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1 Introduction

In RAN1 #93 [2], it was agreed that the “benefits of using a signal that facilitates its detection with low complexity can be investigated” including for the purpose of “UE power saving”.
In this contribution, we discuss issues with DRX in unlicensed spectrum. We then propose to modify the DRX procedure to take into account the non-deterministic channel access aspect of unlicensed spectrum.

2 Discussion

Without Discontinuous Reception (DRX), a UE must always be awake to monitor all PDCCH monitoring occasions to determine when it may be scheduled for downlink data. The nature of traffic arrival patterns means that this unnecessarily consumes UE power. DRX was introduced in LTE and NR to improve UE battery lifetime. In DRX a UE is expected to monitor PDCCH during certain occasions only (Active Time), providing opportunities for battery saving outside the Active Time.
The network can configure a UE with a set of DRX parameters, and such parameters are selected based on the application type such that power savings are maximized. This comes at a cost of reducing the network’s ability to continuously reach the UE. In licensed access, the UE reachability delay introduced by DRX can be balanced with UE power savings solely by control of DRX parameters.

On the other hand, in unlicensed access, there is no certainty that a UE can be reached by the network even in instances where the UE is monitoring the PDCCH. Failure by the network to acquire the channel increases the scheduling latency. Reusing NR-like DRX for NR-U can therefore further negatively impact UE reachability delay. For example, if DL data arrives while a UE is in DRX sleep state and the network is unable to acquire the channel during an ON duration, the network would have to wait at least another full DRX cycle before being able to transmit the data to the UE.
To improve the probability of acquiring the channel during a UE’s ON duration, the network could lengthen the ON duration. However, even that doesn’t guarantee high probability of channel access, given that multiple channel access attempts close in time are not fully independent events. Furthermore, this can greatly reduce UE power savings, thus limiting the benefit of the DRX procedure as a whole.

Observation 1: Simply increasing the ON duration of a DRX cycle severely limits the benefits of using DRX.

Proposal 1: DRX for NR-U should enable same power saving opportunities as DRX for NR without compromising UE reachability.
2.1 DRX for NR-U
Current DRX behaviour allows for a short DRX cycle to be used upon a UE entering DRX mode. This provides the network more chances to reach a UE if it has recently transmitted data to the UE. On the other hand, if a UE has not recently received data it stays in long DRX cycles until receiving a future DL transmission. This is a fair trade-off in licensed access given that a UE is always reachable during its ON duration and so no additional latency is expected.

However, in unlicensed access, a UE may not be reachable during its ON duration due to the network failing to acquire the channel in the required time. There is currently no way for a UE to know whether it wasn’t meant to be scheduled during an ON duration or if the network failed to transmit the PDCCH. Reusing current DRX configuration would lead to a UE remaining in long DRX cycles even if the network tried to acquire the channel to schedule the UE. It is therefore beneficial to have DRX cycles or durations that are adaptable to the network’s ability to reach the UE. Using such adaptable DRX durations can reduce unnecessarily long ON durations in cases when the channel is easily accessible, while also reducing latency for cases where the channel is more congested.
Observation 2: It is beneficial to adapt the ON duration and DRX cycle duration to current channel occupancy conditions.
Changing the DRX cycle parameters requires coordination between the gNB and the UE. Therefore, a UE should not modify the parameters of a DRX cycle without receiving some signal from the gNB. There has been discussion of a “go to sleep” type signal where upon reception of such, a UE could re-enter DRX sleep state, similar to the DRX Command MAC CE. However, if a UE must wait until receiving such signal, it may have to remain in the ON duration indefinitely, until the network acquires the channel. It makes more sense for a UE to be allowed to return to sleep state without receiving explicit indication. However, for cases where the network wanted to reach the UE and was unable to acquire the channel, it is beneficial for the UE to use a shorter DRX cycle. Therefore, the DRX cycle duration can depend on whether it received a transmission from the gNB during a preceding ON duration.

Three scenarios are possible and depend on what the UE receives during an ON duration.

UE is scheduled for data during an ON duration
If a UE is scheduled for DL data during an ON duration, it can follow legacy behaviour where after a period of inactivity it enters long DRX cycle (or possibly short DRX cycle if configured).
UE receives a channel acquisition indication
In a second scenario, if the UE receives an indication that the network has acquired the channel (possibly via DRS transmission or the like) without being scheduled for DL data, it can enter DRX sleep state when ON duration expires. Note that the UE should not re-enter sleep state immediately upon receiving the channel acquisition indication. It should complete its ON duration given that it is possible that it will be scheduled at some other time during its ON duration. Furthermore, the DRX cycle behaviour can emulate that of legacy DRX behaviour when a UE doesn’t receive anything (i.e. remain in short DRX cycle if configured and still valid, otherwise continue with long DRX cycle). 

UE receives no transmission
A UE expects the gNB to transmit a channel acquisition indication in every ON duration within which the gNB has acquired the channel. Therefore, if the UE receives neither a channel acquisition indication nor a PDCCH DCI, it may enter a new short DRX cycle (e.g. regardless of if it was in a regular short DRX cycle or long DRX cycle). Furthermore, it may remain in the new short DRX cycle until receiving either channel indication acquisition or PDCCH during an ON duration. To further improve UE reachability, different short DRX cycle durations may be used and the UE may reduce the DRX cycle after each ON duration within which it doesn’t detect a transmission.
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Figure 1. Example of reducing DRX cycle duration due to not receiving DL transmission during an ON duration.

Proposal 2: NR-U supports channel acquisition indication that is transmitted to indicate successful acquisition of the channel by the network.
Proposal 3: In NR-U, the UE applies a certain DRX configuration depending on whether the UE received a channel acquisition indication and/or DL data in an ON duration.
3 Conclusion
This contribution discusses how to apply DRX and maintain its UE power savings in unlicensed bands. The following observations and proposals are made:
Observation 1: Simply increasing the ON duration of a DRX cycle severely limits the benefits of using DRX.

Proposal 1: DRX for NR-U should enable same power saving opportunities as DRX for NR without compromising UE reachability.
Observation 2: It is beneficial to adapt the ON duration and DRX cycle duration to current channel occupancy conditions.
Proposal 2: NR-U supports channel acquisition indication that is transmitted to indicate successful acquisition of the channel by the network.
Proposal 3: In NR-U, the UE applies a certain DRX configuration depending on whether the UE received a channel acquisition indication and/or DL data in an ON duration.
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