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[bookmark: _Hlk16413520]1. Introduction
For DRX operation in Rel. 15 NR, different timers are defined [1] to control the active time of the UE, some of which are summarized below:
· drx-InactivityTimer: The timer starts after a PDCCH scheduling a new transmission.
· [bookmark: _Hlk16418321]drx-HARQ-RTT-TimerDL: The timer is defined per HARQ process, and starts after transmission carrying the DL HARQ feedback.
· drx-RetransmissionTimerDL: The timer is defined per HARQ process, and starts after the expiry of drx-HARQ-RTT-TimerDL if data of the corresponding HARQ process was not successfully decoded.
While the drx-RetransmissionTimerDL for a HARQ process or the drx-InactivityTimer or drx-onDurationTimer is running, the UE is in active mode and monitors PDCCH. 
In unlicensed operation, UE may not be able to transmit ACK/NACK due to LBT failure. To deal with LBT failure on UE transmission as well as potential interference on gNB reception, RAN1 has also agreed on supporting multiple opportunities for HARQ A/N transmission as part of “Enhancements to Scheduling and HARQ operation for NR-U”. The following are the related RAN1 agreements:
	Agreement 
For enabling multiple opportunities for HARQ A/N transmission and for cross-COT HARQ-ACK feedback, at least the following is supported:
gNB requests/triggers feedback for PDSCH from earlier COT(s) or additional reporting of earlier HARQ feedback, where the exact HARQ feedback timing and resource is provided to the UE in another DCI (in the same or in another COT)
Agreement:
Restrict further discussion on HARQ codebook to the following:
· For dynamic HARQ codebook:
· PDSCH grouping by explicitly signalling a group index in DCI scheduling the PDSCH
· gNB can request HARQ-ACK feedback in the same PUCCH for all PDSCHs in the same group
· If request/trigger for one-shot group HARQ ACK feedback for all configured HARQ processes is introduced (at least for non-CBG HARQ), select one or more of the following candidate schemes:
· The request is carried in a UE-specific DCI carrying a PUSCH grant
· The request is carried in a UE-specific DCI carrying a PDSCH assignment
· The request is carried in a UE-specific DCI not scheduling PDSCH nor PUSCH
· The request is carried in a UE-common DCI
· The request can be used for UE configured with dynamic or semi-static HARQ codebook




In this paper, we discuss the impact of LBT failure and multiple transmission opportunities for HARQ A/N on drx-HARQ-RTT-TimerDL, more specifically, 
· Does UE start drx-HARQ-RTT-TimerDL based on the actual DL HARQ feedback transmission or based on the scheduled DL HARQ feedback transmission opportunity irrespective of LBT success or failure?
· Does UE restart drx-HARQ-RTT-TimerDL when UE is triggered to send HARQ A/N retransmission?
2. Discussion
For the LBT issue, two options can be considered:
· Option 1.1: UE starts drx-HARQ-RTT-TimerDL only when it actually transmits HARQ A/N
· Option 1.2: UE starts drx-HARQ-RTT-TimerDL based on the scheduled HARQ A/N opportunity, irrespective of the LBT outcome
With option 1.1, when UE fails to transmit HARQ A/N due to LBT failure, UE does not start drx-HARQ-RTT-TimerDL. As a result, UE does not start drx-RetransmissionTimerDL either since drx-RetransmissionTimerDL only starts after the expiry of drx-HARQ-RTT-TimerDL if data of the corresponding HARQ process was not successfully decoded. Therefore, UE might stop monitoring PDCCH if all the other DRX timers also expire. This is shown in Figure 1.
Observation 1: When drx-HARQ-RTT-TimerDL is only started with actual HARQ A/N transmission, the UE may stop monitoring PDCCH if all the other DRX timers expire.
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[bookmark: _Ref15811360]Figure 1: Issue with UE starting drx-HARQ-RTT-TimerDL upon actual HARQ A/N transmission

To avoid such behaviour, it is beneficial to go with Option 1.2, i.e., UE starts drx-HARQ-RTT-TimerDL based on gNB scheduling, instead of the actual HARQ transmission. The benefit is illustrated in Figure 2.
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Figure 2: Benefit with UE starting drx-HARQ-RTT-TimerDL with scheduled HARQ A/N transmission opportunity

Proposal 1: UE starts the drx-HARQ-RTT-TimerDL after the scheduled HARQ A/N transmission opportunity irrespective of the LBT outcome.

