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Introduction
The WID on Rel-18 network energy saving holds the following objectives related to connected mode mobility [1]:
	Specify CHO procedure enhancement(s) in case source/target cell is in NES mode [RAN2]


Some agreements were achieved in SI phase as following [2]
	· [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:
[bookmark: _Hlk131498765]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.


Besides, in last RAN2 meeting, connected mode mobility was discussed from serving cell CHO and target cell CHO perspective separately. For serving cell CHO, following are the agreements [3]:
	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 provide our view on connected mode mobility enhancement for NES.
[bookmark: _Hlk110416859]Discussion
Introduction of CHO
CHO (Conditional handover) was first introduced in Rel-16 to reduce the handover failure probability due to the quick channel status change in high-speed mobility or high frequency scenario and to assure the UE experience. A CHO is defined as a handover that is executed by the UE when one or more handover execution conditions are met [4]. The UE starts evaluating the execution condition(s) upon receiving the CHO configuration, and stops evaluating the execution condition(s) once a handover is executed. 
The CHO configuration contains the configuration of CHO candidate cell(s) generated by the candidate gNB(s) and execution condition(s) generated by the source gNB, in which an execution condition provided by the source gNB may consist of one or two trigger condition(s). In rel-16, the CHO execution conditions (Event A3/A5) are all measurement-based events. In Rel-17, two besides one measurement-based event (Event A4), one timer-based event (Event T1) and one location-based event (Event D1) were introduced in NTN. Neither Event T1 nor D1 can be configured alone, while they should be configured with a measurement-based event, and Network does not configure both EventD1 and EventT1 for the same candidate cell [5]. No matter which event is configured for the UE, the target cell only provides RRCReconfiguration applied to access the cell and configurations used in the cell. 
Observation 1: In current spec, the measurement-based event is necessary for the CHO.
Observation 2: In current spec, the target cell only provides configurations used when the execution satisfied but not execution condition related information.
CHO Necessity for different NES techniques
In both WID and TR description, the potential CHO enhancements for NES consider the NES mode of source cell/target cell. It should be noticed that the definition of NES cell or the definition of NES mode is still not clear. To identify the potential CHO enhancements for NES, it’s necessary to make clear the definition or understanding of NES mode/cell, or identify the NES techniques that needs CHO enhancements when applied.  In last meeting, the definition of NES mode/cell was discussed in both cell selection/reselection and connected mode mobility session, but there was still no consensus. 
The most straight forward understanding is NES mode is a cell that applies one or more NES techniques. Based on the WID, several NES techniques are listed as objectives:
1. SSB-less SCell operation for inter-band CA for FR1 and co-located cells;
2. Cell DTX/DRX mechanism;
3. Spatial and power domain energy saving mechanism;
4. Cell selection/reselection enhancements focus on preventing legacy UE camping on NES cell.
For the first case, it’s about a UE measures SSB transmitted on PCell or another SCell for an SCell’s time/frequency synchronization and measurement. When it comes to CHO, since handover is only performed on PCell, and SSB transmission of PCell is not changed, therefore in our opinion, there’s no need to consider CHO enhancement for SSB-less case.
For the second case, when Cell DTX/DRX mechanism is applied, the SSB, SI transmission and RACH is not impacted based on the WID and last meeting agreements, the serving cell will enter inactive state periodically, which may introduce extra latency for UEs’ data reception or transmission and data discard. And if the inactive period is quite long, the UE’s delay requirements may not be satisfied, therefore, in this case, it’s rational to trigger handover for some UEs.
For the third case, it’s to dynamic adaption in spatial domain or power domain with multiple CSI, the signal or data transmission may not be affected, and handover is needed without actual mobility.
As to the cell selection/reselection, since it is mainly used to prevent legacy UEs camping on NES cell when other NES techniques are applied, therefore, it can be ignored in CHO enhancement discussion.
