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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.



RAN2#121 achieved the following agreements on Cell DTX/DRX
Agreements 
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.  FFS whether multiple configuration of cell DTX or DRX will be supported.  

RAN1 #112 made the following agreements regarding physical channel restriction during the non-active time of cell DTX/DRX.

	Agreement
· 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
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




In this contribution, we will discuss the following main aspects:
· Physical channel transmission/reception restriction at UE in the non-active time of cell DTX/DRX
· Impact of physical layer procedure due to transmission/reception restriction at UE
· Dynamic activation/deactivation of cell DTX/DRX

Physical Layer Channel Restriction in Cell DTX/DRX 
The cell DTX/DRX mechanism can be achieved via UE C-DRX configuration and operation. In particular, the UE C-DRX provides cell DTX/DRX mechanism for UE-specific channels such as PDCCH, PUCCH, PDSCH, PUSCH, SRS, aperiodic CSI-RS, which are transmitted or received during the C-DRX active time. However, the UE might still need to perform transmission and/or reception for pre-configured signals/channels outside C-DRX active time, which may reduce opportunity for the cell to go into deeper sleep modes for network power savings:  
· Possible UE reception outside C-DRX active time: RS for RRM, RLM, BM/BFD; SI, paging, SPS; DG PDSCH scheduled by PDCCH in DRX active time.
· Possible UE transmission outside of C-DRX active time: SR, configured grant, RACH, DG PUSCH scheduled by PDCCH in DRX active time.
Observation 1: Cell DTX/DRX mechanism might be achieved by C-DRX operation with proper C-DRX configurations across connected mode UEs in the cell.
Observation 2: The UE may need to transmit or receive one or more channels outside its C-DRX active time, which may reduce opportunity for the cell to go into deeper sleep modes.
One approach to achieve Cell DTX/DRX is to impose some restriction on transmitting and/or receiving one or more pre-configured UL/DL channels/signals. Furthermore, such restriction may be applied within non-active time of cell DTX/DRX as illustrated in Figure 1. However, such restriction should not impact to UEs operating in idle/inactive mode (as noted by WID) and impact to performance of the UEs operating in connected mode. 



[bookmark: _Ref126589010]Figure 1: Example of UE C-DRX operation and restriction window
Observation 3: Cell DRX/DTX mechanism can be enhanced by restricting UE transmission/reception of channels within the non-active time of cell DTX/DRX.
Observation 4:  Restricting UE transmission/reception of channels within the non-active time of cell DTX/DRX should not impact performance of the UEs.
Furthermore, it should be noted that RAN1 should consider different cast types (e.g., unicast, broadcast, and multicast) when discussing the physical channel transmission/reception restriction. Our analysis on transmission/reception restriction in the non-active time of cell DTX/DRX for RRC connected state UEs is provided in Table 1.
Observation 5: Broadcast and multicast should be also considered in addition to unicast when discussing transmission/reception restriction for RRC connected state UEs.
[bookmark: _Ref129790702]Table 1: UE transmission/reception restriction within non-active time of cell DTX/DRX
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	Drops channel within cell DTX/DRX non-active time
	Discussion

	Downlink

	PDCCH in USS set, 
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.

	SPS
	
	This is being discussed in RAN2. Hence, it should be left to RAN2 discussion/decision.

	Uplink

	Periodic/Semi-persistent SRS
	Yes
	This includes SRS transmission that is allowed in multicast DRX active time and overlaps with the non-active time of cell DRX.
Note: for multicast communication, CSI/SRS transmission in the multicast DRX active time may be allowed according RRC configuration by allowCSI-SRS-Tx-MulticastDRX-Active.

	Periodic/Semi-persistent CSI report
	Yes
	This includes CSI feedback that is allowed in multicast DRX active time and overlaps with the non-active time of cell DRX.
Note: for multicast communication, CSI/SRS transmission in the multicast DRX active time may be allowed according RRC configuration by allowCSI-SRS-Tx-MulticastDRX-Active.

	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.

	PUCCH for HARQ ACK
	No
	

	CG
	
	This is being discussed in RAN2. Hence, it should be left to RAN2 discussion/decision.

	SR
	
	This is being discussed in RAN2. Hence, it should be left to RAN2 discussion/decision.


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.
Cell DTX/DRX Activation and Deactivation


Figure 2: An example of UL/DL restriction indication and SPS restriction
The channel transmission and/or reception restriction is expected to be applied only when the cell has opportunities to take advantage of cell DRX/DRX mechanisms e.g., when the cell has no or low load. However, when the cell has high load, such opportunities are very limited and hence restricting UE transmission/reception does not help overall network including network capacity and network power consumption. From UE perspectives, it is critical for the UE to know when the restriction is applied via some indication from gNB as illustrated in Figure 2. In other word, this indication is used to activate/deactivate cell DTX/DRX operation. From network power savings perspective, this indication should be dynamic via L1/L2 signaling. 
Observation 6: Dynamic cell DTX/DRX activation/deactivation mechanism should be performed for a single cell DTX/DRX configuration.
· Benefit of dynamically switching between multiple DTX/DRX configurations is unclear.
Physical Layer Procedure Impact
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, CG PUSCH can be dropped when CG PUSCH occasion falls into the non-active time of cell DRX. Furthermore, whether cell DRX activation is via L1 or L2 or RRC signaling is under discussion in RAN2. If the cell DRX activation is 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 7: If the cell DRX is activated 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 activated by L1/2 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 2: If the cell DRX is activated by L1/L2 signaling and CG PUSCH repetition is dropped in the non-active time of cell DRX, the dropped CG PUSCH repetition 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 1: Cell DTX/DRX mechanism might be achieved by C-DRX operation with proper C-DRX configurations across connected mode UEs in the cell.
Observation 2: The UE may need to transmit or receive one or more channels outside its C-DRX active time, which may reduce opportunity for the cell to go into deeper sleep modes.
Observation 3: Cell DRX/DTX mechanism can be enhanced by restricting UE transmission/reception of channels within the non-active time of cell DTX/DRX.
Observation 4:  Restricting UE transmission/reception of channels within the non-active time of cell DTX/DRX should not impact performance of the UEs.
Observation 5: Broadcast and multicast should be also considered in addition to unicast when discussing transmission/reception restriction for RRC connected state UEs.
Observation 6: Dynamic cell DTX/DRX activation/deactivation mechanism should be performed for a single cell DTX/DRX configuration.
· Benefit of dynamically switching between multiple DTX/DRX configurations is unclear.
Observation 7: If the cell DRX is activated 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: If the cell DRX is activated by L1/L2 signaling and CG PUSCH repetition is dropped in the non-active time of cell DRX, the dropped CG PUSCH repetition is counted in the configured number of repetitions.
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