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1.
Introduction

A new SI for UE Power saving has been agreed in [1] to study UE power saving framework by considering latency and performance in NR as well as network impact. The objectives for RAN2 are:
	1) Identify techniques for UE power saving study with focus in RRC_CONNECTED mode [RAN1, RAN2]
a) Study UE adaptation to the traffic and UE power consumption characteristics in frequency, time, antenna domains, DRX configuration, and UE processing timeline for UE power saving
(Note: existing UE capabilities are assumed for UE processing timeline)

i) Network and/or UE assistance information

ii) Include mechanism in reducing PDCCH monitoring, taking into account current DRX scheme

b) Study the power saving signal/channel/procedure for triggering adaptation of UE  power consumption characteristics

2) Study the UE power consumption reduction in RRM measurements in synchronous and asynchronous network deployment [RAN1/2]

3)  Study the enhancement of higher layer procedures for UE power saving   [RAN2]
a) Study the enhancement of  UE paging procedure based on the additional power saving signal/channel/procedure

b) Study the enhancement of  UE power saving procedure in supporting efficient transition from RRC_CONNECTED to RRC_IDLE/RRC_INACTIVE mode


In this document, we present our view on the enhanced DRX mechanism for further UE power saving.
2.
Discussion 
2.1
Enhanced DRX configuration
During the study of power saving in RAN1, the power saving gain from the multiple DRX configuration was evaluated and it was observed that the dynamic selection of DRX configuration and the adaptive parameter setting of DRX configuration are beneficial in the power saving aspects. RAN1 made the scope for the UE adaptation to DRX operation as below and capture them in TR 38.840 [2].
-
Dynamic DRX configuration including at least the following 

-
UE is configured with multiple DRX configurations

-
Dynamic selection of DRX configuration by gNB from multiple DRX configurations (e.g., traffic, mobility) 

-
UE assistance information may be considered

-
Adaptive parameters setting of one DRX configuration 

-
UE assistance information may be considered

-
DRX parameters are indicated by gNB

-
Adaptive UE behavior in the DRX operation (e.g, restart the inactivity timer)

In the beginning of NR, RAN2 had already discussed DRX enhancement intensively, e.g. multiple DRX configuration. Although the intention and gain of DRX enhancement was understood considering coexistence of multiple type of traffic, RAN2 didn't make further enhancement on DRX configuration because it was complex to be finalized within the time schedule. 
Given that the gain is obvious, based on the result of RAN1 study and the understanding of RAN2 at beginning of NR, and there is enough time to discuss multiple DRX configuration, there is no reason not to use multiple DRX configuration. 
Observation 1. Based on the result of RAN1 study and the understanding of RAN2 at beginning of NR, there is no reason not to use multiple DRX configuration.
In NR, architecture and features are designed considering different traffic types, e.g. URLLC and eMBB, and the numerology has been introduced in NR to meet the requirement of these traffic types, i.e. the numerology is associated with the traffic type. And, the slot length depends on the numerology, which requires different length of DRX timer, e.g. DRX cycle length, drx-onDurationTimer, drx-InactivityTimer.
For instance, the latency sensitive traffic such as URLLC data is associated with numerology having relatively short slot length, e.g. subcarrier spacing 240 Khz, which may require the relatively short length of DRX timer. And, the delay tolerant traffic such as eMBB data is associated with the numerology having relatively long slot length, e.g. subcarrier spacing 15 Khz, which may require the relatively long length of DRX timer. Therefore, we think it is reasonable for DRX to operate with different configurations for each numerology.
Observation 2. It is efficient for DRX to operate with different configurations for different numerologies.
In the meanwhile, numerology is not the only parameter that can serve different traffic types differently and one or more traffic types can be served even with the same numerology. For example, different traffic types can co-exist using the same numerology but those traffic may occur with different period, e.g. video and e-mail synchronization. In this case, one or more DRX configuration is required to provide the proper DRX configuration in terms of DRX cycle by considering the traffic characteristic.
Observation 3. Even for one numerology, one or more DRX configurations can be beneficial according to the traffic characteristics.
Based on the above observations, we think it would be worth to support multiple DRX configuration per MAC entity.

