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[bookmark: _Ref35586532]Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In last meeting, RAN2 reached below agreements for NES source cell. This contribution will discuss CHO enhancement for NES further.
	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.  


Discussion
1.1. NES source cell
CHO for turning off the cell
Basically, if gNB decides to switch off a cell, it must be light-load with very small number of connected UEs. So gNB can hand over the UEs before switching off the cell. For NES, RAN2 considers CHO enhancement for faster cell off. 
The CHO configuration is configured to the UEs via dedicated signaling. To avoid the transmission deterioration during handover, CHO evaluation and CHO execution should be performed before the cell is switched off (while UE is still in good channel conditions). Hence CondEvent A3 (neighbour becomes offset better than SpCell) / A5 (SpCell becomes worse than threshold1 and neighbour becomes better than threshold2) are not applicable. Referring to the NTN CHO framework, CondEvent A4 (neighbour becomes better than threshold) can be considered. And CondEvent T1 (Time measured at UE is within a duration from threshold) can be applied together to avoid signaling storm and RACH collision in the target cell.
In last meeting, L1/L2 triggered CHO was mentioned for turning off the cell faster. With this method, it is expected that gNB sends the CHO configuration ahead of time to UEs, i.e. even before it decides to turn off the cell so that they are ready to execute the CHO whenever gNB makes this decision. And only when it makes this decision it would activate the CHO by L1/L2 signaling. There are at least following shortages:
1) gNB should anyways wait for all UEs to have successfully hand-off’ed to neighbour cells before turning off the cell. Therefore, time-wise, it is more the action of turning off the cell which is triggered by the UEs handover completion, rather than the UE handover procedure that should target an exact trigger time. Therefore, from this perspective, activating the CHO by L1/L2 signalling does not help much and the only difference, latency-wise, is the RRC configuration delay as in Figure 1, which is small compared with the complete handover procedure execution. Note this benefit is based on the assumption that all UEs can receive the L1/L2 signalling correctly in short time.


[bookmark: _Ref131500732]Figure 1 Comparison between CHO procedures based on L1/L2 and RRC triggers
Observation 1: Activating the CHO by L1/L2 signaling before turning off the cell only saves the RRC configuration delay, which is small compared with the complete handover procedure execution of all UEs.

2) The gNB will send useless RRC signalling to the UEs that would have moved out of the cell before CHO activation, for any other reason but the NES operation. 
As shown in Figure 1, gNB doesn’t know which UEs will move out of the cell before CHO activation, so it should send CHO configurations to all R18 NES UEs in the cell. When the cell is light-load and gNB decides to turn off the cell, gNB sends L1/L2 activation signaling and the remaining UEs will perform CHO evaluation/execution. During this procedure, the CHO configurations in yellow arrows are useless. They increase the power consumption of both gNB and UE, and waste the radio resource.


[bookmark: _Ref131428587]Figure 2 Example of CHO procedure based on L1/L2 trigger
3) Additional mechanism should be considered to guarantee the reliability of the activating L1/L2 signaling.
Observation 2: Early CHO configuration will generate useless RRC signaling to the UEs moving out of the cell before cell-off decision, so will increase both gNB/UE power consumption and resource consumption.
The potential advantage of L1/L2 triggered CHO evaluation/execution is to accelerate UEs’ handover and then facilitate the cell off. However, with suitable CHO configuration, UEs could be offloaded quickly too. For example, with CondEvent A4 configuration, the neighbor cell threshold would be set low enough to trigger the CHO execution immediately.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK5]Proposal 1: CondEvent A4 should be considered in terrestrial network to hand over the UEs before source cell switch-off.
Proposal 2: Additional trigger for CHO is not needed for turning off the cell.
CHO for other NES techniques
Cell DTX/DRX and spatial NES technique may be considered.
· Cell DTX/DRX
If gNB wants to offload the UEs in DTX/DRX cell, similar to the cell-off case discussed above, current events (CondEvent A3/A5) are not applicable because the channel quality of the source cell is not the reason for handing over the UEs. Then gNB would hand over the UEs by explicit handover command or CHO procedure with CondEvent A4. Cell DTX/DRX should be configured via UE specific RRC signaling. The Cell DTX/DRX configuration can be activated by the dedicated RRC signaling, or by UE specific or common L1/L2 signaling which is discussed in [2]. 
Configuration wise, the Cell DTX/DRX is expected to be configured by dedicated RRC signaling to the UEs which C-DRX on-durations are aligned with the Cell DTX/DRX active period (suitable UEs). And simultaneously, CHO can be configured to the UEs which DRX on-durations are not aligned with the Cell DTX/DRX or which are not Cell DTX/DRX capable (unsuitable UEs) (Figure 3). No other enhancement is needed.
Now, regarding the activation times, if the Cell DTX/DRX is activated by L1/L2 signaling (or even by RRC signaling), it was argued in last meeting that L1/L2 signaling can be used to trigger CHO simultaneously when the Cell DTX/DRX is activated. However, this would mean that the unsuitable UEs are still in the cell (executing the CHO command) while Cell DTX/DRX is activated. Although it is not yet concluded whether some exceptions can be tolerated i.e. whether gNB can keep serving some UEs while in Cell DTX/DRX non-active period, it should be cleaner if gNB activates the Cell DTX/DRX only after all unsuitable UEs have hand-off’ed from that cell, similar to the cell-off case. Indeed, and as shown in Figure 3, the time between Cell DTX/DRX configuration and Cell DTX/DRX activation is the best occasion for the unsuitable UEs to perform CHO.
Observation 3: The appropriate occasion for the unsuitable UEs to perform CHO is before Cell DTX/DRX activation (e.g. when the Cell DTX/DRX is configured), because gNB should activate the Cell DTX/DRX only after all unsuitable UEs have offloaded from that cell.


