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1 Introduction

In LTE the concept of connected mode DRX, C-DRX, is specified which allows the UE to discontinuously monitor the PDCCH. Hence the UE may go into a sleep mode when not monitoring the PDCCH which allows the UE to save power. We expect C-DRX to also be part of NR and will in this contribution look at how the C-DRX functionality should be realized in NR. This paper deals with connected mode DRX only so DRX should be interpreted as C-DRX throughout the paper.
2 Discussion
In LTE, the C-DRX states are tied to MAC entities. This means that in cases where a UE has more than one MAC entity such as in DC, the DRX configurations are done separately for each MAC entity. In cases when the UE is configured with CA, i.e. connected to several carriers but still uses only one MAC entity, the same DRX configuration is applied over all carriers. In NR we also have support of Multi Connectivity (e.g. NR-NR and LTE-NR) and CA (within NR) which potentially opens up for different ways of implementing the DRX operation. In NR with Multi connectivity, several MAC entities will exist and the UE will be capable of transmission/reception from more than one eNB using different technologies and perhaps with different numerologies. Therefore, the question how to design the DRX arises. In this contribution we discuss some possible ways forward.
2.1 DRX Considerations

The main purpose of the DRX procedure is to save energy in the UE to extend the battery lifetime by allowing the UE to sleep when not monitoring the PDCCH. However, this comes with a cost of increased latency when the network has data for the UE. Depending on how the DRX states are designed and how they are realized in the UE, the energy saving and latency will be affected but also the complexity will be affected. These considerations should be taken into account when deciding on how to implement DRX in NR.

The rest of this clause will look at different possibilities to implement DRX in NR and to analyse some pros and cons for the different possibilities.
2.2 One DRX state per UE

For the Single Connectivity case the UE will have only one MAC entity and thus one DRX state per UE as in LTE. For the Multi connectivity case with more than one MAC entity, all MAC entities in the UE would be forced to use the same DRX state. This would be both more complicated and less efficient than if designed as in LTE with DRX state per MAC entity. For example, if one leg transmits (and hence causing a change of DRX state), the other MAC also needs to synchronize the DRX state. For efficiency reasons it may not be optimal that when the MeNB schedules the UE but the SeNBs do not, then the UE needs to wake up on the SeNBs, although it would be enough to be awake with respect to the MeNB. This implementation of the DRX state of actively monitoring on all cells would waste power with no flexibility in the DRX configuration across different MAC entities. Thus, different traffic running on MeNB and SeNBs could not gain from different DRX configurations and would be penalized in both latency and energy savings.

Observation 1 One DRX state per UE is neither energy nor latency efficient. 
2.3 DRX state per Logical Channel or Numerology

Since different traffic types typically are mapped to different Logical Channels and/or different numerologies, it could seem as a plausible alternative to have a DRX state per LCH or DRX state per numerology. However, since a DRX state is about monitoring the PDCCH regardless of the numerology used or which LCH the traffic is using, this is not applicable. 

This should however not be confused with e.g. having different DRX timer configurations that are suitable for different traffic types, i.e. per LCH. This topic is further analysed in [1] where we argue that separate timer configurations are beneficial.
Observation 2 One DRX state per Logical Channel or one DRX state per Numerology is not applicable.

2.4 DRX state per Cell/Carrier

A DRX state per Carrier could be of interest since it could save energy in the UE for the carriers that do not need to be awake when only one carrier is scheduled on the PDCCH. However, it should be assumed that for CA when the UE has been assigned carriers in both the PCell and SCell(s), all carriers should be scheduled for transmission. In case not all carriers are used, the SCell Activation/Deactivation procedure in the eNB should be used to deactivate the unused SCells. This would result in a UE power saving exceeding the power saving as accomplished by having a DRX on the unused carriers.

A major drawback with having a DRX state per carrier would be the complexity and increase in latency. The eNB would need to know whether a UE is awake or asleep with respect to each carrier. Also, in order to wake the UE up on all carriers the eNB must schedule the UE on all carriers. Hence, to get all the carriers up and running, the eNB needs to wait for the onDuration for each carrier before it can send the scheduling assignment on each PDCCH. This would of course both decrease the rate for the data to be transmitted and increase the total time needed to finish the transmission.

Observation 3 One DRX state per Carrier/Cell would be both rather complex and increase the latency/decrease the bit rate as experienced by the user with no obvious power savings. 

2.5 DRX state per MAC entity
A DRX state per MAC entity would be to reuse the existing LTE DRX framework as baseline for NR regardless if CA or DC/MC are considered. In DC for example, two DRX states would exist and the UE would monitor the PDCCH on both the MeNB and the SeNB separately. 

If the UE is activated by an assignment sent on the PDCCH on the MeNB, it will start monitoring all carriers assigned on MeNB but maintain its DRX state on the SeNB and thereby potentially save energy and reduce latency compared to the DRX state per Carrier. It would at the same time offer an increased flexibility compared to the DRX per UE as both MAC entities would be configured independently. It would also be enough for the eNB to keep track of one set of DRX parameters per MAC entity instead of several which would be the case for DRX per carrier which would give a reduction in complexity.
Observation 4 One DRX state per MAC entity would be more power efficient, have a reduced latency and be less complex if compared to DRX state per Carrier or DRX state per UE.

Proposal 1 NR should use one DRX state (“ActiveTime” or not) per MAC entity.

3 Conclusion

We have the following proposals and observations:

Observation 1
One DRX state per UE is neither energy nor latency efficient.
Observation 2
One DRX state per Logical Channel or one DRX state per Numerology is not applicable.
Observation 3
One DRX state per Carrier/Cell would be both rather complex and increase the latency/decrease the bit rate as experienced by the user with no obvious power savings.
Observation 4
One DRX state per MAC entity would be more power efficient, have a reduced latency and be less complex if compared to DRX state per Carrier or DRX state per UE.


Proposal 1
NR should use one DRX state (“ActiveTime” or not) per MAC entity.
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