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1 Introduction
A WI on network energy saving for NR was endorsed in [1]. One objective is to specify enhancement on cell DTX/DRX mechanism as following.
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#112bis-e meeting, the following agreements were achieved [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 signaling 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.

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



In addition, the following agreements were made in RAN2#121bis-e meeting [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 signaling. 
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 signaling, 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 signaling 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


This contribution discusses how to support cell DTX/DRX mechanism. 
2 Definition of cell DTX/DRX
The following proposal was discussed in RAN1#112bis-e meeting without reaching consensus [4]. 
	Proposal #1-2B
· OFDM symbols and slot(s) containing SSB are considered part of active period for cell DTX.


It was pointed out by the proponents that the proposal is beneficial for network energy saving. The following two options are compared to illustrate the benefits of the proposal.
· Option 1: The active/non-active duration determination of cell DTX is not impacted by SSB transmission, i.e., the duration for SSB transmission can overlap with the non-active durations of cell DTX.
· Option 2: The duration of SSB transmission is considered as an active duration of cell DTX.
For Option 1, if a SSB transmission falls within the non-active duration of a cell DTX, the UE still assumes the SSB symbols as non-active although the gNB is in active state due to transmitting the SSB. For Option 2, the SSB symbols implicitly enable the additional active durations. The latency for a DL transmission can be thus reduced because the DL transmission opportunities are increased. The UL scheduling latency can also be reduced because of the increased transmission opportunities of PDCCH with UL grant. In addition, the DL transmission time can be reduced and gNB can have a larger probability to go to sleep. An example is given in Figure 1 for illustration. It has been agreed in RAN2 that 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. For Option 1, the active/non-active durations are determined based on the agreed parameters periodicity, start slot/offset, and on duration of a cell DTX/DRX configuration. As shown in Figure 1, a DL traffic arrives before the SSB transmission. For Option 1, UE will not monitor the PDCCH#1, if gNB would transmit the DL grant, gNB has to defer the transmission of the DL grant to the earliest PDCCH MO on the active symbols, e.g., PDCCH#2. On the contrary, for Option 2, the SSB symbols are considered as active durations and the UE monitors the PDCCH on the SSB symbols, in this case, gNB can schedule PDCCH#1 and thus the increased latency for Option 1 can be avoided. In addition, if there is no other DL transmission in the 2nd cycle, gNB does not need to transmit any PDCCH and thus can go to sleep during the active durations, the network energy saving gain can be thus increased by reducing the active RF durations. To reduce blind detection of PDCCH in the 2nd cycle, dynamic indication of on duration in the scheduling DCI can also be used. If there is no DL grant in a given active duration for a UE, the UE can be indicated not to monitor the PDCCH by a DCI format. From network’s perspective, considering the slot containing SSB transmission as active can be beneficial for scheduling flexibility.
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Figure 1
Observation 1: Determining SSB symbols as active durations of cell DTX is beneficial for reducing gNB transmission durations as well as user plane latency.
Proposal 1: The slots containing SSB transmission are considered as active for the determination of the active durations of cell DTX.
It was agreed in RAN1#112 meeting to further discuss the channels/signals configured by higher layer signaling. In RAN1#112bis-emeeting, P/SP-CSI-RS for CSI reporting was agreed to not to be received and P/SP CSI report and P/SP SRS were agreed to not to be transmitted during non-active period of cell DTX and DRX, respectively. In addition, in RAN2#121bis-e meeting, it was agreed that UE doesn’t monitor SPS occasions and PDCCH for dynamic grants/assignments for new transmissions during non-active time of cell DTX and UE does not transmit SR or CG PUSCH during non-active time of cell DRX. The other channels/signals configured by higher layer signaling are still under discussion.
Not receiving/transmitting the channels/signals configured by higher layer signaling can be beneficial for energy consumption for both UE and gNB and should be supported as baseline expect for those channels/signals being related to RRC_IDLE/INACTIVE operation or having significant performance impact. For example, some channels can be used for URLLC traffic and are latency sensitive. These channels should not be impacted by non-active periods. To avoid the impact for such channels, RRC can enable/disable such the transmission/reception of the channels/signals configured by higher layer signaling.
TRS is significant for UE to have good T/F tracking and TRS can be received by IDLE/INACTIVE UEs. According to the note “Note: The impact to IDLE/INACTIVE UEs due to the above enhancement should be avoided.” in the WID, TRS should be treated similar as RACH, paging, and SIBs which are agreed not to be impacted based on the agreement made in RAN2#121 meeting. 
PUCCH with HARQ-ACK for only SPS PDSCHs was also discussed in previous RAN1 meetings. If gNB has transmitted a SPS PDSCH, not transmitting PUCCH with HARQ-ACK for the SPS PDSCH would degrade the performance if the UE receives the SPS PDSCH. On the other hand, if gNB does not transmit any SPS PDSCH in the configured resources, gNB can simply skip the detection of the PUCCH with HARQ-ACK for the SPS PDSCHs. 
