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[bookmark: _Ref100246227]Introduction
During the study in the network energy saving SI phase, the techniques in time domain mainly aim to reduce the power consumption for dynamic part by trying to shut down more symbols on one or more carriers to achieve BS micro sleep, and the static power part by enlarging the interval between the contiguous active transmission/reception occasions to achieve BS light/deep sleep. From the study report of network energy saving in TR 38.864 [1], the potential enhancement technology in time domain, e.g. cell DTX/DRX, can reduce power consumption, in which the cell may have no transmission/reception or only keep limited transmission/reception. 
The scope of Work Item “Network energy savings for NR” [2] includes the enhancement technology in time domain, i.e. cell DTX/DRX in the following items:
	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.


In RAN1#112bis-e, the following agreements were made [3].
	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
· [bookmark: OLE_LINK7][bookmark: OLE_LINK8][bookmark: OLE_LINK25][bookmark: OLE_LINK26]CSI-RS configured by measObjectNR (for RRM)
· [bookmark: OLE_LINK29][bookmark: OLE_LINK30][bookmark: OLE_LINK27][bookmark: OLE_LINK28]CSI-RS associated with RadioLinkMonitoringConfig and BeamFailureDectection (for RLM and BFD)
· [bookmark: OLE_LINK31][bookmark: OLE_LINK32]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
· [bookmark: OLE_LINK15][bookmark: OLE_LINK16]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
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

Further study the following in RAN1:
· Handling of HARQ-ACK codebook generation when configured with cell DTX/DRX
· Handling of PUCCH deferral operation during non-active periods of cell DRX
· Handling of overlapping channels where a least a channel overlaps with non-active periods of cell DTX/DRX
· Handling of signals/channels that can be received/transmitted repeatedly during non-active periods of cell DTX/DRX
· Handling of PUCCH switching during non-active period to an active cell
· Other enhancements are not precluded.

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


In this contribution, we mainly discuss the alignment of cell DTX/DRX and UE C-DRX in Section 2. The gNB and UE behaviors in cell DTX/DRX are provided in Section 3. The detailed mechanism for cell DTX/DRX is proposed in Section 4. Finally, the cell DTX/DRX for CA is discussed in Section 5.
The alignment of cell DTX/DRX transmission and UE C-DRX
The cell DTX/DRX technique can keep the cell in sleeping mode for a relatively long time without frequent waking-up, which is beneficial to network energy saving. When system load is low and less number of UEs access the system, the staggering C-DRX configuration for system load balancing becomes unnecessary. Instead, the cell could reduce the energy consumption with the DTX transmission in low system load state by allocating same set of C-DRX configuration for all UEs, which including DTX active time and DTX non-active time. During DTX non-active time, the cell could go to sleep to reduce energy consumption. 
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]In RAN2#121bis-e [8], it was agreed that the cell DTX/DRX configuration contains at least periodicity, start slot/offset and on duration. For Rel-18 RRC CONNECTED mode UEs, the cell DTX/DRX configuration parameters can be configured by gNB through RRC signaling. The cell DTX cycle could be aligned with that of UE C-DRX. In order not to affect the reception of the DCI format 2_6 outside the active time of UE C-DRX, the cell DTX active time should start earlier than ps-offset the time where the UE monitoring DCI format 2_6 [4], even earlier than its preparation time for the detection of DCI format 2_6. The cell DTX active time would completely cover the DRX-ON of UEs as shown in Figure 1. 


