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1 Introduction

In RAN#75, a work item (WI) proposal for New Radio was approved [1]. One objective of the WI is to specify the MAC sub-layer for NR, including the mechanisms for UE power savings.

This contribution discusses the impacts of beamforming on the UE power savings. The limitations of the LTE CONNECTED mode DRX procedure in the presence of a multi-beam system are identified and discussed.
2 CONNECTED mode DRX Procedure in LTE
In LTE, discontinuous reception in Connected mode (C-DRX) is used to give the UE an opportunity to sleep briefly in connected mode and save power consumption, while maintaining all DRBs and QoS parameters in Connected mode.
C-DRX is structured as a configurable sleep cycle with a brief “On Duration” period, where the UE wakes up to read the PDCCH in anticipation of further downlink data arrivals. Following any new data scheduled for the UE on the PDCCH, the UE resets an inactivity timer, which is used a trigger to start sleeping upon timer expiration. The brief sleep opportunity period is made possible due to traffic characteristics of the service, which often either intermittent (e.g. web traffic) or patterned (e.g. VoIP traffic). The LTE C-DRX operation allows for two C-DRX cycles, long and short C-DRX, where the usage of short C-DRX is optional. The UE falls back to the long DRX cycle upon the expiration of a configured short DRX cycle timer. This is illustrated in Figure 1. 
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Figure 1: Illustration of the C-DRX Procedure in LTE

From the UE perspective, in order to decode the PDCCH when waking up upon the “On Duration”, the UE must be time synchronized and aware of the serving cell. This effectively requires the UE to decode the synchronization signals, which provide the PCID, then decode PDCCH with the aid of cell specific reference signals (CRS). 

3 Beamforming Impacts on the NR C-DRX Procedure
In this section, the operation of a beamformed system in NR high-frequency bands is discussed assuming the LTE DRX procedure as a baseline for UE power savings in MAC. Taking the average C-DRX cycle duration in LTE for example, the average long DRX cycle for possible configurations is 1.28 seconds, while the average short DRX cycle is 320 ms. Such duration is ample time to lose beam synchronization between the UE and the network TRPs. In addition, the best quality TRP Tx beam and best UE Rx beam might change rapidly at high frequencies, due to mobility or blockage.
In order to minimize the On Duration in a multi-beam system and increase C-DRX power savings, the UE can perform a beam management procedure prior to start of the On Duration. This assumes the LTE definition of the On Duration is maintained, whereby the On Duration is the time period the UE monitors the PDCCH over, excluding time required for any prior synchronization and demodulation procedures. Decoupling beam management operations from the On Duration results in less variability in the required time to read the NR-PDCCH, and thus a more properly dimensioned On Duration.

Proposal 1:
The UE should be ready to read the PDCCH during Active Time.

The beam management procedure includes performing a number of beam measurements and possibly reporting them to the network. It should be possible for the UE to halt beam management operations for a period of time during the DRX opportunity, since beam management is power intensive. The UE may determine how far in advance it wakes up, depending on the time required to perform beam management. Time needed for beam management depends on the number of involved UE Rx beams and TRP Tx beams, and whether the channel is reciprocal or not. Therefore, it should be possible for the UE MAC to turn the operation of beam management on or off, which can be controlled within the MAC power savings procedure.
Proposal 2:
The UE MAC power savings procedure controls the operation of beam management during C-DRX.
4 Conclusion

This contribution discusses beamforming impacts on the C-DRX procedure in a multi-beam NR network. RAN2 may use the following and proposals for further study on the NR C-DRX procedure:
Proposal 1:
The UE should be ready to read the PDCCH during Active Time.
Proposal 2:
The UE MAC power savings procedure controls the operation of beam management during C-DRX.
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