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Introduction
[bookmark: _Hlk134110406]In the RAN2#122 meeting, the cell DTX/DRX was discussed, with the following agreements [1]:
Agreements:
1	UE monitors PDCCH for RAR during Cell DTX non-active time. The ra-ResponseWindow could be started as legacy.
2	UE monitors PDCCH for msg4 during Cell DTX non-active time. The ra-ContentionResolutionTimer could be started as legacy.
3	Working assumption:  When the retransmission timer is running (if C-DRX is configured), the UE is expected to monitor PDCCH, like in legacy.  It is up to the network whether it schedules retransmissions out of the Cell DTX active period, i.e., when the DRX retransmission timer is running, the UE should monitor PDCCH regardless of the Cell DTX.   
4	Once gNB recognizes there is an emergency call or public safety related service (e.g. MPS/MCS), the NW should ensure there is no impact to the emergency call (e.g. may deactivate Cell DTX/DRX).  The behavior is captured in stage 2 spec
5	When an DG grant is received, scheduled by the gNB during cell DRX/DTX, the UE follows the grant assignment (i.e. like in legacy).  This includes DL HARQ feedback.  
In the RAN2#123 meeting, the cell DTX/DRX was discussed, and the following agreements were reached [2]:
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.
In this paper, we will further discuss the remaining issues of the cell DTX/DRX mechanism.
[bookmark: OLE_LINK462][bookmark: OLE_LINK463]Discussion
2.1 Cell DTX/DRX configuration
In the last RAN1 meeting, it has been agreed that cell DTX/DRX can be activated on a per serving cell basis. When cell DTX/DRX mechanism is applied in the CA scenario, there are two options of cell DTX/DRX configuration granularity: per MAC entity and per serving cell. The decision which option to choose has impact on the way MAC and RRC specifications are implemented. 
In the per MAC entity option, which is similar to how C-DRX is configured, all serving cells should have the same cell DTX/DRX parameters to align with the one C-DRX configuration. In this option the activation status, if needs to be set on a per cell basis, would need signalling which conveys also information to which of the serving cells the activation/deactivation status applies. This mode is simpler from the UE implementation perspective and guarantees that, once aligned, all cells have a DTX pattern aligned with UE C-DRX.
For the per serving cell option, different serving cells can have different cell DTX/DRX parameters, which brings flexibility of NW implementation but complexity of UE implementation. From the UE perspective having different cell DTX/DRX patterns activated at the same time is a tedious scenario, as it would still have only one C-DRX configuration for the MAC entity. 
Proposal 1: Cell DTX/DRX should be configured per MAC entity.
The cell DTX/DRX activation can be realized by RRC implicitly or by the group-L1 common signalling explicitly. However, the usage of RRC configuration and activation might have an incoherence to how implicit activation is realised when configuring the cell DTX/DRX with L1 activation/deactivation. In our view, if the NW does not want to implicitly activate the cell DTX/DRX configuration, it should not configure it at all. The idea behind the implicit activation is to follow the mechanism of C-DRX. To enable more flexibility and save signalling overhead , we have adapted the group L1 common signalling. There is no need to add explicit indication in the RRC configuration to tell UE that NW will use L1 to (de)activate cell DTX/DRX other than implicitly activating the configuration. In our view the L1 activation/deactivation can be used after the initial configuration (with activation) by RRC. 
Proposal 2: There is no need to add an explicit indication in RRC to indicate whether the implicit cell DTX/DRX will be applied or not.
The deactivation of cell DTX/DRX can be operated by RRC release message for releasing the cell DTX/DRX configuration or by group-L1 common signalling. The former one is easy to understand since if the cell DTX/DRX configuration is released, it will be deactivated. The latter one means that NW can send L1 signalling with new information blocks in DCI 2_9. It was agreed by RAN1 that an information block field contains signalling of activation or deactivation of ‘a configuration of cell DTX and/or DRX’ of ‘a serving cell’. If NW wants to deactivate the cell DTX/DRX, it will set the corresponding information block of cell DTX and/or cell DRX as deactivated. So if the NW does not want to release the cell DTX/DRX configuration, it can utilize the group-L1 common signalling to deactivate cell DTX/DRX.
Proposal 3: Do not introduce an explicit RRC deactivation without deconfiguration.
