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Introduction
In RAN2#120 meeting, the connected mode mobility for NES were discussed and the following descriptions were captured in 3GPP TR 38.864 [1]:
	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 RAN#98e meeting, the Rel-18 WI on NES was approved, including the following objective [2]:
	5.	Specify CHO procedure enhancement(s) in case source/target cell is in NES mode [RAN2]



In this paper, we discuss the CHO enhancements for NES.
[bookmark: OLE_LINK462][bookmark: OLE_LINK463]Discussion
Before further analysis, we need to determine the meaning of “NES mode” in the WID objective. In our understanding, “source/target cell is in NES mode” means the source/target cell is using a NES technique. The change of NES mode includes several possible interpretations: 1) enable/disable a NES technique; 2) change the parameters/configuration of a NES technique; 3) change from one NES technique to another NES technique.
According to TR 38.864 and the WID description, the following two scenarios can be considered for CHO enhancements: 
· Scenario 1: source cell changes/enters NES mode.
· [bookmark: _Hlk125032764]Scenario 2: target cell changes/enters NES mode.  
Scenario 1: source cell changes/enters NES mode
The serving cell would hand over some RRC_CONNECTED UEs to another cell before entering an NES mode. The HO caused by source cell’s NES mode change is beneficial in several aspects: i) Non-NES capable UEs should be HO’ed to a non-NES cell; ii) NES-capable UEs could be HO’ed to another cell to have higher performance, especially for some UEs with higher QoS requirements; iii) The serving cell may offload more UEs to reach higher NES gains. 
[bookmark: _Hlk125022046]The existing HO mechanism can be reused for the HO related to the source cell’s NES mode, i.e., using dedicated RRC signalling for HO command. Even if the UE is configured with CHO, the NW can still send HO command to let the UE HO to a target cell (could be the same cell with the candidate cell in CHO configuration). A possible CHO enhancement proposed during the SI phase 1 is to introduce L1/L2 signalling as a new CHO trigger.
To determine whether any CHO enhancement is necessary, the advantages over legacy mechanism need to be determined:
· Option 1 (legacy mechanism): Using dedicated RRC signalling to trigger HO before serving cell enters NES mode;
· Option 2 (legacy mechanism): For UEs configured with CHO but the CHO is not triggered yet when serving cell intends to enter NES mode, using dedicated HO command to trigger HO;
· Option 3 (new mechanism): Consider “serving cell entering NES mode” as a new CHO trigger, which can be indicated to the UE via L1/L2 signalling.
The pros and cons of Option 3 can be analysed in two aspects: 1) Signalling overhead; 2) Speed of the HO procedure (ensure as many as possible devices are HO’ed).
From signalling overhead perspective, Option 1 introduces one dedicated RRC signalling for each UE; Option 2 introduces one dedicated RRC signalling for CHO configuration and one dedicated RRC signalling for HO command, for each UE; Option 3 introduces one dedicated RRC signalling for CHO configuration for each UE, and one L1/L2 signalling for triggering CHO which could be group common signalling. Therefore, signalling-wise, Option 1 is the best. Further, Option 2 can be combined with Option 1, i.e., some UEs can be configured with CHO in case the radio link deteriorates and the UE cannot receive anything.
From the perspective of speeding up the HO procedure, Option 3 seems to have some advantage as L1/L2 signalling is faster than L3 signalling. However, the gain is quite limited as the whole HO procedure contains more steps than merely triggering the HO: after triggering the HO, there are subsequent steps e.g., RACH, path switch, UE context release. Considering the whole HO procedure, the time saved by L1/L2 signalling triggering instead of RRC triggering is quite marginal. 
Since a new mechanism further introduces spec changes and implementation complexity, it should be further evaluated whether the gain justify the complexity.
Observation 1: Compared with legacy mechanism, the enhancement of adding “serving cell entering NES mode” as a new trigger does not save signalling overhead, and the gain of speeding up the HO procedure is quite marginal.
Proposal 1: The gain of new mechanism needs to be further justified, in contrast to legacy mechanism:
· Option 1 (legacy mechanism): Using dedicated RRC signalling to trigger HO before serving cell enters NES mode;
· Option 2 (legacy mechanism): For UEs configured with CHO but the CHO is not triggered yet when serving cell intends to enter NES mode, using dedicated HO command to trigger HO;
· Option 3 (new mechanism): Consider “serving cell entering NES mode” as a new CHO trigger, which can be indicated to the UE via L1/L2 signalling.
Scenario 2: target cell changes/enters NES mode
Taking the target cell’s NES mode into account for CHO evaluation is beneficial in several aspects: i) Non-NES capable UEs should avoid performing HO to a cell in NES mode; ii) Even for NES-capable UEs, the target cell maybe unwilling to accommodate new UEs if it intends to enter NES mode.
The source cell could choose suitable CHO candidate cells or a HO target cell for UEs according to neighbour cells’ NES mode. However, the change of these cells’ NES mode could be a quite dynamic practice, and it is unclear for the moment how the source cell or the UE can control the CHO evaluation taking the candidate cell’s NES mode into consideration.
Proposal 2: RAN2 further discuss how the target cell’s NES mode affects CHO evaluation/execution.
Conclusion
[bookmark: OLE_LINK3]In this paper, we discussed the CHO enhancement for NES, and made the following proposals:
Observation 1: Compared with legacy mechanism, the enhancement of adding “serving cell entering NES mode” as a new trigger does not save signalling overhead, and the gain of speeding up the HO procedure is quite marginal.
Proposal 1: The gain of new mechanism needs to be further justified, in contrast to legacy mechanism:
· Option 1 (legacy mechanism): Using dedicated RRC signalling to trigger HO before serving cell enters NES mode;
· Option 2 (legacy mechanism): For UEs configured with CHO but the CHO is not triggered yet when serving cell intends to enter NES mode, using dedicated HO command to trigger HO;
· Option 3 (new mechanism): Consider “serving cell entering NES mode” as a new CHO trigger, which can be indicated to the UE via L1/L2 signalling.
Proposal 2: RAN2 further discuss how the target cell’s NES mode affects CHO evaluation/execution.
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