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1 Introduction

In TSG-RAN WG2 Meeting #95bis and #97bis, the DRX related agreements are:
Agreements

1. 
DRX enhancement is studied in NR in order to support multiple services with different requirements and/or numerologies.

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 this contribution, we provide some discussion about how DRX works in NR. 
2 Discussion 
2.1 DRX with multiple numerologies
In LTE, the C-DRX(Connected mode DRX) is applied to save the power consumption, UEs wake up and monitor the downlink control channel(PDCCH) through a on-duration timer and a DRX inactivity timer. The legacy DRX configuration indicated by RRC signaling is UE-specific. When multiple services are supported, the UE-specific DRX configuration may not be competent in terms of latency reduction and power saving. For instance, UE may receive the scheduling from eNB for a period during the movie downloading, in this case, UE should employ a relatively long DRX inactivity timer to prevent PDCCH missing; on the other hand, for the service in URLLC, e.g. V2X service would generate delay-sensitive packets, a short DRX inactivity timer is more suitable since the eNB will not send the PDCCH until next packet arrives and UE can fall asleep as soon as the V2X packet is received.
Observation 1：Based on the quality requirements or numerologies for different services, single DRX configuration is no more feasible to maximize the power consumption saving and the battery life enhancement.  
Proposal 1: DRX in NR should support multiple DRX configurations for different numerologies. 
For NR, RAN2 has agreed to study DRX enhancement to support multiple services in DRX. The network could configure different DRX parameters based on the requirements or numerologies for different services. In real life, different services might take place at different time. For example, a phone call may come in after a web browsing time, it would therefore be beneficial if the DRX parameter settings to be configured regarding to the service current running. However the high signaling overhead will be introduced if the gNB reconfigures the UE with the ideal DRX configuration every time when the service changed. As discussed in [1], a set of DRX configuration for different numerologies can be configured to UE in advance, then how to switch the DRX configuration dynamically and flexibly should be studied. 
Proposal 2: A single DRX configuration is applied at one time.
Porposal 3: A set of DRX configuration should at least include drx-InactivityTimer.
Proposal 4: How to switch DRX parameters between the multiple pre-configured DRX configurations is FFS.
2.2 Dynamically switch DRX state

In LTE DRX, UE wakes up based on the onDurationTimer and drx-InactiveTimer which are configured by RRC signalling. However, if the UE is not scheduled by the network during the on duration, the UE needs to still monitor the PDCCH, which is not power efficient from UE point of view. In order to be more power efficient, the UE could receive the signalling from network to dynamically switch to the DRX off state when in the on duration. This dynamic signalling can be transmitted on the PDCCH or even as a sort of MAC CE in the PDSCH. It’s up to the network to decide whether or not to transmit this dynamical signalling, for example, when the network is in high load, and the UE will not be scheduled during the on duration. 

Proposal 5: The UE could be switched to DRX off state in the on duration by dynamic signalling through either PDCCH or PDSCH.
2.3 DRX with Multi-beam system

In case of C-DRX in LTE, in order to receive and decode the PDCCH successfully, UE performs the time/frequency synchronization and cell identification procedure before On-duration.
In NR multi-beam operation, except LTE based operation discussed above, the UE should maintain beam synchronization with network considering the DRX with beamforming. However the best DL RX beam may change due to UE movement. For this case, it is indispensable for UE to ensure the best DL RX beam that can receive and decode the PDCCH successfully when UE enters the on duration period. UE may require a long on duration period to guarantee that the beam selection procedure (measurement/reporting/switching/recovery) can be finished.
Observation 2: It may not be able to maximize power saving for C-DRX due to long beam selection period.

How to save the beam selection time should be considered. For instance, the beam for receiving and decoding the PDCCH may not be the best one. Once the beam fulfils the threshold/requirement to receiving and decoding the PDCCH, the beam selection can be stopped. If there are large number of beams in gNB and UE, the number of beams to be measured can be reduced by choosing uniformly-spaced beam. On the other hand, the reference signal aiming to select the best beam should align with the starting point of the DRX cycle (On duration). 
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Figure 1. An Example of NR C-DRX Operation
As shown in Figure 1, the reference signal interval for beam selection may not match with the beginning of DRX cycle, which means the beam selection will not occur immediately when UE enters the on duration. The successful DL signal receiving and decoding will be delayed since the beam selection time delayed. One possible approach is to associate the reference signal period with the length of the DRX cycle, e.g. DRX cycle=n*reference signal period. Under this assumption, UE can receive the reference signal for beam selection at each DRX cycle beginning.
Proposal 6: RAN 2 should study how to save the beam selection time, e.g. reduce the number of the measured beams or define a threshold for the beam signal strength.  
Proposal 7: UE receives the reference signal for the serving beam selection at the beginning of the DRX cycle (On duration). 

Proposal 8: Network should take the reference signal period into consideration when configuring the DRX cycle, e.g., DRX cycle=n*reference signal period.
3 Conclusions:
Based on the discussion above, the following observations and proposals were made:
Observation 1：Based on the quality requirements or numerologies for different services, single DRX configuration is no more feasible to maximize the power consumption saving and the battery life enhancement. 
Observation 2: It may not be able to maximize power saving for C-DRX due to long beam selection period.
Proposal 1: DRX in NR should support multiple DRX configurations for different numerologies. 

Proposal 2: A single DRX configuration is applied at one time.
Porposal 3: A set of DRX configuration should at least include drx-InactivityTimer.
Proposal 4: How to switch DRX parameters between the multiple pre-configured DRX configurations should be studied.

Proposal 5: The UE could be switched to DRX off state in the on duration by dynamic signalling through either PDCCH or PDSCH.
Proposal 6: RAN 2 should study how to save the beam selection time, e.g. reduce the number of the measured beams or define a threshold for the beam signal strength.  

Proposal 7: UE receives the reference signal for the serving beam selection at the beginning of the DRX cycle (On duration).  

Proposal 8: Network should take the reference signal period into consideration when configuring the DRX cycle, e.g., DRX cycle=n*reference signal period.
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