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Introduction
The RRM core requirements for PRS measurements has been completed in RAN4#96-e, and the impact to RRM requirements are captured in CR [1], which mainly includes two aspects: new measurement gap pattern and gap sharing between RRM and PRS. For the latter there are still some open issues:
· Whether CSSF is used for MG sharing between multiple PRS layers
· CSSF details
In this paper we will provide our views on the remaining issues in CSSF for PRS measurement.
Discussion
0. MG sharing between multiple PRS layers
Based on RAN4#96-e discussions, it is common understanding that MG sharing between RRM and PRS measurement are defined with CSSF. However, there are different views on whether CSSF is used for MG sharing between multiple PRS layers. 
In our view, the current CSSF cannot work for MG sharing among multiple PRS layers, because the processing time T is not considered. For example in Figure 1 there are two PRS layers both with 80ms period, while their offsets are 0 and 40ms, and MGRP is 40ms. Following the current CSSF, CSSF for both PRS layers will be 1. However, if the processing time T is >40ms, then UE cannot measure every instance of the two PRS layers, so CSSF=1 does not work. 
[image: ]
Figure 1: Example of measurement of two PRS layers
It may be possible to adapt CSSF definition to take into account the processing time T for PRS measurement, but this is not a preferred approach as it will complicate the CSSF definition which is already quite complex and take a large amount of time and specification efforts. 
Our preference is to use CSSF only for the MG sharing between PRS and RRM layers. For MG sharing between PRS layers, it can be accounted by the measurement period requirements by defining the total measurement period for multiple PRS layers as the sum of the measurement periods of individual PRS layers. This approach is already used in current requirements.
Proposal 1: CSSF is only for the MG sharing between PRS and RRM layers.
CSSF details
Based on [1] CSSF for a PRS layer depends on whether measurement of the PRS layer is a long-periodicity measurement or not.
	If measurement object i refers to a long-periodicity measurement which is any of:
-	an E-UTRA RSTD measurement with periodicity Tprs>160ms or with periodicity Tprs=160ms but prs-MutingInfo-r9 is configured, or
-	an NR measurement for positioning based on PRS configurations in Table 9.1.5.2.2-1
then CSSFwithin_gap,i=1. Otherwise, the CSSFwithin_gap,i for other measurement objects (including E-UTRA RSTD measurement with periodicity Tprs=160ms) participate in the gap competition and the CSSFwithin_gap,i are derived as below.
Table 9.1.5.2.2-1: PRS configurations for long-periodicity NR measurements for positioning 
	[PRS periodicity] (ms)
	DL-PRS-MutingPattern configuration

	320, 640, … ,10240
	[With or without muting]

	Other values (≤ 160)
	FFS





One open issue here is what “PRS periodicity” refers to
· Option 1: the periodicity of the PRS resource (TPRS)
· Option 2: the periodicity of the PRS measurement (Mtot,i,j)
The two options differs when Teffect > TPRS due to consideration of processing time T, e.g. MGRP = TPRS = 40ms, but due to T = 320ms, Teffect = 320ms. 
Technically option 2 is reasonable, as Teffect is the periodicity of actual measurement. However, when there are multiple TPRS within Teffect, UE may choose any of PRS sample for measurement, and it will lead to different values for PRS CSSF and also different values for RRM CSSF, so there will be no deterministic requirements if Teffect is used. On the other hand, CSSF within gap is defined based on maximum number of Mtot,i,j across all gap occasions, so the difference is not much whichever of Teffect or TPRS is used. Therefore, we suggest to define CSSF based on PRS resource periodicity.
Proposal 2: Define CSSF based on PRS resource periodicity.
Another issue is the muting pattern. Due to muting the available PRS resource periodicity for measurement will be larger than the resource periodicity. For LTE RSTD, the muting is also considered in determining whether the measurement is a long periodicity measurement or not. For NR it is straightforward to llow the same approach.
In NR the muting can be applied on PRS occasion group level or on resource repetition level or both. In our view, what impacts the PRS resource periodicity for measurement is the muting on PRS occasion group level, which is configured by DL-PRS-MutingOption1 in 37.355.
DL-PRS-MutingOption1-r16 ::= SEQUENCE {
	dl-prs-MutingBitRepetitionFactor-r16
										ENUMERATED { n1, n2, n4, n8, ... }	OPTIONAL,	-- Need OP
	nr-option1-muting-r16				NR-MutingPattern-r16,
	...
}
NR-MutingPattern-r16 ::= CHOICE {
	po2-r16								BIT STRING (SIZE(2)),
	po4-r16								BIT STRING (SIZE(4)),
	po6-r16								BIT STRING (SIZE(6)),
	po8-r16								BIT STRING (SIZE(8)),
	po16-r16							BIT STRING (SIZE(16)),
	po32-r16							BIT STRING (SIZE(32)),
	...
}
Each bit in the bit-string NR-MutingPattern-r16 corresponds to muting or no-muting for a PRS occasion group, the length of which is given by dl-prs-MutingBitRepetitionFactor. If PRS resource periodicity multiplies by the product of dl-prs-MutingBitRepetitionFactor and number of consecutive zeros in NR-MutingPattern-r16 is >= 160ms, it means PRS resource periodicity for measurement is >= 160ms, and the PRS layer should be categorized as long periodicity measurement. 
Proposal 3: A PRS layer is categorized as long periodicity measurement if PRS resource periodicity multiplied by the product of dl-prs-MutingBitRepetitionFactor and number of consecutive zeros in NR-MutingPattern-r16 is >= 160ms.
Another open issue in CSSF is which PRS layers are counted for a gap occasion. In current CSSF calculation, all the frequency layers that are candidate to be measured in this gap occasion are counted. However, as discussed in section 2.1, CSSF is only used for MG sharing between PRS and RRM, so for a PRS layer, its CSSF does not need to count other PRS layers. Similarly, as multiple PRS layers are assumed to be measured in sequential manner, for an RRM layer there is no need to count multiple PRS layers. 
Based on above analysis, we suggest to count only a single PRS layer for a gap occasion in CSSF calculation for both PRS and RRM layers.
Proposal 4: Count only a single PRS layer for a gap occasion in CSSF calculation for both PRS and RRM layers.
Conclusions
In this paper we provided our views on the remaining issues in CSSF for PRS measurement.
· Proposal 1: CSSF is only for the MG sharing between PRS and RRM layers.
· Proposal 2: Define CSSF based on PRS resource periodicity.
· Proposal 3: A PRS layer is categorized as long periodicity measurement if PRS resource periodicity multiplied by the product of dl-prs-MutingBitRepetitionFactor and number of consecutive zeros in NR-MutingPattern-r16 is >= 160ms.
· Proposal 4: Count only a single PRS layer for a gap occasion in CSSF calculation for both PRS and RRM layers.
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