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In RAN2#97, we made the following agreements about idle/inactive mobility in NR.
	1	For cell reselection, cell quality can be derived from N best beams where value of N can be configured to 1 or more than 1. 
FFS: Details of filtering to be applied (e.g. for the case N=1, the best beam is filtered by a single filter as the best beam changes)
FFS: Whether to only consider beams above a threshold ('good' beams)


In this contribution, we discuss the further details, including the remaining FFS issues, of cell selection and reselection in standalone NR.
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Background
Cell selection and reselection in LTE can be outlined as follows. The UE searches for a suitable cell of the selected PLMN and chooses that cell to provide available services, further the UE shall tune to its control channel. This choosing is known as "camping on the cell".  The suitability of a cell is determined by the cell S-criterion:
	Srxlev > 0 AND Squal > 0, where
Srxlev = Qrxlevmeas – (Qrxlevmin + Qrxlevminoffset) – Pcompensation
Squal = Qqualmeas – (Qqualmin + Qqualminoffset)


If the UE finds a more suitable cell, it reselects to that cell and then camps on it. Cell reselection involve the measurement rules and reselection criteria.
Measurement rules:
	· If Srxlev > SIntraSearchP and Squal > SIntraSearchQ, UE may choose not to perform intra-frequency measurements.
· If Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ, UE may choose not to perform measurements of E-UTRAN inter-frequencies or inter-RAT frequency cells of equal or lower priority.
· UE shall always perform measurements of higher priority E-UTRAN inter-frequency or inter-RAT frequencies.


Reselection criteria: Cell reselection to a cell on an equal priority E-UTRAN frequency shall be based on ranking for Intra-frequency cell reselection (Equal priorities between RATs are not supported)
	· The cells is ranked according to the R criteria (s: serving, n: neighbour):
· Rs = Qmeas,s + Qhysts
· Rn = Qmeas,n + Qoffsets,n
· If a cell is ranked as the best cell and the following conditions are met, the UE shall perform cell reselection to that cell.
· More than 1 second has elapsed since the UE camped on the current serving cell.
· The new cell is better ranked than the serving cell during a time interval TreselectionRAT.


Cell selection
For cell selection, the UE should be able to determine the cell to camp on without the configuration from the network. Although a UE may observe multiple beams from a cell, it is hard for a UE to consider ‘N best beams’ since the ‘N’ value is unknown. There are some options.
Option 1: Fix the ‘N’ value in standard. The simplest way is to choose N=1.
Option 2: Leave it for UE implementation. The set of beam(s) to consider is determined by the UE, based on real-time channel conditions.
When performing cell selection, UE should camp on a suitable cell as fast as possible. That is, UE cares about both signal strength and latency. If the total number of beams is not too large, UE may search for the best beam for S criterion evaluation, Alternatively, UE may camp on a cell immediately when one or multiple beams in a cell meets the suitability criteria, and switches to a better beam or reselect to a better cell later, if needed. Therefore, we prefer leave the details for UE implementation.
Proposal 1:	When evaluating the suitability criterion (S criterion) of a NR cell, the set of beam(s) to be considered is determined by UE.
To ensure the long-term quality of a selected cell, filtering is applied to L1 measurement results. The filters may be applied to individual beams, or across different beams. For example, assume UE perform cell selection based on the ‘best beam’. As instantaneous best beam changes, the best beam can be selected and filtered in different ways. If the best beam is selected before filtering, a single filter is applied to different beams, and the filtered result represents the signal quality of the cell. Alternatively, the best beam can be selected after filtering (by different filters), and the filtered result represents a specific beam. Our understanding is that both ways work, and the choice depends on the measurement model design, which is discussed in our accompanying paper [1].
Proposal 2: 	For cell selection, filtering of measurement results may be applied to individual beams or across different beams. The choice depends on measurement model design.
Cell reselection
For cell reselection in NR, we believe that measurement rules to skip measurement on neighbouring cells should be applied, and the reselection is based on cell ranking, as in LTE.
Proposal 3:	For cell reselection in NR, measurement rules to skip measurement on neighbouring cells should be applied, and the reselection is based on cell ranking, as in LTE.
1.1.1 Measurement rule
When beam-forming is configured in NR, a UE may detect multiple beams from a cell. RAN2 has agreed to derive cell quality from ‘N best beams’ where value of N can be configured to 1 or more than 1. When it comes to measurement rule, however, neighbouring cell measurements can be skipped until the best beam of serving cell is not that strong. Therefore, we suggest considering only the best beam of serving cell when evaluating the Srxlev and Squal thresholds for cell reselection.
Proposal 4:	When evaluating the Srxlev and Squal thresholds for cell reselection in NR, only the best beam of serving cell is considered.
[bookmark: _GoBack]In addition, the number of beams above a threshold (i.e. ‘good’ beams) may be considered to determine the need of neighbouring cell measurements. The idea is simple: If a UE detects fewer number of ‘good’ beams from the cell it is camping on, it should consider to looks for potential cells for reselection. Therefore, we propose to introduce new thresholds, regarding the number of ‘good’ beams in serving cell, and corresponding measurement rules for cell reselection. For example, let Ngb,serv, Ngb,thIntra, and Ngb,thNonIntra be the number of good beams in serving cell, threshold for intra-frequency cells and threshold for non-intra-frequency cells, respectively. The measurement rules may be written as follows.
	· If Ngb,serv ≥ Ngb,thIntra, UE may choose not to perform intra-frequency measurements.
· If Ngb,serv ≥ Ngb,thNonIntra, UE may choose not to perform measurements of NR inter-frequencies or inter-RAT frequency cells of equal or lower priority.


