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1. Introduction
A new work item on network energy saving was approved in RAN plenary #98e and revised as in [1]. More details [2-5] can be found in Appendix. In this paper, we discuss the details of the cell DTX/DRX mechanism including L1 signalling for cell DTX/DRX (de)activation, applied signals/channels of cell DTX/DRX, and impact of cell DTX/DRX on legacy operations.
2. [bookmark: _Hlk125991212]L1 signalling for cell DTX/DRX (de)activation
According to RAN2 agreement ‎[3], configuring a periodic cell DTX/DRX pattern via UE-specific RRC signalling is considered as the baseline. Also, a LS from RAN2 is asking about the feasibility, reliability and design details of using L1 signalling to (de)activate cell DTX/DRX ‎[5]. 
Thus, whether it is feasible to introduce a L1 signalling for cell DTX/DRX (de)activation depends on the benefits it can bring compared to UE-specific RRC signalling. From our perspective, the benefits of L1 signalling can be observed in the following directions:
· At first, L1 signalling has lower application delay and is more flexible in indication. To be specific, according to current RAN2 agreement [3], as the baseline, during the inactive period of cell DTX/DRX, UE shall not receive DG/SPS PDSCH and transmit CG PUSCH. Thus, if there is an urgent service (e.g. URLLC/XR traffic, which is sensitive to latency) during this period, RRC signalling for cell DTX/DRX deactivation cannot be transmitted until the next active period. As shown in Figure 1, this will cause certain delay. If the delay is relative large, it will have a serious impact. Instead, if cell DTX/DRX (de)activation is achieved via L1 signalling, and the L1 signalling is not impacted by cell DTX, it can be performed in a timely manner. 
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Figure 1 Deactivation via RRC signaling and L1 signaling during the inactive period of cell DTX/DRX
· Also, since a DCI-based scheduling is required for RRC signalling transmission and the RRC signalling has to be separately transmitted for each UE, the application delay here is relatively large. For instance, as shown in Figure 2, compared with UE-specific RRC signalling, cell DTX/DRX activation can be performed more quickly based on L1 signalling, which is also more flexible and easier to implement.
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Figure 2 Activation of cell DTX/DRX via RRC signaling and L1 signaling 
· In addition, the L1 signalling can be configured at a UE-group level or a larger granularity, which means the status of cell DTX/DRX for multiple UEs can be informed through one L1 signalling. Thus, compare with UE-specific RRC signalling, L1 signalling can significantly reduce the transmission number, which results in the overhead reduction.
Therefore, it is feasible and beneficial to introduce L1 signalling for the (de)activation of cell DTX/DRX.
Proposal 1: [bookmark: _Hlk129698702]It is feasible and beneficial to introduce L1 signalling for the (de)activation of cell DTX/DRX.
From our perspective, in general, the reliability of L1 signalling is not an issue since it is already applied in several high reliability required scenario (like URLLC). To be specific, the reliability of L1 signalling can be ensured by increasing the aggregation level (e.g. use AL=8 or AL=16), or a compact structure for the PDCCH as supported in current specifications.
On the other hand, the reliability of L1 signalling is worth considering since there can have cases of unnecessary transmission/reception if UE and NW are not aligned in the cell DTX/DRX operation. This may in some cases degrade the NES gain but in general is not a significant issue that affects the system/services. For example if a UE does not receive the L1 signalling even if the gNB has transmitted it, a UE may keep monitoring PDCCH at the cost of UE power savings. Enhancements can be further considered such that the probability of exception cases is reduced, or well known if really happens. Such similar mechanism already exists in current specifications, e.g. DCP and PEI indication in PDCCH as specified in Rel-16/Rel-17.
Proposal 2: The reliability of L1 signalling for (de)activation of cell DTX/DRX is not a problem. Enhancements should be considered for the exception case when L1 signaling is not received to maximize the NES potential.
In addition, based on the agreement in last meeting [2], RAN1 has to further discuss about the design details. From our perspective, the design of L1 signalling should be considered in the following directions: 
· Content: In RAN2 LS [5], L1 signalling is asked for (de)activation of cell DTX/DRX. Thus, to discuss the specific content in L1 signalling, whether the (de)activation can be a group-level manner or a UE-level manner should be first considered. To be specific:
· If the (de)activation of cell DTX/DRX is a group-level manner, which means the L1 signalling is used to (de)activate cell DTX/DRX for UE-groups in a cell, then it’s better that the L1 signalling is a group-common DCI, and the content in DCI indicates the activation status of cell DTX/DRX for serving cells in each UE-group. From NW perspective, introduction of this kind of L1 signalling is beneficial to accommodate different traffic loads of different serving cells. 
· Also, in last meeting, companies proposed that deactivating cell DTX/DRX in a UE-specific way can be considered. In this case, the L1 signalling is a UE-specific DCI and the content in DCI only indicates the activation status of cell DTX/DRX for serving cells in a specific UE. UE-specific DCI can be used for consideration of exception cases which happen to only few UEs, and could be beneficial when urgent transmission (e.g. URLLC/XR traffic) is needed for a certain UE.
· Besides, introducing a timer or validity duration for L1 signalling (de)activation can reduce the overhead in some case like a temporary, urgent transmission is needed.
· Format: In the previous agreement [2], whether the L1 signalling is achieved by enhancing legacy DCI or introducing a new DCI are both considered. To further analysis:
· Enhancing a legacy DCI format is worth considering since it can reduce the complexity of PDCCH monitoring from the UE side. However, the potential issue could be that the payload size of current DCI format may need to be increased if new indication is directly added, which leads to increased DCI size budget.
· Another more straightforward way is to introduce a new DCI format, which can be configured with a new RNTI in a new search space. Compared with enhancing a legacy DCI, this approach does not need to consider the compatibility issue with legacy DCI formats. 
· Start time for (de)activation: To avoid the misalignment between the gNB and UE, it is recommended to have a clear start time for the (de)activation of cell DTX/DRX. For instance, the (de)activation starts in the next slot after the transmission of L1 signalling, or starts at the time that configured by NW or spec. Note that this also depends on the specific function of L1 signalling. Thus, is better to first finalize the content of L1 signalling, and then come back to discuss this.
Proposal 3: Support introduction of L1 signalling for (de)activation at least in a group-common level, FFS: additional (de)activation in a UE-specific level
· prefer a new DCI format, while enhancing a legacy DCI format can also be considered