For a channel/signal scheduled/indicated by a DCI format, if gNB would like to avoid transmitting/receiving such channel/signal, gNB can simply not transmit the PDCCH. On the other hand, if UE receives the PDCCH, UE should always follow the indication of gNB to receive/transmit the channel/signal scheduled/indicated by the DCI format. For dynamic PDSCH/PUSCH scheduling, not allowing receiving/transmitting the channel on non-active period would result in increased latency as well as gNB transmission/reception durations. For example, as shown in Figure 2, gNB receives an SR for a latency sensitive traffic and can transmit a PDCCH with a UL grant in the first active duration. If the PUSCH transmission is not allowed during non-active durations, gNB has to schedule the PUSCH in the next active duration with the cost of increased latency. 
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Figure 2
If a PUCCH with HARQ feedback for dynamic PDSCH is not allowed to be transmitted on non-active period, it will also result in increased latency. An example is given in Figure 3, gNB has to indicate the UE to transmit the PUCCH#1 if the PUCCH is not allowed to be transmitted in the non-active period and PUCCH#2 would not be indicated/transmitted. Clearly, compared with transmitting PUCCH#2, the latency is increased. 

[image: ]
Figure 3

Latency should be considered for cell DTX/DRX based on the agreement made in RAN1#112 meeting. For a certain traffic, to ensure the latency QoS, gNB has to configure longer on duration period and/or shorter periodicity of the cell DTX/DRX cycle if the PDSCH/PUSCH/PUCCH is not allowed to be received/transmitted in the non-active period. UE power consumption would thus be increased with the increase of the on-duration periods. The non-active period in a cycle would also be reduced due to the increased on-duration period or reduced periodicity. As a result, the network energy consumption could be increased.
Observation 2: Allowing the reception/transmission of a PDSCH/PUSCH/PUCCH scheduled by a DCI format during non-active time of cell DTX/DRX is beneficial for network energy saving, UE energy saving and latency reduction.
Proposal 2: The following signals/channels are not received during non-active periods of cell DTX in addition to SPS PDSCH, and which channel/signal is not received during non-active time of cell DTX can be configured by RRC. The other DL signals/channels are not impacted by cell DTX.
· Periodic/Semi-persistent CSI-RS (excluding TRS)
· PRS
· PDCCH scrambled with UE specific RNTI
· Type3-PDCCH in CSS
Proposal 3: The transmission of UL channels/signals other than SR, P/SP-CSI report, P/SP- SRS and CG-PUSCH is not impacted by cell DRX.
3 Configuration/indication of cell DTX/DRX
The following agreements were made in RAN2#120 meeting. 
Agreements
1 	Clarify previous agreement to: periodic cell DTX/DRX pattern is configured by UE-specific RRC.   Periodic cell DTX/DRX can be activated/deactivated by L1/L2 signaling and UE-specific RRC signaling.
2 	Capture in TR 38.864 that both UE specific and common L1/L2 signaling can be considered for at least activating/deactivating the cell DTX/DRX pattern, per the agreement in 119b-e.
3	Cell DTX and Cell DRX modes can be configured and operated separately (e.g. one RRC configuration set for DL and the other set for UL).  Cell DTX/DRX can also be configured and operated together.  
4	It is up to NW whether legacy UEs can access cells with Cell DTX/DRX
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.
6	Whether to support multiple Cell DTX/DRX configurations can be discussed later in the normative phase.
7	At least the following parameters can be configured per cell DTX/DRX configuration: periodicity, start slot/offset, on duration.  Details related to UE behaviour can be discussed during WI phase
8	From RAN2 perspective DTX/DRX is feasible

This section discusses the detailed mechanisms of the configuration/indication of cell DTX/DRX.
1 
2 
3 
It has been confirmed by RAN2 that Cell DTX and Cell DRX modes can be configured and operated separately in RAN2#121 meeting [5]. Separate operation can provide the best flexibility, it can be up to the gNB to configure the same or different parameters for cell DTX and cell DRX. In RAN2#121bis-e meeting, it was further agreed that a periodic cell DTX/DRX pattern is configured by UE specific RRC signaling and the cell DTX/DRX configuration contains at least periodicity, start slot/offset, on duration [3]. An example is given in Figure 4 for different cycles for cell DTX and cell DRX.
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Figure 4
It has been agreed in RAN2#121 meeting that pattern configuration for cell DRX/DTX is common for Rel-18 UEs in the cell [5] and it was further agreed in RAN2#121bis-e meeting that Cell DTX/DRX is activated/deactivated implicitly by RRC signaling as a baseline [3]. If there is possible transmission/reception from a single UE in the cell, gNB needs to configure the cell DTX/DRX such that the duration for possible transmission/reception is active for all the UEs in the cell. As a result, the active time could be very frequent. For example, if a UE has latency sensitive traffic, the UE may need to monitor PDCCH or receive SPS PDSCH in every slot, gNB has to configure the cycle of cell DTX no larger than a slot length. However, whether gNB transmits the PDCCHs/SPS PDSCHs depends on the traffic arriving, if there is no traffic arriving, gNB would not transmit the PDCCHs/SPS PDSCHs, but all the UE in the cell still needs to monitor the configured PDCCH/SPS PDSCH with the cost of unnecessary UE power consumption. If a UE is indicated whether the duration time is on or not in advance, such power consumption could be avoided/reduced. A similar mechanism was already supported for UE C-DRX. 

