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[bookmark: _Hlk4137067][bookmark: _Hlk520894743][bookmark: _Hlk7596973][bookmark: _Hlk525462634]Based on the previous RAN1#112bis-e meeting, the following agreements were made.
	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
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: 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.​

​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: For PDDCH monitoring, further work on Rel-18 NES in RAN1 is to follow the RAN2 agreement below:​
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).  


Based on the previous RAN2 #121bis-e meeting, the following agreements were made.
	Agreement:
1.	A periodic cell DTX/DRX configuration is explicitly signalled to the UEs. 
2.	A periodic cell DTX/DRX pattern is configured by UE specific RRC signalling. 
3.	The Cell DTX/DRX configuration contains at least: periodicity, start slot/offset, on duration. 
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
6.	As baseline, UE doesn’t monitor SPS occasions during Cell DTX non-active period. As baseline, gNB is assumed to be not transmitting PDSCH to that UE on such SPS occasions during the Cell DTX non-active period
7.	As baseline, UE does not transmit on CG occasions during Cell DRX non-active periods
8.	As baseline, UE does not transmit SR occasions overlapping with Cell DRX non-active periods, e.g. SR transmissions are dropped during the non-active period 
FFS: whether we will allow to configure the UE per SR configuration with whether SR can be transmitted during Cell DRX non-active period to to support high priority traffic 
9.	(for the SRs that will be dropped) If SR is not to be transmitted on an PUCCH occasion during Cell DRX non-active time, the UE keep the SR pending, i.e., the UE delays the SR transmission till the Cell DRX active period without triggering RACH.  For the FFS case there may be some exceptions.  
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).  
FFS how to deal with retransmissions


In this contribution, we will discuss the issues related to the enhancement on cell DTX/DRX. And in our companion contribution, we will discuss the issues on techniques in spatial and power domains [1].
Enhancements on cell DTX/DRX Mechanism
According to RAN2 discussions, a cell DTX/DRX pattern can be defined by transitions between active periods (during which NW can perform transmissions and receptions) and non-active periods (during which the transmissions/receptions are partially or completely turned off for data traffic and/or reference signal). 
Signaling aspects of cell DTX/DRX
Based on RAN2 #121bis-e meeting outcome, a periodic cell DTX/DRX configuration is explicitly signalled to the UEs via UE specific RRC signalling and contains at least: periodicity, start slot/offset, on duration. 

Moreover, as it was further agreed in RAN2 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, majority companies in RAN2 see a benefit with L1 signalling for Cell DTX/DRX activation/deactivation. Thus, an LS was sent to RAN1 [R2-2304568] requesting information on regarding feasibility and reliability of using dedicated and group common L1 signalling for Cell DTX/DRX activation and deactivation.

Based on the RAN1#112bis-e outcome, a working assumption was agreed that the 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.​ However, the supporting details, such as whether or not and how to support the L1 signaling for activation/deactivation of cell DTX and/or DRX configuration is unclear and still need to be further discussed in RAN1.


Proposal 1: Confirm the working assumption that, from RAN1 perspective, the support of L1 signaling at least for activation/deactivation of a cell DTX and/or DRX configuration is feasible. FFS: whether or not to support it, and how to support it if agreed. 
Moreover, in RAN1#112bis-e meeting, it was also agreed that the study of 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.​

In our view, the group common L1 signalling can be beneficial as cell DTX/DRX is commonly configured for all UEs and that will avoid signaling overhead. 
Proposal 2: Support L1 signaling of group common DCI for activation/deactivation of cell DTX/DRX.
Furthermore, regarding the group-common DCI, on whether to enhance legacy DCI or introducing new DCI, to our view, the legacy DCI formats can be considered to minimize the specification impact, with three candidate options listed below:
· Option 1: Legacy Paging DCI (DCI format 1_0) transmitted on PDCCH scrambled by P-RNTI, which is monitored by UEs in all RRC states without increasing UE energy consumption nor specification complexity, e.g. by utilizing the reserved bits in short message as shown below.
	6.5	Short Message
Short Messages can be transmitted on PDCCH using P-RNTI with or without associated Paging message using Short Message field in DCI format 1_0 (see TS 38.212 [17], clause 7.3.1.2.1).
Table 6.5-1 defines Short Messages. Bit 1 is the most significant bit.
Table 6.5-1: Short Messages
	Bit
	Short Message

	1
	systemInfoModification
If set to 1: indication of a BCCH modification other than SIB6, SIB7 and SIB8.

