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Introduction
[bookmark: _Hlk134110406]In the RAN2#123bis meeting, the cell DTX/DRX was discussed, with the following agreements [1]:
Agreements on CP open issues:
1. Introduce explicit activation/deactivation in RRC once DTX/DRX is configured (i.e. not for dynamic activation/deactivation).   This reverses previous agreement on implicit activation.
2. Start offset and slot offset configuration is also common between Cell DTX and Cell DRX when both are configured 
3. Standalone cell DRX configuration is possible to configure
4. Multiple configurations of Cell DTX/DRX are not pursued in Rel-18 for serving cell.
Agreements for MAC open issues:
1. The case that Cell DRX activation is received between delivering a configured grant to the HARQ entity and HARQ processing for the CGO will not be addressed by RAN2, as it is not valid for the MAC model.
Agreements
1. Cell DTX/DRX configuration is provided per Serving Cell with the following restrictions:
· A maximum of two cell DTX/DRX patterns can be configured per MAC entity 
· The two configured patterns are aligned, 
· The start and slot offset are common for the two patterns.
· one periodicity is an integer multiple of the other.
2. Working assumption: UE triggers RACH upon determining that an emergency call is initiated during the cell DTX/DRX non active period. We rely on the UE implementation to determine whether an emergency call is initiated.  We will take time to check until next meeting to confirm the WA.
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 behaviour
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 1: In the CA scenario, there is no spec impact of the cell DTX/DRX mechanism on the secondary C-DRX.
RAN1 has sent an LS in R1-2310476 [2] with the following agreements about the impacted channel/signals by cell DTX/DRX and asked RAN2 to capture them in RAN2 specifications.
	· Agreement from RAN1 #112-bis-e:
· 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
· Periodic/Semi-persistent CSI report
· Agreement from RAN1 #114:
· 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 from RAN1 #114:
· HARQ-ACK of SPS PDSCH transmitted is not impacted by non-active period of cell DRX
· Conclusion from RAN1 #114:
· The following channels are not impacted by non-active period of cell DRX
· HARQ-ACK of a DCI format without scheduling a PDSCH




All the above agreements are related to UE behaviour of the cell DTX/DRX mechanism. In the legacy C-DRX mechanism, the UE behaviours of CSI report and monitoring of common PDCCHs are specified in the DRX section. Note that the related UE behaviours from RAN2 discussions are already captured in the MAC running CR [3]. Following the same mechanism, UE behaviours from the RAN1 LS should also be captured in section 5.x Cell-Level Energy Saving in the MAC running CR. The detailed TP based on the outcome of the email discussion [Post123bis][022][NES] is provided in the Annex.
Proposal 2: RAN2 to capture the behaviours for the impacted signals/channels from RAN1’s LS in the MAC CR. 
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.
[bookmark: _Hlk149138799]Proposal 3: The configuredGrantTimer and cg-RetransmissionTimer should be stopped or paused during cell DRX non-active period.
In the last meeting, RAN2 has discussed the expectational case of emergency call based SR transmission. To satisfy UE’s QoS, the emergency call can be transmitted on RACH if there is a need of emergency service. We have previously agreed that there will be no impact to RACH in idle/inactive for the gNB, Rel-18 and legacy UEs; and two PDCCH monitoring behaviours related to RACH were also agreed as legacy:
Agreement from RAN2 #122:
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.
In our understanding, there is no impact on RACH transmission and the following receptions in general. The working assumption can be confirmed to enable emergency call transmitted on RACH. After the completion of RA, whether UE will continue to monitor PDCCH can be determined by NW implementation.
Proposal 4: Confirm the working assumption: emergency call can be transmitted on RACH during cell DTX/DRX non-active time.
In the open issues of MAC running CR, there is a question about whether to add NES-RNTI to the list of monitored RNTIs in section 5.7 (DRX). The already captured RNTIs in C-DRX such as C-RNTI highlighted in the below spec are impacted during C-DRX inactive time. From the NW perspective, the NES-RNTI may be sent at any time of UE C-DRX. Since not all UEs will meet the common overlapping time requirement of the active time, the NW may send NES-RNTI many times to indicate the corresponding status, which will cause excess energy usage at the gNB side. From the UE perspective, if the NES-RNTI can be monitored at any time, it would increase the overall UE energy consumption to monitor it. Since RAN1 has discussed NES-RNTI monitoring behaviour in the last meeting without conclusion, and will continue to discuss it, RAN2 can just wait for the progress of RAN1, whether NES-RNTI is impacted by C-DRX and cell DTX/DRX status.
	---- Cited from 38.321 v17.6.0:
5.7	Discontinuous Reception (DRX)
The MAC entity may be configured by RRC with a DRX functionality that controls the UE's PDCCH monitoring activity for the MAC entity's C-RNTI, CI-RNTI, CS-RNTI, INT-RNTI, SFI-RNTI, SP-CSI-RNTI, TPC-PUCCH-RNTI, TPC-PUSCH-RNTI, TPC-SRS-RNTI, AI-RNTI, SL-RNTI, SLCS-RNTI and SL Semi-Persistent Scheduling V-RNTI. When using DRX operation, the MAC entity shall also monitor PDCCH according to requirements found in other clauses of this specification. When in RRC_CONNECTED, if DRX is configured, for all the activated Serving Cells, the MAC entity may monitor the PDCCH discontinuously using the DRX operation specified in this clause; otherwise the MAC entity shall monitor the PDCCH as specified in TS 38.213 [6].