When UE is provided with multiple transmission opportunities for HARQ A/N, multiple options can be considered:
· Option 2.1: UE starts the drx-HARQ-RTT-TimerDL after the first scheduled HARQ A/N opportunity
· Option 2.2: UE starts and restarts the drx-HARQ-RTT-TimerDL after each scheduled HARQ A/N opportunity
· Option 2.3: UE starts the drx-HARQ-RTT-TimerDL after the first HARQ A/N transmission
· Option 2.4: UE starts and restarts the drx-HARQ-RTT-TimerDL after each HARQ A/N transmission
[bookmark: p13]As we analysed before, it is beneficial to start drx-HARQ-RTT-TimerDL based on scheduled HARQ A/N transmission opportunity instead of the actual HARQ A/N transmission for drx-HARQ-RTTTimerDL. Subsequently, we only focus on Option 2.1 and 2.2 in the following analysis.
With option 2.1, UE starts the drx-HARQ-RTT-TimerDL after the first scheduled HARQ A/N opportunity. After drx-HARQ-RTT-TimerDL expires, UE starts drx-RetransmissionTimerDL if data of the corresponding HARQ process was not successfully decoded. When UE fails to transmit HARQ A/N or gNB does not receive HARQ A/N successfully, gNB may trigger UE to send another HARQ A/N.  The triggering may be carried in UE-specific DCI carrying a PUSCH grant, UE-specific DCI carrying a PDSCH assignment, UE-specific DCI not scheduling PDSCH nor PUSCH or UE-common DCI.
· When the HARQ A/N retransmission is triggered in UE-specific DCI carrying another PDSCH assignment, UE will start drx-HARQ-RTT-TimerDL for the other PDSCH and the HARQ timer operation for the other PDSCH can keep UE in active state. In this case, option 2.1 would suffice.
· When the HARQ A/N retransmission is triggered in UE-specific DCI carrying PUSCH grant, UE will start drx-RetransmissionTimerUL after drx-HARQ-RTT-TimerUL expires.
· It is possible that drx-HARQ-RTT-TimerUL may not be configured the same as the drx-HARQ-RTT-TimerDL
· It is possible that drx-RetransmissionTimerUL may not be configured the same as drx-RetransmissionTimerDL
· When the drx-HARQ-RTT-TimerUL or drx-RetransmissionTimerUL is shorter than the corresponding DL timers, UE may fail to be in active state to monitor potential PDCCH
· When the HARQ A/N retransmission is triggered in UE-specific DCI not scheduling PDSCH nor PUSCH or UE-common DCI, the DCI is not associated with either PDSCH or PUSCH and UL/DL RTT timer would not start corresponding to the trigger DCI with Option 2.1.
· As a result, UE may experience drx-HARQ-RTT-TimerDL or drx-RetransmissionTimerDL expiry and consequently UE may stop monitoring PDCCH. 
· This observation is shown in Figure 3.
Observation 2: When drx-HARQ-RTT-TimerDL is only started with first scheduled HARQ A/N transmission opportunity, the UE may stop monitoring PDCCH if all the other DRX timers expire.
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Figure 3: Issue with UE starting drx-HARQ-RTT-TimerDL on first scheduled HARQ A/N transmission opportunity

To avoid such behaviour considering multiple options for HARQ A/N triggering DCI, it is beneficial to go with Option 2.2, i.e., UE starts and restarts drx-HARQ-RTT-TimerDL each time after the scheduled HARQ A/N opportunity. The benefit is shown in Figure 4.
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Figure 4: Benefit with UE starting/restarting drx-HARQ-RTT-TimerDL on each scheduled HARQ A/N transmission opportunity

Proposal 2: UE starts or restarts the drx-HARQ-RTT-TimerDL after each scheduled DL HARQ A/N transmission opportunity irrespective of the LBT outcome.

With multiple HARQ A/N transmission opportunities, the scenario can happen that UE is provided with another HARQ A/N opportunity and the drx-RetransmissionTimerDL is running when the drx-HARQ-RTTTimerDL restarts.  Two options can be considered:
· Option 3.1: UE keeps the current drx-RetransmissionTimerDL running and restarts drx-RetransmissionTimerDL once the restarted drx-HARQ-RTT-TimerDL expires.
· Option 3.2: UE stops drx-RetransmissionTimerDL once UE restarts drx-HARQ-RTT-TimerDL. UE will restart drx-RetransmissionTimerDL once the drx-HARQ-RTT-TimerDL expires as in current DRX behaviour.
Since the drx-HARQ-RTT-TimerDL is meant for UE not to expect retransmission when the timer is running, Option 3.2 is a preferred option and it is also consistent with the existing DRX behaviour. 

Proposal 3: UE stops drx-RetransmissionTimerDL when it restarts the drx-HARQ-RTT-TimerDL after the scheduled DL HARQ A/N transmission opportunity and starts drx-RetransmissionTimerDL upon the expiry of drx-HARQ-RTT-TimerDL.

3. Conclusion
Based on the discussion and analysis for the impact of LBT and multiple opportunities for HARQ A/N transmission  on NR-U DRX, we propose the following:
Observation 1: When drx-HARQ-RTT-TimerDL is only started with actual HARQ A/N transmission, the UE may stop monitoring PDCCH if all the other DRX timers expire.
Proposal 1: UE starts the drx-HARQ-RTT-TimerDL after the scheduled HARQ A/N transmission opportunity irrespective of the LBT outcome.
Observation 2: When drx-HARQ-RTT-TimerDL is only started with first scheduled HARQ A/N transmission opportunity, the UE may stop monitoring PDCCH if all the other DRX timers expire.
Proposal 2: UE starts or restarts the drx-HARQ-RTT-TimerDL after each scheduled DL HARQ A/N transmission opportunity irrespective of the LBT outcome.
Proposal 3: UE stops drx-RetransmissionTimerDL when it restarts the drx-HARQ-RTT-TimerDL after the scheduled DL HARQ A/N transmission opportunity and starts drx-RetransmissionTimerDL upon the expiry of drx-HARQ-RTT-TimerDL.
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