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Introduction
CHO enhancements in case source/target cells are in NES mode is part of the R18 work item on network energy saving (NES) [1]. In RAN2#121, the following was agreed:
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.  
Following agreements were reached in RAN2#121bis meeting [2].
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


This contribution provides a discussion on connected mode mobility aspects and techniques for network energy saving.
Source Cell Side Discussion
When the serving cell turns off, goes dormant, or reduces its coverage due to NES spatial adaptation, some connected UEs can be offloaded and handed over to other neighbouring cells. Preparing the handover for each UE and sending the RRC reconfiguration messages individually requires large number of signalling exchanges and can delay the time required before the gNB goes to sleep. Further, the network may not have the latest measurements from some UEs, thus causing some sub-optimal handovers (i.e., not to the best cell).
Observation 1: 	When the serving source cell switches to NES mode, preparing candidate cells for handing over each UE and then sending the HO commands individually requires multiple signalling exchanges causing delayed switching to the NES mode and sub-optimal handovers.
CHO can be used to reduce service interruption and avoid radio link failures when the source cell quality degrades fast, whereby regular handover RRC reconfiguration messages may not be received by the UE on time prior to the degradation. 
When a serving cell is entering NES mode, the UE can rely on existing CHO or RLF procedures to recover from any coverage loss caused by NES procedures. It was agreed in RAN2#121Bis meeting [2], that UE may start evaluating the CHO conditions upon receiving the CHO configuration. This is legacy behaviour, and it can be useful for UE to have evaluations prior to the source cell entering NES mode.
One can argue that an additional trigger can be provided to the UEs by the network when the UEs will start to evaluate the CHO conditions. Plausibly this can bring an advantage that the UEs are only evaluating the CHO conditions upon receiving this trigger from the network, getting some UE energy saving. However, the network can issue the CHO RRC reconfiguration signalling timely prior to NES activation. Given that the NES mode changes can be dynamic and mostly applicable for low load scenarios, the design effort and signalling overhead for evaluation trigger can be sub-optimal from system performance perspective.
The network can configure the UEs with CHO conditions which may be based upon legacy measurement events A3, A4 and A5, all set in terms of conditional events.
· Event A3 (Neighbour becomes offset better than SpCell)
· Event A4 (Neighbour becomes better than threshold)
· Event A5 (SpCell becomes worse than threshold1 and neighbour becomes better than threshold2)
Given that the source cell is entering NES mode, even if the UE measurements show good quality for the source cell relative to the target candidate cells, that may not be sufficient as the source cell is planning to go in NES mode. Thus, it may be interesting to set the execution conditions for evaluation in absolute terms for the target candidate.
Proposal 1:	Legacy measurement events A3, A4 and A5 can be considered as baseline as CHO execution conditions for NES. FFS whether they need to be configured differently for CHO for NES.
Once the UE has started to evaluate the CHO conditions for NES, it’s important for the UE when it can trigger the CHO execution. Contrary to legacy CHO where the UE conditions deteriorate out of network control, the CHO in view of NES is primarily “controlled” given the source cell entering NES mode as network decision. For NTN, 3GPP has defined a conditional event T1 which is used in combination with one of the radio events to trigger conditional handover. The NTN event T1 is not very suitable for cells entering NES mode as contrary to dynamic NES behaviour, the behaviour of conditional event T1 is relatively static and the T1 value is expressed in absolute UTC time. Cond event T1 uses a fixed time window provided as part of CHO configuration within which the UE can execute the CHO to the target cell upon fulfilment of the other radio condition/event. This limits the application of NES to very static and deterministic scenarios which may not be practical given the dynamic UE and traffic behaviours in the network.
Observation 2: 	Conditional event T1 from NTN for the execution of NES CHO may limit the application of NES to very static and deterministic situations which is not the typical case in wireless networks. 
One option to overcome this situation can be to enhance the timing window such that it may have a start time which can be relative to when the CHO command is issued or when the source cell is entering NES mode.
Even simpler approach to trigger execution can be network providing an indication allowing the NES CHO execution. The network indication can be provided as L1L2 signalling, or it can be broadcast signalling.
It’s important to understand that the execution NES CHO should be based upon some form of network indication beyond the CHO configuration itself. In the absence of any dynamic indication, if NES CHO is purely based upon radio events, such as conditional event A4, the UE may perform CHO to the target cell according to the configuration received earlier but the network may delay or postpone its entry to NES mode, especially if some UE report measurements indicating no good enough alternative cells to handover to. Such situations will result in premature handovers and ping-pong among the cells which are not desired. Regarding the design of the network indication, the indication can be triggering the CHO execution. As an alternative, the source cell indication to enter NES mode can be used as a dynamic trigger to execute NES CHO upon fulfilment of the configured conditions. The network thus issues such dynamic trigger only once it knows that the source cell is turning off for example.
 Proposal 2:	As triggers for CHO execution, RAN2 can down-select among the following:
· L1 L2 signalling 
· Broadcast signalling 
· Time window based approach with a relative start time
Target Cell Side Discussion
For CHO candidate selection, whether it is triggered by the source cell entering NES mode or due to link degradation, an NES-capable UE may consider the NES state of the candidate cells, as it can be beneficial for the UE and the system to avoid handing over to a candidate cell that is in NES mode and may not be able to accommodate UE properly with respect to its service requirements. Such information can be provided by the source cell. The network can provide a semi-static list of prioritized candidate cells with respect to their NES mode/configuration which can be provided to the UE during the NES CHO candidates configurations. Such list can be for example macro cells or cells that are known not to be turned off or subject to Cell DTX activation. In an alternative design, the network may provide DTX/DRX configuration or status for all of the configured CHO candidates. Then UE may choose suitable CHO candidate with respect to their DTX/DRX configurations, source cell NES mode and UE service requirements. 
In a simpler approach, the network can indicate dynamically the prioritized CHO candidates to select from -e.g. among multiple candidate cells that meet the configured CHO conditions-, which can be provided part of the CHO RRC reconfiguration command or the CHO trigger signalling for execution, the network may indicate subset of CHO candidates which UE(s) may use as target candidates. This approach allows more dynamic control and indication of NES states or DTX/DRX status of candidate cells compared to when such information is provided as part of the CHO configuration and provides the network with more flexibility to control which cells the UEs handover to. Another approach can be to leave the CHO candidates selection up to the network or UE implementation and the network may configure / re-configure the CHO candidates in view of their NES modes. This may simplify the UE behaviour though the network may need to perform additional re-configurations of CHO candidate cells to keep the configurations suitable with respect to the NES procedures in use.
[bookmark: _Hlk134182362]Proposal 4:	For the selection of suitable target CHO candidate, RAN2 to down-select among the following:
· Network provides prioritization for CHO candidate cells
· Network provides DRX/ DTX configuration for CHO candidate cells
· Network can provide a subset of configured CHO candidates as part of the CHO trigger
· Network implementation to (re-)configure the candidate cells with respect to their NES status.

