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1 Introduction
[bookmark: _Hlk61519723]SI of Network energy saving (RP-213554) was agreed in RAN#94e [1]. The related SID objectives involving RAN2 are summarized below.
1. Study and identify techniques on the gNB and UE side to improve network energy savings in terms of both BS transmission and reception, which may include:
· How to achieve more efficient operation dynamically and/or semi-statically and finer granularity adaptation of transmissions and/or receptions in one or more of network energy saving techniques in time, frequency, spatial, and power domains, with potential support/feedback from UE, and potential UE assistance information [RAN1, RAN2]
· Information exchange/coordination over network interfaces [RAN3]
Note: Other techniques are not precluded

The study should prioritize idle/empty and low/medium load scenarios (the exact definition of such loads is left to the study), and different loads among carriers and neighbor cells are allowed. 
In RAN2#119-e [2], multiple identified Network Energy Saving (NES) solutions were discussed and continued in post-meeting email discussion [3]. Based on company input, the Rapporteur summary proposal is:Proposal: RAN2 will continue studying the following aspects: 
1) Common signals related:
1-1) SSB/SIB/Paging-less (multi-carrier case is studied first)
1-2) On-demand SSB/SIB1 (e.g., triggered by WUS)
1-3) Extended SSB periodicity
2) Group signalling/configuration related:
2-1) Group HO/CHO
2-2) NW DTX/DRX
2-3) BWP adaptation
3) Cell selection/reselection.

Among these solutions, Group CHO, NW DTX/DRX and BWP adaptation can be applied to RRC_CONNECTED UE. Note that because NW DTX / DRX is applied to all RRC states, we discuss it in our companion contribution [4]. Thus, we discuss the other 2 techniques in this contribution:
· Group CHO
· BWP adaptation
2 Discussion 
2.1 Group CHO 
In post-meeting email discussion summary [3], the details of this solution are captured as below:
	Introduction
	Pre-configure the candidate target cell(s) to the Ues (e.g. via RRC), and trigger the HO/CHO with group-common signalling (e.g. L1/L2).

	Scenario
	Single-carrier, multi-carrier; Ues in connected state

	NES gain
	Reduced HO commands; allowing the network to go into sleep mode timely.
In a multi-carrier deployment, it also allows the coverage cell to offload back to the small cells that had been turned off but now turning on.

	Impact to legacy Ues
	 Depends on the cell energy saving state after it sends group-common signalling

	UE assistance info candidates
	FFS UE location, mobility status, measurement report of small cell with reduced SSB (e.g. with Solution 2) to the coverage cell

	RAN2 impact
	Details of the group-common HO/CHO signalling, details for pre-configuration of candidate cells, etc. FFS handling of T304, whether/how to send response to group-common signalling, security update upon receiving group-common signalling.


