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Introduction
[bookmark: OLE_LINK641][bookmark: OLE_LINK642][bookmark: OLE_LINK643]In NES SI phase, RAN2 concluded that it is feasible to use CHO as a framework of mobility enhancements and the network energy savings (NES) mode should be considered for triggering of CHO evaluation and candidate cell selection [1].
[bookmark: _Toc120880178]6.5.2	Connected mode mobility
During the switching of NES modes, it is possible to handover the UEs faster by enhancing the CHO framework with:
 1.	Evaluation of conditional handover conditions depending on the NES mode of source/target cell,
 2.	How to indicate to UE the triggering of the CHO evaluation is up to the WI phase.
Whenever mobility from source cell is triggered, the NES mode of the target cell could also be considered, e.g., to avoid UEs selecting cells operating in NES mode if any other cell is available.
From RAN2 perspective, CHO enhancements are feasible.
Group HO (optimizing the Rel-15 HO procedure) and BWP adaptation with group signalling are not considered by RAN2.

According to the TR conclusions, in the RAN#98-e, the NES for connected mode was approved as a one of the objectives of the WI [2].
5.	Specify CHO procedure enhancement(s) in case source/target cell is in NES mode [RAN2]

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
NES mode in source cell case
Reviews on NES SI discussion
During the SI phase, RAN2 agreed the enhancements of CHO can be useful for the connected mobility on NES.
The motivation of consideration of NES mode in a source cell is to handover the UE faster for efficient power saving. It was not clearly discussed the definition of the NES mode in the source cell. However, we think the NES mode does not always intend to the cell shutdown, but it rather means the cell is operating the specified or non-specified NES technique(s) for reducing gNB power.
Proposal 1: For mobility perspective, the NES mode is defined as the mode of the cell operating the specified or non-specified NES technique(s).

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 with normal operation. 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. 
Thus, for the source cell case, the configuration for CHO evaluation is provided by the RRC signalling, but the CHO evaluations should be triggered by a separate indication from the gNB. 
Observation 1: For source cell case, CHO configurations are provided by RRC signalling. The UE stores the configurations, but corresponding conditional evaluations are not started.
Proposal 2: For source cell case, a separate indication is transmitted to trigger the CHO evaluations from the gNB.

Signalling and procedure
If the cell mode is switched to the NES mode, some UEs may need be handover to the neighboring cell but the other UEs may stay in the source cell. Therefore, the UE should be preliminarily grouped by the gNB, e.g., based on the UE NES capability, on-going services, UE types, etc. It is up to gNB how to decide the UE groups. It could be useful to add UE group information into the CHO configuration by RRC, because we think it is semi-static information and not frequently changed. 
Proposal 3: For source cell case, the UE group information is provided in the CHO configuration by RRC signalling.

In general, the mode of the source cell is decided by the gNB depending on the 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, the UE simply evaluates the CHO condition if the separate indication contains the UE group configured in advance.
For the indication, dedicated vs. common signalling should be considered for the signalling design. It seems that dedicated signalling is not a good option because it causes multiple transmissions and cannot handover the UEs in timely/faster. Furthermore, L3 signalling is also not a good option as it requires more time and resource than L1 signalling. Hence, as a baseline, we think a common L1 signalling is used for the indication. FFS for L1 signalling design in detail.
Observation 2: For source cell case, if the indication is received, the UE starts the corresponding CHO evaluation without checking the type of NES mode of source cell.
Proposal 4: For source cell case, the CHO evaluation is triggered by a common L1 signalling. FFS for L1 signalling design in detail.

NES mode in target cell case
Reviews on NES SI discussion
In the SI, RAN2 also agreed that the NES mode of the target cell could be considered.
For 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 3: For target cell case, the UE needs to be aware of the NES mode of the target cell.
Observation 4: The UE does not have to read any system information from the target cell until a random access procedure is successfully completed.
Observation 5: The NES mode information of the target cell should not be provided by the system information.

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 5: For target cell case, the NES mode related information for CHO candidate cell is provided from the source cell.

Signalling and procedure
Assuming the cell mode may be changed dynamically, it is hard to update the target cell mode timely by the source cell. 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 NES mode cell (e.g., UE can be live with limited radio resources), it is preferred to select the NES mode cell to maximize energy saving gain.
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. Hence, it is reasonable the priority information is provided by RRC signalling. FFS for RRC signalling design in detail.
Observation 6: In the current CHO procedure, if more than one CHO candidate cell fulfills the conditional event simultaneously, it is up to UE which cell is selected.
Observation 7: It is useful to select the target cell as the same cell mode as the source cell.
Proposal 6: For target cell case, the priority information is additionally provided by the source cell using RRC signalling. FFS for RRC signalling design in detail.
Proposal 7: 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 network energy saving techniques and the following proposals are made:
NES mode in source cell case:
Proposal 1: For mobility perspective, the NES mode is defined as the mode of the cell operating the specified or non-specified NES technique(s).
Observation 1: For source cell case, CHO configurations are provided by RRC signalling. The UE stores the configurations, but corresponding conditional evaluations are not started.
Proposal 2: For source cell case, a separate indication is transmitted to trigger the CHO evaluations from the gNB.
Proposal 3: For source cell case, the UE group information is provided in the CHO configuration by RRC signalling.
Observation 2: For source cell case, if the indication is received, the UE starts the corresponding CHO evaluation without checking the type of NES mode of source cell.
Proposal 4: For source cell case, the CHO evaluation is triggered by a common L1 signalling.  FFS for L1 signalling design in detail.

NES mode in target cell case:
Observation 3: For target cell case, the UE needs to be aware of the NES mode of the target cell.
Observation 4: The UE does not have to read any system information from the target cell until a random access procedure is successfully completed.
Observation 5: The NES mode information of the target cell should not be provided by the system information.
Proposal 5: For target cell case, the NES mode related information for CHO candidate cell is provided from the source cell.
Observation 6: In the current CHO procedure, if more than one CHO candidate cell fulfills the conditional event simultaneously, it is up to UE which cell is selected.
Observation 7: It is useful to select the target cell as the same cell mode as the source cell.
Proposal 6: For target cell case, the priority information is additionally provided by the source cell using RRC signalling. FFS for RRC signalling structure in detail.
Proposal 7: 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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