[bookmark: _Ref111111893]Figure 1: The cell DTX/DRX structure
Proposal 1: The cell DTX/DRX parameters could be configured to ensure the alignment between the cell DTX/DRX and UE C-DRX, i.e. the cell DTX active time should completely capture the DRX-ON of UEs and at least cover the reception window of DCI format 2_6 in order not to affect the legacy UEs.
For the legacy UE, if C-DRX parameters are configured, UE stays in the active time during the drx-onDurationTimer running, which is configured by high layer signaling. The cell DTX active time should at least capture the UE DRX-ON duration configured by drx-onDurationTimer. However, if a UE is scheduled a new UL/DL data or expects a retransmission data, the UE still stays in the active time when drx-InactivityTimer, drx-RetransmissionTimerDL or drx-RetransmissionTimerUL is running, the start point of these timers is related to dynamic scheduling. If the UE’s active time is extended by any of drx-InactivityTimer, drx-RetransmissionTimerDL or drx-RetransmissionTimerUL, the cell may enter DTX non-active time before these timers expired. Therefore, if UE DRX-ON is extended beyond the end of cell DTX active time, UE behaviors should be specified.
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]Proposal 2: If the cell DTX/DRX is applied, the UE behaviors should be specified when the cell DTX active time ends earlier than the UE DRX-ON extended by any of drx-InactivityTimer, drx-RetransmissionTimerDL or drx-RetransmissionTimerUL.
The gNB/UE behaviors in cell DTX/DRX transmission
The cell DTX/DRX mechanism should not affect the IDLE/INACTIVE UEs. The gNB could transmit SSB for UE to perform synchronization and RRM measurement in order that the IDLE/INACTIVE UEs can camp on the cell. In RAN2#121 [5], it was agreed that there will be no impact to RACH, paging and SIBs in IDLE/INACTIVE for both gNB and Rel-18 and legacy UEs. The IDLE/INACTIVE UEs can perform paging and RACH procedure to access the cell, and the paging and RACH procedure are not affected by the cell DTX/DRX since the paging occasions and RACH resources are configured by the network. 
For legacy RRC_CONNECTED mode UE, the UE performs the PDCCH monitoring with the CRC scrambled by the specific RNTI (e.g., P-RNTI, SI-RNTI, etc.), reception of the configured PDSCH, transmission and reception without dynamic scheduling and performing channel tracking operation outside the C-DRX active time. The cell DTX/DRX behavior definitions may affect the RRC_CONNECTED UE behavior and transmission performance within cell DTX/DRX non-active time. The cell DTX/DRX behavior definition has been discussed in RAN2 [6] and four examples for defining the cell DTX/DRX were agreed in RAN2#119bis-e. The example 1 is that gNB is expected to turn off all transmissions and receptions for data traffic and reference signals during cell DTX/DRX non-active time. In this example, the reference signal contains SSB, which conflicts with the WID and should be excluded. The remaining three examples can be further discussed. For the convenience of discussion in this contribution, we use option 1/2/3 to represent the remaining three examples and the cell DTX/DRX behavior definitions are as following: 
· Cell DTX/DRX active time: gNB performs the same transmission/reception behaviors as Rel-17.
· Cell DTX/DRX non-active time:
· Option 1: gNB is expected to turn off its transmission/reception only for data traffic during cell DTX/DRX non-active time (i.e., gNB will still transmit/receive reference signals).
· Option 2: gNB is expected to turn off its dynamic data transmission/reception during cell DTX/DRX non-active time (i.e., gNB is expected to still perform transmission/reception in periodic resources, including SPS, CG-PUSCH, SR, RACH, and SRS).
· Option 3: gNB is expected to only transmit reference signals (e.g., CSI-RS for measurement).
The main difference between option 1 and option 2 is whether to support transmission/reception in periodic resources, the option 2 only turns off dynamic scheduling, so the network energy saving gain of option 2 is lower than that of option 1. Compared to option 1, the network energy saving gain of option 3 is larger, and the UE only can perform synchronization and measurement by discontinuously detecting SSB and CSI-RS. The gNB/UE behaviors in cell DTX/DRX non-active time are summarized in Table 1.
[bookmark: _Ref127140260]Table 1: gNB/ RRC_CONNECTED UE behaviours during cell DTX/DRX non-active time
	Options
	gNB behaviors
	RRC_CONNECTED UE behaviors

	Option 1
	gNB is expected to turn off its transmission/reception only for data traffic during cell DTX/DRX non-active time(i.e., gNB will still transmit/receive reference signals).
	UE transmits/receives reference signals for synchronization, measurement and so on.
Legacy/Rel-18 UE cannot transmit/receive data in periodic resources.

	Option 2
	gNB is expected to turn off its dynamic data transmission/reception during cell DTX/DRX non-active time(i.e., gNB is expected to still perform transmission/reception in periodic resources, including SPS, CG-PUSCH, SR, RACH, and SRS).
	UE transmits/receives reference signals for synchronization, measurement and so on.
Legacy/Rel-18 UE transmits/receives data in periodic resources.

	Option 3
	gNB is expected to only transmit reference signals (e.g., CSI-RS for measurement).
	UE performs synchronization and measurement by detecting SSB and CSI-RS.


