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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 focus on the CHO enhancement for NES, and discuss the impact on RAN2 specification.
2. [bookmark: _Toc12718547]Discussion
[bookmark: OLE_LINK2] In RAN2#119B and RAN2#120 meeting, the agreements about mobility enhancements for NES are as below:
Agreements
=>	Scenario 1: UEs are HO’ed due to switch of SOURCE cell to NES mode is considered for further study.  FFS whether any enhancements is needed.
=>	FFS Scenario 2: UEs are HO’ed due to source link degradation, where TARGET cell is selected based on its mode of operation
=>	As a first priority, discussion on RAN2 group handover are confined to the CHO framework
Agreements
1 Capture the solution on enhancing the CHO framework (for faster offloading/onloading during cell deactivation/activation) enabling a evaluation of CHO conditions depending on the NES state of the source/target cell. How to indicate to UE the triggering of the CHO evaluation is up to normative phase. Whenever mobility from source cell is triggered, one could also consider how UE would not select NES cell if any other cell is available when selecting the new cell. Corresponding TP for this is provided in the Annex
2 RAN2 does not consider at this point group HO (optimizing R15 HO procedure).
3 RAN2 does not consider at this point BWP adaptation with group signaling (no supporting papers in RAN2)
4 From RAN2 perspective, CHO enhancements are feasible
Before discussing CHO enhancement, we should figure out the impact of NES mode of the source/target cell on UE. From gNB perspective, there are two scenarios of NES mode:
· case 1: source cell will be turned off, connection between source cell and UE will be lost. At the same time, target cell could supply connection for UE.
· case 2: 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.
For case 1, a handover is necessary. For case 2, 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 source cell is turned off or enabling a DTX/DRX, but, CHO procedure could avoid the large signaling overhead caused by legacy handover. Hence, CHO under two cases should be considered. 
Observation 1a: When source cell will be turned off, CHO should be considered.
Observation 1b: When source cell will enable cell DTX/ DRX, CHO should be considered.
For case 1, handover should be finished before source cell is turned off, hence, 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 case 1, gNB could predict the load of source cell, estimate the time (e.g.Thresh 1) that source cell is 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 small value for NES. As above, a time based CHO triggering event could be used in CHO for NES.
Proposal 1: A time based CHO triggering event could be used in CHO for NES.
For case 2, 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 2: A time based CHO triggering event could be used for triggering handover before DTX/DRX in source cell cause the large delay of transmission.
Moreover, 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 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 2: 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 neighbour Cell. If the neighbor cell doesn’t enable a DTX/DRX, off duration_t could be considered as 0.
Proposal 3: When off duration of DTX/DRX configuration in the NR PCell is higher than threshold1 and off duration of DTX/DRX configuration in the neighbour Cell is lower than threshold2, a handover is triggered.
3. Conclusion and proposals
Based on the analysis in previous sections, the following observations and proposals are given: 
Observation 1a: When source cell will be turned off, CHO should be considered.
Observation 1b: When source cell will enable cell DTX/ DRX, CHO should be considered.
Proposal 1: A time based CHO triggering event could be used in CHO for NES.
Observation 2: A time based CHO triggering event could be used for triggering handover before DTX/DRX in source cell cause the large delay of transmission.
Proposal 2: A new triggering condition based on off duration of DTX/DRX could be introduced for CHO for NES.
Proposal 3: When off duration of DTX/DRX configuration in the NR PCell is higher than threshold1 and off duration of DTX/DRX configuration in the neighbour Cell is lower than threshold2, a handover is triggered.
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