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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 achieved agreements on most open issues. In this contribution, we continue to discuss the remaining issue on NES. 
2. SSB less SCell activation
Reception power difference side condition is one of the remaining open issues for the SSB less SCell activation side conditions. 
Receive power difference is dependent on the following factors.
· Different propagation conditions between and within carriers 
· Transmit power difference between different carriers
· BW and carrier frequency difference between different carriers. 
In RAN4#109 meeting, RAN4 agreed to define maximum EPRE difference between reference Cell and SSB-less SCell. Further, it was discussed that EPRE difference is based on power difference between TRS symbol on SSB-less SCell and SSB symbol on reference cell. To be more specific we think the EPRE should be defined as the power per RE at the antenna connector as averaged over the respective SSB and TRS bandwidth and then normalized to the SCS.  Since the BW of SSB and TRS can be quite different, EPRE will depend on BW and carrier frequency. Since the BW and carrier frequency is known at the UE for TRS and SSB, we think UE can compensate for the EPRE difference. 
[bookmark: _Ref163308030]Proposal 1: RAN4 to agree that the EPRE should be defined as the power per RE at the antenna connector as averaged over the respective SSB and TRS bandwidth and then normalized to the SCS.
To simplify the side condition derivation for EPRE, we can assume same DL transmit power density for the reference cell and SSB-less SCell. With same transmit power density, even though the reference carrier and the carrier of the SSB-less SCell are co-located, there could be different propagation conditions experienced for the carriers of the reference Cell and SSB-less SCell. Due to different propagation conditions, the pathloss experienced in the reference cell and SCell can be different. In the real-world deployments, we observe that even in the same band, there could be more than 10 dB difference due to frequency selective fading. Considering that, we think it is reasonable to add additional margin to counter fast fading conditions. 
The side-condition on the power is the EPRE difference between the SSB-less SCell and the reference cell thus obtained. Given that carriers are collocated and the condition on the same DL transmit power density, an EPRE difference of the order of 10-12 dB appears reasonable for setting minimum requirements considering frequency selectivity across the band and the different measurement (averaging) SSB/TRS bandwidths and different measurement occasions in time.    
[bookmark: _Ref163308035]Proposal 2: RAN4 to agree that EPRE side condition for reference cell and SSB-less SCell as [12 dB].

QCL indication and default Cell
In last meeting there were proposals that we should not assume that multiple QCL type-C source cells can be configured and if configured NW shall always indicate the reference cell. However, we already agreed that there can be default cell assumption and we would like to point that it is already specified in the RAN2 spec. If there is only one cell that can be active, we are not sure, why do we need the default cell assumption. Considering it is already agreed and also implemented in RAN2 spec, we suggest defining default cell rule.  
If NW does not provide a reference cell, while multiple cells are provided as QCL sources, we think UE should select the cell with best signal quality as the default reference cell. Though, other cells are active, we think selecting a cell with best signal quality should work better as multiple QCL type-C can be provided only when all have same delay spread characteristics and since reference cell is used for AGC and reference time calculation, cell with RSRP should work better.
[bookmark: _Ref163308042]Proposal 3: When a reference cell indication is not provided by the NW and multiple QCL type-C source cells are active, UE shall select the cell which has highest signal quality such as L1/L3-RSRP as default cell.
3. CHO
Measurement behaviour
One of the open issues for NES-based CHO is the measurement behaviour when NW trigger the NES CHO.
	Issue 2-3-3 Measurement behaviour
· Proposals
· Option 1: (Ericsson)
· When NES CHO condition is met before the DCI indication, UE shall execute the handover immediately after receiving the DCI indication.
· When NES CHO condition is met after the DCI indication, UE shall perform measurement based on SMTC only regardless of the network’s configuration.


As RAN2 concluded, the main motivation of CHO enhancement based on source cell NES mode is to allow the source cell to enter NES mode faster via a group of UEs executing CHO to another cell simultaneously. In RAN2’s agreement, the cell switch off is a valid scenario to trigger the NES-based CHO.
	Agreements 
1    We will support the CHO triggers for the use case of turning off the cell 