	2
	etwsAndCmasIndication
If set to 1: indication of an ETWS primary notification and/or an ETWS secondary notification and/or a CMAS notification.

	3
	stopPagingMonitoring
This bit can be used for only operation with shared spectrum channel access and if nrofPDCCH-MonitoringOccasionPerSSB-InPO is present.
If set to 1: indication that the UE may stop monitoring PDCCH occasion(s) for paging in this Paging Occasion as specified in TS 38.304 [20], clause 7.1.

	4
	systemInfoModification-eDRX
If set to 1: indication of a BCCH modification other than SIB6, SIB7 and SIB8. This indication applies only to UEs using eDRX cycle longer than the BCCH modification period.

	5 – 8
	Not used in this release of the specification, and shall be ignored by UE if received.


 



· Option 2: Legacy DCI format 2_0 used for notifying the slot format, Channel Occupancy Time (COT) duration, available RB set, and search space set group switching. This DCI is scrambled by SFI_RNTI. We note that supporting DCI 2_0 decoding depends on UE capability. 

· Option 3: DCI format 2_6 is used for notifying the power saving information outside UE DRX Active Time for one or more UEs. This DCI is scrambled by PS-RNTI. We note that supporting DCI 2_6 decoding is restricted to UEs with CDRX configured.

Considering one of the 3 options, the Option 1 has the benefit to be applied to all UEs, without any restriction on UE capabilities (Option 2) and on whether CDRX is configured (Option 3) but it has limited spare bits that might not be sufficient for signaling activation and deactivation of multiple cell DTX/DRX patterns and the intended dynamic L1 signaling might be satisfied with a Paging DCI monitoring periodicity in a range of paging cycle.
Proposal 3: RAN1 to discuss on whether or not to enhance legacy DCI for activation/deactivation of cell DTX/DRX. FFS to further discuss the possible options. 

As a baseline, two bits would be needed to encode the DCI content for the activation/deactivation of a single cell DTX/DRX pattern: one bit for cell DTX pattern activation/deactivation and another bit for cell DRX pattern activation/deactivation, as RAN2 agreed that cell DTX and DRX patterns can be configured separately. The value of “1” would indicate the activation of cell DTX/DRX pattern and the value of “0” would indicate the deactivation of cell DTX/DRX pattern.
Proposal 4: Two bits would be needed for separate handling of the activation/deactivation of a single cell DTX and cell DRX pattern. 
On the UE behavior upon reception of L1 signaling for cell DTX/DRX activation/deactivation, we don’t see any different behavior with the other DCI signaling. The start offset parameter contained in the cell DTX/DRX configuration provided by the network via RRC signaling shall already cover such application delay. Thus, the consideration of an application delay for processing L1 content is not needed. 
Observation 1: The cell DTX/DRX start offset parameter, provided through RRC, shall be sufficient to cover the L1 signaling application delay.  
Proposal 5: The consideration of an application delay for cell DTX/DRX activation is not needed. 
Also, we don’t see the need to define an additional parameter, e.g., reference time to ensure that all UEs are aligned on the start/end of cell DTX/DRX pattern application. The start offset parameter is already introduced in the RRC configuration to avoid any potential misalignment. 
Observation 2: The cell DTX/DRX start offset parameter, provided through RRC, shall be sufficient to avoid any potential misalignment among UEs.  
Proposal 6: There is no need to specify an additional reference time for activation/deactivation of cell DTX/DRX configuration. 

Based on RAN2#121bis-e meeting, it was agreed that the 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. So, from one side, we shall be aligned with RAN2 and not enable L1 signal monitoring during cell DTX non-active period. But, from the other side, practically it can be beneficial for UE to monitor the L1 signalling for cell DTX/DRX (de-)activation regardless of the cell DTX status. Thus, we may further discuss on any exception is needed for UE monitoring of L1 signalling for cell DTX/DRX (de-)activation during the non-active period. 
Observation 3: In some cases, L1 signal monitoring could be beneficial during cell DTX non-active period.
Proposal 7: RAN1 to discuss on any exception needed for UE monitoring of L1 signalling for cell DTX/DRX (de-)activation during the non-active period.

