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Introduction
In RAN1 #113 and #112bis-e meeting, the agreements listed in the appendix were achieved [1]. Also, the RAN2 agreements on the Cell DTX/DRX are also included in the appendix.
In this contribution, we further share our views on the potentially impacted channels/signals, the more detailed Cell DTX/DRX enhancement and the L1 signaling design for Cell DTX/DRX activation/deactivation.
Discussion

Impacted channels/signals by Cell DTX/DRX mechanism
Starting from the RAN1 #112bis meeting agreement, regarding the channels/signals that are still FFS, our views are as following, regarding UE behaviour of not to transmit or receive during non-active periods of cell DTX/DRX:
· DL
· 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)
To maintain beam tracking and link monitoring, keeping TRS ON is beneficial for both CONNECTED and IDLE/INACTIVE UEs. On the other hand, solely relying on SSB may also work but with longer latency and larger UE power consumption. Therefore, 
· Depending on tradeoff between network and UE side energy consumption, TRS configured for tracking, CSI-RS configured for beam and radio link monitoring and UE mobility may be kept ON during Cell DTX. To keep network side flexibility, whether ON/OFF can be configurable in the Cell DTX configuration.
[bookmark: _Hlk131069731]Proposal 1: CSI-RS configured for tracking, beam and radio link monitoring and UE mobility, the availability can be at least configurable during non-active periods of Cell DTX.
· PRS. According to the IE NR-DL-PRS-Periodicity-and-ResourceSetSlotOffset-r17, the periodicity of DL PRS can be flexibly configured and as large as 1024 radio frames. Therefore, in our view the question is whether it is needed to configure a periodicity of PRS shorter than that of Cell DTX.
· If yes, as in Cell DTX non-active period, the SSB, SIB and paging transmission are all still ON, DL PRS may be configured properly by implementation to be sufficiently close or even aligned with these cell/group-common signals so network energy saving can be still not compromised.
· If no, network can also configure DL PRS properly to align with the active duration of the Cell DTX so that the network energy saving is kept without having to transmit it during non-active period. Therefore,
[bookmark: _Hlk131000789]Proposal 2: For Cell DTX, UE behaviour is not impacted and can receive PRS during Cell DTX non-active period. If network wants to save energy and does not transmit PRS during non-active period, it can be achieved by gNB implementation of configuration.
· PDCCH in USS. In our view, it is not required to monitor in general even for retransmission.
· PDCCH in Type-3 CSS. So far, no particular reason is observed to monitor this during Cell DTX even for retransmission.
Proposal 3: For Cell DRX, UE is not expected to receive PDCCH in USS and Type-3 CSS.
· UL
· HARQ feedback for SPS PDSCH. RAN2 agreed following. 
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
We are ok with RAN2 baseline. When Cell DRX and DTX are operated simultaneously, UE also does not transmit HARQ-ACK feedback. If DL transmission is still ON by DRX only operation, even if gNB receives HARQ-ACK in some of the Cell DRX non-active periodic, not so much loss for energy consumption would happen for gNB.
Proposal 4: When Cell DRX and DTX are simultaneously operated, UE behaviour on HARQ-ACK feedback for SPS PDSCH is not impacted because of no SPS transmission by the network. For Cell DRX only operation, no UE behaviour is changed. 

Although the WID restricts the enhancement of Cell DTX/DRX mechanism including the alignment of cell DTX/DRX and UE DRX in RRC_CONNECTED mode, it is always beneficial to design the Cell DTX/DRX patterns/parameters which may align with I-DRX. This provides more opportunities for gNB to switch into low activity mode, considering gNB serves both CONNECTED and IDLE/INACTIVE mode UEs and the WID note that IDLE/INACTIVE mode UEs should not be impacted.
Proposal 5: For better network energy saving gain, the cell DTX/DRX patterns/parameters can be considered to be aligned with I-DRX.

When UE C-DRX is not configured, gNB may adapt the cell DTX/DRX parameters in the configuration for flexible control on tradeoff between energy consumption and service quality, depending on proper traffic prediction, e.g. lower load may only require relatively longer cell DTX/DRX cycle and shorter active time. Vice versus. Therefore, multiple cell DTX/DRX configurations can be considered. The switching between different configurations may need enhancement of L2/L1 signaling.
Proposal 6: Multiple cell DTX/DRX configurations should be considered for better energy saving adaptation in future release. The switching between configurations needs possible L2/L1 signaling enhancement.


