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1
Introduction

Since green future is one of the important goals to pursue, we may study how to save network energy for mobile communication system.  In RAN#95e plenary meeting (March, 2022), “New SI: Study on network energy savings for NR” was approved to be a new study item for the future NR releases [1].  In RAN#98e plenary meeting (December 2022), “New WID: Network Energy Savings for NR” was approved to be a new working item for 5G NR [2].  According to the WID, RAN1 needs to specify the following objectives:
	2. 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.

3. 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


For this working item, RAN1 launched the first meeting in RAN1 #112 meeting [3], and the corresponding issues were keep on discussion during RAN1 #112bis meeting [4]. The following agreements related to potential enhancements on cell DTX/DRX mechanism were made:
	Agreement (RAN1 #112)
· 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 (RAN1 #112)
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 (RAN1 #112bis)
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 (RAN1 #112bis)
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 (RAN1 #112bis)
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 (RAN1 #112bis)
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).  


This contribution aims to share our opinions on potential enhancements on cell DTX/DRX mechanism.
2
Discussion
Several companies show that more than 50% power consumption is associated with the network.  Especially when the traffic load is not heavy (e.g. idle or light traffic load), network energy consumption would be a significant issue to be solved.  

Ideally, there is no power consumption for both network and UE if there is no data traffic between network and UE.  However, it is not realistic because both network and UE need to handle channel measurement/report as well as beamforming and some related L1 processing.  If the related L1 processing and channel measurement/report are shut down for idle or light traffic load case, user experience may suffer severe impact.  Considering the trade-off between user experience and network energy saving gain, some smart/advanced techniques for network energy saving are worth to be discussed.
Signalling Mechanism for Cell DTX/DRX

Traffic arrival, traffic buffer status, and the channel condition cannot be tracked timely if cell DTX/DRX adaption is performed via semi-static manner.  It may cause transmission delay or performance reduction due to semi-static manner. In order to achieve network energy saving gain, we suggest that cell DTX/DRX should be performed dynamically depending on its real-time status and/or traffic load.  During RAN1 #112bis meeting, RAN1 was keeping on discussing L1 signalling for enhancing cell DTX/DRX including activation/deactivation for a single configuration.

The following three types of L1 signalling for cell DTX/DRX adaption should be considered: UE specific DCI, group common DCI, and cell-wise indication.  The corresponding analysis of different L1 signalling for cell DTX/DRX adaption is shown in Table 1.
Table 1: Analysis of different L1 signalling for cell DTX/DRX adaption
	L1 signalling 
	Analysis

	UE specific DCI
	· Each UE receives its UE-dependent indication.

· Higher scheduling flexibility

· Higher signalling overhead

	Group common DCI
	· A group of UEs receives the same indication.

· Higher scheduling flexibility

· Lower signalling overhead

	Cell-wise indication
	· All UEs under the gNB receive the same indication.

· Lower scheduling flexibility

· Lower signalling overhead


Proposal 1:
· For enhancements on cell DTX/DRX mechanism, supporting L1 signaling for activation/deactivation of a cell DTX and/or DRX configuration

· FFS: the L1 signaling for activation/deactivation can be obtained by:

· UE specific DCI

· Group common DCI

· Cell-wise indication

Distributed Transmission vs Concentrated Transmission 
For a conventional system, network may always “ON” for preparing on-going data transmission/reception.  However, network may be hard to enter sleep mode if it transmits data distributedly (e.g. the break duration is too short to enter sleep mode), as shown in Figure 1(a).  In order to reduce power consumption in time-domain, concentrated transmission can be considered; e.g. data transmission for different UEs can be concentrated in a period of time, and network can go to sleep in another time period which is benefit to network energy saving, as shown In Figure 1(b).  
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Figure 1
Observation:
· Concentrated Transmission is beneficial for network energy saving
SSB Transmission During Non-Active Periods of Cell DTX/DRX
The transmission on periodic signal (e.g. SSB) may cause gNB hard to go to sleep; and thus the network energy saving gain will be dominated by the periodic signal.  In order to achieve better network energy saving gain, we suggest that SSB transmission should be discussed during non-active periods of cell DTX/DRX.  Consequently, UE behaviour for SSB reception during non-active periods of cell DTX/DRX should also be specified.
Proposal 2:
· For enhancements on cell DTX/DRX mechanism, whether to transmit SSB during non-active periods of cell DTX/DRX should be discussed.

· FFS: UE behaviour for SSB reception during non-active periods of cell DTX/DRX
3
Conclusions

In RAN#98e plenary meeting (December 2022), “New WID: Network Energy Savings for NR” was approved to be a new working item for 5G NR [2].  This contribution aims to share our opinions on potential enhancements on cell DTX/DRX for network energy saving. 
Proposal 1:
· For enhancements on cell DTX/DRX mechanism, supporting L1 signaling for activation/deactivation of a cell DTX and/or DRX configuration

· FFS: the L1 signaling for activation/deactivation can be obtained by:

· UE specific DCI

· Group common DCI

· Cell-wise indication
Proposal 2:

· For enhancements on cell DTX/DRX mechanism, whether to transmit SSB during non-active periods of cell DTX/DRX should be discussed.

· FFS: UE behavior for SSB reception during non-active periods of cell DTX/DRX
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