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[bookmark: _Ref488331639]Introduction
[bookmark: _Ref178064866]Within the approved new WID on network energy saving for NR, one of the objectives is the CHO procedure enhancements in case source/target cell is in NES mode. 
As captured in the TR38.864, 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.
This paper further discusses the CHO procedure enhancement to support NES mode.
Discussion
Target Cell in NES mode 
In legacy CHO procedure, the source cell decides the CHO candidate cell(s) based on the UE measurement report and its coordination with the candidate target cell(s). Then we think that it would be possible for the source cell to take target cell’s NES mode into account during this procedure, if the target cell has already entered into the NES mode. This obviously assumes that the signalling between the two gNBs should be enhanced to support such NES mode notification from the gNB to its neighbours. This type of notification may be a general status update message from one gNB to another before handover occurs, in which case, the source gNB may avoid selecting the target cell as the CHO candidate cell if there are sufficient choices. It is also possible that this type of notification can be made as a handover response message from target gNB to the source gNB, when a handover request message is received from source gNB for CHO. In this latter case, the source gNB may remove the target cell from its CHO candidate cell list if the target gNB tells that the target cell is in NES mode or will be going to NES mode soon. Theoretically speaking, source cell should have the flexibility to decide if a target cell in NES mode can be avoided when deciding CHO candidate cell(s) for the UE, which is network implementation. 
Proposal-1: RAN2 send LS to RAN3 to enhance the signalling between the two gNBs to support NES mode notification between neighbour gNBs.
Proposal-2: Network implementation should be allowed for source cell to not select a target cell in NES mode as CHO candidate cell for the UE.
There may be a case that the UE has no better choice than moving into a cell in NES mode, when the radio conditions with the source cell deteriorates. The assumption here may be that the UE may still get served with the NES cell if a corresponding UE DRX are configured aligning with the NES cell’s operation cycles. If this is the case, the UE may only select the cells operating in NES mode if any other cell is not available. In this case, the NES mode of a CHO candidate cell should be notified to the UE as part of the target cell’s CHO configuration. Meanwhile, the detailed configurations of target cell’s NES operation (e.g. cell DTX/DRX) may be informed to the UE, in order to allow it to have correct expectation on the service he can get within the NES cell. This further requires the detailed configurations of target cell’s NES operation (e.g. cell DTX/DRX) be exchanged among between neighbour gNBs. This issue can be liasioned to RAN3 as well.    
Proposal-3: The target cell’s NES mode should be indicated as part of the target cell’s CHO configuration to the UE during CHO preparation.
Proposal-4: The detailed configurations of target cell’s NES operation should be informed to the source cell and then to the UE during CHO preparation. 
It may be possible that when the UE is configured with CHO configuration, the target cell runs in normal mode. However, the target cell, as one of the CHO candidate cells, may be switched to NES mode, before the actual CHO condition is met for the UE. Or if the target cell runs in NES mode during CHO configuration, but later on, it turns into normal mode, before the actual CHO condition is met for the UE. In both cases, as we discussed in previous paragraphs, we assume that the source cell should be informed for the change of the NES mode for the concerned cell(s). And then the source cell should initiate a CHO configuration update to notify such change to the UE. CHO configuration update has already been supported by legacy CHO procedure and we did not see any need to further enhance the procedure itself. The only enhancement needed may be to add the corresponding information elements in the RRC Reconfiguration message for such update.     
Proposal-5: Legacy CHO configuration update procedure is used to notify the UE the change of NES mode of the CHO candidate cell.
Source Cell in NES mode 
The source cell may be switched off in case of a low load scenario, which would require to handover the serving UEs to other cells. We think that the cell can enter the NES state only after all the UEs in the cell are successfully handed over to other cells. 