Cell DTX/DRX and UE DRX alignment
When UE C-DRX is configured, for network energy saving, ideally, the DRX of all the RRC CONNECTED UEs could be aligned as much as possible by network implementation. Then the maximum gNB sleep opportunity by cell DTX/DRX can be achieved. However, depending on the UE and traffic load, frequency resource, channel condition and MIMO schemes, this may lead to resource congestion in the aligned DRX active time. This may lead to system performance degradation. 
Observation 1: When UE DRX is configured, strict alignment of all UE DRX configurations and cell DTX/DRX may potentially lead to resource congestion.
Therefore, in practice, the alignment between UE C-DRX and cell DTX/DRX can be achieved by proper configurations for the UEs in a semi-synchronized or quasi-synchronized way such that some “sleep” slots can be created in system level, while UEs can still finish the DL/UL traffic in less crowed slots, as shown in Figure.1. This allows more resilience for network to arrange and aggregate the UE traffic scheduling in as less slots as possible, but in the meanwhile ensure the tradeoff between the network energy saving, UE power saving and system performance. Therefore, to flexibly adapt the traffic and align the UE DRX and cell DTX/DRX, multiple UE C-DRX configurations with different set of parameters can be considered. In addition, the switching between configurations needs possible L1/L2 signaling enhancement.
Proposal 7: Multiple UE DRX configurations can be considered for more flexible adaption to achieve alignment with cell DTX/DRX. The switching between configurations needs possible L1/L2 signaling enhancement. 




Figure.1 An example of gNB implementation to arrange the C-DRX configurations of UEs and align with cell DTX/DRX to create sleep slots

If cell DTX/DRX is supported by high layer configuration and UE is configured with C-DRX, the coexistence should be studied to ensure the mutual understanding of the network and UE. Based on the network instruction, UE behaviour may be adapted by either applying one or more configurations at the same time. In the RAN1 #112bis meeting agreement, for both Cell DTX/DRX, there is FFS bullet on whether the same or different UE behavior is applicable with or without C-DRX.
· When Cell DTX and C-DRX are configured, in our view, the UE default behaviour should follow both, i.e., UE is expected to receive the DL signals/channels only in the non-active period of both Cell DTX and C-DRX.
· For more flexible gNB operation, L1 signaling can be used to activate/deactivate Cell DTX, which is equivalent with switching between Cell DTX and C-DRX
· When Cell DRX and C-DRX are configured, the UE behaviour should be the same with the case that only Cell DRX is configured. Because C-DRX only restricts the UE DL monitoring.
Proposal 8: Interaction of Cell DTX/DRX and UE C-DRX needs to be clarified:
· When Cell DTX is configured, different UE behaviour is applicable with or without C-DRX. When C-DRX is also configured, UE is expected to receive the DL signals/channels only in the non-active period of both Cell DTX and C-DRX.
· L1 signaling to activate/deactivate Cell DTX is equivalent with switching between Cell DTX and C-DRX.
· When Cell DRX and C-DRX are configured, the UE behaviour should be the same with the case that only Cell DRX is configured. 


On L1 signalling for Cell DTX/DRX activation/deactivation
In the RAN1 #113 meeting, below agreement was achieved to support new DCI format for Cell DTX/DRX activation and deactivation. In this section, we share our views on new DCI format design, monitoring occasions and related procedures.
	Agreement
For the group common L1 signaling using PDCCH for cell DTX/DRX activation and deactivation
· Alt 2) Based on new DCI format 2_X
· DCI size budget is not increased
· Number of required BDs is not increased
· FFS: PDCCH monitoring configuration for the new DCI format is identical to PDCCH monitoring configuration for DCI format 2_6 if the UE monitors both DCI formats
· FFS: New RNTI is used



New DCI formant 2_X design
In our view, the new DCI can utilize the block-based structure like DCI format 2_6, as shown in Figure.2 below.

                                                    Figure.2 Block-based structure for DCI format 2_X
For each UE configured with Cell DTX/DRX and L1 activation/deactivation feature, it is also configured with a block starting position. In each block, 2 bits indication is configured, each of which indicates the activation/deactivation (1/0) of Cell DTX and DRX, respectively, if both Cell DTX and DTX are configured but the adaptation is separate. For each block, the bit width is configurable, depending on whether Cell DTX or DRX or both are configured. 
Proposal 9: DCI format 2_X should utilize block-based structure. UE is configured with a block starting position and follows the indication within that block. In each block, bit width is configurable, e.g., if both Cell DTX/DRX are configured, 2 bits are configured, each of which indicates ‘activate’ / ‘deactivate’ by 1/0 for Cell DTX and Cell DRX, respectively.

