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Introduction
In RAN1 #114 meeting, the agreements listed in the appendix were achieved [1]. Also, the RAN2 #123 meeting agreements on the Cell DTX/DRX are also included in the appendix.
In this contribution, we further share our views on the potentially impacted channels/signals, the more detailed Cell DTX/DRX enhancement and the L1 signaling design for Cell DTX/DRX activation/deactivation.
Discussion

Impacted channels/signals by Cell DTX/DRX mechanism
Regarding the potentially impacted channels/signals during non-active periods of cell DTX that are still FFS, our views are as following:
· For CSI-RS,
· 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)
To maintain beam tracking and link monitoring, keeping TRS ON is necessary for both CONNECTED and IDLE/INACTIVE UEs. On the other hand, solely relying on SSB may also work but potentially with longer latency and larger UE power consumption, depending on the SSB configuration. Therefore, for tradeoff between network and UE side energy consumption, TRS configured for tracking, CSI-RS configured for beam and radio link monitoring and UE mobility should be kept ON during Cell DTX. To keep network side flexibility, whether ON/OFF can be configurable in the Cell DTX configuration.
[bookmark: _Hlk131069731]Proposal 1: For CSI-RS configured for tracking, beam and radio link monitoring and UE mobility, the availability can be configurable during non-active periods of Cell DTX.
· PRS. According to the IE NR-DL-PRS-Periodicity-and-ResourceSetSlotOffset-r17, the periodicity of DL PRS can be flexibly configured and as large as 1024 radio frames. Therefore, in our view the question is whether it is needed to configure a periodicity of PRS shorter than that of Cell DTX.
· If yes, as in Cell DTX non-active period, the SSB, SIB and paging transmission are all still ON, DL PRS may be configured properly by implementation to be sufficiently close or even aligned with these cell/group-common signals so network energy saving can be still not compromised.
· If no, network can also configure DL PRS properly to align with the active duration of the Cell DTX so that the network energy saving is kept without having to transmit it during non-active period. Therefore,
[bookmark: _Hlk131000789]Proposal 2: For Cell DTX, UE behaviour is not impacted and can receive PRS during Cell DTX non-active period. If network wants to save energy and does not transmit PRS during non-active period, it can be achieved by gNB implementation of configuration.

· PDCCH in Type 3 CSS. So far, it is agreed that PDCCHs associated with DCI format 2_0 – DCI Format 2_5 is not required to be monitored during Cell DTX non-active time.
· Although not agreed yet, we think DCI format 2_9, which is the DCI format 2_X for Cell DTX/DRX activation/deactivation, should be configurable within a Type 3 CSS. Its high reliability is important enabled by more available monitoring occasions, which should not be limited by active time of Cell DTX. The monitoring occasions of DCI format 2_9 may follow configured time windows that may either within active time or outside active time or across them by implementation.
Proposal 3: Monitoring of DCI format 2_9 is not impacted during non-active time of Cell DTX, which can optionally follow a configured time window.
· For DCI format 2_6, as it decides whether the next C-DRX OnDuration timer will be started in the active time, we think the monitoring should not be impacted by the non-active period of Cell DTX. They should operate separately, although the UE behaviour should be determined by considering both, as discussed in the Section 2.1 of this contribution.
Proposal 4: Monitoring of DCI format 2_6 is not impacted during non-active time of Cell DTX.

· UL transmission
It has been concluded that the HARQ-ACK for SPS PDSCH and PDCCH without PDSCH scheduling should not be impacted during non-active time of Cell DRX.
	Conclusion:
· HARQ-ACK of SPS PDSCH transmitted is not impacted by non-active period of cell DRX.

Conclusion
· The following channels are not impacted by non-active period of cell DRX
· HARQ-ACK of a DCI format without scheduling a PDSCH



Regarding UCI (including any of SR, HQRQ-ACK and CSI), one important aspect of UL transmission is regarding the UCI multiplexing and UCI multiplexing with PUSCH, which can be impacted by the Cell DRX non-active periods. As can be shown in the Figure.1, several different cases may happen in terms of the UCI and PUSCH overlapping relationship with non-active period. 
· When there is no dropping before the multiplexing, some of the UCIs that originally overlaps with the non-active period might fall within the active period after multiplexing, such as the case (a) and (c). Therefore, more UCIs may be kept without breaking the current UE processing procedure, as long as the resulted resource (either multiplexed with PUSCH or in re-selected PUCCH) can fall within the active period.
· On the other hand, depending on the PUCCH resource reselection in the procedure of UCI multiplexing, the resulted PUCCH resource after multiplexing can fall within or overlap with the non-active period. Thus, there is risk that all the UCIs may be dropped eventually, even some of them was within active period before multiplexing.
· If UCI dropping or deferring (for SR) is performed before multiplexing, UE processing pipeline needs to be changed, although the whole UE processing complexity can be lower.


