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In RAN1#112b-e meeting, the following proposal reached consensus[1]：
	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 signaling 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/disabling 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



In this contribution, enhancement on cell DTX/DRX mechanism will be discussed.
Enhancement on cell DTX/DRX mechanism
Signals/Channels impacted by cell DTX/DRX
According to WID [2] in RAN#99 meeting, the impact to RRC IDLE/INACTIVE UE due to the enhancements on cell DTX/DRX should be avoided, so the enhancements on cell DTX/DRX can first focus on RRC_CONNECTED UEs. However, existing specification only define a UE C-DRX mechanism which meets UE dynamic scheduling requirements and UE power saving, but not a cell DTX/DRX mechanism that meets network energy saving. Therefore, it is necessary to specify a cell DTX/DRX mechanism.
As discussed in RAN1#112b-e meeting, we should first identify the signals/channels which may be expected to not transmit or receive during non-active periods of cell DTX/DRX. Specifically, RAN1#112b-e made the following agreement.
	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



According to TS 38.213 clause 10.1, Type3-PDCCH CSS and USS defined as follows:
	a Type3-PDCCH CSS set configured by 
-	SearchSpace in PDCCH-Config with searchSpaceType = common for DCI formats with CRC scrambled by INT-RNTI, SFI-RNTI, TPC-PUSCH-RNTI, TPC-PUCCH-RNTI, TPC-SRS-RNTI, or CI-RNTI and, only for the primary cell, C-RNTI, MCS-C-RNTI, CS-RNTI(s), or PS-RNTI, or 
-	SearchSpace-Multicast in PDCCH-Config-Multicast for DCI formats with CRC scrambled by G-RNTI, or G-CS-RNTI, or
-	searchSpaceBroadcast in pdcch-Config-MCCH and pdcch-Config-MTCH on a secondary cell for a DCI format 4_0 with CRC scrambled by a MCCH-RNTI or a G-RNTI, and
-	a USS set configured by 
-	SearchSpace in PDCCH-Config with searchSpaceType = ue-Specific for DCI formats with CRC scrambled by C-RNTI, MCS-C-RNTI, SP-CSI-RNTI, CS-RNTI(s), SL-RNTI, SL-CS-RNTI, or SL Semi-Persistent Scheduling V-RNTI, or 
-	sdt-CG-SearchSpace for DCI formats with CRC scrambled by C-RNTI or CS-RNTI as described in clause 19.1.




For PDCCH in USS, since it is mainly used for dynamic PDSCH transmission, UE may be expected not to transmit or receive any specific RNTI scrambled PDCCH in USS during non-acitve periods of cell DTX/DRX. For PDCCH in type3-PDCCH CSS, since all specific RNTI scrambled PDCCH in type3-PDCCH CSS may not be used for delay critical services, UE may be expected not to transmit or receive any specific RNTI scrambled PDCCH in type3-PDCCH CSS. As mentioned above, it may be expected that all specific RNTI scrambled PDCCH in USS and in type3-PDCCH CSS are not received or transmitted during non-active periods of cell DTX/DRX inactivity.
Proposal 1  All specific RNTI scrambled PDCCH in USS and PDCCH in type3-PDCCH CSS may be expected to not receive or transmit during non-active periods of cell DTX/DRX.
After analyzing which signals/channels may not be expected to be transmitted or received during non-active period of cell DTX/DRX, the second thing to focus on is the configuration of cell DTX/DRX.
	RAN2#121
Cell DTX/DRX:
1. There will be no impact to RACH, paging, and SIBs in idle/inactive for both gNB and Rel-18 and legacy UEs
2. Rel-18 NES capable CONNECTED UE(s) can perform RACH and receive SIBs in non-active duration of cell DTX and/or DRX (i.e., same behavior for cell DTX and cell DRX).  No further enhancements for CBRA and CFRA will be pursued.
3. Pattern configuration for cell DRX/DTX is common for Rel-18 UEs in the cell. FFS whether we have DTX UE specific inactivity timer.  FFS on configuration signaling and stage 3.  
4. Confirm study item agreement that we can have separate DTX and DRX configuration. We will focus on designing DTX/DRX for at least single configuration. A FFS whether multiple configuration of cell DTX or DRX will be supported.  



