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1. Introduction
At RAN#98-e meeting, WID on network energy savings was approved with the objectives as follows [1]:
	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]

1. 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.

1. 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

1. Specify mechanism(s) to prevent legacy UEs camping on cells adopting the Rel-18 NES techniques, if necessary [RAN2] 

1. Specify CHO procedure enhancement(s) in case source/target cell is in NES mode [RAN2]

1. Specify inter-node beam activation and enhancements on restricting paging in a limited area [RAN3].

1. Specify the corresponding RRM/RF core requirements, if necessary, for the above features [RAN4]



In this contribution, we share our views on enhancements on Cell DTX/DRX mechanism.

2. Discussion
Cell DTX/DRX mechanism has been studied during the SI and captured in the TR of network energy savings [2]. The motivation of Cell DTX/DRX is to reduce gNB power consumption by informing UEs of Cell inactivity periods for transmission or reception, which potentially provides longer opportunities for cell inactivity. At least the following aspects should be discussed for Cell DTX/DRX mechanism; 1) UE behavior for Cell DTX/DRX, 2) configuration and activation/deactivation mechanism, and 3) alignment between Cell DTX and UE DRX.
Firstly, the UE behavior for Cell DTX/DRX needs to be clarified, especially during Cell DTX/DRX inactive periods. At RAN1#112 and RAN1#112bis-e [3][4], the following agreements were achieved for further discussion on channels/signals, which the UE may be expected to not transmit or receive during Cell inactivity periods of Cell DTX/DRX:

	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

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
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).  




Besides, the following agreements were achieved at RAN2#121bis-e [5]:

	Agreements
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
As baseline, UE does not transmit on CG occasions during Cell DRX non-active periods
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 to support high priority traffic 



Based on the agreements above, our views are provided for the remaining channels/signals in Table.1.

Table. 1 UE transmission/reception restriction during Cell inactivity periods of Cell DTX/DRX
	DL/UL
	Channel/signal
	View

	DL
	Periodic/Semi-persistent CSI-RS for tracking
	UE should be expected to receive it to avoid potential impact on time/freq. synchronization for PDCCH reception after inactivity period.

	
	Periodic/Semi-persistent CSI-RS for RRM
	UE should not be expected to receive it

	
	Periodic/Semi-persistent CSI-RS for RLM
	UE should not be expected to receive it

	
	Periodic/Semi-persistent CSI-RS for BM/BFD
	UE should be expected to receive it to avoid potential impact on PDCCH reception after inactivity period.

	
	PRS
	It should be configurable whether UE is expected to receive PRS or not. It should depend on whether high positioning accuracy is required or not.

	
	PDCCH in Type 3-PDCCH CSS and USS
	UE should not be expected to receive it similar to PDCCH in USS as agreed.

	UL
	HARQ-ACK for dynamic PDSCH reception
	Should wait for RAN2 outcome as it is being discussed.

	
	HARQ-ACK for SPS PDSCH reception
	For HARQ-ACK for SPS PDSCH received during inactivity period, UE should not be expected to transmit it. UE is not expected to receive SPS PDSCH according to the RAN2 agreement. There is no sense to allow HARQ-ACK for SPS PDSCH reception since no SPS PDSCH is expected.
For HARQ-ACK for SPS PDSCH received before inactivity period, it would be better to allow UE to transmit it during inactivity period to reduce latency. However, if RAN2 agree that HARQ-ACK for dynamic PDSCH reception is not allowed during inactivity period, the HARQ-ACK for SPS PDSCH should not be allowed to keep consistency and save NW energy consumption.




Proposal 1:
UE behavior during Cell DTX/DRX inactivity periods should be further discussed. Table.1 can be starting point.

Secondly, configuration and activation/deactivation mechanisms need to be clarified. The following agreements were achieved at RAN2#121bis-e and UE-specific RRC signaling is supported to activate/deactivate Cell DTX/DRX:

	Agreements
A periodic cell DTX/DRX configuration is explicitly signalled to the UEs. 
A periodic cell DTX/DRX pattern is configured by UE specific RRC signalling. 
As a baseline Cell DTX/DRX is activated/deactivated implicitly by RRC signalling, i.e. activated immediately once configured by RRC and deactivated once the RRC configuration is released.



