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Introduction
This paper discusses the cell ranking criteria for inter-frequency and equal priority inter-frequency cell reselection in NR. This paper is a revision of R2-1800348.
[bookmark: _Ref178064866]Discussion
Basic principle for cell ranking criteria
[bookmark: _Ref190406817][bookmark: _Toc226862296][bookmark: _Toc347823621][bookmark: _Toc347824073][bookmark: _Toc347824246]In the RAN2 NR AH1801 meeting, there are the following agreements regarding the cell ranking criteria. 
	Agreements:
· Cell reselection for intra frequency case and equal priority inter frequency case, criterion (R criterion) is applied to cell reselection. 
· Qhyst and Qoffset (including both cell specific and carrier specific one) can be applied to R criterion.
· RSRP is applied to R criterion.


In the latest version of TS 38.304 [1], the cell-ranking criterion Rs for serving cell and Rn for neighboring cells are defined as follows.
	For the serving cell Rs  = Qmeas,s +Qhyst 
For neighbour cells Rn = Qmeas,n +Qoffset


where Qmeas is the RSRP measurement quantity used in cell reselections, Qhyst controls the degree of hysteresis for the ranking, and Qoffset is an offset applicable between serving and neighbouring cells on frequencies of equal priority (the sum of the cell-specific and frequency-specific offsets). 
[bookmark: _Toc506290253][bookmark: _Toc506290280][bookmark: _Toc506290833][bookmark: _Toc506295417][bookmark: _Toc506365989][bookmark: _Toc506365997][bookmark: _Toc506366050][bookmark: _Toc506366510][bookmark: _Toc506366637][bookmark: _Ref506380364][bookmark: _Ref506380383][bookmark: _Toc506380499][bookmark: _Ref506380519][bookmark: _Ref506380567][bookmark: _Toc506380590][bookmark: _Toc506380596][bookmark: _Toc506387024]In our view, no further optimizations are needed for the cell ranking criteria.
Further discussions on the cell ranking criteria
In the RAN2 NR AH1801 meeting, it was agreed that further optimization can be considered for cell quality derivation, e.g., considering the number of actual good beams. 
Agreements:
1	Cell quality derivation for cell selection is up to UE implementation.
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.
There are several reasons that we believe that no further optimizations are needed. Firstly, considering number of actual good beams does not ensure a fair comparison when performing cell ranking and reselection in multi-beam operations. For example, a UE detects a single good beam from Cell A and two good beams from Cell B. For the two good beams in Cell B, the quality of one beam is equal to the quality of the beam in Cell A; the quality of the other beam in Cell B is slightly lower than the former. According to the cell quality derivation in Connected mode, Cell A is better. Having number of good beams to be considered would conclude that Cell B is preferred due to more good beams detected in the cell. However, choosing Cell B is not always fair since the beam in Cell A is a wide beam while the two beams in Cell B is narrow beams, which means Cell B is not necessary to be more robust than Cell A. Moreover, it is reasonable to have a consistent method for UE to derive the cell quality in Idle mode, RRC_INACTIVE state and Connected mode.
If the proposal of no further optimizations is not agreeable, we think that considering the number of actual good beams in the cell ranking criteria would be an alternative method. By that, the cell quality derivation could be defined in the same way as in Connected mode. 
The detailed proposal is illustrated as follows.
The number of good beams based criterion, RnroGoodSS-Blocks
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).



[bookmark: _Toc506290254][bookmark: _Toc506290281][bookmark: _Toc506290834][bookmark: _Toc506295418][bookmark: _Toc506365990][bookmark: _Toc506365998][bookmark: _Toc506366051][bookmark: _Toc506366512][bookmark: _Toc506366639][bookmark: _Toc506380500][bookmark: _Toc506380591][bookmark: _Toc506380597][bookmark: _Toc506387025][bookmark: _Toc506295419]If Proposal 1 is not agreeable, 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.
Conclusion
[bookmark: _GoBack]In this paper, we discussed the cell reselection criterion for inter-frequency and equal priority inter-frequency cell reselection in NR. Based on the discussion in section 2 we have the following proposals:
Proposal 1	In our view, no further optimizations are needed for the cell ranking criteria.
Proposal 2	If Proposal 1 is not agreeable, 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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