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1	Introduction
RAN2 is starting WI on NW energy saving (RP-223540) with one of the goals:
3. Specify CHO procedure enhancement(s) in case source/target cell is in NES mode [RAN2]

The TR 38.864 v18.0.0 captures this on the objective:
[bookmark: _Toc123635635]6.5.2	Connected mode mobility
During the switching of NES modes, it is possible to handover the UEs faster by enhancing the CHO framework with:
1.	Evaluation of conditional handover conditions depending on the NES mode of source/target cell,
2.	How to indicate to UE the triggering of the CHO evaluation is up to the WI phase.
Whenever mobility from source cell is triggered, the NES mode of the target cell could also be considered, e.g., to avoid UEs selecting cells operating in NES mode if any other cell is available.
From RAN2 perspective, CHO enhancements are feasible.
Group HO (optimizing the Rel-15 HO procedure) and BWP adaptation with group signalling are not considered by RAN2.
In this paper we discuss what could be done for limiting NW energy consumption via mobility enhancements.
2	Discussion on CHO enhancement(s)
[bookmark: _Ref130371465]2.1	Source cell NES event
To fully accomplish a faster cell deactivation/reactivation, also faster offloading of the active UEs to neighbour cells before deactivation is beneficial, and likewise a faster UE onloading after reactivation. A faster offloading/onloading of UEs can be achieved by leveraging the CHO framework. CHO allows the UE to execute a handover when certain execution conditions are met, without requiring a handover command by the network. Thereby CHO enables a faster and more robust handover. 
In the regular CHO, the UE starts evaluating the execution conditions upon receiving the CHO configuration i.e. NW prepares one (or multiple) cells and provides RRC configuration for all of those cells with associated event that is based on radio conditions (e.g. A3). When the measurement condition is fulfilled UE will perform the handover to the target cell. 

When considering CHO for NES purposes the radio condition alone is not sufficient as the event of entering NES mode should be a trigger for UE to handover out of cell applying NES mode (including turning off the cell). Events of entering NES mode would preferably be such that it is possible to change modes frequently e.g. every few minutes/tens of minutes instead of once a day. 

If one does not enhance CHO event to take the NES mode into account then NW would need to rely on regular handovers and if the NES mode change is frequent this is not practical or efficient either. 

Observation 1: NES mode changes can be frequent and relying on regular HO is not practical

We note that in NR NTN, there was defined event T1 which has a “delay” component associated to event trigger so that a later triggering has been seen as feasible way to perform CHO. In case CHO is to be leveraged to offload the active UEs upon cell deactivation, such immediate evaluation may have to be changed so that the evaluation is triggered only upon cell deactivation, which may not be known at the time of configuring CHO. 

Observation 2: When configuring CHO event NW may not know when the NES mode will be turned on / off thus relying on existing T1 event is not working solution

For the CHO NES event, the execution of the CHO handover may not depend uniquely on the fulfilling of certain radio conditions as in the regular CHO. On the contrary, the CHO handover for UE offloading should be triggered upon entering NES mode (e.g. deactivation of cell). Therefore, the network may need to indicate to the UEs when to start evaluating the CHO execution conditions after deciding about cell deactivation. 

So NES CHO event execution can occur as follows:
1. UE is configured with CHO event e.g. existing CHO event with indication that additionally a NES trigger needs to be “on”;
2. UE gets “NES trigger” e.g. NW indicates it plans to shutdown the cell soon;
3. UE evaluates the CHO event with associated “NES trigger”, and performs a CHO to a cell fulfilling the event.

So at least we would need to discuss following points to realize CHO enhancements in case source/target cell is in NES mode:
1. How is UE configured with CHO NES event?
2. Can any existing event be configured as “NES event”?
3. What is the “NES trigger” for triggering CHO NES event?

First question above could be realized e.g. with just a “NES enabled” parameter appended to existing events (extension shown below for an event. It can be done similarly for any event:

CondTriggerConfig-r16 ::=        SEQUENCE {
    condEventId                      CHOICE {
        condEventA3                      SEQUENCE {
            a3-Offset                        MeasTriggerQuantityOffset,
            hysteresis                       Hysteresis,
            timeToTrigger                    TimeToTrigger
        },
        condEventA5                      SEQUENCE {
            a5-Threshold1                    MeasTriggerQuantity,
            a5-Threshold2                    MeasTriggerQuantity,
            hysteresis                       Hysteresis,
            timeToTrigger                    TimeToTrigger
        },
        ...,
        condEventA4-r17                  SEQUENCE {
            a4-Threshold-r17                 MeasTriggerQuantity,
            hysteresis-r17                   Hysteresis,
            timeToTrigger-r17                TimeToTrigger
        },
        condEventD1-r17                  SEQUENCE {
            distanceThreshFromReference1-r17 INTEGER(0.. 65525),
            distanceThreshFromReference2-r17 INTEGER(0.. 65525),
            referenceLocation1-r17           ReferenceLocation-r17,
            referenceLocation2-r17           ReferenceLocation-r17,
            hysteresisLocation-r17           HysteresisLocation-r17,
            timeToTrigger-r17                TimeToTrigger
        },
        condEventT1-r17                  SEQUENCE {
            t1-Threshold-r17                 INTEGER (0..549755813887),
            duration-r17                     INTEGER (1..6000)
        }
    },
    rsType-r16                       NR-RS-Type,
    ...,
	[[
	CondEventA3ext	SEQUENCE	 {
		triggerHObasedOnNES			  enumerated{true} 	OPTIONAL, -- Need R
		}
	]]
}

