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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In RP #98, a new WI for network energy saving was introduced with the following objectives.
	1. Specify SSB-less SCell operation for inter-band CA for FR1 and co-located cells, if found feasible by RAN4 study, where a UE measures SSB transmitted on PCell or another SCell for an SCell’s time/frequency synchronization (including downlink AGC), and L1/L3 measurements, including potential enhancement on SCell activation procedures if necessary [RAN4, RAN2]

2. Specify enhancement on cell DTX/DRX mechanism including the alignment of cell DTX/DRX and UE DRX in RRC_CONNECTED mode, and inter-node information exchange on cell DTX/DRX [RAN2, RAN1, RAN3]
· Note: No change for SSB transmission due to cell DTX/DRX.
· Note: The impact to IDLE/INACTIVE UEs due to the above enhancement should be avoided.

3. Specify the following techniques in spatial and power domains
· Specify necessary enhancements on CSI and beam management related procedures including measurement and report, and signaling to enable efficient adaptation of spatial elements (e.g. antenna ports, active transceiver chains) [RAN1, RAN2]
· Specify necessary enhancements on CSI related procedures including measurement and report, and signaling to enable efficient adaptation of power offset values between PDSCH and CSI-RS [RAN1, RAN2]
· Note: Above objectives are only for UE specific channels/signals
· Note: Legacy UE CSI/CSI-RS capabilities applies when considering total number of CSI reports and requirements

4. Specify mechanism(s) to prevent legacy UEs camping on cells adopting the Rel-18 NES techniques, if necessary [RAN2] 

5. Specify CHO procedure enhancement(s) in case source/target cell is in NES mode [RAN2]

6. Specify inter-node beam activation and enhancements on restricting paging in a limited area [RAN3].

7. Specify the corresponding RRM/RF core requirements, if necessary, for the above features [RAN4]


In last meeting, RAN4 mainly focused on the discussion about SSB-less SCell activation requirements in NES and wait other WGs’ progress. In this contribution, we will try to share our initial views for other aspects of NES. 
2. Cell DTX/DRX
In the WID for Cell DTX/DRX, it is clearly captured that no impact to SSB transmission due to cell DTX/DRX. Thus, the requirement for SSB-based measurement and other procedures won’t need to be revisited. RAN4 will stick to the legacy requirement for SB-based procedures in Cell DTX/DRX.
[bookmark: _Ref118123882][bookmark: _Ref141605775]Proposal 1: RAN4 to reuse the legacy requirement for SSB-based measurement in Cell DTX/DRX.

In RAN1 #112b meeting, it was proposed that NES NW will not transmit the CSI-RS for L3 measurement and periodic/semi-persistent CSI-RS for RLM, BFD and BM in Cell DTX mode. In our understanding, RAN4 needs to discuss the impact if the CSI-RS signals will be muted when NW configures CSI-RS for both L3 and L1 measurement if it is agreed. 
	RAN1 112bis-e

Agreement
From RAN1 point of view, Rel-18 UE supporting cell DTX does not expect to receive and/or process the following signals/channels from the gNB, during non-active periods of cell DTX. The list of signals/channels may be updated based on RAN2/RAN4 input and other signals/channels are not precluded from further discussions.
· Periodic/Semi-persistent CSI-RS configured in CSI report configuration in CSI-ReportConfig with reportQuantity including RI (for CSI reporting)
· FFS:
· PDCCH in USS
· UE behavior for retransmission
· if some specific RNTI scrambled PDCCH in USS will be excluded from cell DTX operation
· PDCCH in Type-3 CSS
· UE behavior for retransmission
· if some specific RNTI scrambled PDCCH in Type-3 CSS will be excluded from cell DTX operation
· PRS
· CSI-RS configured by measObjectNR (for RRM)
· CSI-RS associated with RadioLinkMonitoringConfig and BeamFailureDectection (for RLM and BFD)
· Periodic CSI-RS configured with trs-Info ‘true’ (for tracking)
· Periodic/Semi-persistent CSI-RS (for BM)
· FFS on how to differentiate (if needed) with other CSI-RS used for CSI reports for BM
· FFS: Whether the same or different UE behavior is applicable with or without C-DRX
· FFS: Whether the list of impacted signals/channels can be configurable
· FFS: Whether there will be exception case(s) for UE receiving and/or processing listed signals/channels during non-active periods of DTX
· FFS: RAN1 to consider impact on system if the channels/signals are not transmitted during non-active period