Analysis of cell DTX/DRX impact on UE’s behaviour 
Analysis of cell DTX impact on DCP monitoring
In general, the cell DTX/DRX impacts on UE C-DRX are up to RAN2 to discuss, but the “DCI with CRC scrambled by PS-RNTI” (DCP i.e. wake-up signal for C-DRX) requires RAN1’s consideration, because the functionality is defined in TS 38.213.
The DCP is using DCI format 2_6 and is transmitted ps-Offset prior to the start of the C-DRX On Duration period. The question is what the UE shall do if the DCP monitoring occasion falls outside the cell DTX active time, but the C-DRX On Duration period falls in the cell DTX active time. The first aspect is whether the UE shall monitor for the DCP or not and the second aspect is whether UE shall wake up for the C-DRX On Duration period or not.
Proposal 8: RAN1 to discuss the UE behavior on DCP monitoring and related actions, when the DCP monitoring occasion occurs during the cell DTX non-active time.

Analysis of cell DTX impact on SSB transmission
Based on RAN1#112bis-e discussion summary [R1-2304239], the following proposal was discussed with no agreement made yet due to concerns raised by companies. 
Proposal #1-2B
· OFDM symbols and slot(s) containing SSB are considered part of active period for cell DTX.
To our view, it is fine to utilize the active SSB symbols and slot(s) for transmissions even during cell DTX non-active period as gNB is anyway awake in this SSB symbol, but it should not be considered as an active period inside the non-active period of cell DTX, as this will make the cell DTX cycle irregular. 
Besides, practically the UEs in RRC_CONNECTED UEs may not monitor all the SSBs transmitted by the NW, so we shall not assume that all the UEs will monitor other signal/channel transmissions, e.g., PDCCH, coinciding with SSB occasions. This could be beneficial for some critical data, e.g., URLLC traffic, but shall not be the regular behaviour as it will cause undesired UE and NW energy consumption and increase the implementation complexity of cell DTX. 
Therefore, we propose that the OFDM symbols and slot(s) containing SSB are not considered part of active period for cell DTX and UE shall not expect the regular NW behavior but instead we shall consider that the NW can configure the UE to monitor the DL transmission during the cell DTX non-active period multiplexed with and/or after SSB Tx occasions, e.g., after receiving of UL transmission during cell DRX active period.
Proposal 9: OFDM symbols and slot(s) containing SSB that falls during the cell DTX non-active period shall not be considered part of active period for cell DTX.
Proposal 10: Utilizing SSB Tx occasions to transmit UE-specific signals/channels in cell DTX non-active period shall be configurable by the NW on UE basis.

Analysis of cell DTX impact
Based on RAN1#112bis-e meeting outcome, it was agreed that 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.

We summarize in table 1 the different cases with and without CDRX and potential impact from cell DTX. We note that the same UE behavior is expected regardless of whether C-DRX is configured or not. 
Proposal 11: From RAN1 perspective, the same UE behavior is expected when cell DTX is activated regardless of whether C-DRX is configured or not. 

We provide in table 2 a detailed analysis of the potential impact of cell DTX to RRC_CONNECTED UEs. 

[bookmark: _Ref134348029]Table 1: UE behavior with cell DTX and CDRX status
	UE C-DRX status
	Cell DTX status
	UE behavior

	Configured, and the active time is ongoing
	Active period
	No impact on the UE behavior (as per legacy behavior during on-duration period)

	Configured, and the off period is ongoing
	Active period
	No impact on the UE behavior (as per legacy behavior during the off period). 

	Not configured
	Active period
	No impact on the UE behavior (as per legacy behavior during on-duration period)

	Configured, and the active time is ongoing
	Non-active period
	The UE behavior is impacted as detailed Table 2 

	Configured, and the off period is ongoing
	Non-active period
	The UE behavior is impacted as detailed Table 2 

	Not configured
	Non-active period
	The UE behavior is impacted as detailed Table 2 



[bookmark: _Ref130475894]Table 2: Cell DTX impact to RRC_CONNECTED UEs
	Signal/Channel
	Impact to RRC_CONNECTED UEs if channels/signals are not transmitted during non-active period

	PDCCH in USS

	New transmissions are not scheduled which can be avoided by network implementation. However, retransmission scheduling is to be discussed in RAN2. 

UL transmissions could be enabled during cell DTX inactive periods (during which new transmission cannot be scheduled) by leveraging pre-configured allocations valid in cell DRX active periods. 


	PDCCH in Type-3 CSS
	New transmissions are not scheduled which can be avoided by network implementation. However, retransmission scheduling is to be discussed in RAN2. 

	PRS
	The measurements samples can’t be taken or less samples are used for averaging, and this may impact positioning procedure.

	CSI-RS configured by measObjectNR (for RRM)
	RAN4 guidance may be needed on whether a relaxation of RRM-related measurement requirement can be acceptable.