Figure 3 Examples of the timelines for Cell DTX/DRX and CHO activations
The above also shows that CHO RRC configuration/activation with CondEvent A4 is sufficient to hand over specific UEs which are not applicable to Cell DTX/DRX and no extra trigger for CHO is needed.
Proposal 3: CHO with CondEvent A4 can be configured/activated by RRC to specific UEs which are not applicable to Cell DTX/DRX and no extra trigger for CHO is needed.
· Spatial NES technique
The spatial NES technique has been discussed in RAN1. It was argued that the spatial NES technique may impact coverage and the impacted UEs should be offloaded before. Then the UE offloading mechanism in cell-off case should be reused. That is, gNB can hand over the UEs by explicit hand over command or CHO with CondEvent A4.
Proposal 4: CHO with CondEvent A4 can also be used to offload UEs for spatial NES technique and no other enhancement for CHO is needed.
1.2. NES target cell
The target cell should meet the requirements: 1) a cell that can satisfy the UE’s transmission requirements; and 2) the entering UE has minimal impact on the cell’s energy saving state.
Considering the NES techniques in the NES WID:
· SSB-less SCell operation: The SSB-less SCell should not be a target PCell as now. It is not related to the CHO enhancement.
· Cell DTX/DRX: There are two options: the cell with Cell DTX/DRX configuration should not be a target cell; the cell with Cell DTX/DRX configuration can accommodate the UEs for which the UE DRX can be aligned with Cell DTX/DRX of the target cell. In any case, UE cannot get the Cell DTX/DRX state of the candidate target cell timely. RAN2 agreed “It is up to NW whether legacy UEs can access cells with Cell DTX/DRX” in [1]. And RAN3 agreed that Cell DTX/DRX configuration can be transmitted between neighbor cells. Since source gNB can get the Cell DTX/DRX configuration of neighbor cells, it should be decided by gNB implementation whether to set a neighbor cell with Cell DTX/DRX configuration as a candidate cell. 
· NES in spatial/power domain: If a UE connects to a cell with finer beam/power management, the cell needs to provide beam/power for the new UE. It will increase the cell’s energy consumption. The source cell should avoid setting such cell as a candidate cell. Even if source cell has to consider it as a candidate cell (such as no other cell can be used), it should be decided by NW implementation. 
Proposal 5: It is up to NW implementation whether to set a NES cell as a candidate cell. Neither CHO enhancement nor any specification impact is needed.
Conclusion
According to the analysis in section 2, we provides below observations and proposals.
For cell-off
Observation 1: Activating the CHO by L1/L2 signaling before turning off the cell only saves the RRC configuration delay, which is small compared with the complete handover procedure execution of all UEs.
Observation 2: Early CHO configuration will generate useless RRC signaling to the UEs moving out of the cell before cell-off decision, so will increase both gNB/UE power consumption and resource consumption.
Proposal 1: CondEvent A4 should be considered in terrestrial network to hand over the UEs before source cell switch-off.
Proposal 2: Additional trigger for CHO is not needed for turning off the cell.
For Cell DTX/DRX
Observation 3: The appropriate occasion for the unsuitable UEs to perform CHO is before Cell DTX/DRX activation (e.g. when the Cell DTX/DRX is configured), because gNB should activate the Cell DTX/DRX only after all unsuitable UEs have offloaded from that cell.
Proposal 3: CHO with CondEvent A4 can be configured/activated by RRC to specific UEs which are not applicable to Cell DTX/DRX and no extra trigger for CHO is needed.
For spatial NES technique
Proposal 4: CHO with CondEvent A4 can also be used to offload UEs for spatial NES technique and no other enhancement for CHO is needed.
NES target cell
[bookmark: _Ref69910645]Proposal 5: It is up to NW implementation whether to set a NES cell as a candidate cell. Neither CHO enhancement nor any specification impact is needed.
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