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1 Introduction

In RAN2 AH#1801 [1], the following agreements related to cell selection and reselection rules in idle/inactive mode have been made:

Agreements for idle and inactive mode:

1
Take cell suitability, acceptability, barred and reserved cell definitions from LTE as baseline for NR.

2
Cell selection criterion (S criterion) is applied to cell selection and reselection. 

3
 Both RSRP and RSRQ are considered in S criterion. 

4
From RAN2 perspective compensation parameter(s) is needed to S criterion. Details can be FFS and depending on the input from RAN1/4. Send LS to RAN1/4 to identify the use cases.

5
Parameters to check S criterion is broadcasted via system information for neighbor cells and via RMSI for serving cell.

6
Cell reselection for intra frequency case and equal priority inter frequency case, criterion (R criterion) is applied to cell reselection. 

7
Qhyst and Qoffset (including both cell specific and carrier specific one) can be applied to R criterion.

8
RSRP is applied to R criterion.

9
When the highest ranked cell is not suitable, UE will not consider this cell and other cells on the same frequency, as candidates for reselection for a maximum of xxs unless if intra frequency reselection is allowed by gNB, as in as 5.2.4.4 and 5.3.1, TS36.304. The value is FFS.

10
 Dedicated and common reselection priority can be applied in idle. FFS whether the same priority for inactive mode.

11
 If dedicated reselection priority is assigned, it is used otherwise common reselection priority is applied. 

12
 Same cell reselection process as LTE is applied for inter-F/RAT with the different reselection priority. 

 13
 Separate threshold to skip intra-F measurements and inter-F/RAT measurements to the same/lower reselection priority as in LTE is applied. 

In RAN2 AH#1801 [1], the following agreements related to cell quality derivation in idle/inactive mode have been made:

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.
2 Consideration of number of good beams in cell selection reselection rules

In connected mode, RAN2 has widely discussed some issues related to the cell quality derivation based on the number of good beams and threshold of suitability.

For example, a first cell may have a strong best beam and other lower beams which are above the threshold.  The lower beams will reduce the average of the beams and therefore the cell quality. In comparison, a second cell with only one good beam and multiple low quality beams below the threshold will have a better cell quality than the first cell because the low quality beams will not be taken into account in the cell quality derivation. As a result, the latter cell will be selected by the UE while the first one would have been a better candidate. 

However, as mentioned by multiple companies, the report of beams along with cell quality in connected mode allows the NW to decide which cell is the best based on the beam quality as well. While in idle/inactive mode, the UE performs measurement and decides which cell to select or reselect based on the suitability and ranking criterias only.  

It has been agreed in RAN2 AH#1801 that the cell quality derivation in idle/inactive mode will be up to UE implementation for cell selection and that it will follow the same principle as in connected mode for reselection (N beams above the threshold) .

In the cell reselection process, the cells are ranked according to R criteria specified below. The UE derives Qmeas,s and Qmeas,n and calcultes the R values using averaged RSRP results. If a cell is ranked as the best cell the UE performs cell reselection to that cell if it is found to be a suitable cell based of the suitability criteria. 

Cell-ranking criterion Rs for serving cell and Rn for neighbouring cells is defined in LTE by :
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In the example illustrated in Figure 1, if Cell 3 is a UE’s serving cell and cell 1 and 2 are neighbouring cells, the UE may re-select Cell 2 based on the average cell quality, while its serving Cell 3 is the best in terms of quality of best beam and number of good beams. The UE would have then re-selected a cell that is less robust than its serving cell.
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Figure 1 Cell quality based on N=6 best beams above the threshold (red line)
Observation 1: 
If the cell reselection procedure is based on the average cell quality only, regardless of the number of good beams,  a UE may reselect a cell that is less robust than its serving cell.   
In another example, if cell1-2-3 are neighbouring cells, the UE may rank Cell2 as the best neighbouring cell while Cell 1 and 3 have stronger best beams and a higher number of good beams.
Observation 2: If the cell reselection procedure is based on the average cell quality only regardless of the number of good beams, a UE may rank a neighbouring cell higher than another cell that has more good beams and stronger best beam.
To address these issues, when determing the rank of cell, the UE may take into account the same number of good beams as it’s serving cell. In the case where the number of good beams in the serving cell is higher than a neighbouring cell, the UE would consider only the best beam. 
Another alternative, is when ranking neighbouring and serving cells, the UE may take into account the same number of good beams in the cell quality derivations, corresponding to the minimum number of good beams among all the cells. In this way, we ensure fairness of the ranking process and the mismatch problem described above is less likely to happen. 

Proposal 1 For cell reselection criteria, the number of good beams in serving cell and neighbouring cells are considered in the ranking criteria 
Proposal 2 To take into account the number of good beams into the cell reselection processus the UE may follow one of two following alternatives:
· Alternative 1:

The calculation of Qmeas for neighbouring cell uses the same number of good beams as the serving cell.
If the number of good beams in the serving cell is higher than the neighbouring cell, the UE considers only the best beam in each cell
· Alternative 2: 

When comparing a neighbouring cell with a serving cell the calculation of Qmeas uses the minimum number of good beams between the cells being compared
3 Conclusion
In this contribution the following observations we made related to the number of beams for cell selection/reselection evaluation:

Observation 1: 
If the cell reselection procedure is based on the average cell quality only, regardless of the number of good beams,  a UE may reselect a cell that is less robust than its serving cell.   

Observation 2: If the cell reselection procedure is based on the average cell quality only regardless of the number of good beams, a UE may rank a neighbouring cell higher than another cell that has more good beams and stronger best beam.
Based on the above observations, the following conclusions have been made.

Proposal 3 For cell reselection criteria, the number of good beams in serving cell and neighbouring cells are considered in the ranking criteria 
Proposal 4 To take into account the number of good beams into the cell reselection processus the UE may follow one of two following alternatives:
· Alternative 1:

The calculation of Qmeas for neighbouring cell uses the same number of good beams as the serving cell.
If the number of good beams in the serving cell is higher than the neighbouring cell, the UE considers only the best beam in each cell
· Alternative 2: 

When comparing a neighbouring cell with a serving cell the calculation of Qmeas uses the minimum number of good beams between the cells being compared
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