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Introduction
3GPP Rel-18 has the following objective on enhancements on cell DTX/DRX mechanism for network energy savings [1]. The contribution provides our views on the enhancements and RAN1-related discussion.
	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.



In this contribution, we will discuss the following aspects:
· Physical channel transmission/reception restriction at UE in the non-active time of cell DTX/DRX
· L1 based cell DTX/DRX activation/deactivation for a single configuration of cell DTX/DRX
· Impact of cell DRX on PUCCH/PUSCH repetition

Physical Layer Channel Restriction in Cell DTX/DRX 
RAN1 #112b made the following agreements regarding physical channel restriction during the non-active time of cell DTX/DRX.
	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).  



Table 1 provides our views on UE transmission/reception restriction within non-active time of cell DTX/DRX.
Proposal 1: RAN1 adopts the UE transmission/reception restriction in the non-active time of cell DTX/DRX provided in Table 1 for RRC connected mode UEs.
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	Drops channel within cell DTX/DRX non-active time
	Discussion

	Downlink

	PDCCH in Type3-PDCCH CSS set
	Yes
	UE does not monitor PDCCH in non-active time of cell DTX. 

	DG PDSCH
	No
	It should be clarified that PDSCH is scheduled by PDCCH in USS set or in Type3-PDCCH CSS set.

	TRS
	No
	Some reasons to not drop TRS: 
· The UE is not able to perform T/F tracking and AGC adjustment based on TRS before PDCCH monitoring. Hence, it impacts PDCCH/PDSCH reception performance and UE power consumption. Note that SSB based T/F tracking is not good enough due to narrow BW, sparse transmission and possible SSB collision across cells. Furthermore, based on analysis in TR 38.940, using TRS instead of SSB for receiving PDCCH/PDSCH can save 19%-38% UE power consumption (although the analysis was for paging, it is also true for any PDCCH/PDSCH reception in general). Hence, dropping TRS removes UE power savings gain that TRS brings. 
· TRS is typically shared across UEs in the cell in practical implementation although it is a UE-specific signal. In addition, there are R18 UEs that are incapable of supporting cell DTX/DRX feature. If the R18 UEs incapable of the feature share TRS with the R18 UEs capable of the feature, TRS can’t be dropped due to spec-incompliant impact to feature-incapable R18 UEs. On the other hand, if the R18 UEs incapable of the feature do not share TRS with the R18 UEs capable of the feature, the gNB needs to send separate TRS for different R18 UE types, consuming more network power.
· Idle mode UEs are not able to use R17 TRS feature for improving T/F tracking for paging reception.
It should be noted that the UE may be configured with TRS for R17 propagation delay compensation i.e., CSI-RS resource set NZP-CSI-RS-ResourceSet with trs-info set to true and with pdc-info-r17 set to true. For this TRS type, we are open to discuss possibility of dropping it.

	CSI-RS for BM, BFD
	No
	Some reasons to not drop CSI-RS for BM and/or BFD:
· The UE performs beam management for beam refinement and/or BFD/BFR based on CSI-RS before PDCCH monitoring. Hence, dropping CSI-RS impacts PDCCH reception performance.
· In case of implicit BFD RS, the QCL source RS in the TCI for CORESET will serve as the implicit BFD RS, and the QCL source RS must be CSI-RS. The implicit BFD RS may be more popular in the deployment since no additional signaling is required. So, UE needs to measure CSI-RS as BFD RS in case of implicit BFD RS. 

	CSI-RS for RLM
	Yes
	

	CSI-RS for RRM
	Yes, with some additional spec change consideration
	For RRM, some cells may implement cell DTX/DRX while other cells may not. Furthermore, for cells with cell DTX/DRX, aligning cell DTX/DRX patterns may be possible but may reduce some implementation flexibility. Hence, if the CSI-RS for RRM is dropped, one of the following considerations should be adopted:
· Option 1: The UE is provided with cell DTX configurations associated with the cells that UE performs RRM measurement.
· Option 2: gNB further indicates a subset of the cell DTX non-active time for RRM measurement.
Option 1 avoids the necessity of cell DTX alignment across the cells while Option 2 assumes some cell DTX alignment across the cells.  

	CSI-RS for positioning (aka PRS)
	No
	· Dropping PRS reduces positioning accuracy and latency. If the UE requests the positioning before or during the cell DTX non-active time, the time to the first positioning fix will be longer. For positioning update, PRS dropping means less samples for averaging; hence impacting positioning accuracy. 
· It should also be noted that the UE may be configured with PRS at the serving cell (by nr-dl-PRS-PDC-Info in ServingCellConfig) for R17 propagation delay compensation. For this PRS type, we are open to discuss possibility of dropping it.

