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1. Introduction
DRX aspects of NR-U were not discussed during the Study Item due to limited time. However, many contributions on this topic were submitted, which highlighted the need for modifications to NR licensed mechanism for better adaptability to unlicensed operation. Therefore, a specific objective was added to the WID [1] under RAN2 responsibility as follows:

 Potential enhancements to DRX considering channel access uncertainty.

In this contribution, we discuss possible enhancements to Rel-15 NR, in particular considering the channel access and impact of LBT.

2. Discussion
In Rel-15 NR (and LTE), DRX configuration is per MAC and thus all the cells in the same Cell Group use the same configuration (periodicity, timers etc.). NR-U has two main differences on the downlink compared to licensed which impact DRX design:

· LBT is required before transmission

· Changes to DL reference signal transmissions 
In Rel-15 NR, ON times occur periodically and the UE goes back to sleep if there is no DL transmission during ON time. This behavior is not very efficient for NR-U since LBT may not be successful before an ON time in which case data cannot be delivered to the UE during this ON time and the UE will have to wait for the next one.
One way to alleviate the impact of LBT is to configure longer ON times for unlicensed operation Another option is to have a “floating DRX” where the actual ON time start after LBT and thus can shift dynamically. These two options and variations were also covered in the contributions submitted during the Study Item.
Observation 1: During the Study Item, two main options for DRX submitted in the contributions were 1-) starting the DRX ON times at fixed periodicities as in NR licensed but with some modifications 2-) moving the DRX ON times according to LBT success. 
The pros of fixed periodicity are:
· Aligned with legacy behavior

· Simple implementation and specification

· No state mis-match between UE and gNB

Cons of fixed periodicity are:

· LBT may fail during ON time

· Long ON and inactivity timers may be needed which increases UE power

A floating DRX design needs an “anchor signal” for the UE to determine when the ON time actually starts or skipped. This has to be very reliable to prevent state mis-match between the UE and the gNB. Any detection just based on the energy of the signal will not be sufficiently reliable since for example energy could be due to interference from neighbors or other technologies. On a related topic, RAN1 is discussing an initial signal for detection of DL COT and a WB signal (PDCCH DMRS) is being considered for the required reliability. Transmission of such a signal for UE specific DRX ON times will not be preferable due to the incurred overhead. Furthermore, monitoring such a signal will not be more power efficient than simply monitoring the UE specific (smaller BWP) PDCCH.
Observation 2: Floating DRX can cause state mismatch at the UE and gNB due to the unreliability of detection of ON time at the UE. 

Observation 3: DRX ON times at fixed periodicities provide simpler UE implementation which is common between NR and NR-U.

Proposal 1: In NR-U, DRX ON starts times are periodical as in Rel-15 NR.

As observed above, ff the gNB cannot acquire the channel during the DRX ON time, the UE will have to wait until the next ON time for packet reception which will cause delay and likely more power consumption. Therefore, in certain cases, for example, when the gNB can actually acquire the channel during the ON time, it can be a better option for the UE to continue monitoring DL.

Observation 4: If the gNB can acquire the channel after the beginning of DRX ON time, it can be beneficial to extend the active time to allow more time for transmission.

The initial signal mentioned above for DL COT detection can also be used as a trigger to extend the UE active time. During the configured ON time, detection of such a signal can extend the active time, similar to restarting the inactivity timer upon detection of a DL transmission. We note that RAN1 does not exclude repetition of the initial signal during COT and thus it is feasible that this signal can be detected by the DRX UE even if COT starts before the ON duration.
Observation 5: An initial signal for gNB COT detection, which is being discussed in RAN1, can also be used as a trigger for extending the active time.

Proposal 2: RAN2 to discuss whether and how to extend the DRX active time when gNB is not able to start transmitting at the start of DRX ON time.

RAN1 and RAN2 will be working on further enhancements for power savings during DRX operation such Wake-Up Signal. These can be further discussed in NR-U WI in order to understand their applicability to unlicensed operation after progress is made in the respective WI.
Observation 6: The enhancements in Power Savings WI can enable more efficient operation of NR-U DRX and these can be discussed after progress is made in that WI.

