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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 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 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.

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

2.2 DRX considering different traffic

When a UE approaches a cell border there is a risk of RLF. RLF may be due to the eNB receiving the measurement reports too late. One cause for the measurement reports reaching too late may be that the eNB is highly loaded and is not able to provide an UL grant to the UE. It may instead be so that the eNB schedules a UE having low priority traffic to send (e.g. FTP traffic). This may happen since the eNB cannot distinguish whether the UE sent the SR due to a measurement report or due to FTP traffic.

In case a more granular SR is used in NR where e.g. the SR can indicate which logical channel group data is available for, the eNB would be able to better prioritize UEs which has high priority data compared to UEs which have low priority data. Consider for example that a UE indicates that it has SRB-traffic available for transmission while another UE indicates that it has traffic available for a low-priority Logical Channel Group. Then the eNB may prioritize scheduling the UE which has SRB-traffic available since this may be a measurement report and measurement reports should in general be given higher priorities than e.g. some FTP traffic since the measurement report is critical for mobility and a late measurement report may result in a lost handover and hence an RLF.

We therefore suggest that it should be possible that the SR indicates information about which type of traffic triggered the SR allowing the eNB to prioritize scheduling UEs with high priority data over UEs with low priority data.

Proposal 1 RAN2 should study how SR could include information of which type of traffic the UE has available for transmission.

If the UE has eventually gotten an UL grant and has sent its measurement report it is important that the UE does not fall asleep since it may miss a potential HO-command. So the UE should apply 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 apply a 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 have different inactivity timers for different traffic.

Similarly, about the DRX cycles, if the UE has been having voice traffic available 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 has been having FTP traffic active (which can sustain longer delays) it may be better if the UE applies a longer DRX cycle to allow the UE to save more power. So it would be beneficial if different DRX cycles can be configure for different traffic.

Proposal 2 It is possible to configure DRX parameters per traffic (e.g. per Logical Channel, or Logical Channel Group).

3 Conclusion

We propose:
Proposal 1
RAN2 should study how SR could include information of which type of traffic the UE has available for transmission.
Proposal 2
It is possible to configure DRX parameters per traffic (e.g. per Logical Channel, or Logical Channel Group).
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