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1. Introduction
The technique of Cell DTX/DRX for network energy saving was studied and the outcome of the study item is captured in TR 38.864 [1]. In this contribution, we share our views regarding enhancements related to retransmission timers, reliability of L1 signalling for cell DTX/DRX (de)activation, HARQ feedback generation and indication for aligning Cell DTX and C-DRX.
2. Discussion
2.1 Reliability of the group common L1 signalling for cell DTX/DRX activation/deactivation
A single cell DTX/DRX pattern is agreed per cell in RAN2 #123bis [2], where the pattern comprises parameters, such as start time, ON duration, periodicity, etc. A group common L1 signaling (DCI format 2_X) without HARQ feedback has been agreed for activation/deactivation of cell DTX/DRX pattern in RAN1#113 [3]. Thus, there exists a concern on the feasibility and reliability of using the L1 signalling for activation/deactivation of cell DTX/DRX. If the UE failed to detecode L1 signalling for activation/deactivation of cell DTX/DRX, then there will be different understanding at gNB and UE about the status of Cell DTX/DRX. Further, it leads to unnecessary transmissions, needless monitorings and additional power consumption at the UE. For e.g., if UE failed to decode the DCI activating the Cell DTX, then the UE assumes Cell DTX is not activated and unnecessarily monitors for the PDCCH in the non-active period of Cell DTX. Therefore, UE sending acknowledgement for successful reception of L1 signalling for activation/deactivation of cell DTX/DRX pattern is beneficial. In NR, a Configured Grant Confirmation MAC CE is used for confirming the reception of configured grant Type 2A. A similar mechanism may be used for Cell DTX/DRX mechanism, where a Cell DTX/DRX status confirmation MAC CE is used to indicate the activation/deactivation status of Cell DTX/DRX at the UE. 

Observation 1: Errors in the detection of L1 signalling or activation/deactivation of cell DTX/DRX pattern causes misunderstanding about status of Cell DTX/DRX at gNB and UE, leading to unnecessary operations and power consumption.

Proposal 1: RAN2 to consider a Cell DTX/DRX status confirmation MAC CE for indicating the status of activation/deactivation of Cell DTX/DRX at the UE.
2.2 Alignment of Cell DTX and C-DRX
In RAN2#121-bis-e [5], it is agreed that the UE won’t monitor for PDCCH in non-active period of cell DTX, even if the UE is in active period of C-DRX. Therefore, in case of misalignment between the active period of Cell DTX/DRX and ON duration of C-DRX, the monitoring period for PDCCH reduces, thereby restricting the scheduling flexibility. E.g., in NR, the UE can receive PDCCH carrying DCI anywhere during the ON duration of C-DRX, based on search space configuration. However, in case of Cell DTX/DRX, the PDCCH can be transmitted only in the overlapping portion of ON duration of cell DTX/DRX and C-DRX. Dropping the PDCCH in non-overlapping portions causes performance degradation. To solve the problem, reconfiguring the C-DRX in legacy way to overlap with the Cell DTX/DRX pattern was agreed in RAN2 #123 [4]. However, the C-DRX configuration is UE specific and hence the C-DRX has to be reconfigured to each UE independently, leading to large signaling overhead. For e.g., as shown in figure 1, UE1, UE2 and UE3 have individual C-DRX patterns, C-DRX1, C-DRX2, and C-DRX3, respectively. Further, the ON duration of each C-DRX patten will have different overlaps with Cell DTX. In case of reconfiguration, the gNB has to send all parameters of C-DRX1, C-DRX2, and C-DRX3 to UE1, UE2 and UE3, respectively. Since the UE has knowledge of parameters of both Cell DTX and C-DRX, reconfiguring is redundant and non-optimal. Therefore, a simpler method, using the information available at UE, for aligning C-DRX with Cell DTX is beneficial. For e.g., instead of reconfiguring the complete C-DRX, the UE can be signalled in MAC-CE a slot offset to delay the C-DRX so that the ON duration completely overlaps with Cell DTX. The remaining parameters of the C-DRX configuration (e.g., DRX cycle etc.) will remain the same as that of the initial configuration. (a)
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Figure 1: Misalignment of C-DRX of different UEs with Cell DTX/DRX

