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1	Introduction
[bookmark: _Hlk139554548]
In RAN2#121bis meeting the following agreements were reached for CHO:

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.  

In RAN2#122 meeting the following agreements were reached for CHO:

Agreements
-	RAN2 agree to make enhancement in CHO procedure based on that the source cell entering “NES mode”.  FFS further details
-	For source cell CHO framework, RAN2 assumes a reference scenario where the UE has already performed CHO conditions evaluation by the time the source cell starts some “NES-mode”
-	As a baseline, UE initiates CHO evaluation upon receiving the CHO configuration.  FFS what trigger is used for execution of CHO

In RAN2#123 meeting the following agreements were reached for CHO:


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

In RAN2#123bis meeting the following agreements were reached for CHO:


Agreements
Group common DCI format 2-X is reused to notify the UE that source cell is entering NES mode.
•	add one bit of DCI 2-X to trigger both use cases of Cell DTX/DRX activation and cell turning off. RAN2 send LS to RAN1 to request this signaling change.

Agreements:
RAN2 will not specify anything related to target cell NES mode for CHO


[bookmark: _Ref178064866]2	Remaining aspects of CHO operation
In current running RRC CR, the NES specific CHO execution condition is implemented as tag nesEvent to event configured IE CondTriggerConfig. In the procedural text, in the current CR, the intention is to allow only NES specific condition/events, legacy condition/events, or configuration where one target cell can be configured with one legacy and one NES specific event. There is FFS on whether the case where both NES and regular condition are supported for one candidate target cell. In our view also that needs to be supported as the network deployments where NES will be implemented may vary and the standards should support various ways to support these scenarios. One important scenario where this particular configuration option is useful is scenario where same candidate target cell is a so called coverage cell (on the same frequency layer most likely) and also regular mobility should be supported towards this cell.


[bookmark: _Toc149887989]The network deployments where NES will be implemented may vary and the standards should support various ways to support these deployments 


1. [bookmark: _Toc149887994]RAN2 to support the current implementation of running RRC CR for CHO execution conditions and to allow only NES specific condition/events, legacy condition/events, or configuration where one target cell can be configured with one legacy and one NES specific event.

For NES, another typical scenario for using the CHO framework is for when a cell, which may be a capacity/booster cell, is about to turn off and the UEs need to be handed over to other cells. If the NES cell is deployed as capacity cell/layer, there would be coverage/overlapping cell on another carrier to which the UEs could be handed over.  When CHO is used, the UEs are provided CHO configuration earlier, potentially already upon connection setup, and when the cell is about to turn off, a common DCI 2_9 including a specific bit/indicator is transmitted to trigger the handover commonly for the UEs, as per latest agreements. This is visualized in the figure below:
[image: ]

The “turn-off”/NES indication is sent to the UEs via a DCI transmission. The NES CHO conditions are only relevant from this point onwards so that the UE can leave the cell and e.g. handover to the coverage cell. RAN2 has concluded that “As a baseline, UE initiates CHO evaluation upon receiving the CHO configuration. “. This is to avoid delay for the execution of the NES CHO. While the UE cannot wait for the DCI before it initiates the CHO measurements as it does not know how long after the DCI the NW may turn off the cell, it is quite wasteful in terms of energy to let the UE measure on e.g. another carrier throughout the whole connection just in case the NW would decide to turn off the cell. It may even be so that the NW does not turn off the cell in which case the UE measurement efforts were in vain.
In regular/legacy CHO the UE at all times needs to be prepared for handover upon sudden coverage deterioration at cell edge, and hence measuring already upon configuration is justified. This scenario is quite different from the NES scenario in which the NW in a controlled manner and at a known point in time decides to turn off a cell. 


[bookmark: _Toc149887990]The delay between configuring UE with NES specific CHO and receiving the DCI may vary and it may be very short or very long.


[bookmark: _Toc149887991]When the delay is long and UE is configured to measure interfrequency with NES specific execution condition, the UE power consumption may increase unnecessarily high.


[bookmark: _Toc149887992]When the delay is short and UE is configured to measure interfrequency with NES specific execution condition, the UE may not have had time to measure the NES specific execution condition and may end up in RLF.


[bookmark: _Hlk149814895]To inform the UE how much time there is after receiving the DCI until the source cell will turn off a conditional handover timer is defined for the NES-triggered CHO scenario. The UE is requested to execute the conditional handover within the timer. The UE then knows whether the time is long enough to delay its measurement efforts on potential target cells until after the DCI, or whether it needs to measure already before. This helps both UE and network in power saving as UE can plan the measurements better and network can switch off the cell without a long guard period to ensure UEs would not be dropped to RLF.
1. [bookmark: _Toc149887995]A conditional handover timer is defined for the NES-triggered CHO scenario.


