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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 and analyse how to design DRX while still efficiently supporting the different services for NR.
2 Discussion
2.1 Background – Consider active services for DRX

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 sent 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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Figure 1 – The average FTP rate for various DRX configurations.
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.

Observation 1 It is beneficial to adjust the DRX based on active services.

2.2 DRX considering different traffic

In some cases, such as when the UE has sent a measurement report during a handover procedure, it is important that the UE does not fall asleep too quickly since it may then miss a potential HO-command. In this case the UE should be configured with a relatively long inactivity timer. On the other hand, if the UE has transmitted e.g. a voice packet it is likely wanted that the UE quickly falls asleep to save power since no more data is expected until the next voice packet is expected. And hence the UE should be configured with a relative short inactivity timer.

So how long inactivity timer the UE should apply depends on which traffic the UE has available. One way to ensure that the UE is awake to receive a response to an uplink transmission is to always configure a long inactivity timer value for the UE, but this wastes UE power in case the UE has voice to transmit. So it would be beneficial to configure the inactivity timer dependent on the traffic.

Similarly, about the DRX cycles, if the UE runs voice traffic the ideal DRX cycle may be in the order of 20 ms to ensure that the UE is awake and can receive the next voice packet without additional delay. On the other hand, if the UE runs FTP traffic (which can sustain longer delays) it may be better to configure the UE to apply a longer DRX cycle to allow the UE to save more power. In summary, the NW should use its knowledge about the active traffic and configure the UE accordingly.
It is clear that different traffic or different traffic mixes will require different DRX configurations to allow for optimized DRX behavior. It would therefore be beneficial if different DRX parameter settings can be configured depending on what traffic that is currently running. The eNB could then choose amongst different available DRX configurations that would be most optimal for the current traffic mix and configure the UE accordingly. If the characteristics of the traffic changes, the eNB could reconfigure the UE with new DRX parameters.

There are various ways how this can be realized. Configurations of timers are typically part of RRC signaling and we see no reason to change this. The current traffic mix may change rapidly which suggests that such commands should be handled by MAC CEs, which in turn suggests that the UE is configured in advance over RRC with a set of DRX configurations that may then be "activated" by MAC.

Proposal 1 Multiple DRX configurations (e.g. to account for different traffic mixes) can be indicated by the network to the UE.
Proposal 2 These configurations are sent via RRC signaling.
Proposal 3 Switching between DRX configurations can be done using MAC CEs.
Proposal 4 The UE should apply only one DRX configuration as indicated by the network.
2.3 DRX cycles

In LTE the UE can be configured with two DRX periodicities or cycles. The reason to have two periodicities is that if the UE recently transmitted data there is a higher probability that the UE will transmit more data soon. Therefore, one short DRX cycle is used if the UE recently was active which ensures that if more data arrives the delay to transmit this data would be low. But if the UE has not been transmitting data for a longer while the UE can apply a longer periodicity and hence could sleep longer between monitoring the PDCCH.

We assume that the same approach should be taken in NR where more than one periodicity should be supported but the question then is whether RAN2 should settle with two DRX cycles or if the current framework should be made generic allowing for more than two DRX cycles?

If we extend the current framework to support three periodicities for example the UE could first (just after having received something) have a very short periodicity such as 10 ms. However, if the UE has not been active for a while the UE could start using a longer periodicity such as 80 ms. But if still the UE does not receive any data the UE could be allowed to go in to an ever deeper sleep by applying a very long DRX cycle, e.g. in the order of seconds.

We assume the same framework can be used in LTE as for NR, i.e. that the UE is given a periodicity and a timer which, upon expiry, triggers the UE to start applying a lower level periodicity, and when the timer for that level expires the UE moves to the next level, and so on. 

Proposal 5 More than two DRX cycles should be considered in NR.
2.4 SR transmissions

In LTE today, as shown by the below text from the MAC specification, 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. 

	When a DRX cycle is configured, the Active Time includes the time while: 

-
a Scheduling Request is sent on PUCCH and is pending (as described in subclause 5.4.4);


The wanted outcome in a scenario when the eNB does not have enough resources to quickly serve the UE, is rather that the UE quickly goes back to sleep to save power. A figure illustrating this is shown below; the UE sends an SR and stays awake a (configurable) time after the SR, but then the UE can fall asleep again if no UL grant has been received and wait for the next available SR opportunity.
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Figure 2 – The UE being awake during a time window after transmitting SR.
Proposal 6 Configuration of a time window during which the UE attempts to receive a UL grant after sending SR shall be supported.

2.5 Asynchronous uplink HARQ

Asynchronous UL HARQ operation has been agreed for NR. Assuming the LTE framework for asynch UL HARQ, the UE performs a transmission and starts an UL HARQ RTT Timer. When the UL HARQ RTT Timer expires the UE starts drx-ULRetransmissionTimer which makes the UE monitor PDCCH allowing the eNB to provide the subsequent (re)transmission grant for this HARQ process.

When asynchronous UL HARQ was introduced the UL HARQ RTT Timer value was fixed to 4 ms since it was the assumed shortest time from the UE transmitting something until the UE could expect the associated HARQ feedback. For synchronous HARQ operation the HARQ RTT is 8 ms (for FDD). 

In NR the HARQ RTT may become reduced due to reduced processing times, shorter TTIs, etc. In a scenario where latency is critical the eNB may therefore respond with an retransmission grant quicker than 4 ms so as to reduce latency and hence the UE shall monitor for retransmissions grants earlier. On the other hand, in scenarios with relaxed latency requirements, the eNB may not respond as quickly and hence the UE does not need to monitor for retransmission grants very early after the uplink transmission. Hence it would be natural to have a scenario depedent UL HARQ RTT Timer i.e. not like in LTE where the UE starts monitoring for retransmission grants a fixed UL HARQ RTT after an UL transmission.

Proposal 7 The UE starts monitoring for retransmission grants a configurable time after a transmission.

3 Conclusion

We propose:
Proposal 1
Multiple DRX configurations (e.g. to account for different traffic mixes) can be indicated by the network to the UE.
Proposal 2
These configurations are sent via RRC signaling.
Proposal 3
Switching between DRX configurations can be done using MAC CEs.
Proposal 4
The UE should apply only one DRX configuration as indicated by the network.
Proposal 5
More than two DRX cycles should be considered in NR.
Proposal 6
Configuration of a time window during which the UE attempts to receive a UL grant after sending SR shall be supported.
Proposal 7
The UE starts monitoring for retransmission grants a configurable time after a transmission.
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