Observation 3: Dynamic adaptation of cell DTX/DRX is beneficial for both network energy saving and UE power saving.
In addition, gNB may need to change the cell DTX/DRX configuration based on the arriving traffic dynamically. With one configuration for cell DTX/DRX, gNB needs to reconfigure the cell DTX/DRX configurations for all the UEs in a cell if gNB wants to change the cell DTX/DRX configuration because of the traffic change for a single UE. If UE specific signaling is agreed to be used for the cell DTX/DRX configuration, RRC re-configuration would be needed for all the UEs in the cell as a result, network energy consumption would be increased. In order to save the energy consumption for the transmitting reconfiguration parameters, multiple configurations for cell DTX/DRX can be provided with L1/L2 signaling activating one of the configurations. Part of the set of parameters for the multiple configurations can be common, and a default configuration for cell DTX/DRX can be further studied. 
Observation 4: Multiple configurations for cell DTX/DRX is beneficial for network energy saving.
Another alternative is using L1/L2 signaling to dynamically activate/deactivate/modify the configured cell DTX/DRX in case of a single configuration. It would also beneficial for saving the RRC re-configuration signaling. Two types of cell DTX/DRX configuration can be supported according to whether activating DCI is needed similar as Type-1 and Type-2 CG PUSCH. The majority view of RAN2 also see a benefit with L1 signaling for Cell DTX/DRX activation/deactivation and a liaison was sent by RAN2 to ask RAN1 about the feasibility and reliability of using dedicated and group common L1 signaling for Cell DTX/DRX activation and deactivation [6]. In RAN1#112bis-e meeting, the feasibility and reliability issue of L1 signaling was discussed and the clear majority think there is no issue for the feasibility and reliability of L1 signaling similar as other L1 signaling and the following working assumption is made [3].
	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



Regarding the reliability of L1 signaling, at least for UE-specific signaling, there is no reliability issue, HARQ-ACK can be used to ensure the same understanding of UE and gNB. For cell/group common signaling, the reliability is not an issue either, the reliability issue of group common L1 signaling was discussed in Rel-17 MBS and several HARQ-ACK feedback mechanisms are introduced to ensure the reliability of the MBS traffic. Same mechanisms can be reused for cell/group common L1 signaling for activation/deactivation of a cell DTX and/or DRX configuration. In addition, large aggregation level and PDCCH repetition can also be used to ensure the reliability of the cell/group common L1 signaling. Considering there is no specification impact for the working assumption, we propose to confirm it as a conclusion and reply to RAN2 accordingly.
Proposal 4: Confirm the working assumption as a conclusion with update as following,
Working Assumption
Support of L1 signaling at least for activation/deactivation of a cell DTX and/or DRX configuration is feasible and reliable (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 5: Support fast cell DTX/DRX activation/deactivation/adaptation mechanism via L1/L2 signaling.
Similar as UE C-DRX, the cell DTX/DRX can be considered as active after RRC configuration, to accommodate the traffic change in the cell, L1 signaling can be used to activate/deactivate/modify the DTX/DRX pattern to ensure the QoS of all the traffic to avoid RRC reconfiguration. A cell/group common DCI format can be used for signaling overhead reduction as well as to align DRX among multiple UEs in the cell.
There can be four options for the indication.
Option 1: Dynamically indicates whether the onDuration timer is started for the next one or more cell DTX/DRX cycles for one or more serving cells.
Option 2: Dynamically indicates which cell DTX/DRX configuration is activated if multiple cell DTX/DRX configurations are provided.
Option 3: Dynamically indicates whether slot(s) in a next period are active or non-active.
Option 4: Dynamically indicates parameter update for the set of configurations of cell DTX/DRX. 
Option 1 is similar as the wake-up indication for UE DRX, the simplest solution could be using 1 bit to indicate whether to start the onDuration timer for the next cell DTX/DRX cycle of a serving cell. To save the L1 signaling overhead, indicating multiple cell DTX/DRX cycles on a serving cell or indicating cell DTX/DRX cycles on multiple serving cell can be further considered. 
Option 2 can be used for the case of multiple configurations for cell DTX/DRX as discussed in Section 3.1. If a UE is provided with multiple configurations, one of the configurations can be activated by the cell/group common DCI format. In addition, Option 2 can joint operate with Option 1. For example, the DCI can indicate both a configuration for cell DTX/DRX and whether to start the onDuration timer of the next cycle for the configuration. 
Option 3 provides the best flexibility and can work independent of the higher layer parameter set of {periodicity, start slot/offset, on duration}. An example is given in Figure 5 for illustration. A period of 4 slots is indicated by the DCI and a 4-bit bitmap is used with each bit indicates active or non-active of one slot in the period on a serving cell. In this case, slot n is indicated as active and slot n+1, n+2 and n+3 are indicated as non-active.