3. [bookmark: _Hlk130927310]Applied signals/channels for cell DTX/DRX
Based on the discussion in last meeting, RAN1 has reached several agreements on some channels/signals that can be applied or not by cell DTX/DRX [2]. Here, we will discuss the remaining signals/channels in turn. 
· At first, we would like to reiterate that the intention for cell DTX/DRX is to achieve more energy saving gain while ensuring the basic link performance. Thus, we should focus on whether the impact is serious when a certain channel/signal is impacted by cell DTX/DRX, especially in the low/medium load scenario.
· Also, whether a certain signal/channel is configurable should not be discussed in this stage since the current discussion should first focus on a single cell DTX/DRX configuration.
· PDCCH in USS/Type3-PDCCH CSS: 
· Currently, UE C-DRX is designed for UE not to monitor PDCCH. However, when a UE is configured with C-DRX, it might be specific to that UE considering the UE traffic. Even if in practice that UE C-DRX can be configured in a cell level manner, for some cases the gNB may further seek for energy saving in different time slots from the configured UE C-DRX on duration, if the gNB decides to do so due to changed traffic or urgent energy saving demand/opportunity. Then for sure gNB can just go to saving mode and leave the UE to monitor potential PDCCH. On the other hand, if the gNB can further indicate UEs that there won’t be PDCCH for a time that is over their on-duration, the UEs can benefit from this indication with additional power saving. Therefore, it is recommended that cell DTX can be applied to PDCCH in USS and Type3-PDCCH CSS.
· In addition, whether PDCCH can be transmitted in some exception case (e.g., retransmission, contention resolution timer running) should be further considered. A possible solution is to define some cases that cell DTX should stay on active state (e.g. a timer is running or a certain channel/signal is expected to receive), like what was done in C-DRX.
· UCI:
· [bookmark: _Hlk131709833]HARQ-ACK: this information follows UE specific PDSCH, thus, if a corresponding PDSCH is received, the corresponding feedback is expected by gNB as well.
· SR: In last RAN2 meeting, it was agreed as the baseline that SR shall not be transmitted during the inactive period of cell DRX [3]. However, there are still some exception cases that deserve further consideration. One special case is SR for SCell BFR. In current specification, when a UE detects the beam failure in a cell, it will start a BFR procedure. As is shown in Figure 3, UE cannot complete SCell BFR procedure in cell DRX inactive time without this type of SR. This will result in a random access procedure and a serious impact on performance. As we mentioned above, cell DTX/DRX should not affect the basic link performance, or is better to directly deactivate the SCell. Thus, it is recommended that SR for SCell BFR is not impacted by cell DRX.
[image: C:\Users\j00781913\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\8ED778D0.tmp]
[bookmark: _Ref134288539][bookmark: _Ref134545702]Figure 3 SCell BFR procedure when cell DTX/DRX is configured (or activated)
· Reference signals:
· Aperiodic CSI-RS/SRS: In general, similar with other signals/channels, aperiodic CSI-RS/SRS should follow the scheduling indication from gNB.
· P/SP CSI-RS for BM: CSI-RS for BM is used for beam alignment. Since during the WID, it is recommended that cell DTX/DRX will not affect SSB, UE can perform beam measurement based on SSB when necessary. Compared with CSI-RS, this will result in some performance loss. But for light/medium load scenario, this doesn't make a serious impact and gNB can properly consider the need/timing for performing the cell DTX operation.
· P/SP CSI-RS for RRM: CSI-RS for RRM is used for mobility management. Similar with CSI-RS for beam management, UE can perform measurement based on SSB when necessary, which will not have a significant impact in performance.
· P/SP CSI-RS for RLM/BFD: CSI-RS for RLM is used for link performance monitoring and CSI-RS for BFD is for beam performance monitoring. As defined in current specification, RLM/BFD-RS can be configured as periodic CSI-RS or SSB. Thus, even if there is no available CSI-RS resource, UE can still perform measurement based on SSB, or extending the measurement period in most cases upon gNB configuration. Thus, it is clearly feasible and workable with cell DTX applying to P/SP CSI-RS for RLM/BFD. 
· Potential impact was mentioned in previous RAN4 discussion. In RAN4 discussion for e.g. RLM, the L1 indication period and the IS/OOS evaluation period are defined based on the transmission period of RLM-RS and the C-DRX cycle. That is, IS/OOS evaluation and L1 indication can be performed only when a sufficient number of new measurement results are obtained, as shown in Figure 4. If needed, it can be consulted with RAN4 on the potential impact of activated cell DTX on CSI-RS for RLM/BFD in terms of the value of evaluation period and L1 indication.
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[bookmark: _Ref134551958]Figure 4 An example for RLM procedure (L1 indication period, IS/OOS evaluation period)
· P/SP CSI-RS for BFR: BFR is important for maintaining the SCell operation while obtaining the considerable NES gain, which is the motivation of NES via cell DTX/DRX. Similar as SR for BFR, it is recommended that CSI-RS for SCell BFR is not impacted by cell DTX.
· P/SP CSI-RS for tracking (TRS): CSI-RS for tracking is used for T/F tracking and synchronization. Potential TRS/CSI-RS occasion(s) available in connected mode may be reused for RRC_IDLE/INACTIVE mode UEs. If cell DTX is applied to TRS, it can result in some degradation for link performance. It is recommended that CSI-RS for tracking is not impacted by cell DTX. 
· P/SP CSI-RS for positioning (PRS) and P/SP SRS for positioning: Similar as CSI-RS for tracking, P/SP CSI-RS and SRS for positioning can also be used for RRC_IDLE/INACTIVE mode UEs. Therefore, it is recommended that P/SP CSI-RS and SRS for positioning is not impacted by cell DTX/DRX.
Proposal 4: Support the following signals/channels to be applied with cell DTX/DRX:
· PDCCH in USS/Type3-PDCCH CSS, FFS: the impact of L1 signaling for (de)activation
· P/SP CSI-RS for BM
· P/SP CSI-RS for RRM
· P/SP CSI-RS for RLM/BFD
· Potential impact on RLM/BFD evaluation period and L1 indication period when cell DTX is configured can be consulted with RAN4 if needed

