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[bookmark: _Ref35586532]Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]The objective of CHO enhancement has been identified in NES WID [1] and more agreements in SID have been captured in [2]. There are two aspects that need to be considered: UE switching from a source cell in NES mode and UE avoiding a target cell in NES mode. This contribution will discuss the issues and provide our proposals.
	NES WID [1]:
5. Specify CHO procedure enhancement(s) in case source/target cell is in NES mode [RAN2]

TR38.864 [2]:
[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.


Discussion
1.1. UE switching from a source cell in NES mode
CHO enhancement for NES is to offload the UEs when the source cell is switched to NES mode. In [3], conditional SpCell change/addition includes CHO (Conditional Handover), CPA (Conditional PSCell Addition) and CPC (Conditional PSCell Change). CHO enhancement in NES considers PCell change only. RAN2 may consider CPC after CHO discussion if needed, but the WID should be updated accordingly.
The NES techniques captured in the NES WID include: 1) SSB-less SCell operation, 2) cell DTX/DRX mechanism, and 3) NES in spatial/ power domain. 
· SSB-less SCell operation: The WID has reduced the scope of this mechanism to inter-band CA for FR1 and co-located cells, which limits the design to SCells only. Therefore, it will not impact the handover procedure.
· Cell DTX/DRX: It may impact the resource allocation and data transmission for part of UEs. To avoid decreasing UE’s QoS experience, the Cell DTX/DRX active period may need to be configured to cope with those UEs with highest demand on data traffic. It will decrease the efficiency of network power saving accordingly. In addition, that cell may serve UEs which are not Cell DTX/DRX capable, making it even trickier for the network to serve those during Cell DTX/DRX. Therefore, offloading such UEs which are not applicable to the Cell DTX/DRX operation is necessary. CHO can be considered with the cell DTX/DRX mechanism.
· NES in spatial/power domain: It is stated in the WID [1] that “Note: Above objectives are only for UE specific channels/signals”. NES in spatial/power domain is to make the gNB serve specific UE(s) in an efficient way. For the UEs with specific CSI-RSs, measurement and report including CHO evaluation should be studied in the topic of spatial/power domain enhancement. If gNB wants to offload other UEs for power saving, considering other UEs cannot get the beam management status of gNB, we prefer a simple way which can be used in other cases, such as the case of offloading UEs when a cell is switched off. In other words, specific CHO mechanism for this NES technique seems not justified and won’t be considered.
Besides the three NES techniques, PCell switch-off is a basic NES mechanism from Rel-15. CHO enhancement due to PCell switch-off also contributes to NES and should be considered.
Proposal 1: RAN2 discuss CHO enhancement for following NES solutions to offload UEs from the NES PCell: Cell DTX/DRX and Cell switch-off.
Currently, the CHO procedure is:
· The gNB sends RRCReconfiguration signaling including conditionalReconfiguration to UE. In conditionalReconfiguration, the candidate target SpCells and execution conditions for conditional handover are configured. UE stores the configurations of candidate neighbor cells but does not execute handover. And then, UE starts CHO evaluation.
· If trigger condition for one or more cells are fulfilled, UE selects one target cell as the selected cell for conditional reconfiguration execution.
For channel estimation and cell selection, CondEvent A3 (Neighbour becomes offset better than SpCell), CondEvent A4 (Neighbour becomes better than threshold), and CondEvent A5 (SpCell becomes worse than threshold1 and neighbour becomes better than threshold2) are introduced. In addition, CondEvent T1 (Time measured at UE is within a duration from threshold) is introduced in NTN. With CondEvent A3/5, the channel condition of source cell must be considered. If gNB wants to offload part UEs when it works well (no channel condition deterioration), the condition of CondEvent A3/5 cannot be fulfilled and UEs will not execute HO. CondEvent A4 is introduced in NTN and its evaluation is based on the absolute value of the neighbor cell. To avoid frequent handover, CondEvent T1 is introduced which can be configured with CondEvent A3/4/5 together. For example, if both CondEvent A4 and CondEvent T1 are configured, CHO can be executed only when the two events are fulfilled.
Two restrictions should be mentioned:
· CondEvent A4 is used for non-terrestrial networks only now, that is, CondEvent A4 cannot be used to offload UEs in NES cell now;
· If CondEvent T1 is configured, a second trigger event CondEvent A3, CondEvent A4, or CondEvent A5 should be configured together.