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Figure 5
Option 4 allows the DCI format to fast update the parameters in the set of configurations for the cell DTX/DRX. A UE-group-specific or UE-specific DCI format can also indicate activation/deactivation/modification of cell DTX/DRX configuration for each cell from a set of cells. The set of cells can be restricted to include cells in a same cell group (CG) or can include cells from different CGs when, for example, PDCCHs providing the corresponding DCI format are transmitted only on a master cell group (MCG). In this case, an indication for activation/deactivation/modification of cell DTX/DRX configuration sent on MCG can also be provided indication for cells of a secondary cell group (SCG). In addition to the four options, dynamic indication of cell DTX/DRX timers can also be considered based on RAN2’s progress.
It has also been agreed by RAN2 that UE specific L1 signaling can be considered for at least activating/deactivating the cell DTX/DRX pattern in the SI phase. A simple solution could be reusing the existing DCI formats scheduling PDSCHs/PUSCHs. Both explicit indication with a new field and implicit indication can be considered. For explicit indication of UE-specific DCI format, in order to minimize the bit of the new field, the indication can be restricted to the scheduled cell. For implicit indication, the symbols of the dynamic scheduled PDSCH/PUSCH can be used as active durations of the scheduled cell. 
[bookmark: _Hlk131769341]Proposal 6: Support a cell/group common or UE-specific DCI format to activate/deactivate/modify the configured cell DTX/DRX, the following options or the combinations of the options can be considered.
· Option 1: Dynamically indicates whether the onDuration timer is started for one or more cell DTX/DRX cycles on one or more serving cells 
· Option 2: Dynamically indicates which cell DTX/DRX configuration is activated if multiple cell DTX/DRX configurations are provided.
· Option 3: Dynamically indicates whether slot(s) in a next period are active or non-active.
· Option 4: Dynamically indicates activation/deactivation/modification of cell DTX/DRX configuration for one or more cells from a set of cells. 
· FFS: Dynamically indicates the cell DTX/DRX timers.
· FFS: Implicit indication of cell DTX/DRX.
When multiple configurations of cell DTX/DRX are provided, a MAC CE can also be used to provide indication on the activation/deactivation information of the multiple configurations. For example, the UE can receive a PDSCH that includes a MAC CE indicating one or multiple sets of configurations of cell DTX/DRX are activated. 
Moreover, since the RRC reconfiguration procedure typically takes longer delay, parameters for configurations of cell DTX/DRX can be updated by MAC CE. For example, the MAC CE can include at least one of a periodicity, a start slot/offset, or an on-duration for each of the activated set of configurations of cell DTX/DRX.
Proposal 7: Support the following mechanism through MAC CE command in addition to L1 signaling,
· Select one activated cell DTX/DRX configurations from the multiple configurations if multiple configurations are supported for cell DTX/DRX.
· Update the parameters for the set of configurations of cell DTX/DRX.
When configured to monitor the cell/group common DCI format to activate/deactivate/modify the configured cell DTX/DRX, it is possible that UE may miss the DCI format. To ensure UE and gNB to have the same understanding on the cell DTX/DRX state, ACK feedback can be supported for the cell/group common DCI format. UE behaviour should also be clarified in case of DCI missing. Considering the UE behaviour can depend on the detailed design of the DCI format, this issue can be discussed later when the contents of the DCI format become clear.
Alternatively, the UE can be indicated by the serving gNB to provide the acknowledgement information only when the UE fails to correctly receive the cell DTX/DRX activation/deactivation/modification DCI format, i.e., the UE transmits a PUCCH only to provide a negative acknowledgement (NACK). The UE can transmit the PUCCH with NACK whenthe UE does not correctly decode the DTX/DRX activation/deactivation/modification DCI at pre-configured PDCCH monitoring occasions.
Proposal 8: Support HARQ-ACK feedback for reception of cell/group common DCI format for activation/deactivation/modification of a configured cell DTX/DRX, the following two options can be considered.
· Option 1) NACK feedback only when the UE does not detect the DCI format in a preconfigured PDCCH MO.
· Option 2) UE transmits ACK when detecting the DCI format.
· FFS: The UE behaviour if the DCI format is not detected.
When there is an on-going data transmission, the serving gNB may want to extend the current cell DTX/DRX on-duration or entirely skip the next cell DTX/DRX off-duration to serve the traffic without increasing latency as shown in Figure 6. Similarly, if the serving gNB expects little to no traffic to occur, the serving gNB may want to extend the following cell DTX/DRX off-duration or entirely skip the next cell DTX/DRX on-duration to further save the network energy. Therefore, there is a need to define a signaling method for fast indication of extending or skipping cell DTX/DRX on-duration or off-duration. 
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Figure 6 

Observation 5: There is a need to define a signaling method for fast indication of extending or skipping cell DTX/DRX on/off-duration to adapt to the varying traffic load and to maximize NES gain. 
