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1. Introduction
In RAN#98e plenary meeting, the WID for Rel.18 Network (NW) energy saving has been approved [1]. According to this WID, one of the objectives is to specify cell DTX/DRX mechanism.
	2. [bookmark: _Hlk127261166]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.



 RAN1#112 meeting and RAN1#112b-e meeting, the following agreements were achieved:
	RAN1#112
Agreement
· 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
RAN1#112b-e
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
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. Discussion
1.1. L1 signaling for cell DTX/DRX activation/deactivation
According to the agreements achieved in the last RAN2 meeting (RAN2#121b-e), the cell DTX/DRX configuration contains at least the periodicity of cell DTX/DRX cycle, the start slot/offset and the on duration. 
	Agreements 
3.The Cell DTX/DRX configuration contains at least: periodicity, start slot/offset, on duration. 



In addition, the following was agreed w.r.t L1-signaling for cell DTX/DRX activation/deactivation.
	Agreements 
5.From RAN2 point of view, majority companies see a benefit with L1 signalling for Cell DTX/DRX activation/deactivation, send a LS to RAN1 (email 308) with our preference and ask about feasibility and design details.   Ask about feasibility and reliability of using L1 signaling.  Clarify that the question is about activation/deactivation copy the agreement from last meeting that we are focusing on single configuration.  Extract a few key benefits of dynamic signaling from email discussion and online discussions



When cell DTX/DRX is configured by RRC signaling, the L1-signaling can be used to indicate whether to start the on duration timer for the next one or the next few cell DTX/DRX cycles, similar as the wake up indication for UE c-DRX in DCI format 2_6.  Regarding the feasibility issue, referring to the wake up indication for UE c-DRX, using L1-signaling to activate/deactivate RRC configured cell DTX/DRX is also feasible.  Considering that cell DTX/DRX is applied to all connected UEs served by the network, group common L1-signaling can be used to save signaling overhead.　 
Proposal 1. Confirm the working assumption that L1-signaling for activating/deactivating cell DTX/DRX is feasible.
Proposal 2. Group common L1-signaling can be considered to save signaling overhead.

1.2. Signal/Channel transmission/reception during non-active time
In the last RAN1 meeting, it was agreed that the following periodic/semi-persistent signal/channel is not expected to be transmitted/received during non-active time of cell DTX/DRX. 
· periodic/semi-persistent CSI-RS for channel measurement
· periodic/semi-persistent CSI report 
· periodic/semi-persistent SRS 
In RAN2#121b-e meeting, it was agreed that PDCCH for new transmission, SPS PDSCH, CG PUSCH and SR are not transmitted/received during non-active time of cell DTX/DRX.
	Agreements 
1. As baseline, UE doesn’t monitor SPS occasions during Cell DTX non-active period. As baseline, gNB is assumed to be not transmitting PDSCH to that UE on such SPS occasions during the Cell DTX non-active period
2. As baseline, UE does not transmit on CG occasions during Cell DRX non-active periods
3. As baseline, UE does not transmit SR occasions overlapping with Cell DRX non-active periods, e.g. SR transmissions are dropped during the non-active period
FFS: whether we will allow to configure the UE per SR configuration with whether SR can be transmitted during Cell DRX non-active period to support high priority traffic 
4. (for the SRs that will be dropped) If SR is not to be transmitted on an PUCCH occasion during Cell DRX non-active time, the UE keep the SR pending, i.e., the UE delays the SR transmission till the Cell DRX active period without triggering RACH.  For the FFS case there may be some exceptions.  
5. 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).
FFS how to deal with retransmissions



In this section, we share our views on the FFS signal/channel that is not expected to be transmitted/received during Cell DTX/DRX non-active time.
Before raising details, we think a basic assumption should be discussed first is that how long the cell DTX/DRX non-active time would be. The reason is that if the duration of one cell DTX/DRX non-active time is very long, such as hundreds of milliseconds, the discussion about which signal/channel that UE are not expected to transmit/receive may be meaningless. This is because in the case of hundreds of milliseconds duration of cell DTX/DRX non-active time, most of connected UEs will be out of the DL/UL synchronization with the gNB due to the crystal oscillation jitter at both the transmitter and receiver, doppler shift of UEs and the change of UE TA. Without synchronization, no signal dedicated to connected UEs can be transmitted or received successfully.  In such case, a more reasonable way is to handover connected UEs to neighbor cells that are not in energy saving mode or cell DTX/DRX is not activated.
Hence, we should discuss the assumption on the duration of cell DTX/DRX non-active time first before trying to achieve further conclusion/agreements on which signal/channel can be postponed during Cell DTX/DRX non-active time.
Observation 1. The assumption on the length of the cell DTX/DRX non-active period should be discussed first to guarantee an efficient further discussion on which signal can be postponed during Cell DTX/DRX non-active time in RAN1.

Proposal 3: In discussion on which signal/channel that are not transmitted/received during Cell DTX/DRX non-active time, it assumes that the Cell DTX/DRX non-active time at most lasts for X ms.
· RAN1 discusses and decides the value of X.
Then, regarding to the FFS signal/channel that Rel-18 UE is not expected to receive/transmit during Cell DTX/DRX non-active time, we have the following proposal:
Proposal 4: During Cell DTX/DRX non-active time, Rel.18 UE shall expect that at least the following UE-specific channels/signals are not transmitted/received:
· DL:
· CSI-RS from the serving cell configured by measObjectNR
· [bookmark: _Hlk134739639]CSI-RS associated by RadioLinkMonitoringConfig and BeamFailureDetection (for RLM and BFD)
· Periodic/semi-persistent CSI-RS for beam management
· PRS
· UL:
· HARQ feedback for SPS PDSCH
· Note: For aperiodic CSI-RS/SRS, if it is triggered by PDCCH transmitted during active period, the UE is expected to receive/transmit it.
Proposal 5: During Cell DTX/DRX non-active time, a Rel.18 UE can be configured to receive/transmit the following UE-specific channels/signals for latency stringent and emergency data:
· DL:
· UE-specific PDCCH for retransmission
· UL:
· SR
· HARQ feedback to DG PDSCH for retransmission

