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During RANP # 98-e, the following objectives were agreed related to cell DTX/DRX as part of new Rel-18 WID on network energy saving.
	Specify enhancement on cell DTX/DRX mechanism including the alignment of cell DTX/DRX and UE DRX in RRC_CONNECTED mode, and inter-node information exchange on cell DTX/DRX [RAN2, RAN1, RAN3] 
Note: No change for SSB transmission due to cell DTX/DRX. 
Note: The impact to IDLE/INACTIVE UEs due to the above enhancement should be avoided


In RAN1 # 112 and # 112-bis-e, the following agreements were reached with regards to cell DTX/DRX operation.
	Agreement
· RAN1 continues discussion on the at least following physical layer related aspects of cell DTX/DRX aspects
· physical layer signals/channels and procedures expected to be impacted during non-active periods of cell DTX/DRX 
· consider impact to at least KPIs from the SI when physical layers/signals/channels are impacted by cell DTX/DRX
· Further discussions on other aspects are not precluded

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

Agreement
From RAN1 point of view, Rel-18 UE supporting cell DTX does not expect to receive and/or process the following signals/channels from the gNB, during non-active periods of cell DTX. The list of signals/channels may be updated based on RAN2/RAN4 input and other signals/channels are not precluded from further discussions.
· Periodic/Semi-persistent CSI-RS configured in CSI report configuration in CSI-ReportConfig with reportQuantity including RI (for CSI reporting)
· FFS:
· PDCCH in USS
· UE behavior for retransmission
· if some specific RNTI scrambled PDCCH in USS will be excluded from cell DTX operation
· PDCCH in Type-3 CSS
· UE behavior for retransmission
· if some specific RNTI scrambled PDCCH in Type-3 CSS will be excluded from cell DTX operation
· PRS
· CSI-RS configured by measObjectNR (for RRM)
· CSI-RS associated with RadioLinkMonitoringConfig and BeamFailureDectection (for RLM and BFD)
· Periodic CSI-RS configured with trs-Info ‘true’ (for tracking)
· Periodic/Semi-persistent CSI-RS (for BM)
· FFS on how to differentiate (if needed) with other CSI-RS used for CSI reports for BM
· FFS: Whether the same or different UE behavior is applicable with or without C-DRX
· FFS: Whether the list of impacted signals/channels can be configurable
· FFS: Whether there will be exception case(s) for UE receiving and/or processing listed signals/channels during non-active periods of DTX
· FFS: RAN1 to consider impact on system if the channels/signals are not transmitted during non-active period

Agreement
Study L1 signalling for enhancing cell DTX/DRX including activation/deactivation for a single configuration which will have the following characteristics:
· PDCCH based signaling
· FFS: Whether enhancing legacy DCI or introducing new DCI
· FFS: DCI content
· FFS: Whether L1 signaling is UE specific DCI or group common DCI
· FFS: Timer or validity duration based activation/deactivation of cell DTX/DRX
· FFS: whether to specify a reference time for activation/deactivation of cell DTX/DRX 
· FFS: If multiple Cell DTX/DRX patterns are to be supported
· FFS on detailed UE behavior upon reception of L1 signaling at least including application delay
· FFS how to guarantee reliability of the L1 signaling
· FFS whether the L1 signal can be monitored in non-active periods.

Agreement
From RAN1 point of view, Rel-18 UE supporting cell DRX is not expected to transmit the following signals/channels to the gNB during non-active periods of cell DRX. The list of signals/channels may be updated based on RAN2/RAN4 input and other signals/channels are not precluded from further discussions.
· Periodic/Semi-persistent CSI report
· Periodic/Semi-persistent SRS 
· FFS: SRS for positioning
· FFS:
· HARQ feedback for SPS PDSCH
· FFS whether there will be exception case(s) for UE transmitting listed signals/channels during non-active periods of DRX
· FFS Whether the listed signals/channels can be configurable by gNB
· FFS: Whether the same or different UE behavior is applicable with or without C-DRX
· FFS: RAN1 to consider impact on system if the channels/signals are not transmitted during non-active period

Further study the following in RAN1:
· Handling of HARQ-ACK codebook generation when configured with cell DTX/DRX
· Handling of PUCCH deferral operation during non-active periods of cell DRX
· Handling of overlapping channels where a least a channel overlaps with non-active periods of cell DTX/DRX
· Handling of signals/channels that can be received/transmitted repeatedly during non-active periods of cell DTX/DRX
· Handling of PUCCH switching during non-active period to an active cell
· Other enhancements are not precluded.