The cell DTX/DRX activation/deactivation DCI can be also used to indicate such extension or skipping indication. For indicating skipping of next cell DTX/DRX on-duration or off-duration, one-bit indication can be provided in the DCI per cell DTX/DRX pair or per cell DTX and cell DRX separately. When the UE is configured with more than one serving cells, the DCI indication for indicating skipping of next cell DTX/DRX on-duration or off-duration can be separately provided to UE per serving cell or cell group. Alternatively, one DCI can provide indications for multiple serving cells or cell groups, where the DCI includes multiple one-bit indications, one for each serving cell or cell group. The DCI can also indicate extending the current cell DTX/DRX on-duration or the following cell DTX/DRX off-duration. The extension can be indicated in millisecond, in symbols, in slots, or via an index from a set of predefined values. Similarly, as for skip indication, the extension can be indicated per cell DTX/DRX pair or per cell DTX and cell DRX separately. Also, the DCI can be separately provided to UE per serving cell or cell group or jointly provided for multiple serving cells or cell groups. 
Proposal 9: The L1 signaling for indicating cell DTX/DRX activation/deactivation can also indicate skipping or extending next Cell DTX/DRX on/off-duration. 
On the other hand, there seems a few clarifications needed from RAN2 agreements which may impact RAN1 signaling design. 
Issue 1: It was agreed in RAN2 #120 that “Cell DTX/DRX can be configured per serving cell and can be applicable for different cells in CA.” Does this mean that a UE can be configured with multiple different cell DTX/DRX configurations, one for each serving cell or a UE will be configured with a single cell DTX/DRX configuration, which presumably applies to all the serving cells that the UE is configured with? Also, if it is the former case, when a UE is configured with a serving cell paired with supplemental uplink (SUL), will the cell DRX configuration be provided to the UE separately for the serving cell and the paired SUL or a single cell DRX configuration be provided to the UE and applied to both?
L1 signaling design for cell DTX/DRX activation/deactivation will be impacted according to the interpretation of Issue 1, e.g., whether the L1 signaling will be per serving cell or cell group and also whether separate indication will be provided for SUL in the DCI.
Issue 2: It was agreed in RAN2 #121 that “pattern configuration for cell DRX/DTX is common for Rel-18 UEs in the cell” while it was agreed in RAN2 #121b-e that “A periodic cell DTX/DRX pattern is configured by UE specific RRC signalling.” From RAN2 spec point of view, can RAN1 safely assume that a common cell DTX/DRX configuration will be enforced for all the UEs in the cell, while the configuration is provided to UEs via UE-specific RRC signaling?
Depending on the interpretation of Issue 2, L1 signaling design for cell DTX/DRX activation/deactivation can be either cell-specific, UE-group-specific, or UE-specific. 
Proposal 10: Send an LS to RAN2 for the clarification of the above two issues on cell DTX/DRX configuration. 
4 Joint operation of cell DTX and UE DRX
Cell DTX aims for reducing the network energy saving, the configuration needs to consider all the UEs in a cell. For example, if there is traffic arrival for a single UE, the cell should be in active duration and there will be data transmission between the network and the UE while the other UEs in the cell may not have to monitor the PDCCH. In this case, UE DRX can be configured to avoid unnecessary PDCCH monitoring during cell active durations. When configured with both cell DTX and UE DRX, the active time of cell DTX and UE DRX would not be exactly the same, otherwise, there is no need to configure the UE DRX when cell DTX is configured, UE can simply follow cell DTX. 
[bookmark: _Hlk129264691]To ensure the UE has the opportunity to receive the PDCCH, the alignment between Cell DTX and UE C-DRX was discussed in RAN2#121 post meeting email discussion. The discussion aims to ensure the on-duration of C-DRX falling within Cell DTX active time, however, even if the on-duration of C-DRX falls within Cell DTX active time, the actual active time of C-DRX can be extended by C-DRX timers and can overlap with the non-active durations of cell DTX as shown in Figure 6. There are four cases as shown in Figure 6, the UE behaviour should be defined for all these cases.
Case 1：The duration is determined as active for both cell DTX and UE DRX.
Case 2：The duration is determined as non-active for both cell DTX and UE DRX.
Case 3：The duration is determined as active for cell DTX but non-active for UE DRX.
Case 4：The duration is determined as non-active for cell DTX but active for UE DRX.
For Case 1 and Case 3, UE behaviour can be the same as legacy, i.e., cell DTX is not configured.
For Case 2, UE can follow cell DTX to avoid unnecessary reception of channels/signals configured by higher layer signaling, e.g., SPS PDSCH which has been agreed not to be received during non-active period of cell DTX.
For Case 4, it has been agreed that UE does not monitor PDCCH for dynamic grants/assignments for new transmissions. Considering UE cannot differentiate whether a PDCCH is scheduling a new transmission or retransmission unless UE correctly detects the DCI format, there is no need to differentiate new transmission and retransmission for PDCCH monitoring.
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Figure 6
Proposal 11: When UE is provided with both cell DTX and UE DRX, 
· For the case where the duration is determined as active for cell DTX, UE behaviour is the same as legacy, i.e., cell DTX is not configured.
· For the case where the duration is determined as non-active for both cell DTX and UE DRX, UE behaviour is the same as the case when cell DTX is configured and UE DRX is not configured or UE follows both cell DTX and UE DRX if there is no collision between cell DTX and UE DRX.
· For the case where the duration is determined as non-active for cell DTX but active for UE DRX, UE behaviour is the same as non-active time of cell DTX when UE DRX is not configured.
