1-9　Terrestrial transmission technology
　We are researching technologies to transmit 8K Super Hi-Vision (SHV) over terrestrial broadcasting. Along with the research on SHV transmission in the UHF band, we studied next-generation terrestrial broadcasting that takes the compatibility with the transmission network, reception environment and mobile reception into consideration. 

■Large-capacity transmission technologies for next-generation terrestrial broadcasting

　With the aim of establishing the next-generation terrestrial broadcasting system, we began studying a provisional system in FY 2014. We examined transmission parameters including a sampling clock, bandwidth, pilot signal and orthogonal frequency division multiplexing (OFDM) frame length as well as how to transmit controlling signals. We also studied a hierarchical transmission by polarization division multiplexing using additional antennas for the purpose of smooth migration to the next-generation terrestrial broadcasting system.
　Regarding higher order modulation for large-capacity transmissions, we implemented a non-uniform constellation (NUC)(1) in the modulator and demodulator. A NUC, in which signal points are distributed non-uniformly, has superior transmission characteristics to the conventional uniform constellation (UC). We conducted laboratory experiments using intermediate frequency (IF) signals of the prototype modulator and demodulator. The results showed that the required C/N improved by approximately 1 dB with 4096QAM (a code rate of 3/4) (Figure 1).
　Regarding error correction technologies, we studied spatially coupled low density parity check (SC-LDPC) codes. Long LDPC codes usually have a strong error-correction capability. The SC-LDPC codes, of which a long code is easily designed, should have superior decoding performance. We designed parity-check matrices with a code length of 260 kbits, about four times that of the DVB-T2 terrestrial digital broadcasting format, and code rates of 10/15, 11/15 and 13/15. We verified its performance through computer simulations. We compared the SC-LDPC codes and the DVB-T2 LDPC codes by using a required C/N that has a bit error rate of 10-7 after error correction. The results showed that the former is superior to the latter by as much as 0.3 dB (Figure 2).
　In FY 2013, we performed the world’s first long-distance SHV terrestrial transmission test(2) using the experimental station in Hitoyoshi City, Kumamoto Prefecture. We reported the results of the test to the International Telecommunication Union, Radiocommunication Sector (ITU-R).
　In FY 2014, we built another experimental station in Mizukami Village and conducted tests on a next-generation single frequency network (SFN) using space time coding (STC) technology between the Mizukami station and the Hitoyoshi station. This research and development is being performed under the auspices of “Research and Development of Technology Encouraging Effective Utilization of Frequency for Ultra High Definition Satellite and Terrestrial Broadcasting System” program, and it is funded by the Ministry of Internal Affairs and Communications, Japan.
　We also set up an experimental station on the rooftop of our laboratory in order to verify modulation/demodulation technologies and understand the channel characteristics in urban areas.
　We proposed an equalization method that enables space division multiplexing (SDM)-multiple-input multiple-output (MIMO)-OFDM even in a multi-path environment with a long delay time that could exceed the guard interval. We conducted laboratory transmission experiments to verify the effectiveness of the method.
　We also conducted a demo of large-capacity terrestrial transmissions for foreign broadcasters at broadcasting technology exhibitions in the U.S. and Brazil. 


Figure 1. Bit error rate characteristics of 4096QAM
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Figure 2. Characteristics of SC-LDPC codes

■Transmission technology for mobile reception

　We are researching 2×2 MIMO-OFDM transmission technology, which uses two antennas each for transmission and reception, to provide high-quality images comparable to Hi-Vision (High Definition Television: HDTV) for the next generation of in-vehicle and mobile terrestrial broadcasting services. 
　In FY 2014, we conducted field experiments to compare the mobile reception characteristics of the space time coding (STC)-MIMO scheme, in which all the transmission antennas send the same encoded data, and the space division multiplexing (SDM)-MIMO scheme, in which transmission antennas send different data, at the same transmitting efficiency (the number of bits per symbol per carrier multiplied by code rate)(3). The results showed that STC-MIMO has better characteristics at a transmitting efficiency of 3 bit or less, while SDM-MIMO has superiority at a transmitting efficiency of 4 bit or more, which was consistent with the results of computer simulations we conducted in FY 2013 (Figure 3).
　In dual-polarized MIMO, which is one of the SDM-MIMO schemes, the transmission antennas of each polarization (horizontal and vertical) send different data. It is therefore necessary for the receiver side to demodulate signals from both polarizations. With the conventional method, however, it was difficult for a single reception antenna to demodulate signals from both polarizations. To deal with this issue, in FY 2014, we studied inter-polarization spreading technology that allows each polarization to share each other’s amplitude and phase information(4). We confirmed through computer simulations that the use of inter-polarization spreading could improve the reception characteristics of a single reception antenna if a sufficient C/N is secured (Figure 4).
　To evaluate the mobile reception characteristics when there are many fast Fourier transform (FFT) points, we prototyped a MIMO-OFDM modulator and demodulator for mobile reception with 32k (32,768) FFT points, four times that of the current digital broadcasting and conducted laboratory experiments. The permissible mobility speed was set as the speed at which the required C/N was 3 dB higher than that of a low speed. As a result, the permissible mobility speed for 16QAM (a code rate of 1/2) was 45 km/h. Using this result, we derived the permissible mobility speed and transmission capacity for 8k, 16k, and 32k FFT points (Table 1). 
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Figure 3. Comparison of STC-MIMO and SDM-MIMO in field experiments
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Figure 4. Effect of inter-polarized spreading
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Table 1. Relationship between transmission capacity and permissible speed (for 16QAM (R=1/2))

■Advanced Television Systems Committee (ATSC) 3.0

　We participated in standardization activities for ATSC 3.0, the U.S. standards for next-generation terrestrial digital broadcasting. We studied a transmission scheme incorporating elemental technologies such as dual-polarized MIMO and multiple-input single-output (MISO), higher order modulation up to 4096QAM, NUC and inter-polarized interleaving and contributed to its standardization. We also proposed a detailed specification of the multiplexing scheme to be used for 8K SHV satellite broadcasting in Japan, which uses Moving Picture Experts Group Media Transport (MMT) and Type Length Value (TLV).
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