DL signals/channels impacted by cell DTX
In RAN1#112bis-e, whether to transmit some DL signals/channels from the gNB during non-active time of cell DTX has been discussed. It was agreed that periodic/semi-persistent CSI-RS for CSI reporting is not transmitted during cell DTX non-active time in RAN1#112bis-e. However, there are diverse views on other signals/channels such as PDCCH in USS, and these signals/channels are still FFS as follows.
	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


The system analysis of each DL signals/channels impacted by cell DTX are performed to address the FFS points in the above agreement summarized in Table 2. 
[bookmark: _Ref134462956]Table 2: DL signals/channels impacted by cell DTX
	Signals/channels
	Signals/channels disabled during non-active time of cell DTX?
	Descriptions

	PDCCH in USS
	Yes
	UE can be configured with C-DRX and shall not monitor PDCCH in USS in C-DRX OFF duration to achieve UE power saving. Following the same principle, the PDCCH in USS can be disabled during non-active time of cell DTX to achieve both UE power saving and the network energy saving.

	PDCCH in Type-3 CSS
	Yes
	Similar to the description of PDCCH in USS.

	PRS
	Yes
	UE is required to fix the position at each PRS occasion. The frequency of the PRS is to allow UE to further calibrate the positioning through multiple PRS measurements. UE does not expect the PRS transmission during inactive period of cell DTX, which would have minimum impact to the UE positioning performance. In current NR specification, the maximum periodicity of DL-PRS resource is 10240 slots, which indicates that infrequent PRS transmission for positioning is acceptable to the UE. 

	CSI-RS for RRM
	Yes
	For RRM, measObjectNR specifies information applicable for SSB measurements and/or CSI-RS measurements. Even if the CSI-RS configured by measObjectNR for RRM is disabled during non-active time of cell DTX, a UE can perform RRM based on SSB when necessary.

	CSI-RS for RLM and BFD
	Yes
	For RLM and BFD, the detection resource can be SSB or CSI-RS, if CSI-RS for RLM and BFD is disabled during non-active time of cell DTX, a UE can monitor the SSB for the purpose of RLM and BFD.

	Periodic CSI-RS for tracking
	Yes
	For CONNECTED mode UE, the TRS is used to Time/Frequency tracking and compensation for PDCCH and PDSCH decoding. However, the PDCCH and PDSCH will be disabled during non-active time of cell DTX, periodic TRS transmission during non-active time of cell DTX is not needed and meaningless. The UE may receive TRS in next cell DTX active time before receiving PDCCH and PDSCH.
For IDLE/INACTIVE mode UEs, TRS configured for CONNECTED mode UEs may be reused for IDLE/INACTIVE mode UEs for R17 UE power saving feature. However, the TRS availability is indicated in the PEI/paging DCI, the gNB can indicate that the TRS is unavailable by network implementation to avoid the impact on IDLE/INACTIVE mode UEs.

	Periodic/Semi-persistent CSI-RS for BM
	Yes
	The UE performs beam management based on CSI-RS or SSB before receiving PDCCH and PDSCH. If CSI-RS for BM is disabled during non-active time of cell DTX, a UE can monitor the SSB for the purpose of BM.
In addition, the PDCCH and PDSCH will be disabled during non-active time of cell DTX, CSI-RS transmission for BM during non-active time of cell DTX is wasteful and meaningless. The UE may perform BM based on CSI-RS in next cell DTX active time before receiving PDCCH and PDSCH.


Proposal 3: 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. 
· PDCCH in USS
· PDCCH in Type-3 CSS
· 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)
UL signals/channels impacted by cell DRX
In RAN1#112bis-e, whether to transmit some UL signals/channels from the gNB during non-active time of cell DRX has been discussed, and it was agreed that periodic/semi-persistent CSI report and the periodic/semi-persistent SRS other than that for positioning are not transmitted during cell DRX non-active time. However, there are diverse views on other signals/channels, such as periodic/semi-persistent SRS for positioning, HARQ feedback for PDSCH, are still FFS. We provide our views on each UL signals/channels impacted by cell DRX to address the FFS as summarized in Table 3. 
[bookmark: _Ref134623461]Table 3: UL signals/channels impacted by cell DRX
	Signals/channels
	Signals/channels disabled during non-active time of cell DRX?
	Descriptions

	Periodic/Semi-persistent SRS for positioning
	Yes
	In order to satisfy the positioning measurement requirement, gNB can adjust the SRS resource configuration by gNB implemantation.


