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Introduction
[bookmark: _Hlk66110521]The NES techniques in time and frequency domains aim to reduce the power consumption by turning off some symbols/slots/frames on one or more carriers, and hence the gNB is allowed to perform some micro/light/deep sleep, depending on the interval between the contiguous active transmission/reception occasions. However, these NES techniques may increase the data transfer latency for a connected UE, as allowing a gNB to sleep means the UE is not always able to communicate with the gNB. It is especially intolerable for the UEs having stringent data latency requirement if the gNB has to sleep for a very long period of time. For those UEs not tolerable of such NES techniques, it is important to handover the UEs in time to another gNB that does not enable these NES techniques, before the serving gNB goes to sleep. Regarding the CHO enhancements, RAN2 has made the following agreements during the RAN2#122 meeting [1].
	Agreements in RAN2#122
- We will have a CHO solution that considers NES mode of at least source cell.
- We can have a specific NES CHO execution condition based on source cell NES mode.   FFS how the UE determines is in NES mode.   FFS on how this is achieved in RRC
- We will not introduce new L1 signalling for the purpose of CHO
- Event A3, A4, A5 can be configured as a CHO execution condition in the NES scenario.   We will study the time based mechanism


Based on the agreements made in RAN2#122 meeting, this paper explores some more details that need to be done in order to accomplish the CHO scheme/design supporting the NES feature.
Discussion
Since the gNB may need to handover a large number of UEs before starting a cell non-active period, it might be better if the gNB can start configuring the candidate cells and/or the CHO execution conditions to different UEs as early as possible, and let these UEs autonomously activate the CHO execution conditions a short time before the gNB starts the cell non-active period. In order to avoid the CHO execution conditions being blocked by the signal strength/quality of the serving cell, condEventA4 was agreed in the RAN2#122 meeting as one of the CHO execution since it only evaluates the signal strength/quality of the candidate cell. In addition, in order to assure a successful handover, the network can configure condEventA4 with a small threshold value. The small threshold value in condEventA4 makes it easier for the UE to execute the CHO toward a candidate cell, but still blocks the CHO execution if the candidate cell does not exist or has very poor signal strength.  
[bookmark: _Toc134611946][bookmark: _Toc142314762][bookmark: _Toc142387113]CondEventA4 with a low threshold value can assure a successful handover for the UE, before the serving cell enters the “NES mode”. 
On the other hand, as the time-based CHO execution condition (e.g., condEventT1) doesn’t require a UE to check the signal strength of the candidate cell, it could make the UE execute CHO toward a candidate cell that is not available or not suitable (e.g., has very poor signal strength) to the UE.
[bookmark: _Toc142314763][bookmark: _Toc142387114]The time-based CHO condition alone is unreliable as it could make the UE execute CHO toward a candidate cell that is not available or not suitable to the UE.
Moreover, the time-based CHO condition such as condEventT1 configures a time window (i.e., a starting point plus a duration) for the UE to execute the CHO toward a candidate cell, but only the starting point of the time window makes sense in the NES scenario. However, since a NES-compatible UE shall be aware of the time when the serving cell is going to enter a cell non-active period (via receiving the cell DRX/DRX configuration), configuring condEventT1 including the starting point would become a duplicate signal and hence is not needed.
[bookmark: _Toc142314764][bookmark: _Toc142387115]Only the starting point of the time window in condEventT1 is useful in the NES scenario, which is known to the NES-compatible UE already through the cell DRX/DRX configuration. 
Based on the above observations, we suggest RAN2 NOT considering/introducing the time-based CHO condition for the NES purpose. 
[bookmark: _Toc131764424][bookmark: _Toc134611951][bookmark: _Toc134612418][bookmark: _Toc142314767]The time-based CHO condition is not supported in Rel-18 for the NES purpose.