	TS 38.331 [3]
condExecutionCond
The execution condition that needs to be fulfilled in order to trigger the execution of a conditional reconfiguration for CHO, CPA, intra-SN CPC without MN involvement or MN initiated inter-SN CPC. When configuring 2 triggering events (Meas Ids) for a candidate cell, the network ensures that both refer to the same measObject. For CHO, if the network configures condEventD1 or condEventT1 for a candidate cell, the network configures a second triggering event condEventA3, condEventA4 or condEventA5 for the same candidate cell. The network does not configure both condEventD1 and condEventT1 for the same candidate cell. For CHO in terrestrial networks, the network does not indicate a MeasId associated with condEventA4. For CPA and for MN-initiated inter-SN CPC, the network only indicates MeasId(s) associated with condEventA4. For intra-SN CPC, the network only indicates MeasId(s) associated with condEventA3 or condEventA5.


[bookmark: OLE_LINK7][bookmark: OLE_LINK8]The CHO execution triggers summarized in [4] include: group L1/L2 signaling, CHO execution triggered by NES configuration, and RRM-based.
· Group L1/L2 signaling: it is captured in the TR [2] that “Group HO (optimizing the Rel-15 HO procedure) and BWP adaptation with group signalling are not considered by RAN2”. It emphasizes “R15 HO procedure” which can be understood as CHO-based group HO from R16 could still be discussed. For example, in such approach, candidate target cell(s) and trigger condition are configured to all UEs in advance. Then, gNB sends a group L1/L2 signaling to UEs for CHO evaluation/execution when the cell enters NES mode or switches off. The benefit of the Group L1/L2 triggered CHO is that it prevents from configuring (and activating) by RRC the CHO when the cell enters NES state. This could match the common L1/L2 Cell DTX/DRX activation if this activation option is confirmed in the WI (UE-specific RRC signaling also is an option for activating Cell DTX/DRX). However it would not provide any gain for PCell switch-off cases, where the UE is anyways informed via UE-dedicated RRC signaling. Moreover, because group MAC signaling makes no sense, it means we are actually discussing group L1 signaling here. And RAN2 promoting multiple group L1 commands in support of activating different features puts the burden on RAN1 for designing those. In addition, this approach faces some questions, such as the reliability of group L1 signaling, and RACH storm due to the group handover. Note that even in the mobile IAB WID which is more likely to introduce group mobility, companies prefer little specification effort for group mobility. Therefore we propose that group L1/L2 triggered CHO is not considered further.
· Triggered by NES configuration: In this solution, UE should execute CHO when a cell enters NES mode. For example, it can be performed by a NES mode indication [3]. Applicability to Cell DTX/DRX and PCell switch-off needs further study so the solution needs to be detailed case by case. 
· RRM-based: We try to reuse current mechanisms. In one solution, CHO condition is fulfilled when the source cell decreases the Tx power or shuts down [3] so CondEvent A3 and CondEvent A5 can be applied directly. It has minimal specification impact. But it will decrease the handover performance including interruption time, data loss, etc. Therefore, RRM-based solution needs further consideration.
Proposal 2: Group L1/L2 signaling triggered CHO execution should not be considered further in NES.
We discuss the CHO enhancements for the two NES cases in detail below. 
Case 1: the source cell is configured with cell DTX/DRX
The cell in DTX/DRX mode has no impact on SSB transmission. If gNB wants to offload the UEs in DTX/DRX cell, current events (CondEvent A3/A5) are not applicable because the channel quality of the source cell is not the reason for handing over the UEs, but instead the configuration of the Cell DTX/DRX operation in the source cell. 
Observation 1: CondEvent A3/A5 cannot be reused for offloading UEs from Cell DTX/DRX cell.
Cell DTX/DRX can be configured via UE specific RRC signaling and activated/deactivated by UE specific or common L1/L2 signaling. 
	TR 38.864 [2]
A periodic Cell DTX/DRX (i.e., active and non-active periods) can be configured by gNB via UE-specific RRC signalling per serving cell.