NR-U will employ a periodic DRS transmission which will be similar to SMTC (or DMTC in LTE). Since the gNB will need to perform LBT for this transmission (except special cases where the transmission is less than 1ms and duty cycle is less than 5%), it would be more optimal to transmit other useful information during this time. One such option is to signal whether the gNB has pending data for a UE (or group of UEs) in their upcoming DRX durations. This is similar to paging WUS adopted for eMTC and also the WUS discussed for NR licensed. However, the main benefit for NR-U would be to eliminate additional LBT at the gNB during UE DRX ON times.

Observation 7: When the gNB has no data to transmit to a UE, not sending any control signal to the UE during DRX active time is beneficial for two reasons: 1-) gNB does not need to perform LBT to acquire the channel for DRX ON time and create interference 2-) UE does not need to monitor during DRX ON time.

Proposal 3: The gNB can signal to the UE within DMTC window that it has no data to transmit at the next DRX ON time for NR-U SA and DC. This signal can also be transmitted on licensed carrier for LAA.
For the NR-U LAA, one question is whether to keep the Rel-15 CA DRX design where same DRX configuration is used across all cells. It was argued by several contributions during the Study Item that DRX for unlicensed cells can have different configurations to accommodate for the unpredictable nature of the unlicensed access. We also agree on the need for having different timers, including ON durations, which as we discussed above can be necessary. However, it is also important to minimize the increase UE power consumption due to different configurations. To this end, the starting times of DRX ON can be aligned so that the UE does not have to wake up at separate occasions for licensed and unlicensed carriers. This also allows cross-carrier scheduling, especially using the licensed cell for control signalling.
Observation 8: Unlicensed cells can require different timer configurations for better adaptability to LBT operation.

Observation 9: Different DRX configurations on different cells can lead to increase UE power consumption.

Proposal 4: Different DRX configurations between licensed and unlicensed cells can be configured while maximizing the overlapping of DRX ON durations between them.

3. Conclusion

In this contribution, we discussed DRX for NR-U and observe and propose the following:
Observation 1: During the Study Item, two main options for DRX submitted in the contributions were 1-) starting the DRX ON times at fixed periodicities as in NR licensed but with some modifications 2-) moving the DRX ON times according to LBT success. 
Observation 2: Floating DRX can cause state mismatch at the UE and gNB due to the unreliability of detection of ON time at the UE. 

Observation 3: DRX ON times at fixed periodicities provide simpler UE implementation which is common between NR and NR-U.

Proposal 1: In NR-U, DRX ON starts times are periodical as in Rel-15 NR.

Observation 4: If the gNB can acquire the channel after the beginning of DRX ON time, it can be beneficial to extend the active time to allow more time for transmission.

Observation 5: An initial signal for gNB COT detection, which is being discussed in RAN1, can also be used as a trigger for extending the active time.

Proposal 2: RAN2 to discuss whether and how to extend the DRX active time when gNB is not able to start transmitting at the start of DRX ON time.

Observation 6: The enhancements in Power Savings WI can enable more efficient operation of NR-U DRX and these can be discussed after progress is made in that WI.

Observation 7: When the gNB has no data to transmit to a UE, not sending any control signal to the UE during DRX active time is beneficial for two reasons: 1-) gNB does not need to perform LBT to acquire the channel for DRX ON time and create interference 2-) UE does not need to monitor during DRX ON time.

Proposal 3: The gNB can signal to the UE within DMTC window that it has no data to transmit at the next DRX ON time for NR-U SA and DC. This signal can also be transmitted on licensed carrier for LAA.
Observation 8: Unlicensed cells can require different timer configurations for better adaptability to LBT operation.

Observation 9: Different DRX configurations on different cells can lead to increase UE power consumption.

Proposal 4: Different DRX configurations between licensed and unlicensed cells can be configured while maximizing the overlapping of DRX ON durations between them.
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