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



In RAN2 #123 further down-scoping was done with the discussion focused on the appropriate CHO trigger:
	Agreements 
1	We will support the CHO triggers for the use case of turning off the cell 
2	(At least for cell DTX/DRX) Time-based CHO is not to be considered in NES.
3	Do not consider using an indication in SIB1 for triggering NES CHO execution condition




RRC rapporteur have summarized the current CHO open issues as follows:
	1. CHO enhancements
Issue 4-1: Signalling for triggering NES specific CHO execution condition.
Issue 4-2: Configuration details for the NES specific CHO execution condition (e.g. whether to add a new offset/threshold or flag to existing CHO events, or add a separate list of MeasIds for NES CHO events).
Issue 4-3: Whether target cell NES mode is considered for CHO.




CHO Configuration & Trigger
As a first step, it is useful to define an “NES CHO configuration” and “NES CHO trigger”, to align on the scope RAN2 should be targeting to finalize this AI. 
NES-CHO Configuration
The agreements in RAN2 #122 covered the configuration aspect of the NES-CHO
	1.	We will have a CHO solution that considers NES mode of at least source cell.  
2.	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
4.	Event A3, A4, A5 can be configured as a CHO execution condition in the NES scenario.   We will study the time based mechanism


The straightforward way to incorporate those is an optional “NES condition” in the CHO configuration. For example, Events A3/A4/A5 two execution conditions: a normal mode which uses legacy fields and an NES mode that uses new conditions as shown below:
	Event
	Event A3
	Event A4
	Event A5

	Configuration parameters
	a3-Offset
a3-Offset-NES                        
hysteresis                       
timeToTrigger                    
	a4-Threshold
a4-Threshold-NES                        
hysteresis 
timeToTrigger
useAllowedCellList                    
                   
	a5-Threshold1
a5-Threshold2
a5-Threshold1-NES
a5-Threshold2-NES
hysteresis 
timeToTrigger
useAllowedCellList                    


Thus, we propose incorporating the CHO configuration as follows:
Observation 1: The NES-CHO agreements can be realized by configuring separate offsets/thresholds for events A3, A4, A5.
Proposal 1: NES-CHO configuration comprises of, at least, the following offsets configured on top of a legacy CHO configuration.
· a3-Offset-NES for A3
· a4-Threshold-NES for A4
· a5-Threshold1-NES and a5-Threshold2-NES for A5
FFS if more NES specific offsets/thresholds are needed.  
NES CHO Trigger
A NES-CHO trigger allows the UE to perform NES based CHO upon fulfilment of NES based CHO conditions. A UE may be configured with a target configuration with only NES based CHO conditions, only legacy CHO conditions, or both. If a UE is configured with only NES based CHO conditions against a target configuration, it will perform CHO only after receiving the NES CHO execution trigger. If the UE is configured with legacy and NES based offsets/conditions, the NES CHO execution trigger changes the execution condition(s) of an existing CHO configuration, e.g., the UE may be evaluating the A3 condition with an offset of 3dB when the source cell is in normal mode, then switches to evaluating the condition with an offset of 0dB upon receiving the “NES CHO trigger”. Intuitively, this makes it easier for connected UEs to exit the cell, allowing the source cell to serve less/no UEs, which makes it easier for the gNB to apply NES techniques, e.g., cell DTX/DRX, cell switch off, spatial adaptation, power adaptation, etc. 
Proposal 2: An NES CHO trigger instructs the UE to change the CHO execution conditions.
During the discussions, the possible NES CHO triggers were down-scoped to two possible options. 
Observation 2: RAN2 is currently assessing the following options for NES CHO triggers:
· Reusing Cell DTX/DRX group DCI
· A new NES-CHO MAC CE
We assess those options in the next sections.
Reusing Cell DTX/DRX activation
RAN1 has introduced a new DCI format 2_X to activate/deactivate Cell DTX/DRX configurations, possibly, for multiple serving cells. There were proposals that the UE should also apply Cell DTX/DRX activation to switch on an NES-CHO configuration. We present our concerns on this proposal below.
Reliability and Connectivity
When RAN1 introduced the group DCI cell activation, the following was mentioned in their LS [3]
	· RAN1 supports the group common L1 signaling using PDCCH for cell DTX/DRX activation and deactivation without HARQ feedback.
· subject to UE capability
· RAN1 asks RAN2 to consider the additional support of a MAC CE based indication.



