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Introduction
In millimetre wave systems, the beam-formed transmission has been considered as one of basic principles to overcome high path loss [1]. Regarding the beam-formed transmission, broadcasting signals should be transmitted to all directions in azimuth and/or elevation in order to support all of UEs in a cell. In general, each gNB can have tens to hundreds of beams. The large numbers of beams at gNB would lead to the increase of both beam search latency and complexity. For handling of these issues, this contribution suggests introducing a hierarchical beam sweeping that enables to reduce the latency and the complexity for beam search in millimetre wave systems, i.e. above 6GHz systems.
Hierarchical beam sweeping
This section provides two proposals based on the discussion on two types of hierarchical beam sweeping.
1 
2.1 Beam width based hierarchical beam sweeping 
Figure 1 shows a beam width based hierarchical beam sweeping. For the simplicity, it is assumed that a gNB is sweeping beams and a UE beam’s direction is fixed. In Step 1, the gNB sweeps wide beams to cover whole cell region. After the UE measures each wide beam, the specific wide beam would be selected by the UE. If necessary, the narrow beams associated with the selected wide beam are swept by the gNB and the UE can measure them and select the specific narrow beam in Step 2.
To support two steps in the beam width based hierarchical beam sweeping, two types of reference signals can be considered. A wide beam sweeping in Step 1 can be a cell-specific beamformed reference signal for all UEs to measure the wide beams. A narrow beam sweeping in Step 2 can be a UE-specific beamformed reference signal because each UE may select a different wide beam in Step 1. 




Figure 1. Beam width based hierarchical beam sweeping

2.2 Angular distance based hierarchical beam sweeping
Figure 2 shows an angular distance based hierarchical beam sweeping. For the simplicity, it is assumed that a gNB is sweeping beams and the UE beam’s direction is fixed. In Step 1, the gNB sweeps beam set with relatively large angular distance. After measuring the beams, the UE can select one of them. If necessary, the narrow beams with relatively small angular distance are swept by the gNB and the UE can measure them and select the specific narrow beam in Step 2.
To support two steps in the angular distance based hierarchical beam sweeping, two types of reference signals are necessary. A beam set with relatively large angular distance should be swept as a cell specific manner for all UEs to measure the beams. Then, if the gNB/UE may need to refine the beam(s) selected from Step 1, the gNB can generate multiple beams, which is closed to the current serving beam in angular domain. These beams can be transmitted as UE-specific manner by gNB. If the gNB refines the beam as cell-specific manner, a large number of beams would be swept and it leads to the increase the beam search complexity. In addition, it may increase the resource overhead to sweep a large number of beams. 




Figure 2. Angular distance based hierarchical beam sweeping

2.3 Beam search based on hierarchical beam sweeping
[bookmark: _GoBack]In the discussed hierarchical beam sweeping method above, the first step can be used for the initial beam search to reduce both latency and complexity. If gNB and/or UE need to refine the beam, the second step can be performed. It should be noted that this contribution is not proposing the specific hierarchical beam sweeping method. Two types of hierarchical beam sweeping approaches explained above can be supported in UE-transparent manner. 
Proposal 1: Hierarchical beam sweeping is necessary to reduce beam search latency and complexity in millimetre wave systems, i.e. above 6GHz systems.   
Proposal 2: A cell specific and a UE specific reference signals should be designed to support 2-step hierarchical beam sweeping at higher frequency bands.
Conclusions
2 
In this contribution, the hierarchical beam sweeping approaches are discussed for 5G new radio interface. Based on above discussions, the following observation and proposals are made: 
Proposal 1: Hierarchical beam sweeping is necessary to reduce beam search latency and complexity in millimetre wave systems, i.e. above 6GHz systems.   
Proposal 2: A cell specific and a UE specific reference signals should be designed to support 2-step hierarchical beam sweeping at higher frequency bands.
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