     
    (a)                                            (b)



       
(c)                                              (d)

Figure.1 UCI multiplexing and UCI multiplexing with PUSCH
Therefore, we have the follow observation on the pros/cons of dropping/deferring UCI before and after the UCI multiplexing.
Observation 1: Pros/cons of dropping/deferring UCI before and after the UCI multiplexing due to Cell DTX.
	UCI dropping/deferring
	Before multiplexing
	After multiplexing

	Pros
	· Lower UE processing complexity
· UCIs within active period can always be kept
	· In some cases, more UCIs can be kept and reported to gNB
· Current UE processing procedure is not broken

	Cons
	· Current UE processing procedure needs to be changed
· System performace may be degraded, as UCIs overlaps with non-active period will always be dropped
	· In some cases, all the UCIs after multiplexing may be dropped. Thus system performance can be degraded.


Proposal 5: The impact to UCI multiplexing by Cell DTX/DRX should be discussed.


Multiple Cell DTX/DRX configuration
When UE C-DRX is not configured, gNB may adapt the cell DTX/DRX parameters in the configuration for flexible control on tradeoff between energy consumption and service quality, depending on proper traffic prediction, e.g., lower load may only require relatively longer cell DTX/DRX cycle and shorter active time. Vice versus. Therefore, multiple cell DTX/DRX configurations can be considered. The switching between different configurations may need enhancement of L2/L1 signaling.
Proposal 6: Multiple cell DTX/DRX configurations should be considered for better energy saving adaptation in future release. The switching between configurations is by further enhancing DCI format 2_9.


Cell DTX/DRX and UE DRX Interaction
As per the RAN2 agreement achieved in RAN2 #123 meeting, the focus is on the cases where Cell DTX in RRC can only be configured when C-DRX is configured. Therefore, the UE behaviour of cell DTX+C-DRX joint operation is discussed below in this section.
No matter the Cell DTX is RRC configured with and without L1 activation/deactivation, the following four cases may happen that a slot may fall within one of them.
Table.1 UE behaviour when both Cell DTX and UE C-DRX are configured
	During Cell DTX
	During UE C-DRX
	UE behaviour

	Active period
	Active period
	UE performs normal DL reception.

	Active period
	Non-active period
	No reception of channels/signals, as specified for non-active period of UE C-DRX. DCI format 2_6 and 2_9 is not impacted.

	Non-active period
	Active period
	No reception of channels/signals, as specified for non-active period of cell DTX. Details still need more discussion.

	Non-active period
	Non-active period
	No reception of channel signals, as specified for non-active period of both UE C-DRX and cell DTX. Details still need more discussion.



Proposal 7: The UE behaviour in Table, when both Cell DTX and UE C-DRX are configured, should be further discussed.
Conclusion
Based on the discussion, the following proposals are highlighted: 
Proposal 1: For CSI-RS configured for tracking, beam and radio link monitoring and UE mobility, the availability can be configurable during non-active periods of Cell DTX.Proposal 2: For Cell DTX, UE behaviour is not impacted and can receive PRS during Cell DTX non-active period. If network wants to save energy and does not transmit PRS during non-active period, it can be achieved by gNB implementation of configuration
Proposal 3: Monitoring of DCI format 2_9 is not impacted during non-active time of Cell DTX, which can optionally follow a configured time window.
Proposal 4: Monitoring of DCI format 2_6 is not impacted during non-active time of Cell DTX.
Observation 1: Pros/cons of dropping/deferring UCI before and after the UCI multiplexing due to Cell DRX.
	UCI dropping/deferring
	Before multiplexing
	After multiplexing

	Pros
	· Lower UE processing complexity
· UCIs within active period can always be kept
	· In some cases, more UCIs can be kept and reported to gNB
· Current UE processing procedure is not broken

	Cons
	· Current UE processing procedure needs to be changed
· System performace may be degraded, as UCIs overlaps with non-active period will always be dropped
	· In some cases, all the UCIs after multiplexing may be dropped. Thus system performance can be degraded.



Proposal 5: The impact to UCI multiplexing by Cell DTX/DRX should be discussed.
Proposal 6: Multiple cell DTX/DRX configurations should be considered for better energy saving adaptation in future release. The switching between configurations is by further enhancing DCI format 2_9.
Proposal 7: The UE behaviour in Table, when both Cell DTX and UE C-DRX are configured, should be further discussed.
Reference
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Appendix

Agreements from RAN1 #114 meeting
Agreement
DCI format 2_X, for activation and deactivation of cell DTX and DRX configuration, 
· at least includes following fields, 
· N information block field(s), 
· Spare/reserved padding bits to match the size configured for DCI 2_X (if needed)
· payload size is configurable and within the bounds set by existing RAN1 specification
· an information block field contains signaling of activation or deactivation of ‘a configuration of cell DTX and/or DRX’ of ‘a serving cell’
· for serving cell configured with SUL, the same bit is applicable for both NUL and SUL
Above applies at least for sTRP case.

