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Introduction
In RAN2#119b-e meeting, the cell selection/reselection for NES was discussed, with the following agreements [1]:
Agreements:
1 There is a need to allow NES cells to prevent legacy UEs from camping. FFS the definition of NES cells.
2 Whether to bar legacy UEs is configurable by NES cells in Idle/Inactive mode and the network should be able to allow NES-capable UEs to camp on the NES cell.   Options to bar UEs to be considered are 1) UseIntra/InterFreqExcludedCellList (FFS on the exact mechanism and spec impact) and 2) use cellBarred or cell reservation fields in MIB/SIB.      
3 The network should be able to configure NES capable UEs to (de)prioritize NES cells.  mechanism such as can be considered for both frequency and cell levels cell selection/reselection (de)prioritization.  FFS on whether the existing mechanism is sufficient.
During the post RAN2#119b-e email discussion, the following remaining issues on cell selection/reselection were identified [2]:
	List of remaining issues on cell selection/reselection:
(De)prioritize NES cells by NES capable UEs:
a) Whether de-prioritization is sufficient for NES cells, or even prioritization of NES cells need to be supported
b) Applicability of existing mechanisms, e.g. frequency priorities, cell offset to (de)prioritize cells
c) Potential new mechanism description, and potential specification impacts
d) Mechanisms to incentivize and disincentivize NES-capable UEs from camping on cells according to their NES states


Besides, in the latest TR [3], there is an FFS on whether to keep the terminology of “NES cells”:
	Editor's note: FFS whether to keep the terminology of “NES cells” and its definition, or change it to“a cell that uses an NES technique”.


In this paper, we discuss the above remaining issues on cell selection/reselection for NES.
[bookmark: OLE_LINK462][bookmark: OLE_LINK463]Discussion
Definition of NES cell
In last RAN2 meeting, it was agreed that there is a need to allow NES cells to prevent legacy UEs from camping, but the definition of “NES cell” is not clear. During the post-meeting discussion, it was commented that the definition of “NES cell” is not needed and can be replaced by “a cell that uses an NES technique”. In our understanding, the cells using NES techniques can be categorized into several types, according to the feature of the used NES techniques:
· Type-1 NES cell: None of the NES techniques used in the cell impact the legacy UEs. Such NES techniques include e.g. adaptation of UE specific signals and channels, alignment of UEs’ C-DRX patterns, etc.
· Type-2 NES cell: Some of the NES techniques used in the cell is not backward compatible and the legacy UEs could not work properly in this cell. Such NES techniques include e.g. modified transmission pattern of common signals and channel, or modified power ratio between CSI-RS and PDSCH/SSB, etc.
· Type-3 NES cell: Some of the NES techniques used in the cell is not backward compatible, but the legacy UEs are unable to recognize the cell and therefore will not access the cell even without any cell barring mechanism. Such NES techniques include e.g. on-demand SSB triggered by WUS.
For Type-1 NES cell, legacy UEs can treat it as a normal cell; while for Type-2 and Type-3 NES cell, legacy UEs should regard it as a barred cell. The cell barring mechanisms for these types of NES cells may be different, e.g., for Type-1 NES cells, a unified barring indication can be used for legacy UEs and NES-capable UEs; for Type-2 NES cell, separate bar indications may be used for legacy UEs and NES-capable UEs; for Type-3, only barring indication for Rel-18 UEs is needed. When discussing the cell barring mechanisms, the above definition and categorization of NES cells can be considered. However, there is no need to populate the TR with many classifications, the current TP uses wording like “allow” and “be able to”, which leaves the flexibility for the NES cell to choose the appropriate barring mechanism depending on the NES cell type. 
The case is similar to (de)prioritization of NES cells. “be able to” is used, which allows the NES cell to perform such (de)prioritization only when needed.
	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.
…
The NW should be able to configure NES-capable UEs to prioritize/de-prioritize a specific NES cell or NES cells on a specific frequency.



