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Introduction
RRM requirements for CSSF and measurement capability for PRS measurement were discussed in RAN4#98-bis-e, and the outcomes are captured in the WF [1]. Based on [1] the following issues are to be further discussed:
· CSSF
· Selection of one PFL in CSSF calculation
· Definition of long periodicity measurement 
· Restriction on PRS resource periodicities on a PFL 
· Parameter Ri 
· Measurement capability
· Time span of PRS resource instance > N 
· Time span of PRS resource instance > MGL 
In this paper we will provide our views on the above open issues for CSSF and measurement capability for PRS measurement.
Discussion
CSSF
Selection of one PFL in CSSF calculation
	· Selection of one PFL in CSSF calculation 
· Option 1 (QC)
· Selection of the one PRS frequency layer for measurement is up to UE implementation
· For RRM frequency layers, N intermediate CSSF values would be calculated, where 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 [which] PFL is being processed at the time.
· Option 2a (vivo, Intel)
· 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.
· Option 2b (HW, vivo, Nokia, Intel)
· CSSF is derived in Rel-15 approach, and any PFL is counted as a candidate for a MG occasion as long as at least one PRS resource on that PFL is fully covered by the MGL excluding RF switching time
· Option 3 (vivo)
· Any PFL is counted as a candidate for a MG occasion as long as at least one PRS resource on that PFL is fully covered by the MGL excluding RF switching time. Selection of the one PFL for measurement for the MG occasion is up to UE implementation


It was agreed in RAN4#98-e that when multiple PFLs are measured, the total measurement period is the sum of measurement periods of each individual PFL, and correspondingly, for CSSF calculation, only one PFL is counted per MG occasion. The remaining open issue is which PFL is assumed.
In our view, there is no need to specify the selection of a PFL for a MG occasion. For each MG occasion, the total number of candidates is same (RRM candidates plus one PFL) no matter which PFL is selected. We understand that there might be a difference in the final CSSF depending on UE is assumed to measure PLF#1 or PFL#2 for a time period, but as the final CSSF is calculated as the max number of candidates among all MG occasions, the difference would be rather small and occur in limited scenarios, so we do not think the 2nd and 3rd steps in option 1 are absolute necessary. 
On the other hand, the requirements should not restrict UE to do parallel or sequential measurement for multiple PFLs, nor restrict UE to measure any particular PFL for a MG occasion. Therefore, we suggest that the CSSF is calculated in Rel-15 approach, and any PFL is counted as a candidate for a MG occasion as long as at least one PRS resource of that PFL is fully covered by the MGL.
Proposal 1: Any PFL is counted as a candidate for a MG occasion as long as at least one PRS resource on that PFL is fully covered by the MGL excluding RF switching time. Selection of the one PFL for measurement for the MG occasion is up to UE implementation
Definition of long periodicity measurement 
	· Definition of long periodicity measurement 
· Option 1 (QC)
· max(Tprs * X * dl-prs-MutingBitRepetitionFactor) ≥ 160 ms, where X is the length of NR-MutingPattern-r16 for mutingOption1-r16
· Option 2 (OPPO, vivo, HW, CATT, Intel)
· Tavailable_PRS,i >= 320 ms
· Option 3 (QC)
· min(Tprs * X * dl-prs-MutingBitRepetitionFactor) > 160 ms, where X is the length of NR-MutingPattern-r16 for mutingOption1-r16


We support option 2 for defining long periodicity measurement.
It is noted that in the measurement period requirements, muting is already accounted in Tavailable_PRS,i, so we do not see the need to define another variable as in option 1. Particularly, there are many some details in Tavailable_PRS,i in measurement period, e.g. it is agreed to use LCM instead of MAX for different resource periodicities, and upper bound of X is also being discussed. What we agreed for measurement period should be also applicable for defining long periodicity measurement, so it is more consistent to use already defined variable as in option 2.
As to option 3, we understand the motivation is address the issue in section 2.1.3, but it may not work well in some cases. For example, on one PFL we have resource #1 with 80ms period and resource #2 with 320ms period, and based on option 3 the PFL will not be regarded as long-periodicity measurement. CSSF for the PFL may be large due to MG sharing with RRM measurement, and the measurement period would be rather long since Tprs,i is based on LCM of all resource periodicities.
Proposal 2: Measurement of PFL i is defined as long periodicity measurement if Tavailable,i ≥320ms.
Restriction on PRS resource periodicities on a PFL 
	· Restriction on PRS resource periodicities on a PFL 
· Option 1 (HW, OPPO)
· Measurement requirements apply provided that the resource periodicities after muting are either <= 160ms for all PRS resources on the PFL, or > 160ms for all PRS resources on the PFL
· Option 2 (vivo, Nokia)
· Need for the restriction needs more discussion
· Option 3 (QC)
· Modify the definition of long-periodicity measurement as min(Tprs * X * dl-prs-MutingBitRepetitionFactor) > 160 ms