Agreement
For at least the case where one cell DTX/DRX pattern is configured, an information block field of DCI format 2_X for activation and deactivation of cell DTX and DRX configuration supports the following:
· Separate (activation/deactivation) signaling for cell DTX and cell DRX, i.e. one activation/deactivation signaling sub-field for cell DTX configuration and one activation/deactivation signaling sub-field for cell DRX configuration
· Separate 1 bit indication for each of activation/deactivation for one cell DTX and one cell DRX
Above does not imply that multiple DTX/DRX patterns is not supported.

Agreement
Support new RNTI (e.g. nes-RNTI) which is configured by higher layer, for scrambling of DCI format 2_X

Agreement
From RAN1 point of view, DCI format 2_X supports activation/deactivation of cell DTX/DRX configuration of multiple serving cells and support activation/deactivation per cell
· UE monitor DCI format 2_X in one serving cell

Agreement
Delay that is applied after DCI Format 2_X reception that activate/deactivate cell DTX/DRX configuration is introduced in Rel-18.

Agreement
DCI format 2_X is monitored in the common search space
Note: Search space set configuration for DCI format 2_X is separately provided by higher layers

Agreement
The following high layer signaling are to be included to the RRC parameter list for new DCI format 2_X for activation and deactivation of cell DTX/DRX
· search space set configuration with new DCI format 2_X
· DCI size for new DCI format 2_X


Agreement
· An information block field of DCI format 2_X is variable size either 1 or 2 bits.
· Higher layer signaling configures whether the activation/deactivation of cell DTX and/or cell DRX is indicated in DCI format 2_X for a serving cell.
· If both cell DTX and cell DRX are configured for a serving cell, 
· 1st bit corresponds to activation/deactivation of cell DTX configuration, and
· 2nd bit corresponds to activation/deactivation of cell DRX configuration, 
· otherwise, the 1 bit corresponds to the configured cell DTX or cell DRX configuration.
· Note: this does not imply there may be separate higher layer signaling to enable L1 signaling based activation/deactivation for a cell DTX and/or cell DRX configuration. Signaling design is up to RAN2.

Agreement
For each serving cell configured with L1 signaling based activation/deactivation of cell DTX and/or cell DRX configuration, starting bit position of an information block of DCI format 2_X is provided by UE specific higher layer signaling.

Agreement
· UE is expected to apply cell DTX or DRX activation/deactivation change at beginning of the slot X where the SCS of slot X is with respect to the active DL or UL BWP of the serving cell, respectively.
· Slot X is the first slot whose beginning is no earlier than (i.e., same or after) beginning of slot n + D, where D is the delay and n is the slot containing the PDCCH of DCI format 2_X based on SCS of PDCCH.

	SCS of PDCCH (kHz)
	Value of D (in unit of slot)

	15
	3

	30
	6

	60
	12

	120
	24

	480
	96

	960
	192



Agreement
Rel-18 UE supporting cell DTX is not required to monitor the following signals/channels from the gNB, during non-active periods of cell DTX 
· PDCCHs associated with DCI format 2_0 – DCI Format 2_5

Conclusion:
· HARQ-ACK of SPS PDSCH transmitted is not impacted by non-active period of cell DRX.

Agreement
For the FFS from agreement from RAN1 #112bis
· SRS for positioning is not impacted by cell DRX operation.

Conclusion
· The following channels are not impacted by non-active period of cell DRX
· HARQ-ACK of a DCI format without scheduling a PDSCH



RAN2 #123 (August-2023)
Agreements:
1	Activation/deactivation is per serving cell.  FFS if the configuration is per cell or per MAC entity 
2	RAN2 will reuse the start timer formula of the onDurationTimer from UE C-DRX (including SlotOffset) to specify the start of cellDTX-onDurationTimer (and cellDRX-onDurationTimer) in 38.321.
3	The gNB should ensures that there is at least partial overlapping between UE C-DRX on-duration and cell DTX/DRX on-duration.  It is up to network implementation to ensure the alignment.  We will capture this in stage 2 specification.  
	Understanding is that alignment means that the cell DTX/DRX and C-DRX periodicity should be multiple of each other.   FFS if we anything needs to be specified in stage 3 (i.e. in IE description)
4	As a baseline legacy C-DRX reconfiguration is used to change UE C-DRX configuration once Cell DTX/DRX is activated/deactivated.
5	RAN2 specifies cellDTX-onDurationTimer (and cellDRX-onDurationTimer) to have the same value range as UE C-DRX on-duration timer. 
6	RAN2 specifies cellDTX-Cycle (and cellDRX-Cycle) to have the same value range as UE C-DRX Long cycle. 
7	Separate DTX and DRX configuration means that the features can be enabled separately (i.e. Cell DTX can be configured without Cell DRX)
8	On-duration and Cycle parameters are common between cell DTX and DRX, when both are configured.  FFS if we have different start offset configuration for cell DTX and cell DRX
9	RAN2 will not introduce a MAC CE for cell DTX/DRX (de)activation.  
10	Confirm 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.
11	We focus on the case where DTX in RRC can only be configured when C-DRX is configured.  We will not optimize for the case where C-DRX is not configured.
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