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enables the use of free-running lasers, which remain attractive
to internet providers because of their simplicity, low cost and
tuneability capabilities [10]. To increase the spectral efficiency
of this scheme, data can be modulated onto a RF subcarrier,
which enables the use of quadrature amplitude modulation
(QAM). A further increase in optical spectral efficiency,
together with an improved tolerance to dispersion degradation,
can be achieved by suppressing one of the redundant sidebands
(i.e. by using the single sideband, SSB, modulation format)
[11]. In a recent paper, we demonstrated the phase noise
insensitivity of this scheme in a THz system using two broad-
linewidth lasers [12]. Apart from enabling the use of low cost
lasers, this scheme also relaxes the complexity of the digital
signal processing (DSP) operations aimed at recovering the
phase of the transmitted signal. Furthermore, a receiver based
on envelope detection, unlike those based on RF mixing, does
not require a local oscillator (LO), which further simplifies the
system architecture.
One of the issues with SSB envelope-detected signals is the
signal-signal beat interference (SSBI) that results from the
overlap of the direct detection (DD) terms and the signal. There
are two possible ways to mitigate the SSBI: (a) using SSBI-
cancelation DSP algorithms at the receiver and (b) allocating a
guard band (GB) between carrier and sideband. While the
Kramers-Kronig receiver is a very promising solution for DD
optical systems [13], the increased DSP associated with this
technique can be a critical factor for wireless receivers, which
have more stringent power- and cost-requirements. Moreover,
at THz frequencies, given the large unregulated spectrum (up to
70 GHz available in the window centered at 287 GHz [14]), the
use of wide GBs may be a reasonable choice. However,
considering the large data rates envisaged from THz
communications, this approach can place stringent
requirements on the analog bandwidth of the digital-to-analog
converter (DAC) used at the transmitter. In [7], the only
experiment among those listed before performed at a carrier
frequency above 100 GHz, the bandwidth of the GB was set
equal to that of the baseband signal to entirely cancel the SSBI.
Under these circumstances a DAC with an analog bandwidth of
at least 20 GHz was required to perform the transmission.

If GBs comparable to the signal bandwidth are to be a
feasible approach in THz SSB systems, it would be
advantageous, thus, to find SSB generation techniques that
relax the DAC bandwidth requirements. To do so, one can turn
to DD optical networks, where two types of techniques have
been proposed for such a purpose: the digital virtual SSB
(DVSSB) [15] and the analog virtual SSB (AVSSB) [16]. In
this paper, we demonstrate, for the first time, these two
techniques in a THz-over-fiber (ToF) system working at
250 GHz. Moreover, we compare their performance to the
conventional way of generating SSB signals through the Hilbert
transform (here referred to as conventional SSB, CSSB). This
is to the best of the authors’ knowledge the first joined
comparison of the three techniques.

The rest of the paper is organized as follows. In section II,
each of the SSB signal generation techniques, as well as the
receiver DSP and the complete experimental arrangement for

THz transmission are described. In section III, the quality of the
optical signal generated by each technique is studied through
simulations. Then all techniques are experimentally
demonstrated and their BER performance is analyzed and
compared for different GBs. Finally, in section IV, we conclude
the paper by highlighting the main features and problems of
each technique.

II. EXPERIMENTAL PROCEDURE

A. Transmitter
In this subsection, we review the three schemes employed to

generate the THz SSB signal, namely: CSSB, DVSSB and
AVSSB. We highlight the bandwidth required by each
technique, their operation mechanism, practical
implementation issues, and how the carrier-to-sideband power
ratio (CSPR) can be adjusted in each of them. SSB signals with
low CSPR suffer from high SSBI, while high CSPR leads to
reduced signal-to-noise ratio (SNR) [15]. Thus, it is important
to ensure the system always operates at the optimum CSPR
value. For each technique, three different GBs were tested:
5.5 GHz, 4.75 GHz, and 3.5 GHz. The first one was chosen to
have the same bandwidth as the baseband signal (a 5 GBd 16-
QAM signal with a root raised cosine filter roll-off factor of 0.1)
so that no SSBI was present upon detection. The 4.75 GHz and
3.5 GHz GBs were used to study the ability of each technique
to tune the CSPR to combat the SSBI (lower GBs were not
accessible due to practical limitations as will be seen next).
1) Conventional SSB (CSSB) implementation

The CSSB transmitter is shown in Fig.1. The baseband signal
is up-converted to a subcarrier frequency fSC-CSSB, which is
varied according to the desired GB. The up-converted signal is
then split into two arms with one of them passing through a
sideband filter based on the Hilbert transform. By properly
biasing an optical IQ modulator, one of the sidebands can be
removed while keeping the optical carrier, which is transmitted
along with the signal. In this case, the CSPR of the signal is
adjusted by changing the biasing points of the IQ modulator.
The total DAC bandwidth required by this technique is BW +
GB, where BW is the bandwidth of the baseband signal. For the
5.5 GHz GB, the modulator was biased close to the null point
to achieve a low CSPR. For the 4.75 GHz and 3.5 GHz GBs, on
the other hand, the biasing points were progressively tuned
towards the quadrature point to increase the CSPR.
















