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Introduction
In this contribution, we further provide our views on the potential enhancements on cell DTX/DRX mechanism for NR network energy saving. 
Signals/Channels impacted by cell DTX
In RAN1 meeting #112b-e, the following agreements on signals/channels impacted by cell DTX were made.
	Agreement
[bookmark: _Hlk134460952]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
For PDDCH monitoring, further work on Rel-18 NES in RAN1 is to follow the RAN2 agreement below:
[bookmark: _Hlk134454377]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).



During non-active periods of a cell DTX configuration, the following signals/channels from the gNB whether the UE is expected to receive or not are discussed:
· PDCCH in USS for retransmission or some specific RNTI
· PDCCH in Type-3 CSS for retransmission or some specific RNTI
· 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)
In legacy UE C-DRX operation, the active duration of UE C-DRX cycle can be extended, e.g., a retransmission timer can be started when UE is scheduled to receive a PDSCH which is not successfully decoded or to transmit a PUSCH, and the UE is allowed to monitor PDCCH for a retransmission or a new transmission as long as the retransmission timer is running. With this operation, the UE can achieve a better service experience during UE C-DRX cycle. However, according to RAN2 agreement, it was agreed that the gNB does not schedule UE-specific dynamic grants/assignments for new transmissions during cell DTX non-active period, even if the UE is in C-DRX active time. If UE is allowed to receive retransmission but not allowed to receive new transmission during cell DTX non-active period, the benefits of allowing retransmission will be reduced compared to extending active time of UE C-DRX cycle. Besides, the active duration of cell DTX for different UEs would be different as different UEs may require different times of retransmission. Therefore, we prefer not to support retransmission or transmissions with some specific RNTI during non-active periods of cell DTX no matter the PDCCH is transmitted in USS or Type-3 CSS.
Regarding PRS, CSI-RS for RLM and BFD, and periodic CSI-RS for tracking, if these signals are not transmitted during non-active periods of cell DTX, then the UE measurement performance will be impacted. Taking CSI-RS for RLM for example, with reduced number of CSI-RS for RLM, the UE may mis-determine that the radio link quality is lower than the required threshold, which may lead to unnecessary radio link recovery procedure. Regarding CSI-RS for RRM, this CSI-RS configuration may be used for measurement of neighbor cell. If it is not transmitted during non-active periods of cell DTX, it would cause highly performance degradation for neighbor cell UEs as the UEs in neighbor cell would not be provided with the cell DTX pattern. Regarding periodic/semi-persistent CSI-RS for BM, we think this beam measurement and the corresponding CSI report can be postponed to the next active period of cell DTX without causing critical issues. For these reasons, it is preferred to support transmissions of PRS, CSI-RS for RLM and BFD, periodic CSI-RS for tracking, and CSI-RS for RRM, and not support transmission of periodic/semi-persistent CSI-RS for BM during non-active periods of cell DTX. 
Based on the above discussion, we have the following proposal.
Proposal 1: UE is not expected to receive and/or process the following signals/channels from the gNB during non-active periods of cell DTX:
· PDCCH in USS for retransmission or some specific RNTI
· PDCCH in Type-3 CSS for retransmission or some specific RNTI
· Periodic/Semi-persistent CSI-RS (for BM)
Proposal 2: UE can receive and/or process the following signals/channels from the gNB during non-active periods of cell DTX:
· 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)
One exceptional case is RACH procedure. Note that in order to avoid impact of cell DTX operation to idle/inactive UEs, RACH procedure can be performed normally at least for idle/inactive UEs during non-active periods of cell DTX cycle. For connected UEs, RACH procedure can be performed also during non-active periods of cell DTX until it is completed successfully. 
Proposal 3: RACH procedure can be performed normally during non-active periods of cell DTX.
In addition, if one DCI is received during active period of cell DTX, and the corresponding PDSCH dynamically scheduled by the DCI is expected to be transmitted at least partially overlapped with the non-active period of cell DTX, the UE shall receive this PDSCH from the gNB.
Proposal 4: UE shall receive a PDSCH which is at least partially overlapped with non-active period of cell DTX if this PDSCH is dynamically scheduled by a DCI transmitted during active period of cell DTX.
Signals/Channels impacted by cell DRX
In RAN1 meeting #112b-e and #114, the following agreement on signals/channels impacted by cell DRX were made.
	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 
· [bookmark: _Hlk134463906]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

Conclusion:
· HARQ-ACK of SPS PDSCH transmitted is not impacted by non-active period of cell DRX.
· Note: HARQ-ACK of SPS PDSCH not received due to non-active period of cell DTX is impacted.

Agreement
For the FFS from agreement from RAN1 #112bis
· SRS for positioning is not impacted by cell DRX operation.