Observation 2: Following observation is made about reconfiguring C-DRX parameters to align ON duration of C-DRX with Cell DTX/DRX 
· Reconfiguring the complete C-DRX parameters, which are UE specific, results in signaling overhead
· Reconfiguring is redundant and non-optimal, as the UE has knowledge of parameters of both Cell DTX and C-DRX

Proposal 2: Ran 2 to agree that the ON duration of C-DRX is aligned with active period of Cell DTX/DRX by using a slot offset signalled in MAC-CE.
2.3 Impacts of Cell DTX/DRX on MAC timers
In NR, CGT and CGRT timers are used for indication of successful transmissions. When no feedback is received by the UE during the timer, the transmission is assumed to be successful. The UE will not monitor for PDCCH during non-active period of cell DTX/DRX. Hence, if CGT or CGRT timer overlaps with non-active period of cell DTX/DRX, then the UE will not receive any acknowledgement from gNB. Therefore, the UE assumes the UL transmissions as always successful irrespective of the actual status. Therefore, the CGT and CGRT timers have to be paused during non-active period of cell DTX/DRX.
For the HARQ-RTT-Timer, the UE starts monitoring for retransmissions, upon expiry of the timer as per legacy behavior. If the expiry of the timer overlaps with non-active period of cell DTX/DRX, then the UE will unnecessarily monitor for retransmissions in the non-active period. However, there are no retransmissions in the non-active period by the gNB. Therefore it is beneficial to pause the HARQ-RTT-Timer during non-active period of cell DTX/DRX.
Proposal 3: Ran 2 to consider pausing the following timers during non-active period of Cell DTX/DRX 
· CGT and CGRT timers
· HARQ-RTT-Timer
2.4 Impacts of Cell DTX/DRX on HARQ feedback
Specifying the UE behavior to exploit advantages of indicating Cell DTX/DRX pattern to the UE is necessary. E.g., during non-active periods of Cell DTX/DRX, the gNB is not expected to transmit any signal/channel and UE is not expected to receive any signal/channel. Therefore, UE sending HARQ feedback for the candidate occasions overlapping with the non-active period of Cell DTX/DRX is redundant and inefficient. Further it increases the UL overhead. Therefore, UE skipping HARQ feedback for the candidate HARQ occasions overlapping with non-active periods of Cell DTX/DRX is supported. 
Observation 3: UE sending HARQ feedback for the candidate occasions overlapping with the non-active period of Cell DTX/DRX pattern is redundant and inefficient. 
Proposal 4: Ran 2 to discuss that the UE does not transmit the HARQ feedback for candidate HARQ occasions overlapping with non-active period of Cell DTX/DRX.

3. Conclusion
Based on the above discussion, following proposals are made
Observation 1: Errors in the detection of L1 signalling or activation/deactivation of cell DTX/DRX pattern causes misunderstanding about status of Cell DTX/DRX at gNB and UE, leading to unnecessary operations and power consumption.

Proposal 1: RAN2 to consider a Cell DTX/DRX status confirmation MAC CE for indicating the status of activation/deactivation of Cell DTX/DRX at the UE.
Observation 2: Following observation is made about reconfiguring C-DRX parameters to align ON duration of C-DRX with Cell DTX/DRX 
· Reconfiguring the complete C-DRX parameters, which are UE specific, results in signaling overhead
· Reconfiguring is redundant and non-optimal, as the UE has knowledge of parameters of both Cell DTX and C-DRX
Proposal 2: Ran 2 to agree that the ON duration of C-DRX is aligned with active period of Cell DTX/DRX by using a slot offset signalled in MAC-CE.
Proposal 3: Ran 2 to consider pausing the following timers during non-active period of Cell DTX/DRX 
· CGT and CGRT timers
· HARQ-RTT-Timer
Observation 3: UE sending HARQ feedback for the candidate occasions overlapping with the non-active period of Cell DTX/DRX pattern is redundant and inefficient. 
Proposal 4: Ran 2 to discuss that the UE does not transmit the HARQ feedback for candidate HARQ occasions overlapping with non-active period of Cell DTX/DRX.
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