What’s more, except for the NES techniques discussed above, turn off the cell can maximum the power saving gain in some sense. When the cell is turn off, the service continuity of connected mode UE may be affected, therefore handover is need. So, CHO enhancements are needed for the case of turning off the cell.
[bookmark: _Hlk131511430]Proposal 1: CHO enhancements are needed for the case of turning off the cell.
Proposal 2: RAN2 should focus on CHO enhancements in case Cell DTX/DRX is configured.
Basic understanding of NES CHO
Events for NES CHO
According to session 2.2, in both case of turning off the cell and cell DTX/DRX, CHO enhancements is needed. The main motivation to introduce CHO in NES is to handover the UEs faster during the switching of NES mode. Considering several events are defined for CHO, therefore we need to identify whether the current events are enough for the two NES case first.
Case1: Only measurement-based event is configured for NES CHO.
In this case, the legacy CHO procedure is used. However, the potential handover trigger by UE may not due to the NES mode, and the procedure is not accelerated. And this does not align with the objective. Therefore, measurement-based event cannot be used alone for NES mobility.
Case 2: Measurement-based event and location-based event are configured together for NES CHO
Similar to the analysis in Case 1, even with location-based event, UE can perform handover autonomous as legacy, without considering the NES mode.
Observation 3: Only measurement-based events or measurement-based events with location-based events configured cannot satisfy the NES requirements.
Case 3: Measurement-based event and timer-based event are configured together for NES CHO.
In the previous discussion, some company prefer to reuse the timer-based event for NESCHO, considering that the network may have accurate prediction of the cell load. Then the time to turn off the cell or apply NES techniques can be predicted and be configured as a timer-based event. 
From our point of view, it’s highly dependent on the network’s information and prediction, if the prediction is not accurate enough, some UE will be offloaded to other cells while the source cell is not in NES mode or be turned off. Besides, if the UE has no information of the target cells’ load and NES mode, UE may be handed over from a cell not in NES mode to a cell in NES mode, which is not expected. Besides, as we mentioned that both turning off the cell and cell DTX/DRX needs CHO enhancements, and for cell DTX/DRX, supporting of multiple DTX/DRX configurations is under discussion, and in this case, NES mode switching may be dynamic and frequent, whether timer-based event can satisfy properly should be further studied.
Observation 4: Timer-based event for NES events is useful only if the gNB has accurate prediction/information of the cell load.
Case 4: Measurement-based event and NES-based events for NES CHO
In this case, a NES-based event is introduced for NES CHO, the NES-based event is about whether the serving cell/target cell is turned on/off or one NES technique is used. And similar to event T1 and D1, it can be used at least with measurement-based events to find a suitable targe cell. 
Case 5: Only NES-based event(s) is configured for NES CHO 
If only NES-based event is configured, once the NES mode or cell on/off state satisfies the event, UE executes the handover, since no measurement-based event is configured, it’s up to UE implementation for the target cell selection. 
Given that the NES mode may change dynamically, how to indicate the NES mode to UE should be considered if NES-based event introduced especially in both Case 4 and Case 5. And the indication of cell’s NES mode can also be applied in Case 1 to Case 3 to trigger the handover to a target cell directly while ignore the pre-configured events.
The above cases mentioned mainly consider the CHO enhancements for the NES mode switching of serving cell. As to the target cell, since the candidate cells are selected by the serving cell, that to say that serving cell can exclude some cells in NES mode or be turned off, in this case, the NES mode or cell on/off state needn’t be taken into consideration by UE. But it should be noticed this way would introduce limitation for candidate cell selection, and fewer options are provided for UE’s selection. Therefore, indicating the candidate cells’ NES mode information is reasonable. The indication of NES mode of serving cell or candidate cell(s) can be achieved via RRC message or L1/L2 signalling. And in our view, serving cell pre-selection of candidate cells and indication of candidate cells’ NES mode can be used together. What’s more both the two ways based on the Xn information exchange between the serving cell and the candidate cells.
