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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 Overall DRX framework for NR
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.

In LTE the UE has one DRX state per MAC entity, the UE is either monitoring or not monitoring the PDCCH for the cells associated with cells of the MAC entity. It was proposed that the UE should apply a DRX state per service, which we understand would make the UE be awake only for certain types of services but not other types of services. But seems to rather complicate than simply, and we assume also that it does not save any UE power since if the UE is awake, the UE is awake and hence able to monitor PDCCH “for” any type of traffic.

Observation 1 As LTE is used as baseline 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 DRX cycles
In LTE the UE can be configured with two DRX periodicities. The reason to have two periodicities was that if the UE recently had been transmitting 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 checking 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 it 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 transmit 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 an timer which, upon expiry, the UE starts applying a lower level periodicity, and when the timer for that level expires the UE moves to the next level, and so on.

Proposal 1 Multiple DRX cycles are supported in NR.

In LTE, the eNB can configure timers dictating when the UE shall move from short DRX to long DRX. We think the same behaviour can be used in NR; when the UE is applying one cycle the UE runs a timer and when that timer expires the UE starts applying the next cycle.

Proposal 2 Like in LTE, the eNB can configure timers controlling which DRX cycle the UE applies.

In LTE there exists MAC CEs which can be used by the eNB to directly move the UE to DRX (either move it to short DRX or directly to long DRX). This allows the eNB to let the UE sleep if the eNB has no more data to schedule for the UE. We think this should be supported also in NR, but with several DRX cycles the eNB can select which one the UE shall apply.
Proposal 3 Like in LTE, the eNB can send MAC CEs to the UE to move the UE to DRX and also indicate which particular DRX cycle the UE shall apply.
2.3 Asynchronous uplink HARQ

Asynchronous UL HARQ operation has been agreed for NR. Assuming the LTE framework for asynch UL HARQ the UE, 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.

Proposal 4 The UE starts monitoring for retransmission grants a configurable time after a transmission (i.e. not like in LTE where the UE starts monitoring for retransmission grants a fixed UL HARQ RTT after an UL transmission).
Proposal 5 Like in LTE, the duration during which the UE monitors for retransmission grants is configurable (as the configurable drx-ULRetransmissionTimer in LTE),
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.
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Proposal 6 The UE can sleep a configurable time after sending SR.

3 Conclusion

We propose:
Proposal 1
Multiple DRX cycles are supported in NR.
Proposal 2
Like in LTE, the eNB can configure timers controlling which DRX cycle the UE applies.
Proposal 3
Like in LTE, the eNB can send MAC CEs to the UE to move the UE to DRX and also indicate which particular DRX cycle the UE shall apply.
Proposal 4
The UE starts monitoring for retransmission grants a configurable time after a transmission (i.e. not like in LTE where the UE starts monitoring for retransmission grants a fixed UL HARQ RTT after an UL transmission).
Proposal 5
Like in LTE, the duration during which the UE monitors for retransmission grants is configurable (as the configurable drx-ULRetransmissionTimer in LTE),
Proposal 6
The UE can sleep a configurable time after sending SR.



3/3


[image: image2.png]UE is awake




