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Introduction
[bookmark: OLE_LINK641][bookmark: OLE_LINK642][bookmark: OLE_LINK643]In RAN2#121 meeting, RAN2 agreed the followings on the connected mode mobility [1].
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 contribution, we would like to discuss the CHO enhancements for network energy savings from RAN2 point of view.
[bookmark: OLE_LINK626][bookmark: OLE_LINK627][bookmark: OLE_LINK301][bookmark: OLE_LINK302]Discussion
Cell turning off
In the RAN2#121 meeting, it was discussed whether RAN2 has a cell off scheme or not.
The network can turn a cell off even now, e.g., for hardware maintenance. Currently it can be done by network implementation, the gNB sets the cells as barred for idle mode UEs and then handovers the connected UEs to neighboring cells.
For the NES purpose, assuming the gNB has multiple frequency layers, a cell in a capacity layer may be turned off in case there are low traffics and all traffics in the cell can be handled by other neighboring cells. As all transmitters and receivers in the cell will be stopped, it is very useful and the highest efficient on network energy savings.
Observation 1: For NES purpose, the network can turn off a cell if there are low traffics.
Observation 2: From network perspective, the cell turning off is a useful NES technique.

Applicable NES techniques on CHO enhancements
General requirement
Some efficient NES techniques were not included in the WI scope of Rel-18 due to the TU limitation. But we think it would be supported in the future release to archive more NES efficiency. From this perspective, it is important to consider a forward compatible solution for CHO enhancements in Rel-18. In other words, NES technique dependent solution should be avoided (e.g., different triggering by different NES techniques).
Observation 3: NES techniques may be additionally supported in the future release.
Proposal 1: 	RAN2 should consider a forward compatibility for NES CHO enhancements solution.

For the source cell case
The motivation of consideration of NES mode in a source cell is to handover the UE faster for efficient power saving. If the traffic/load in the source cell becomes lower, the NES technique(s) can be applied to reduce the power consumptions. However, the UE may not know when the cell decides to start an energy saving operation, and if the UEs require enough radio resources, the NW wants to move the UEs to the neighboring cell. Because the radio condition of the UEs may be still good then it is needed to trigger CHO evaluation other than the radio quality of the source cell. 

Cell turning off:
As described above, the cell will be turned off if there are low traffics and all traffics in the cell can be handled by a neighboring cell. If the gNB can decide the cell will be shut down, all UEs belonging to the cell will be moved to the neighboring cells. Therefore, the cell turning off can be a trigger for CHO enhancements. In this case, the gNB will trigger the CHO evaluation for the UEs before cell shut down.
Cell DTX/DRX:
[bookmark: _Hlk131009445]As well as the cell turning off, the gNB can decide whether the cell activates the Cell DTX/DRX. When the Cell DTX/DRX configuration is activated, some UEs may not satisfy their QoS requirements due to limited radio resources. In this case, the UEs have to handover the neighboring cell. In addition, based on the conclusions of SI [2], Cell DTX/DRX is activated or deactivated by the L1/L2 command. Thus, the cell state is dynamically changed. Therefore, the Cell DTX/DRX can be a trigger for CHO enhancements as well.

As described above, the NES techniques are decided by the gNB depending on the source cell traffic/load. It implies that the UE does not have to know what type of NES technique(s) will be applied to the source cell. Thus, to make the specification simple and specify a unified UE behavior, the UE just starts evaluation of the CHO condition without checking the type of NES techniques.
Proposal 2: 	For source cell case, the UE starts the corresponding CHO evaluation without checking the type of NES techniques.
Proposal 3: 	For source cell case, the gNB triggers the CHO evaluations for NES purpose.

For the target cell case
For the target cell case, different from the source cell case, the UE itself should know the cell mode during the CHO evaluation, otherwise the UE may handover to the cell which cannot meet the UE QoS requirements. Hence, it requires the UE to be aware of the target cell mode for CHO evaluation. But according to the current procedure, the UE does not have to read any system information from the target cell until a random access procedure is successfully completed. Furthermore, the NES technique could be adaptively activated/deactivated in the target cell, then it is difficult to identify the mode of the target cell from the system information.
Observation 4:	For target cell case, the UE needs to be aware of the NES mode of the target cell.
Observation 5: The UE does not have to read any system information from the target cell until a random access procedure is successfully completed.
Observation 6:	The NES mode information of the target cell should not be provided by the system information in the target cell.

Based on the above observations, the source cell is the only option to provide the NES mode related information of target cell to the UE.
Proposal 4: 	For target cell case, the NES mode related information for CHO candidate cell is provided from the source cell.

Cell turning off:
If the cell is decided to be turned off, the cell should not be a CHO candidate cell. However, we assume the cell shut down is not dynamically happened, but rather it is semi-statically scheduled, e.g., after midnight. Hence, the gNB should avoid configuring a cell which will be turned off as a CHO candidate cell by network implementation.
Cell DTX/DRX:
We think the motivation of consideration of NES mode in the target candidate cell is to avoid mismatching of preferrable cell mode. For example, the UE requires the normal cell would like to select the normal mode cell as a target e.g., for QoS or service continuity. On the other hand, if the UE is allowed to stay in cell with Cell DTX/DRX (e.g., UE can be live with limited radio resources), it is preferred to select the cell with Cell DTX/DRX to maximize energy saving gain. Therefore, considering the NES mode of Cell DTX/DRX technique is useful for a CHO target cell selection.

Given that, it is useful for the UE to prioritize the cell with the same cell mode between the source cell and target cell. If the UE is in normal mode cell, the normal mode cell should be prioritized for CHO candidate, and vice versa. However, there is no priority among CHO candidate cells now. Therefore, it is necessary to provide priority information to the UE from the source cell. The priority information can indicate CHO candidate cell is high priority. As a note, this priority information is not the same as the actual cell mode and no need to update immediately.
Observation 7: It is useful to select the target cell as the same cell mode as the source cell.
Proposal 5: 	For target cell case, the priority information is additionally provided by the source cell. 
Proposal 6: 	For target cell case, the UE selects the CHO candidate cell indicated as a high priority by the priority information if multiple CHO candidate cells fulfill the condition.

Conclusion
[bookmark: OLE_LINK3]In this contribution, we have some discussions on connected mode mobility enhancements for NES and the following proposals are made:
Cell turning off:
Observation 1: For NES purpose, the network can turn off a cell if there are low traffics.
Observation 2: From network perspective, the cell turning off is a useful NES technique.

General requirements:
Observation 3: NES techniques may be additionally supported in the future release.
Proposal 1: 	RAN2 should consider a forward compatibility for NES CHO enhancements solution.

For the Source cell case:
Proposal 2: 	For source cell case, the UE starts the corresponding CHO evaluation without checking the type of NES techniques.
Proposal 3: 	For source cell case, the gNB triggers the CHO evaluations for NES purpose.

For the target cell case:
Observation 4:	For target cell case, the UE needs to be aware of the NES mode of the target cell.
Observation 5: The UE does not have to read any system information from the target cell until a random access procedure is successfully completed.
Observation 6:	The NES mode information of the target cell should not be provided by the system information in the target/source cells.
Proposal 4: 	For target cell case, the NES mode related information for CHO candidate cell is provided from the source cell.
Observation 7: It is useful to select the target cell as the same cell mode as the source cell.
Proposal 5: 	For target cell case, the priority information is additionally provided by the source cell. 
Proposal 6: 	For target cell case, the UE selects the CHO candidate cell indicated as a high priority by the priority information if multiple CHO candidate cells fulfill the condition.
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