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Introduction
In RAN1 it has been agreed that a non-numeric K1 value may be signalled to the UE as part of a DCI scheduling a PDSCH. When such a value of K1 is used, the UE determines the timing of the HARQ-Ack for that HARQ process upon reception of a subsequent DCI scheduling a PDSCH indicating a numeric K1 value. The motivation for using non-numeric K1 value is that some HARQ-Ack feedback may need to be transmitted after the end of the COT within which the PDSCH was received by the UE. Therefore, the UE would need to perform CAT4 LBT prior to the transmission of the HARQ-Ack, and thus there is no certainty that feedback could be transmitted successfully. Non-numeric K1 value can enable the gNB to trigger one or more UEs to use a gNB acquired COT for transmission of HARQ-Ack feedback. Thus, increasing the likelihood of successfully acquiring the channel for transmission of the feedback. Furthermore, associated with the use of non-numeric K1 feedback is the concept of a DCI triggering a UE to feedback data for a set of HARQ Processes. This can enable the gNB to have multiple opportunities to request HARQ-Ack feedback for a set of HARQ processes. 
[bookmark: _GoBack]To enable efficient monitoring of PDCCH, different DRX timers are specified. For Rel. 15 there is no ambiguous time between the reception of the DCI scheduling PDSCH and the UE’s knowledge of the HARQ-Ack resource timing. Furthermore, there is no need for a UE to monitor PDCCH for that HARQ Process until some time after it has transmitted HARQ-Ack. For Rel. 16 NR-U, this is no longer true, due to the availability of non-numeric K1.
In this contribution we discuss the effect of non-numeric K1 on DRX and its associated timers.
Discussion
An unlicensed channel can only be used for a maximum amount of time, defined as the MCOT. Therefore, it is beneficial for the gNB to make effective use of a COT immediately upon acquiring the channel. As such, a UE is expected to monitor for PDCCH very often at least until it determines that the gNB has acquired the COT. Hence, unnecessarily remaining in active time can be especially wasteful when the channel is no longer occupied.
In Rel. 15, multiple timers have been specified to achieve DRX. For DL operation, the following timers are most relevant to this discussion:

drx-InactivityTimer : starts after receiving a PDCCH indicating a new DL transmission.
drx-HARQ-RTT-TimerDL : starts after transmission of HARQ-Ack for a DL HARQ process.
drx-RetransmissionTimer : starts upon drx-HARQ-RTT-TimerDL expiring if the corresponding HARQ process data was not successfully decoded.

The UE should monitor PDCCH at least when either of drx-InactivityTimer or drx-RetransmissionTimer are running. The purpose of drx-HARQ-RTT-TimerDL is to enable the UE to micro-sleep for a HARQ process if it has transmitted HARQ feedback and is configured to not expect any transmission for that HARQ process for a configurable amount of time.
For Rel. 15, upon receiving a DCI scheduling PDSCH, the UE is aware of the timing of the HARQ-Ack resource (K1), which is signaled in the DCI. As such, the UE need not monitor PDCCH for that HARQ process until some time after transmitting the HARQ-Ack feedback (determined as “K1”, the time between the DCI scheduling the PDSCH and the time of HARQ-Ack transmission, plus the duration of drx-HARQ-RTT-TimerDL). However, in Rel. 16, an issue arises if the UE is scheduled with a non-numeric K1 value. In such a case, the UE needs to keep monitoring the PDCCH at least for that HARQ process until it receives the trigger for the HARQ-Ack feedback.
If the drx-InactivityTimer is still running, then there is no issue as the UE remains in active time regardless of the HARQ-Ack feedback timing. However, if the drx-InactivityTimer has expired at some point before the completion of the HARQ processes, then means are required to enable the use of non-numeric K1. Otherwise, the gNB is forced to schedule the subsequent DCI/PDSCH indicating a numeric K1 value at the next On Duration.
Observation 1:  When indicated non-numeric K1, the UE can only determine the timing of the HARQ-Ack resource if it is in active time.
Based on the above observation, we see that when drx-InactivityTimer has expired, there is ambiguity when non-numeric K1 is used for a retransmission. The following can be used to mitigate this problem.

1) Extending drx-InactivityTimer
A larger value of drx-InactivityTimer can be used. Such a value can ensure that all retransmissions for a HARQ process are always covered by the drx-InactivityTimer. However, in NR-U the timing of retransmissions is less deterministic and is dependent on the ability to acquire the channel for each PDSCH (re)transmission and HARQ-Ack feedback. Therefore, the drx-InactivityTimer duration would have to be so long to accommodate the maximum number of retransmissions and the possible delays due to channel acquisition, that the power savings gains achievable from using DRX would be compromised.
2) Introduce a new timer between the PDSCH scheduling DCI and the HARQ-ACK feedback scheduling DCI [3]
This method introduces an indefinite timer during which a UE assumes active time until a subsequent DCI with a numeric K1 is scheduled. Such timer does not operate like a typical timer in MAC, and can rather be viewed as temporarily suspending DRX for HARQ processes for which a non-numeric K1 value has been indicated. One issue with this method is if the UE misses the DCI scheduling HARQ-ACK feedback, the UE might indefinitely monitor PDCCH given that the timer has no specific duration.
3) Start the drx-InactivityTimer after every DCI scheduling PDSCH with non-numeric K1 [3], including PDSCH retransmissions.
This ensures that the UE is always active for a set period of time after any transmission with non-numeric K1. This option is less onerous than (1), however in some highly loaded channels, the drx-InactivityTimer may still expire prior to a UE receiving a DCI with a deterministic HARQ-ACK feedback resource.
4)  Suspend inactivity timer value when there is no ongoing COT, while remaining in active time.
In such a case, the UE does not expect to receive any DCI scheduling either PDSCH or HARQ-Ack resources when the gNB has not acquired a COT. Therefore, maintaining the same inactivity timer value when there is no ongoing COT ensures that timers only countdown in appropriate times.  This option alone doesn’t help for cases when non-numeric K1 is used for a retransmission, though it can be considered with (3). UE can also miss a COT acquisition signal, which can be problematic for resuming the timer.

Proposal 1:  	The drx-InactivityTimer is restarted whenever a PDSCH is scheduled with non-numeric K1 value for a new transmission or a retransmission.
Conclusion
[bookmark: _Hlk1067966]In this contribution the following proposal are made on DRX timer behaviour in NR-U:
Proposal 1:  	The drx-InactivityTimer is restarted whenever a PDSCH is scheduled with non-numeric K1 value for a new transmission or a retransmission.
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