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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]A work item on enhancements on cell DTX/DRX mechanism for energy saving was approved in RAN#98-e [1], the discussions started in RAN1#112 [2] and several agreements were made. The following agreements and working assumptions were made in RAN1#112-bis-e [3]. This contribution further discusses some enhancements in cell DTX/DRX mechanism and analyses its performance to improve network energy savings (NES).

	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 behaviour for retransmission
· if some specific RNTI scrambled PDCCH in USS will be excluded from cell DTX operation
· PDCCH in Type-3 CSS
· UE behaviour 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 behaviour 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



2 Cell DTX/DRX mechanism for network energy saving
A Cell DTX/DRX pattern is a cycle of active and non-active periods for the gNB which can be configured per serving cell. In the active period of the cell DTX/DRX, the gNB switches on in intervals to perform the transmission and/or reception of signals and channels. The DTX/DRX reduces the ON time, transmissions and receptions of gNB, resulting in energy saving. The DTX/DRX should have a set of parameters associated with it. E.g., total duration, On duration, OFF duration, duty cycle, periodicity, etc. The value for each parameter of the cell DTX/DRX can be determined based on various factors such as load in network, connection density and UE arrival rate. The energy saving at gNB can be improved if the DTX/DRX can adapt to the network conditions. Hence, there should be multiple patterns for cell DTX/DRX of which one can be activated based on network condition. E.g., in case of high UE arrival rate, the gNB has to switch on frequently and monitor for UL signal. Hence the OFF duration of DTX/DRX will be small in that case. The different cell DTX/DRX patterns may have different time granularity such as symbol, slot, sub-frame, or frame level for duty cycle, periodicity and duration. The number of cell DTX/DRX patterns can also be predefined in standards.
Proposal 1: Multiple Cell DTX/DRX patterns with different time granularity for duty cycle, periodicity and duration is supported.
The cell DTX/DRX at gNB impacts the legacy operations and creates conflicts at the UE. E.g., the UE may be configured to receive CSI-RS in a time resource which falls in the non-active period of DTX/DRX. In another e.g., the UE DRX cycle can overlap with the non-active period of DTX/DRX. In such cases the UE unnecessarily monitor for DL signals from gNB. To overcome such scenario, information about cell DTX/DRX should be known to the UE so that the UE can adapt the operations configured during the duration of DTX/DRX. Different type of cell DTX/DRX can be defined in the standards along with associated parameters and the gNB can indicate the type of DTX/DRX (to be activated) to the UE before activation. 
Using L1 signaling for the indication of cell DTX/DRX to the UEs will be beneficial for dynamically adapting to variations in network conditions and thereby improving the energy saving gains at the gNB. 
Proposal 2: Defining different type of DTX/DRX patterns in standard and gNB dynamically indicating one of the DTX/DRX patterns as active to the UE using L1 signalling is supported.

The UE requires some time to process the indication of active DTX/DRX pattern and also to adapt to the operations based on indication. Further, the ongoing transmission/reception should not be affected by the activation of Cell DTX/DRX. Therefore, there should be time gap between indication of active DTX/DRX pattern and activation of the DTX/DRX pattern at the gNB. Further, the time gap should be communicated to the UE along with the indication of active DTX/DRX pattern.

Proposal 3: Indicating to the UE the time gap between indication of active DTX/DRX pattern and activation of the DTX/DRX pattern at the gNB is supported.

Further, the rules for conflict resolution or adaptation should be defined at the UE, in case DTX/DRX pattern overlaps with configured operation. The factors to consider in adaptation, the priority rule and UE behaviour should be specified. Based on WID agreed in RAN#98-e [1], the transmission of SSB is prioritized even if it overlaps with non active duration of DTX/DRX pattern. Further, RAN1#112-bis-e [3] identified additional signals and channels, e.g., PRS, Periodic/Semi-persistent CSI-RS (for BM) etc, deprioritized over DTX/DRX , for connected mode UEs. Similarly other signals and channels should also be considered and rules for adaptation must be defined for them to avoid such collisions. Deprioritizing the signals/channels over DTX/DRX pattern results in delay and performance loss at UE. Further, reconfiguring the entire signals/channels, skipped during DTX/DRX pattern, results in additional signaling and redundancy. Therefore, mechanisms for reassigning the deprioritized signals/channels after the DTX/DRX duration should be considered. For e.g. instead of rescheduling the deprioritized operation with all configurations, the gNB can provide a time offset to the UE so that the deprioritized operations will be performed after the offset. The remaining parameters of the deprioritized signal (e.g., FDRA, MCS, etc.) will remain the same as that of the initial configuration. 
Observation 1: Following observation is made about deprioritizing signals and channels over cell DTX/DRX 
· Deprioritizing results in delay and performance loss at UE
· Rescheduling the entire set of deprioritized signals/channels after DTX/DRX pattern results in additional signaling and redundancy
Proposal 4: Reassigning the deprioritized operation after Cell DTX/DRX duration using a time offset is supported.
The Cell DTX/DRX operations will also affect the generation of HARQ-ACK codebook at the UE. E.g., when candidate occasion for HARQ feedback overlaps with the non-active periods of cell DTX/DRX, then both gNB and UE is not expected to receive any signal/channel. In that case including NACK in HARQ codebook is redundant and it increases the UL overhead. Therefore, the candidate occasions for HARQ feedback overlapping with non-active period of DTX/DRX should be considered as non-candidate occasion for HARQ feedback and ACK/NACK should not be included in the HARQ codebook.  
Observation 2: Including feedback for the slots, falling in non-active period of DTX/DRX pattern, in HARQ codebook results is redundant and it increases the UL overhead. 
Proposal 5: Treating the slots overlapping with non-active period of DTX/DRX as non-candidate occasion for HARQ feedback is supported. 
2 Conclusion
In this contribution, we discussed the cell DTX/DRX technique required in time domain for NES. According to the technical analysis, the following proposals are made, 

Proposal 1: Multiple Cell DTX/DRX patterns with different time granularity for duty cycle, periodicity and duration is supported.
Proposal 2: Defining different type of DTX/DRX patterns in standard and gNB dynamically indicating one of the DTX/DRX patterns as active to the UE using L1 signalling is supported.

Proposal 3: Indicating to the UE the time gap between indication of active DTX/DRX pattern and activation of the DTX/DRX pattern at the gNB is supported.
Observation 1: Following observation is made about deprioritizing signals and channels over cell DTX/DRX 
· Deprioritizing results in delay and performance loss at UE
· Rescheduling the entire set of deprioritized signals/channels after DTX/DRX pattern results in additional signaling and redundancy
Proposal 4: Reassigning the deprioritized operation after Cell DTX/DRX duration using a time offset is supported.
Observation 2: Including feedback for the slots, falling in non-active period of DTX/DRX pattern, in HARQ codebook results is redundant and it increases the UL overhead. 
Proposal 5: Treating the slots overlapping with non-active period of DTX/DRX as non-candidate occasion for HARQ feedback is supported.
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