Proposal 3: RAN2 is kindly to consider the potential enhancements for CHO:
1. Event T1 can be used for NES CHO, especially the serving node has accurate prediction of the cell load;
2. A NES-based event can be introduced, and it can be configured alone or with other events;
3. The serving cell can indicate the NES mode of the serving cell and/or the candidate cell(s), and it can be achieved by RRC message or L1/L2 signalling;
4. The NES mode indication can trigger the handover;
5. The target cell provides NES mode related information to the serving cell；
6. Serving cell can exclude some cells to be candidate cells based on the information provided by potential cells；
UE behaviour when the NES mode switch happens
[2] indicates that Evaluation of conditional handover conditions depending on the NES mode of source/target cell, but in some companies’ understanding, the NES mode switch may trigger the handover procedure but not evaluation as we mentioned in the contribution that NES CHO aims to accelerate the handover procedure, while trigger evaluation brings maybe long time for candidate evaluation.
From our point, whether the mode switch triggers evaluation or handover execution depends on the configured events. If Event T1 is used (Case 3), it’s reasonable to trigger evaluation when the entering condition is satisfied, and UE executes handover before the leaving condition, since the timer is set based on the serving cell’s prediction of NES mode. But one potential situation when Event T1 configured is that UE does not find a suitable candidate cell until leaving condition satisfied, and the serving cell is also not available at that moment. The UE behaviour in this scenario should be made clear.
Proposal 4a: If Event T1 is used, when the entering condition of T1 satisfies, UE starts the evaluation of the associated measurement-based events.
Proposal 4b：It’s proposed to clarify the UE behaviour if the CHO is not completed until the leaving condition of Event T1 satisfies
If event(s) is configured as other cases (Case1,2,4,5) the indication may be an immediate one, and UE should execute handover as soon as possible, therefore, it’s better to trigger the handover but not the evaluation, and the evaluation can be started from the time when CHO is configured to UE.
Proposal 5: If the CHO execution condition is not timer-based event, once UE is indicated the NES mode or cell on/off state switch, the indication can trigger the UE to perform handover immediately.
Conclusions
In this contribution, we analyse the potential techniques needing CHO enhancements in NES and provide our understanding of the CHO execution condition and UE behaviour. Following are our observations and proposals:
Observations:
Observation 1: In current spec, the measurement-based event is necessary for the CHO.
Observation 2: In current spec, the target cell only provides configurations used when the execution satisfied but not execution condition related information.
Observation 3: Only measurement-based events or measurement-based events with location-based events configured cannot satisfy the NES requirements.
Observation 4: Timer-based event for NES events is useful only if the gNB has accurate prediction/information of the cell load.
Proposals:
Proposal 1: CHO enhancements are needed for the case of turning off the cell.
Proposal 2: RAN2 should focus on CHO enhancements in case Cell DTX/DRX is configured.
Proposal 3: RAN2 is kindly to consider the potential enhancements for CHO:
1. Event T1 can be used for NES CHO, especially the serving node has accurate prediction of the cell load;
2. A NES-based event can be introduced, and it can be configured alone or with other events;
3. The serving cell can indicate the NES mode of the serving cell and/or the candidate cell(s), and it can be achieved by RRC message or L1/L2 signalling;
4. The NES mode indication can trigger the handover;
5. The target cell provides NES mode related information to the serving cell；
6. Serving cell can exclude some cells to be candidate cells based on the information provided by potential cells；
Proposal 4a: If Event T1 is used, when the entering condition of T1 satisfies, UE starts the evaluation of the associated measurement-based events.
Proposal 4b：It’s proposed to clarify the UE behaviour if the CHO is not completed until the leaving condition of Event T1 satisfies
Proposal 5: If the CHO execution condition is not timer-based event, once UE is indicated the NES mode or cell on/off state switch, the indication can trigger the UE to perform handover immediately.
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