In the last meeting, we have reached an agreement on the parameter value range of cell DTX/DRX configurations. The periodicity and on duration are common for cell DTX and cell DRX. However, there is still an unresolved issue regarding whether the start offset can be configured differently for cell DTX and cell DRX. The advantage of supporting different offsets is that it provides flexibility in configuring cell DTX/DRX. The disadvantage is that if only the simultaneous transmission or reception is allowed, it will result in unnecessary energy consumption and makes UE implementation complex. Since the behaviour of uplink reception and downlink transmission is coupled together in the network, the network does not know when to allow only reception or transmission. Some companies believe that the reception end time can be delayed after transmission since there may be reception of uplink signalling after the transmission end time. However, in our view, we have already defined some expectations of scheduling behaviour outside the cell DTX/DRX active time, which includes such a case. Avoiding such situations depends on NW implementation 
Thus, to keep it simple and to maximise energy saving, we propose to adapt the same start offset of cell DTX and cell DRX.
Proposal 4: [bookmark: _Ref146209699]The same start offset should be configured for cell DTX and cell DRX.
There is a remaining issue whether multiple configurations of cell DTX or cell DRX will be supported. In our understanding, if the NW wants to change the configuration parameters of cell DTX or cell DRX, it can reconfigure it by a RRCReconfiguration message. The multiple configurations are unnecessary. Some companies think that for different type of service, the cell DTX/DRX pattern may change to cater for the QoS requirement. However, changing the pattern of cell DTX or cell DRX will also cause signalling overhead and have impact on all UEs in the cell. There is currently no room for L1 signalling to indicate which pattern should be activated as L1 signalling is used to indicate which cells to (de)activate cell DTX or cell DTX and the feature is functionally frozen from RAN1 perspective. The baseline for changing cell DTX/DRX parameters is to do so by reconfiguration of cell DTX/DRX.
Proposal 5: Multiple configurations of cell DTX or cell DRX are not supported in Rel-18.
In the last meeting, the separate cell DTX and DRX configuration was agreed with the meaning that cell DTX can be configured without cell DRX. One of the open issues is whether standalone cell DRX is needed. As analysed in the SI, the NES gain mainly comes from the reduced transmission not the reduced reception of the gNB. If cell DRX is configured without cell DTX, the NES gain is limited and UE’s performance will be impacted, therefore the standalone cell DRX is unnecessary in our view. If Proposal 4 is agreed, the parameters of cell DTX and cell DRX are the same when configured together. We can then simplify the configuration to remove the explicit cell DRX configuration and rely on 1 bit in the Cell DTX config to signal whether cell DRX is configured simultaneously with cell DTX or not. 
Proposal 6: Standalone Cell DRX cannot be configured as the NES gain is limited. The explicit cell DRX configuration can be removed from 38.331 if the parameters of cell DTX and cell DRX are the same.
The secondary C-DRX may have different on duration timer and inactivity timer compared with primary C-DRX in CA between FR1 and FR2. When cell DTX/DRX is activated, the NW will change the behaviour of scheduling to obtain the NES gain. The UE will follow the behaviour we defined for cell DTX/DRX regardless of whether it is for primary or secondary C-DRX. As RAN2 defined alignment as a condition between UE C-DRX cycle and cell DTX/DRX cycle and the secondary C-DRX has the same cycle as the primary one we do not see any issue with aligning the configurations. Considering that and the agreement not to optimise for the CA case we think there is no spec impact of cell DTX/DRX on secondary C-DRX. 
Proposal 7:  In the CA scenario, there is no spec impact of the cell DTX/DRX mechanism on the secondary C-DRX.
The agreed baseline behaviour of CG transmission is to drop CG transmission during cell DRX non-active period. However, it is unclear whether the configuredGrantTimer and cg-RetransmissionTimer can be allowed to run during the cell DRX non-active period. If configuredGrantTimer expires, the successful reception of CG will be assumed by the UE. But there is no PDCCH in the cell DTX/DRX non-active period and the gNB cannot tell the UE if the CG was successfully received. If the configuredGrantTimer keeps running, the UE will mistakenly think that the CG was successfully received by the gNB as it cannot receive PDCCH until configuredGrantTimer expires. Such case will cause the misalignment of CG transmission. Thus, the configuredGrantTimer should be stopped or paused during cell DRX non-active period. The cg-RetransmissionTimer is configured in NR-U. If the UE has not received CG-DFI before cg-RetransmissionTimer expires, the UE assumes Negative ACK (NACK) and can retransmit autonomously in the next transmission occasion on the CG. Due to the same reason, we think the cg-RetransmissionTimer should also be stopped or paused during cell DRX non-active period.
Proposal 8: The configuredGrantTimer and cg-RetransmissionTimer should be stopped or paused during cell DRX non-active period.

