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Abstract We experimentally demonstrate RoF-based fiber-wireless seamless system for THz-band 6G 
indoor network. Based on the theoretical analyses and experimental results, we present design issues 
in RoF-based fiber-wireless system. ©2022 The Author(s)

Introduction 
As the deployment of 5G network infrastructure 
are being rolled all over the world, our focus is 
shifting to development of 6G wireless 
communications [1]. To meet the ever-increasing 
expectations for higher data rates and lower 
latency, “Terahertz” frequencies above 100 GHz 
are an attractive resource [2]. While a rich spectral 
resource offers the opportunities to achieve 
remarkable leaps in terms of peak data-rates, 
latency and more, there are several technical 
challenges arising from the fundamental physical 
constraints on the THz band [3]. A large 
propagation loss occurs in THz frequency 
because the free-space path loss (FSPL) of the 
electromagnetic wave is proportional to the 
square of the carrier frequency as well as the 
propagation distance. Further, THz 
communication suffers greater link losses when 
penetrating blockages such as low-emissivity 
window. Accordingly, the coverage of networks 
using THz frequencies would be reduced 
compared to the current mobile services based on 
ultra-high frequency or millimeter-wave 
(mmWave) band, and THz communications are 
expected to be mainly served on indoor networks 
rather than outdoor environments. In addition, an 
increase in the number of antenna-sites required 
is inevitable, and a simplified configuration of 

antenna-site would be preferred. 
Fiber-wireless seamless network based on 

analog radio-over fiber (RoF) technology is 
attractive solution that provides simple and cost-
effective configuration at antenna-sites for 6G 
indoor services. Compared to digital photonic link 
to support mobile transport network, analog 
transmission of RoF technology gives the 
opportunity to eliminate high implementation 
complexity and cost in antenna-site incurred 
digital to analog conversion procedure [4]. Further, 
it is well known that the analog RoF transmission 
has great potentials to resolve bandwidth 
bottleneck in mobile transport link [5, 6]. Using a 
photonic-assisted carrier generation based on 
optical heterodyne, we can eliminate complex 
electrical signal up-conversion [7]. 

Previously, many research groups have been 
demonstrated the fiber-wireless systems in 
mmWave band. These works have presented the 
potential of fiber-wireless system with simple and 
cost-effectiveness for implementing antenna-sites 
[7-10]. Unfortunately, however, there are no 
reports of the comprehensive study on 
transmission performance of fiber-wireless 
system operating at THz frequencies and no 
example of verifying the validity of the theoretical 
analysis through the actual THz wireless 
transmission experiment using mobile signals.  

 
Fig. 1: RoF-based fiber-wireless system for THz-band 6G indoor network. (a) Experimental setup  

(b) Optical spectrum (c) Photograph of experimental setup 
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In this paper, we experimentally demonstrate 
the THz-band indoor network using analog RoF-
based fiber-wireless seamless configuration. To 
provide the guideline in designing RoF-based 
fiber-wireless link, we analyse noise contributions 
considering quality of analog optical link. 
Furthermore, the expected wireless coverage of 
THz indoor network is investigated through the 
theoretical analyses and experimental results 
taking into account the impact of FSPL. For a 
more practical solution, the lens-less 
experimental configure is used for free-space 
transmission of THz signal. Using developed 
high-gain antenna and RF amplifier operating in 
THz frequency, the FSPL is effectively 
compensated, and 5-m wireless transmission of 
aggregated 32-intermediate frequency (IF) 
carriers on the 0.3 THz link is successfully 
demonstrated satisfying minimum required 
performance for 16-QAM. 

Experimental setup and results 
Figure 1 (a) represents the concept of RoF-based 
fiber-wireless system for THz-band indoor service 
and experimental setup to confirm technical 
feasibility of proposed system. Two commercial 
C-band laser diodes (LDs) are used to generate 
optical carriers in which separated to 2.4 nm in 
wavelength (~300 GHz). An optical carrier from 
LD1 is modulated with mobile signal by using a 
zero-chirped dual-drive Mach-Zehnder modulator 
with a 40-GHz bandwidth; the other carrier from 
LD2 is directly combined with a modulated optical 
carrier by a 50:50 optical coupler. As mobile 
signal, we generated 5G-new radio (5G-NR) 
waveform with a bandwidth of 400 MHz. Multiple 
mobile baseband signals are aggregated as a 
form of IF carrier. We set the number of IF carriers 
to 8, 16 and 32, occupying the RF spectrum of 3.2, 
6,4 and 12.8 GHz, respectively. The optical 
carriers are transmitted over 1-km of SMF as 
mobile transport link. For THz wave generation, 
the uni-traveling carrier photodiode (UTC-PD) is 
used in which this photomixer performs optical 
heterodyne. To provide a sufficiently large input 

optical power for photomixer, Erbium-doped fiber 
amplifiers (EDFA) are utilized. At the receiver, the 
envelope detection is performed using GaAs 
Schottky barrier diode (SBD) module with 
sensitivity of 1900 V/W. And then, RF amplifier 
with 40 GHz bandwidth and noise figure of 7 dB 
performs signal amplification, after that, error 
vector magnitude (EVM) is analysed by off-line 
digital signal processing using MATLAB. 

