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Introduction
RAN approved a new work item on network energy saving (NES) [1]. The WI aims to reduce environmental impact and for operational cost savings of operating NR networks. One objective of the work item on connected mode mobility is:
Specify CHO procedure enhancement(s) in case source/target cell is in NES mode [RAN2]
During the study item phase, RAN2 discussed connected mode mobility techniques for network energy savings, and the TR description summarized in Annex A was agreed. 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.  
This contribution provides a discussion on connected mode mobility aspects and techniques for network energy saving.
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 also 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 and can delay the switching to the NES mode and cause some 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. 
[bookmark: _Hlk110942665]When a serving cell turns off in energy saving network, the UE can rely on existing CHO or RLF procedures to recover from any coverage loss caused by NES procedures. However, to avoid RLF, the UE can be notified in advance of the NES state change, as evaluating L3 measurements such as RSRP or RSRQ can take time to reflect a coverage loss. To avoid such limitations, L1/L2 signalling can be used to notify the UE that the cell is entering NES mode. This indication can be used as a CHO trigger for the UE to perform mobility to the best non-serving cell.
In another alternative, if all the UEs have already been configured for CHO, the UE can execute CHO to candidate cells that are preconfigured without needed prior notice of a NES mode change. The UE may not require L1/L2 signalling, as such details on NES mode change are not yet clear and are dependent on the activation/deactivation design of various NES mechanisms. 
Proposal 1:	The change of the serving cell’s NES mode can be used as a new CHO trigger. FFS whether L1/L2 signalling indicating an upcoming NES mode change is needed for the trigger. 
For CHO candidate selection, whether it is triggered by the source cell entering NES mode or due to link degradation, an NES-capable UE should 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 cell that is in NES mode. Such information can be provided by the source cell or determined from broadcast information of the target cell. Inter-node information exchange on NES modes (including cell DTX for example) is part of the WI objectives, and thus some NES related information about the neighbouring cells might be available at the source cell. Further, NES capable UEs should be able to handover to NES-capable cells, e.g., small cells, when they turn on.
Proposal 2:	Source cell can provide the UE with NES state for some CHO candidate cells.
Proposal 3:	UE to deprioritize selection of CHO candidates that are in NES mode, if known.
Conclusion
In this contribution, mobility and CHO aspects in energy saving networks is discussed. The following observations and proposals are provided:
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 and can delay the switching to the NES mode and cause some sub-optimal handovers.
Proposal 1:	The change of the serving cell’s NES mode can be used as a new CHO trigger. FFS whether L1/L2 signalling indicating an upcoming NES mode change is needed for the trigger. 
Proposal 2:	Source cell can provide the UE with NES state for some CHO candidate cells.
Proposal 3:	UE to deprioritize selection of CHO candidates that are in NES mode, if known.
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Annex A: NES mobility enhancements in TR 38.864
[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.
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