Monitoring occasions (MOs) of DCI formant 2_X
As an important aspect in the discussion whether to support this L1 signaling, reliability was emphasized for this feature and needs to be guaranteed. Although RAN1 recommended RAN2 also consider MAC CE, L1 signaling reliability should be seriously considered in the design by RAN1. As a general approach, blind repetition can largely reduce miss detection and improve reliability, although the downside is more MOs need to be reserved which leads to more system overhead. 
Proposal 10: To enhance the reliability, more MOs can be configured and reserved for new DCI repetition.
Unlike DCI format 2_6, which is monitored before OnDuration, the predefined period configured by RRC, and indicates ON or OFF for UE to decide whether to wake up during OnDuration, new DCI format indicates the activation/deactivation of Cell DTX/DRX. This does not have a strong association with whether the MO need to be within or outside of the predefined period configured by RRC, for example, if a new DCI MO is before the predefined period configured by RRC, UE anyway needs to wake up to monitor PDCCH, no matter the DCI indicates activation or deactivation of the predefined period configured by RRC. Therefore, for higher flexibility and reliability, the MO configuration for new DCI should not be limited before the predefined period configured by RRC like DCI format 2_6 but can be within the predefined period configured by RRC.
Observation 1: MOs of new DCI format are not necessarily be limited to the outside of the predefined period configured by RRC like DCI format 2_6, as the functionality is different from wake-up indication. Here, the predefined period configured by RRC is similar to OnDuration of C-DRX.
Moreover, the FFS bullet in above agreement stress on the case that the new DCI MO is overlapped with DCI format 2_6, which may cause congestion, potential confusion on which DCI should be sent/monitored and then further potentially impact reliability. Therefore, it is beneficial to enlarge the new DCI MO in time domain to both before and within active time to avoid such issue. 
Proposal 11: The MOs of new DCI format should be extended to active time to avoid collision/confusion caused by configured DCI format 2_6.
Furthermore, by implementation, in the outside of the predefined period configured by RRC, gNB is also able to identify whether new DCI was miss detected by some UEs, if gNB is not able to receive HARQ-ACK for scheduled PDSCH or scheduled PUSCH, which means some UEs did not detect the new DCI indicating that Cell DTX is deactivated but still follows the non-active timing. When such issue is identified by gNB, MOs in in the outside of the predefined period configured by RRC can facilitate more new DCI repetitions for gNB to recover from such misalignment. Thus, more flexible of MOs configured in non-active time is also beneficial for reliability enhancement as gNB implementation.
Proposal 12: The MOs of new DCI format in the outside of the predefined period configured by RRC non-active time should also be supported for better reliability and more swift misalignment identification, handling, and recovery.

Procedures of Cell DTX/DRX activation/deactivation
In case of the miss detection of new DCI format, UE default behaviour should be define for more expected operation, which benefits the gNB operation.
If default behaivour is activation, when miss detecting new DCI indicating deactivation, a UE shall skip some valid PDCCH monitoring occasions, where gNB may still try to schedule the UE. This leads to longer latency, more system overhead but less UE power consumption.
If default behaviour is deactivation, when miss detecting new DCI indicating activation, a UE shall try to monitor all the PDCCH MOs as if there is no Cell DTX activated. Service latency is not compromised, system overhead and gNB energy saving is not impacted but the UE power consumption would be higher.
As miss-detection ratio can be low, considering our proposal to use more MOs for new DCI repetition, and considering this is WI for network energy saving, we can support the default behaviuor is deacviation but we may live with being configurable, as Rel.16 UE power saving.
Proposal 13: In case of new DCI format is miss-detected, UE default behaviour needs to be specified. Our first preference is “deactivation” and we can live with making it configurable, as Rel.16 UE power saving.