Currently, the NG-RAN can support to switch off a certain cell for the purpose of energy saving. During this period, the base station may handover the serving UEs to the different target cells indicating the handover reason as Switch Off Ongoing, and expect the target nodes to take subsequent actions. After the cell is switched off, the NG-RAN node can notify the cell deactivation to the neighbour node via NG-RAN node Configuration Update message.   
When the source cell goes to NES mode, network implementation may allow the source cell to configure a easy-going CHO condition for the UE, in order to move the UE as easy as possible. For example, the a lower threshold can be configured for the target cell during the configuration of CHO measurement event (i.e. A3/A5/A4 for CHO).  
Proposal-6: It is up to network implementation to adjust the CHO condition for the serving UEs when source cell is to be switched to NES mode.
Delay of CHO condition evaluation
The TR38.864 captures the aspect of indicating the triggering of the CHO condition evaluation. One motivation for this is the following points summarized in [1]:
2. delaying CHO conditions evaluation (note: currently the evaluation starts immediately upon receiving the CHO configuration), e.g.
a. using a separate indication to the UE in case of dynamic NES mode changes (e.g. a NES mode indication e.g. a L1 signalling such as group common DCI 
b. using a time-based delayed evaluation in case of semi-static/predictable NES mode changes (similarly to NTN CHO)
The delaying CHO condition evaluation would be useful in the preparation for CHO while the source cell is still in the normal operation mode (i.e. not NES mode). The possible triggering of the CHO evaluation may be done by an explicit signalling via DCI/PDCCH or a timer configured as (one of) the CHO execution condition. Although both options may be workable, there are some concerns. If the explicit signalling is done by a group common DCI, it may increase the amount of PDCCH decoding and/or the massive signalling to the target cell. Also, it is still unclear what the NES mode is. If it is tagged with the MIB/SIB updates (e.g. barring legacy UEs, while allowing NES capable UEs), the SI change indication or the acquisition of updated SIB may be used as the trigger of the CHO evaluation.
Regarding the timer-based approach, we expect that this can distribute UEs performing the CHO in time and avoid the massive signalling to the target cell. However, if we reuse the NTN-CHO, it may unnecessarily limit flexibility of timing (from t1-Threshold to t1-Threshold+duration) for the CHO considering the NES mode transition. It would be simpler to start a timer upon triggering the CHO evaluation which may be the explicitly indicated via DCI/PDCCH or MIB/SIB updates, where timer values can be different among UEs. If the CHO execution condition is only the timer, the UE starts the random access to the target cell upon the timer expiry. Otherwise, once the other condition is also met, the UE starts the RA.
Although the details need further discussions together with the details of NES mode, we expect that it would be useful to consider the delaying of CHO condition evaluation as well as new timer-based condition.
Proposal-7: The CHO condition evaluation can be delayed by reception of a separate indication or MIB/SIB updates for NES mode.
Proposal-8: The CHO configuration for NES can include a timer-based condition, where the timer starts upon triggering the CHO condition evaluation.

Conclusion and Proposal
We have the following proposals:
Proposal-1: RAN2 send LS to RAN3 to enhance the signalling between the two gNBs to support NES mode notification between neighbour gNBs.
Proposal-2: Network implementation should be allowed for source cell to not select a target cell in NES mode as CHO candidate cell for the UE.
Proposal-3: The target cell’s NES mode should be indicated as part of the target cell’s CHO configuration to the UE during CHO preparation.
Proposal-4: The detailed configurations of target cell’s NES operation should be informed to the source cell and then to the UE during CHO preparation.
Proposal-5: Legacy CHO configuration update procedure is used to notify the UE the change of NES mode of the CHO candidate cell.
Proposal-6: It is up to network implementation to adjust the CHO condition for the serving UEs when source cell is to be switched to NES mode.
Proposal-7: The CHO condition evaluation can be delayed by reception of a separate indication or MIB/SIB updates for NES mode.
Proposal-8: The CHO configuration for NES can include a timer-based condition, where the timer starts upon triggering the CHO condition evaluation.
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