2.2 Interaction of UE C-DRX and cell DTX
2.2.1 UE C-DRX behaviours under cell DTX
We have discussed gNB/UE behaviour of cell DTX/DRX, but the UE C-DRX behaviours under cell DTX is not fully clear. Based on the agreements, during the cell DTX active period, the gNB and UE behaviours remain unchanged. Therefore, the UE behaviours of C-DRX can also remain unchanged. In our view, during the cell DTX non-active period, the UE should change its behaviours according to the cell DTX configuration, regardless of its C-DRX parameters to save UE power. Fig. 1 shows an example, where a UE can normally wake up or sleep for C-DRX during the cell DTX active period, but transitions to C-DRX sleep (stops PDCCH monitoring) during the cell DTX non-active period since the network will not schedule anything for this UE.
The existing UE C-DRX behaviours mainly depend on the related timers, namely drx-onDurationTimer, drx-InactivityTimer and drx-RetransmissionTimer. The UE should be in the C-DRX active time when these timers are running. When the cell enters cell DTX non-active period, there needs to be a change in existing UE C-DRX behaviours. e.g. drx-InactivityTimer stops or is paused. This can make the UEs stop PDCCH monitoring during cell DTX non-active period and save UE power. In the last meeting, we have agreed that when the retransmission timer is running (if C-DRX is configured), the UE is expected to monitor PDCCH, like in legacy. But the behaviour of drx-HARQ-RTT-Timer is not clear. When the drx-HARQ-RTT-Timer is running, the UE will not monitor PDCCH. When the timer expires, the drx-RetransmissionTimer will be started and UE will monitor PDCCH for retransmission. In our view, it will waste UE energy to start the RetransmissionTimer after the HARQ timer expires. The gNB in sleep mode will not transmit the failed scheduled data. In such case, the HARQ timer may be stopped/paused during the Cell DTX/DRX non-active period and can be resumed/restarted in Cell DTX/DRX active period. The RetransmissionTimer will be started only after the HARQ timer expires in the cell DTX/DRX active period.
[image: ] 
Fig.1 UE changing its existing C-DRX behaviours according to the Cell DTX
Proposal 9: Define new conditions for UE behaviour changes when cell DTX non-active period starts during the C-DRX related timer is running, i.e. the drx-InactivityTimer and HARQ timer should be stopped/paused. 
When the UE is scheduled with a PDCCH, the NW may configure it with a bwp-InactivityTimer. If a UE does not receive the scheduled DCI within the timer, the BWP will switch to the default downlink BWP to save UE’s energy, since there is no more traffic. However, during the cell DTX non-active period, there will be no PDCCH dynamic scheduling, which will lead to unnecessary switching to the default downlink BWP after the timer expires. If there is a PDCCH scheduled in the next cell DTX active period, it will switch to the larger BWP, which will lead to an overhead and decrease the efficiency and performance due to the delayed NW scheduling. Such mechanism can cause frequent BWP switching with the cell DTX/DRX enabled (Fig.2). Therefore, the bwp-InactivityTimer should be paused during cell DTX non-active period and resumed during cell DTX active period.
[bookmark: _Hlk134206513]A similar issue can be observed in the SCell which should not be frequently (de)activated when the cell enters cell DTX/DRX active or non-active period. Thus, the sCellDeactivationTimer should also be paused due to the same reason as bwp-InactivityTimer.
[image: ]
Fig.2 Frequent default DL BWP fallback due to bwp-InactivityTimer expiry
Proposal 10: The bwp-InactivityTimer and sCellDeactivationTimer should be paused during cell DTX non-active period and resumed during cell DTX active period to decrease unnecessary BWP fallback and SCell deactivation.
2.2.2 UE C-DRX aligned with the cell DTX
[bookmark: _Hlk145700866]It was agreed that at least partial alignment is needed between UE C-DRX on duration and cell DTX/DRX on duration. And it is also adopted in the running stage 2 CR as “the network should also ensure that there is at least partial overlapping between UE’s connected mode DRX on-duration and cell DTX/DRX active duration, i.e. the UE’s connected mode DRX periodicity is a multiple of cell DTX/DRX periodicity or vice versa.” In our understanding, the implementation of partial alignment is closely related to the parameters of cell DTX/DRX configuration. It is beneficial to capture this in stage 3 to help explain implementers the configurability limitation needed to achieve at least partial alignment. It is suggested to add such sentence in the periodicity description of CellDTX-Config and CellDRX-Config as:
	CellDRX-Config field descriptions

