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Introduction

DRX is an important feature in NR and LTE that enables UE power savings while still allowing substantial flexibility in scheduling transmission to the UE. The active time in DRX extends based on activity enabling the network to continue scheduling the UE if it has data.
DRX operation in NR-u has to take into account LBT. If the gNB has data for a UE but is unable to acquire the channel, the UE goes to sleep after the DRX on-duration period and the gNB has to wait until the next DRX cycle to try to schedule the UE. The probability that the gNB is unable to acquire the channel increases rapidly with increasing activity on the channel (e.g., WiFi activity). The gNB may need to then configure shorter DRX cycles or longer on-durations to have more scheduling opportunities, which hurts the UE’s battery life.

In this contribution we analyse options for addressing the above issue. We provide our views of acceptable solutions based on the analysis.

Discussion
In general, the impact of increasing activity on the carrier (due to WiFi or other LAA/NR-u systems) is that the LBT fails more often and this results in fewer opportunities to schedule the UE. As a result, to maintain the same performance, the amount of time the UE is monitoring the DL needs to be increased. Several ways of achieving this have been mentioned in contributions submitted to RAN2#105.

The following agreements regarding DRX were reached in RAN2#105:
· 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)
Below we describe options for addressing the issue. Solutions 1-9 have been described in prior tdocs and are included here for comparison. All solutions below are for SA or DC. For CA case, RAN2 already agreed to follow the DRX configuration as in LAA.
1. Increasing DRX on-duration: This provides more scheduling opportunities but directly increases UE power consumption.

2. Shortened DRX cycle: This enables the UE to wake up more often (and monitor for on-duration period). Statistically this would allow more scheduling opportunities. But the more frequent wakeups increases power consumption.

3. Turning off DRX using RRC or a MAC CE [3]: Turning on/off DRX using RRC is already possible and performing this using a MAC CE may provide some minor advantages in speed of turning it on/off. However, turning off DRX would result in increased power consumption at the UE, especially given that the gNB cannot predict the channel activity and how long the UE will need to be kept active. Moreover, the network can use DRX MAC CEs to switch the UE between long and short DRX cycles (this would be preferred over entirely turning off DRX).
4. Set DRX on-duration/active time to max channel occupancy time [5]: Ensuring that the UE is awake for at least the maximum channel occupancy gives the gNB a chance to acquire the channel even if the channel is busy at the start of the on-duration. This can be achieved without any new specification work. But it results in increased UE power consumption.

