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1	Introduction
In the RAN2#1801 adHoc meeting, it was agreed to have cell quality derivation method to be similar to that of RRC connected mode but further optimizations were still proposed to be FFS.

Agreements:
2	As baseline of cell reselection: for multiple beams, the derivation formula used in Connected mode for cell quality is also applicable to Idle mode; i.e. the quality is calculated as a linear average over up to N best beams above a threshold which are configured per carrier and broadcasted. Further optimization can be considered, e.g., considering on the number of actual good beams (the quality of the beam is above the threshold) for cell reselection.
In the latest email discussion 101bis#66, two options were highlighted as candidate solutions to use the number of good beams. They are;
1) Impacting cell quality: new cell quality value = linear average of up to N best beams + Delta*(K-N)
2) Impacting cell ranking procedure by considering number of good beams
In this contribution, we explain different implications of using these two approaches.
[bookmark: _Ref178064866]2	Discussion
Cell level measurements’ usage in Idle mode/Inactive state
Cell quality is used in different evaluations by an RRC Idle mode/Inactive state UE. These are listed below;
1) S-criterion evaluation (comparison against absolute threshold values)
· For cell selection related evaluations

(Srxlev > 0  AND  Squal > 0) wherein Srxlev = Qrxlevmeas – (Qrxlevmin + Qrxlevminoffset )– Pcompensation. 

Here, the cell quality, Qrxlevmeas, as derived for a cell by the UE is compared against a certain absolute threshold value.
· For cell-reselection related evaluations
If the serving cell fulfils Srxlev > SIntraSearchP and Squal > SIntraSearchQ, the UE may choose not to perform intra-frequency measurements. Here also, the cell quality Qrxlevmeas is compared against a certain absolute threshold value (SIntraSearchP, SIntraSearchQ).

2) Cell ranking criterion (relative comparison against another cell’s quality)

(Rs = Qmeas,s +Qhyst and Rs = Qmeas,n +Qoffset).

· Here, the cell quality as derived for one cell is compared with the cell quality as derived from another cell. 

Impact of considering number of good beams in CQD on s-criterion and cell ranking criterion
Under current email discussions 101bis#66, the enhancement of cell quality derivation method is being discussed. The method is on top of the currently agreed N=1 or linear power-based averaging of the strongest beam and up to ‘N-1’ beams that are above a certain configured threshold. In this approach, the cell quality is scaled depending on the number of good beams by a factor of delta.

new cell quality value = linear average of up to N best beams + Delta*(K-N)

The following table provides a summary of impact of using this method in different scenarios.
	Scenario
	Impact of the method on the scenario

	When N>K
	(for example, N=4, K=1 and delta=1dB):
A cell might not be selected as it does not satisfy the s-criterion due to the poor cell quality as derived using this approach. This will reduce the ‘coverage’ of a cell in the idle mode/inactive state
For example, with N=4, K=1 and delta=1, an offset of 3 dB is subtracted from the best beam coverage in that area. This will reduce the cell coverage in terms of s-criterion evaluation. 

	
	If there are two cells that have similar cell level quality based on simple linear averaging method, then this method of adding the additional ‘Delta*(K-N) will provide a fairer comparison as to which cell might have ‘stable’ coverage in that area. 
For example, with N=4, T=-110dBm, delta =1 and the following beam level measurements 
	Beam ID
	BRSRP

	Beam-A1
	-105dBm

	Beam-A2
	-114dBm

	Beam-A3
	-119dBm

	Beam-A4
	-114dBm

	Beam-B1
	-105dBm

	Beam-B2
	-107dBm

	Beam-B3
	-108dBm

	Beam-B4
	-118dBm



Based on the above scenario, the derived cell level RSRP values of cell-A and cell-B will be -108dBm and -107.48dBm respectively. This provides a fair comparison between the cells in terms of cell-B having more stable coverage in this area. 

	When N<K
	(for example, N=4, K=6 and delta=1dB):
The exact reverse problem of N>K holds true here. A cell might be selected as it satisfies the s-criterion because of cell quality derived using this approach satisfies the s-criterion although the best beam do not have coverage in that area. This will over-estimate the ‘coverage’ of a cell in the idle mode/inactive state
For example, with N=4, K=6 and delta=1, an offset of 2 dB is added to the best beam coverage as the cell coverage in that area. This will increase the cell coverage in terms of s-criterion evaluation. 



