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Introduction
In multi-beam operations, a new criterion based on the number of good beams has been introduced in the cell reselection criteria for intra-frequency and equal priority inter-frequency cells. However, the following reselection condition has not been updated to take the new criterion into account in TS 38.304 [1].
In all cases, the UE shall reselect the new cell, only if the following conditions are met:
- the new cell is better ranked than the serving cell during a time interval TreselectionRAT;
- more than 1 second has elapsed since the UE camped on the current serving cell.
[bookmark: _Ref178064866]According to the current TS 38.304, there are ambiguities when the UE makes the choice between the serving cell and the “new cell” if the rangeToBestCell is configured. The ambiguities may result in the different cell reselection choices. 
This paper proposes to make the corresponding changes on the reselection condition in TS 38.304.
Background
In the intra-frequency and equal priority inter-frequency cell reselection criteria for NR, the criterion based on the number of good beams has been introduced for multi-beam operations.
If rangeToBestCell is configured, then the UE shall perform cell reselection to the cell with the highest number of beams above the threshold (i.e. absThreshSS-BlocksConsolidation) among the cells whose R value is within rangeToBestCell of the R value of the highest ranked cell. If there are multiple such cells, the UE shall perform cell reselection to the highest ranked cell among them. 
There are reselection conditions defined as in LTE below to avoid unnecessary cell reselections. 
In all cases, the UE shall reselect the new cell, only if the following conditions are met:
- the new cell is better ranked than the serving cell during a time interval TreselectionRAT;
- more than 1 second has elapsed since the UE camped on the current serving cell.
Where, TreselectionRAT specifies the cell reselection timer value. For each target NR frequency and for each RAT other than NR, a specific value for the cell reselection timer is defined. The cell reselection timer TreselectionRAT for NR or E-UTRA value is in the range of (0..7) in seconds. The “new cell” in the rest of the paper refers to this “new cell” in the above context.  
[bookmark: _Ref528142532]Discussions
In LTE, a UE makes the decision if the “new cell” is better than the serving cell during a time interval TreselectionRAT by comparing the R values of the two cells without the impact of R values of any other cells. This is still true for NR when the rangeToBestCell is not configured. 
[bookmark: _Toc528147257][bookmark: _Toc528147601][bookmark: _Toc528147647][bookmark: _Toc528226918][bookmark: _Toc528226949]If the rangeToBestCell is not configured, the cell reselection condition during the time interval TreselectionRAT, i.e., the “new cell” is better than the serving cell, is not affected by another cell with a higher R value than both of the “new cell” and the serving cell.
There are different interpretations on the description, “the new cell is better ranked than the serving cell during a time interval TreselectionRAT”: only the ranking R values are used to compare the serving cell and “new cell”; both of R values and the number of good beams shall be taken into account.
[bookmark: _Toc347823812][bookmark: _Toc347823993][bookmark: _Toc347824244][bookmark: _Toc528134787][bookmark: _Toc528142168][bookmark: _Toc528142624][bookmark: _Toc528142646][bookmark: _Toc528147258][bookmark: _Toc528147602][bookmark: _Toc528147648][bookmark: _Toc528226919][bookmark: _Toc528226950]If the rangeToBestCell is configured, there are ambiguities in the cell reselection condition regarding the description of “the new cell is better ranked than the serving cell during a time interval TreselectionRAT”:
· [bookmark: _Toc528142169][bookmark: _Toc528142625][bookmark: _Toc528142647][bookmark: _Toc528147259][bookmark: _Toc528147603][bookmark: _Toc528147649][bookmark: _Toc528226920][bookmark: _Toc528226951]Alternative 1: during the time interval TreselectionRAT, only the ranking R values are used to compare the serving cell and “new cell”.
· [bookmark: _Toc528142170][bookmark: _Toc528142626][bookmark: _Toc528142648][bookmark: _Toc528147260][bookmark: _Toc528147604][bookmark: _Toc528147650][bookmark: _Toc528226921][bookmark: _Toc528226952]Alternative 2: during the time interval TreselectionRAT, both of R values and the number of good beams shall be taken into account.
· [bookmark: _Toc528142171][bookmark: _Toc528142627][bookmark: _Toc528142649][bookmark: _Toc528147261][bookmark: _Toc528147605][bookmark: _Toc528147651][bookmark: _Toc528226922][bookmark: _Toc528226953]Alternative 2a: the highest ranked cell which the relative threshold, rangeToBestCell, is related to is the cell with highest R value in the ranking list.
· [bookmark: _Toc528142172][bookmark: _Toc528142628][bookmark: _Toc528142650][bookmark: _Toc528147262][bookmark: _Toc528147606][bookmark: _Toc528147652][bookmark: _Toc528226923][bookmark: _Toc528226954]Alternative 2b: the highest ranked cell which the relative threshold, rangeToBestCell, is related to is the cell with higher R value between the serving cell and the “new cell”.
When the “new cell” is lower ranked than the serving cell but it has more number of good beams, Alternative 1 results that the UE keeps camping on the serving cell instead of the new cell. Take an example shown in the Table 3.1 and assume the R values and number of good beams remain the same during the time interval TreselectionNR. The Cell C is the “new cell” according to the cell reselection criteria. However, the UE shall not perform cell reselection to the this “new cell” since Cell C is not better ranked than the serving cell during the cell reselection timer interval, TreselectionNR.
Table 3.1 Example of cell reselection criteria based on cell ranking and number of good beams.
	
