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Introduction
In RAN1 #112b, the following agreements on network energy saving for cell DTX/DRX were achieved.
	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

Agreement
Study L1 signalling for enhancing cell DTX/DRX including activation/deactivation for a single configuration which will have the following characteristics:
· PDCCH based signaling
· FFS: Whether enhancing legacy DCI or introducing new DCI
· FFS: DCI content
· FFS: Whether L1 signaling is UE specific DCI or group common DCI
· FFS: Timer or validity duration based activation/deactivation of cell DTX/DRX
· FFS: whether to specify a reference time for activation/deactivation of cell DTX/DRX 
· FFS: If multiple Cell DTX/DRX patterns are to be supported
· FFS on detailed UE behavior upon reception of L1 signaling at least including application delay
· FFS how to guarantee reliability of the L1 signaling
· FFS whether the L1 signal can be monitored in non-active periods.

Agreement
From RAN1 point of view, Rel-18 UE supporting cell DRX is not expected to transmit the following signals/channels to the gNB during non-active periods of cell DRX. 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 report
· Periodic/Semi-persistent SRS 
· FFS: SRS for positioning
· FFS:
· HARQ feedback for SPS PDSCH
· FFS whether there will be exception case(s) for UE transmitting listed signals/channels during non-active periods of DRX
· FFS Whether the listed signals/channels can be configurable by gNB
· FFS: Whether the same or different UE behavior is applicable with or without C-DRX
· FFS: RAN1 to consider impact on system if the channels/signals are not transmitted during non-active period

Further study the following in RAN1:
· Handling of HARQ-ACK codebook generation when configured with cell DTX/DRX
· Handling of PUCCH deferral operation during non-active periods of cell DRX
· Handling of overlapping channels where a least a channel overlaps with non-active periods of cell DTX/DRX
· Handling of signals/channels that can be received/transmitted repeatedly during non-active periods of cell DTX/DRX
· Handling of PUCCH switching during non-active period to an active cell
· Other enhancements are not precluded.

Agreement
For PDDCH monitoring, further work on Rel-18 NES in RAN1 is to follow the RAN2 agreement below:
10.	The understanding for the gNB scheduling behaviour for new transmissions during Cell DTX non-active period is that the gNB does not schedule UE-specific dynamic grants/assignments, even if the UE is in C-DRX Active Time.   UE doesn’t monitor PDCCH for dynamic grants/assignments for new transmissions during Cell DTX non-active period, even if the UE is in C-DRX Active time. FFS how to deal with any exceptions (e.g. SR if agreed and RACH).  

Working Assumption
Support of L1 signaling at least for activation/deactivation of a cell DTX and/or DRX configuration is feasible (e.g., in terms of enabling/disenabling the feature) from RAN1 perspective.
· This does not imply that L1 activation/deactivation is supported in Rel-18
· Note: Reliability, overhead, and benefits are FFS




In this contribution, we provide some discussions on network energy saving on cell DTX/DRX.
Cell DTX
In RAN1 #112b, the following on cell DTX was agreed.
	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




The key issue is to identify DL channels/signals that the UE does not expect to receive. Now that the UE does not expect to receive the CSI-RS for CSI acquisition, the UE does not need to receive the CSI-RS for BM as well, since both signals are used for channel related measurement. Similarly, the UE does not need to receive the CSI-RS for mobility and PRS. Currently the BFD/RLM periodicity is determined based on the DRX off duration. Therefore, it is also unnecessary to receive the CSI-RS for RLM/BFD. 
For TRS, one possible way is not to receive if during the cell DTX off cycle, but to track the time/frequency offset, the UE may need to track the SSBs multiple times before the DTX on. This could require a higher UE power consumption. If the gNB does not transmit the TRS during non-active periods of cell DTX, there could be some performance degradation for downlink reception. Some warm-up period could be necessary for the UE to track the time and frequency offset. One possible way is to trigger aperiodic TRS for fast time and frequency offset tracking. However, one aperiodic TRS could not be sufficient for the UE to identify the accurate time and frequency offset. Thus, a multi-burst based aperiodic TRS can be considered as one possible way.
For PDCCH, similar to C-DRX, it is unnecessary for the UE to keep monitoring the PDCCH. Therefore, the UE does not expect to receive the PDCCH in USS and Type3 CSS.
Proposal 1: 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:
· PDCCH in USS/Type3 CSS
· CSI-RS for mobility/RLM/BFD/BM/Tracking
· PRS
Proposal 2: Introduce a multi-burst based aperiodic TRS for fast time and frequency offset tracking after the non-active periods of cell DTX.
Cell DRX
Currently, the UE shall transmit the periodic/semi-persistent CSI/beam report in a slot based on the configured periodicity and slot offset. However, during the non-active periods of the cell DRX, it is unnecessary to perform the periodic/semi-persistent CSI/beam report. The gNB can trigger aperiodic CSI/beam report after the non-active periods of the cell DRX. 
Proposal 3: During the non-active periods of cell DRX, UE does not transmit the periodic/semi-persistent CSI/beam report.
Another potential issue could be the UE-initiated procedure during the non-active periods of the cell DRX, e.g., RACH, SR and BFRQ. Since most of the procedure of RACH and SR are defined in RAN2 spec, it is more reasonable to study the potential impact in RAN2. RAN1 can study the potential impact on BFRQ. If the UE cannot transmit the BFRQ after it declares beam failure, one possible way is to transmit the BFRQ after the non-active periods of the cell DRX. However, if the non-active period is too long, the status of the newly identified beam may change, and the status of beam failure may change as well. Then it is necessary to study whether the UE should restart the BFD procedure or transmit the BFRQ after the non-active periods.
Proposal 4: The impact of RACH and SR procedure from non-active periods of cell DRX should be studied by RAN2.
Proposal 5: Study the impact of BFR procedure from non-active periods of cell DRX.

L1 signaling for cell DTX/DRX
The L1-signaling for cell DTX/DRX should be in group-cast manner. Thus, the cell DTX/DRX can be based on a group-cast PDCCH associated with a RNTI configured by the gNB. The reliability for the group-cast PDCCH could become a potential issue. Without ACK/NACK for the group-cast PDCCH, one possible outcome is that the UE may fail to decode the PDCCH, but the gNB has no such information. The outcome is that the UE still maintains the downlink reception and uplink transmission during the non-activate period for cell DTX/DRX. For example, the UE may keep monitoring the CSI-RS for RLM/BFD, and may incorrect RLM/BFD status since the CSI-RS is not actually transmitted. Then this could cause unnecessary RLF/BFR. 
Proposal 6: Do not support group-cast PDCCH to indicate the cell DTX/DRX. 

Conclusion
In this contribution, we provided discussion on NES on cell DTX/DRX. Based on the discussion, the following proposals have been achieved.
Proposal 1: 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:
· PDCCH in USS/Type3 CSS
· CSI-RS for mobility/RLM/BFD/BM/Tracking
· PRS
Proposal 2: Introduce a multi-burst based aperiodic TRS for fast time and frequency offset tracking after the non-active periods of cell DTX.
Proposal 3: During the non-active periods of cell DRX, UE does not transmit the periodic/semi-persistent CSI/beam report.
Proposal 4: The impact of RACH and SR procedure from non-active periods of cell DRX should be studied by RAN2.
Proposal 5: Study the impact of BFR procedure from non-active periods of cell DRX.
Proposal 6: Do not support group-cast PDCCH to indicate the cell DTX/DRX. 

