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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. 
RAN1 has agreed on a non-numeric K1 value as part of “Enhancements to Scheduling and HARQ operation for NR-U”. When a non-numeric K1 is signalled by a DCI scheduling a PDSCH, the timing for the corresponding HARQ-Ack transmission is not indicated, and is postponed until gNB requests/triggers feedback via another DCI in which the timing and resources for HARQ-Ack transmission is provided. The following are the related RAN1 agreements from RAN1#AH1901 (first two) and RAN1#96bis (last one):

	Agreement
RRC parameter dl-DataToUL-ACK supports a value that can be signaled by PDSCH-to-HARQ-timing-indicator, which indicates that the UE needs to store the HARQ A/N feedback result for the corresponding PDSCH, and which does not provide any timing for the transmission of this HARQ A/N feedback result
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 
A non-numerical value is added to the possible range of PDSCH-to-HARQ-timing-indicator values defined in Rel-15, and is used to indicate to the UE that the HARQ-ACK feedback for the corresponding PDSCH is postponed until the timing and resource for the HARQ-ACK feedback is provided by the gNB.




2. Discussion
When the non-numeric K1 is signaled, the UE does not initially know the timing of the HARQ-Ack transmission. Since, according to Rel-15 specification, drx-HARQ-RTT-TimerDL can only start after HARQ-Ack transmission, this timer and drx-RetransmissionTimerDL (which should start after expiry of drx-HARQ-RTT-TimerDL) also never starts. Thus, the UE might stop monitoring PDCCH (if all the other DRX conditions are also satisfied) before the second DCI that indicates the timing of the HARQ-Ack transmission is transmitted. This is shown in Figure 1.
Observation 1: When DRX is configured and a non-numeric K1 is signalled, the UE may miss the second DCI for the HARQ-Ack transmission.
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[bookmark: _Ref15811360]Figure 1: Issue with non-numeric K1 when UE is configured with DRX operation.

In order to address the issue described, a straightforward solution is to add a new timer to DRX configuration that is defined per HARQ process and the timer starts in the first symbol after the end of a PDSCH that is scheduled with non-numeric K1 value. While the timer is running, UE is in active mode and monitors PDCCH. Also, if a second DCI is detected indicating the timing of the corresponding HARQ-Ack transmission, the new timer can stop and Rel. 15 behaviour is followed with respect to drx-HARQ-RTT-TimerDL and drx-RetransmissionTimerDL. Figure 2 illustrates the behaviour with respect to the new proposed timer when non-numeric K1 is indicated (the name of the new timer is denoted by “drx-DCItrigger-for-HARQ-Ack-TimerDL” in Figure 2).
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[bookmark: _Ref15812552]Figure 2: New timer when non-numeric K1 is indicated.
[bookmark: p13]
Observation 2: A mechanism is necessary to ensure that the UE does not miss the second DCI for the HARQ-Ack transmission timing.
Proposal 1: Introduce a new timer which starts after the PDSCH that is scheduled with non-numeric K1 and stops after the DCI that indicates the timing for the corresponding HARQ-Ack transmission of the PDSCH. While the timer is running, the UE monitors PDCCH.
We note that the legacy DRX operation can not guarantee the reception of the trigger DCI, even if the ON and inactivity timers are set to long values. The existing triggers will not cause PDCCH monitoring after the non-numeric K1 reception and the UE will miss the trigger DCI unless it is sent at the next ON time.  If a new timer is not introduced, one option to alleviate the problem to some degree, albeit without really solving it completely, is to extend the usage of the existing DRX timers in Rel. 15. For example, drx-RetransmissionTimerDL can start after the PDSCH that is scheduled with non-numeric K1 value. This extends the conditions for which drx-RetransmissionTimerDL starts as in Rel. 15 it can only start after the expiry of drx-HARQ-RTT-TimerDL for a HARQ process. As another example, drx-InactivityTimer can start after the DCI indicating non-numeric K1 even if the scheduled PDSCH does not correspond to new transmission. Note that in Rel. 15, drx-InactivityTimer only starts if the scheduled PDSCH corresponds to a new transmission. For both examples, when another DCI that indicates the timing for the corresponding HARQ-Ack transmission is detected, Rel. 15 behaviour can be followed with respect to drx-HARQ-RTT-TimerDL and drx-RetransmissionTimerDL. The main disadvantage of this option is that the existing timers may still expire before the DCI transmission with HARQ-Ack timing.
Observation 3: If a new timer is not introduced, modifying the starting conditions of existing DRX timers can alleviate the problem even though the UE may still miss the DCI for the HARQ-Ack transmission.
Proposal 2: If Proposal 1 is not agreed, as an intermediate solution, existing DRX timers (e.g. drx-RetransmissionTimerDL or drx-InactivityTimer) should be extended such that the timer starts also when a PDSCH is scheduled with non-numeric K1 value.
3. Conclusion
Based on the discussion and analysis for the impact of non-numeric K1 on NR-U DRX, we propose the following:
Observation 1: When DRX is configured and a non-numeric K1 is signalled, the UE may miss the second DCI for the HARQ-Ack transmission.
Observation 2: A mechanism is necessary to ensure that the UE does not miss the second DCI for the HARQ-Ack transmission timing.
Proposal 1: Introduce a new timer which starts after the PDSCH that is scheduled with non-numeric K1 and stops after the DCI that indicates the timing for the corresponding HARQ-Ack transmission of the PDSCH. While the timer is running, the UE monitors PDCCH.
Observation 3: If a new timer is not introduced, modifying the starting conditions of existing DRX timers can alleviate the problem.
Proposal 2: If Proposal 1 is not agreed, as an intermediate solution, existing DRX timers (e.g. drx-RetransmissionTimerDL or drx-InactivityTimer) should be extended such that the timer starts also when a PDSCH is scheduled with non-numeric K1 value.
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