When the serving cell plans to enter NES mode and configures the UE with a set of CHO candidates, the UE will start to evaluate the conditions and will execute the CHO to one of the candidate cells after having received the CHO execution trigger. The CHO execution trigger could in fact be an indication that the serving cell is entering NES mode, which can be provided with some time/window indication. It may however happen that while the serving cell is entering NES mode (shortly), none of the configured CHO candidate cells fulfils the CHO execution condition. If the serving cell turns off and the UE has been unable to perform CHO to one of the candidates, this will lead to radio link failure (RLF). Upon entering RLF, the UE will try RRC connection re-establishment, which may incur large delay and signalling to re-establish RRC connection. The failure of RRC re-establishment may result in UE moving to RRC IDLE and UE will eventually need RRC connection establishment. RLF and the subsequent procedures may be a big problem for the service continuity and the associated QoS. 
[bookmark: _Hlk134182371]Observation 3: 	The source cell entering NES mode with none of the configured candidate cells fulfilling CHO execution conditions may lead the UE to RLF and eventually RRC connection failure, resulting in severe QoS degradation.
To avoid the UEs detecting RLF and having RRC connection failures, the source cell may not enter the planned NES mode if some of the UEs may face RLF and/or RRC connection failure situation. This can be achieved by having the UE reporting the current situation back to the network in a timely manner. Another alternative is to have the UE report measurements to the source cell prior to the point in time when CHO execution is triggered.
[bookmark: _Hlk134182425]Proposal 5:	For the case of source cell entering NES mode, and none of the CHO candidates fulfilling the CHO execution conditions, the UE provides the indication back to the network prior to source cell entering NES. 
Another alternative to avoid RLF and RRC connection failure can be to relax the CHO execution conditions when the source cell is entering NES mode. This can be achieved by network providing relaxation offsets for events A3 and A5 which can be applied by the UE if none of the CHO candidates is fulfilling the configured CHO execution conditions.
Proposal 6:	For the case of source cell entering NES mode, and none of the CHO candidates fulfilling the CHO execution conditions, the UE may be (pre-)configured to apply relaxed execution conditions. 
To avoid RLF in such situations, the UE can first evaluate the CHO candidates with execution conditions with the use of relaxation offsets, but if still none of the candidates fulfils the relaxed conditions, it can report the situation to the serving cell to avoid RLF.
Conclusions
In this contribution mobility and CHO aspects in energy saving networks are discussed. The following observations and proposals are made:
Observation 1: 	When the serving source cell switches to NES mode, preparing candidate cells for handing over each UE and then sending the HO commands individually requires multiple signalling exchanges causing delayed switching to the NES mode and sub-optimal handovers.
Proposal 1:	Legacy measurement events A3, A4 and A5 can be considered as baseline as CHO execution conditions for NES. FFS whether they need to be configured differently for CHO for NES.
Observation 2: 	Conditional event T1 from NTN for the execution of NES CHO may limit the application of NES to very static and deterministic situations which is not the typical case in wireless networks. 
 Proposal 2:	As triggers for CHO execution, RAN2 can down-select among the following:
· L1 L2 signalling 
· Broadcast signalling 
· Time window based approach with a relative start time
Proposal 4:	For the selection of suitable target CHO candidate, RAN2 to down-select among the following:
· Network provides prioritization for CHO candidate cells
· Network provides DRX/ DTX configuration for CHO candidate cells
· Network can provide a subset of configured CHO candidates as part of the CHO trigger
· Network implementation to (re-)configure the candidate cells with respect to their NES status.

Observation 3: 	The source cell entering NES mode with none of the configured candidate cells fulfilling CHO execution conditions may lead the UE to RLF and eventually RRC connection failure, resulting in severe QoS degradation.
Proposal 5:	For the case of source cell entering NES mode, and none of the CHO candidates fulfilling the CHO execution conditions, the UE provides the indication back to the network prior to source cell entering NES. 
Proposal 6:	For the case of source cell entering NES mode, and none of the CHO candidates fulfilling the CHO execution conditions, the UE may be (pre-)configured to apply relaxed execution conditions. 
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