	HARQ feedback for SPS PDSCH
	Yes
	Firstly, gNB can avoid the HARQ feedback for the SPS PDSCH during the DRX non-active time by gNB implementation. For example, gNB could not transmit the DL packet on SPS PDSCH before the DRX non-active time to void receiving its HARQ-ACK feedback in the cell DRX non-active time. Then, UE does not need to transmit the HARQ feedback for SPS PDSCH during the DRX non-active time.
Second, there is no benefit to transmit the HARQ feedback for SPS PDSCH during the DRX non-active time. Assuming that UE can transmit the HARQ feedback for SPS PDSCH and the retransmission is also allowed during cell DRX non-active time, the energy saving gain of gNB would be very limited. Otherwise, as description in DL, UE would not expect to receive the PDCCH during the DTX non-active time, i.e. the retransmission is not allowed during cell DRX non-active time. The HARQ feedback for SPS PDSCH during the DRX non-active time will not be expected.

	HARQ feedback for DG PDSCH
	Yes
	Firstly, gNB can avoid the HARQ feedback for the DG PDSCH during the DRX non-active time by gNB implementation. For the DG scheduling in DL, gNB could indicate the HARQ-ACK feedback by the RRC signaling or a suitable K1 offset to avoid the receiving its HARQ-ACK feedback during the DRX non-active time. 
Second, the HARQ feedback for DG PDSCH should be taken the same consideration as that for SPS PDSCH for less specification impacts. Based on the above reasons, if the HARQ feedback of SPS PDSCH is not be transmitted by UE and the HARQ feedback for DG PDSCH is not affected by the Cell DRX non-active time, there will be more potential problems, such as the original HARQ codebook generation will be re-designed.


Proposal 4: Rel-18 UE supporting cell DRX does not expect to transmit the following signals/channels to gNB during non-active periods of cell DRX:
· Periodic/Semi-persistent SRS for positioning
· HARQ feedback for SPS PDSCH
· HARQ feedback for DG PDSCH
The mechanism for cell DTX/DRX transmission
Configuration of cell DTX/DRX
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]Regarding the configuration of cell DTX/DRX, cell DTX and cell DRX could be configured jointly or separately and should be discussed firstly. In current NR system, the UL and DL transmission of UE may be related or paired, in particular with HARQ operation. If cell DTX and cell DRX are jointly configured, the cell DTX active time and cell DRX active time can be aligned and gNB services both UL data reception and DL data transmission and the respective control signaling during the aligned gNB active time. The reception of UL PUSCH would need to have the DL PDCCH for scheduling the UL transmission. DL data transmission would require the UL control signaling, such as CSI for link adaptation and HARQ-ACK feedback for HARQ operation. In addition, the RRC_CONNECTED UE can perform transmission/reception in periodic resources outside the C-DRX active time, e.g. UL CG and DL SPS. The cell DTX and cell DRX can be configured separately that the cell DTX active time and cell DRX active time flexibly capture CG/SPS periodic resources to avoid affecting UE transmission performance. Since the cell DTX/DRX is applied in low system load, the signaling overhead of separate configuration of cell DTX and cell DRX is acceptable. Considering that the aligned cell DTX active time and cell DRX active time can also be implemented by separate cell DTX and DTX configurations, separate cell DTX and DTX configurations are flexible and preferred.