	Uplink

	Periodic SRS for positioning
	No
	SRS based positioning is not supported during non-active time of cell DRX

	DG PUSCH
	No
	It should be clarified that PUSCH is scheduled by PDCCH in USS set or in Type3-PDCCH CSS set. Furthermore, the UE receives the PDCCH in active time of cell DRX and its DRX active time if configured with C-DRX operation.



Cell DTX/DRX Activation and Deactivation
RAN2#121b 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. Furthermore, RAN2 has sent a LS to RAN1 to ask about feasibility and reliability of using L1 signalling as well as design details with focusing on a single configuration of cell DTX/DRX. 
	RAN2 Agreements (RAN2#121b)
4. 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. 
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



RAN1 #112b made the following working assumption on feasibility of support of L1 signaling at least for activation/deactivation of a cell DTX and/or DRX configuration. In addition, some agreement was made on studying L1 signaling design.
	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

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.



Reliability of the L1 based Cell DTX/DRX activation/deactivation should be one of the most important aspects to be considered when deciding whether such L1 based activation/deactivation mechanism is supported or not in R18. The reliability is mostly caused by DCI decoding error (e.g., DCI decoding miss or DCI decoding false alarm) or UCI decoding error (e.g., UCI decoding miss or UCI decoding false alarm). From DCI perspective, although DCI decoding error is low, some UEs in the field would have this decoding error when considering a large volume of UEs in the field. In particular,
· If the UE is currently in cell DTX/DRX operation, the UE that has missed the DCI deactivating the cell DTX/DRX operation does not know that the cell DTX/DRX is deactivated. As a consequent, the UE does not receive or transmit some channels/signals that are impacted during the non-active period of cell DTX/DRX while the NW expects the UE to receive or transmit such channels/signals. For the UE that has falsely detected the DCI deactivating the cell DTX/DRX operation, the UE follows behavior without cell DTX/DRX operation while the NW expects the UE follows the cell DTX/DRX operation.
· If the UE is currently not in cell DTX/DRX operation, the UE that has missed the DCI activating the cell DTX/DRX operation does not know that the cell DTX/DRX is activated. As a consequent, the UE does receive or transmit some channels/signals that should have been dropped during the non-active period of cell DTX/DRX while NW does not transmit or receive such channels/signals. For the UE that has falsely detected the DCI activating the cell DTX/DRX operation, the UE follows behavior associated with cell DTX/DRX operation while the NW expects the UE to not follow cell DTX/DRX operation.
If there is some UCI feedback from UE in response of successful DCI reception, similar to DCI, UCI decoding error also leads to misalignment between UE and NW on cell DTX/DRX assumption. In particular, if there is UCI decoding error, the UE goes to a new state while the NW is not in the new state.
Proposal 2: L1 based cell DTX/DRX activation/deactivation is supported if reliability of such activation/deactivation is guaranteed.
From PDCCH design perspective, there could be the following design options to indicate Cell DTX/DRX activation/deactivation for a single configuration. Table 2 provides our views on these design options from reliability and overhead perspectives.
· Option 1: Enhance the legacy DCI.
· Option 1-1: Enhance DCI format 0-1 or DCI format 1-1 
· Option 1-2: Use reserved bits (e.g., 4 bits in Short Messages) in DCI format 0-0 with CRC scrambled by P-RNTI
· Option 2: Introduce a new UE group DCI.
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	Design option
	Description
	Discussion

	Option 1-1
	Enhance DCI format 0-1 and/or in DCI format 1-1
	If the reliability of DCI and UCI decoding is guaranteed, Cell DTX/DRX timeline is clear for both UE and gNB thanks to UE transmission in response to the DCI reception e.g., via scheduled PUSCH transmission (DCI 0-1) or scheduled HARQ feedback (DCI 1-1).

From signaling overhead perspective, cell DTX/DRX operation is intended for scenarios with a small number of connected mode UEs. In addition, the activation/deactivation can be indicated together with UL/DL scheduling grant within the same DCI. Therefore, the overall overhead should be reasonable. 


	Option 1-2
	Use reserved bits (e.g., 4 bits in Short Messages) in DCI format 0-0 with CRC scrambled by P-RNTI
	Cell DTX/DRX timeline is unclear for UE and gNB since there is no UE feedback in response to successful paging reception. Hence, L1 based activation/deactivation is not reliable.

