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Abstract—In order to mitigate second-order intermodulation 

distortion products, induced by the interaction between the Mach-

Zehnder modulator, the photodiode and the semiconductor optical 

amplifier in an optical fronthaul fifth generation architecture, an 

optimized intermediate frequency configuration has been 

proposed and analytically investigated. It has been experimentally 

validated through the transmission of three orthogonal frequency 

division multiplexing bands of 200 MHz through 18.3 km of single-

mode fiber, using the analog intermediate frequency signal over 

fiber technology. Results show the optimized intermediate 

frequency configuration leads to an error vector magnitude 

improvement for the 4 and 16-QAM cases.  

 
Index Terms—Analog intermediate frequency signal over fiber, 

fifth generation, nonlinearities, orthogonal frequency division 

multiplexing, semiconductor optical amplifier, second-order 

intermodulation distortions. 
 

I. INTRODUCTION 

 

o provide the three service categories (i.e. enhanced 

mobile broadband, massive machine-type 

communications and ultra-reliable and low latency 

communications), the fifth generation (5G) is supposed to 

deliver higher data rates up to 10 Gb/s with lower latencies, less 

than 1 ms. In order to meet these stringent requirements, a novel 

network architecture, called centralized/cloud radio access 

network (C-RAN), has been presented [1]. 
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It is composed of distributed units (DUs) placed in the central 

office and shared between radio units (RUs) located at different 

cell sites. This mobile optical fronthaul connection between 

distributed and radio units was primarily based on the digital 

radio over fiber (D-RoF) technique using the common public 

radio interface (CPRI) standard. In fact, the CPRI line bit rate 

increases proportionally with the bandwidth (BW) and with the 

number of antennas [2]. To support for example three 

directional sectors in 5G technologies, the required CPRI total 

bit rate, over 200 MHZ of BW with 64x64 MIMO, reaches 2.4 

Tb/s [3]. Thus, the common public radio interface cannot scale 

to the 5G requirements since it imposes a high penalty in terms 

of data rate and latency. Therefore, new alternatives have been 

put forward such as the enhanced CPRI based on the functional 

split and also the analog RoF (A-RoF) [4], where an analog 

radio frequency (RF) or intermediate frequency (IF) signal is 

carried out through the fronthaul link.  

The A-RoF can be either analog-domain radio frequency 

signal over fiber (ARFoF) or analog intermediate frequency 

signal over fiber (AIFoF). With the ARFoF, the digital 

baseband signal is transformed to analog form and up-

converted to the desired radio frequency 𝑓𝑅𝐹  before being 

transmitted via the optical link. Thus, the spectral efficiency is 

improved by avoiding the quantization and the oversampling at 

the multiple RUs [5], needed for the digital radio-over-fiber 

systems. Besides, by operating with much simpler radio units 

designed for basic radio frequency functions, the analog radio-

over-fiber technology can significantly achieve cost savings 

and reduce power consumption as there is no use of expensive 

and energy-consuming analog to digital/digital to analog 

converters at each RU. Unfortunately, however, ARFoF 

becomes very sensitive to nonlinear distortions at high radio 

frequencies, within the 5G millimeter wave band for instance. 

 Consequently, the AIFoF fronthauling solution is usually 

adopted [6]. It is based on up-converting the signal first to a 

smaller intermediate frequency (𝑓𝐼𝐹 < 𝑓𝑅𝐹) at the DU and then 

to the radio frequency by a local oscillator (𝑓𝑅𝐹 = 𝑓𝐼𝐹 + 𝑓𝐿𝑂) at 

the RU, as presented in Fig. 1. 

T 
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Fig. 1. Block diagram of the AIFoF technology for the fronthaul link (E/O: electrical-to-optical; O/E: optical-to-electrical). 

 

Although it presents many merits, including the flexibility to 

use lower-bandwidth optical components, AIFoF is still not 

completely immune to nonlinearities. Among the possible 

nonlinear impairments, second-order and third-order nonlinear 

distortion products (DP2, DP3), which encompass both 

harmonics and intermodulation distortion products, are the 

most critical since they are high in amplitude and adjacent to 

the desired signals. So, they can therefore degrade the 

transmission quality.  