Based on the above analysis, the Delta*(K-N) addition will bring benefit in relative comparisons involving two cells’ quality comparisons and the Delta*(K-N) addition will cause under estimation or over estimation of the cell coverage comparisons in s-criterion evaluation.
The Delta*(K-N) addition-based approach in CQD will provide fair comparison in relative comparisons involving two cells’ quality comparisons.  
The Delta*(K-N) addition-based approach in CQD will under-estimate or over-estimate the cell coverage estimations using s-criterion evaluations.  
Based on the above observations, one can conclude that Delta*(K-N) based approach should not be used for s-criterion evaluation thus not modifying the cell quality derivation procedure.
[bookmark: _Toc513454848]Cell quality derivation is not altered for RRC inactive state and RRC Idle mode UEs i.e., the cell quality is derived based on the linear power scale averaging of strongest beam and up to ‘N-1’ strongest beams above a configured absolute threshold.
Based on the above observations, one can conclude that Delta*(K-N) based approach is better suited for cell ranking evaluation which is a relative comparison between the cell qualities. In the following section we have provided how this can be achieved.

Cell ranking based on #Good beams
The cell ranking procedure 
The inter-frequency and equal priority inter-frequency cell reselection criteria include the cell-quality based Rquality criterion and the number of good beams based RnroGoodSS-Blocks criterion. 
· Note: the cell-quality based R criterion defined in LTE is reused and denoted as Rquality in the following discussion. 
The RnroGoodSS-Blocks for the serving cell and neighbour cells is defined by:
	RnroGoodSS-Blocks =
· 1, if the highest beam measurement quantity value of a cell is below the threshold absThreshSS-BlocksConsolidation.
· the number of beams of a cell with the measurement quantity value exceeding the threshold absThreshSS-BlocksConsolidation.


where
	absThreshSS-BlocksConsolidation
	Absolute threshold for the consolidation of measurement results per SS/PBCH block(s) from L1 filter(s) defined in TS 38.331.



The cell ranking procedure 
The cell ranking procedure according to the RnroGoodSS-Blocks criteria is defined by:
	The UE shall:
1> if the Rquality values of one or more than one cells other than an assigned reference cell in the current ranking list exceed the threshold rltThreshRquality relative to the Rquality value of the reference cell:
2> perform the cell ranking for the reference cell and the cells with Rquality values exceeding the threshold rltThreshRquality according to RnroGoodSS-Blocks criteria;
2> assign the lowest ranked cell from the previous step as the new reference cell.
1> else:
2> assign the next ranked cell relative to the reference cell in the current ranking list as the new reference cell.


where:
	rltThreshRquality
	a threshold relative to Rquality value of a reference cell in the ranking list



The cell ranking procedure according to Rquality criteria and RnroGoodSS-Blocks criteria is defined by: 
	1> perform the cell ranking according to Rquality criteria specified above;
1> assign the highest ranked cell in the ranking list as the reference cell;
1> repeat the RnroGoodSS-Blocks cell ranking procedure specified above until all cells in the ranking list have been assigned as a reference cell or the serving cell has been assigned as the reference cell (the choice of the two conditions of a complete of the ranking is left to UE implementation).



In this approach, the cell quality is not altered and hence the s-criterion related comparisons of the cell quality are not impacted whereas the cells with more number of good beams are ranked higher in the cell ranking criterion. Based on the above explanation, we propose to include #good beams-based optimization in the cell ranking procedure as explained. 
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Conclusion
Based on the discussion in the previous sections we observe the following:
1. The Delta*(K-N) addition-based approach in CQD will provide fair comparison in relative comparisons involving two cells’ quality comparisons.  
The Delta*(K-N) addition-based approach in CQD will under-estimate or over-estimate the cell coverage estimations using s-criterion evaluations.  

Based on the discussion in the previous sections we propose the following:
Proposal 1	Cell quality derivation is not altered for RRC inactive state and RRC Idle mode UEs i.e., the cell quality is derived based on the linear power scale averaging of strongest beam and up to ‘N-1’ strongest beams above a configured absolute threshold.
Proposal 2	Include the RnroGoodSS-Blocks criterion and the cell ranking procedure proposed above for inter-frequency and equal priority inter-frequency cell reselection. The relative threshold, rltThreshRquality, can be either defined in the specification, e.g, 2 dB, or configured by the network.
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