Table.1: Converged solution illustration of group CHO in email discussion summary
During the email discussion, we think there were actually 3 solutions discussed within this aspect, and some confusion was caused. To align company view, we share our understanding on the 3 discussed solutions as below:
· Solution 1: CHO with L1/L2 UE group common signaling as new trigger condition
· Solution 2: Enhanced CHO by prioritizing NES cells in CHO condition evaluation
· Solution 3: PCell fast swapping with one of its SCell
We discuss them one by one.
2.1.1 CHO with L1/L2 UE group common signaling as new trigger condition
For this solution, we think its main NES benefits are two aspects: 
1) Reduced HO commands by UE group common signaling trigger
2) Allow the network to go into sleep mode timely by handover a group of UEs simultaneously to another cell (if the gNB in sleep mode can’t serve these UE or can’t satisfy their QoS requirement)
We think these two aspects are valid, especially 2). Although a lot of NES solutions were proposed in RAN1, we think it is a common understanding that some cell sleep mode will be introduced, where the main diverse opinion is how to define cell sleep mode. 
Observation 1: The NES benefits of CHO with L1/L2 UE group common signaling as new trigger condition are:
1) Reduced HO commands by UE group common signaling trigger
2) Allow the network to go into sleep mode timely by handover a group of UEs simultaneously to another cell (if the gNB in sleep mode can’t serve these UE or can’t satisfy their QoS requirement)
During the post-meeting email discussion [3], one of main concern for this solution is that UEs may have different capabilities and measurements towards different cells, so it is hard to NW to handover all UEs together. However, we think it is a misunderstanding: 
· gNB still needs to send UE dedicated ConditionalReconfiguration with new execution condition (i.e. reception of a L1/L2 UE group common signaling) to a group if UEs, based on UE capability. 
· When gNB decides to go to sleep mode, it can send L1/L2 UE group common signaling to trigger the group of UEs to execute HO.  
To align company understanding, we propose:
Proposal 1: Introduce CHO with L1/L2 UE group common signaling as new HO execution condition:
1) gNB sends UE dedicated ConditionalReconfiguration with new execution condition (i.e. reception of a L1/L2 UE group common signaling) to a group of UEs, based on UE capability. 
2) When gNB decides to go to sleep mode, it sends L1/L2 UE group common signaling to trigger the group of UEs to execute HO.  
Another issue is whether new reporting is required to support this solution. Some companies proposed to report UE location and mobility status. However, please note that NR Rel-16 MDT/SON has specified the reporting of UE location and mobility status. 
Observation 2: NR Rel-16 MDT/SON has specified the reporting of UE location and mobility status. 
Thus, we don't think these new measurements should be introduced for NES purpose.
Proposal 2: For solution of CHO with L1/L2 UE group common signaling as new HO execution condition, no need to introduce new measurement and reporting (e.g. UE location and mobility status).
2.1.2 Enhanced CHO by prioritizing NES cells in CHO condition evaluation
In our understanding, the basic idea of this solution is that NES cells can be prioritized when the UE evaluates the existing CHO condition for the candidate target cells (i.e. measurement based A3/A5 like event). We think the motivation is valid. However, we prefer to hold on this discussion because the measurement for NES cells may need some spec changes which may implicitly (de)prioritize its measurements quantities. Specifically, if DRS or SSB with longer periodicity is agreed for NES cells, new measurement quantities are required to be introduced. Then, RAN2 anyway need to specify new CHO condition with new measurement quantities. 
Observation 3: If DRS or SSB with longer periodicity is agreed for NES cells, new measurement quantities are required to be introduced. Then, RAN2 anyway need to specify new measurement based CHO condition. 
Thus, we propose to postpone this discussion.
Proposal 3: Hold on the discussion on solution of enhanced CHO by prioritizing NES cells in CHO condition evaluation until it is clear whether / what new measurement quantities are introduced for NES cell.  
2.1.3 PCell fast swapping with one of its SCell
We think this solution is duplicated with the below highlighted WID objective of Rel-18 further mobility enhancement. Thus, we propose to leave it to Rel-18 WI of further mobility enhancement.
1. To specify mechanism and procedures of L1/L2 based inter-cell mobility for mobility latency reduction:
· Configuration and maintenance for multiple candidate cells to allow fast application of configurations for candidate cells [RAN2, RAN3]
· Dynamic switch mechanism among candidate serving cells (including SpCell and SCell) for the potential applicable scenarios based on L1/L2 signalling [RAN2, RAN1]
· L1 enhancements for inter-cell beam management, including L1 measurement and reporting, and beam indication [RAN1, RAN2]
· Note 1: Early RAN2 involvement is necessary, including the possibility of further clarifying the interaction between this bullet with the previous bullet
· Timing Advance management [RAN1, RAN2]
· CU-DU interface signaling to support L1/L2 mobility, if needed [RAN3]

Observation 4: The solution of PCell fast swapping with SCell is duplicated with one WID objective of Rel-18 further NR mobility enhancement.
Proposal 4: Leave the study on solution of PCell fast swapping with SCell to Rel-18 WI of further mobility enhancement.    
2.2 BWP adaptation 
In post-meeting email discussion summary [3], the details of this solution are captured as below:
	Introduction
	UEs can be configured with a cell-NES specific BWP, and use group common signalling to switch Ues to the cell-NES specific BWP

	Scenario
	Single-carrier, multi-carrier; Ues in Connected state, FFS Ues in Idle/Inactive state

	NES gain
	Reduced signalling and faster NW state transition 

	Impact to legacy Ues
	Legacy Ues don’t support the group signalling, but relying on the existing UE-dedicated BWP switching or timer.

	UE assistance info candidates
	To be provided by proponents

	RAN2 impact
	Group-common BWP switching signalling. FFS group-common BWP configuration. FFS semi-static configuration or timer-based BWP switching. FFS periodic switching.