	CSI-RS associated with RadioLinkMonitoringConfig and BeamFailureDectection (for RLM and BFD)
	The measurements samples can’t be taken, and this may impact RLM/BFD procedures. 
RAN4 guidance may be needed on whether a relaxation of RLM/BFD-related measurement requirement can be acceptable.

	Periodic CSI-RS configured with trs-Info ‘true’ (for tracking)
	The measurements samples can’t be taken, and the UE would not be able to perform T/F tracking based on TRS which may impact PDCCH/PDSCH reception performance, if allowed. 

	Periodic/Semi-persistent CSI-RS (for BM)
	The measurements samples can’t be taken, reporting can’t be done, and this may impact beam management procedures and PDCCH/PDSCH reception performance. 
RAN4 guidance may be needed on whether a relaxation of BM-related measurement requirement can be acceptable.



Proposal 12: RAN1 to wait for RAN2 progress on retransmission handling.
Proposal 13: RAN1 to discuss if PRS transmission can be omitted/relaxed during the cell DTX non-active period. FFS on the potential solutions to minimize the impact on positioning procedure.
Proposal 14: RAN1 to discuss if TRS transmission can be omitted/relaxed during the cell DTX non-active period. FFS on the potential solutions to avoid the impact.
Proposal 15: RAN4 guidance would be needed on whether a relaxation of the following measurement during the cell DTX non-active period can be acceptable:
· RRM measurement
· RLM/BFD-related measurement
· BM measurement

Analysis of cell DRX impact
Based on RAN1#112bis-e meeting outcome, it was agreed that 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

We provide in the Table 3 the list of affected signals/channels by cell DRX non-active period and their potential impact to RRC_CONNECTED UEs. The same UE behavior is expected with or without C-DRX configured. The UE can interrupt the CDRX cycle at any time, when configured, to initiate UL channel/signal transmission.

Proposal 16: The cell DRX shall have the same impact on RRC_CONNECTED UEs with or without C-DRX.
[bookmark: _Ref130476030]Table 3: Cell DRX impact to RRC_CONNECTED UEs
	Signal/channel
	Impact to RRC_CONNECTED UEs if channels/signals Rx are omitted during non-active period

	SRS for positioning
	The UEs will not send enough samples of SRS for positioning purpose, and this may impact positioning procedure.

	HARQ feedback for SPS PDSCH
	Based on latest RAN2 agreement, as a baseline, if there is no SPS PDSCH during non-active period, then there is no HARQ feedback for SPS PDSCH. However, when the SPS PDSCH occurs during the cell DTX active period, the corresponding HARQ feedback shall be allowed during the cell DRX non-active period.



Proposal 17: RAN1 to discuss if SRS monitoring for positioning can be omitted/relaxed during the cell DRX non-active period. FFS on the potential solutions to minimize the impact on positioning procedure.
Proposal 18: HARQ feedback shall be allowed during the cell DRX non-active period when the corresponding SPS PDSCH occurred during cell DTX active period.

Joint consideration for cell DTX/DRX with legacy operations
Based on RAN1#112bis-e meeting outcome, the following topics are proposed for further studies in RAN1, which are about the interaction of cell DTX/DRX with legacy operations:
	· 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.



In this section, we discuss potential interactions of cell DTX/DRX with the following legacy operations:
· HARQ-ACK codebook generation
· PUCCH deferral (including PUCCH repetition deferral and Rel-17 SPS HARQ-ACK deferral)
· Intra-UE handling of overlapping UL transmissions
· PUCCH cell switching
HARQ-ACK codebook generation
First, it’s worth recalling that in legacy Type 1 HARQ-ACK codebook generation, the UE should omit PDSCH allocations that would overlap with a set of symbols indicated as uplink in the TDD configuration. Similarly, considering now cell DTX non-active periods, the impact of such periods on HARQ-ACK feedback content and reporting would need to be considered.
Overall, accounting for non-active periods of cell DTX in the HARQ-ACK codebook generation can help to reduce the HARQ-ACK payload size drastically especially for Type 1 HARQ-ACK codebook by simply neglecting 'invalid' PDSCH resource allocations.
Observation 4: Accounting for non-active periods of cell DTX in the HARQ-ACK codebook generation can help to reduce the HARQ-ACK payload size drastically especially for Type 1 HARQ-ACK codebook by simply neglecting 'invalid' PDSCH resource allocations.
Proposal 19: RAN1 considers the impact of cell DTX non-active periods, specifically the omitting/dropping of some PDSCHs, on existing HARQ-ACK codebook generation (at least considering Type 1 HARQ-ACK codebook) in order to reduce the HARQ-ACK payload size.

