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1 Introduction

In RAN2#94, the following beam mobility/management agreements are achieved [1]: 

Agreements

Two levels of network controlled mobility:

1: RRC driven at 'cell' level.

2: Zero/Minimum RRC involvement (e.g. at MAC /PHY) 

And in RAN2#97b [7], following further agreements were achieved:

Agreements

1 RRC/RRM shall not be required to know which beam is actually being used for transmission at a certain time. And the “beam switch procedure” in “Zero/Minimum RRC involvement” should be transparent to RRC/RRM.

2 For the purpose of Zero/Minimum RRC involvement mobility, a the CSI-RS configuration should be at least configurable to UE by dedicated signalling (does not preclude this CSI-RS configuration being used for other purposes)

=> Ask RAN1 whether the CSI-RS configured for beam management is the same as the CSI-RS configured for RRM. Details of the question can be worked offline.

3 UL SRS or measurements reported from UE on the DL reference signal, or other information known to the network, can be used in the maintenance of CSI-RS configuration.

FFS whether CSI-RS configuration for Zero/Minimum RRC involvement mobility and measurement reporting for maintenance of CSI-RS configuration is within RRC or MAC or L1.

In this contribution, we discuss RAN2 aspects on beam management, especially focusing on C-DRX operation for beam management. 

2 Discussion

For communication above 6GHz, hybrid beamforming is considered to overcome high pathloss between transmitter and receiver. In such systems, both gNB and UE may employ multiple beams for control and data communication. User movement, angular rotation and fast channel variation may cause signal degradation of data and/or control beams. So when a UE detects blockage of its active beam(s) which is currently used for transmitting or receiving from gNB, it should be able to switch to new beams and keep connectivity with serving cell. This procedure is called beam mobility or beam management. 

Beam management has been discussed mainly in RAN1 up to now. It includes beam measurement/reporting, beam switch and beam recovery. In this contribution, we focus on RAN2 aspects of beam measurement. Beam recovery and RLM/RLF are discussed in our companion contribution in [2] and [3], respectively.  
Upon waking-up from DRX cycle, UE may be required to decode PDCCH. However, serving beam quality may degrade due to user movement and signal blockage that may impact PDCCH decoding performance. Therefore, beam management procedure is needed during C-DRX mode to successfully decode PDCCH.

Proposal 1: beam management procedure is needed during C-DRX mode to successfully decode PDCCH.

There were some contributions discussing C-DRX design with beam management [5-6]. One solution is that UE will pre-wake up before each ON duration to perform beam management, and switch to best beam in ON duration. However, this design may be resource inefficient and may be unnecessary to perform beam management before each start of ON duration. We think beam management could be performed periodically or on-demand in C-DRX operation. If it is performed periodically, the beam management period may be same or different from DRX cycle.  
Proposal 2: beam management could be performed periodically or on-demand in C-DRX operation. If it is performed periodically, the beam management period may be same or different from DRX cycle.
Reference Signals (RS) are needed to perform beam management. However, it needs to be swept in time to cover multiple potentials beams, its frequent transmission will be radio resource inefficient. So gNB could configure RS periodicity to be N of DRX cycle. Figure.1 shows an example, where beam management is performed periodically every 2 DRX cycle. As we see, gNB transmits some RS for UE to perform beam management before the start of first ON duration. UE measures these RS and report best beam to gNB so that a refined beam pair could be used during ON-duration. This refined beam pair could be kept in second DRX cycle to reduce unnecessary RS transmission. Before third ON duration, beam pair needs to be refined again because serving beam quality is degrade due to user movement and signal blockage. 
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Figure.1 Example of beam management during C-DRX

Proposal 3: for radio resource efficiency consideration, network may configure RS for beam management to be sent periodically every integer multiple of DRX cycle. 

3 Summary

In this contribution, we discuss RAN2 aspects on beam management, especially focusing on C-DRX operation for beam management. The proposals are:
Proposal 1: beam management procedure is needed during C-DRX mode to successfully decode PDCCH.

Proposal 2: beam management could be performed periodically or on-demand in C-DRX operation. If it is performed periodically, the beam management period may be same or different from DRX cycle.
Proposal 3: for radio resource efficiency consideration, network may configure RS for beam management to be sent periodically every integer multiple of DRX cycle. 
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