Conclusion
· The following channels are not impacted by non-active period of cell DRX
· HARQ-ACK of a DCI format without scheduling a PDSCH



[bookmark: _Hlk134519672][bookmark: _Hlk134519601]If UE is dynamically scheduled to transmit a PUSCH/PUCCH/SRS by a DCI which is expected to be transmitted at least partially overlapped with the non-active period of cell DRX, the UE shall transmit the corresponding PUSCH/PUCCH/SRS to the gNB.
Proposal 5: UE shall transmit a PUSCH/PUCCH/SRS which is at least partially overlapped with non-active period of cell DRX if this PUSCH/PUCCH/SRS is dynamically scheduled by a DCI.
Interaction of cell DTX/DRX with UE DRX
In current specification, UE can be configured with UE-specific C-DRX in RRC connected mode. During UE C-DRX non-active periods, the UE is not expected to monitor PDCCH associated with USS, and is allowed to perform uplink transmission using configured resources. Aligning/omitting of DRX patterns across multiple UE's may reduce BS power consumption and hence bring energy saving gain especially for low or light traffic load cases according to the SI evaluation, which can be achieved via gNB implementation. In addition, cell DTX/DRX pattern can be configured on top of UE C-DRX, and the alignment of cell DTX/DRX and UE C-DRX for different UEs can also be achieved via gNB implementation.
Proposal 6: The alignment of cell DTX/DRX and UE C-DRX cycles or the alignment of UE C-DRX cycles for different UE can be left to gNB implementation.
When both cell DTX/DRX cycle and UE C-DRX cycle are configured, there would be overlapped time domain duration between active period of cell DTX/DRX and non-active period of UE C-DRX, non-active period of cell DTX/DRX and active period of UE C-DRX, active periods of cell DTX/DRX and UE C-DRX, and non-active periods of cell DTX/DRX and UE C-DRX. Fig. 1 gives one overlapping example, and the gNB and UE behaviours for each situation should also be defined. 
[image: ]
Fig. 1: Cell DTX/DRX and UE C-DRX
In our view, generally, the cell DTX non-active time will always be the inactive time for UE (in case UE C-DRX is configured) and UE C-DRX active time is only possible in the cell DTX active time. In detail,
· For case ①, both cell DTX/DRX and UE-specific C-DRX are in active time, thus, the UE/network transmits as normal. 
· For case ②, cell DTX/DRX is in active time and UE-specific C-DRX is in non-active time, which equals no cell DTX/DRX configured. Thus, the UE/network works as legacy, i.e. the UE/network performs the behaviour for UE-specific C-DRX non-active time.
· For case ③, both cell DTX/DRX and UE-specific DRX are in non-active time. Assuming the expected behaviour for cell DTX/DRX non-active is different from the one for UE-specific C-DRX non-active, we prefer the UE to follow the way expected for cell DTX/DRX non-active, otherwise, the NES gain cannot be achieved as we designed. 
· For case ④, cell DTX/DRX is in non-active time and UE-specific C-DRX is in active time, which equals no UE C-DRX configured. Typically, the UE performs the behaviour for cell DTX/DRX non-active, otherwise, the NES gain cannot be achieved as we designed.
Proposal 7: When both cell DTX/DRX and UE-specific C-DRX are configured, the cell DTX non-active time will always be the non-active time for UE, i.e. in cell DTX/DRX non-active, the UE always follows the behaviour designed for cell DTX/DRX non-active.
Proposal 8: When both cell DTX/DRX and UE-specific C-DRX are configured, UE C-DRX active time is only possible in the cell DTX/DRX active time, i.e. in cell DTX/DRX active, the UE always follows the behaviour designed for UE-specific C-DRX.
Conclusion
In this contribution, we provide our views on the potential enhancements on cell DTX/DRX mechanism for NR network energy saving. The following proposals are provided.
Proposal 1: UE is not expected to receive and/or process the following signals/channels from the gNB during non-active periods of cell DTX:
· PDCCH in USS for retransmission or some specific RNTI
· PDCCH in Type-3 CSS for retransmission or some specific RNTI
· Periodic/Semi-persistent CSI-RS (for BM)
Proposal 2: UE can receive and/or process the following signals/channels from the gNB during non-active periods of cell DTX:
· 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)
Proposal 3: RACH procedure can be performed normally during non-active periods of cell DTX.
Proposal 4: UE shall receive a PDSCH which is at least partially overlapped with non-active period of cell DTX if this PDSCH is dynamically scheduled by a DCI transmitted during active period of cell DTX.
Proposal 5: UE shall transmit a PUSCH/PUCCH/SRS which is at least partially overlapped with non-active period of cell DRX if this PUSCH/PUCCH/SRS is dynamically scheduled by a DCI.
Proposal 6: The alignment of cell DTX/DRX and UE C-DRX cycles or the alignment of UE C-DRX cycles for different UE can be left to gNB implementation.
Proposal 7: When both cell DTX/DRX and UE-specific C-DRX are configured, the cell DTX non-active time will always be the non-active time for UE, i.e. in cell DTX/DRX non-active, the UE always follows the behaviour designed for cell DTX/DRX non-active.
Proposal 8: When both cell DTX/DRX and UE-specific C-DRX are configured, UE C-DRX active time is only possible in the cell DTX/DRX active time, i.e. in cell DTX/DRX active, the UE always follows the behaviour designed for UE-specific C-DRX.
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