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1. [bookmark: _Ref27419]Introduction
In last meeting, the agreements on cell DTX/DRX were reached as below [1]: 
	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 behaviour for retransmission
· if some specific RNTI scrambled PDCCH in USS will be excluded from cell DTX operation
· PDCCH in Type-3 CSS
· [bookmark: OLE_LINK7]UE behaviour 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 behaviour is applicable with or without C-DRX
· FFS: Whether the list of impacted signals/channels can be configurable
· FFS: Whether there will be exception case(s) for UE receiving and/or processing listed signals/channels during non-active periods of DTX
· FFS: RAN1 to consider impact on system if the channels/signals are not transmitted during non-active period
Agreement
From RAN1 point of view, Rel-18 UE supporting cell DRX is not expected to transmit the following signals/channels to the gNB during non-active periods of cell DRX. The list of signals/channels may be updated based on RAN2/RAN4 input and other signals/channels are not precluded from further discussions.
· Periodic/Semi-persistent CSI report
· Periodic/Semi-persistent SRS 
· FFS: SRS for positioning
· FFS:
· HARQ feedback for SPS PDSCH
· FFS whether there will be exception case(s) for UE transmitting listed signals/channels during non-active periods of DRX
· FFS Whether the listed signals/channels can be configurable by gNB
· FFS: Whether the same or different UE behavior is applicable with or without C-DRX
· FFS: RAN1 to consider impact on system if the channels/signals are not transmitted during non-active period
Agreement
For PDDCH monitoring, further work on Rel-18 NES in RAN1 is to follow the RAN2 agreement below:
10.	The understanding for the gNB scheduling behaviour for new transmissions during Cell DTX non-active period is that the gNB does not schedule UE-specific dynamic grants/assignments, even if the UE is in C-DRX Active Time. UE doesn’t monitor PDCCH for dynamic grants/assignments for new transmissions during Cell DTX non-active period, even if the UE is in C-DRX Active time. FFS how to deal with any exceptions (e.g. SR if agreed and RACH).
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.



Therefore, in this contribution, impacts on physical layer signals/channels and procedures and L1 signalling design for cell DTX/DRX are discussed.
2. Discussion 
2.1. Impacts on physical layer signals/channels and procedures
In RAN2#121bis-e, the agreements were reached as following [2]:
	Agreements
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


According to the above agreements, the UE does not monitor SPS occasions or PDCCH for dynamic grants/assignments for new transmissions during Cell DTX non-active periods, and UE does not transmit on CG occasions and transmit SR on PUCCH occasion during Cell DRX non-active periods. For other signals/channels, the analysis is described as followings.
· PDCCH in USS and Type-3 CSS
The PDCCH monitoring for retransmission will be discussed in RAN2. While for Type-3 CSS, it can be discussed in RAN1. For example, DCI format 2-6 which indicates UE whether to wake-up for the upcoming DRX cycle, if it is not monitored due to cell DTX inactive, the data transmission will be postponed for a whole DRX cycle. While for DCI format 2-7, it is monitored by RRC idle/inactive state UEs, it should not be impacted as it is required by the objective. Therefore, at least the DCI format 2-6 and DCI format 2-7 in Type-3 CSS shall not be impacted by cell DTX.
[bookmark: _Toc25349][bookmark: _Toc12489][bookmark: _Toc14469]The impact of cell DTX on PDCCH in Type-3 CSS should be discussed in RAN1. 
[bookmark: _Toc17942][bookmark: _Toc21585][bookmark: _Toc12248]At least the DCI format 2-6 and DCI format 2-7 in Type-3 CSS shall not be impacted by cell DTX.
· PRS
In the case of DL PRS resource configured for the UE in RRC_INACTIVE mode, the DL PRS transmission should not be impacted by cell DTX non-active periods to ensure that the RRC_IDLE/RRC_INACTIVE mode UEs are not impacted by cell DTX. However, for PRS resource configured for the UE in RRC_CONNECTED mode, e.g. PRS for UE Rx-Tx time difference measurements, whether the UE expects to receive the PRS during cell DTX non-active periods or not can be configured by RRC signaling.
[bookmark: _Toc17237][bookmark: _Toc7574][bookmark: _Toc21625]PRS configured for the UE in RRC_INACTIVE mode should not be impacted by cell DTX. 