Proposal 5: The cell DTX and cell DRX can be configured and operated separately by higher layer signaling to adapt to the individual characteristics of DL and UL operations.
Multiple cell DTX/DRX configurations
As for whether to support multiple cell DTX/DRX configurations, the traffic arrival may vary and robust over time. It may not be appropriate to use single cell DTX/DRX configuration for a long time. The cell DTX/DRX can be reconfigured by RRC reconfiguration. However, one semi-static configuration may be not sufficient to cover all different traffic characteristics at a time. Therefore, multiple cell DTX/DRX can be configured and at least one cell DTX/DRX configuration can be activated/deactivated/switched by L1/L2 signaling or RRC signaling. Moreover, multiple DTX/DRX configurations can be activated simultaneously, and the multiple DTX/DRX configurations can be used to capture different semi-static periodic resources by gNB implementation, such as CG, SPS, etc.
Proposal 6: Multiple cell DTX/DRX configurations would be supported.
Proposal 7: The cell DTX/DRX is configured to Rel-18 CONNECTED UEs via RRC signaling, and L1/L2 signaling or RRC signaling is used to activate at least one cell DTX/DRX configuration.
Activation and deactivation of cell DTX/DRX
In RAN2#120 [7], it was agreed that the periodic cell DTX/DRX pattern is configured by UE specific RRC signaling. The periodic cell DTX/DRX can be activated/deactivated by L1/L2 signaling and UE specific RRC signaling. When considering the activation and deactivation of cell DTX/DRX, the principle of this design should be identified firstly. The cell DTX/DRX is a technology mainly applied to the low system load scenario. The gNB can turn off some transmissions or receptions to achieve network energy saving. Therefore, the cell DTX/DRX should be a long-term and semi-static procedure. The cell DTX/DRX configurations should not be activated or deactivated frequently from the perspective of network energy saving but also the UE network access performance. In addition, the cell DTX/DRX technology should consider UE power consumption while maximizing network energy saving gains. The activation and deactivation of cell DTX/DRX which increases the UE power consumption should be avoided. Thus the activation and deactivation of cell DTX/DRX should consider the following aspects:
· The cell DTX/DRX is a semi-static procedure and is not activated or deactivated frequently.
· The activation and deactivation of cell DTX/DRX should reduce the impact to the UE power consumption.
Proposal 8: The activation and deactivation of cell DTX/DRX should consider the following aspects:
· The cell DTX/DRX is a semi-static procedure and is not activated or deactivated frequently.
· The activation and deactivation of cell DTX/DRX should reduce the impact to the UE power consumption.
In RAN2#121bis-e [8], it was agreed that 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. The gNB can transmit reliable RRC signaling for activation or deactivation of cell DTX/DRX when the gNB wants to enable or disable the network energy saving mode.
In RAN1#112bis-e [3], RAN1 had discussed the L1 signaling for activation/deactivation of cell DTX/DRX and a working assumption was made as follows.
	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