5. Aligning DRX on-duration with times of LBT success [1]: With this approach the goal is to create a shifting DRX timeline, such that the on-duration starts when the gNB acquires the channel. This enables the gNB to maximize the scheduling opportunities and the UE to start monitoring when there is a possibility of being scheduled. It requires the gNB to transmit a (new) signal to indicate to the UE that it has acquired the channel. Such a shifting DRX timeline would require a complete re-design of DRX in NR. It can also result in the UE and gNB being out-of-sync with; for example, if the signal mentioned is not received by the UE, the gNB and UE will expect the next UE wakeup to be at different times. It is our understanding that, based on the first agreement above (“On-duration starts as in Rel-15 NR”), this option is no longer under consideration. 
6. Go-to-sleep (GTS) signal: If there is no data for the UE or group of UEs, the gNB may transmits the GTS signal and the UE stop monitoring for number of subframes while keeping the legacy DRX timers running, or goes to sleep, thus enabling it to compensate some of the increased power consumption due to the shortened DRX cycle. However, this requires the gNB to transmit the GTS signal in every DRX cycle for which the UE does not have data. Given that devices spend relatively short periods actively receiving/transmitting data and much more time without active data transmission, transmitting the GTS signals for multiple UEs can be burdensome. Additionally, the gNB may not be able to transmit the GTS signal due to LBT failure (unless the GTS signal is exempt from LBT requirements). GTS signal is currently being discussed under the UE power saving SI.
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7. Wake-up signal (WUS) in previous DRX cycle [2]: The wake-up signal is sent prior to the on-duration (i.e., during the previous DRX cycle), if there is buffered data for the UE (or a group of UEs). The UE only wakes up for its on duration if it has received a wakeup signal. This requires the UE to monitor for the WUS in addition to monitoring for PDCCH in the DRX active time, and eliminates some of the benefits of DRX. Additionally, as with the GTS signal, the gNB may not be able to transmit the WUS due to failure of LBT (unless the WUS is exempt from LBT requirements). This results in a situation where the gNB cannot transmit to the UE in the on-duration even if acquires the channel, due to the fact that the gNB was not able to transmit the WUS signal due to LBT failure and the UE does not wake up for the on-duration.
8. 
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Wake-up signal during DRX on-duration: This is similar to the previous solution (7), with the difference that the WUS is sent (if needed) in the UE’s on-duration. If the gNB has data for the UE, it may send a PDCCH in the UE’s on-duration; however, if data for multiple UEs is buffered, resource allocation demands may mean that the gNB may not be able to send the PDCCH to the UE. Instead, the gNB can transmit a WUS to keep the UE active in the rest of the on-duration. This can enable the gNB to schedule the UE once transmissions to other UEs are completed. This improves upon (7) since the UE does not have to wake up outside of its on-duration to monitor the WUS. The WUS can be a channel acquisition indication, which can provide information about how long the gNB will control the channel. WUS is currently being discussed under the UE power saving SI.
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9. Channel acquisition indication during DRX on-duration with extended active time when channel is occupied [4]: With this approach, the UE determines its behaviour based on reception of one or both of the channel acquisition indication and a PDCCH. If the UE receives a PDCCH with or without first receiving a WUS, normal operation ensues. If the UE only receives the WUS but does not receive a PDCCH, it goes to sleep at the end of the on-duration. If the UE receives neither the indication nor the PDCCH, the UE extends its active time. This gives the gNB more opportunities to schedule the UE if the gNB was not able to acquire the channel during the UE’s on-duration. Note however that absence of both the channel acquisition indication and a PDCCH may simply be due to the gNB not having any data for the UE. Even in such situations the UE would extend its active time. 
10. LBT at UE to determine whether to extend active time: During on-duration, UE performs LBT. If LBT fails, UE extends active time. The underlying assumption is that if the channel is busy, extending the active time may give the gNB an opportunity to acquire the channel and schedule the UE. This avoids the need for any explicit signalling. However, there is the possibility that LBT status at the gNB and the UE may be different (due to nodes that are hidden). This is a problem if LBT succeeds at the UE and fails at the gNB. To minimize such occurrences, the UE and gNB can perform LBT at overlapping times to determine whether to extend the active time. 

However, if LBT does succeed at the UE and fail at the gNB, the gNB may assume UE is still active and try to schedule the UE. This requires the gNB to detect the absence of a PUCCH (i.e., neither ack nor nack) and stop additional transmissions until the next DRX on-duration. Note that LBT failure at the UE does not imply that the gNB has data for the UE; and even in such situations the UE would extend its active time. This approach can also be combined with (6) and (7) to limit the cases where the potential extension of active time occurs to cases where the gNB has data for the UE.

[image: image4.emf]Channel activity

On duration

UE performs LBT and 

succeeds

Active time extension

based on LBT failure

gNB acquires channel and 

transmits PDCCH

UE performs LBT and fails

No active time 

extension


11. Aperiodic wake-up occasions: Traffic on the channel can be observed over some time and the gNB should be able to find patterns. Patterns exist mainly due to the nature of applications and the enforcement of maximum channel occupancy times. The UE is then configured with two components:

a. Periodic on-durations as in DRX in NR

b. A sequence of aperiodic wakeup occasions. The difference between the periodic on-duration and the aperiodic wakeup occasions is that the duration between the aperiodic wakeup occasions changes in a specified pattern. The gNB selects the aperiodic occasions by identifying times when the probability of the channel being occupied are low.

The UE starts DRX operation with just the periodic on-durations. After it receives a PDCCH, it switches to the aperiodic wakeup occasions.
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The following criteria should be used in determining an appropriate solution to the DRX issue in NR-u. 

1. The need for increased scheduling opportunities should be balanced with power consumption considerations at the UE. In other words, simply increasing the monitoring time of the UE (e.g., by use of very short DRX cycles, long on-durations or by turning off DRX) without providing opportunities for the UE to sleep can hurt UE battery life.

2. Solutions to DRX issue should not require a physical layer change. It is preferable to not deviate from the Rel 15 NR PHY in order to address the DRX issue, as this increases implementation complexity.