Given that this activation/deactivation signal is groupcast with no HARQ feedback, it is expected that UEs would occasionally miss this indication signal, which means, at a given time, the network would not be aware of the CHO configuration of the UE or the CHO conditions different UEs in the cell are evaluating.
Observation 3: Due to unreliability of Cell DTX/DRX (de)activation (group DCI with no HARQ feedback), the CHO conditions Connected UEs are evaluating would not be known at the NW with certainty.
This would not be acceptable from a connectivity standpoint, as the NW and UE cannot ensure they have the same CHO configurations at any given time, this includes different offsets/thresholds (e.g., A3 offsets) as well as the relative ranking of target cells, e.g., NW may attempt to (de)-activate an NES-CHO configuration due to target cell unavailability or congestion, however, some UEs may miss this indication leaving them with an invalid configuration that may lead to RLF.
Observation 4: Cell DTX/DRX group DCI CHO trigger increases the likelihood of RLF significantly due to possible different configurations between UE and NW. 
Usability in Cell Switch-off Scenario
Recall the following RAN2 agreement from 
	We will support the CHO triggers for the use case of turning off the cell 



In the cell switch-off scenario, the NW observes a reduction in load to the extent that the cell can be switched off and connected UEs are offloaded to other neighbouring cells. To formalize this scenario, assume a rule whereby the cell would switch off if it’s load drops below 10% as follows.
	Time 
	configuration

	Time t1: Load>10%,
 No cell DTX/DRX configuration can be active during this time even if load is 15% if cell DTX/DRX DCI CHO trigger is used
	Normal-CHO configuration is active, e.g., A3 offset=3dB. UEs perform CHO only if target cell is better than source cell.
Using condition A4 configured for NES is unsuitable, as the source cell is always better than any neighbouring cell. Given the source cell remains on, using condition A4 alone can cause ping pong handovers.

	Time t2: Load<10%
Some dummy Cell DTX/DRX would need to be applied until all UEs are offloaded. Cell intends to switch off.
	NES-CHO condition is active, e.g., A3 offset=0dB. Target cell has to only be as good as source cell to trigger CHO. Alternatively, the UE can use an NES condition A4 alone to trigger CHO.
Once source cell gets backhaul indication that all UEs are offloaded it can switch off. 