When both Cell DTX/DRX and UE C-DRX are configured, which/how the UE timer(s) is managed should be defined, upon activating DCI is received. For example, whether a new Cell Activation/OnDuration timer should be define and whether/how it works together with legacy OnDuration timer for C-DRX. As timer related procedure is normally handled by RAN2, we can leave the discuss to RAN2 but the UE behaviour should be clear at least in RAN1.
Proposal 14: When Cell DTX/DRX is configured together with C-DRX, timer related operation should be clarified (most likely RAN2 should do that) for RAN1 to define the UE behaviour clearly.
Conclusion
Based on the discussion, the following proposals are highlighted: 
Proposal 1: CSI-RS configured for tracking, beam and radio link monitoring and UE mobility, the availability can be at least configurable during non-active periods of Cell DTX.
Proposal 2: For Cell DTX, UE behaviour is not impacted and can receive PRS during Cell DTX non-active period. If network wants to save energy and does not transmit PRS during non-active period, it can be achieved by gNB implementation of configuration.
Proposal 3: For Cell DRX, UE is not expected to receive PDCCH in USS and Type-3 CSS.
Proposal 4: When Cell DRX and DTX are simultaneously operated, UE behaviour on HARQ-ACK feedback for SPS PDSCH is not impacted because of no SPS transmission by the network. For Cell DRX only operation, no UE behaviour is changed.
Proposal 5: For better network energy saving gain, the cell DTX/DRX patterns/parameters can be considered to be aligned with I-DRX.
Proposal 6: Multiple cell DTX/DRX configurations should be considered for better energy saving adaptation in future release. The switching between configurations needs possible L2/L1 signaling enhancement.
Observation 1: When UE DRX is configured, strict alignment of all UE DRX configurations and cell DTX/DRX may potentially lead to resource congestion.
Proposal 7: Multiple UE DRX configurations can be considered for more flexible adaption to achieve alignment with cell DTX/DRX. The switching between configurations needs possible L1/L2 signaling enhancement. 
Proposal 8: Interaction of Cell DTX/DRX and UE C-DRX needs to be clarified:
· When Cell DTX is configured, different UE behaviour is applicable with or without C-DRX. When C-DRX is also configured, UE is expected to receive the DL signals/channels only in the non-active period of both Cell DTX and C-DRX.
· L1 signaling to activate/deactivate Cell DTX is equivalent with switching between Cell DTX and C-DRX.
· When Cell DRX and C-DRX are configured, the UE behaviour should be the same with the case that only Cell DRX is configured. 
Proposal 9: DCI format 2_X should utilize block-based structure. UE is configured with a block starting position and follows the indication within that block. In each block, bit width is configurable, e.g., if both Cell DTX/DRX are configured, 2 bits are configured, each of which indicates ‘activate’ / ‘deactivate’ by 1/0 for Cell DTX and Cell DRX, respectively.
Proposal 10: To enhance the reliability, more MOs can be configured and reserved for new DCI repetition.
Observation 1: MOs of new DCI format are not necessarily be limited to the outside of the predefined period configured by RRC like DCI format 2_6, as the functionality is different from wake-up indication. Here, the predefined period configured by RRC is similar to OnDuration of C-DRX.
Proposal 11: The MOs of new DCI format should be extended to active time to avoid collision/confusion caused by configured DCI format 2_6.
Proposal 12: The MOs of new DCI format in the outside of the predefined period configured by RRC non-active time should also be supported for better reliability and more swift misalignment identification, handling, and recovery.
Proposal 13: In case of new DCI format is miss-detected, UE default behaviour needs to be specified. Our first preference is “deactivation” and we can live with making it configurable, as Rel.16 UE power saving.
Proposal 14: When Cell DTX/DRX is configured together with C-DRX, timer related operation should be clarified (most likely RAN2 should do that) for RAN1 to define the UE behaviour clearly.
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Appendix

Agreements from RAN1 #113 meeting
Agreement
RAN1 supports the group common L1 signaling using PDCCH for cell DTX/DRX activation and deactivation without HARQ feedback
· Send an LS to RAN2 to consider the additional support of a MAC CE based indication 
· Subject to UE capability

Agreement
Confirmation of WA from previous meeting with removal of the two sub-bullet
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
DCI format for group common L1 signaling using PDCCH for cell DTX/DRX activation and deactivation (downselect just one among alternatives)
· Alt 1) DCI Format 2_6 (power saving information outside DRX Active Time)
· FFS: Monitoring within DRX active time
· FFS: Field content
· Alt 2) Based on new DCI format 2_X
· Field content format
· Block number 1, block number 2, …, block number N
· For each block should at least support the following:
· DTX configuration activation/deactivation
· DRX configuration activation/deactivation
· FFS: other field details, mapping of UE and each blocks
· DCI size indicated by higher layers
· FFS: RNTI
· FFS: application delay, timers for activation/deactivation
· FFS: handling of multiple cells including when UE supports different number of cells
· FFS: details on PDCCH monitoring aspects, including but not limited to:
· Search Space
· PDCCH monitoring occasion
· slots to monitor (during cell DTX/DRX non-active periods, and active periods)
· BD/CE aspects
· FFS: UE behavior upon reception of the group common PDCCH (during cell DTX/DRX non-active periods, and active periods), including fallback behavior (if any)


Agreement
For the group common L1 signaling using PDCCH for cell DTX/DRX activation and deactivation
· Alt 2) Based on new DCI format 2_X
· DCI size budget is not increased
· Number of required BDs is not increased
· FFS: PDCCH monitoring configuration for the new DCI format is identical to PDCCH monitoring configuration for DCI format 2_6 if the UE monitors both DCI formats
· FFS: New RNTI is used



Agreements from RAN1 #112bis-e meeting
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
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


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


RAN2 Agreements from RAN2 #121bis-e
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
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