[bookmark: _Toc12916][bookmark: _Toc21085][bookmark: _Toc11319]For PRS resource configured for the UE in RRC_CONNECTED mode, e.g. PRS for UE Rx-Tx time difference measurements, whether the UE expects to receive the PRS during cell DTX non-active periods or not can be configurable by signaling.
· CSI-RS reception and CSI report
In our opinion, UE performs CSI measurement to report PMI, CQI and RI values, then gNB can schedule data with suitable resource assignment. Therefore, if CSI-RS reception and CSI report are suspended completely during cell DTX/DRX non-active period, both the reliability and efficiency of data transmission may be degraded, especially for the case that the UE expects to perform CSI measurement during the UE CDRX active time that is overlapped with cell DTX/DRX non-active period. Therefore, the impact on CSI-RS reception and CSI report, i.e. CSI-RS for channel measurement, RRM, RLM, BFD and BM, during cell DTX/DRX non-active periods should be minimized.
[bookmark: _Toc25070][bookmark: _Toc15792][bookmark: _Toc25548]Whether UE performs CSI-RS reception and CSI report or not should be configurable by signaling to minimize the impact on channel measurement, RRM, RLM, BFD and BM.
In current specification [3], when UE is configured with CDRX and DCI format 2-6 monitoring occasions, the UE can perform measurements during the timer duration indicated by drx-onDurationTimer in DRX-Config also outside active time as shown in Figure 1. Therefore, the same mechanism can be considered, e.g. the UE can at least perform CSI-RS reception and CSI report during cell DTX/DRX non-active periods overlapped with UE CDRX active time or according to RRC configuration. 
[image: ]
[bookmark: _Toc2219][bookmark: _Toc27761][bookmark: _Toc4494]Figure 1 Mechanism on CSI report during CDRX on duration outside active time in TS 38.214
[bookmark: _Toc28151][bookmark: _Toc26096]During cell DTX/DRX non-active period that is overlapped with UE CDRX active time, UE can perform CSI-RS reception and CSI report to minimize the impact on link management similar to the mechanism during the timer duration indicated by drx-onDurationTimer in DRX-Config.
[bookmark: _Toc12773][bookmark: _Toc9458][bookmark: _Toc6132]CSI measurement and report during C-DRX on duration timer overlapped with cell DRX non-active periods should not be impacted.
· Periodic CSI-RS for tracking
In addition to SSB detection for coarse frequency/time error estimation, UE can detect TRS for fine frequency/time error estimation and tracking. In order to minimize the impact on link performance, whether to or not to transmit TRS during cell DTX/DRX non-active periods should be discussed.
· Periodic/Semi-persistent SRS
In general, UE sends SRS to assist gNB to obtain more accurate CSI for data transmission and beamforming information. If UE is suspended to transmit SRS during cell DRX non-active periods, the reliability of data transmission may be degraded. Therefore, in order to minimize the impact on data transmission and beamforming, UE can perform SRS transmission during cell DTX/DRX non-active periods according to RRC configuration. In order to minimize the impact on link management and beam management, whether to or not to perform SRS transmission during cell DRX non-active periods should be configurable by RRC signaling.
[bookmark: OLE_LINK9][bookmark: _Toc26388][bookmark: _Toc10321][bookmark: _Toc28208]SRS transmission during cell DRX non-active periods should be configurable by signaling to minimize the impact on link management and beam management.
Moreover, SRS for positioning can be configured for the UE in RRC_INACTIVE mode. It is proposed that SRS for positioning should not be impacted by cell DRX to minimize the impact on the UE behaviors in RRC_INACTIVE mode.
[bookmark: _Toc22877][bookmark: _Toc26114][bookmark: _Toc9697]SRS for positioning should not be impacted by cell DRX to minimize the impact on the UE behaviors in RRC_INACTIVE mode. 
[bookmark: _Toc15627][bookmark: _Toc10807][bookmark: _Toc11149]The following list of impacted signals/channels can be configurable by signaling.
· [bookmark: _Toc31776][bookmark: _Toc10160][bookmark: _Toc16514][bookmark: _Toc257][bookmark: _Toc19242][bookmark: _Toc19241]PRS for UE in RRC_CONNECTED mode;
· CSI-RS for channel measurement, RRM, RLM, BFD and BM;
· [bookmark: _Toc28815][bookmark: _Toc24187][bookmark: _Toc23629]SRS transmission except for SRS for UE in RRC_INACTIVE mode.
