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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, analog/digital/hybrid beam-forming is considered as solutions of the larger path loss on such high frequency ranges [2][3][4][5].
In RAN1#85, the following agreement is captured to study on multi-beam based approaches, in [6]. 

	7.1.6
Multi-antenna scheme for new radio interface
· Following three implementations of beamforming are to be studied in NR

· Analog beamforming

· Digital beamforming

· Hybrid beamforming 
…
· RAN1 studies both multi-beam based approaches and single-beam based approaches for these channels/signals/measurement/feedback

· Initial-access signals (synchronization signals and random access channels)

· System-information delivery 

· RRM measurement/feedback

· L1 control channel

· Others are FFS
…
· Multi-beam based approaches

· In Multi-beam based approaches, multiple beams are used for covering a DL coverage area and/or UL coverage distance of a TRP/a UE

· One example of multi-beam based approaches is beam sweeping:

· When beam sweeping is applied for a signal (or a channel), the signal (the channel) is transmitted/received on multiple beams, which are on multiple time instances in finite time duration

· Single/multiple beam can be transmitted/received in a single time instance

· Others are FFS

…


In RAN1#85, the antenna model with two dimensional planar array of antenna elements are agreed to be considered for NR evaluation, in [6],[7], and proposed in [8].
	7.1.2
Remaining issues on evaluation assumptions for new radio interface [6]
· TXRUs within a panel can be assumed to be synchronized and phase-calibrated (at least to the same level as in LTE).

· It should be possible as one option to assume QCL between ports of two different panels of the same transmission points

· Distances (dg,H, dg,V) between panels should be limited to at most [FFS] metres. 

· NR evaluations may consider both cases of phase-calibration and no phase-calibration between panels
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[7] Figure 1 NR antenna model in 3GPP as an array of antenna panels


In this contribution, we suggest to define the multi-beam related basic operations and terminologies to achieve the following objectives: 

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

· To facilitate multi-beam related RAN1 and RAN2 discussions
2 Multi-beam based Operation and Terminology
Since multiple beams with directional antenna gain is considered in NR [2~9], we need to define the related operations and terminologies to use such multiple beams efficiently. 
As the agreements, in the multi-beam based approaches, multiple beams are used for covering a DL coverage area and/or UL coverage distance of a TRP/a UE.  Moreover, those multi-beams can be used to transmit/receive a signal (or a channel) by sweeping multiple beams on multiple time instances in finite time duration. 
However, in the multi-beam based approaches, transmission/reception of every signal using the beam sweeping manner is inefficient and waste of power/resource. Therefore, for efficient use of multi-beam, the following basic operations for intra-TRP beam management can be introduced:
1) Beam measurement
· UE should be able to measure, calculate, and compare different beam qualities
· Considering multi-beam in both TRP side and UE side, there will be pair of beams: 
· A beam pair [9] is a pair of transmission beam and correlated reception beam consisting of a TRP beam and a UE beam, as shown in the Figure 1. 
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· Figure 1. An example of a beam pair
2) Beam reporting
· To inform a TRP of the measurement results
· Without this beam reporting, TRP cannot know the beam qualities of a UE
· Beam reporting information will be of ‘best N beams’, since the other beams may not suitable for signal transmission/reception and the expected performance would be worse. 
· The best beam pair [9] is the beam pair which has currently the best measured quality of channel compared with all the other measured beam pairs
· The best N beam pairs  is the beam pairs which have currently from the best, to the Nth best measured quality of channel compared with all the other measured beam pairs
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· Figure 2. An example of the best beam pair of a UE
3) Beam selection/changing 
· TRP( or eNB) can choose and change the part of reported multi-beams for signal transmission
· TRP( or eNB) may notify the UE of the selected beam information
· The scheduling beam pair(s)  ( = the serving beam pair(s) ) is a pair(or pairs) of beams which is currently selected to schedule resources for a specific UE
· 5G TRP( or eNB) can control 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 the basic operation of multi-beam based NR system, with the required terminology. In order to make clear technical descriptions in RAN1 and RAN2 discussions, we request RAN2 to discuss the following definitions. 
· Beam management: consisting of beam measurement, beam reporting, beam selection, and beam changing
· Beam measurement: for UE to measure, calculate, and compare different beam qualities
· Beam reporting: to inform a TRP of the measurement results
· Beam selection: for TRP(s) to choose one or more beam(s) from the reported multi-beams for signal transmission to the specific UE
· Beam changing: for TRP(s) to change the scheduling beam(s) of a specific UE
· 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 best N beam pairs: the beam pairs which have currently from the best, to the Nth 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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