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Radio access networks (RANs) in the high-frequency bands, such as the millimeter-wave (mmW) band, are being
considered and standardized for the fifth generation (5G) and beyond networks. Particularly, the frequency range
in the 24.25 to 40 GHz band is the most widely discussed spectra for 5G new radio (NR) RANs. The use of high-
frequency radios significantly increases the number of antenna sites, thus poses considerable challenges to the
mobile transport networks. Simplification of antenna sites is crucial to reduce the cost, power, and system
complexity for ultra-dense small-cell networks. Analog radio-over-fiber systems are promising for transporting
mmW radio signals owing to the simple antenna sites and low optical bandwidth and transmission latency.
Nevertheless, the use of fiber cables may be limited due to high costs and challenges associated with the
installation of fiber cables, especially in dense urban areas. Free-space optical (FSO) communications in which
lightwave signal are transmitted over free space without using any cables can be an alternative solution [1]. In
addition, wireless transport systems in the high-frequency band, such as the terahertz (THz) band, are promising
for mobile fronthauling in ultra-dense small cell networks. In this case, radio signals in the mmW bands can be
encapsulated on the THz links for low latency and small bandwidth transmission to the antenna sites [2]. In both
cases, convergence with fiber-optic links is crucial to support signal transmission over long distances.

In this presentation, we present the transmission of 5G NR standard-compliant signals over a fiber-FSO and fiber-
THz system. In the first case, a seamless fiber-FSO system in which optical signal from free-space is directly
coupled into the fiber core was employed to realize transparent signal transmission. We evaluated the signal
performance under different losses in the transmission links and confirmed the successful transmission of 5G
signal in the 28-GHz band even when the additional link loss was increased to approximately 9 dB (Fig. 1(a)). In
the second case, 5G NR signal in the 38 GHz band was successfully transmitted over a converged fiber-THz
system using a simple optical heterodyne method at the transmitter and direct detection at the receiver (Fig. 1(b)).
Satisfactory performance was confirmed for both 256 and 64 QAM signals. The proposed systems can facilitate
the deployment of mmW RANS in high-frequency bands in 5G and beyond networks.
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Figure 1. 5G NR signal performance over: (a) fiber-FSO system; (b) fiber-THz system.
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