2.2. Dynamic signaling design 
When cell DTX/DRX is configured, network can transmit/receive data only during cell DTX/DRX active time, and does not need to transmit/receive during cell DTX/DRX non-active time. Therefore, a longer period of cell DTX/DRX non-active time can achieve more network energy savings.
[bookmark: _Hlk134910633][bookmark: OLE_LINK2]According to agreements in RAN2#121bis-e meeting [2], RAN1 should discuss the feasibility and design details of L1 signalling for Cell DTX/DRX activation/deactivation. Based on RAN2’s agreements [2], a periodic cell DTX/DRX pattern is configured by RRC and the parameters configured per cell DTX/DRX configuration include at least periodicity, start slot/offset and on duration. In 5G system, more advanced and diverse services and applications are handled. A semi-static configuration of cell DTX/DRX pattern may not be suitable for various traffic models and not beneficial for the network energy savings when UE is suffered from time-intensive traffic. Therefore, it is proposed that L1 signaling is considered for dynamic indication of cell DTX/DRX pattern to adapt to flexible services. 
	[bookmark: _Toc19452][bookmark: _Toc22439][bookmark: _Toc127551668]Agreements in RAN2#121bis-e
[bookmark: OLE_LINK1]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


[bookmark: _Toc22127][bookmark: _Toc1078]A semi-static configuration of cell DTX/DRX pattern may not be suitable for various traffic models and not beneficial for the network energy savings when UE is suffered from time-intensive traffic.
In RAN1#112bis, the following WA was agreed. The mechanism of cell DTX/DRX activation/deactivation is similar with the wake-up indication carried by DCI format 2-6 or DCI format 2-7. Therefore, the feasibility has been verified by the legacy solutions. 
Regarding the reliability issue, the L1 based indication has been widely used in the scenarios with stringent reliability requirements such as URLLC and XR. While for NES purpose, the reliability target is far less than those traffic types. Therefore, the reliability of L1 based cell DTX and/or DRX activation/deactivation can be guaranteed by, for example, allocating a large aggregation level.
[bookmark: _Toc18017][bookmark: _Toc4722]The reliability of L1 based cell DTX and/or DRX activation/deactivation can be guaranteed by, for example, allocating a large aggregation level.
To this end, we propose to confirm the WA.
	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


[bookmark: _Toc19535][bookmark: _Toc30459][bookmark: _Toc11399]It is proposed to confirm the following working assumption. 
[bookmark: _Toc3715][bookmark: _Toc4882][bookmark: _Toc11290]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.
· [bookmark: _Toc30778][bookmark: _Toc14132][bookmark: _Toc11023]This does not imply that L1 activation/deactivation is supported in Rel-18
· [bookmark: _Toc22542][bookmark: _Toc9739][bookmark: _Toc2520]Note: Reliability, overhead, and benefits are FFS
[bookmark: OLE_LINK3]In order to ensure that the cell DTX/DRX pattern can be flexibly adapted to various traffic, the flexible indication of cell DTX/DRX pattern by L1 signaling needs to be considered as shown in Figure 2 (a). Therefore, the network can switch to a cell DTX/DRX pattern that is suitable for the subsequent data arrival to provide a longer sleep period for network or reduce scheduling latency. 
[bookmark: _Hlk134910761][bookmark: OLE_LINK4]It also needs to be discussed whether the L1 signaling can indicate cell DTX/DRX indication information for a UE or a group of UE. It’s worth noting that the overhead is large if the UE-specific L1 signaling is used to indicate cell DTX/DRX indication information because gNB needs to send a dedicated L1 signaling to each UE for a cell-level DTX/DRX indication in a cell. Therefore, considering signaling overhead, group-common signaling is proposed for the design of L1 signaling for cell DTX/DRX indication information.
[bookmark: _Toc6105][bookmark: _Toc17670][bookmark: _Toc127551678][bookmark: _Toc14975][bookmark: _Toc7286]Considering signaling overhead, group-common signaling is proposed for the indication of cell DTX/DRX activation/deactivation.
