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1 Introduction
RAN approved a new work item on network energy saving (NES) [1]. The WI aims to reduce environmental impact and for operational cost savings of operating NR networks. One objective of the work item on cell selection for legacy UEs:

Specify mechanism(s) to prevent legacy UEs camping on cells adopting the Rel-18 NES techniques, if necessary [RAN2] 
Specify the corresponding RRM/RF core requirements, if necessary, for the above features [RAN4]

During the study item phase, RAN2 discussed cell selection and reselection techniques for network energy savings, and the TR description summarized in Annex A was agreed. This contribution provides a discussion on cell selection and reselection in energy saving networks.
2 Discussion
2.1 Barring legacy UEs from camping on NES Cells
During the study item, it was agreed that there is a need to allow NES cells to prevent legacy UEs from camping for backwards compatibility. NES cells should be able to configure whether to prevent legacy UEs, while allowing NES-capable UEs to camp on using one of the following solutions:

-
Use IntraFreqExcludedCellList/InterFreqExcludedCellList

-
Use the cellBarred or cell reservation fields in MIB/SIB
For legacy UEs, nothing new needs to be enhanced and they can be barred using existing mechanisms, per definition of backwards compatibility. 

Observation 1: 
Nothing new needs to be specified to bar legacy UEs, as they can be barred using existing mechanisms.

One open issue mentioned in the TR is on the definition of NES Cell. Given the barring mechanism is controlled by the network, there is no immediate need to define NES Cell formally, though it is widely understood that applies or is configured with an NES technique.

Observation 2: 
An NES cell can be informally defined as a cell that applies or is configured with a certain NES technique.
For NES UEs, the only necessary enhancement is for them to ignore the CellBarred or cell reservations fields in MIB/SIB, and read an additional configuration in MIB/SIB to determine whether they are also barred from the cell or not. 

Proposal 1:
An NES-capable UE ignores the legacy CellBarred and cell reservation fields for cell barring in MIB/SIB. 

Proposal 2:
An NES-capable UE reads an additional new configuration in MIB/SIB to determine whether they are barred from the cell or not. FFS configuration details.
2.2 Measurements during IDLE/INACTIVE for cell re-selection

Another aspect related to NES for IDLE/INACTIVE state is the performance of intra-frequency, inter-frequency and inter-RAT measurements by the UE. As stated in TS 38.304:

If the serving cell fulfils Srxlev > SIntraSearchP and Squal > SIntraSearchQ,  the UE may choose not to perform intra-frequency measurements;

-
Otherwise, the UE shall perform intra-frequency measurements.

If the serving cell fulfils Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ, the UE may choose not to perform measurements of NR inter-frequency cells of equal or lower priority, or inter-RAT frequency cells of lower priority;

· Otherwise, the UE shall perform measurements of NR inter-frequency cells of equal or lower priority, or inter-RAT frequency cells of lower priority
If the NES state of a cell that the UE is camping on changes, it is likely that the UE remains camping on that cell if Srxlev remains greater than SIntraSearchP and Squal remains greater than SIntraSearchQ. 

Observation 2: 
A UE may remain camping on a cell after the cell’s NES state changes (e.g., from full power mode to a NES mode), as long as the signal level of the cell is high enough, as neighbour cell measurements may not be performed. 

Therefore, it is desirable to also change the criteria for triggering intra-frequency and inter-frequency/inter-RAT measurements, depending on the NES state of the serving cell.

Proposal 3:
An NES-capable UE can be configured to apply negative offsets to signal level measurements of the serving NES cell to start intra-frequency or inter-frequency/inter-RAT neighbour cell measurements when the camped cell enters NES mode. How these offsets are configured is FFS. 

3 Conclusion
In this contribution, cell selection and reselection in energy saving networks is discussed. The following observations and proposals are provided:

Observation 1: 
Nothing new needs to be specified to bar legacy UEs, as they can be barred using existing mechanisms.

Observation 2: 
An NES cell can be informally defined as a cell that applies or is configured with a certain NES technique.
Proposal 1:
An NES-capable UE ignores the legacy CellBarred and cell reservation fields for cell barring in MIB/SIB. 

Proposal 2:
An NES-capable UE reads an additional new configuration in MIB/SIB to determine whether they are barred from the cell or not. FFS configuration details.

Observation 2: 
A UE may remain camping on a cell after the cell’s NES state changes (e.g., from full power mode to a NES mode), as long as the signal level of the cell is high enough, as neighbour cell measurements may not be performed. 

Proposal 3:
An NES-capable UE can be configured to apply negative offsets to signal level measurements of the serving NES cell to start intra-frequency or inter-frequency/inter-RAT neighbour cell measurements when the camped cell enters NES mode. How these offsets are configured is FFS. 
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5 Annex A: Cell selection/reselection description in TR 38.864
6.5.1
Cell selection/reselection

For backward compatibility, there is a need to allow NES cells to prevent legacy UEs from camping. NES cells should be able to configure whether to prevent legacy UEs, while allowing NES-capable UEs to camp on. Possible solutions may include but not limited to:

-
Use IntraFreqExcludedCellList/InterFreqExcludedCellList

-
Use the cellBarred or cell reservation fields in MIB/SIB

The definition of NES cell will be discussed in the WI phase.
The NW should be able to configure NES-capable UEs to prioritize/down-prioritize a specific NES cell or NES cells on a specific frequency. It is left to the WI phase whether the existing mechanism for cell (re)selection is sufficient according to the NES techniques specified.

From RAN2 perspective, legacy UEs and NES-capable UEs can be handled via cell selection/reselection techniques in the presence of NES cells.
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