	celldrx-CycleStartOffset
celldrx-Cycle in ms and celldrx-StartOffset in multiples of 1 ms.
Cycle parameter is common between cell DTX and DRX, when both are configured, and signalled in the CellDTX-Config IE.
celldrx-Cycle is an integer multiple of drx-longCycle or vice versa.




	CellDTX-Config field descriptions

	celldtx-CycleStartOffset
celldtx-Cycle in ms and celldrx-StartOffset in multiples of 1 ms.
celldtx-Cycle is an integer multiple of drx-longCycle or vice versa.




Proposal 11: RAN2 to add the partial alignment requirement in the stage 3 description of CellDTX-Config and CellDRX-Config. 
In the last meeting, we took the legacy C-DRX reconfiguration as a baseline to change the UE C-DRX to align with the cell DTX/DRX. But it does not solve the issue of signalling overhead. To solve it, one of the options is to pre-configure an alternative C-DRX configuration and add the reconfigured C-DRX parameters directly in the configuration of cell DTX so that the UE would have one legacy and one cell DTX specific C-DRX. The second one would be activated and deactivated together with cell DTX. In that way signalling overhead of the C-DRX reconfiguration would be significantly reduced. As for the unreliability of the group-L1 common signalling for (de)activation, it is caused by the characteristic of L1 signalling. If the UE does not receive such signalling, it will not activate both the cell DTX and re-configured C-DRX and keep the legacy C-DRX pattern. This issue would need to be solved by NW implementation by detecting it and e.g. repetition of group common L1 signalling. 
Proposal 12: RAN2 to introduce an additional UE C-DRX configuration which is used by the UEs once cell DTX is activated for efficient alignment of C-DRX with cell DTX/DRX. 
Conclusion
[bookmark: OLE_LINK3]In this paper, we discussed the details of the Cell DTX/DRX mechanism, and made the following proposals:
Proposal 1: Cell DTX/DRX should be configured per MAC entity.
Proposal 2: There is no need to add an explicit indication in RRC to indicate whether the implicit cell DTX/DRX will be applied or not.
Proposal 3: [bookmark: _GoBack]Do not introduce an explicit RRC deactivation without deconfiguration.
Proposal 4: The same start offset should be configured for cell DTX and cell DRX.
Proposal 5: Multiple configurations of cell DTX or cell DRX are not supported in Rel-18.
Proposal 6: Standalone Cell DRX cannot be configured as the NES gain is limited. The explicit cell DRX configuration can be removed from 38.331 if the parameters of cell DTX and cell DRX are the same.
Proposal 7: In the CA scenario, there is no spec impact of the cell DTX/DRX mechanism on the secondary C-DRX.
Proposal 8: The configuredGrantTimer and cg-RetransmissionTimer should be stopped or paused during cell DRX non-active period.
Proposal 9: Define new conditions for UE behaviour changes when cell DTX non-active period starts during the C-DRX related timer is running, i.e. the drx-InactivityTimer and HARQ timer should be stopped/paused. 
Proposal 10: The bwp-InactivityTimer and sCellDeactivationTimer should be paused during cell DTX non-active period and resumed during cell DTX active period to decrease unnecessary BWP fallback and SCell deactivation.
Proposal 11: RAN2 to add the partial alignment requirement in the stage 3 description of CellDTX-Config and CellDRX-Config. 
Proposal 12: RAN2 to introduce an additional UE C-DRX configuration which is used by the UEs once cell DTX is activated for efficient alignment of C-DRX with cell DTX/DRX. 

References
[1]. [bookmark: _Hlk134257650]R2-2306543 Report from Session on NES, UAV, Rel-15-17 UP, Rel-17 Small Data, IIoT/URLLC, and RACH partitioning
[2]. R2-2308963, Report from Session on NES, UAV, Rel-15-17 UP, Rel-17 Small Data, IIoT/URLLC, and RACH partitioning
3GPP
image1.png
Active/

On-duration
Cell
DTX
Non-active
i
i
i
eoccH |
Active _;i
fe—
UE Hnc onDurationTimer
C-DRX d
Sleep

UE C-DRX periodicity




image2.png
Active/

On-duration
Cell
DTX
Non-active
A
Frequency
domain
UE
C-DRX

Default DL BWP

UE C-DRX periodicity

Default DL BWP

»Time domain