Moreover, multiple cell DTX/DRX patterns are also beneficial for NW and UE adapt to different traffic patterns. For example, if the data arrives during cell DTX off as shown in Figure 2 (a), the data may not be scheduled timely during cell DTX off so that the data scheduling will be delayed till the next cell DTX on. To minimize the impact of scheduling delay for data transmission, an additional cell DTX on enabled by L1 signaling can be considered as shown in Figure 2 (b). Therefore, the UPT can be ensured because the cell DTX on can be enabled dynamically to adapt to various data arrival. For traffic model with sparse data arrival, dynamic disabling cell DTX/DRX on duration can be also considered.
According to the above analysis, activating/deactivating the cell DTX/DRX pattern among multiple cell DTX/DRX patterns, e.g. switching cell DTX/DRX pattern, should be considered as the indication information of L1 signaling.
[image: IMG_256]
(a) switching cell DTX pattern among multiple cell DTX/DRX patterns by L1 signaling
[image: IMG_256]
(b) enabling cell DTX on duration during cell DTX cycle by L1 signaling
Figure 1 Activating/deactivating cell DTX/DRX pattern by L1 signaling
[bookmark: _Toc22543][bookmark: _Toc16936][bookmark: _Toc20961]Activating/deactivating the cell DTX/DRX pattern among multiple cell DTX/DRX configurations, e.g. switching cell DTX/DRX configuration should be considered as the content of L1 signaling.
According to the agreement in RAN2#120 meeting, the cell DTX/DRX can be configured per serving cell and can be applicable for different cells in CA. Therefore, the cell DTX/DRX indication information for multiple cells in CA scenario is proposed to be indicated by L1 signaling, e.g. each bit of a bitmap field corresponds to a cell DTRX/DRX activation/deactivation indication for a cell. 
[bookmark: _Toc91][bookmark: _Toc25682][bookmark: _Toc15165]In CA scenario, cell DTX/DRX indication information for multiple cells should be supported by L1 signaling, e.g. each bit of a bitmap field corresponds to a cell DTRX/DRX activation/deactivation indication for a cell.
	Agreements in RAN2#120
5	Cell DTX/DRX can be configured per serving cell and can be applicable for different cells in CA.  No additional RAN2 impacts or enhancements are foreseen.


[bookmark: _Toc21920][bookmark: _Toc31194][bookmark: _Toc11771]The validity duration based activation/deactivation of cell DTX/DRX should be considered to mitigate the ambiguous issue on the effective time of cell DTX/DRX activation/deactivation. It is also helpful to reduce signaling overhead, provide more opportunities for NES, or improve system robustness. For example, if cell DRX/DTX is de-activated for latency-sensitive data transmission by L1 signaling, NW can enter into cell DTX mode after the validity duration expires without sending additional indication. The validity duration for the activation/deactivation of cell DTX/DRX indicated by L1 signaling can be considered as one or multiple cell DTX/DRX cycles.
[bookmark: _Toc4233][bookmark: _Toc3805][bookmark: _Toc9786]The validity duration for the activation/deactivation of cell DTX/DRX indicated by L1 signaling can be considered as one or multiple cell DTX/DRX cycles.
For the validity duration based activation/deactivation of cell DTX/DRX, a reference time should be introduced to determine the start of the validity duration. The start of cell DTX/DRX cycle where UE detects the L1 signaling indicating activation/deactivation of cell DTX/DRX can be considered as the reference time to make sure a same reference time for the UEs supporting cell DTX/DRX in a cell and to align the start of validity duration and cell DTX/DRX cycle.
[bookmark: _Toc17][bookmark: _Toc12784][bookmark: _Toc30019]The start of cell DTX/DRX cycle where UE detects the L1 signaling indicating activation/deactivation of cell DTX/DRX can be considered as the reference time.
An application delay is used to determine the application time after the detection of L1 signaling indicating activation/deactivation of cell DTX/DRX for the UE. The application delay is necessary for both the UE and gNB to align the validity duration and the reference time, e.g. when the periodicity of cell DTX/DRX is configured in a smaller unit (e.g. symbol-level cell DTX/DRX).
[bookmark: _Toc8031][bookmark: _Toc14738][bookmark: _Toc9542][bookmark: OLE_LINK6]An application delay is considered after the UE detects L1 signaling based cell DTX/DRX activation/deactivation.