Given that the interval between when the UE is provided with the CHO configuration and when the cell non-active period actually starts could be quite long, the UE may not want to move to the candidate cell immediately upon being provided with the candidate cell configuration, as the serving cell may still provide much better signal strength/quality. Therefore, it is very reasonable for the NW to deactivate the MeasId associated to condEventA4 upon configuring the MeasId to the UE, and then to activate the deactivated MeasId at a later time before the occurrence of the cell non-active period. The NW may deactivate the MeasId explicitly or implicitly upon configuring the MeasId to the UE. For instance, the NW may signal a MeasId together with a flag associated to the MeasId, which indicates whether this MeasId is being activated or deactivated. On the other hand, a MeasId can be considered (by both the UE and NW) as being deactivated by default if the MeasId is associated with condEventA4.
[bookmark: _Toc134611952][bookmark: _Toc134612419][bookmark: _Toc142314768]The MeasId associated to condEventA4 can be deactivated upon being configured to a NES-compatible UE. FFS on how to deactivate the MeasID associated to condEventA4 (e.g., implicitly or explicitly deactivate).
Regarding the mechanism/timing to activate a deactivated MeasId, we think a deactivated MeasId can be activated upon the activation of the serving cell DTX/DRX/NES mode, regardless of whether the serving cell DTX/DRX/NES mode is being activated explicitly (e.g., using L1 signaling) or implicitly (e.g, upon being configured with RRC signaling). RAN2 can further consider if a deactivated MeasId can be activated X time units before the occurrence of a cell non-active period, if the UE is able to determine exactly the arrival time of an aperiodic/periodic cell non-active period, where the value X can be a pre-defined or a configurable value.
[bookmark: _Toc127532106][bookmark: _Toc127539289][bookmark: _Toc127539372][bookmark: _Toc127539388][bookmark: _Toc131763152][bookmark: _Toc131764426][bookmark: _Toc134611953][bookmark: _Toc134612420][bookmark: _Toc142314769]The MeasId associated to CondEventA4 can be activated upon the activation of a cell DTX/DRX/NES mode. FFS whether the MeasId associated to CondEventA4 can be activated X time units before a cell non-active period. 
On the other hand, as a neighbor cell may also activate the NES mode after being configured by the serving cell as a CHO candidate cell for a UE, it is better if the serving cell can inform the UE of whether the neighbor cell is or will be operating in the NES mode in a dynamic way. With such information, the UE will become able to dynamically adjust the CHO execution condition (e.g., activating or deactivating the MeasId associated to condEventA4) for the neighbor cell, based on the whether the neighbor cell is/will be activating the NES mode.
[bookmark: _Toc134611954][bookmark: _Toc134612421][bookmark: _Toc142314770]The network can inform the UE of whether a neighbor cell is or will be operating in the NES mode. FFS on the signaling. 
Conclusions
In this paper, the CHO enhancements for supporting NES are discussed, with the following observation being made.
Observation 1	CondEventA4 with a low threshold value can assure a successful handover for the UE, before the serving cell enters the “NES mode”.
Observation 2	The time-based CHO condition alone is unreliable as it could make the UE execute CHO toward a candidate cell that is not available or not suitable to the UE.
Observation 3	Only the starting point of the time window in condEventT1 is useful in the NES scenario, which is known to the NES-compatible UE already through the cell DRX/DRX configuration.
Based on the observations and discussion in this paper, we respectfully ask RAN2 to discuss and consider the following proposals.
Proposal 1	The time-based CHO condition is not supported in Rel-18 for the NES purpose.
Proposal 2	The MeasId associated to condEventA4 can be deactivated upon being configured to a NES-compatible UE. FFS on how to deactivate the MeasID associated to condEventA4 (e.g., implicitly or explicitly deactivate).
Proposal 3	The MeasId associated to CondEventA4 can be activated upon the activation of a cell DTX/DRX/NES mode. FFS whether the MeasId associated to CondEventA4 can be activated X time units before a cell non-active period.
Proposal 4	The network can inform the UE of whether a neighbor cell is or will be operating in the NES mode. FFS on the signaling.
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