Proposal 5: Support the following signals/channels NOT to be applied with cell DTX/DRX:
· HARQ-ACK
· SR for SCell BFR
· P/SP CSI-RS for SCell BFR
· P/SP CSI-RS for tracking
· P/SP CSI-RS for positioning
· P/SP SRS for positioning 
Also, it is worth considering that even if cell DTX/DRX is aligned with UE C-DRX, there are still some occasions that UE C-DRX is in active time and cell DTX/DRX is in inactive time. When cell DTX/DRX and UE C-DRX are applied to the same signal/channel for a same UE, whether the configuration/indication from cell DTX/DRX and UE C-DRX should be aligned or not, whether one can be higher priority or not and the corresponding UE behaviours in these cases need to be further studied.
Proposal 6: Further discuss the UE behaviour on the channels/signals that cell DTX/DRX and UE C-DRX are both applied.
4. Impact of cell DTX/DRX on legacy operations
During last RAN1 meeting, companies provided several potential issues between cell DTX/DRX and legacy operations [2]. In this section, we will discuss them in turn.
Handling of HARQ-ACK codebook generation when configured with cell DTX/DRX
From the compatibility point of view, it is better that cell DTX/DRX does not affect the generation method of HARQ-ACK codebook. The current specification allows to generate the HARQ-ACK codebook with NACK corresponding to SPS PDSCHs, which can be reused in the case of SPS PDSCHs overlapping with cell DTX non-active period. Since gNB knows the configuration of cell DTX/DRX, this does not lead to misalignment between the UE and the gNB.
Proposal 7: For HARQ-ACK information bits corresponding to SPS PDSCHs that overlap with cell DTX non-active period, NACKs can be generated accordingly.
Handling of PUCCH deferral operation during non-active periods of cell DRX
From our view, since HARQ-ACK (for SPS PDSCH) is not impacted by cell DTX/DRX, which means HARQ-ACK can be transmitted in any available UL resource upon gNB indication, implying that no further enhancement is needed for PUCCH carrying HARQ-ACK.
Proposal 8: There is no need to specify handling of PUCCH deferral operation during non-active periods of cell DRX.
Handling of overlapping channels where at least a channel overlaps with non-active periods of cell DTX/DRX
From our view, cell DTX/DRX pattern should be configured in the unit of ms, which is similar with C-DRX. Under this premise, since the multiplexing of UCI is processed in a slot, it doesn't seem to be a problem.
Proposal 9: There is no need to specify handling of overlapping channels where at least a channel overlaps with non-active periods of cell DTX/DRX. 