One issue with defining long periodicity measurement based on Tavailable_PRS,i is about the case where a PLF is categorized as long periodicity measurement while there are resources with small periodicity. This is shown in Figure 1, where PRS resource #1 is configured with 320ms period and offset 0, PRS resource #2 with 80ms period and offset 40ms, and PRS resource #3 with 160ms period and offset 80ms. 
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Figure 1: Example of PRS resources with different periodicities and offsets
As long periodicity is defined on per PFL not per resource level, having different resource periodicities for the same frequency layer will complicate the CSSF design, especially when some resources are considered for long periodicity measurement while others are not.
· If UE measures all resources of this PFL as long periodicity, then this PFL would take many MG occasions due to resource #2 and #3, and this is not aligned with Rel-15 CSSF principle that only long periodicity measurement is prioritized. 
· If UE measures only resource #1 of this PFL as long periodicity, it will have no opportunity to measure resource #2 or resource #3.
Therefore, we suggest measurement requirements apply provided that the resource periodicities after muting are either <= 160ms for all PRS resources on the PFL, or > 160ms for all PRS resources on the PFL.
Option 3 could be one way to address the issue, but as discussed in previous section, if the PFL is not considered for long periodicity measurement (following option 3), then the measurement period would be rather long due to large CSSF and large Tavailable_PRS,i.
Proposal 3: Measurement requirements apply provided that the resource periodicities after muting are either <= 160ms for all PRS resources on the PFL, or > 160ms for all PRS resources on the PFL.
Parameter Ri 
	· Parameter Ri 
· Option 1 (OPPO) 
· 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
· Option 2 (HW, vivo, Nokia, Intel) 
· Same as current Ri definition


In CSSF calculation, there is scaling factor Ri which represents the loss of MG occasions for frequency layer i due to long periodicity measurement. In other words, it is derived based on the number of MG occasions not to be taken by long periodicity measurement. 
In RAN4#98-e, some companies proposed above to determine the MG occasions to be taken by long periodicity measurement. Case-1 and case-2 consider the MG occasions that fall in the processing time of a long periodicity measurement. In our view, they are not necessary since RAN4 has agreed that when multiple PFLs are measured, the total measurement period is the sum of measurement periods of each individual PFL, which means when defining the CSSF for a PFL, there is no need to consider other PFLs.
Proposal 4: The existing definition of Ri is reused for PRS measurement. 
Measurement capability
Time span of PRS resource instance > N 
	· Time span of PRS resource instance > N 
· Option 1 (QC)
· The measurement requirements do not apply for a PRS resource, if time span of the PRS resource instance (including at least the minimum number of repetitions specified in the accuracy requirements) is greater than UE reported capability N
· Option 2 (OPPO, HW, Intel)
· Measurement requirements do not apply for a PRS resource when the time span of PRS resource instance > N
· Option 3 (vivo, Nokia)
· If time span of the PRS resource instance within MG is greater than UE reported capability N, measurement period requirements shall apply


