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1 Introduction

In LTE the concept of DRX is specified which allows the UE to discontinuously monitor PDCCH. Hence the UE may go in to a sleep mode when not monitoring PDCCH which allows the UE to save power. We expect DRX to also be part of NR and will in this contribution look at what we want to get out from DRX in NR.
2 Discussion
2.1 Existing LTE DRX framework
The DRX mechanism in LTE is a means for reducing power consumption in the UE by allowing the UE to sleep, or more precisely; to allow the UE to not monitor PDCCH and to reduce the rate at which measurements are performed.

This is achieved by the eNB configuring the UE with a set of timers defining when "active time" is, i.e. when the UE should be active and monitor PDCCH. Outside of "active time" the UE is free to not monitor PDCCH and fall asleep. Active time includes onDuration which is a periodically occurring time duration. If the UE gets scheduled the UE starts an "inactivity timer" and stays awake a while after it was scheduled which allows the eNB to schedule the UE further.
The eNB may configure the UE with two DRX patterns; one "long" DRX pattern and one "short" DRX pattern where the long DRX could have longer times between onDuration than the short DRX. The UE will apply the short DRX pattern for a time after it was scheduled. The motivation behind having these two DRX patterns is that if a UE recently had traffic ongoing the likelihood of more traffic coming is larger, compared to if the UE has not been active for a very long time. So the two DRX patterns allows the UE to go to a light sleep (using short DRX) if it recently was active, but if it was long ago since the UE was active then the UE is allowed to sleep longer (using long DRX). Also, in case the eNB happens to know that for a particular UE there is no more data available the eNB can directly move the UE to DRX-mode (either using the short or long DRX pattern) by sending a MAC Control Element.
2.1.1 Allow UEs to sleep

One of the main purposes for DRX is to allow the UEs to turn off parts of the radio and go to sleep. What matters is not simply the amount of time the UE is not in active time, but also the duration between two active times. Say for example that a UE would have a DRX configuration with onDuration every other subframe, this would of course not result in any power savings since the UE will never have time to fall asleep in-between the onDurations. Rather it should be sufficiently long between onDurations to allow the UE to really save any power. On the other hand, with very long periodicity between the onDurations the latency would grow as when data arrives, the average delay before transmission will be at least half of the periodicity. The specifications therefore allow for a set of different periodicities so that a suitable one can be selected based on requirements for delay and power savings, etc.

Observation 1 DRX can be used to save UE power, but may increase latency.
2.1.2 Distributing UEs' active time
Another use of DRX is for the eNB to distribute in time when UEs are awake. This may reduce the amount of load on the eNB so that not all UEs are awake at the same time since the eNB may anyway not be able to schedule them all since radio resources are limited. Rather the eNB may configure them so that only some of the UEs are awake at any point in time. A simplified example is shown in the figure below where three UEs are in a cell and they are configured to be in on-duration in non-overlapping time.
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Observation 2 DRX can be used to spread the active time of different UEs over time.

2.1.3 eNB energy efficiency

Considering that network energy efficiency is an important KPI for NR, another way in which DRX can be used to configure the UEs such that no UE is awake during certain durations. This can allow the eNB to go in to sleep mode and save power. Of course this depends on that NR is does not rely on always-on signals, which have been discussed in RAN2.
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Observation 3 DRX can be used by the eNB to save power.
We believe that the LTE DRX framework works well and RAN2 has been given a lot of attention and thought to how DRX should work. It makes therefore sense to stick to the LTE DRX framework as a baseline for NR, e.g. the same types of DRX-related timers can be used also in NR.

Proposal 1 The LTE DRX framework is used as baseline for NR including e.g. the same types of timers and their use can be adopted also for DRX for NR.
2.2 A few things to study for NR

Below we look in to some scenarios which RAN2 may need to look further in to for NR-DRX.

2.2.1 Consider active services

Different services might call for different DRX cycles. For example, for voice traffic the UE needs to wake up frequently to meet the delay requirements for voice traffic. But after a voice packet has been sent/received the UE can fall asleep quickly because most likely nothing needs to be send until the next voice packet arrives. On the other hand, FTP traffic is not as delay-sensitive as voice and a long DRX period is better to allow the UE to sleep as much as possible. But when FTP traffic has been active, it is good to stay awake a while after to see if more data should be transmitted, e.g. TCP-ACKs or another file transfer, etc. We don't want to make the UE go to sleep quickly after FTP traffic has been sent since in that case a TCP-ACK may be delayed a whole DRX-period which hurts TCP-throughput.
Things become a bit more complicated when the UE has several types of traffic active. For example, if the UE has both FTP traffic and voice traffic ongoing. Neither the "voice DRX" nor the "FTP DRX" may be suitable. This is shown below where FTP bitrate is plotted for three different DRX settings;

