3GPP TSG RAN WG1 Meeting #114                                                                             	R1-2307163
Toulouse, France, August 21st – August 25th, 2023	

[bookmark: Source]Agenda Item:	9.7.2
Source: 	Fujitsu
Title:	Discussion on cell DTX/DRX mechanism
Document for:	Discussion/Decision
1. Introduction
In RAN#98e plenary meeting, the WID for Rel.18 Network (NW) energy saving has been approved [1]. According to this WID, one of the objectives is to specify cell DTX/DRX mechanism.
	2. [bookmark: _Hlk127261166]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 this contribution, we provide our views on the L1 signaling for cell DTX/DRX activation/deactivation and the FFS signal/channel can is impacted by Cell DTX/DRX.
 
2. Discussion
1.1. L1 signaling for cell DTX/DRX activation/deactivation
During RAN1#113 meeting, the group common L1 signaling based on a new DCI format was agreed for cell DTX/DRX activation and deactivation. In this section, we will address the FFS points related to the L1 signaling.
	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-bullets.
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




Using L1 signaling for cell DTX/DRX activation/deactivation can achieve network energy saving gain while adapting to varying network load in an efficient and dynamic way. The basic operation is shown in Figure 1. The cell DTX/DRX can be dynamically activated when the traffic load becomes low to save energy consumption for the gNB. On the other hand, when the network load increases due to data bursts, the cell DTX/DRX can be deactivated dynamically to mitigate the impact on UPT performance. Additionally, to adapt to various traffic patterns, multiple configurations with different on-durations and cycle lengths can be considered. In this case, L1 signaling is used to activate one of them. 
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中程度の精度で自動的に生成された説明]
Figure 1. Basic operation of L1 signaling based cell DTX/DRX mechanism

Moreover, since data arrival is usually sparse in low traffic load scenario, activation/deactivation cell DTX/DRX at the UE group level is beneficial for UE power saving. Figure 2 shows an example of group level activation/deactivation. As illustrated in Figure 2, while cell DTX/DRX is temporarily deactivated for UEs in group 1, UEs in the group 2 do not need to be aware that and they can save power during the non-active period. 
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Figure 2. UE active status for group level activation/deactivation of cell DTX/DRX

Based on the above considerations, Figure 3 shows an example of DCI format 2_X that conveys the indication for cell DTX and DRX activation/deactivation. The DCI is composed of multiple blocks, and groups of UEs are configured to monitor the corresponding blocks. The configurable number of groups and the mapping rule between UE groups and blocks should be based on RAN2’s conclusion. Each block carries X bits for the cell DTX activation/deactivation indication and Y bits for the DRX activation/deactivation indication, where X and Y correspond to the number of configurations for cell DTX and cell DRX, respectively. 

　 [image: 黒い背景に白い文字がある

中程度の精度で自動的に生成された説明]
Figure 3. An example of DCI format 2_X for cell DTX and DRX activation/deactivation


Proposal 1. For the DCI format 2_X which consists of multiple blocks, the following content can be carried by each block:
· A field contains multiple bits for the cell DTX indication, where each bit corresponds to an activation/deactivation indication for the corresponding cell DTX configuration.
· A field contains multiple bits for the cell DRX indication, where each bit corresponds to an activation/deactivation indication for the corresponding cell DRX configuration.

Proposal 2. The following higher layer configuration can be considered for DCI format 2_X:
· The number of bits included in each block for cell DTX indication
· The number of bits included in each block for cell DRX indication
· The number of blocks included in the DCI or the total number of bits for the DCI
· The starting monitoring position for the UE

A minimum application delay should be considered for the L1 signaling. In our understanding, the minimum application delay is defined to ensure that UEs have efficient time to process the DCI and operate accordingly. As illustrated in Figure 4, UEs shall assume that the time gap between the DCI and the configured start time of the on-duration of the next cell DTX/DRX cycle is larger than this minimum. 
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Figure 4.  Minimum application delay for DCI format 2_X

Proposal 3. A minimum application delay is considered for the L1 signaling to activation/deactivation cell DTX/DRX configuration.

According to the agreement in RAN2#120 meeting, the cell DTX/DRX is also supported in CA scenario.  
	Agreements 
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.



As per serving cell configuration was agreed in RAN2, a straightforward way is to transmit activation/deactivation indication per serving cell.
 
Proposal 4. In CA scenario, L1 signaling for cell DTX/DRX activation/deactivation indication is transmitted per serving cell, i.e., for a UE, DTX/DRX indications carried by a DCI are applied for a single carrier.

Shorter response time would be obtained if the gNB can transmit cell DTX/DRX deactivation indication immediately after data arrival, regardless of active period or non-active period. This will result in, however, higher energy consumption. To address the tradeoff between response time and energy consumption, it is proposed that whether to monitor DCI format 2_X during cell DTX non-active period or cell DTX active period is configurable. 

Proposal 5. Whether to monitor DCI format 2_X during cell DTX non-active period or cell DTX active period is configurable.

1.2. Signal/Channel transmission/reception during non-active time
During previous RAN1 meetings, the following agreements were achieved regarding the signals/channels that are not expected to be transmitted or received during non-active periods of cell DTX/DRX.
	RAN1#112
Agreement
At least the following candidate signals/channels for connected mode UEs, which the UE may be expected to not transmit or receive during non-active periods of cell DTX/DRX, are considered from RAN1 perspective for further discussion. The exact set of signals/channels that the UE may be expected to not transmit or receive is FFS.
· DL
· Periodic/Semi-persistent CSI-RS (including TRS)
· PRS
· PDCCH scrambled with UE specific RNTI
· PDCCH in Type-3 CSS
· SPS-PDSCH
· UL
· SR
· Periodic/Semi-persistent CSI report
· Periodic/Semi-persistent SRS
· CG-PUSCH
Other signals/channels are not precluded
RAN1#112b-e
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
· 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).



