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1. Introduction
In RAN#98, a new WID [1] of Network energy savings for NR has been agreed. And the objective about CHO enhancement is the following:
5. Specify CHO procedure enhancement(s) in case source/target cell is in NES mode [RAN2]
In this paper, we will further discuss the CHO enhancement for NES, and discuss the impact on RAN2 specification.
2. [bookmark: _Toc12718547]Discussion
[bookmark: OLE_LINK2]In RAN2#121 meeting, the agreements about mobility enhancements for NES are as below:
	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.  


If source cell is turned off, connection between source cell and UE will be lost, and a handover is necessary. The turning off the cell is long-term and static, the time of turning off the cell could be determined by gNB at advance, thus, a dynamical handover procedure, e.g. triggered by L1/L2 UE group common signaling, is not suitable for the case of turning off the cell. Moreover, considering that handover should be finished before source cell is turned off, the triggering condition is a time condition. In NTN, a time based CHO triggering event is introduced as below:
	CondEvent T1 (Time measured at UE is within a duration from threshold)
Inequality T1-1 (Entering condition)

Inequality T1-2 (Leaving condition)



For the case of turning off the cell, gNB could predict the load of source cell, estimate the time (e.g.Thresh 1) that source cell is going to be turned off and then transmit a CHO command carrying Thresh 1 and duration parameters to UE at advance. UE could search for a target cell where UE’s RSRP is highest, then, trigger a handover towards it after Thresh 1, and finish the handover before Thresh 1+duration. And the value range of duration is (1..6000), it could be configured as a suitable value to distribute UE within duration in order to avoid the RACH congest in the target cell. As above, a time based CHO triggering event could be used in CHO for NES. 
Therefore, for turning off the cell, no CHO enhancements are needed.
Proposal 1: For turning off the cell, no CHO enhancements are needed.
For DTX/ DRX, source cell will enable cell DTX/ DRX, the discontinuous transmission or reception would delay the transmission and decrease the user rate of UE. At the same time, target cell would supply better service quality for UE. Considering that the purpose of handover is to seek better service quality, handover under this case is beneficial for UE. And in the legacy handover, the RRC reconfiguration message should be sent to UEs almost simultaneously before enabling a DTX/DRX, but, CHO procedure could avoid the large signaling overhead caused by legacy handover. Therefore, if enabled DTX/ DRX have impacts on service quality of UE, RAN2 could consider CHO enhancements. 
Proposal 2: If enabled DTX/ DRX have impacts on service quality of UE, RAN2 needs to consider CHO enhancements.

Moreover, handover should be triggered before the service quality is going to deteriorate obviously. In other words, if the enabled DTX/DRX in source cell could cause the large delay of transmission and discarded data for UE, a handover will be triggered. Firstly, a handover should be triggered before DTX/DRX takes effect, thus, a time based CHO triggering event could be used. For example, Thresh 1 could be the time that DTX/DRX takes effect. 
Observation 1: A time based CHO triggering event could be used for triggering handover before DTX/DRX in source cell would cause the large delay of transmission.
For the selection of target cell, if the source cell could cause the larger delay of transmission and the target cell could supply the lower delay of transmission and satisfy the requirement of the delay budget, a handover to target cell is reasonable. The large delay of transmission could be expressed as the off duration of DTX/DRX period. If the off duration in source cell is higher than a threshold, the limitation of transmission and reception of UE is higher, and it is harder to satisfy the delay budget requirement for UE. Meanwhile, if the off duration in target cell is lower than a threshold, the limitation of transmission and reception of UE is lower, and it is easier to satisfy the delay budget requirement for UE. And the threshold could be determined by the delay budget and transmission number of a PDU, it is up to gNB’s implementation.
As above, a new triggering condition based on off duration of DTX/DRX could be introduced for CHO for NES.
Proposal 3: A new triggering condition based on off duration of DTX/DRX could be introduced for CHO for NES.
Finally, the triggering event could be expressed as below:
CondEvent X
Inequality X-1 (Entering condition1)
off duration_s > threshold1
Inequality X-2 (Entering condition2)
off duration_t < threshold2
where, off duration_s is off duration of DTX/DRX configuration in the NR PCell, off duration_t is off duration of DTX/DRX configuration in the neighbor Cell. If the neighbor cell doesn’t enable a DTX/DRX, off duration_t could be considered as 0.
Proposal 4: When off duration of DTX/DRX configuration in the NR PCell is higher than a threshold1 and off duration of DTX/DRX configuration in the neighbor Cell is lower than a threshold2, a handover is triggered.
3. Conclusion and proposals
Based on the analysis in previous sections, the following observations and proposals are given: 
Proposal 1: For turning off the cell, no CHO enhancements are needed.
Proposal 2: If enabled DTX/ DRX have impacts on service quality of UE, RAN2 needs to consider CHO enhancements.

Observation 1: A time based CHO triggering event could be used for triggering handover before DTX/DRX in source cell would cause the large delay of transmission.
Proposal 3: A new triggering condition based on off duration of DTX/DRX could be introduced for CHO for NES.
[bookmark: _GoBack]Proposal 4: When off duration of DTX/DRX configuration in the NR PCell is higher than a threshold1 and off duration of DTX/DRX configuration in the neighbor Cell is lower than a threshold2, a handover is triggered.
4. References
[1] RP-223540 New WID proposal: Network energy savings for NR
[2] R2-2210995 Report of [Offline-302][NES] Cell Selection/Reselection and SSB/SIB-less (Huawei)




