1-10　FPU for 8K Super Hi-Vision
　We are researching field pick-up units (FPUs) that can transmit 8K Super Hi-Vision (SHV) signals for wireless SHV program contributions. In FY 2014, we began studying a 42-GHz-band FPU, a microwave-band FPU using “ultra-multilevel” orthogonal frequency division multiplexing (OFDM) and an FPU for mobile transmissions, in addition to our research on a 120-GHz-band FPU. 

■120-GHz-band FPU for uncompressed SHV

　In FY 2014, we contributed to the domestic standardization of a 120-GHz-band FPU, conducted a performance evaluation, and improved the unit’s reliability.
　We worked on the standardization activities at the Association of Radio Industries and Businesses (ARIB). The transmission scheme we developed was adopted as a standard (1). This standardization has enabled the use of 120-GHz-band FPUs for broadcasters.
　Following the performance evaluation conducted under rainfall conditions in FY 2013, we conducted a performance evaluation during snowfalls in FY 2014 (Figure 1). The results of our field transmission experiment in February 2015 showed that the 120-GHz-band FPU can transmit SHV signals stably under snowfall conditions and low-temperature environments of 0°C or lower. This experiment was publicly demonstrated to the audience at NHK Sapporo station’s public viewing of live SHV broadcasting from the 66th Sapporo Snow Festival(2). 


Figure 1. Live broadcasting experiment

■42-GHz-band FPU

　In FY 2014, we started researching a 42-GHz-band FPU for transmitting SHV signals. Our field transmission experiments using an OFDM modulator/demodulator compliant with the ARIB STD-B43 standard showed that the FPU can transmit SHV signals by polarization multiplexing. In addition, we prototyped a radio frequency (RF) unit equipped with polarization multiplexing for the FPU. We also studied peak power reduction techniques for OFDM signals to improve the back-off of the power amplifier. We found that a peak reduction effect of around 3 dB could be obtained by using the clipping and filtering method, which restricts the amplitude of transmission signals, and the partial transmit sequence method, which adds arbitrary phase rotation factors to the sub-carriers (Figure 2). On the basis of these results, we progressed with our study on a modulator and demodulator with a wider bandwidth. 

■Microwave-band ultra-multilevel OFDM-FPU

　For long-distance wireless transmissions of SHV signals, we began a study on a 6/7-GHz-band FPU in FY 2014. We prototyped a modulator/demodulator for dual-polarized multiple-input multiple-output (MIMO) ultra-multilevel OFDM that is capable of large-capacity transmissions over 200 Mbps. We also reduced the noise of the radio frequency (RF) unit so that ultra-multilevel MIMO-OFDM signals could be transmitted in the microwave band. We evaluated the performance of the prototyped modulator/demodulator and radio frequency (RF) unit and improved their functions. 

■1.2-GHz/2.3-GHz-band FPU for mobile transmission

　We began our research on a 1.2-GHz/2.3-GHz-band FPU that would enable mobile relay broadcasting of SHV signals. In FY 2014, we studied the MIMO eigenmode transmission scheme that adaptively controls the transmission beam, modulation scheme, and transmission power by using a bidirectional communication function(3)(4).
　In anticipation of a hardware implementation, we fabricated an experimental device equipped with a radio frequency (RF) unit and a signal processing unit. Regarding the time division duplex (TDD) scheme, we prototyped a transmission and reception radio frequency (RF) unit to examine the ways to suppress the crosstalk of the transmitted signals and the automatic gain control (AGC) system of the amplifier in a mobile propagation environment. Part of this research was conducted as a government-commissioned project from the Ministry of Internal Affairs and Communications, titled “R&D on highly efficient frequency usage for the next-generation program contribution transmission.” 
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