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Introduction

In RAN2#97bis the following agreement was made regarding DRX:

Agreements on DRX
-
A MAC entity can be in one DRX state (i.e. single on/off time) at any given time.  FFS if multiple configuration are supported.

-
When MAC entity is awake it monitors “PDCCH” occasion 

-
In NR, a DRX configuration is described by at least the following configuration parameters: an on duration time, an inactivity time, a retransmission time, short DRX cycles, long DRX cycles
In [1] we proposed how to configure connected-mode DRX in NR.  The contribution was presented and discussed in the RAN2 #97bis meeting.  Although the proposals received support from a number of companies, only partial agreement was reached in the meeting (i.e. a MAC entity can be in one DRX state at any given time).  In this new contribution we provide additional arguments and clarification on the original proposals.
1.  Discussion
1.1 Motivations for different DRX configuration options

In NR many diferent types of UEs are going to be supported to provide a wide variety of services. Some UEs such as IoT devices have specialized use and hence need to support only a single service or a limited number of services with similar traffic characteristics.  For these types of devices, a single DRX configuration for the whole UE would work sufficiently well.  On the other hand, some UEs such as smartphones may support many different types of services/applications  Their different traffic profiles may require different DRX configurations.  For example, a UE may support support both voice applications and http based applications.  Voice applications may be configured with DRX with short on durations and short periods.  Conversely, web browsing may be configured with DRX with long on durations and long periods.  To maximize power saving, these two services should have different DRX configurations.  Lastly, UEs in NR may also support multiple numerologies and in some cases different numerologies may run on different RF chains.  For example, sub-6 GHz and mmW numerologies may have their own separate RF chains.  In those cases, numerologies on different RF chains should have their own DRX configurations in order to manage the power consumptions on different RF chains separately.  

Based on the above discussions, we believe that network should have the option of configuring DRX parameters at different granularities, to best suit individual needs of different UEs.  
Proposal 1:  Network should have the option of configuring DRX paramters on the basis of either per UE or per service or per numerology.
1.2 How to ensure a single DRX state
Note that Proposal 1 refers to the configuration of different DRX parameters, not DRX states, of a UE.  With any DRX configuration, a UE should have only one DRX state at any given time, i.e. UE is either active in monitoring PDCCH or in sleep state.  How to ensure a single DRX state with any DRX configuration is discussed in this section.

If a network configures DRX on the basis of per numerology or per service, it means that each numerology/service has its own schedule for when to monitor PDCCH or sleep (referred as DRX schedule thereafter).  The superposition of the DRX schedules of the numerologies determines UE’s overall DRX state.  What this superposition means is that if the schedule of at least one of the numerologies requires monitoring PDCCH, UE has to be in active DRX state. And UE can stay in sleep state only if none of the numerologies needs to monitor PDCCH.  Figure 1 illustrates such an example, in which three different numerologies have their own on durations, periods and start offsets. 

Proposal 2.  To ensure a single DRX state for a UE if its DRX parameters are configured on the basis of per numerology or per service, its DRX state should be the superposition of DRX schedules of the individual numerologies or services.
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Figure 1: UE’s DRX state with no alignement between numerologies.
Figure 1 also reveals one shortcoming of the above approach.  When multiple numerologies have their own DRX schedules and each of them have different on durations and periods, the superposition of the individual schedules could result in poor power consumptions, as illustrated by the example in Figure 1.  To maximize power saving, DRX schedules of different numerologies should be coordinated.  More specifically, if the on durations of different numerologies always start at the same time, then UE’s on time would be minimized, because that maximizes the overlapping between the on durations of different numerologies.  This alignment can be achieved by requiring the following:
· DRX periods of individual numerologies should be integer multiples of the shortest one among them;

· All numerologies should have the same start offset (i.e. drxStartOffset).
Figure 2 illustrates how alignment between numerologies works and improves UE’s power saving, using the sample example from Figure 1.  
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Figure 2: UE’s DRX state after start time of on durations of all numerologies are aligned.
Based on the above discussions, we can propose the following:   
Proposal 3.  When a UE’s DRX is configured on the basis of per numerology or per service, network can maximize UE’s power saving by aligning the start time of on durations of individual numerologies or services.   
Proposal 4.  Such an alignment can be achieved by applying the following rules to the DRX configurations:

· DRX periods of individual numerologies should be integer multiples of the shortest one among them;

· All individual numerologies should have the same start offset (i.e. drxStartOffset);
· When a numerology activates or deactivates its DRX mode, if necessary, network can reconfigure DRX parameters of other numerologies to maintain the maximum power saving.
2.  Summary

Proposal 1:  Network should have the option of configuring DRX paramters on the basis of either per UE or per service or per numerology.
Proposal 2.  To ensure a single DRX state for a UE if its DRX is configured on the basis of per numerology or per service, its DRX state should be the superposition of DRX schedules of the individual numerologies or services.

Proposal 3.  When a UE’s DRX is configured on the basis of per numerology or per service, network can maximize UE’s power saving by aligning the start time of on durations of individual numerologies or services.   

Proposal 4.  Such an alignment can be achieved by applying the following rules to the DRX configurations:

· DRX periods of individual numerologies should be integer multiples of the shortest one among them;

· All individual numerologies should have the same start offset (i.e. drxStartOffset);

When a numerology activates or deactivates its DRX mode, if necessary, network can reconfigure DRX parameters of other numerologies to maintain the maximum power saving.
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