· No DRX - the UE is continuously active

· FTP DRX - long DRX period with long inactivity 
· Voice DRX - short DRX period with short inactivity
We see that DRX configuration has a big impact on the FTP bitrate. Of course having no DRX at all gives the highest throughput, but power consumption will suffer so this is not preferable. For "FTP DRX" the throughput is roughly the same but now the UE may sleep and hence save power. Using the "Voice DRX" significantly reduces the FTP bitrate. The reason for this is that the UE moves too quickly to sleep state after some packets has been sent to the UE and hence the eNB cannot send further packets to that UE until (in worse case) 40 ms later.
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So to summarize the above, to select DRX pattern based only on which bearers are up may not be a good idea since a suitable DRX pattern depends on which traffic is active for the UE. E.g. when the UE has a voice call and an FTP transfer ongoing at the same time, neither a DRX configured suitable for voice, nor a DRX configuration suitable for FTP may be the best choice.
Something which may further  complicate things is that it is not always trivial for the eNB to select a suitable DRX configuration as a suitable DRX configuration may be (as shown in the example above) highly dependent on the type of service which is active and different services may require very different DRX settings.

One other scenario is voice calls where the speakers are not speaking constantly, and there are therefore silent periods. However, even when a speaker is silent the client will anyway generate voice frames, even though sparse (e.g. 160 ms). During silent periods, it may be more suitable to have a long DRX period since anyway the UE will not send/receive frames as frequent as during talking periods, but of course the latency for sending the first packet in a talking period starts should not be too long.
Proposal 2 It should be possible to adjust the DRX quick enough to suit the active services and their activity, e.g. quickly adjust the DRX configuration and quickly move between different DRX-states (long/short).
2.2.2 Asynchronous uplink HARQ

In Rel-8 LTE the uplink HARQ was synchronous meaning that it was a fixed time from uplink transmission until the UE should look for HARQ feedback, as well as a fixed time from HARQ feedback until a retransmission. The reason for adopting synchronous uplink HARQ was that the added flexibility was not worth the additional overhead (e.g. HARQ process identifiers in the grant). When DRX was designed for LTE, the synchronicity of HARQ was considered and for example the UE stays awake a fixed time after an UL transmission as the UE may receive HARQ feedback at a fixed time.

In LTE Rel-13, to support new use cases such as MTC, it was introduced asynchronous UL HARQ where there are no fixed timings in the HARQ processes. For asynchronous uplink HARQ the DRX behaviour was changed such that the UE stays awake a fixed time after an uplink transmission.
We assume also in NR the HARQ operation should be asynchronous and hence the NR DRX should be designed such that it can work well together with asynchronous UL HARQ. For example, it may not be suitable to have the UE being awake a fixed timing after an UL transmission to start monitor for a retransmission grant. Rather it may be better to let the eNB configure the UE when the UE should be awake to monitor for a potential retransmission grant based on when the eNB expects to provide retransmission grants to the UE.

Proposal 3 RAN2 should study how DRX cycles may operate when there are no fixed timings in the UP-stack e.g. asynchronous HARQ operation
2.2.3 SR transmissions

In LTE today, when the UE sends a scheduling request, the UE will continuously stay awake to monitor PDCCH until the grant is received. Even if the time may be quite long and in some cases the eNB may not even provide a grant to the UE in case the load is high in which case the UE may be awake unnecessarily. The wanted outcome in a scenario when the eNB has not enough resources to quickly serve the UE, is rather that the UE quickly goes back to sleep to save power. 

Proposal 4 RAN2 should consider that a grant may not always be provided quickly in response to an SR when designing DRX for NR 
3 Conclusion

Based on the discussion in section 2 we propose the following:
Observation 1
DRX can be used to save UE power, but may increase latency.
Observation 2
DRX can be used to spread the active time of different UEs over time.
Observation 3
DRX can be used by the eNB to save power.


We do believe that while there are room for enhancements to DRX, we assume the LTE-DRX can be used as baseline also in NR. We propose.
Proposal 1
The LTE DRX framework is used as baseline for NR including e.g. the same types of timers and their use can be adopted also for DRX for NR.
Proposal 2
It should be possible to adjust the DRX quick enough to suit the active services and their activity, e.g. quickly adjust the DRX configuration and quickly move between different DRX-states (long/short).
Proposal 3
RAN2 should study how DRX cycles may operate when there are no fixed timings in the UP-stack e.g. asynchronous HARQ operation
Proposal 4
RAN2 should consider that a grant may not always be provided quickly in response to an SR when designing DRX for NR
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