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Introduction
The WID on network energy savings includes the following objective [1]:
	5.	Specify CHO procedure enhancement(s) in case source/target cell is in NES mode [RAN2]


In RAN2 #120, for source cell NES mode based CHO, RAN2 discussed time-based CHO and L1/L2 triggering; for target cell NES mode based CHO, RAN2 discussed whether target cell NES mode information is needed for target cell selection. The conclusion is to continue the discussion:
	Agreements:
1. Study whether CHO enhancements are needed for the purpose of turning off the cell
2. Continue discussing CHO in the context of different NES techniques.  


In this paper, we further discuss the CHO enhancements for NES.
[bookmark: OLE_LINK462][bookmark: OLE_LINK463]Discussion
Before further analysis, we would like to clarify the meaning of “NES mode” in the WID objective. From our perspective, “source/target cell is in NES mode” includes the case where the source/target cell is using a NES technique, which is consistent with our understanding of the “NES cell” in the discussion of cell barring. Several companies mentioned “NES mode” can also include the case of “cell turning off”, we think this can be viewed as an extreme case of “activating an NES technique” since the cell can sleep for a long time.
Proposal 1: “NES mode” means the cell is enabling an NES technique or turning off.
According to TR 38.864 and the WID description, the following two scenarios can be considered for CHO enhancements: 
· Scenario 1: source cell changes/enters NES mode.
· [bookmark: _Hlk125032764]Scenario 2: target cell changes/enters NES mode.  
Scenario 1: source cell changes/enters NES mode
The motivation of CHO enhancements based on source cell NES mode is to handover as many UEs as possible before the source cell enters NES mode. In RAN2 #121, there was some discussion on two popular solutions:
· Option 1: Using L1/L2 signalling as the CHO trigger condition. The CHO can only be executed when UEs receive the L1/L2 signalling and any other event conditions, if they exist, are satisfied.
· Option 2: Using a time-based condition, i.e. CondEvent T1, as the CHO trigger condition for NES. The CHO can only be executed when the time threshold is reached and any other RRM-based condition (if configured), is satisfied.
For L1/L2 signalling triggered CHO (Option 1), we think the benefits (e.g. faster HO) should be further justified, in the context of network energy saving. Currently, the only NES technique that has some preliminary agreements in RAN2 is cell DTX/DRX. However, if the serving cell is using cell DTX/DRX, the serving cell does not intend all UEs to handover to other cells, especially the R18 NES-capable UEs. In this case, if the serving cell only wants to handover some legacy UEs or R18 UEs that are not NES-capable (since these UEs’ performances may be impacted if cell DTX/DRX is enabled), the serving cell can only use legacy HO command because these UEs cannot recognize R18 CHO enhancements. If the serving cell intends to switch off to obtain deeper and longer sleep, e.g. sleep for several hours, in this case the gain of “faster HO achieved by L1/L2 signalling” compared with the legacy “slower HO by current RRC signalling” is marginal because it is not urgent for the serving cell to enter sleep instantaneously, and the serving cell is aware of the specific time to enter sleep so the HO command can be sent to UEs a bit earlier to guarantee all UEs have been HO’ed before that.
Proposal 2: For L1/L2 triggered CHO, the benefits (e.g. faster HO) should be further justified, in the context of network energy saving.
For time-based CHO, we consider it as an enhancement with minimum spec impact since R17 NR NTN has already introduced such CHO event. However, in NTN, the satellites are moving along a pre-determined orbit and the time when satellite switch takes place is known by the network, but that is not necessarily the case for NES. Let’s also consider the NES techniques suitable for this enhancement. At least cell DTX/DRX is not, due to the same reason as L1/L2 signalling (the serving cell does not intend UEs to handover to other cells even if cell DTX/DRX is activated). For cell switching off (e.g., operator may want to switch off the cells during non-peak hours to achieve cost savings), if the exact time to switch off is determined by the network in advance, the time-based CHO seems useful.
Proposal 3: For time-based CHO, discuss in which scenarios the source cell can configure a precise time point for the UE to trigger CHO.
Scenario 2: target cell changes/enters NES mode
The CHO enhancements based on target cell NES mode can serve load balancing purposes. For instance, the source cell can handover some NES-capable UEs to NES-capable target cells, and handover legacy UEs and R18 non-NES-capable UEs to legacy cells.
To utilize target cell NES mode in CHO procedure, the first issue to address is how to obtain the target cell NES mode, whether it is obtained by the source cell or detected by the UE. We think typically these information should be exchanged between nodes considering this is cell-specific information which may be useful for all served UEs, instead of UE-specific information. And it’s difficult for the UE to detect neighbour cell’s NES mode (for instance, SSB-less SCell is only added when the UE accesses the PCell, and cell DTX/DRX configuration is not likely to be provided in the system information).
Proposal 4: The NES mode of neighbour cells should be obtained by source cell, instead of UEs.
After the source cell obtains the information, there could be several ways to utilize the information:
1) It can be left to NW implementation how to utilize it, for instance, the source cell can configure or re-configure the appropriate candidate cells to UEs.
2) The source cell informs UE of such information, and UEs can deprioritize the cells that are NES capable by UE implementation (e.g. if the UE is of high QoS requirements)
[bookmark: _GoBack]Among the two directions, we think it’s better to leave it to NW implementation. If the source cell does not filter the candidate cells by the NES mode and configure more candidates cells for UEs to choose from, all the configured candidate cells need to reserve resources, especially considering the candidate cells may be an NES cell whose main motivation is to save power and avoid excessive wireless resources consumption.
Proposal 5: Discuss how to utilize the NES mode information of neighbour cells in CHO:
1) NW implementation to configure suitable candidate cells to the UE
2) UE implementation to deprioritize candidate cells that are NES capable
Conclusion
[bookmark: OLE_LINK3]In this paper, we discussed the CHO enhancement for NES, and made the following observations and proposals:
Proposal 1: “NES mode” means the cell is enabling an NES technique or turning off.
Proposal 2: For L1/L2 triggered CHO, the benefits (e.g. faster HO) should be further justified, in the context of network energy saving.
Proposal 3: For time-based CHO, discuss in which scenarios the source cell can configure a precise time point for the UE to trigger CHO.
Proposal 4: The NES mode of neighbour cells should be obtained by source cell, instead of UEs.
Proposal 5: Discuss how to utilize the NES mode information of neighbour cells in CHO:
1) NW implementation to configure suitable candidate cells to the UE
2) UE implementation to deprioritize candidate cells that are NES capable
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