In the above example only A3 event is appended with the “NES trigger”  but naturally this could be done for any event. Initially we focus on having this mechanism to handle source cell applying NES state e.g. the cell being turned off or utilizing NES methods that decrease capacity in the cell thus needing to get part of population out of the cell. We see that at least event A4/A5 could use “NES trigger”. Events T1/D1 are anyway associated with other Ax events there is no need to have “NES trigger” for those events.

Proposal 1: Add for events A3, A4 and A5 a additional parameter that indicates that event is triggered only if “NES trigger” is active for the source cell.


Additionally one possibility for triggering a CHO event could be that cell capacity is reduced due to a NES “event”. E.g. Cell DTX/DRX could reduce cell capacity, and one may want to move some UEs to other cells. Also other parts of the WI could be resulting in triggers for the CHO event. Also natural trigger seems to be the event that cell is planned to be turned off. But how does network indicate this to the UE? In [R2-2200871] paper we see that there is need to have a indication for even IDLE/INACTIVE UEs that cell is being turned off and the same indication can be used as a trigger for CHO event.

Proposal 2: “The NES trigger” would be at least for the use case of turning off the cell (whether other triggers are enabled is FFS and need to wait that WI progresses on other aspects of the WI). 
2.2	Target cell NES event 
Also one could consider that in addition to source cell NES event described in 2.1	Source cell NES event. Motivation is that in case a handover is triggered UE should not select out of multiple candidates the cell that is applying NES mode at point of time when the CHO event occurs. This makes sense as the NES mode applying cell will likely have less capacity to handle UEs.
Observation 3:  It makes sense to avoid UE handing over to cell that applies NES mode (especially if cell is about to be turned off)
If NES mode of target cell does not change frequently then it is feasible that UE updates CHO configuration based on neighbour cell NES mode status. This way there is no impact to Uu interface.
Observation 4: In case NES mode of target cell is not frequently changing then NW can updates CHO configuration to UE based on neighbour cell information exchanged via gNBs. 
But if the NES modes of target cells can change frequently then it is not feasible to exchange this information between NW nodes as it would cause massive signaling in the network.
Observation 5: If NES modes are very frequently changing exchanging this information between gNBs is not feasible
In such a case only way to find out information regarding target cell NES mode would be UE to acquire the information from candidate cells. For example this could be that in case NES CHO event is triggered UE would additionally check from candidate cells which one does not apply NES mode and would perform CHO to that cell.
As the checking of target cell NES mode would delay the handover this could be bit problematic – especially as it could take quite long time if the information is provided in the target cell via system information. Delaying handover such a long time is not feasible as likely it would cause radio link failure. 
Observation 6: CHO event execution should not be delayed by UE reading all the candidate CHO cell system information to find out NES mode of the cell at the point of time when CHO event is triggered
Assuming NW configures multiple CHO events to multiple target cells it might be best to leave this to UE implementation to select most appropriate cell out of candidate cells without touching timing requirements of existing CHO event evaluation.
Proposal 3: It can be left up to UE implementation to select target cell out of multiple candidate CHO cells3	Conclusion
Observation 1: NES mode changes can be frequent and relying on regular HO is not practical

Observation 2: When configuring CHO event NW may not know when the NES mode will be turned on / off thus relying on existing T1 event is not working solution

Proposal 1: Add for events A3, A4 and A5 a additional parameter that indicates that event is triggered only if “NES trigger” is active for the source cell.

Proposal 2: “The NES trigger” would be at least for the use case of turning off the cell (whether other triggers are enabled is FFS and need to wait that WI progresses on other aspects of the WI). 

Observation 3:  It makes sense to avoid UE handovering to cell that applies NES mode (especially is cell is about to be turned off)
Observation 4: In case NES mode of target cell is not frequently changing then NW can updates CHO configuration to UE based on neighbour cell information exchanged via gNBs. 
Observation 5: If NES modes are very frequently changing exchanging this information between gNBs is not feasible
Observation 6: CHO event execution should not be delayed by UE reading all the candidate CHO cell system information to find out NES mode of the cell at the point of time when CHO event is triggered
Proposal 3: It can be left up to UE implementation to select target cell out of multiple candidate CHO cells
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