One of the important parameters in designing 
RoF-based mobile transport network is an 
achievable carrier-to-noise ratio (CNR) [11]. 
Therefore, we investigate the CNR characteristics 
on RoF-based fiber-wireless system over 0.3 THz 
wireless link as in Figs. 2. The quality of analog 
RoF link is calculated considering the undesired 
optical power fluctuations caused by optical 
components degrade transmission performance 
and could be categorized to thermal noise, shot 
noise, and laser relative intensity noise (RIN). In 
addition, amplified spontaneous emission (ASE) 
noise induced by the EDFA that is used to obtain 
sufficient THz output power from UTC-PD is also 
analysed as one of optical white noise sources. 
The ASE noise degrades the OSNR and appears 
in the electrical domain after photomixing. There 
are two ASE noise contribution in THz domain; 
ASE-ASE beat noise and signal-ASE beat noise 
that is considered a major performance limiting 
factor in photonic THz communications [12]. 

Unlike the conventional optical transmission 
networks, the RoF-based fiber-wireless system 
requires a sufficiently large received optical power 
to UTC-PD, as a result, thermal noise and shot 
noise is negligible.  Owing to mature laser 
manufacturing technology, even a low-cost 
commercially available LD can provide RIN 
characteristic less than -150 dB/Hz, which is 
shown lower noise level compared to that from the 
receiver having a noise equivalent power of 16.5-
pW/Hz0.5 in this work. Typically, the transmission 
performance is mainly dominant at the reception 
side. On the other hand, it is observed at OSNR 
of 20 dB that ASE beat noises dominantly limit the 
CNR as shown in Fig. 2 (a). Therefore, it is worth 

Fig. 2: CNR analyses of RoF-based fiber-wireless links in 0.3 THz frequency using 5G-NR mobile signal aggregated with 
multiple IFs. Solid lines are theoretically calculated CNRs for various noise sources. (a) 8 IF (b) 16 IF (c) 32 IF 
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noting that poor OSNR condition could be 
constraint to transmission performance, and we 
should consider OSNR performance when 
designing RoF-based fiber-wireless system [12]. 

To verify the noise contribution analyses, we 
configure wireless back-to-back condition for the 
experiments; two WR 3.4 waveguided horn 
antennas with 26-dBi gain were placed at a 
distance of 20-mm from each other. We 
measured EVM performances as a function of 
UTC-PD current for the 8, 16 and 32 IFs of 5G-
NR over 0.3 THz wireless link.  Considering the 
relationship between CNR and EVM as  

𝐶𝑁𝑅 (dB) = −20 logଵ(𝐸𝑉𝑀/100%)        (1) 

, we obtain CNR performances of THz links in 
RoF-based fiber-wireless system and they have 
good agreements with theoretically calculated 
CNRs. Considering required CNR as defined in 
technical specification of 3GPP for different 
modulation format (64-QAM: 22 dB, 16-QAM: 18 
dB, QPSK: 15 dB), the CNRs greater than 18 dB 
are achieved for all modulation formats at the 
UTC-PD current of 7-mA [11, 13]. 

From the study on CNR characteristics of RoF-
based fiber-wireless system, we confirmed the 
major performance limiting factor is typically the 
white noise generated by the receiver. Therefore, 
we can infer a major challenge of RoF-based 
fiber-wireless system for 6G indoor network is 
FSPL in THz frequency, which are relatively large 
compared with microwave and mmWave bands. 
Previously, many related experiments about THz 
wireless transmission used several lenses to 
compensate for wireless link loss, such as FSPL 
[14]. However, using lenses is not a rather 
practical configuration. In Figs. 3, we demonstrate 
the THz wireless transmission with lens-free 
experimental configuration. To compensate for 
propagation loss, we developed a high-gain 
antenna of 40-dBi and an RF amplifier operating 
a THz frequency with a gain of 16 dB, and 
implemented them in the experiments as shown 
in Fig. 1 (c).  

The measured CNRs show that after 5-m 
wireless transmission, 8 IF satisfies the required 
performance of 64-QAM. The results of 16 IF and 

32 IF also show that even with 16-QAM, a network 
coverage of 5-m can be achieved at a frequency 
of 0.3 THz. On the other hand, at the wireless 
transmission of 2.5-m or less, it is observed that 
CNR performances deteriorates. Also, the greater 
THz output power, the more noticeable the 
performance degradation is. This is because 
nonlinear distortions induced by the inherent 
nonlinearities of THz amplifier and envelope 
detector cause severe performance degradation 
[15]. A high peak-to-average power ratio 
characteristic of multi-IFs 5G-NR signal, where 
each IF is modulated by orthogonal frequency 
division multiplexing, also would increase 
nonlinear distortions [16]. We also derive the 
achievable CNR performance considering FSPL 
impact to provide the design guideline for the 
THz-band indoor service. As shown in Fig. 3 (a), 
we can expect that 10-m wireless transmission of 
8-IF carriers would be allowed for 16-QAM. On 
the other hand, for 32-IF transmission, there is no 
modulation format that meets the CNR 
requirement at 10-m wireless coverage. 
Nevertheless, the main performance limiting 
factor is FSPL, so we can expect to achieve 16-
QAM with 10-m and more wireless coverage at 32 
IF transmission by compensating for the FSPL 
with beam steering techniques or a high-power 
amplifier in photonic THz transmitters [17, 18]. 

Conclusions 
In this paper, THz-band indoor network using 
RoF-based fiber-wireless system is demonstrated. 
Based on theoretical analyses and experimental 
results, we present the guideline to implement the 
RoF-based fiber-wireless system. The successful 
demonstration of multiple IFs of 5G-NR 
transmission over 0.3 THz link shows that the 
potential of RoF-based fiber-wireless system for 
6G indoor network using THz frequency. 
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Fig. 3: CNR performances for different UTC-PD currents as a function of wireless distance in THz wireless communication. 
 Solid lines are theoretically calculated achievable CNRs taking into account the free-space path loss (a) 8 IF (b) 16 IF (c) 32 IF 
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