For the cell DTX/DRX is activated or deactivated by L1 signaling, the L1 signaling can be UE-specific DCI or group common DCI. After the cell DTX/DRX is configured by RRC signaling, the L1 signaling can be used to activate or deactivate the cell DTX/DRX configuration, which is similar to the procedure of SPS and Type 2 CG. The advantage of L1-based activation and deactivation is dynamic indication and shorter response time of the activating/deactivating cell DTX/DRX for the robust traffic arrival.
Proposal 9: Confirm the following 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.
Furthermore, L1 signaling for cell DTX/DRX activation/deactivation for a single cell configuration should be addressed first.
· Enhancing legacy DCI or introducing new DCI
For L1 signaling design, there are two possible options to support cell DTX/DRX activation/deactivation. One option is that enhancing legacy DCI to indicate activation or deactivation by repurposing the existing field or introducing a new field. Other option is that introducing a new DCI contains activation or deactivation field. Both enhancement of legacy DCI and introducing new DCI can be considered for L1 signaling design.
Proposal 10: For supporting PDCCH based signaling for cell DTX/DRX activation or deactivation, both enhancement of legacy DCI and introducing new DCI can be further studied.
· UE specific DCI or group common DCI
[bookmark: _Hlk134543780]The L1 signaling of cell activation/deactivation can be UE-specific DCI or group common DCI. The cell DTX/DRX is applied to all UEs in a cell. Group common L1 signaling can be used to expedite the transition and reduce the overhead of both L1 signaling and RRC signaling to efficiently and dynamically indicate the cell DTX/DRX activation/deactivation to the UE when the cell DTX/DRX had been configured to the UE, which may be an efficient way for cell DTX/DRX activation and deactivation. However, UEs need to frequently monitor the common search space of PDCCH at the configured PDCCH monitoring occasions to determine whether the cell TX/DRX is activated or deactivated. A dedicated search space of group common signaling for cell DTX/DRX configuration could be configured for UEs to minimize the number of UE PDCCH monitoring occasions and to optimize the system performance in dynamic activation/deactivation based on the estimated traffic arrival pattern at any instance.
Proposal 11: The L1 signaling for cell DTX/DRX could use the group common L1 signaling for the indication to all UEs within the cell. A dedicated search space of group common signaling for cell DTX/DRX configuration could be configured for UEs to minimize the number of UE PDCCH monitoring occasions and to optimize the system performance in dynamic activation/deactivation based on the estimated traffic arrival pattern at any instance.
[bookmark: _Hlk134545925]The UE-specific L1 signaling could be used for the indication of cell DTX/DRX activation/deactivation when the traffic arrival is very sparse in time. The UE-specific L1 signaling could be used to indicate the change of cell DTX/DRX from activation to deactivation to the specific UEs with traffic arrival within the cells. Those UEs with data to be scheduled being indicated to the deactivation of cell DTX/DRX would resume the normal PDCCH monitoring and measurements. Since the deactivation of cell DTX/DRX would enable UE continuous network access and measurement, other UEs without receiving UE-specific L1 signaling of cell DTX/DRX activation/deactivation would continue to assume the cell DTX/DRX being activated. The UE-specific L1 signaling would be used to re-activate the cell DTX/DRX after each UE completes its data reception/transmission. The UE-specific L1 signaling for cell DTX/DRX activation/deactivation is used to indicate to the individual UE(s) within the cell in receiving or transmitting data without changing the cell DTX/DRX status.
Proposal 12: The UE-specific L1 signaling for cell DTX/DRX activation/deactivation is used in the sparse traffic arrival scenario to indicate to the individual UE(s) within the cell in receiving or transmitting data without changing the cell DTX/DRX status.
· DCI content
Considering cell DTX and cell DRX can be configured separately, the L1 signaling for activation and deactivation of cell DTX/DRX should contain the contents such as cell DTX activation or deactivation and cell DRX activation or deactivation.
Proposal 13: The L1 signaling for activation and deactivation for a signle cell DTX/DRX configuration should at least contain the following contents:
· Cell DTX activation/deactivation indication.
· Cell DRX activation/deactivation indication.
· Confirmation of L1 signaling
If L1 signaling is used to activate/deactivate the cell DTX/DRX, UE may miss the detection of the DCI even if gNB has transmitted the DCI in PDCCH monitoring occasion. The UE and gNB should have same understanding on the current cell DTX/DRX state. Thus, the confirmation of L1 signaling in activation/deactivation of cell DTX/DRX should be supported to guarantee reliability of the L1 signaling, e.g. HARQ-ACK feedback or cell DTX/DRX confirmation MAC CE.
Proposal 14: If L1 signaling is used to activate or deactivate the cell DTX/DRX, the confirmation of L1 signaling such as HARQ-ACK feedback or cell DTX/DRX confirmation MAC CE should be supported to guarantee reliability of the L1 signaling.
The cell DTX/DRX transmission for CA
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]For operation with carrier aggregation (CA), the number of active carriers used for data should be as few as possible in case of low system load. From UE power saving perspective, the unused SCells can be deactivated or indicated switching to the dormant BWP for reducing PDCCH monitoring. When the SCell is deactivated or is in the dormant BWP, UE would not receive/transmit the data traffic and reference signals except the sparse CSI-RS/normal SSB or periodic CSI report. In this case, the cell would still be activated for transmitting the CSI-RS/normal SSB or receiving the periodic CSI report. When the system is in the low load, the cell DTX/DRX would be considered to increase gNB light/deep sleep for power saving purpose.
In RAN2#120 [7], it was agreed that the cell DTX/DRX could be configured per serving cell and can be applicable for different cells in CA. 
	Agreements in RAN2#120 [7]:
……
5	Cell DTX/DRX can be configured per serving cell and can be applicable for different cells in CA. No additional RAN2 impacts or enhancements are foreseen.
……