	R (dBm)
	within rangeToBestCell (3 dB) of the R value of the highest ranked cell?
	Number of good beams

	Cell A (highest ranked cell)
	-60
	True
	1

	Cell B (serving cell)
	-61
	True
	1

	Cell C (“new cell”)
	-62
	True
	5



[bookmark: _Toc528142173][bookmark: _Toc528142629][bookmark: _Toc528142651][bookmark: _Toc528147263][bookmark: _Toc528147607][bookmark: _Toc528147653][bookmark: _Toc528226924][bookmark: _Toc528226955]Alternative 1 may prevent the UE from reselecting to the “new cell” if the “new cell” which has more number of good beams is lower ranked than the serving cell when the rangeToBestCell is configured.

Figure 3.1 Example of Alternative 2a and Alternative 2b resulting in different cell reselection choices  

An example shown in Figure 3.1 illustrates whether the highest ranked cell (which the relative threshold, rangeToBestCell, is related to) is the cell with higher R value between the serving cell and the “new cell” result in different cell reselection choices. The rangeToBestCell is 3 dB in the example. 
· At the first evaluation time points t1 and t3, the “new cell” is better than the serving cell since it has more number of good beams and it is within 3 dB of the R value of the highest ranked cell.  
· However, at the time point t2, the “new cell” with more number of good beams is not better than the serving cell if “another cell” is considered as the highest ranked cell. The R value of the serving cell is within rangeToBestCell of R value of “another cell”, while the “new cell” is not. Therefore, the UE shall not perform the reselection to the “new cell”. 
· If the highest ranked cell is the cell between the serving cell and the “new cell” when making the choice between them, the “new cell” shall be reselected by the UE.
[bookmark: _Toc528142174][bookmark: _Toc528142630][bookmark: _Toc528142652][bookmark: _Toc528147264][bookmark: _Toc528147608][bookmark: _Toc528147654][bookmark: _Toc528226925][bookmark: _Toc528226956]Alternative 2a and Alternative 2b may result in different cell reselection choices when evaluating the serving cell and the “new cell” during the reselection time interval TreselectionRAT if the rangeToBestCell is configured.
In our view, Alternative 2a is aligned with the definition of rangeToBestCell and intra-frequency and equal priority inter-frequency cell reselection criteria. Alternative 2b defines additional cell reselection rule, which is not necessary. 
[bookmark: _Toc347823621][bookmark: _Toc347824073][bookmark: _Toc347824246][bookmark: _Toc528134774][bookmark: _Toc528142177][bookmark: _Toc528142547][bookmark: _Toc528142600][bookmark: _Toc528142653][bookmark: _Toc528226926][bookmark: _Toc528227947][bookmark: _Toc528823229][bookmark: _Toc528142175]RAN2 to clarify that determining whether the cell reselection conditions during the time interval TreselectionRAT are fulfilled specified in TS 38.304 is according to the intra-frequency and equal priority inter-frequency cell reselection criteria. 
CRs [2] to 38.304 for both Alternative 2a are provided for discussion and agreement.CRs [2] to 38.304 for Alternative 2a is provided for discussion and agreement.
Conclusion
In section 3 we made the following observations:
Observation 1	If the rangeToBestCell is not configured, the cell reselection condition during the time interval TreselectionRAT, i.e., the “new cell” is better than the serving cell, is not affected by another cell with a higher R value than both of the “new cell” and the serving cell.
Observation 2	If the rangeToBestCell is configured, there are ambiguities in the cell reselection condition regarding the description of “the new cell is better ranked than the serving cell during a time interval TreselectionRAT”:
-	Alternative 1: during the time interval TreselectionRAT, only the ranking R values are used to compare the serving cell and “new cell”.
-	Alternative 2: during the time interval TreselectionRAT, both of R values and the number of good beams shall be taken into account.
o	Alternative 2a: the highest ranked cell which the relative threshold, rangeToBestCell, is related to is the cell with highest R value in the ranking list.
o	Alternative 2b: the highest ranked cell which the relative threshold, rangeToBestCell, is related to is the cell with higher R value between the serving cell and the “new cell”.
Observation 3	Alternative 1 may prevent the UE from reselecting to the “new cell” if the “new cell” which has more number of good beams is lower ranked than the serving cell when the rangeToBestCell is configured.
Observation 4	Alternative 2a and Alternative 2b may result in different cell reselection choices when evaluating the serving cell and the “new cell” during the reselection time interval TreselectionRAT if the rangeToBestCell is configured.

Based on the discussion in section 3 we propose the following:
Proposal 1	RAN2 to clarify that determining whether the cell reselection conditions during the time interval TreselectionRAT are fulfilled specified in TS 38.304 is according to the intra-frequency and equal priority inter-frequency cell reselection criteria.
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