Also, RAN1 discussed whether to support L1 signalling to activate/deactivate Cell DTX/DRX and achieved the following agreement at RAN1#112bis-e:

	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.



L1 signalling to activate/deactivate Cell DTX/DRX would be beneficial for flexible and fast activation and deactivation. However, if the DCI activation/deactivation is miss-detected by UE, there will be misunderstanding between UE and gNB on the Cell DTX/DRX status. It will lead to additional UE and gNB energy consumption. For example, if a period is changed to inactive to active by the DCI indication but UE miss-detected the DCI, gNB may transmit channels/signals during the period. However, UE does not receive it since UE assumes the period is inactive. Similarly, UE may transmit channels/signals during another active period, while gNB does not receive it. In such a case, gNB would try to do blind-detection of the misunderstanding on the Cell DTX/DRX status. To avoid this issue, one potential solution is to introduce feedback mechanism (i.e., HARQ-ACK) for the DCI indication. However, it will result in UL overhead, and the motivation of fast activation/deactivation will be reduced. Therefore, we prefer not to introduce L1 signalling to activate/deactivate Cell DTX/DRX.

Proposal 2:
L1 signalling to activate/deactivate Cell DTX/DRX is not supported to avoid misunderstanding on Cell DTX/DRX status between UE and gNB.

Lastly, alignment between Cell DTX and UE DRX should also be clarified. It would be beneficial to align Cell DTX and UE DRX to efficiently reduce UE energy consumption in addition to gNB energy consumption. However, its necessity may depend on how the UE behavior during Cell DTX inactive periods is defined. For example, dynamic channels/signals are allowed to be transmitted during Cell DTX inactivity periods, the UE should wake-up for receiving them. Thus, there is no need to do such an alignment in this case. Otherwise, alignment between Cell DTX and UE DRX would bring better UE energy savings since the UE will wake-up less frequently compared to no alignment case.

Proposal 3:
Alignment between Cell DTX and UE DRX should be discussed in accordance with the UE behavior during Cell DTX inactivity periods.

3. Conclusion
In this contribution, we present the following proposals for enhancements on Cell DTX/DRX mechanism.
Proposal 1:
UE behavior during Cell DTX/DRX inactivity periods should be further discussed. Following table can be starting point.

	DL/UL
	Channel/signal
	View

	DL
	Periodic/Semi-persistent CSI-RS for tracking
	UE should be expected to receive it to avoid potential impact on time/freq. synchronization for PDCCH reception after inactivity period.

	
	Periodic/Semi-persistent CSI-RS for RRM
	UE should not be expected to receive it

	
	Periodic/Semi-persistent CSI-RS for RLM
	UE should not be expected to receive it

	
	Periodic/Semi-persistent CSI-RS for BM/BFD
	UE should be expected to receive it to avoid potential impact on PDCCH reception after inactivity period.

	
	PRS
	It should be configurable whether UE is expected to receive PRS or not. It should depend on whether high positioning accuracy is required or not.

	
	PDCCH in Type 3-PDCCH CSS and USS
	UE should not be expected to receive it similar to PDCCH in USS as agreed.

	UL
	HARQ-ACK for dynamic PDSCH reception
	Should wait for RAN2 outcome as it is being discussed.

	
	HARQ-ACK for SPS PDSCH reception
	For HARQ-ACK for SPS PDSCH received during inactivity period, UE should not be expected to transmit it. UE is not expected to receive SPS PDSCH according to the RAN2 agreement. There is no sense to allow HARQ-ACK for SPS PDSCH reception since no SPS PDSCH is expected.
For HARQ-ACK for SPS PDSCH received before inactivity period, it would be better to allow UE to transmit it during inactivity period to reduce latency. However, if RAN2 agree that HARQ-ACK for dynamic PDSCH reception is not allowed during inactivity period, the HARQ-ACK for SPS PDSCH should not be allowed to keep consistency and save NW energy consumption.



Proposal 2:
L1 signalling to activate/deactivate Cell DTX/DRX is not supported to avoid misunderstanding on Cell DTX/DRX status between UE and gNB.
Proposal 3:
Alignment between Cell DTX and UE DRX should be discussed in accordance with the UE behavior during Cell DTX inactivity periods.
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