PUCCH deferral
SPS HARQ-ACK deferral, as described in clause 9.2.5.3 of TS 38.213, was introduced in Rel-17. Further, deferral is in general supported since Rel-15 for PUCCH repetition operation, where a repetition of a PUCCH transmission is only performed in valid UL symbols/slots, i.e., symbols that are not SSB, semi-static downlink symbols, etc.
Observation 5: PUCCH deferral operations in legacy consist of (i) deferral for PUCCH repetition operation (from Rel-15), and (ii) SPS HARQ-ACK deferral (from Rel-17).
[bookmark: _Hlk134519667]Considering now the presence of cell DRX non-active periods, the interaction of cell DRX with the above existing PUCCH deferral operations would need to be discussed. For a similar reason as for the HARQ-ACK codebook generation, non-active periods of cell DRX should be taken into account in the PUCCH repetition and SPS HARQ-ACK deferral in order to avoid unnecessary dropping of PUCCH repetitions and SPS HARQ-ACK.
Proposal 20: RAN1 considers the impact of cell DRX non-active periods on the PUCCH repetition and SPS HARQ-ACK deferral in order to avoid unnecessary dropping of PUCCH repetitions and SPS HARQ-ACK.

Intra-UE handling of overlapping UL transmissions
In Rel-15 NR, multiplexing rules and conditions are defined for the scenarios where a PUCCH(s) overlaps (in time) with a PUSCH(s). Handling/multiplexing of PUCCH and PUSCH(s) is valid also for CA (carrier aggregation) cases, where the PUCCH could overlap with one or more PUSCHs on different cells / CCs (component carriers). In Rel-16 only dropping but no multiplexing of channels of different priority is supported. Rel-17 specified the multiplexing of channels with different priorities.
Removing first e.g., invalid PUSCH resource allocations that overlap with cell DRX non-active periods from the overlapping handling for multiplexing / prioritization can help to prevent unnecessary loss of HARQ-ACK / UCI information. This is because a PUSCH that will anyhow be dropped due to overlap with cell DRX non-active period shouldn’t be considered as candidate for UCI multiplexing.
Proposal 21: RAN1 considers the impact of cell DRX non-active periods on the intra-UE handling of overlapping UL transmissions in order to avoid unnecessary loss of HARQ-ACK / UCI information.

PUCCH cell switching
In Rel-17, two modes for PUCCH cell switching were defined for TDD cells in NR: 
1. (Semi-static) PUCCH cell switching based on an RRC configured time-domain pattern, which defines the cell for PUCCH transmission 
2. (Dynamic) PUCCH cells switching based on a dynamic indication in the DCI scheduling PDSCH, indicating the applicable cell for PUCCH cell switching
Considering cell DRX non-active periods, it should be discussed how the existing PUCCH cell switching would interact with the cell DRX. For a similar reason as other operations (covered above), non-active periods of cell DRX should be taken into account in the PUCCH cell switching procedures in order to avoid unnecessary loss of HARQ-ACK/ UCI information.
Proposal 22: RAN1 considers the impact of cell DRX non-active periods on the PUCCH cell switching operation in order to avoid unnecessary loss of HARQ-ACK / UCI information.

Joint consideration of cell DTX/DRX mechanism with techniques in spatial and power domains 
In RAN1, another objective in the WID to be discussed and specified with Rel-18 NW ES is the techniques in spatial and power domains. 
Practically, when the NW is going to deeper and deeper sleep mode, more hardware components can be switched off for energy saving purpose. Hence, the number of PAs can be reduced when network transits to a deeper sleep mode, which implies lower transition energy. For instance, for a cell DTX/DRX pattern that is mapped to micro sleep mode, the 32-port with multiple panels/TRPs can be applied in the cell DTX/DRX active periods, and for another cell DTX/DRX pattern that is mapped to leverage a deeper sleep mode, the number of antenna ports or panels or TRPs can be reduced during the cell DTX/DRX active periods by muting transceiver chains with the associated PAs, e.g. to 8-port with single panel/TRP for better energy efficiency. Thus, the configurations of cell DTX/DRX can be considered jointly with adaptation of spatial and power domain techniques.
Proposal 23: Enhancement on cell DTX/DRX mechanism can be jointly considered with adaptation of spatial and power domain techniques.