CSI-RS based L3 measurement
When some neighbour cells enter the Cell DTX mode, they will mute the CSI-RS transmission. When UE performs the CSI-RS measurement based on configured CSI-RS period, UE may not obtain a reasonable measurement result for these cells. In our understanding, if the UE is a legacy type or non-NES capable UE, it will be no impact since the legacy UE or non-NES UE won’t handover to these NES cells and the poor measurement result also means the UE cannot handover to them.
[bookmark: _Ref141605758]Observation 1: Cell DTX won’t impact the CSI-RS based L3 measurement for legacy UE or non-NES capable UE.  
For the NES capable UE, some companies think it’s better to know the DTX information for neighbour cells. Currectly, there is no any agreement from RAN1/2 to have such coordination between NWs to know the Cell DTX status. Secondly, UE will perform measurement based on frequency layers other than cells. In each frequency layer, UE may detect several candidate cells. Some cells will apply Cell DTX and some cells are not. It will also result in a relative complex measurement behaviour if UE further considers the different periods between different cells within the same frequency layer. To avoid incorrect measurement results or increase UE implementation complexity, a possible solution is NES-capable UE will fall back to SSB-based L3 measurement. 
[bookmark: _Ref141605765]Observation 2: Cell DTX will impact the CSI-RS based L3 measurement for NES capable UE.
Furthermore, RAN2 is still discussing the Cell DTX and UE C-DRX alignment issue. This alignment issue will also impact the UE’s behaviour when NW configures both Cell DTX and UE C-DRX. We suggest RAN4 to wait until RAN2 has a solid agreement about such alignment issue.   
CSI-RS based L1 measurement
When the serving cells enter the Cell DTX/DRX mode, it will mute the CSI-RS during the non-active duration of Cell DTX/DRX. On the one hand, if the UE is a NES-capable UE, the CSI-RS based RLM/CBD/L1-RSRP will be impacted. In our understanding, there are several possible options to handle this issue. For example, the serving cell can indicate the Cell DTX information(period, duration) to UE. UE can perform measurement within Cell DTX active duration and average the CSI-RS measurement samples acossing different active durations. To simplify the solution from UE side, another possible way is to directly switch the CSI-RS based L1 measurement to SSB-based measurement. RAN4 can also discuss other possible solutions to handle the issue. On the other hand, if the UE is a non-NES UE or legacy UE, the UE shall handover to other cells immediately to avoid dropping the service. Thus, RAN4 doesn’t need to discuss the impact to such type of UEs.
[bookmark: _Ref141605788]Proposal 2: There is no impact to CSI-RS based measurement for legacy UE.
[bookmark: _Ref141605782]Proposal 3: RAN4 to wait RAN1 and RAN2’s progress on Cell DTX/DRX for NES UE’s CSI-RS measurement.

L1/L2 based Cell DTX/DRX activation/deactivation
In RAN1 #113 meeting, L1 based cell DTX/DRX activation/deactivation is introduced, and RAN1 also ask RAN2 to further consider MAC-based Cell DTX/DRX indication. Generally, RAN4 will study whether UE needs additionally processing due to these L1/L2 based activation procedure. Especially, whether these L1/L2 Cell DTX/DRX activation/deactivation will impact the measurement procedures.
	Agreement
RAN1 supports the group common L1 signaling using PDCCH for cell DTX/DRX activation and deactivation without HARQ feedback 
· Send an LS to RAN2 to consider the additional support of a MAC CE based indication 
· Subject to UE capability


