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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In RAN #98, a new WI for network energy saving for NR had agreed [1]. 

	4.1	Objective of SI or Core part WI or Testing part WI
The objectives of the work item are the following:

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 this contribution, we share our initial views on RAN4 requirements for NES. 
2. General 
The main objectives for NES which may have impact on RAN4 requirements are shown as follow:
· SSB-less SCell activation
· Cell DTX/DRX
· Efficient adaptation of spatial elements or power offest 
· Legacy UE camping on NES cell
· CHO procedure in NES mode

SSB-less SCell operation
When a SCell activation procedure is initiated, UE may need to perform one or more of the following measurements to complete the SCell activation. 
· L3 measurements 
· AGC
· Cell search
· L1 measurements 
· L1-RSRP
· [bookmark: _Hlk131504067]Fine timing acquisition
In the RAN4 requirements definition of SCell activation, RAN4 assumed SSB as the RS that is used to make measurements of L3, L1 and fine timing. The scope of the current WI is:
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.
Scenario under study is collocated inter-band CA in FR1. For this scenario, if the UE can derive AGC, cell search measurements, L1-RSRP measurement and fine timing from the PCell or other SCell on the different band, then UE could activate the SCell even if the SSB is not transmitted on that SCell. That means UE should use PCell or SCell SSB to derive the above said measurements for SCell activation. 
AGC measurement  
For the UE to use SSB on one cell to determine AGC on the other cell, either both the cells should be transmitting with same tranmsit power or the power difference between the cells should be within certain range so that deviation or difference in power levels between the cells can be handled by the UE with single AGC setting. Before actually making any decision, we think it is benificial to hear from UE vendors about the maximum power difference they can handle with one AGC setting. 
What we mean by this is, for example, a UE took an AGC measurement when the PCell/SCell was transmiting at power P1. If UE needs to apply same AGC from PCell and receive from other cell (e.g., inter-band SCell) which is transmitting at power P2, till what difference of power (P1-P2), UE can apply same AGC without compromising on the performance. 
[bookmark: _Ref131583083]Proposal 1. RAN4 to first agree on the maximum power deviations UE can handle with the same AGC setting.
Cell search
In legacy SCell activation, cell search is mainly used to read the SSB indexs and detect the coarse synchronization from the SCell. Since the SSB are not transmitted from the SCell for the to be activated SSB less SCell, UE had to derive the coarse timing from the inter-band active serving cell. Though the SSB less SCell being activated is collocated with other active cells, it may or may not be trivial for UE to derive the coarse synchronisation in all the scenarios. In our understanding, RAN4 needs to study whether UE can derive the coarse timing directly from the inter-band active serving cells.   
[bookmark: _Ref131583091]Proposal 2. RAN4 to study whether UE can derive the coarse timing directly from the inter-band active serving cell.
L1 measurements 
In the legacy requirements, UE needs to measure and report L1 measurements for activating TCI states for an unknown FR1 SCell. However, since the SSB are not transmitted from the to be activated SCell, L1 measurements may not be needed on the to be activated SSB less SCell and instead TCI states may be configured from the other active serving cells. RAN4 needs to study relevant aspects of using TCI states configured from other active serving cells.  
[bookmark: _Ref131583099]Proposal 3. RAN4 to study the aspects of using TCI state information of inter-band co-located SSB less SCell from active serving cell.
Fine timing acquisition
In legacy requirements, UE doesn’t need to perform fine timing acquisition if the SCell is contiguous to an active serving cell in the same band. The reason to guarantee no fine timing acquisition is the RTD is 260ns. In other scenarios, UE needs one SSB for the fine timing acquisition of SCell. Thus, RAN4 needs to firstly discuss whether UE can derive the fine timing acquisition based on the inter-band co-located active serving cell.
[bookmark: _Ref131583113]Proposal 4. RAN4 to study whether UE can derive fine timing from the inter-band co-located active serving cell.
Cell DTX/DRX
In RAN1 #112 meeting, the agreements related to Cell DTX/DRX are shown as follow.
	RAN1 #112 Agreements
· RAN1 continues discussion on the at least following physical layer related aspects of cell DTX/DRX aspects
· physical layer signals/channels and procedures expected to be impacted during non-active periods of cell DTX/DRX 
· consider impact to at least KPIs from the SI when physical layers/signals/channels are impacted by cell DTX/DRX
· Further discussions on other aspects are not precluded
Agreement
At least the following candidate signals/channels for connected mode UEs, which the UE may be expected to not transmit or receive during non-active periods of cell DTX/DRX, are considered from RAN1 perspective for further discussion. The exact set of signals/channels that the UE may be expected to not transmit or receive is FFS.
· DL
· Periodic/Semi-persistent CSI-RS (including TRS)
· PRS
· PDCCH scrambled with UE specific RNTI
· PDCCH in Type-3 CSS
· SPS-PDSCH
· UL
· SR
· Periodic/Semi-persistent CSI report
· Periodic/Semi-persistent SRS
· CG-PUSCH
Other signals/channels are not precluded