Proposal 1. Support multiple DRX configurations per MAC entity.

2.2
Enhanced DRX operation
In Rel-15 NR, only one DRX configuration is supported and common DRX operation is allowed. However, if multiple DRX configuration is supported, common DRX operation may not be a good approach for power saving.
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Figure 1. Comparison of expected power consumption 
The figure 1 shows an example where a UE is configured with different numerology on Cell 1 and Cell 2. If only common DRX operation is allowed, i.e. only one DRX configuration is activated for a UE, for the UE according the current NR, it may be though to be suitable to use the common DRX configuration to cover both numerology#1 and #2. However, in terms of power saving, this is not appropriate because the UE always monitors PDCCH on both cells during Active time even if traffics are not expected in one or both cells, and this leads to more power consumption, as blue line in Figure 1.
However, if the multiple DRX operation is supported, i.e. different DRX configuration is activated for each cell, the UE power consumption can be reduced than the common DRX operation since there may be cases that UE is not required to monitor PDCCH for both cells even if Active Time. In the above example, the UE monitors PDCCH of Cell 1 during onDuration of DRX configuration#1, and monitors PDCCH of Cell 2 during onDuration of DRX configuration#2, and monitors both cells if onDuration of DRX configuration#1 and #2 are overlapped, as red line in Figure 1.
Therefore, we think further power saving can be achieved by supporting multiple DRX operation for a UE.
Proposal 2. Support multiple DRX operation for a UE for further power saving, i.e. different DRX configuration can be activated simultaneously for each cell.
2.3
UE adaptation to DRX configuration
If Proposal 2 is supported, a signalling is needed to select one amongst the configured multiple DRX configuration for each cells. Of course, it is possible to indicate the DRX configuration to be adapted on a UE via RRC signalling. However, given that the traffic type can be changed dynamically, the DRX configuration via RRC signalling may not be sufficient as fast switching for timely adaptation on the UE. Thus, other signalling besides RRC signalling should also be considered for UE adaptation to the DRX configuration, e.g. MAC CE or L1 signalling.
In addition, if one DRX configuration is associated with one numerology, we think the DRX configuration associated the numerology can be adapted to a UE without explicit signalling in case of that the numerology is changed. For example, assume that only one DRX configuration is associated with one numerology and two BWPs are configured with the different numerology respectively on a serving cell, and one BWP is activated. If BWP on the serving cell is switched, the numerology on the serving cell is also changed. In this case, it is obvious that there is only one applicable DRX configuration, so the explicit signalling for UE adaptation to the DRX configuration is not needed. Therefore, we think it is reasonable to consider the implicit UE adaptation to DRX configuration in case of that the numerology is changed by BWP switching.
So, we propose that RAN2 further study the methods for dynamically adapting DRX operation to a UE.

Proposal 3. Further study following methods for dynamically adapting the DRX operation to a UE:

- By means of explicit signalling such as MAC CE or L1 signalling; or

- By means of implicit signalling based on the DRX configuration of active BWP/Cell.
3.
Conclusion
In this contribution, we present our view on enhanced DRX configuration and enhanced DRX operation for further UE power saving.
Observation 1. Based on the result of RAN1 study and the understanding of RAN2 at beginning of NR, there is no reason not to use multiple DRX configuration.
Observation 2. It is efficient for DRX to operate with different configurations for each numerology.
Observation 3. One or more DRX configurations can be configured for a numerology according to the traffic characteristics for a UE.
Based on the above observations, we propose as following,
Proposal 1. Support multiple DRX configurations per MAC entity.

Proposal 2. Support multiple DRX operation for a UE for further power saving, i.e. different DRX configuration can be activated simultaneously for each cell.

Proposal 3. Further study following methods for dynamically adapting the DRX operation to a UE:

- By means of explicit signalling such as MAC CE or L1 signalling; or

- By means of implicit signalling based on the DRX configuration of active BWP/Cell.
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