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1. Introduction

In UE power saving SID, the objectives for UE power saving in RRC-Connected mode are as follows.

	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




In this contribution, we will discuss possible enhancements on DRX procedure from RAN2 perspective to reduce UE power consumption. 
2. Discussion 

A NR UE in RRC_CONNECTED mode can be configured with DRX for power saving purpose. In DRX, the UE shall monitor PDCCH at least during onDuration period in every DRX cycle in order to give essential scheduling opportunity to the network while saving power consumption as much as possible. If the UE successfully decodes a PDCCH, the UE will stay awake and start the inactivity timer for potential continuous packets arrival. When UE has data for transmission, UE may use short DRX cycle for timely scheduling. When UE has no data for a period time, UE comes back to long DRX cycle for further power saving. In current DRX operation, DRX cycle length is the only changeable parameter, i.e. long DRX and short DRX cycle.

Observation 1: Current changing DRX cycle length mechanism, i.e. long DRX and short DRX cycle switch, is a design for power saving. 

In NR, UE’s traffic pattern and service requirements are diverse. But DRX parameters are configured by RRC signaling. As RRC signaling’s characteristics, the network may not change the parameters of DRX configuration as dynamically as the UE’s traffic condition may change, which would not achieve the optimum UE’s power saving. In order to improve the power saving performance, the network could configure a UE with multiple DRX configurations that target different features of traffic flows. For example, different set of parameters for DRX configuration, e.g. DRX cycle length, onDuration timer, Inactivity timer, may be configured for delay tolerate and delay sensitive traffic respectively, or for sporadic and deterministic traffic, or small and large data burst traffic.
Furthermore, numerology also has impacts on DRX parameters, e.g. same transmission opportunities will lead to different time requirements for different numerology. Assuming the UE is configured with different numerology on different cells or different BWPs, if common DRX configuration is used for the UE, it may be difficult to use only one DRX configurations to cover multiple numerology for better power saving effect. 
Observation 2: Multiple DRX configuration is useful for UE power saving from the perspective of diverse service types and new characteristics in NR, e.g. numerology and BWP.

Hence we propose that:

Proposal 1: Multiple sets of DRX parameters can be configured to UE by RRC signaling. 
Current BWP switching and cell activation/deactivation can be performed by dynamic signaling, i.e. DCI based and MAC CE based, respectively. Naturally, for dynamic DRX parameters set switching, L1 signaling and MAC CE can be considered as the candidates. L1 signaling is more quickly and efficient. MAC CE has higher reliability and is natural for MAC function control. 
Proposal 2: RAN2 to further compare between MAC CE and L1 signaling for dynamic DRX parameters switching.

In addition, the network can also get benefit from UE reporting its DRX configuration preference. As UE knows more information of device power status or ongoing application that might not be available to the network. For example, when UE closes an application with real-time requirements or UE enters a lower power state, some report can lead the network to quickly switch to a lower active DRX mode. On the contrary, if UE starts another application with strict delay requirement or plug the power supply, the UE can require DRX parameters to align with that. 
Proposal 3: RAN2 to discuss the UE reporting preferred DRX parameters for multiple DRX configuration.
Meanwhile, if UE is configured with a default set of DRX configuration which is lower power consumption, UE can fall back to this default DRX configuration when there is no data for a period of time.
Proposal 4: UE can fall back to default DRX configuration for power saving purpose if there is no UL/DL transmission for a period of time.

3. Conclusions
Based on the discussions given above, we have the following observations and proposals：
Observation 1: Current changing DRX cycle length mechanism, i.e. long DRX and short DRX cycle switch, is a design for power saving. 

Observation 2: Multiple DRX configuration is useful for UE power saving from the perspective of diverse service types and new characteristics in NR, e.g. numerology and BWP.
Proposal 1: Multiple sets of DRX parameters can be configured to UE by RRC signaling. 

Proposal 2: RAN2 to further compare between MAC CE and L1 signaling for dynamic DRX parameters switching.

Proposal 3: RAN2 to discuss the UE reporting preferred DRX parameters for multiple DRX configuration.

Proposal 4: UE can fall back to default DRX configuration for power saving purpose if there is no UL/DL transmission for a period of time.
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