To ensure that the UE can quickly activate one or multiple cell DTX/DRX cycles for the case of a short cell DTX/DRX cycle configuration, it is proposed that the L1 signal for cell DTX/DRX activation/deactivation can be monitored in non-active periods. 
[bookmark: _Toc19383][bookmark: _Toc19082][bookmark: _Toc12440]The L1 signal can be monitored in non-active periods.
3. Conclusion
In this contribution, we discuss the cell DTX/DRX and have the following observations and proposals.
Observation 1: During cell DTX/DRX non-active period that is overlapped with UE CDRX active time, UE can perform CSI-RS reception and CSI report to minimize the impact on link management similar to the mechanism during the timer duration indicated by drx-onDurationTimer in DRX-Config.
Observation 2: A semi-static configuration of cell DTX/DRX pattern may not be suitable for various traffic models and not beneficial for the network energy savings when UE is suffered from time-intensive traffic.
Observation 3: The reliability of L1 based cell DTX and/or DRX activation/deactivation can be guaranteed by, for example, allocating a large aggregation level.

Proposal 1: The impact of cell DTX on PDCCH in Type-3 CSS should be discussed in RAN1.
Proposal 2: At least the DCI format 2-6 and DCI format 2-7 in Type-3 CSS shall not be impacted by cell DTX.
Proposal 3: PRS configured for the UE in RRC_INACTIVE mode should not be impacted by cell DTX.
Proposal 4: For PRS resource configured for the UE in RRC_CONNECTED mode, e.g. PRS for UE Rx-Tx time difference measurements, whether the UE expects to receive the PRS during cell DTX non-active periods or not can be configurable by signaling.
Proposal 5: Whether UE performs CSI-RS reception and CSI report or not should be configurable by signaling to minimize the impact on channel measurement, RRM, RLM, BFD and BM.
Figure 1 Mechanism on CSI report during CDRX on duration outside active time in TS 38.214
Proposal 6: CSI measurement and report during C-DRX on duration timer overlapped with cell DRX non-active periods should not be impacted.
Proposal 7: SRS transmission during cell DRX non-active periods should be configurable by signaling to minimize the impact on link management and beam management.
Proposal 8: SRS for positioning should not be impacted by cell DRX to minimize the impact on the UE behaviors in RRC_INACTIVE mode.
Proposal 9: The following list of impacted signals/channels can be configurable by signaling.
 PRS for UE in RRC_CONNECTED mode;
 CSI-RS for channel measurement, RRM, RLM, BFD and BM;
 SRS transmission except for SRS for UE in RRC_INACTIVE mode.
Proposal 10: It is proposed to confirm the following 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
Proposal 11: Considering signaling overhead, group-common signaling is proposed for the indication of cell DTX/DRX activation/deactivation.
Proposal 12: Activating/deactivating the cell DTX/DRX pattern among multiple cell DTX/DRX configurations, e.g. switching cell DTX/DRX configuration should be considered as the content of L1 signaling.
Proposal 13: In CA scenario, cell DTX/DRX indication information for multiple cells should be supported by L1 signaling, e.g. each bit of a bitmap field corresponds to a cell DTRX/DRX activation/deactivation indication for a cell.
The validity duration based activation/deactivation of cell DTX/DRX should be considered to mitigate the ambiguous issue on the effective time of cell DTX/DRX activation/deactivation. It is also helpful to reduce signaling overhead, provide more opportunities for NES, or improve system robustness. For example, if cell DRX/DTX is de-activated for latency-sensitive data transmission by L1 signaling, NW can enter into cell DTX mode after the validity duration expires without sending additional indication. The validity duration for the activation/deactivation of cell DTX/DRX indicated by L1 signaling can be considered as one or multiple cell DTX/DRX cycles.
Proposal 14: The validity duration for the activation/deactivation of cell DTX/DRX indicated by L1 signaling can be considered as one or multiple cell DTX/DRX cycles.
Proposal 15: The start of cell DTX/DRX cycle where UE detects the L1 signaling indicating activation/deactivation of cell DTX/DRX can be considered as the reference time.
Proposal 16: An application delay is considered after the UE detects L1 signaling based cell DTX/DRX activation/deactivation.
Proposal 17: The L1 signal can be monitored in non-active periods.
[bookmark: _GoBack]
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