Conclusions
In this contribution, we have the following observations and proposals:
Proposal 1: Confirm the working assumption that, from RAN1 perspective, the support of L1 signaling at least for activation/deactivation of a cell DTX and/or DRX configuration is feasible. FFS: whether or not to support it, and how to support it if agreed. 
Proposal 2: Support L1 signaling of group common DCI for activation/deactivation of cell DTX/DRX.
Proposal 3: RAN1 to discuss on whether or not to enhance legacy DCI for activation/deactivation of cell DTX/DRX. FFS to further discuss the possible options. 
Proposal 4: Two bits would be needed for separate handling of the activation/deactivation of a single cell DTX and cell DRX pattern. 
Observation 1: The cell DTX/DRX start offset parameter, provided through RRC, shall be sufficient to cover the L1 signaling application delay.  
Proposal 5: The consideration of an application delay for cell DTX/DRX activation is not needed. 
Observation 2: The cell DTX/DRX start offset parameter, provided through RRC, shall be sufficient to avoid any potential misalignment among UEs.  
Proposal 6: There is no need to specify an additional reference time for activation/deactivation of cell DTX/DRX configuration. 
Observation 3: In some cases, L1 signal monitoring could be beneficial during cell DTX non-active period.
Proposal 7: RAN1 to discuss on any exception needed for UE monitoring of L1 signalling for cell DTX/DRX (de-)activation during the non-active period.
Proposal 8: RAN1 to discuss the UE behavior on DCP monitoring and related actions, when the DCP monitoring occasion occurs during the cell DTX non-active time.
Proposal 9: OFDM symbols and slot(s) containing SSB that falls during the cell DTX non-active period shall not be considered part of active period for cell DTX.
Proposal 10: Utilizing SSB Tx occasions to transmit UE-specific signals/channels in cell DTX non-active period shall be configurable by the NW on UE basis.
Proposal 11: From RAN1 perspective, the same UE behavior is expected when cell DTX is activated regardless of whether C-DRX is configured or not. 
Proposal 12: RAN1 to wait for RAN2 progress on retransmission handling.
Proposal 13: RAN1 to discuss if PRS transmission can be omitted/relaxed during the cell DTX non-active period. FFS on the potential solutions to minimize the impact on positioning procedure.
Proposal 14: RAN1 to discuss if TRS transmission can be omitted/relaxed during the cell DTX non-active period. FFS on the potential solutions to avoid the impact.
Proposal 15: RAN4 guidance would be needed on whether a relaxation of the following measurement during the cell DTX non-active period can be acceptable:
· RRM measurement
· RLM/BFD-related measurement
· BM measurement
Proposal 16: The cell DRX shall have the same impact on RRC_CONNECTED UEs with or without C-DRX.
Proposal 17: RAN1 to discuss if SRS monitoring for positioning can be omitted/relaxed during the cell DRX non-active period. FFS on the potential solutions to minimize the impact on positioning procedure.
Proposal 18: HARQ feedback shall be allowed during the cell DRX non-active period when the corresponding SPS PDSCH occurred during cell DTX active period.
Observation 4: Accounting for non-active periods of cell DTX in the HARQ-ACK codebook generation can help to reduce the HARQ-ACK payload size drastically especially for Type 1 HARQ-ACK codebook by simply neglecting 'invalid' PDSCH resource allocations.
Proposal 19: RAN1 considers the impact of cell DTX non-active periods, specifically the omitting/dropping of some PDSCHs, on existing HARQ-ACK codebook generation (at least considering Type 1 HARQ-ACK codebook) in order to reduce the HARQ-ACK payload size.
Observation 5: PUCCH deferral operations in legacy consist of (i) deferral for PUCCH repetition operation (from Rel-15), and (ii) SPS HARQ-ACK deferral (from Rel-17).
Proposal 20: RAN1 considers the impact of cell DRX non-active periods on the PUCCH repetition and SPS HARQ-ACK deferral in order to avoid unnecessary dropping of PUCCH repetitions and SPS HARQ-ACK.
Proposal 21: RAN1 considers the impact of cell DRX non-active periods on the intra-UE handling of overlapping UL transmissions in order to avoid unnecessary loss of HARQ-ACK / UCI information.
Proposal 22: RAN1 considers the impact of cell DRX non-active periods on the PUCCH cell switching operation in order to avoid unnecessary loss of HARQ-ACK / UCI information.
Proposal 23: Enhancement on cell DTX/DRX mechanism can be jointly considered with adaptation of spatial and power domain techniques.
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