Now, the CHO trigger we are interested in is sent at some point between t1 and t2 to change connected UE configurations. Given, that currently, RAN2 has only agreed on a single Cell DTX/DRX configuration; reusing Cell DTX/DRX activation means that at t1, no cell DTX/DRX pattern can be active, and the NW is forced to apply 100% of its temporal capacity since the activation DCI has been reserved to trigger transition configurations from Normal CHO to NES CHO. 
Observation 5: If Cell DTX/DRX CHO trigger is used in the cell switch-off case, the NW would be unable to use Cell DTX/DRX NES technique until the process of cell switch-off is started. This means that the NW would be unable to exploit the low load of a cell to save energy until the load gets very low to trigger a switch-off, i.e., this trigger would force the NW to always jump from 100%-Cell DTX/DRX active time to 0%-Cell DTX/DRX active time with no possibility of saving energy within those two extremes.    
Observation 6: If the NW has reserved the cell DTX/DRX activation bit to applying NES-CHO, then the NW cannot adapt to low load by activating cell DTX/DRX without inadvertently activating NES-CHO configuration.
Usability in Cell DTX/DRX Scenario
In the Cell DTX/DRX scenario, the NW may have two groups of UEs:
· Group 1: High QoS UEs: These UEs should be offloaded when cell activates a Cell DTX/DRX pattern so as not to degrade their QoS beyond the requirement.
· Group 2: Low QoS UEs: Those UEs are not affected by Cell DTX/DRX pattern and do not need to be offloaded. 
Suppose the cell intends to deploy a cell DTX/DRX pattern that can accommodate serving group 2 UEs, but not group 1 UEs. Thus, NW intends to reuse Cell DTX/DRX activation to instruct group 1 UEs to perform CHO. The issue here would be that the NES-CHO “trigger” only instructs the UE to change the evaluation conditions, it is unknown when those conditions would be satisfied and the Group 1 UEs would actually complete the handover. In the time between receiving the NES CHO trigger that simultaneously activates cell DTX/DRX configuration and executing the CHO, the High QoS group 1 UEs would be forced into following a cell DTX/DRX pattern that does not satisfy their QoS. Essentially, the use of cell DTX/DRX activation signalling as CHO execution trigger becomes a limitation for the network that it cannot treat the high QoS UEs separate from low QoS UEs.
Observation 7: If Cell DTX/DRX activation DCI is used as an NES-CHO trigger with the intention of handing over UEs with high QoS that cannot be satisfied with the configured cell DTX/DRX pattern, delayed CHO execution due to condition evaluation means that those high QoS UEs would be forced to follow a cell DTX/DRX pattern that cannot satisfy their QoS until CHO is performed, which is an unbounded amount of time.  
Limits of Applicability 
Reusing Cell DTX/DRX triggers limit the NW ability to use this feature only to the cases when the NW activates cell DTX/DRX patterns without changing the coverage level. Consider the figure below, it is completely plausible that the NW intends to save energy by offloading cell-edge UEs to reduce its Tx power, apply spatial/power adaptation standardized by RAN1 or any other technique. At which case, the NW may already have cell DTX/DRX active or not have cell DTX/DRX deployed at all. In our view, reusing cell DTX/DRX DCI to trigger NES-CHO needlessly couples those techniques (cell DTX/DRX and CHO) and blocks the ability of the NW to apply this new technique to perform simple things, e.g., offload some cell-edge UEs without altering the cell DTX/DRX cell-wide configuration/activation state. 
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Observation 8: Reusing Cell DTX/DRX triggers for NES-CHO unnecessarily couples NES techniques and limits the application of this technique to the case where the NW needs to offload cells while simultaneously activating cell DTX/DRX, and prevents using this technique in simpler and more intuitive use case, e.g., offloading UEs on the cell edge to save power or apply Spatial or power adaptation, etc. 