4 
5 Joint operation of cell DTX/DRX and other collision handling
In RAN2#121bis-e meeting, it was agreed that UE doesn’t monitor SPS occasions and PDCCH for dynamic grants/assignments for new transmissions during non-active time of cell DTX and UE does not transmit SR or CG PUSCH during non-active time of cell DRX. However, some channel should be received/transmitted during non-active time as we pointed out in previous discussions, e.g., PDSCH/PUSCH/PUCCH with a DCI format. The channel collision handling should be reconsidered when configured with cell DTX/DRX.
For DL, a PDCCH scheduling a PDSCH that overlaps with SPS PDSCH should satisfy a timeline condition as described in TS 38.214 copied below. If a SPS PDSCH is not to be received by a UE, the timeline restriction is not necessary any more when the gNB transmits a PDCCH scheduling a PDSCH overlapping with the SPS PDSCH, instead, removing such restriction can be beneficial for reducing the scheduling latency.
	The UE is not expected to decode a PDSCH in a serving cell scheduled by a PDCCH with C-RNTI, CS-RNTI, MCS-C-RNTI, G-RNTI, G-CS-RNTI or MCCH-RNTI and one or multiple PDSCH(s) required to be received according to this Clause in the same serving cell without a corresponding PDCCH transmission if the PDSCHs partially or fully overlap in time except if the PDCCH scheduling the PDSCH ends at least 14 symbols before the earliest starting symbol of the PDSCH(s) without the corresponding PDCCH transmission, where and the symbol duration are based on the smallest numerology between the scheduling PDCCH and the PDSCH, in which case the UE shall decode the PDSCH scheduled by the PDCCH. When the PDCCH reception incudes two PDCCH candidates from two respectvie search space sets, as described in clause 10 of [6, TS 38.213], for the purpose of determining the PDCCH with C-RNTI, CS-RNTI or MCS-C-RNTI scheduling the PDSCH ends at least 14 symbols before the earliest starting symbol of the PDSCH(s) without the corresponding PDCCH transmission, the PDCCH candidate that ends later in time is used.


Proposal 12: When a PDCCH schedules a PDSCH overlapping with a SPS PDSCH where the SPS PDSCH is not expected to be received by the UE due to cell DTX, the overriding timeline condition does not need to be satisfied.
Another issue for DL is overlapping SPS PDSCHs, according to the TS 38.214 specification copied below, UE first resolves the collision of semi-static UL symbols and SPS PDSCHs and then if there is overlapping SPS PDSCHs on a same cell, UE receives the SPS PDSCH with the smallest index. Following the rules of the collision handling of semi-static UL symbols, UE should first exclude the SPS PDSCHs that are canceled by cell DTX non-active period before resolving the collision of overlapping SPS PDSCHs. The transmission opportunities of SPS PDSCHs with larger indexes can be thus increased if the overlapping SPS PDSCH with smaller index is canceled by cell DTX non-active period. 
	If more than one PDSCH on a serving cell each without a corresponding PDCCH transmission are in a slot, after resolving overlapping with symbols in the slot indicated as uplink by tdd-UL-DL-ConfigurationCommon, or by tdd-UL-DL-ConfigurationDedicated, a UE receives one or more PDSCHs without corresponding PDCCH transmissions in the slot as specified below.
[bookmark: _Hlk39314234]‒	Step 0: set j=0, where j is the number of selected PDSCH(s) for decoding. Q is the set of activated PDSCHs without corresponding PDCCH transmissions within the slot
‒	Step 1: A UE receives one PDSCH with the lowest configured sps-ConfigIndex within Q, set j=j+1. Designate the received PDSCH as survivor PDSCH.
‒	Step 2: The survivor PDSCH in step 1 and any other PDSCH(s) overlapping (even partially) with the survivor PDSCH in step 1 are excluded from Q. 
‒	Step 3: Repeat step 1 and 2 until Q is empty or j is equal to the number of unicast/multicast PDSCHs in a slot supported by the UE 



Proposal 13: A UE first determines SPS PDSCH reception based on cell DTX non-active period and then the UE resolves the overlapping SPS PDSCHs on a same serving cell.

For UL, the issue is more complicated. Both single carrier case and multiple carrier case should be considered. An example of single carrier case is given in Figure 7 for illustration. A PUCCH with SR overlaps with a PUCCH with CSI, the PUCCH with SR is within the active duration while the PUCCH with CSI overlaps with the non-active duration. If the UE first determines not to transmit the CSI due to the cell DRX, the SR could be transmitted. However, if the UE first performs UCI multiplexing, the SR will be multiplexed in the PUCCH with CSI and will not be transmitted. UE behaviour needs to be clarified in such case.
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Figure 7
Another example of multiple carriers case is given in Figure 8, a PUCCH with HARQ-ACK on PCell overlaps with a CG PUSCH on SCell where the CG PUSCH overlaps with non-active period. If HARQ-ACK is multiplexed in the CG PUSCH, not transmitting the CG PUSCH would degrade system performance. One option is to first exclude CG PUSCH for UCI multiplexing and another way is transmit the CG PUSCH when multiplexed with HARQ-ACK.
