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1 Introduction

One of objective of RAN#71 approved New RAT SID [1] is to consider frequency ranges up to 100 GHz 
[TR 38.912].  Related with the objective, beamforming with directional antenna gain is considered as a solution of the larger path loss on such high frequency ranges [2][3][4][5].
In RAN1#84bis, the following agreement is captured in [6]. 

	8.1.1.    Overview of new radio interface

· Study enhanced massive MIMO analog/digital/hybrid beam-forming 


For RAN1#85, the following agenda is captured in [7]. 

	7.1.6
Multi-antenna scheme for new radio interface

Discuss initial views on multi-antenna scheme including enhanced massive MIMO analog/digital/hybrid beam-forming


For RAN2#94, the following agenda is captured in [8]. 

	9.5
Mobility

9.5.1
Intra NR RAT

Including consideration of different levels of mobility ('beam' and 'cell'), impacts on protocols of each level, etc


Based on the above SID, contributions, agreements, and agendas, we can see that the discussion on beamforming based high-frequency NR (HF-NR) is about to start. 
In this contribution, we suggest to define the beamforming related terminologies to achieve the following objectives: 

· To build common understanding of clear technical descriptions on beamforming based HF-NR, before in-depth technical discussion starts.

· To facilitate beamforming related RAN1 and RAN2 discussions
2 Discussion
2.1 Definitions
In this subsection, we define the general terminologies on beamforming in high frequency New RAT (HF-NR). 

Since beamforming with directional antenna gain is considered as a solution of the larger path loss on such high frequency ranges [2][3][4][5], we need to define the related terms in HF-NR. The following definitions are from academic definitions, and exact definitions will be further defined in RAN1. 
· Beamforming [9]:
a signal processing technique used in antenna arrays for directional signal transmission/reception 

· With beam-forming, a beam can be formed by combining elements in a phased array of antennas in such a way that signals at particular angles experience constructive interference while others experience destructive interference.

· Different beams can be utilized simultaneously using multiple arrays of antennas
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Figure 1. An example of beamforming using phased array of antennas

Terminology on beam selection and scheduling:
In the HF-NR system, a transmission point (TRP) and UE should select proper beam(s) for communication, since there are different beams with different directions and antenna gains. For beam selection and scheduling, we define the following terms. 
· TRP: physical location transmission/reception of radio signals. One cell can use one or more TRP’s
· A beam pair [10]:
a pair of transmission beam and correlated reception beam 
· A beam pair consists of a TRP beam and a UE beam
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· Figure 2. An example of a beam pair
· The best beam pair [10]:
the beam pair which has currently the best measured quality of channel compared with all the other measured beam pairs
· A TRP/Node-B manages the best beam pair for each UE
: The best beam pair of a UE, among the beam pairs belong to the TRP/cell/Node-B
· A UE manages the best beam pair per TRP or per cell
: The best beam pair among each TRP/cell own beam pairs
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· Figure 3. An example of the best beam pair of a UE
· The scheduling beam pair(s)  ( = the serving beam pair(s) ):
a pair(or pairs) of beams which is currently selected to schedule resources for a specific UE
· 5G TRP/Node-B controls the scheduling beam pair(s) of each UE

· Note that the scheduling beam may not be the same with the best beam
(i.e., when the best beam is changed but the scheduling beam is not configured as the new best beam yet)
Proposal 1: RAN2 is requested to discuss and if possible capture the above definitions in TR
3 Conclusion

This contribution discusses terminology required for describing beamforming based HF-NR. In order to make clear technical descriptions in RAN2 discussions, we request RAN2 to discuss the following definitions. 
· Beamforming: a signal processing technique used in antenna arrays for directional signal transmission/reception 

· A beam pair: a pair of transmission beam and correlated reception beam 
· The best beam pair: the beam pair which has currently the best measured quality of channel compared with all the other measured beam pairs 
· The scheduling beam pair(s)  ( = the serving beam pair(s) ): a pair(or pairs) of beams which is currently selected to schedule resources for a specific UE
Proposal 1: RAN2 is requested to discuss and if possible capture the above definitions in TR
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