3	Autonomous gaps

In traditional conditional handover, when UE evaluates the handover condition, UE will perform measurements as follows:
· The intra-/inter-frequency measurement without gap will be measured outside gap in each SMTC or DRX.
· The intra-/inter-frequency measurement with gap will be measured within gap based on Measurement Gap Repetition Period (MGRP) or DRX

If the UE receives the group common DCI to indicate the source cell is entering the NES mode soon after the NES CHO is configured, the UE shall speed up the measurement evaluation to trigger the conditional handover in some scenarios, especially if the serving cell will close soon. Thus, UE can perform the intra-/inter-frequency measurement which needs gap in autonomous gap other than waiting for the configured MG. Further, if UE is configured with inter-frequency candidate target cell only with NES specific execution condition, having autonomous gaps means network does not need to configure MG in this case.

1. [bookmark: _Toc149887996]In order to avoid the need for configuring MG only for NES specific CHO, and to speed up measurements, it is proposed to support autonomous measurement gaps for this.

4	Handling and preventing failure cases
If the UE is performing HO or CHO and experiences HO failure due to source or target cell being or entering in NES mode, UE should inform the network about the HO failure cause. Also, when the HO is successful, UE should inform the network about NES conditions of the source/target cell.


[bookmark: _Toc347823621][bookmark: _Toc347824073][bookmark: _Toc347824246][bookmark: _Toc149887997]If the UE is performing HO or CHO, UE should inform the network about the HO trigger cause, i.e. if the HO was triggered because the serving cell wanted to enter NES mode, in the HO failure report and in the successful HO report.
[bookmark: _Hlk142475773][bookmark: _Hlk140224863]As the key thing is to prevent network creating coverage holes, other solutions can be considered as well. Main issue is that the network should be aware if coverage hole is created by cell entering to NES mode. Also, the level of performance degradation would be beneficial to be known at the network side.


[bookmark: _Toc149887993]Main issue is that the network should be aware if coverage hole is created and the level of performance degradation created by cell entering to NES mode.
[bookmark: _Toc149887998]RAN2 to agree UE feedback for the cell to determine when to turn off the cell or to configure cell DTX/DRX.


5	Stage-2 description for CHO

A TP for 38.300 is provided in the Annex to capture the basic CHO functionality for NES.
1. [bookmark: _Toc149887999]RAN2 to agree on the TP provided for 38.300.
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	4/4	
Conclusion
In the previous sections we made the following observations: 
Observation 1	The network deployments where NES will be implemented may vary and the standards should support various ways to support these deployments
Observation 2	The delay between configuring UE with NES specific CHO and receiving the DCI may vary and it may be very short or very long.
Observation 3	When the delay is long and UE is configured to measure interfrequency with NES specific execution condition, the UE power consumption may increase unnecessarily high.
Observation 4	When the delay is short and UE is configured to measure interfrequency with NES specific execution condition, the UE may not have had time to measure the NES specific execution condition and may end up in RLF.
Observation 5	Main issue is that the network should be aware if coverage hole is created and the level of performance degradation created by cell entering to NES mode.


Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN2 to support the current implementation of running RRC CR for CHO execution conditions and to allow only NES specific condition/events, legacy condition/events, or configuration where one target cell can be configured with one legacy and one NES specific event.
Proposal 2	A conditional handover timer is defined for the NES-triggered CHO scenario.
Proposal 3	In order to avoid the need for configuring MG only for NES specific CHO, and to speed up measurements, it is proposed to support autonomous measurement gaps for this.
Proposal 4	If the UE is performing HO or CHO, UE should inform the network about the HO trigger cause, i.e. if the HO was triggered because the serving cell wanted to enter NES mode, in the HO failure report and in the successful HO report.
Proposal 5	RAN2 to agree UE feedback for the cell to determine when to turn off the cell or to configure cell DTX/DRX.
Proposal 6	RAN2 to agree on the TP provided for 38.300.
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Annex: TP to 38.300
[bookmark: _Toc115390223]15.4.2.x2	Conditional Handover
The same principle as described in 9.2.3.4 applies to conditional handover in case the source cell is using a network energy saving solution, unless hereunder specified. In this case, the following additional triggering conditions are supported, upon which UE may execute CHO to a candidate cell, as defined in TS 38.331 [x]:
Editor’s note: FFS further updates on triggering conditions.
Editor’s note: FFS on how UE knows the source cell is using a network energy saving solution and whether this needs to be captured in stage 2.- The UE may be notified via DCI that a source cell is activating cell DTX/DRX or that a cell is turning off.
Editor’s note: FFS if this clause could be merged with another clause e.g. 15.4.2.1.
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