[image: ]
Figure 8
Proposal 14: Define the UE behaviour to support the joint operation of cell DTX/DRX and other collision handling.
6 Joint operation of cell DTX/DRX and NES techniques in spatial/power domain
Typically, a BFR (beam failure recovery) procedure includes four steps: beam failure detection, candidate beam identification, BFR request and UL/DL adjustment based on the identified candidate beam. 
For the first two steps, the UE behavior of beam failure detection and/or candidate beam identification in the case of cell DRX should be considered. For example, a safe way is only use SSBs for beam failure detection or candidate beam identification in cell DTX inactive time.
For the third step, a discussion point is whether UE can transmit BFR request in the case of cell DRX. Due to its urgency and the importance, BFR request should be allowed in DRX inactive time. 
Proposal 15: Support BFR procedure enhancement for the impact of cell DTX/DRX operation.
In the parallel agenda item 9.7.1, the spatial and power domain enhancement for NES is under discussion. The goal of spatial and power enhancement is to convey spatial and/or power parameters to UE for flexible CSI acquisition or beam management. These parameters may be associated with their applicable time domain resource or CC(s). Considering that cell DTX/DRX indication may also be associated with time domain resource or CC(s), the interaction of them should be considered.
Basically, there are two different ways for the interaction: 1) joint indication; 2) separate indication. For joint indication, cell DTX/DRX and spatial/power parameters are indicated with same signaling with potential combinations between parameters. This way can save signaling overhead but with less flexibility. For separate indication, cell DTX/DRX and spatial/power parameters are indicated independently. This way is more flexible but requires more signaling. In the case of separate indication, implicit determination of cell DTX/DRX time can be considered. For example, if UE receives spatial/power parameters indication with corresponding applicable time domain resource, the time domain resource can be regarded as cell DTX active time.
Proposal 16: Support joint operation of cell DTX/DRX and NES spatial/power domain techniques.
In Section 3.2, it was proposed to support a cell-specific, UE-group-specific, or UE-specific DCI format indicating activation/deactivation/modification of a higher-layer signaled cell DTX/DRX configuration. The DCI format indicating activation/deactivation/modification of cell DTX/DRX can also include parameter updates per spatial domain (SD) and power domain (PD) adaptations. As an example, a UE can be provided from the serving gNB via PDCCH providing a DCI format indicating a value of powerControlOffset for indicating PDSCH transmission power change (or powerControlOffsetSS for CSI-RS transmission power change) in dB or via an index from the set of pre-defined values, e.g., by specifications, or from the set of candidate values provided by higher layer signaling. As another example, the UE can be provided from the serving gNB via PDCCH providing a DCI format indicating an adjustment value, e.g., ±Δ dB, to a current value of powerControlOffset (or powerControlOffsetSS), where the adjustment value can be indicated in dB or via an index from the set of pre-defined values or from the set of candidate values provided by higher layer signaling. The UE then updates the value of powerControlOffset (or powerControlOffsetSS) by adding the indicated adjustment value, ±Δ dB, to the current value of powerControlOffset (or powerControlOffsetSS). For the case of cell-specific or UE-group-specific DCI, an indicated value of powerControlOffset (or powerControlOffsetSS) or an indicated adjustment value to a current value of powerControlOffset (or powerControlOffsetSS) will be commonly applied to all UEs in the group. For instance, if an adjustment value to a current value of powerControlOffset (or powerControlOffsetSS) is indicated, each UEs update the value of powerControlOffset (or powerControlOffsetSS) by adding the indicated adjustment value, ±Δ dB, to its own current value of powerControlOffset (or powerControlOffsetSS) which may differ from one UE to another.
Proposal 17: The DCI format indicating activation/deactivation/modification of cell DTX/DRX configuration can also indicate parameter updates per spatial domain (SD) and power domain (PD) adaptations, e.g., a value of powerControlOffset or powerControlOffsetSS or an adjustment value to powerControlOffset or powerControlOffsetSS. 
7  HARQ-ACK codebook enhancements
When configured with cell DTX, it has been agreed that SPS PDSCH are not received during non-active period based on RAN2’s agreement made in RAN#121bis-e meeting. If a UE does not receive a SPS PDSCH, there is no need for the UE to transmit the HARQ-ACK for the SPS PDSCH at least for the case where there is no HARQ-ACK in a same PUCCH. However, if there is HARQ-ACK for other PDSCHs, whether there is a padding NACK for the SPS PDSCH should be further discussed to ensure the reliability of HARQ-ACK codebook.
Proposal 18: A UE does not transmit the HARQ-ACK for a SPS PDSCH at least for the case where there is no HARQ-ACK in the same slot with the HARQ-ACK for the SPS PDSCH if the SPS PDSCH overlaps with the non-active period.
· FFS: There is HARQ-ACK in the same slot with the HARQ-ACK for the SPS PDSCH.
8 Conclusion
The contribution discusses cell DTX/DRX related procedure and the proposals are summarized below.
Proposal 1: The slots containing SSB transmission are considered as active for the determination of the active durations of cell DTX.
Proposal 2: The following signals/channels are not received during non-active periods of cell DTX in addition to SPS PDSCH, and which channel/signal is not received during non-active time of cell DTX can be configured by RRC. The other DL signals/channels are not impacted by cell DTX.