Proposal 5: RAN2 to wait for RAN1’s progress on NES-RNTI monitoring and implement the impact in TS 38.321 after receiving RAN1’s conclusion.
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 previous 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 6: 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 7: 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.
2.3 Cell DTX/DRX DCI configuration
RAN1 has agreed on an updated Rel-18 higher layer parameters list after RAN1#114-bis [4]. The rapporteur has updated the running CR with the contents of the RAN1 parameter list. RAN1 has designed the DCI for cell DTX/DRX activation/deactivation with parameters included in cellDTRX-DCI-config IE. This parameter is signalled per cell group, though one of the included sub-parameters is per serving cell. In our understanding it is still FFS in RAN1 whether the cellDTRX-DCI-config IE is per cell group or per serving cell. Thus, the running CR [5] has included all DCI parameters in the cellDTRX-DCI-config IE and, according to the current list, set the signalling per cell group. An FFS was added whether the signalling is per cell group or per serving cell.
Proposal 8: RAN2 designs the cellDTRX-DCI-config IE to include all parameters related to the cell DTX/DRX DCI. The final signalling is to be updated based on RAN1 input. 

Conclusion
[bookmark: OLE_LINK3]In this paper, we discussed the details of the Cell DTX/DRX mechanism, and made the following proposals:
Proposal 1: In the CA scenario, there is no spec impact of the cell DTX/DRX mechanism on the secondary C-DRX.
Proposal 2: RAN2 to capture the behaviours for the impacted signals/channels from RAN1’s LS in the MAC CR. 
Proposal 3: The configuredGrantTimer and cg-RetransmissionTimer should be stopped or paused during cell DRX non-active period.
Proposal 4: Confirm the working assumption: emergency call can be transmitted on RACH during cell DTX/DRX non-active time.
Proposal 5: RAN2 to wait for RAN1’s progress on NES-RNTI monitoring and implement the impact in TS 38.321 after receiving RAN1’s conclusion.
Proposal 6: 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 7: 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 8: RAN2 designs the cellDTRX-DCI-config IE to include all parameters related to the cell DTX/DRX DCI. The final signalling is to be updated based on RAN1 input. 
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Annex: TP for 38321
<<<<<<<<<<<<<<<<<<<<<<<<<<<<unchanged text omitted>>>>>>>>>>>>>>>>>>>>>>>>>>>
5.x.2 Cell Discontinuous Transmission
<<<<<<<<<<<<<<<<<<<<<<<<<<<<unchanged text omitted>>>>>>>>>>>>>>>>>>>>>>>>>>
For each Serving Cell configured with cell DTX, the MAC entity may:
1>  if cell DTX is activated and the Serving Cell is not in the cell DTX Active Period:
2> not instruct the physical layer to receive transport block on the DL-SCH according to any configured downlink assignment for SPS;
2> not indicate the presence of any configured downlink assignment and deliver the stored HARQ information to the HARQ entity;
2>	not set the HARQ Process ID to the HARQ Process ID associated with this PDSCH duration;
2>	not consider the NDI bit for the corresponding HARQ process to have been toggled;
2> not monitor the corresponding PDCCH with the MAC entity’s SFI-RNTI, INT-RNTI, TPC-PUSCH-RNTI, TPC-PUCCH-RNTI, TPC-SRS-RNTI, CI-RNTI, AI-RNTI.
<<<<<<<<<<<<<<<<<<<<<<<<<<<<unchanged part omitted>>>>>>>>>>>>>>>>>>>>>>>>>>>
5.x.3 Cell Discontinuous Reception
<<<<<<<<<<<<<<<<<<<<<<<<<<<<unchanged part omitted>>>>>>>>>>>>>>>>>>>>>>>>>>>
For each Serving Cell configured with cell DRX, the MAC entity shall:
1> if cell DRX is activated for this Serving Cell:
2>	if [(SFN × 10) + subframe number] modulo (celldtxdrx-Cycle) = (celldtxdrx-StartOffset):
3>	start celldtxdrx-onDurationTimer for this serving cell after celldtxdrx-SlotOffset from the beginning of the subframe.
1>  if cell DRX is activated and the Serving Cell is not in the cell DRX Active Period:
2> not instruct the physical layer to signal the SR on a PUCCH resource for SR;
2> not increment the SR counter for a pending SR;
2> not start the sr-ProhibitTimer for a pending SR;
2> not deliver any configured uplink grant and the associated HARQ information to the HARQ entity;
2> not instruct a HARQ process associated with a configured uplink grant to trigger a new transmission or a retransmission;
2> not report periodic/semi-periodic CSI on PUCCH;.
2> transmit on RACH if emergency call is initiated;
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