Furthermore, the agreements in RAN2 #121 meeting are as follow. 
	RAN2 #121 Agreements
1. Rel-18 NES capable CONNECTED UE(s) can perform RACH and receive SIBs in non-active duration of cell DTX and/or DRX (i.e., same behavior for cell DTX and cell DRX).  No further enhancements for CBRA and CFRA will be pursued.
2. Pattern configuration for cell DRX/DTX is common for Rel-18 UEs in the cell.   FFS whether we have DTX UE specific inactivity timer.  FFS on configuration signaling and stage 3.  
3. Confirm study item agreement that we can have separate DTX and DRX configuration.  We will focus on designing DTX/DRX for at least single configuration.  FFS whether multiple configuration of cell DTX or DRX will be supported


In RAN1 #112 meeting, RAN1 agreed that the UE may be expected to not transmit or receive some signals/channels during non-active periods of cell DTX/DRX for some candidate signals/channels, but SSBs are transmitted, and the UE can transmit RACH. Nevertheless, the detail design for RAN1 and RAN2 are still not finished. Thus, we propose RAN4 should wait until the detail is clearer.
[bookmark: _Ref131514055]Proposal 5. RAN4 to wait until more detail of cell DTX/DRX and which signals/channels are restricted is known.

Efficient adaptation of spatial elements or power offest 
In RAN1 #112 meeting, some agreements related to efficient adaptation of spatial or power are shown as follow.
	Agreement
Discuss the signalling aspects for spatial/power domain adaptation for Rel-18 NES-capable UEs considering that
· Whether there is a need for transition time per adaptation (for UE)
· Whether/How to inform UE on spatial adaptation pattern update and/or PDSCH/CSI-RS transmission power change due to adaptation.


It can be found that possible transition procedure will be introduced in RAN1. In our understanding, RAN4 may be involved in to define some delay requirement for such adaptation delay. However, the whole issues are still under discussion in RAN1. Thus, RAN4 can wait further progress and discuss whether to introduce the NES spatial/power adaptation delay later.
[bookmark: _Ref131514113]Proposal 6. RAN4 to wait further progress for efficient spatial/power domain adaptation for Rel-18 NES-capable UEs in RAN1 to assess if there is any impact in RAN4.

Legacy UE camping on NES cell
In RAN2 #121 meeting, the related agreements are as follow. 
	Agreements
· There will be no impact to RACH, paging, and SIBs in idle/inactive for both gNB and Rel-18 and legacy UEs
· RAN2 confirms that non-NES UEs can access to NES cells if NES solution is backwards compatible


RAN2 has agreed the non-NES UE can access to NES cells with the pre-condition that NES solution can be backwards compatible. However, whether no impact to non-NES UE in such NES cell is uncertain. RAN4 may further study the potential impact to non-NES UE in NES cell after further progress from RAN1 and RAN2.
[bookmark: _Ref131514117]Proposal 7. RAN4 to wait further progress if there is any impact to non-NES UE in NES cell if the NES cell supports backwards compatible.

CHO in NES mode
In last meeting, RAN2 just triggered the CHO discussion. However, the detail scenarios are unclear. For example, RAN4 shall understand the scenarios for NES CHO, such as whether non-NES UE CHO to NES cell (if NES solution is backwards compatible) and NES UE CHO to a non-NES cell are allowed or with some conditions. Thus, we propose RAN4 to wait further progress in RAN2 to see whether any new CHO requirement is needed for such CHO enhancement in NES cell.  
	RAN2 #121 Agreements
· Study whether CHO enhancements are needed for the purpose of turning off the cell
· Continue discussing CHO in the context of different NES techniques


[bookmark: _Ref118123882]Proposal 8. RAN4 to wait other WG’s further progress on CHO in NES mode.
3. Summary
[bookmark: _Hlk23953093]In this contribution, we have initial discussion on UE impact in NES cell. Based on the discussions, we have made following proposals and observations:
Proposal 1. RAN4 to first agree on the maximum power deviations UE can handle with the same AGC setting.
Proposal 2. RAN4 to study whether UE can derive the coarse timing directly from the inter-band active serving cell.
Proposal 3. RAN4 to study the aspects of using TCI state information of inter-band co-located SSB less SCell from active serving cell.
Proposal 4. RAN4 to study whether UE can derive fine timing from the inter-band co-located active serving cell.
Proposal 5. RAN4 to wait until more detail of cell DTX/DRX and which signals/channels are restricted is known.
Proposal 6. RAN4 to wait further progress for efficient spatial/power domain adaptation for Rel-18 NES-capable UEs in RAN1 to assess if there is any impact in RAN4.
Proposal 7. RAN4 to wait further progress if there is any impact to non-NES UE in NES cell if the NES cell supports backwards compatible.
Proposal 8. RAN4 to wait other WG’s further progress on CHO in NES mode.
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