· Periodic/Semi-persistent CSI-RS (excluding TRS)
· PRS
· PDCCH scrambled with UE specific RNTI
· Type3-PDCCH in CSS
Proposal 3: The transmission of UL channels/signals other than SR, P/SP-CSI report, P/SP- SRS and CG-PUSCH is not impacted by cell DRX.
Proposal 4: Confirm the working assumption as a conclusion with update as following,
Working Assumption
Support of L1 signaling at least for activation/deactivation of a cell DTX and/or DRX configuration is feasible and reliable (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 5: Support fast cell DTX/DRX activation/deactivation/adaptation mechanism via L1/L2 signaling.
Proposal 6: Support a cell/group common or UE-specific DCI format to activate/deactivate/modify the configured cell DTX/DRX, the following options or the combinations of the options can be considered.
· Option 1: Dynamically indicates whether the onDuration timer is started for one or more cell DTX/DRX cycles on one or more serving cells 
· Option 2: Dynamically indicates which cell DTX/DRX configuration is activated if multiple cell DTX/DRX configurations are provided.
· Option 3: Dynamically indicates whether slot(s) in a next period are active or non-active.
· Option 4: Dynamically indicates activation/deactivation/modification of cell DTX/DRX configuration for one or more cells from a set of cells. 
· FFS: Dynamically indicates the cell DTX/DRX timers.
· FFS: Implicit indication of cell DTX/DRX.
Proposal 7: Support the following mechanism through MAC CE command in addition to L1 signaling,
· Select one activated cell DTX/DRX configurations from the multiple configurations if multiple configurations are supported for cell DTX/DRX.
· Update the parameters for the set of configurations of cell DTX/DRX.
Proposal 8: Support HARQ-ACK feedback for reception of cell/group common DCI format for activation/deactivation/modification of a configured cell DTX/DRX, the following two options can be considered.
· Option 1) NACK feedback only when the UE does not detect the DCI format in a preconfigured PDCCH MO.
· Option 2) UE transmits ACK when detecting the DCI format.
· FFS: The UE behaviour if the DCI format is not detected.
Proposal 9: The L1 signaling for indicating cell DTX/DRX activation/deactivation can also indicate skipping or extending next Cell DTX/DRX on/off-duration.
Proposal 10: Send an LS to RAN2 for the clarification of the above two issues on cell DTX/DRX configuration.
Proposal 11: When UE is provided with both cell DTX and UE DRX, 
· For the case where the duration is determined as active for cell DTX, UE behaviour is the same as legacy, i.e., cell DTX is not configured.
· For the case where the duration is determined as non-active for both cell DTX and UE DRX, UE behaviour is the same as the case when cell DTX is configured and UE DRX is not configured or UE follows both cell DTX and UE DRX if there is no collision between cell DTX and UE DRX.
· For the case where the duration is determined as non-active for cell DTX but active for UE DRX, UE behaviour is the same as non-active time of cell DTX when UE DRX is not configured.
Proposal 12: When a PDCCH schedules a PDSCH overlapping with a SPS PDSCH where the SPS PDSCH is not expected to be received by the UE due to cell DTX, the overriding timeline condition does not need to be satisfied.
Proposal 13: A UE first determines SPS PDSCH reception based on cell DTX non-active period and then the UE resolves the overlapping SPS PDSCHs on a same serving cell.
Proposal 14: Define the UE behaviour to support the joint operation of cell DTX/DRX and other collision handling.
Proposal 15: Support BFR procedure enhancement for the impact of cell DTX/DRX operation.
Proposal 16: Support joint operation of cell DTX/DRX and NES spatial/power domain techniques.
Proposal 17: The DCI format indicating activation/deactivation/modification of cell DTX/DRX configuration can also indicate parameter updates per spatial domain (SD) and power domain (PD) adaptations, e.g., a value of powerControlOffset or powerControlOffsetSS or an adjustment value to powerControlOffset or powerControlOffsetSS. 
Proposal 18: A UE does not transmit the HARQ-ACK for a SPS PDSCH at least for the case where there is no HARQ-ACK in the same slot with the HARQ-ACK for the SPS PDSCH if the SPS PDSCH overlaps with the non-active period.
· FFS: There is HARQ-ACK in the same slot with the HARQ-ACK for the SPS PDSCH.
The observations are summarized below.
Observation 1: Determining SSB symbols as active durations of cell DTX is beneficial for reducing gNB transmission durations as well as user plane latency.
Observation 2: Allowing the reception/transmission of a PDSCH/PUSCH/PUCCH scheduled by a DCI format during non-active time of cell DTX/DRX is beneficial for network energy saving, UE energy saving and latency reduction.
Observation 3: Dynamic adaptation of cell DTX/DRX is beneficial for both network energy saving and UE power saving.
Observation 4: Multiple configurations for cell DTX/DRX is beneficial for network energy saving.
Observation 5: There is a need to define a signaling method for fast indication of extending or skipping cell DTX/DRX on/off-duration to adapt to the varying traffic load and to maximize NES gain. 
5 
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