The Cell DTX/DRX mode can be activated/de-activated via dynamic L1/L2 signalling and UE-specific RRC signaling. Both UE specific and common L1/L2 signalling can be considered for activating/deactivating the Cell DTX/DRX mode.


Since Cell DTX/DRX configuration is informed to UE via UE specific signaling, gNB can send reconfigurationWithSync including CHO configurations to the UEs which are not applicable to the cell DTX/DRX mode simultaneously. The time between configuration and activation is the best occasion for the unsuitable UEs to perform CHO.  CondEvent A4 can be applied in this case for which neighbour cell threshold would be set low enough to trigger the CHO execution immediately. And CondEvent T1 can be considered together to avoid handover storm. So CHO evaluation does not need to be triggered by any other method.
Proposal 3: CondEvent A4 can be considered in terrestrial network for offloading UEs from Cell DTX/DRX cell.
Proposal 4: CHO can be configured to specific UEs which are not applicable to Cell DTX/DRX and no extra trigger for CHO evaluation is needed.
Case 2: the source cell is switched off
Basically, if gNB decides to switch off a cell, it must be light-load with very small number of connected UEs. So gNB can hand over the UEs before switching off the cell. And RAN2 agreed “RAN2 does not consider at this point group HO (optimizing R15 HO procedure)” in last meeting [5]. 
To avoid the transmission deterioration during handover, CHO evaluation and CHO execution should be performed before the cell is switched off. For the same reasons as for Cell DTX/DRX, CondEvent A3/A5 cannot be reused to handover all UEs before source cell off. But similar to Cell DTX/DRX, CondEvent A4 can be considered here again. Moreover, to avoid signaling storm and RACH collision in the target cell, CondEvent T1 can be considered together.
Proposal 5: CondEvent A4 and CondEvent T1 can be considered to hand over the UEs before source cell switch-off.
1.2. UE avoiding a target cell in NES mode
The target cell should meet the requirements: 1) a cell that can satisfy the UE’s transmission requirements; and 2) the entering UE has minimal impact on the cell’s energy saving state.
Considering the NES techniques in the NES WID again:
· SSB-less SCell operation: The SSB-less SCell should not be a target PCell as now. It is not related to the CHO enhancement.
· Cell DTX/DRX: There are two options: the cell with cell DTX/DRX configuration should not be a target cell; the cell with cell DTX/DRX configuration can accommodate the UEs for which the UE DRX can be aligned with cell DTX/DRX. In any case, UE cannot get the cell DTX/DRX state of the candidate target cell timely. RAN2 agreed “It is up to NW whether legacy UEs can access cells with Cell DTX/DRX.” in [2]. And RAN3 agreed that cell DTX/DRX configuration can be transmitted between neighbor cells. Since source gNB can get the cell DTX/DRX configuration of neighbor cells, it should be decided by gNB implementation whether to set a neighbor cell with cell DTX/DRX configuration as a candidate cell. 
· NES in spatial/power domain: If a UE connects to a cell with finer beam/power management, the cell needs to provide beam/power for the new UE. It will increase the cell’s energy consumption. The source cell should avoid setting such cell as a candidate cell. Even if source cell has to consider it as a candidate cell (such as no other cell can be used), it should be decided by NW implementation. 
Proposal 6: It is up to NW implementation whether to set a NES cell as a candidate cell. No CHO enhancement is needed nor any specification impact.
Conclusion
According to the analysis in section 2, we provides below observation and proposals.
Proposal 1: RAN2 discuss CHO enhancement for following NES solutions to offload UEs from the NES PCell: Cell DTX/DRX and Cell switch-off.
Proposal 2: Group L1/L2 signaling triggered CHO execution should not be considered further in NES.
Observation 1: CondEvent A3/A5 cannot be reused for offloading UEs from Cell DTX/DRX cell.
Proposal 3: CondEvent A4 can be considered in terrestrial network for offloading UEs from Cell DTX/DRX cell.
[bookmark: _GoBack]Proposal 4: CHO can be configured to specific UEs which are not applicable to Cell DTX/DRX and no extra trigger for CHO evaluation is needed.
Proposal 5: CondEvent A4 and CondEvent T1 can be considered to hand over the UEs before source cell switch-off.
Proposal 6: It is up to NW implementation whether to set a NES cell as a candidate cell. No CHO enhancement is needed nor any specification impact.
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