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Introduction
The Study Item (SI) on “Next Generation New Radio Access Technology [1]” has been discussed since the last RAN1 #84bis meeting. The objective of SI is to develop a new radio (NR) access technology considering deployment on frequency ranges up to 100GHz. One of the key technologies of the NR systems is the use of large scale antenna arrays for MIMO/beamforming. In this contribution, we discuss initial views on MIMO/beamforming especially in high frequency bands (above 6GHz).

Challenges
Compared to frequency bands for legacy cellular systems, the high frequency bands (up to 100GHz) for the NR systems suffer from high path-loss, and consequently it will reduce the cell coverage performance. However, a greater number of antenna arrays can be easily accommodated in the given size of antenna aperture since the size of antenna will be reduced as a function of carrier frequency due to the short wavelength. Note that a great number of antenna elements enable sharp beamforming to the desired direction for preventing the loss of power and handling the interference effectively. Therefore, massive MIMO/beamforming thanks to the large scale antenna arrays will be a key technology to overcome the reduced coverage performance due to the high path-loss in the NR systems.

Concept of Large Scale Antenna Arrays
Based on 2D antenna array model [2], the candidates of beamforming technology depending on the implementation are as follows.

Analog beamforming
[bookmark: _GoBack]Analog beamforming is the technique that controls the phase of the signal via a network of analog phase shifters implemented in RF domain. It is easy to implement compared to the other beamforming candidates. There are two types of analog beamforming, fixed and adaptive beamforming. When using fixed beamforming, only a predefined beamforming weight vector is needed [3]. To cover the whole cell, multiple antenna arrays, each of which has fixed directional beam to the predefined spot, are used and their beam patterns should be well designed. On the other hand, if adaptive beamforming, which changes the beam direction is adopted, the antenna system can be implemented with smaller form factor. The fixed beamforming may make the form factor increased compared to the adaptive beamforming but instead it does not require an antenna calibration. However, the analog beamforming scheme still suffers from the RF constraints such as constant amplitude and coarse phase control compared to the digital beamforming.

Digital beamforming
Digital beamforming, which can adaptively changes its beamforming weight in digital domain has been widely used in wireless mobile communication systems. If the digital beamforming is employed, beamforming weight can be finely controlled so that the optimal performance can be obtained. Whereas, the high cost and power consumption of RF components for higher frequencies prevent the system from realizing the digital beamforming above 6GHz since it demands the number of TXRUs equal to the number of antenna elements.

Hybrid beamforming
From the implementation point of view, digital beamforming may not be feasible because it is too costly to deal with a large number of TXRUs. To achieve sufficient beamforming gain and maintain reasonable implementation complexity, the hybrid beamforming consisting of an analog beamforming in RF domain and a digital precoding in baseband is typically considered as shown in Fig. 1. In hybrid beamforming systems, analog beamforming whose implementation cost is significantly less than the digital beamforming compensates high path loss and reduces the required number of TXRUs, and digital precoding followed by the analog beamforming further enhances the performance. Similar to FD-MIMO, hybrid beamforming can be realized by TXRU virtualization whose weights can be fixed or dynamically changed. Both sub-array partition model and full connection model can be considered for the TXRU virtualization model of hybrid beamforming [2]. The details of hybrid beamforming (e.g., TXRU virtualization and operation) should be further studied.

Proposal: The details of hybrid beamforming should be further studied.



Figure 1. Multiple antenna architecture above 6GHz based on hybrid beamforming

System Aspects
In this section, several considerations for the NR beamforming systems are discussed.

RS and feedback
For beamforming operation, the beam alignment between eNB and UE is necessary. It is also needed to update the desired beam (or beam sets) periodically and/or aperiodically. For these beam alignment/tracking, a new reference signal (RS) should be designed. The beamformed CSI-RS of FD-MIMO in Rel-13 could be a starting point for a design of the new RS. In addition to the design of RS, the related feedback schemes should be studied. It will be desirable for RS structures and feedback schemes to be independent of any specific beamforming scheme.

Proposal: Design of RS and feedback schemes for beamforming should be studied.
Common control channels and procedures
As mentioned in Section 2, the beamforming is necessary for data transmission in order to achieve enough cell coverage. If the beamforming is not applied for common control channels and procedures such as cell search, random access, and handover, the extended coverage for data transmission may be meaningless. Therefore, the design of common control channels and several procedures should take beamforming into account.

Proposal: Beamformed control channels and procedures should be supported.
MIMO in below 6GHz
MIMO schemes below 6GHz have slightly different approaches from above 6GHz. The MIMO schemes below 6GHz focus on capacity enhancement rather than coverage enhancement. However, it will be desirable to make common functionalities including feedback, cell search, and random access between below and above 6GHz as much as possible. Therefore, the flexible support of MIMO/beamforming operation in both below and above 6GHz should be considered in the specification.

Proposal: NR specification strives to have common functionalities between MIMO schemes in below and above 6GHz as much as possible.

Summary
In this contribution, we discuss the initial views on MIMO/Beamforming in the NR systems. Our views are summarized as follows:

· The details of hybrid beamforming should be further studied.
· Design of RS and feedback schemes for beamforming should be studied.
· Beamformed control channels and procedures should be supported.
· NR specification strives to have common functionalities between MIMO schemes in below and above 6GHz as much as possible.
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