	Option 2
	New UE group DCI
	Similar to Option 1-2, Cell DTX/DRX timeline is unclear for UE and gNB since it is likely that there is no UE feedback in response to successful reception of the UE group DCI. In addition, the gNB would need to send additional DCI for activation/deactivation, leading to additional network power consumption and overall system overhead. For FR2, since the gNB may need to beam-sweep the group common PDCCH in multiple beams, the signaling overhead may be comparable to the overhead when using Option 1-1.

Furthermore, UE has to handle a new additional DCI that adds more complexity on PDCCH monitoring implementation. 



Based on above discussion, we think DCI format 0-1 and/or DCI format 1-1 could be considered to indicate Cell DTX/DRX activation/deactivation for a single configuration.
Proposal 3: Consider enhancing DCI format 0-1 and/or DCI format 1-1 to indicate Cell DTX/DRX activation/deactivation for a single configuration.
Impact of cell DRX on PUCCH/PUSCH repetition
R17 coverage enhancement WI specified two-step procedure for determining available slots for PUSCH repetition including CG PUSCH repetition. Step 1 is only based on semi-static configurations, while Step 2 takes dynamic events (dynamic SFI, grants for higher priority channels, etc.) into account. This ensures robustness to UE missing DCIs (e.g., if UE misses DCI, UE and gNB remain in sync on available slots). 
· Step 1: Determine N “available slots” for N repetitions, where a slot is said to be available if all the symbols contained in the TDRA are either uplink or flexible symbols as indicated by tdd-UL-DL-ConfigurationCommon, and/or tdd-UL-DL-ConfigurationDedicated and are not used for SSB transmission as per SSBPositionsInBurst.
· Step 2: The UE determines whether to drop a PUSCH repetition or not according to Rel-15/16/17 PUSCH dropping rules, but the PUSCH repetition is still counted in the N repetitions.
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For network energy savings, it was agreed that CG PUSCH is dropped if CG PUSCH occasion falls into the non-active time of cell DRX. If the cell DRX activation is only by RRC signaling, it is reasonable to take cell DRX configuration into determination of available slots for CG PUSCH repetitions. For example, a slot is said to be available if all the symbols contained in the TDRA are either uplink or flexible symbols as indicated by tdd-UL-DL-ConfigurationCommon, and/or tdd-UL-DL-ConfigurationDedicated and are not in the non-active time of cell DRX. 
Observation: If the cell DRX is activated only by RRC signaling, determination of available slots for CG PUSCH repetitions may depend on cell DRX configuration.
On the other hand, if the cell DRX is further activated/deactivated by L1 signaling, the determination of available slots for CG PUSCH repetitions should not depend on the cell DRX configuration. Instead, for this case, it is critical to clarify UE behavior in counting the PUSCH repetition. In particular, if a CG PUSCH repetition is cancelled in the non-active time of cell DRX, there are the following options on whether the cancelled CG PUSCH repetition is counted in the configured number of repetitions.
· Option 1: the dropped CG PUSCH repetition is counted in the configured number of repetitions.
· Option 2: the dropped CG PUSCH repetition is not counted in the configured number of repetitions.
Option 1 is identical to the legacy counting principle when a repetition is cancelled. Hence, it is reasonable to extend such counting principle to the cell DRX context.
Proposal 4: If the cell DRX is activated/deactivated by L1 signaling, the CG PUSCH repetition that is dropped in non-active time of cell DRX is counted in the configured number of repetitions.
Conclusion
The contribution has discussed our views on the cell DRX/DTX mechanism enhancements. In particular, we make the following observations and proposals:
Observation: If the cell DRX is activated only by RRC signaling, determination of available slots for CG PUSCH repetitions may depend on cell DRX configuration.
Proposal 1: RAN1 adopts the UE transmission/reception restriction in the non-active time of cell DTX/DRX provided in Table 1 for RRC connected mode UEs.
Proposal 2: L1 based cell DTX/DRX activation/deactivation is supported if reliability of such activation/deactivation is guaranteed.
Proposal 3: Consider enhancing DCI format 0-1 and/or DCI format 1-1 to indicate Cell DTX/DRX activation/deactivation for a single configuration.
Proposal 4: If the cell DRX is activated/deactivated by L1 signaling, the CG PUSCH repetition that is dropped in non-active time of cell DRX is counted in the configured number of repetitions.
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