measurement) or frequency layer (with CSI-RS measurement) or so. If option 3 is used then all the term frequency layer in current spec should be revised to limit it for a certain type of measurement.
Proposal 5: Positioning frequency layer is used in RAN4 spec.

2.3 Applicability of requirements related to measurement 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 
· General applicability due to UE processing and measurement limitations
· Option 1
· The measurement requirements do not apply to any instance of a PRS resource that cannot be measured and processed in its entirety due to limitations imposed by either the UE PRS processing capability {N, T} or the configured measurement gap pattern.
· Option 2
· No further clarification is needed


Firstly, the PRS resource instance need to clarified. It should include all the PRS resources, including intra-slot and inter-slot repetition, within one PRS resource set period.
Next, applicability for the time span of a PRS resource instance is larger than MGL should be decided firstly since PRS measurements are performed within measurement gaps. In general UE should perform measurements based on PRS configurations. Since for single PRS resource instance without repetition, it is defined by number of symbols in one slot. In this case PRS resource instance should always be covered by MGL. If inter-slot repetitions are configured with larger time gap then it is possible that a PRS resource instance span would be larger than MGL. In this case there would be different UE behaviours depending on accuracy requirements. If accuracy requirements are specified for no repetition only, then it is possible for UE to measure part of the PRS resource instance in one slot within MGL. If accuracy requirements are specified for repetitions either then it would not be met by performing measurement on part of the PRS resource instance. To make UE behaviour clear, UE is not required to meet measurement requirements.
Proposal 6: The measurement requirements do not apply for a PRS resource instance, if the time span of a DL PRS resource instance is greater than the configured measurement gap.

Then for time span of PRS resource instance > UE capability N, it needs to be clarified it should be time span of PRS resource instance that is confined within MGL by excluding RF retuning time as UE is not required to measure out side of MG. With this further limitation, the current measurement period requirements should apply as the UE capability N has already been considered in the current requirements.
Proposal 7: If time span of the PRS resource instance within MG is greater than UE reported capability N, measurement period requirements shall apply.

For the case that time span of PRS resource instance being across two sampling duration of N within duration Lprs, it is mainly UE implementation issue. Considering existing measurement period requiremetns there is room for UE to optimize the implementation by using overlapped sampling window. It is also possible for UE combine the PRS resources in two sampling periods. On the other hand, option 1 is also fine to simply UE implementation.
Proposal 8: For time span of PRS resource instance being across two sampling duration of N within duration Lprs, either option 2 or option 1 is fine.

then the PRS resource cannot be measured since part of the PRS resource instance may always be out of measurement gap.
For the general applicability due to UE processing and measurement limitations, the measurement requirements do not apply to any instance of a PRS resource that cannot be measured and processed in its entirety due to limitations imposed by the configured measurement gap pattern as discussed above. For the UE PRS processing capability {N, T}, on the other the measurement requirements should apply as it is already considered in the requirments. Furthermore, it would require UE to report large {N, T} to possibly perform the measurements as PRS configuration is not UE specific.
Proposal 9: The measurement requirements do not apply to any instance of a PRS resource that cannot be measured and processed in its entirety due to limitations imposed by the configured measurement gap pattern.
Proposal 10: The measurement requirements shall apply to any instance of a PRS resource that cannot be measured and processed in its entirety during one timing period of UE processing capability {N, T}.

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


Following existing applicability rule for MG#0-23 for LTE measurement, MG #25 should not be used for LTE measurement due to 160ms MGRP. 
When MG#24 is used to for LTE measurement, UE doesn’t need the entire MG occasion to perform LTE measurement. Only 5ms are needed based on LTE design. Since UE should not be scheduled during the entire measurement gap, it is not necessary to have a clear definition of the 5ms window. It can be left to UE implementation.
Proposal 11: MG#25 is not used for LTE measurement.
Proposal 12: No need to define LTE measurement window for MG#24.

3. Summary
[bookmark: _Hlk23953093]In this contribution we provide our views on general PRS measurement requirements for NR positioning. Based on analysis following proposals are present.
Proposal 1:  is revised to  by taking muting into consideration, where  is X * dl-prs-MutingBitRepetitionFactor and X is the length of NR-MutingPattern-r16 for DL-PRS-MutingOption1-r16.
Proposal 2: The definition of long periodicity PRS measurement is based on option 1, i.e., the long periodicity of PRS measurement is  >=320ms.
Proposal 3: A PFL is counted as candidate for a MG occasion if at least one PRS resource on that PFL is fully covered by the MGL excluding RF switching time.
Proposal 4: CSSF should be defined on per MG occasion basis, i.e., only one PRS frequency layer is counted as candidate for a MG occasion if at least one PRS resource occasion is fully covered by the MGL excluding RF switching time.
Proposal 5: Positioning frequency layer is used in RAN4 spec.
Proposal 6: The measurement requirements do not apply for a PRS resource instance, if the time span of a DL PRS resource instance is greater than the configured measurement gap.
Proposal 7: If time span of the PRS resource instance within MG is greater than UE reported capability N, measurement period requirements shall apply.
Proposal 8: For time span of PRS resource instance being across two sampling duration of N within duration Lprs, either option 2 or option 1 is fine.
Proposal 9: The measurement requirements do not apply to any instance of a PRS resource that cannot be measured and processed in its entirety due to limitations imposed by the configured measurement gap pattern.
Proposal 10: The measurement requirements shall apply to any instance of a PRS resource that cannot be measured and processed in its entirety during one timing period of UE processing capability {N, T}.
Proposal 11: MG#25 is not used for LTE measurement.
Proposal 12: No need to define LTE measurement window for MG#24.
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