In RAN2#121b-e meeting, it was agreed that UE does not monitor PDCCH for new transmission, SPS PDSCH but it monitors PDCCH for RAR, msg4, and retransmission (if the retransmission timer is running) during cell DTX non-active periods. In addition, UE does not monitor CG PUSCH and SR during non-active time of cell DTX/DRX.
	RAN12#121b-e
Agreements 
1. 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
2. As baseline, UE does not transmit on CG occasions during Cell DRX non-active periods
3. 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 
5. 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

Agreements:
1. UE monitors PDCCH for RAR during Cell DTX non-active time. The ra-ResponseWindow could be started as legacy.
2. UE monitors PDCCH for msg4 during Cell DTX non-active time. The ra-ContentionResolutionTimer could be started as legacy.
3. Working assumption:  When the retransmission timer is running (if C-DRX is configured), the UE is expected to monitor PDCCH, like in legacy.  It is up to the network whether it schedules retransmissions out of the Cell DTX active period, i.e., when the DRX retransmission timer is running, the UE should monitor PDCCH regardless of the Cell DTX.   
5.   When an DG grant is received, by the gNB during cell DRX/DTX, the UE follows the grant assignment (i.e.  like in legacy).  This includes DL HARQ feedback.



In this section, we share our views on the FFS signal/channel that is not expected to be transmitted/received during Cell DTX/DRX non-active time.
· HARQ feedback for SPS PDSCH
Whether PUCCH carrying HARQ-ACK can be suspended depends on whether SPS PDSCH is scheduled. If SPS PDSCH is unexpected by UEs within this duration, PUCCH carrying HARQ-ACK is not expected as well.
· CSI-RS for RRM, RLM, BFD and beam management
CSI-RS for RRM, RLM BFD and beam management can be suspended during cell DTX non-active periods. Without CSI-RS, UEs still can perform corresponding measurement based on SSB. Moreover, the measurement period for BFD and RLM considers UE c-DRX cycle in the legacy UE c-DRX mechanism. Likewise, in the case of cell DTX, the measurement period for BFD and RLM can also consider the cell DTX cycle. In addition, for RRM when UE c-DRX is configured, UEs are not required to perform measurement or expect CSI-RS are available for mobility during c-DRX inactive time. Similarly, when a cell is in non-active period of cell DTX, UEs do not expect CSI-RS for mobility is transmitted by the cell.
· PRS and SRS for positioning
For the UEs in RRC_CONNECTED mode, gNB can avoid configuring PRS and SRS for positioning during cell DTX/DRX non-active periods by implementation. However, for the UEs in RRC_INACTIVE/RRC_IDLE mode, the PRS transmission and SRS reception for positioning should not be impacted as those UEs are not aware of the cell DTX/DRX status.

Proposal 6. During Cell DTX non-active time, Rel.18 UE shall expect that at least the following UE-specific channels/signals are not transmitted:
· CSI-RS from the serving cell configured by measObjectNR
· [bookmark: _Hlk134739639]CSI-RS associated by RadioLinkMonitoringConfig and BeamFailureDetection (for RLM and BFD)
· Periodic/semi-persistent CSI-RS for beam management
· PRS (for the UEs in RRC_CONNNECTED mode)

Proposal 7. During Cell DRX non-active time, Rel.18 UE is not expected to transmit at least the following UE-specific channels/signals:
· SRS for positioning (for the UEs in RRC_CONNNECTED mode)

3. [bookmark: _Ref228947482]Conclusions
In this contribution, we discuss the L1 signaling for cell DTX/DRX activation/deactivation and the FFS signal/channel can be postponed during Cell DTX/DRX non-active time. We have following proposals:
Proposal 1. For the DCI format 2_X which consists of multiple blocks, the following content can be carried by each block:
· A field contains multiple bits for the cell DTX indication, where each bit corresponds to an activation/deactivation indication for the corresponding cell DTX configuration.
· A field contains multiple bits for the cell DRX indication, where each bit corresponds to an activation/deactivation indication for the corresponding cell DRX configuration.
Proposal 2. The following higher layer configuration can be considered for DCI format 2_X:
· The number of bits included in each block for cell DTX indication
· The number of bits included in each block for cell DRX indication
· The number of blocks included in the DCI or the total number of bits for the DCI
· The starting monitoring position for the UE
Proposal 3. A minimum application delay is considered for the L1 signaling to activation/deactivation cell DTX/DRX configuration.
Proposal 4. In CA scenario, L1 signaling for cell DTX/DRX activation/deactivation indication is transmitted per serving cell, i.e., for a UE, DTX/DRX indications carried by a DCI are applied for a single carrier.
Proposal 5. Whether to monitor DCI format 2_X during cell DTX non-active period or cell DTX active period is configurable.
Proposal 6. During Cell DTX non-active time, Rel.18 UE shall expect that at least the following UE-specific channels/signals are not transmitted:
· CSI-RS from the serving cell configured by measObjectNR
· CSI-RS associated by RadioLinkMonitoringConfig and BeamFailureDetection (for RLM and BFD)
· Periodic/semi-persistent CSI-RS for beam management
· PRS (for the UEs in RRC_CONNNECTED mode)
Proposal 7. During Cell DRX non-active time, Rel.18 UE is not expected to transmit at least the following UE-specific channels/signals:
· SRS for positioning (for the UEs in RRC_CONNNECTED mode)
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