We would elaborate the reasons why we have the above proposal. 
Frist of all, if a signal/channel has to be transmitted during Cell DTX/DRX non-active time, the signal must be urgent and important. ‘Urgent’ means that this signal cannot wait for next active duration. ‘Important’ means that some serious problems may be caused if the signal cannot be timely transmitted. For example, RACH, paging, and SIBs in idle/inactive mode are both urgent and important when they are necessary. This is the reason that RAN2 has agreed no impact to RACH, paging, and SIBs in idle/inactive for both gNB and Rel-18 and legacy UEs. On the other hand, for the signal/channel is not urgent and important, it can be postponed to save energy consumption.
Details of our consideration are listed below:
· Physical channels:
· [bookmark: _Hlk131760117]Whether UE-specific PDCCH for retransmission can be suspended or not during Cell DTX/DRX non-active time depends on latency requirement of the data.
· If the latency requirement allows, retransmission can be suspended to the next active period of cell DTX/DRX to save energy consumption both at gNB side and UE side. 
· For the retransmission of latency stringent or emergency data, gNB can configure the UE to perform PDCCH monitoring during cell DTX non-active time.  
· Whether PUCCH carrying HARQ-ACK can be suspended depends on whether DG PDSCH is scheduled.
· If retransmission is allowed within this duration, the PUCCH carrying HARQ-ACK is required.
· If DG PDSCH and SPS PDSCH are both unexpected by UEs within this duration, PUCCH carrying HARQ-ACK is not expected as well.
· Whether PUCCH carrying SR can be suspended or not during Cell DTX/DRX non-active time depends on whether any UE with stringent latency requirement stays in the NES carrier.
· The gNB can offload the latency/reliability stringent data to other carriers if any. Or the gNB can configure the UE to transmit SR in cell DRX non-active period, if necessary.
· Reference signal:
· CSI-RS can be suspended during Cell DTX/DRX non-active time.
· [bookmark: _Hlk134626345]In general, DL transmission is not performed during non-active time of cell DTX/DRX. Thus, aperiodic CSI-RS can also be suspended, unless the aperiodic CSI-RS is triggered by PDCCH transmitted during active period, in which case it is expected to be received by the UE.
· The gNB knows well when the active period completes and when the non-active period starts. If the gNB triggers a CSI-RS which would be transmitted during non-active period, the transmission of the CSI-RS must be for a certain purpose such as for scheduling strategy decision.
· CSI-RS for beam management and CSI-RS for RLM and BFD can be suspended.
· UEs can perform measurement for beam management based on SSB. 
· If UE DRX aligns with Cell DTX, the configuration on the measurement period for radio link monitoring and beam failure detection should consider the value of UE DRX cycle which may configured in legacy manner.
· CSI-RS for mobility can be suspended (CSI-RS configured by measObjectNR).
· UE can perform measurement based on SSB. 
· For the legacy UE c-DRX, UEs are not required to perform measurement or not expect CSI-RS are available for mobility during inactive time. Similarly, when a cell is in non-active time of cell DTX, UEs do not expect CSI-RS for mobility is transmitted by the cell. 
· SRS can be suspended during Cell DTX/DRX non-active time.
· Similar as CSI-RS, aperiodic SRS transmission is not expected by UE, except for the aperiodic SRS triggered by PDCCH that is transmitted during active period.
· PRS can be suspended/avoided during Cell DTX/DRX non-active time.
· PRS can be suspended by gNB implementation.
3. [bookmark: _Ref228947482]Conclusions
In this contribution, we discuss the L1 signaling for cell DTX/DRX activation/deactivation and the FFS signal/channel can be postponed during Cell DTX/DRX non-active time. We have following observation and proposals:
 
Observation 1. The assumption on the length of the cell DTX/DRX non-active period should be discussed first to guarantee an efficient further discussion on which signal can be postponed during Cell DTX/DRX non-active time in RAN1.

Proposal 1. Confirm the working assumption that L1-signaling for activating/deactivating cell DTX/DRX is feasible.
Proposal 2. Group common L1-signaling can be considered to save signaling overhead.
Proposal 3: In discussion on which signal/channel that are not transmitted/received during Cell DTX/DRX non-active time, it assumes that the Cell DTX/DRX non-active time at most lasts for X ms.
· RAN1 discusses and decides the value of X.
Proposal 4: During Cell DTX/DRX non-active time, Rel.18 UE shall expect that at least the following UE-specific channels/signals are not transmitted/received:
· DL:
· CSI-RS from the serving cell configured by measObjectNR
· CSI-RS associated by RadioLinkMonitoringConfig and BeamFailureDetection (for RLM and BFD)
· Periodic/semi-persistent CSI-RS for beam management
· PRS
· UL:
· HARQ feedback for SPS PDSCH
· Note: For aperiodic CSI-RS/SRS, if it is triggered by PDCCH transmitted during active period, the UE is expected to receive/transmit it.
Proposal 5: During Cell DTX/DRX non-active time, a Rel.18 UE can be configured to receive/transmit the following UE-specific channels/signals for latency stringent and emergency data:
· DL:
· UE-specific PDCCH for retransmission
· UL:
· SR
· HARQ feedback to DG PDSCH for retransmission
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