Proposal 5: 	Introduce new thresholds, regarding the number of ‘good’ beams in serving cell, and corresponding measurement rules for cell reselection. 
If both kinds of threshold are configured, they can be interpreted either as ‘or’ conditions or as ‘and’ conditions. For simplicity, we prefer the former. In other word, UE performs neighbouring cell measurements either when best beam of serving cell falls below the S-thresholds, or when the serving cell has less ‘good’ beams than the proposed threshold.
Proposal 6:	When thresholds about signal strength and number of ‘good’ beams are both configured, the UE performs neighbour cell measurements if either condition is satisfied.
1.1.2 Reselection criteria and cell ranking
For connected-mode mobility, a cell can be evaluated based on measurements on multiple beams, which mitigates the Ping-Pong effect. Unlike connected-mode, that an idle-mode UE switches back and forth between two cells does not bring signalling overhead and service interruption. However, considering multiple beams does help the UE reselect to a more preferable cell. Therefore we should allow the network to configure ‘N best beams’ when evaluating the R criteria (Rs and Rn) for cell reselection.
Proposal 7:	When evaluating the R criteria in cell reselection, ‘N best beams’ are considered, where value of N can be configured to 1 or more than 1.
When more than one beams are considered, the cell-level quality (Qmeas,s, Qmeas,n) may be derived in different ways. For simplicity, we suggest deriving cell-level quality by averaging the measurement results of considered beams.
Proposal 8:	If more than one beams are considered, the cell-level quality is derived by averaging the measurement results of considered beams.
Moreover, the number of ‘good’ beams in some cells may be smaller than the ‘N’ value configured by network. In this case, we suggest the following rules:
· Cell ranking considers only ‘good’ beams, since the UE is expected to ‘camp on’ (e.g. monitor the synchronization signal) one of the ‘good’ beams.
· The same number of beams (N) is considered for all ranked cells, for fair comparison.
Proposal 9:	When evaluating the R criteria using ‘N best beams’ method, only beams above a threshold (i.e. ‘good’ beams) are considered. Also, the same number of beams is considered for all ranked cells.
The actual number of beams considered in cell ranking may be adjusted according to the number of ‘good’ beams in the serving and detectable neighbouring cells. Some examples are given as follows.
· If the number of good beams in serving cell (Ngb,serv) is smaller than the configured value (Nconf), UE may set N = min(Nconf, Ngb,serv).
· If the number of ‘good’ beams in some neighbouring cell is smaller than Nconf, the UE may set a minimum number of required ‘good’ beams for a cell, and the cells without enough ‘good’ beams are simply not considered in the ranking. The idea is illustrated in the figure below.


Figure 1.	Cell ranking considering different number of ‘good’ beams
Since cell reselection is a UE-based procedure, we suggest leaving the details for UE implementation.
Proposal 10:	The number of beams considered in cell ranking may be adjusted according to the number of ‘good’ beams the serving and detectable neighbouring cells. The details depend on UE implementation.
Conclusion
It is proposed to discuss and decide on the following proposals:
Proposal 1:	When evaluating the suitability criterion (S criterion) of a NR cell, the set of beam(s) to be considered is determined by UE.
Proposal 2: 	For cell selection, filtering of measurement results may be applied to individual beams or across different beams. The choice depends on measurement model design.
Proposal 3:	For cell reselection in NR, measurement rules to skip measurement on neighbouring cells should be applied, and the reselection is based on cell ranking, as in LTE.
Proposal 4:	When evaluating the Srxlev and Squal thresholds for cell reselection in NR, only the best beam of serving cell is considered.
Proposal 5: 	Introduce a threshold and corresponding measurement rule for cell reselection, regarding the number of ‘good’ beams in serving cell. 
Proposal 6:	When thresholds about signal strength and number of ‘good’ beams are both configured, the UE performs neighbour cell measurements if either condition is satisfied.
Proposal 7:	When evaluating the R criteria in cell reselection, ‘N best beams’ are considered, where value of N can be configured to 1 or more than 1.
Proposal 8:	If more than one beams are considered, the cell-level quality is derived by averaging the measurement results of considered beams.
Proposal 9:	When evaluating the R criteria using ‘N best beams’ method, only beams above a threshold (i.e. ‘good’ beams) are considered. Also, the same number of beams is considered for all ranked cells.
Proposal 10:	The number of beams considered in cell ranking may be adjusted according to the number of ‘good’ beams the serving and detectable neighbouring cells. The details depend on UE implementation.
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