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 this contribution, we discuss several aspects related to cell DTX/DRX operation.
Discussion 
LS from RAN2
In LS from RAN2 [2], RAN2 shared agreements on cell DTX/DRX with RAN1. The following are RAN2 agreements on cell DTX/DRX.
	RAN2#121
There will be no impact to RACH, paging, and SIBs in idle/inactive for both gNB and Rel-18 and legacy UEs
Rel-18 NES capable CONNECTED UE(s) can perform RACH and receive SIBs in non-active duration of cell DTX and/or DRX (i.e., same behavior for cell DTX and cell DRX).  No further enhancements for CBRA and CFRA will be pursued.
Pattern configuration for cell DRX/DTX is common for Rel-18 UEs in the cell.   FFS whether we have DTX UE specific inactivity timer .  FFS on configuration signaling and stage 3.  
Confirm study item agreement that we can have separate DTX and DRX configuration.   We will focus on designing DTX/DRX for at least single configuration.  FFS whether multiple configuration of cell DTX or DRX will be supported.  
RAN2#121bis-e
A periodic cell DTX/DRX configuration is explicitly signalled to the UEs. 
A periodic cell DTX/DRX pattern is configured by UE specific RRC signalling. 
The Cell DTX/DRX configuration contains at least: periodicity, start slot/offset, on duration. 
As a baseline Cell DTX/DRX is activated/deactivated implicitly by RRC signalling, i.e. activated immediately once configured by RRC and deactivated once the RRC configuration is released. 



RAN2 also identified benefits, such as reduced signaling overhead and support of more dynamic changes to cell DTX/DRX configuration, from support of L1 signaling for Cell DTX/DRX configurations. RAN2 further asks information regarding feasibility and reliability of the support of L1 signaling for enabling and disabling cell DTX/DRX configurations.
Group common DCI signaling has been widely used in NR for various enablement of configurations. Therefore, we do not see any specific issues with feasibility and reliability for supporting cell DTX/DRX operations. More notably, the corner error cases when UE is not able to receive the group common DCI for Cell DTX/DRX can be categorized into the following cases.
	
	gNB Behavior
	UE Behavior (when not detecting the group common DCI)

	Case 1: enable cell DTX configuration
	After sending group common DCI, gNB may choose to not transmit specific set of signals/channels.
Based on RAN1 agreements so far only impacted signals and channels are UE specific PDCCH and CSI-RS for CSI feedback.
	No negative consequence to the system from UE trying to detect UE specific PDCCH but is unable to do so because gNB is not transmitting.
UE tries to perform measurement of CSI-RS for CSI feedback. Even if UE is sending CSI feedback based on incorrect measurements, gNB should be aware the measurements could be from periods when gNB did not transmit CSI feedback. In the worst case, lower MCS is used for some data transmissions. This does not result in system operation failure.

	Case 2: disable cell DTX configuration
	After sending group common DCI, gNB may send all signals/channels.
In case UE does not seem to respond to UE specific PDCCH, gNB could be made aware that UE is not monitoring PDCCH and could potentially send PDCCH in CSS that UE is monitoring.
	UE may ignore UE specific PDCCH.
UE may not use specific CSI-RS for CSI feedback. This may result in outdated CSI feedback. While this can degrade system performance from non-optimal MCS configuration, it may not result on complete failure of system operations.

	Case 3: enable cell DRX configuration
	After sending group common DCI, gNB may choose to not receive specific set of signals/channels.
Whether gNB is receiving or not is typically up to gNB implementation. No specific consequence is expected.
	UE continues to send signals that gNB may potentially ignore.

	Case 4: disable cell DRX configuration
	After sending group common DCI, gNB is expecting all signal/channels from the UE.
gNB could potentially check for DTX of critical signals and channels if they are not transmitted. Therefore, it is possible for gNB to mitigate the issue by sending another group common DCI to disable cell DRX to problematic UEs.

	UE does not transmit specific set of signals and channels.
Based on RAN1 agreements so far, the only signals and channels that UE not omit are Periodic/Semi-persistent CSI report and periodic/Semi-persistent SRS.
While both of these signal optimize data transmission for the UE and some degradation of performance could be expected, it should not result in catastrophic failure of the system operations.



Based on observations above for the various cases for missing group common DCI, we do not think there is any issue with reliability of support L1 signaling for cell DTX/DTX.
Proposal 1:
· There is no reliability issue for supporting group common L1 signaling for cell DTX/DRX configuration activation and deactivation.
 