Switching back to Normal CHO conditions
One other issue we would like to discuss is the case when target cell goes into NES mode or source cell moves into Normal mode. In this case, the source cell may want to activate (back) normal CHO conditions at the UE. In this case, the NW cannot do that without deactivating the cell DTX/DRX pattern, no matter how low the source cell utilization is, which would be suboptimal in terms of NES gains expected from Cell DTX/DRX. 
Observation 9: Forcing the NW to deactivate cell DTX/DRX to revert back UE CHO conditions to normal mode would undermine NES gains expected from cell DTX/DRX. In practice RRC signalling would be needed to reconfigure/release the CHO configuration which also undermines NES gains.   
Assessment
All those observations lead us to propose the following. 
Proposal 2: Cell DTX/DRX (de)activation is not used as an NES-CHO trigger for the following reasons:
· Reliability and Connectivity
· Undermining Cell DTX/DRX NES gains in cell switch off case.
· Degradation for high QoS UEs in Cell DTX/DRX case 
· Coupling of NES techniques and limits of applicability
· Inability to use signalling to revert to Normal-CHO mode without deactivating cell DTX/DRX for all UEs. 
New MAC CE indication
The straightforward trigger that can be used by RAN2 would be a MAC CE. Due to the unicast nature of MAC CE, it is less likely that it would be missed by the UE. This would be similar to SCell activation MAC CE that instructs the UE to change the CHO evaluation conditions (e.g., from a3-Offset=3dB to a3-Offset-NES=0dB).   
Observation 10: a MAC CE can be used to instruct the UE to change the CHO evaluation conditions. The reliability of a MAC CE would be sufficient in this case, similar to SCell (de)activation. 
Co-deployment with Cell DTX/DRX in Cell Switch-off Scenario
 Consider again the cell switch-off scenario where the NW switches off the cell if the utilization drops below 10%. At time t1, the utilization is low, but not low enough to switch off the cell (e.g., 15% utilization). In this case, the Cell DTX/DRX can have an 85% inactive time. Now suppose the NW wants to switch-off the cell, in order to do that, it wants to initiate the process of offloading connected UEs to neighbour cells. Using legacy signalling, the NW has a couple of options to achieve that: 
1. Perform very slow RRC signalling over multiple cycles to offload all UEs via RRC signalling (by direct L3 HO or modifying CHO configuration). TS 38.331 specifies the processing delay requirement for RRC reconfiguration as time in [ms] from the end of reception of RRCReconfiguration up to when the UE shall be ready for the reception of a scheduling uplink grant for the transmission of RRCReconfigurationComplete with no access delay. The processing delay requirement for RRC reconfiguration is 10 ms at a minimum, even without the time needed to receive RRCReconfigurationComplete; This processing delay can thus cause considerable delays to the cell switch off time. 
2. Deactivate Cell DTX/DRX to quickly perform L3 HOs for all UEs in the NW. 
In this case, there is significant overhead and energy penalty for the NW to offload all connected UEs both in terms of RRC signalling and the time it takes to exchange this RRC signalling and complete the handovers. 
Observation 11: Legacy RRC signalling to offload all connected involves significant overhead and takes a long time especially for a cell that deploys cell DTX/DRX.
This is where light MAC CE signalling becomes useful as the NW can quickly modify the CHO configurations of all connected UEs to have them assess the NES-CHO conditions. Contrast this table to the Cell DTX/DRX DCI trigger table above:
	Time 
	configuration

