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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.

DRX was discussed in RAN2#105 and the following were agreed [2]:

· In NR-U, DRX On-duration starts as in Rel-15 NR (except for potentially have a new switch trigger to go to short DRX). 

· One DRX configuration for one MAC entity (no change)

· FFS if DRX active time somehow be extended, or go to short DRX, by a non-data DL transmission (not WUS)

In this contribution, we discuss how active time in C-DRX can be managed for NR-U.

2. Discussion
Per the RAN2#105 agreement, NR-U will follow Rel-15 NR DRX for the start of DRX ON duration. In other words, the UE starts DRX ON duration timer and PDCCH monitoring in subframes according to the configured DRX cycle as specified in 38.321 as follows:

1>
if the Short DRX Cycle is used, and [(SFN × 10) + subframe number] modulo (drx-ShortCycle) = (drx-StartOffset) modulo (drx-ShortCycle); or

1>
if the Long DRX Cycle is used, and [(SFN × 10) + subframe number] modulo (drx-LongCycle) = drx-StartOffset:

2>
start drx-onDurationTimer after drx-SlotOffset from the beginning of the subframe.

One problem in NR-U is that the gNB may not be able to access to the channel during the ON time if this time is configured for a short duration. An alternative is to configure a long timer but this increases UE power consumption. Therefore, a good compromise would be to have a “reasonably long” timer to improve the chances of LBT success but which can be extended if the LBT only passes in the middle or end of ON time.

Observation 1: Configuring a very long drx-onDurationTimer to improve LBT success will degrade UE power performance.

Observation 2: A good solution should enable “acceptable” ranges of drx-onDurationTimer and chances of transmission success.
If the gNB cannot acquire the channel during the DRX ON time, according to the Rel-15 NR DRX design, 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 3: 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.

RAN1 is specifying an initial signal to indicate the beginning of a transmission opportunity (TxOP or COT). It is expected that this signal will be allowed be retransmitted by the gNB and will also include information for when the COT ends. By detecting this signal, UE can determine that the gNB has acquired the channel. 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 this signal can be detected by the DRX UE, which is up to implementation, even if COT starts before the ON duration.
Observation 4: An initial signal for gNB COT detection, which is being specified in RAN1, can also be used as a trigger for extending the active time.
It is also possible that an explicit signal, unicast or multicast, can be sent to the UE to extend the active time. In this case, the gNB can also take the pending data transmission into account for such signal. Similar proposals were provided in RAN2#105 contributions, albeit with different names (e.g. pausing DRX in R2-1901180).
Proposal 1: 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 5: 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 6: 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 2: 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.
It should also be noted that power savings enhancements for NR, which are discussed in the Rel-16 Work Item, are also applicable to NR-U. For example, a “go to sleep” DCI can be beneficial for NR-U, considering that the ON and Inactivity timers will likely be longer for NR-U. Similarly, the Wake-up-Signal (WUS) can enable skipping long ON duration times when there is no data to be transmitted to a UE.

Observation 7: The power savings enhancements considered for Rel-16 NR will also help reducing the additional monitoring times needed for NR-U due to LBT.

3. Conclusion

In this contribution, we discussed DRX for NR-U and observe and propose the following:
Observation 1: Configuring a very long drx-onDurationTimer to improve LBT success will degrade UE power performance.

Observation 2: A good solution should enable “acceptable” ranges of drx-onDurationTimer and chances of transmission success.
Observation 3: 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 4: An initial signal for gNB COT detection, which is being specified in RAN1, can also be used as a trigger for extending the active time.
Proposal 1: 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 5: 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 6: 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 2: 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 7: The power savings enhancements considered for Rel-16 NR will also help reducing the additional monitoring times needed for NR-U due to LBT.
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