Observation 1: Cell switching off is a valid scenario based on RAN2 agreements.
When NW indicates the DCI to trigger the NES-based CHO, different UEs may have different measurement evaluation period due to different configuration. For example, if UE1 has non DRX configuration, it may perform measurement for about 300ms, but if UE2 is configured with DRX cycles, such as >=320ms, UE2’s measurement period may exceed 10s. However, serving cell will switch off at a planned time point based on NW’s algorithm which means some UEs can successfully handover to target cell, but some UEs will have handover failure even if NW configures the same threshold and DCI trigger at the same time. 
[image: ]
Figure 1. NES-based CHO timeline to different UEs
Observation 2: Different UEs may have different measurement evaluation period, but NW will switch off the cell at a planned time point.
Observation 3: UE doesn’t know when NW will switch off the cell.
In our understanding, to avoid handover failure due to such cell switch off, NW may configure the NES-based CHO by RRC as early as possible. In other words, most of UE needs to start the measurement in a very early stage. However, NW may trigger the CHO by DCI very late, or even not trigger the NES-based CHO. To avoid handover failure, the UEs will waste the power due to such unnecessary measurement. To solve the issue, one possible option is to define unified measurement requirement to speed up the measurement period. For example, a unified measurement requirement only based on SMTC can be defined. Another possible option is to indicate a ‘grace time period’ to UE. UE will decide whether trigger the measurement based on its current measurement configuration and the time period indicated by NW.  
[bookmark: _Ref146234487][bookmark: _Ref149815863][bookmark: _Ref162619476]Proposal 4: Two options to solve the cell switch off issue in RAN4 are:
· Option 1: when NW enabled NES DCI mode, UE shall perform measurement and handover to the target cell as fast as possible regardless of current measurement rules.
· Option 2: NW indicates the ‘grace time period’ to UE to allow the UE to finish the measurement and handover to target cell before the ‘grace time period’.

Another open issue is also related to measurement behaviour for NES-based CHO.
	Issue 2-3-2 CHO condition is not any more fulfilled when receiving the DCI 2-9.
· Proposals
· Option 1: (Nokia)
· For the case DCI 2-X command comes after TEvent_DU + Tidentify_intra_with_index, the NES-based CHO shall be executed only if the condition of NES-based CHO is still met when receiving the DCI 2-X command.
· RAN4 to wait for RAN2 conclusion and decides if defining the handover delay requirement if the CHO condition has been met but is not any more fulfilled when receiving the DCI 2-X command.



When UE has received NES CHO configuration and a candidate cell is available, the DCI 2_9 including NES mode indication (enabled) comes much later, at which point the candidate cell may no longer fulfill the NES CHO condition. In our understanding, when UE receives the DCI indication and the channel doesn’t fulfil the NES CHO condition, UE shall continue the measurement and evaluation until UE finds a candidate cell which condition meets the configuration threshold. In other words, UE is not allowed to handover to the original candidate cell during this period. 
[bookmark: _Ref161340980]Proposal 5: When UE has received NES CHO configuration and a candidate cell fulfils the NES CHO condition, but the candidate cell no longer filfills the NES CHO condition when NES enabled DCI indicatated, UE shall continue the measurement and evaluation and is not allowed to handover to the original candidate cell if it doesn’t meet the NES CHO condition.

CHO failure
In NES-based CHO, when serving cell enters NES mode but UE hasn’t found a suitable cell to execute the handover based on configured handover condition, the UE behaviour is unclear. In other words, when UE hasn’t finished the CHO but serving cell is switched off, whether the UE will trigger RLF or keep on searching for a new candidate cell to perform handover are possible solutions. 
[bookmark: _Ref149658826]Proposal 6: RAN4 to study UE behaviour when serving cell will switch off but the handover channel condition hasn’t met.
4. Summary
[bookmark: _Hlk23953093]In this contribution, we have discussed the MUSIM gaps requirements. Based on the discussions, we have made following proposals and observations:
Proposal 1: RAN4 to agree that the EPRE should be defined as the power per RE at the antenna connector as averaged over the respective SSB and TRS bandwidth and then normalized to the SCS.
Proposal 2: RAN4 to agree that EPRE side condition for reference cell and SSB-less SCell as [12 dB].
Proposal 3: When a reference cell indication is not provided by the NW and multiple QCL type-C source cells are active, UE shall select the cell which has highest signal quality such as L1/L3-RSRP as default cell.
Proposal 4: Two options to solve the cell switch off issue in RAN4 are:
· When NES CHO condition is met before the DCI indication, UE shall execute the handover immediately after receiving the DCI indication.
· When NES CHO condition is met after the DCI indication, UE shall perform measurement based on SMTC only once receiving the DCI indication.
Proposal 5: When UE has received NES CHO configuration and a candidate cell fulfils the NES CHO condition, but the candidate cell no longer filfills the NES CHO condition when NES enabled DCI indicatated, UE shall continue the measurement and evaluation and is not allowed to handover to the original candidate cell if it doesn’t meet the NES CHO condition.
Proposal 6: RAN4 to study UE behaviour when serving cell will switch off but the handover channel condition hasn’t met.
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