	Time t1: Load>10%,
Cell DTX/DRX can be aggressively deployed since it is decoupled from CHO conditions
	Normal-CHO configuration is active, e.g., A3 offset=3dB. UEs perform CHO only if target cell is better than source cell.
Using condition A4 configured for NES is unsuitable, as the source cell is always better than any neighbouring cell. Given the source cell remains on, using condition A4 alone can cause ping pong handovers.

	Time t2: Load<10%
Cell DTX/DRX configuration need not change due to changing CHO conditions. Cell intends to switch off.
	NES-CHO condition is active, e.g., A3 offset=0dB. Target cell has to only be as good as source cell to trigger CHO. Alternatively, the UE can use an NES condition A4 alone to trigger CHO.
Once source cell gets backhaul indication that all UEs are offloaded it can switch off. 



Observation 12: a MAC CE NES-CHO trigger saves energy by allowing the NW to change the CHO conditions of all connected UEs without the overhead and the time needed to achieve this via RRC signalling. 
Assessment 
In the previous section we have outlined all the issues we see with reusing cell DTX/DRX group DCI as a NES-CHO trigger. It is clear that aside from reliability, those issues arise due to the coupling between cell DTX/DRX and NES-CHO if they use the same trigger. Based on that, those issues are not there for a new MAC CE trigger since the techniques are rightfully decoupled.  
Proposal 3: NES CHO is decoupled from Cell DTX/DRX, i.e., RAN2 does not assume that they must always be deployed together, e.g., cases when NW is offloading UEs on the cell edge to save power or apply spatial or power adaptation, etc. are not precluded.
Thus, we think a new MAC CE would be the correct way to go given the limited time of RAN1 (and their lack of involvement in this WI objective) and the previous agreement of RAN2, not to introduce new L1 signalling. 
Proposal 4: A new MAC CE is introduced as the NES-CHO trigger. 
Details of New MAC CE
The most straightforward way is to introduce a new MAC CE to toggle the execution conditions at the UE of the already configured NES CHO configuration (e.g., change from a3-Offset to a3-Offset-NES and vice versa). This can be further extended to more than two offsets to account for target cell NES and/or give more flexibility to the NW. Unlike LTM, the MAC CE will not be used to execute a handover. Rather, the MAC CE is used to trigger the evaluation of the NES CHO configuration.
Proposal 5: As baseline, the UE evaluates conditions of the already configured NES CHO configuration (e.g., change from a3-Offset to a3-Offset-NES and vice versa) upon reception of the MAC CE.
Conclusion
Observation 1: The NES-CHO agreements can be realized by configuring separate offsets/thresholds for events A3, A4, A5.
Proposal 1: NES-CHO configuration comprises of, at least, the following offsets configured on top of a legacy CHO configuration.
· a3-Offset-NES for A3
· a4-Threshold-NES for A4
· a5-Threshold1-NES and a5-Threshold2-NES for A5
FFS if more NES specific offsets/thresholds are needed.  
Proposal 2: An NES CHO trigger instructs the UE to change the CHO execution conditions.
Observation 2: RAN2 is currently assessing the following options for NES CHO triggers:
· Reusing Cell DTX/DRX group DCI
· A new NES-CHO MAC CE
We assess those options in the next sections.
Observation 3: Due to unreliability of Cell DTX/DRX (de)activation (group DCI with no HARQ feedback), the CHO conditions Connected UEs are evaluating would not be known at the NW with certainty.
Observation 4: Cell DTX/DRX group DCI CHO trigger increases the likelihood of RLF significantly due to possible different configurations between UE and NW. 
Observation 5: If Cell DTX/DRX CHO trigger is used in the cell switch-off case, the NW would be unable to use Cell DTX/DRX NES technique until the process of cell switch-off is started. This means that the NW would be unable to exploit the low load of a cell to save energy until the load gets very low to trigger a switch-off, i.e., this trigger would force the NW to always jump from 100%-Cell DTX/DRX active time to 0%-Cell DTX/DRX active time with no possibility of saving energy within those two extremes.    
Observation 6: If the NW has reserved the cell DTX/DRX activation bit to applying NES-CHO, then the NW cannot adapt to low load by activating cell DTX/DRX without inadvertently activating NES-CHO configuration.
Observation 7: If Cell DTX/DRX activation DCI is used as an NES-CHO trigger with the intention of handing over UEs with high QoS that cannot be satisfied with the configured cell DTX/DRX pattern, delayed CHO execution due to condition evaluation means that those high QoS UEs would be forced to follow a cell DTX/DRX pattern that cannot satisfy their QoS until CHO is performed, which is an unbounded amount of time.  
Observation 8: Reusing Cell DTX/DRX triggers for NES-CHO unnecessarily couples NES techniques and limits the application of this technique to the case where the NW needs to offload cells while simultaneously activating cell DTX/DRX, and prevents using this technique in simpler and more intuitive use case, e.g., offloading UEs on the cell edge to save power or apply Spatial or power adaptation, etc. 
Observation 9: Forcing the NW to deactivate cell DTX/DRX to revert back UE CHO conditions to normal mode would undermine NES gains expected from cell DTX/DRX. In practice RRC signalling would be needed to reconfigure/release the CHO configuration which also undermines NES gains.   
Proposal 2: Cell DTX/DRX (de)activation is not used as an NES-CHO trigger for the following reasons:
· Reliability and Connectivity
· Undermining Cell DTX/DRX NES gains in cell switch off case.
· Degradation for high QoS UEs in Cell DTX/DRX case 
· Coupling of NES techniques and limits of applicability
· Inability to use signalling to revert to Normal-CHO mode without deactivating cell DTX/DRX for all UEs. 
Observation 10: a MAC CE can be used to instruct the UE to change the CHO evaluation conditions. The reliability of a MAC CE would be sufficient in this case, similar to SCell (de)activation. 
Observation 11: Legacy RRC signalling to offload all connected involves significant overhead and takes a long time especially for a cell that deploys cell DTX/DRX.
Observation 12: a MAC CE NES-CHO trigger saves energy by allowing the NW to change the CHO conditions of all connected UEs without the overhead and the time needed to achieve this via RRC signalling. 
Proposal 3: NES CHO is decoupled from Cell DTX/DRX, i.e., RAN2 does not assume that they must always be deployed together, e.g., cases when NW is offloading UEs on the cell edge to save power or apply spatial or power adaptation, etc. are not precluded.
Proposal 4: A new MAC CE is introduced as the NES-CHO trigger. 
Proposal 5: As baseline, the UE evaluates conditions of the already configured NES CHO configuration (e.g., change from a3-Offset to a3-Offset-NES and vice versa) upon reception of the MAC CE.
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