According to the agreement in RAN2#121 meeting, separate DTX and DRX configurations should be supported. From our point of view, if separate DTX and DRX configurations are used, during the inactive time of the cell DTX, the gNB can stop the signal/channel transmission, but can still perform the signal/channel reception; while during the inactive time of the cell DRX, the gNB can stop the signal/channel reception, but channel/signal transmission can still be done. All in all, separate DTX and DRX configurations bring more flexibility for gNB reception and transmission. However, in order to better realize network energy saving, we still need to make some constraints on the activation time of cell DTX and cell DRX, for example, the activation time of cell DTX is a subset of the activation time of cell DRX. In this way, the inactive time of DTX and the inactive time of DRX will overlap to a large extent, so that a large period of inactive time can be reserved for gNB to enter the sleep mode.
Proposal 2  Some constraints on active/non-active time between cell DTX and cell DRX should be discussed.
Signaling Aspects of Cell DTX/DRX
In RAN1#112b-e, the following working assumption was discussed.
	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


According to the discussion of RAN2, like UE C-DRX configuration, the gNB supports cell DTX/DRX configuration through RRC signaling. However, if cell DTX/DRX can only be configured statically through RRC signaling, then the gNB has to resend RRC signaling if it wants to recover from cell DTX/DRX mode to normal non-cell DTX/DRX mode. Therefore, compared with activating or deactivating cell DTX/DRX through dynamic L1/L2 signaling, activating or deactivating cell DTX/DRX through RRC signaling will bring relatively large time delay and signaling overhead. Therefore, it is recommended to activate or deactivate the cell DTX/DRX through dynamic L1/L2 signaling. In addition, if there are multiple candidate Cell DTX/DRX configurations in the RRC message, the dynamic L1/L2 signaling can also quickly switch between different candidate Cell DTX/DRX configurations. Therefore, it is feasible to support at least L1 signaling for activation/deactivation of cell DTX and/or DRX configuration. In addition, in order to better save signaling overhead, group-common L1/L2 signaling may also be used.
Proposal 3  It is suggested that RRC signaling plus Group common dynamic L1/L2 signaling can be considered to notify UE cell DTX/DRX configuration.
According to TR 38.864[2], the power consumption model of gNB has multiple power states, and each power state has its own sleep time requirements, so different power states can be configured for different cell DTX/DRX configurations. At the same time, configuring different cell DTX/DRX configurations for different power states can also increase the flexibility of scheduling. Therefore, configuring different cell DTX/DRX configurations for different power states should be supported.
Proposal 4  Configuring different cell DTX/DRX configurations for different power states should be supported.
Interaction of Cell DTX/DRX with UE DRX
In the current specification, UE C-DRX is configured per UE through RRC signaling. And depending on the gNB scheduler, the inactive time of one UE's DRX cycle may be the active time of another UE's DRX cycle. Therefore, the inactive time left for the gNB in the entire DRX cycle is limited. In order to better achieve network energy saving, the DRX cycles or offsets for different UEs in the NES cell can be aligned, which provides longer inactive time for the gNB for network energy saving. However, the alignment of DRX cycles or offsets of different UEs can only be done through UE-specific RRC, which will waste a lot of signaling and incur more delays. Therefore, how to align the DRX cycles or offsets for different UEs needs to be further studied. 
Proposal 5  How to align the DRX cycles or offsets for different UEs needs to be further studied.
Furthermore, in the current specification, although the UE does not monitor the PDCCH during DRX inactive time, it can still perform UL transmission according to the configured resources (e.g. using PUCCH, RACH, SR or CG-PUSCH). Therefore, a NB still cannot completely turn off partial or all radios to enter an NES state during the DRX inactive time of the UE. Therefore, it is beneficial to align UE DRX with cell DTX and DRX between multiple UEs.
Proposal 6  Align UE DRX with cell DTX and DRX between multiple UEs should be studied.
Conclusions
In this contribution, candidate techniques of network energy saving in time, frequency, and spatial domain are discussed, and the following proposals are made.
Proposal 1  All specific RNTI scrambled PDCCH in USS and PDCCH in type3-PDCCH CSS may be expected to not receive or transmit during non-active periods of cell DTX/DRX.
Proposal 2  Some constraints on active/non-active time between cell DTX and cell DRX should be discussed.
Proposal 3  It is suggested that RRC signaling plus Group common dynamic L1/L2 signaling can be considered to notify UE cell DTX/DRX configuration.
Proposal 4 Configuring different cell DTX/DRX configurations for different power states should be supported.
Proposal 5  How to align the DRX cycles or offsets for different UEs needs to be further studied.
Proposal 6  Align UE DRX with Cell DTX and DRX between multiple UEs should be studied.
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