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Introduction
The study item on new radio access technology was agreed in [1] and RAN1 has started studying different aspects of 5G New Radio (NR). Multi-antenna technique is an essential part of the new generation of radio access technology. In this contribution, we present our high-level views on beam-based operation in NR.
Discussion
Beamformed operation has been adopted in LTE since Rel.8. Digital beamforming transmission scheme was introduced in Rel.8 with static or semi-static analog beamforming accomplished by mechanical or electrical downtilting. Direction of the analog beamforming is expected to change at a much larger time scale than the digital beamforming. As the number of antenna elements increases, Rel.13 FD-MIMO introduced a kind of hybrid beamforming when the number of TXRU is less than the number of antenna elements to trade off between performance and cost. The beam selection is done by codebook searching or beamformed CSI-RS searching. FD-MIMO has drawn great interests to the beam-based transmission with increasing number of antenna elements due to the large beamforming gain and capability of supporting high-order MU-MIMO. Data channel benefits from beamforming in terms of data rate, coverage etc. However, common channels/signals such as synchronization signal, broadcast channel, and common control channel do not benefit equally from beamforming in current LTE system. This may lead to mismatch between coverage of dedicated data channel and common channels. 
Coverage may become a critical issue when the communication systems operate in mmWave bands. There are fundamental differences between mmWave communications and existing systems operating in sub-6GHz bands in terms of high propagation loss, directivity, sensitivity to blockage, and dynamics due to mobility [2]. Massive antennas generating directional beams at both transmitter and receiver to achieve high beamforming gain is effective to combat severe propagation loss. In the existing standards for mmWave communications, e.g., IEEE 802.11ad, beamforming has been adopted as an essential technique. Operating in mmWave bands, beamforming for common channels as well as dedicated data channel is necessary.
Proposal 1:
· Beam-based operation for common channels/signals as well as dedicated data channel should be considered for NR operating in both sub-6GHz and above-6GHz bands.
For mmWave communications, 3GPP has targeted antenna array size up to 256/1024 antenna elements at TRP and up to 32/64 antenna elements at UE. Larger number of antenna elements will lead to much narrower beam, and a much larger number of beams. Optimal beam selection from such a large number of beams would be very challenging. Weighing the performance, cost and complexity, hybrid beamforming with cascaded digital and analog beamforming is a promising solution for such a high dimensional antenna array considering the state of the art. There are different ways to perform beam steering. In an adaptive array, the beamforming weights may be adaptively adjusted using least mean squares (LMS), direction of arrival (DoA) estimation, etc. Another popular approach for beamforming for the existing mmWave standards is a switched-beam system with a predetermined set of beamforming vectors. Switched-beam systems do not necessarily require estimating the DoA and may therefore have shorter startup times [3] and lower complexity. 
Observation 1:
· Hybrid beamforming with cascaded digital and analog beamforming is a promising solution for massive MIMO operating in both sub-6GHz and above-6GHz bands.
Potential study and standardization work
The following aspects should be considered in the future study and standardization of beam-based operation.
Design of synchronization signal, broadcast channel, control channel, and random access channel
Coverage of common signals targeting all UEs in the cell is important for the system operation. In a beam-based system, wide-beam transmission incurs less delay for synchronization, broadcast and control information acquisition, and access than narrow-beam transmission. However, wide beam would lead to loss in beamforming gain and thus insufficient coverage especially in mmWave systems. The coverage could be extended by power boosting, but it may not be sufficient in all scenarios. Common signals and common channels transmitted by narrow beams can overcome the lack of coverage but may need beam sweeping which would cause increased delay of the common information acquisition and overhead. Beam-based transmission of synchronization signal, broadcast channel, control channel and random access channel shall be designed considering coverage, delay and overhead.
Beam searching and beam tracking
Beam searching and beam tracking would be an essential process in the mmWave communications. Both the transmitter and receiver must adapt their beams (beam searching), including digital beam and/or the analog beams, simultaneously and must periodically or aperiodically re-adapt (beam tracking). For such an operation, definitions and procedures must be designed. Beam searching and tracking may rely on the synchronization signal, or a new reference signal designed for beam searching and tracking. A procedure for reporting beam index may be needed. The design of beam searching and beam tracking must assure that a reliable connection can be maintained whenever the blockage by obstacles occurs. The efficiency and cost should be kept in mind while designing the procedure.
Reference signals for beam searching and beam tracking, transmitted by a specific beam, can follow the design principle of the beamformed CSI-RS in Rel.13. The performance and overhead are also key factors to be considered in the RS design. To reduce the overhead, low density in both time domain and frequency domain can be maintained, and aperiodic beamformed RS can be transmitted when triggered. The relationship between the beam searching/tracking RS and beamformed CSI-RS needs further study, whether they can be unified or not to save the overhead.
Beam-based MIMO transmission scheme
Traditional MIMO transmission schemes (transmit diversity, closed-loop, MU-MIMO, etc.) should work with beam-based operation. How to combine the tracked beams and the MIMO transmission schemes is worth studying to fully exploit the benefits of MIMO.
Impact of duplex mode on beam searching and beam tracking
Duplex mode would affect the beam searching and beam tracking procedure. For TDD, beam searching and beam tracking accomplished in one direction can be used directly in the opposite direction thanks to the channel reciprocity characteristics. Whether channel reciprocity can be exploited in FDD to speed up beam searching and tracking needs further study.
Proposal 2:
· Standardization work on beam-based operation for NR system shall consider design of synchronization signal, broadcast channel, control channel and random access channel, mechanism for beam searching and beam tracking, MIMO transmission scheme, impact of duplex mode, etc.
Conclusions
This contribution stresses the importance of beam-based operation and discusses some potential standardization aspects in NR. The following proposals and observation are given:
Proposal 1:
· Beam-based operation for common channels/signals as well as dedicated data channel should be considered for NR operating in both sub-6GHz and above-6GHz bands.
Observation 1:
· Hybrid beamforming with cascaded digital and analog beamforming is a promising solution for massive MIMO operating in both sub-6GHz and above-6GHz bands.
Proposal 2:
· Standardization work on beam-based operation for NR system shall consider design of synchronization signal, broadcast channel, control channel and random access, mechanism for beam searching and beam tracking, MIMO transmission scheme, impact of duplex mode, etc.
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