Types of signal/channel transmission/receptions allowed outside active time
WI objective scope requires that there should be no change to SSB transmission when cell DTX/DRX pattern comes into effect. Therefore, SSB transmission outside the non-active periods of cell DTX/DRX should be possible. Moreover, idle/inactive UEs should not be affected due to cell DTX/DRX operation. Hence, in addition to SSB, SIB PDCCH, SIB PDSCH, paging, PRACH for initial access should not be impacted.
In general, we think periodic/semi- persistent signals/channels intended for connected mode UEs can be impacted. Dynamically scheduled transmissions, such as DG PDSCH, DG PUSCH, PUCCH for HARQ-ACK of DG PDSCH outside cell DTX/DRX active time can be avoided by network implementation.  To this end, we think the following signals/channels in DL and UL can be impacted outside active time:
· 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
· HARQ-ACK for SPS- PDSCH

There was some debate during RAN1 # 112 whether TRS can be excluded from the list since idle/inactive mode UEs may also receive TRS. However, note that TRS configuration for idle/inactive mode UEs and connected mode UEs can be different by implementation and gNB can control the transmission of TRS for idle/inactive mode UEs via availability indication that was specified in Rel-17.
Observation 1:
· TRS configuration for idle/inactive mode UEs and connected mode UEs can be different by implementation and gNB can control the transmission of TRS for idle/inactive mode UEs via availability indication.
 Proposal 2: 
· Following signals/channels (in addition to previously agreed signals/channels) can impacted outside cell DTX/DRX active time:
· DL
· PRS
· PDCCH scrambled with UE specific RNTI
· PDCCH in Type-3 CSS
· SPS-PDSCH
· UL
· SR
· CG-PUSCH
· HARQ-ACK for SPS- PDSCH

Regarding UE behavior of the signals/channels impacted due to the cell DTX/DRX, following options during the non-active period of Cell DTX/DRX can be considered: 
Option A: Drop the occasions 
Option B: Continue with the occasions 
Option C: Whether to drop or continue with the occasions is configurable by the network 

We think always dropping maybe detrimental to UE performance and configurability of the UE behavior on whether to drop or continue with the occasion provides more flexibility to achieve a better trade-off between UE performance and network energy saving.
Proposal 3: 
· Whether to drop or continue with the occasions of the impacted signals/channels outside cell DTX/DRX active time is configurable by the network.

However, impact to a different set of signals/channels inevitably will have some impact to UE such as in terms of measurement and throughput performances. Hence, instead of considering all of the above signals/channels to be impacted, it may possible to consider different modes of cell DTX/DRX where each mode may only impact a subset of the above signals/channels. In Table 1, we provide various modes of operations that correspond to different combination of signals and channels that may be allowed for transmission and reception in non-active durations. Among the various mode of operations, only allowing SSB transmission and other signals/channels transmission related to idle/inactive mode UEs, mode 1, seems to be most essential as it provides gNB with maximal network energy saving gains.
[bookmark: _Ref127524818]Table 1. Different combinations of signal/channel transmission/reception that can be allowed in non-active duration
	Types of transmission/reception
	Mode 1
	Mode 2
	Mode 3
	Mode 4
	Mode 5

	SPS data and CG data
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	UL reference signal: SRS
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	DL reference signals: SSB
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	Signals/channels related idle/inactive mode UEs, SIB, paging, PRACH
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	DL reference signals: CSI-RS and/or TRS
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	HARQ-ACK for SPS
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As discussed above, Mode 1 should be supported. In addition to this, the gNB may also support another mode of operation for flexibility in operation which can be more friendly to meeting various QoS and measurement requirements for different UEs. For example, Mode 4 which can mimic the allowed transmission/reception outside DRX active time from UE perspective.
Proposal 4:
· Consider different modes of cell DTX/DRX where each mode may consider impact to a subset of signals/channels outside cell DTX/DRX active time. 

Activation and operation of cell DTX/DRX
While there may be various methods of signaling cell DTX/DRX information to the UEs, for adapting to varying network load quickly and maximizing network energy saving gains whenever possible, we think L1 signaling is the preferred approach. The L1 signaling can be a group common DCI that activate a preconfigured cell DTX/DRX pattern. The use of L1 signaling will provide the fastest response for cell DTX/DRX configurations, which is critical for maximizing network energy savings. Further discussion is needed whether UE can receive this activation DCI outside active time of UE DRX.
In order to improve network energy saving gain as well as address different traffic requirements in a more flexible manner, dynamic control of active time of the cell DTX/DRX pattern can be considered. For example, cell common DTX/DRX may have small ON duration, and based on need, gNB may extend the active time, e.g., by triggering an inactivity timer/duration, whenever needed based on group common DCI signaling. On the other hand, it may be possible that in a given cycle, gNB may not have anything to schedule. To this end, DCI based wake-up signal can be considered to indicate UEs whether to wake up and start ON duration timer of cell DTX/DRX. Upon activation, cell DTX/DRX pattern/cycle may start after an application delay which points to a certain reference start time or location to begin the cell DTX/DRX pattern. The cell DTX/DRX pattern may be valid until deactivation DCI is received or upon expiry of a timer or validity duration.
Since the information payload that can be carried in DCI is limited, at least for cell common DTX/DRX cycle, we may want to consider supporting multiple configurations (each having certain start offset, ON duration/active time, cycle length) provided to the UE, such as via SI or dedicated RRC signaling. During activation, one of the configurations may be indicated. The support of multiple configurations could provide gNB additional flexibility for adapting to different level of network load and services supported.
Proposal 5: 
· Support group common DCI based indication to activate a cell DTX/DRX configuration.
· Deactivation can be based on DCI indication or expiry of validity duration.
· Consider support of multiple configurations of cell DTX/DRX pattern.
· Consider specification of application delay following the activation of a cell DTX/DRX pattern.
· Consider DCI based indication to adjust active time of a cell DTX/DRX pattern.