	Note
	FFS whether this solution will be merged to the solution of “resource adaptation”


Table.2: Converged solution illustration of BWP adaptation in email discussion summary
We are open to this discussion. However, we think RAN2 should first clarify whether the cell-NES specific BWP is one of the UE dedicated (up to 4) BWPs, which determines its RAN2 impacts. Specifically, if the cell-NES specific BWP is aligned with one of the UE’s configured BWPs, the corresponding application delay and UE procedures for BWP switching can follow the legacy behavior. Otherwise, new UE procedure and new BWP switch delay requirements need to be specified. Because this issue is also RAN1 scope, we think RAN2 can send LS to RAN1 if no consensus can be made.
Proposal 5: RAN2 discuss whether the cell-NES specific BWP is aligned with one of the UE’s configured BWPs, which determines whether need to specify new UE BWP switching procedure and switch delay requirements.  
Then, with regarding to the signaling of cell-NES specific BWP switching, we prefer to only consider whether to introduce a new UE group common L1/L2 signaling to explicitly indicate switching to the cell-NES specific BWP. If it is agreed, we don't see the necessity of further enhancement.    
Proposal 6: RAN2 discuss whether to introduce a new UE group common L1/L2 signalling to explicitly indicate switching to the cell-NES specific BWP. 
Finally, some companies also propose to introduce a new timer based BWP switching. However, we don't think it is necessary:
· It complicates UE behavior and may cause misalignment on understanding of UE state between UE and gNB
· Legacy bwp-InactivityTimer can be reused by configuring cell-NES specific BWP as default BWP
Observation 5: If new timer is introduced for cell-NES specific BWP switching, it will complicate UE behavior and may cause misalignment on understanding of UE state between UE and gNB. 
Meanwhile, whether to introduce a new timer for BWP fallback was also discussed in NR Rel-17 dormant BWP. And in RAN2#109-e [5], it was agreed that no new timer was needed.
RAN2#109-e agreement on no new timer for dormant BWP 
bwp-InactivityTimer should stop if running when UE enters dormant BWP. 
Timer-based transition between non-dormancy and dormancy is NOT supported (i.e. no new timer or timer behaivour is introduced).

Observation 6: Whether to introduce a new timer for BWP fallback was also discussed in NR Rel-17 dormant BWP. And in RAN2#109-e, it was agreed that no new timer was needed.
Thus, we don't see the need for a new timer, and propose:
Proposal 7: No need to introduce a new timer for cell-NES specific BWP switching because timer based switching can be supported by configuring cell-NES specific BWP as default BWP.

3 Conclusion
In this contribution, we discuss Group CHO and BWP adaptation which are applied to RRC_CONNECTED UE. Our observations are:
Observation 1: The NES benefits of CHO with L1/L2 UE group common signaling as new trigger condition are:
1) Reduced HO commands by UE group common signaling trigger
2) Allow the network to go into sleep mode timely by handover a group of UEs simultaneously to another cell (if the gNB in sleep mode can’t serve these UE or can’t satisfy their QoS requirement)
Observation 2: NR Rel-16 MDT/SON has specified the reporting of UE location and mobility status. 
Observation 3: If DRS or SSB with longer periodicity is agreed for NES cells, new measurement quantities are required to be introduced. Then, RAN2 anyway need to specify new measurement based CHO condition. 
Observation 4: The solution of PCell fast swapping with SCell is duplicated with one WID objective of Rel-18 further NR mobility enhancement.
Observation 5: If new timer is introduced for cell-NES specific BWP switching, it will complicate UE behavior and may cause misalignment on understanding of UE state between UE and gNB. 
Observation 6: Whether to introduce a new timer for BWP fallback was also discussed in NR Rel-17 dormant BWP. And in RAN2#109-e, it was agreed that no new timer was needed.

Based on observations, our proposals are:
Group CHO
Proposal 1: Introduce CHO with L1/L2 UE group common signaling as new HO execution condition:
1) gNB sends UE dedicated ConditionalReconfiguration with new execution condition (i.e. reception of a L1/L2 UE group common signaling) to a group of UEs, based on UE capability. 
2) When gNB decides to go to sleep mode, it sends L1/L2 UE group common signaling to trigger the group of UEs to execute HO.  
Proposal 2: For solution of CHO with L1/L2 UE group common signaling as new HO execution condition, no need to introduce new measurement and reporting (e.g. UE location and mobility status).
Proposal 3: Hold on the discussion on solution of enhanced CHO by prioritizing NES cells in CHO condition evaluation until it is clear whether / what new measurement quantities are introduced for NES cell.  
Proposal 4: Leave the study on solution of PCell fast swapping with SCell to Rel-18 WI of further mobility enhancement.    

BWP adaptation: 
Proposal 5: RAN2 discuss whether the cell-NES specific BWP is aligned with one of the UE’s configured BWPs, which determines whether need to specify new UE BWP switching procedure and switch delay requirements.  
Proposal 6: RAN2 discuss whether to introduce a new UE group common L1/L2 signalling to explicitly indicate switching to the cell-NES specific BWP. 
Proposal 7: No need to introduce a new timer for cell-NES specific BWP switching because timer based switching can be supported by configuring cell-NES specific BWP as default BWP.
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