[bookmark: _Ref141605791]Proposal 4: RAN4 to study the possible Cell DTX/DRX activation/deactivation delay/interruption requirement.
[bookmark: _Ref141605795]Proposal 5: RAN4 to study whether the measurement procedures will be impacted due to Cell DTX/DRX activation/deactivation.
3. CHO
In last RAN2 meetings, RAN2 has discussed some scenarios for CHO in NES, such as source cell enters NES mode and target cell enters NES mode. For source cell CHO framework, RAN2 agrees a reference scenario where the UE has already performed CHO conditions evaluation by the time the source cell starts some “NES-mode”.  Thus, RAN4 needs to update the CHO delay procedure based on this new scenario. For example, the new evaluation condition due to source cell switch to NES mode shall be added.
[bookmark: _Ref141605769]Observation 3: RAN2 agrees the CHO reference scenario where the UE has already performed CHO conditions evaluation by the time the source cell starts some “NES-mode”.  
[image: ]
RAN2 #121b-e 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

RAN2 #122 Agreements
1.	We will have a CHO solution that considers NES mode of at least source cell.  
2.	We can have a specific NES CHO execution condition based on source cell NES mode.   FFS how the UE determines is in NES mode.   
       FFS on how this is achieved in RRC
3.	We will not introduce new L1 signalling for the purpose of CHO
4.	Event A3, A4, A5 can be configured as a CHO execution condition in the NES scenario.   We will study the time based mechanism
RAN2 also discussed the possibility to introduce the time-based CHO for NES or new L2 based CHO. Furthermore, RAN2 discussed two possible purposes for CHO. The first one is cell DTX and the second is cell switch off. In our understanding, all these new CHO procedures need to be further considered in RAN4 whether and how to define the UE requirement once they’re agreed in RAN2. 
[bookmark: _Ref141605804]Proposal 6: RAN4 needs to wait RAN2’s further progress on CHO enhancement in NES.
4. Cell Reselection
In last RAN2 meeting, RAN2 has some discussion about UE cell reselection for NES cell. Some possible solutions to avoid the legacy UE cell reselects to the NES cell are proposed. For example, NW can indicate to bar the NES cells to legacy UE or configure a higher reslection measurement threshold. In our understanding, some RAN4 cell reselection requirement may need to update if RAN2 will update measurement rules for cell reselection.
[bookmark: _Ref141605797]Proposal 7: RAN4 to wait RAN2’s progress on cell reselection solution to handle legacy UE reselects to NES cell. 

5. Summary
[bookmark: _Hlk23953093]In this contribution, we have discussed the MUSIM gaps requirements. Based on the discussions, we have made following proposals and observations:
Observation 1: Cell DTX won’t impact the CSI-RS based L3 measurement for legacy UE or non-NES capable UE.
Observation 2: Cell DTX will impact the CSI-RS based L3 measurement for NES capable UE.
Observation 3: RAN2 agrees the CHO reference scenario where the UE has already performed CHO conditions evaluation by the time the source cell starts some “NES-mode”.
Proposal 1: RAN4 to reuse the legacy requirement for SSB-based measurement in Cell DTX/DRX.
Proposal 2: There is no impact to CSI-RS based measurement for legacy UE.
Proposal 3: RAN4 to wait RAN1 and RAN2’s progress on Cell DTX/DRX for NES UE’s CSI-RS measurement.
Proposal 4: RAN4 to study the possible Cell DTX/DRX activation/deactivation delay/interruption requirement.
Proposal 5: RAN4 to study whether the measurement procedures will be impacted due to Cell DTX/DRX activation/deactivation.
Proposal 6: RAN4 needs to wait RAN2’s further progress on CHO enhancement in NES.
Proposal 7: RAN4 to wait RAN2’s progress on cell reselection solution to handle legacy UE reselects to NES cell.
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  Figure  1 : Point A appears sometime before cell starts to sleep (Point B)  