Dynamic control of the active period of the cell DTX/DRX may provide additional flexibility and increased opportunities of network energy saving. For example, gNB may send WUS before ON duration of cell DTX/DRX cycle to indicate whether the UEs need to monitor the duration, similar to the functionality of DCI format 2-6. 
Proposal 6: 
· Consider use of a DCI indication (similar to DCI format 2-6) to indicate whether to monitor the next ON duration of cell DTX/DRX cycle.
Interactions to UE DRX
As both UE DRX and Cell DRX/DTX dictates on whether or when UE receives and/or transmits, there is a need to coordinate the UE behaviour between UE DRX and Cell DRX/DTX when both are configured.  From our perspective, it is a reasonable assumption that network will align the on-duration of the UE’s C-DRX among the UEs such that they are all within the Cell DTX’s active period.  When the active time of the UE’s C-DRX falls within the Cell DTX active period, the UE’s C-DRX behaviour within active time can be reused and achieve UE power saving.   
Observation 2: 
· Alignment of on-duration of UE’s C-DRX among UEs to ensure that they are within the Cell DTX on-duration can be achieved by implementation.
However, even with this assumption, the active time of UE may still spill over to the non-active period of Cell DTX (e.g. HARQ retransmissions), or DRX inactivity timer is extended into the non-active period. Hence some clarifications are needed when such cases occur and whether UE should continue to follow UE DRX or Cell DTX/DRX.  In our view, postponing one or more of the UE DRX procedures seem necessary, so that the gNB may observe a longer inactivity period. For example, if UE autonomous processes such as triggering of different timer to extend active time is still supported after cell DTX/DRX pattern is activated, it may limit the overall inactivity period at the gNB. 
Proposal 7: 
· Further discuss whether part or all of UE DRX procedures need to be adjusted after cell DTX/DRX pattern is activated. 
· Details can be up to RAN2.

Conclusions
In this contribution, we discussed different aspects of cell DTX/DRX operations and we have the following observations and proposals.
Proposal 1:
· There is no reliability issue for supporting group common L1 signaling for cell DTX/DRX configuration activation and deactivation.
Observation 1:
· TRS configuration for idle/inactive mode UEs and connected mode UEs can be different by implementation and gNB can control the transmission of TRS for idle/inactive mode UEs via availability indication.
 Proposal 2: 
· Following signals/channels (in addition to previously agreed signals/channels) can impacted outside cell DTX/DRX active time:
· DL
· PRS
· PDCCH scrambled with UE specific RNTI
· PDCCH in Type-3 CSS
· SPS-PDSCH
· UL
· SR
· CG-PUSCH
· HARQ-ACK for SPS- PDSCH

Proposal 3: 
· Whether to drop or continue with the occasions of the impacted signals/channels outside cell DTX/DRX active time is configurable by the network.
Proposal 4:
· Consider different modes of cell DTX/DRX where each mode may consider impact to a subset of signals/channels outside cell DTX/DRX active time. 
Proposal 5: 
· Support group common DCI based indication to activate a cell DTX/DRX configuration.
· Deactivation can be based on DCI indication or expiry of validity duration.
· Consider support of multiple configurations of cell DTX/DRX pattern.
· Consider specification of application delay following the activation of a cell DTX/DRX pattern.
· Consider DCI based indication to adjust active time of a cell DTX/DRX pattern.
Proposal 6: 
· Consider use of a DCI indication (similar to DCI format 2-6) to indicate whether to monitor the next ON duration of cell DTX/DRX cycle.
Observation 2: 
· Alignment of on-duration of UE’s C-DRX among UEs to ensure that they are within the Cell DTX on-duration can be achieved by implementation.
Proposal 7: 
· Further discuss whether part or all of UE DRX procedures need to be adjusted after cell DTX/DRX pattern is activated. 
· Details can be up to RAN2.

References
[1] RP-223540 New WID: Network energy savings for NR
[2] R1-2304334, “LS on Cell DTX/DRX activation/deactivation, ” RAN2


7/7
image1.png




image2.svg
  


image3.png




image4.svg
  