Based on the above, there is no need to include detailed classification for NES cells, as the cell selection/reselection mechanism be correctly described even without such definition and categorization. On the other hand, changing every “NES cell” to “a cell that uses an NES technique” will make the texts verbose. Therefore, we suggest a general clarification “an NES cell refers to a cell that uses NES technique(s)” is added and the Editor’s Note is removed.
Proposal 1: Add a general clarification of “an NES cell refers to a cell that uses NES technique(s)” and remove the Editor’s Note on the definition of NES cell.
(De)prioritization of NES cells
(a) Whether to support prioritization and de-prioritization of NES cells
In current specification, the prioritization/de-prioritization of a frequency or cell for cell selection/reselection is supported by setting the frequency priority or cell offset parameters. The purpose of such prioritization/de-prioritization mechanism is for e.g. load balancing or guiding UEs to a high-performance frequency or cell. For NES scenarios, it is sensible to de-prioritize NES cells over normal cells to save energy for NES cells. However, it is unclear whether there is any benefit to prioritize NES cells, e.g. when the normal cell is overloaded and needs to offload UEs to the NES cell, the NES cell can fall back to normal mode, instead of keeping in NES state with a higher priority.
Proposal 2: De-prioritization of NES cells should be supported.
(b) Mechanisms to support de-prioritization of NES cells
One possible enhancement is to allow separate configurations of cell (re)selection parameters for legacy UEs and NES-capable UEs. In current specification, the dedicated cell reselection parameters like frequency priorities can be signalled to UEs via RRC Release. However, this mechanism seems not sufficient for NES case, e.g. the change of cell NES configuration may be frequent and the dedicated parameters cannot be indicated to UEs in time when UEs are in idle/inactive state. Therefore, it may be beneficial for NES cells to broadcast the separate cell (re)selection parameters for legacy UEs and NES-capable UEs respectively in system information. Here, the separate cell (re)selection parameters can be e.g. normal frequency priorities/cell offsets for legacy UEs and NES dedicated frequency priorities/cell offsets for NES-capable UEs.
When considering the enhancements, as usual enough flexibility should be left to the NW, and hard-coding the prioritization level for NES cells is better to be avoided.
Proposal 3: New mechanisms to support de-prioritization of NES cells, i.e. separate configurations of cell (re)selection parameters for legacy UEs and NES-capable UEs respectively in the system information, can be considered. The new mechanisms should avoid hard-coding the prioritization level for NES cells.
(c) Mechanisms to incentivize and disincentivize NES-capable UEs from camping on cells according to their NES states
During the post-119bis email discussion, it was commented to study the mechanisms to incentivize and disincentivize NES-capable UEs from camping on cells according to their NES states. Currently there is no definition of “NES state” defined in RAN1 or RAN2. To enable this NES-aware cell selection/reselection, we firstly need to figure out the meaning of “NES state” and whether “NES state” refers to the state of the camped cell or neighbour cell. If it refers to neighbour cell, the mechanism becomes quite complicated as the UE will not read the system information of neighbour cell until the target cell is determined based on the reselection evaluation and UE needs to read the SIB1 of the target cell before reselecting to the target cell, thus the camped cell needs to broadcast the real-time “NES state” of multiple neighbour cells for the UE. If the “NES state” refers to the state of the camped cell, we think the easier approach is to leave the decision to the NW and the UE simply follows the configuration broadcast by the camped cell, considering the “NES state” is already know by the serving cell itself. Therefore by having separate configuration of cell (re)selection parameters for legacy UEs and NES-capable UEs respectively, it is already sufficient to support de-prioritization of NES cells.
Observation 1: Separate configuration of cell (re)selection parameters for legacy UEs and NES-capable UEs respectively seems already sufficient for de-prioritization of NES cells. 
Conclusion
[bookmark: OLE_LINK3]In this paper, we discussed the cell selection/reselection for NES, and made the following proposals:
Proposal 1: Add a general clarification of “NES cell refers to the cell that uses NES technique(s)” and remove the Editor’s Note on the definition of NES cell.
Proposal 2: De-prioritization of NES cells should be supported.
Proposal 3: New mechanisms to support de-prioritization of NES cells, e.g. separate configurations of cell (re)selection parameters for legacy UEs and NES-capable UEs in the system information, can be considered. The new mechanisms should avoid hard-coding the prioritization level for NES cells.
Observation 1: Separate configuration of cell (re)selection parameters for legacy UEs and NES-capable UEs respectively seems already sufficient for de-prioritization of NES cells.
The corresponding TP is provided in the Annex.
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Annex. TP to TR 38.864

-----------------Start of the Changes------------------
6.x	Higher layer aspects for network energy savings
Editor's note: This section includes common aspects of higher layers deduced from the above candidate directions.
6.X.1	Cell selection/reselection
In the descriptions below, NES cell refers to the cell that uses NES technique(s).
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
Editor's note: FFS whether to keep the terminology of “NES cells” and its definition, or change it to“a cell that uses an NES technique”.
Editor's note: FFS the exact mechanism and the spec impacts.
The NW should be able to configure NES-capable UEs to prioritize/de-prioritize a specific NES cell or NES cells on a specific frequency. The existing mechanism for cell prioritization/de-prioritization can be reused for NES cells, and enhancements may include but not limited to:
· Enable separate configurations of cell (re)selection parameters for legacy UEs and NES-capable UEs in the system information.
Editor's note: FFS whether the existing mechanism for cell prioritization/de-prioritization is sufficient.
-----------------End of the Changes--------------------
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