5. Conclusions
The following proposals are provided:
Proposal 1: It is feasible and beneficial to introduce L1 signalling for the (de)activation of cell DTX/DRX.

Proposal 2: The reliability of L1 signalling for (de)activation of cell DTX/DRX is not a problem. Enhancements should be considered for the exception case when L1 signaling is not received to maximize the NES potential.

Proposal 3: Support introduction of L1 signalling for (de)activation at least in a group-common level, FFS: additional (de)activation in a UE-specific level
· prefer a new DCI format, while enhancing a legacy DCI format can also be considered

Proposal 4: Support the following signals/channels to be applied with cell DTX/DRX:
· PDCCH in USS/Type3-PDCCH CSS, FFS: the impact of L1 signaling for (de)activation
· P/SP CSI-RS for BM
· P/SP CSI-RS for RRM
· P/SP CSI-RS for RLM/BFD
· Potential impact on RLM/BFD evaluation period and L1 indication period when cell DTX is configured can be consulted with RAN4 if needed

Proposal 5: Support the following signals/channels NOT to be applied with cell DTX/DRX:
· HARQ-ACK
· SR for SCell BFR
· P/SP CSI-RS for SCell BFR
· P/SP CSI-RS for tracking
· P/SP CSI-RS for positioning
· P/SP SRS for positioning 

Proposal 6: Further discuss the UE behaviour on the channels/signals that cell DTX/DRX and UE C-DRX are both applied.

Proposal 7: For HARQ-ACK information bits corresponding to SPS PDSCHs that overlap with cell DTX non-active period, NACKs can be generated accordingly.

Proposal 8: There is no need to specify handling of PUCCH deferral operation during non-active periods of cell DRX.

Proposal 9: There is no need to specify handling of overlapping channels where at least a channel overlaps with non-active periods of cell DTX/DRX. 
Appendix
After the RAN#98-e meeting, the objectives of the work item on cell DTX/DRX are the following [1]:
	2.	Specify enhancement on cell DTX/DRX mechanism including the alignment of cell DTX/DRX and UE DRX in RRC_CONNECTED mode, and inter-node information exchange on cell DTX/DRX [RAN2, RAN1, RAN3]
•	Note: No change for SSB transmission due to cell DTX/DRX.
•	Note: The impact to IDLE/INACTIVE UEs due to the above enhancement should be avoided.


In RAN1#112 bis-e meeting, the cell DTX/DRX was discussed and the following agreement was reached [2]:
	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
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.

Working Assumption
Support of L1 signaling at least for activation/deactivation of a cell DTX and/or DRX configuration is feasible (e.g., in terms of enabling/disenabling the feature) from RAN1 perspective.
· This does not imply that L1 activation/deactivation is supported in Rel-18\
· Note: Reliability, overhead, and benefits are FFS




In RAN2#121 bis-e meeting, the cell DTX/DRX was discussed with the following agreements [3]:
Agreements 
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 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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