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Introduction
MIMO is an important feature to meet the spectrum efficiency requirement of NR. In RAN1#85 meeting, beamforming technology was widely discussed as an essential MIMO technology for both high and low frequency with the agreements below:
Agreements:
· Following three implementations of beamforming are to be studied in NR
· Analog beamforming
· Digital beamforming
· Hybrid beamforming 
· Note: The physical layer procedure design for NR can be agnostic to UE/TRP with respect to the beamforming implementations employed at TRP/UE, but it may pursue beamforming implementation specific optimization not to lose efficiency
· 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
· RAN1 to study the beamforming procedures and their system impacts at least for multi beam based approach
· Physical layer procedures for beamforming optimizing different metrics such as overheads and latencies  in multi beam and single beam based approaches 
· Physical layer procedures in multi beam based approach that require beam training, i.e. steering of transmitter and/or receiver beams
· E.g. Periodic/Aperiodic downlink/uplink TX/RX beam sweeping signals, where periodic signals may be semi-statically or dynamically configured (FFS)
· E.g. UL sounding signals
· Other example is not precluded
· Both intra-TRP and inter-TRP beamforming procedures are considered.
· Beamforming procedures are considered with/without TRP beamforming/beam sweeping and with/without UE beamforming/beam sweeping, according to the following potential use cases:
· UE movement, UE rotation, beam blocking:
· Change of beam at TRP, same beam at UE
· Same beam at TRP, change of beam at UE
· Change of beam at TRP, change of beam at UE
· Other cases are not precluded
In LTE, beamforming is based on digital signal and the beam can be dynamically controlled by eNB at baseband. As the number of antenna elements grows in NR (e.g. 256 or more elements), the cost of digital beamforming increases significantly. In this case, analog beamforming can be an efficient method to obtain beamforming gain at lower cost. In this contribution, we discuss the possible standardization impact to support analog beamforming for NR MIMO.
Discussion
Both digital beamforming and analog beamforming would be considered for NR. In LTE, some CSI feedback mechanisms were introduced to support digital beamforming, and the beamforming is based on CSI-RS and DMRS antenna ports. These mechanisms can be reused for digital beamforming of NR. Analog beamforming is a beamforming technology based on analog signal and phase shifter, which can be exploited to transmit or receive signal as shown in Fig.1. The beamforming process is fully transparent to the other side not matter whether it is used at transmitter or receiver. For example, a receiver doesn’t know how many antenna elements and which weight are used for analog beamforming in the transmitter, and the transmitter either doesn’t know whether analog beamforming is used at receiver for detection. 


Fig.1 Analog beamforming process at transmitter and receiver
Though no direct standardization effort is needed for beamforming process, a mechanism to obtain appropriate beam for analog beamforming is still needed. Generally, two methods can be used to determine/select the beam:
· Transmitter transmits the same signal in multiple times using different beams, and receiver reports the best signal/beam.
· Transmitter transmits the same signal in multiple times using the same beam, and receiver uses different beams to receive the signal to determine the best beam. The best beam may or may not be reported to transmitter.
The training process for analog beamforming should be considered during signal design or feedback design.
Proposal 1: Some training processes are needed to determine the beam(s) for analog beamforming at both eNB side and UE side. The provided two mechanisms can be considered. 
It is expected that analog beamforming can provide significant beamforming gain via an amount of antenna elements. It could help to improve the coverage of control signal and spectrum efficiency of data signal. Hence, it would be helpful if the beam for analog beamforming can be determined before the start of control signal and data transmission. A straightforward method is to perform the beam training via the cell access signal/channel, for example, synchronization signal, broadcast channel or PRACH etc. After the initial training process, the beam can be further updated via following reference signal or access signal.
Proposal 2: The training process can be performed before start of data transmission for one UE, e.g. during cell access process.
Conclusions
In this contribution, the possible standardization impact of analog beamforming is analyzed. Though the analog beamforming process is transparent, the mechanism for beam training should be studied. We have the following proposals for analog beamforming:
Proposal 1: Some training processes are needed to determine the beam(s) for analog beamforming at both eNB side and UE side. The provided two mechanisms can be considered.
Proposal 2: The training process can be performed before start of data transmission for one UE, e.g. during cell access process.
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