For the cell DTX/DRX separately configured and applied for the different serving cells is the most flexible method in CA scenario. When multiple carriers are used for the data transmission, the active times of the SCells are different for the separate activation/deactivation operations for the SCells. Thus, the cell DTX/DRX for the different SCells would not necessarily be the same, thus the cell DTX/DRX for the SCells could be separately configured based on their desired active time and duty cycle. 
[bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK13][bookmark: OLE_LINK14]The transmission parameters of cell DTX/DRX, such as the DTX/DRX cycle, the starting offset of DTX/DRX active time, the DTX/DRX active time duration etc., can be semi-static configured per serving cell via the UE-specific RRC signaling. For the cell DTX/DRX of each serving cell, it can be activated or deactivated via the UE-specific RRC signalling or L1/L2 dynamic signaling for its flexibility. For activation and deactivation of the cell DTX/DRX via UE-specific RRC signaling, the cell DTX/DRX of each serving cell would be activated or deactivated based on the RRC configuration or RRC re-configuration procedure, which is the semi-static indication especially for the scenario of low system load. In addition, the activation and deactivation of the cell DTX/DRX via L1/L2 signaling could be more flexible and efficient indication. When the serving cell has been indicated into the DTX/DRX for energy saving purpose, the cell would be deactivated and switch to the normal state for the urgent traffic transmission via the L1/L2 signaling. Thus, the cell DTX/DRX of each serving cell can be activated or deactivated via the UE-specific RRC signalling or L1/L2 signaling for expediting the transition between cell DTX/DRX active time and non-active time. 
Considering that the same carrier for the different UE may be the different cells, such as PCell for the UE#1 and SCell for the UE#2, the L1/L2 signaling based the activation and deactivation signaling can be received at either PCell or SCell.
Proposal 15: The cell DTX/DRX could be applied for the different serving cells in CA scenario, in which the cell DTX/DRX can be activated or deactivated via the UE-specific RRC signalling or L1/L2 signaling for expediting the transition between cell DTX/DRX active time and non-active time.
Conclusion
In this contribution, we discuss the DTX/DRX for network energy saving and have the following proposals.
Proposal 1: The cell DTX/DRX parameters could be configured to ensure the alignment between the cell DTX/DRX and UE C-DRX, i.e. the cell DTX active time should completely capture the DRX-ON of UEs and at least cover the reception window of DCI format 2_6 in order not to affect the legacy UEs.
Proposal 2: If the cell DTX/DRX is applied, the UE behaviors should be specified when the cell DTX active time ends earlier than the UE DRX-ON extended by any of drx-InactivityTimer, drx-RetransmissionTimerDL or drx-RetransmissionTimerUL.
Proposal 3: 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. 
· PDCCH in USS
· PDCCH in Type-3 CSS
· 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)
Proposal 4: Rel-18 UE supporting cell DRX does not expect to transmit the following signals/channels to gNB during non-active periods of cell DRX:
· Periodic/Semi-persistent SRS for positioning
· HARQ feedback for SPS PDSCH
· HARQ feedback for DG PDSCH
Proposal 5: The cell DTX and cell DRX can be configured and operated separately by higher layer signaling to adapt to the individual characteristics of DL and UL operations.
Proposal 6: Multiple cell DTX/DRX configurations would be supported.
Proposal 7: The cell DTX/DRX is configured to Rel-18 CONNECTED UEs via RRC signaling, and L1/L2 signaling or RRC signaling is used to activate at least one cell DTX/DRX configuration.
Proposal 8: The activation and deactivation of cell DTX/DRX should consider the following aspects:
· The cell DTX/DRX is a semi-static procedure and is not activated or deactivated frequently.
· The activation and deactivation of cell DTX/DRX should reduce the impact to the UE power consumption.
Proposal 9: Confirm the following 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.
Proposal 10: For supporting PDCCH based signaling for cell DTX/DRX activation or deactivation, both enhancement of legacy DCI and introducing new DCI can be further studied.
Proposal 11: The L1 signaling for cell DTX/DRX could use the group common L1 signaling for the indication to all UEs within the cell. A dedicated search space of group common signaling for cell DTX/DRX configuration could be configured for UEs to minimize the number of UE PDCCH monitoring occasions and to optimize the system performance in dynamic activation/deactivation based on the estimated traffic arrival pattern at any instance.
Proposal 12: The UE-specific L1 signaling for cell DTX/DRX activation/deactivation is used in the sparse traffic arrival scenario to indicate to the individual UE(s) within the cell in receiving or transmitting data without changing the cell DTX/DRX status.
Proposal 13: The L1 signaling for activation and deactivation for a signle cell DTX/DRX configuration should at least contain the following contents:
· Cell DTX activation/deactivation indication.
· Cell DRX activation/deactivation indication.
Proposal 14: If L1 signaling is used to activate or deactivate the cell DTX/DRX, the confirmation of L1 signaling such as HARQ-ACK feedback or cell DTX/DRX confirmation MAC CE should be supported to guarantee reliability of the L1 signaling.
Proposal 15: The cell DTX/DRX could be applied for the different serving cells in CA scenario, in which the cell DTX/DRX can be activated or deactivated via the UE-specific RRC signalling or L1/L2 signaling for expediting the transition between cell DTX/DRX active time and non-active time.
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