Proposal 1: RAN2 should use the following criteria for selecting suitable solutions to the DRX issue:

· Solutions should take into account the trade-off between increasing the scheduling opportunities and the UE’s power consumption.

· Solutions should minimize any physical layer impact.

Below are our observations regarding the solutions described above.

	1
	Increases UE power consumption. Not preferred.

	2
	Increases UE power consumption. Not preferred.

	3
	Increases UE power consumption. Not preferred.

	4
	Increases UE power consumption. Not preferred.

	5
	Can result in lack of synchronization between UE and gNB. Not preferred. Also, no longer under consideration after agreements from RAN2#105.

	6
	Effective in enabling UE power savings while also maximizing scheduling opportunities. However, it requires the gNB to transmit the GTS signal frequently. If networks are able to perform frequent transmission of GTS signals, this is a good option.


	7
	Effective in maximizing scheduling opportunities. However, it requires the UE to monitor for the WUS in periods other than its regular active time, thus increasing power consumption. Not preferred.

	8
	Effective in enabling UE power savings while also maximizing scheduling opportunities. Absence of the WUS at the start of the on-duration can enable the UE to go to sleep. Meanwhile, if the gNB is able to acquire the channel it can transmit the WUS to require the UE to stay awake longer than its on-duration, to increase scheduling opportunities. If the gNB is unable to acquire the channel within the time-frame required to send the WUS, then it has to wait for the next DRX on-duration. Overall, this strikes a good balance between power saving and increase of scheduling opportunities, and is a good option.

	9
	The reliance on both the WUS and a PDCCH to go to sleep (i.e., UE goes to sleep at end of on-duration only if it receives the WUS and does not receive a PDCCH) implies that this solution consumes more power at the UE. Additionally, if the gNB is unable to acquire the channel (and neither WUS nor a PDCCH are transmitted), the UE stays awake longer. Thus on channels with high occupancy, the UE power consumption is likely to be higher. The advantage of this over (8) is unclear. Not preferred.

	10
	This solution has the advantage that no explicit signalling between the gNB and the UE is required to extend the active time. There can be situations where LBT status can be different at the gNB and UE. To minimize such occurrences, the UE and gNB would need to perform LBT at overlapping times, and the UE can use more stringent LBT criteria. Furthermore, the impact of different LBT results at the gNB and UE is limited to one DRX cycle (i.e., the UE and gNB remain in sync and the gNB can try to schedule the UE at the next on-duration). The power savings may be somewhat lower than 8, in scenarios where the channel is loaded. Given that this solution strikes a good balance between power saving and increase of scheduling opportunities, and also avoids any explicit signalling for active time extension, it is is a good option.

	11
	This solution also has the advantage of not requiring explicit signalling to extend active time. It relies on the gNB identifying a suitable aperiodic pattern that can balance UE power savings and scheduling opportunities. It is relatively simple both from a specification and implementation point of view. While the ability of this solution to balance power consumption and scheduling opportunities needs further study, we think this solution should be discussed and studied.


Proposal 2: On the topic of DRX for NR-u, RAN2 should focus its study on the following solutions and choose among them:
·  (6) Go-to-sleep (GTS) signal

· (8) Wake-up signal/Channel acquisition indication during DRX on-duration
· (10) LBT at UE to determine whether to extend active time
· (11) Aperiodic wakeup occasions
Proposal 3: If RAN2 choose either solution (6) or (8) or both to study for NR-u, it should be discussed in NR-U after the general operation/procedures are progressed in Power Saving SI
Conclusion

RAN2 is requested to discuss the following proposals:

Proposal 1: RAN2 should use the following criteria for selecting suitable solutions to the DRX issue:

· Solutions should take into account the trade-off between increasing the scheduling opportunities and the UE’s power consumption.
· Solutions should minimize any physical layer impact
Proposal 2: On the topic of DRX for NR-u, RAN2 should focus its study on the following solutions and choose among them:

·  (6) Go-to-sleep (GTS) signal
· (8) Wake-up signal/Channel acquisition indication during DRX on-duration

· (10) LBT at UE to determine whether to extend active time
· (11) Aperiodic wakeup occasions

Proposal 3: If RAN2 choose either solution (6) or (8) or both to study for NR-u, it should be discussed in NR-U after the general operation/procedures are progressed in Power Saving SI.
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