In our view, an instance of a single PRS resource should be buffered and processed by UE with one PRS occasion/period, and coherent combining of a PRS resource across more than one PRS occasions/periods is not typical UE implementation. Therefore, if the time span of a PRS resource instance is larger than UE capability N, then no requirement should apply for this resource. 
The next question is what the concerned time span of a PRS resource instance is. Based on discussions in RAN4#98-bis-e, there can be two options:
· Option 1: time span of a PRS resource instance includes all the configured repetitions of the resource
· Option 2: time span of a PRS resource instance includes a minimum number of repetitions of the resource, where the minimum number is given in the accuracy requirements 
We support option 2 because UE should measure the PRS resource at least when it can meet the accuracy requirements, i.e. when the span of the minimum number of repetitions is < N. Option 1 would lead to unnecessary restrictions on the requirement applicability, e.g. when the resource is configured with 8 repetitions and the span of 8 repetitions is larger than N, then the requirements do not apply. We do not see why the requirement should not apply if UE can meet the accuracy by measuring 1 repetition. 
Proposal 5: Measurement requirements do not apply for a PRS resource if the minimum number of repetitions of a single resource instance is > N, where the minimum number of repetitions is given in the accuracy requirements.
We understand it should be up to UE implementation whether to measure 
· Part of the minimum number of repetitions of the resource instance, if time span of the minimum number of repetitions is > N, or
· Additional number of repetitions of the resource instance within N, if time span of the minimum number of repetitions is < N
Time span of PRS resource instance > MGL 
	· Time span of PRS resource instance > MGL 
· Option 1 (QC)
· The measurement requirements do not apply for a PRS resource, if the time span of a DL PRS resource instance (including at least the minimum number of repetitions specified in the accuracy requirements) is greater than the configured measurement gap length.
· Option 2 (OPPO, vivo, HW, CATT, Intel)
· Measurement requirements do not apply for a PRS resource when the time span of PRS resource instance > MGL


The issue is similar as section 2.2.1. For the same reason, we suggest that
Proposal 6: Measurement requirements do not apply for a PRS resource if the minimum number of repetitions of a single resource instance is > MGL, where the minimum number of repetitions is given in the accuracy requirements.
It is note that some requirements in measurement period and CSSF are based on PRS resource overlapping or being covered by MG, e.g. for calculating TPRS,i and Lprs, only PRS resources that overlap with MG are considered, and for defining CSSF, a PFL is considered as candidate for an MG occasion if at least one PRS resource is fully covered by the MGL. Therefore, a generic definition for PRS resource overlapping with MG is needed, and we suggest to add the following texts in clause 9.9.1of 38.133.
Proposal 7: Add the following texts in clause 9.9.1 of 38.133:
“a PRS resource is considered to be fully (partially) overlapped with MG if all (some) of its instances are overlapped with an MG occasion. A PRS resource instance is considered to be overlapped with an MG occasion if the minimum number of repetitions of the instance is fully covered by the MGL excluding RF switching time, where the minimum number is given in the accuracy requirements.”
Conclusions
In this paper we provided our views on CSSF and measurement capability for PRS measurement.
Proposal 1: Any PFL is counted as a candidate for a MG occasion as long as at least one PRS resource on that PFL is fully covered by the MGL excluding RF switching time. Selection of the one PFL for measurement for the MG occasion is up to UE implementation
Proposal 2: Measurement of PFL i is defined as long periodicity measurement if Tavailable,i ≥320ms.
Proposal 3: Measurement requirements apply provided that the resource periodicities after muting are either <= 160ms for all PRS resources on the PFL, or > 160ms for all PRS resources on the PFL.
Proposal 4: The existing definition of Ri is reused for PRS measurement. 
Proposal 5: Measurement requirements do not apply for a PRS resource if the minimum number of repetitions of a single resource instance is > N, where the minimum number of repetitions is given in the accuracy requirements.
Proposal 6: Measurement requirements do not apply for a PRS resource if the minimum number of repetitions of a single resource instance is > MGL, where the minimum number of repetitions is given in the accuracy requirements.
Proposal 7: Add the following texts in clause 9.9.1 of 38.133:
“a PRS resource is considered to be fully (partially) overlapped with MG if all (some) of its instances are overlapped with an MG occasion. A PRS resource instance is considered to be overlapped with an MG occasion if the minimum number of repetitions of the instance is fully covered by the MGL excluding RF switching time, where the minimum number is given in the accuracy requirements.”
Reference
[1]. R4-2105851, WF on UE PRS measurement requirements, Huawei, HiSilicon
8

6

image1.emf
0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320

MG, 40/0

Res#1, 320/0

Res#2, 80/40

Res#3, 160/80

RRM1, 40/0

RRM2, 80/0