Many works have been carried out in order to overcome these 

DPs, by inserting optical devices [7] or using different 

predistorters [8] and equalizers [9], at the expense of cost and 

system complexity. For this reason, researchers have proposed 

new techniques, instead of signal processing methods. Paper 

[10] presented a spectral power shaping technique to handle 

particularly third-order intermodulations in an IF over fiber 

system by redistributing the spectral signal power. Based on the 

transmission of 48, 72, and 144 long-term evolution-advanced 

(LTE-A) bands with 64-QAM modulation and over 20 km of 

single-mode fiber (SMF), previous research proved the 

efficiency of the intermediate frequency spacing optimization 

scheme [11] and the octave-confined frequency plan scheme 

[12] in avoiding DP2s.  

By contrast, in this work, we focus specifically on the 

mitigation of second-order distortion products, with a scenario 

supporting bandwidths of up to 200 MHz per band. Indeed, in 

contrast with LTE's 20 MHz BW, the 5G New Radio supports 

up to 100 MHz in the frequency range 1 (FR1: sub 6 GHz) and 

up to 400 MHz in the frequency range 2 (FR2: above 24 GHz), 

according to the 3rd Generation Partnership Project (3GPP) 

specifications [13]. These higher bandwidths are based on a 

scalable OFDM numerology in terms of number of antenna 

channels and subcarrier spacings. According to [11], the 

frequency spacing has to be three times the bandwidth, which 

degrades the bandwidth efficiency. For this reason, we propose 

in the present paper an updated frequency mapping method 

based on the computation of the optimized intermediate 

frequency within a small fixed frequency spacing equal to the 

sum of the signal BW (i.e. 200 MHz) and the 10 % guard-band 

(GB) (i.e. 20 MHz), as was the case with LTE.  

Besides, we work in a more challenging context where DP2s 

are not only induced by the interaction between the laser and 

the fiber, as reported in [11], but also due to the nonlinear 

effects caused by the booster amplifier. Indeed, the fiber 

attenuation lowers the signal power and induces errors on the 

receiver side. In order to maintain the signal quality over the 

fronthaul network, we propose the use of a semiconductor 

amplifier (SOA) [14] as a booster amplifier, in the C-RAN 

architecture and demonstrate it is a viable option. As discussed 

in previous studies, semiconductor amplifiers present many 

attractive features including a lower size and cost in comparison 

with other amplifiers (e.g. Erbium doped fiber amplifiers 

(EDFA) and Raman amplifiers), while operating within a wide 

wavelength range (i.e. 1280-1650 nm).  

To the best of our knowledge, the mitigation of second-order 

intermodulations, based on a novel proposed frequency 

mapping method in a 5G SOA-based orthogonal frequency 

division multiplexing (OFDM) system, has not been analyzed 

or experimentally validated before. In order to focus on DP2s 

arising from the fronthaul link between the distributed and radio 

units, we experimentally study the multiband OFDM 

transmission over the SMF portion and we assume the wireless 

link between the radio unit and the user equipment (UE) to be 

ideal.  

This paper is organized as follows: section II describes the 

numerical analysis that enables to derive the optimized IF 

configuration. In section III, experimental results are presented 

in order to validate the effect of the frequency mapping on 

performance. Finally, Section IV presents some conclusions. 

II. NUMERICAL DERIVATION OF AN OPTIMIZED IF 

CONFIGURATION FOR SOA-BASED OFDM SYSTEMS 

A. Single-drive Mach-Zehnder modulator model 

In optical communication systems, nonlinearities come 

essentially from the fiber and all the electro-optical 

components. In our scenario, the nonlinear effects of the SMF 

can be neglected as the considered length is relatively short. 

However, the Mach-Zehnder modulator (MZM), the 

photodiode (PD) and the SOA are major sources of 

nonlinearities at high powers, especially in the presence of non-

constant envelope signals with a high peak to average power 

ratio (PAPR) such as OFDM. When the SOA is not considered, 

the output current signal of the photodiode 𝑖𝑃𝐷 is proportional 

to the MZM output optical power 𝑃𝑀𝑍𝑀 . In a quasi-linear 

channel model, it can be approximated as 

 𝑖𝑃𝐷(𝑡) ∝ 𝑅𝑃𝑀𝑍𝑀(𝑡), (1) 

where 𝑅 is the photodiode responsivity. 𝑃𝑀𝑍𝑀  can be expressed 

as [15]:                           

 𝑃𝑀𝑍𝑀(𝑡) = |𝐸𝑀𝑍𝑀(𝑡)|2 = 𝛼𝑚𝑃𝐿 𝑐𝑜𝑠2 (
𝜋

2𝑉𝜋
𝑉(𝑡)), (2) 

where 𝐸𝑀𝑍𝑀 is the MZM output field, 𝛼𝑚 is the modulator 

optical insertion loss coefficient, 𝑃𝐿   is the continuous wave 

(CW) laser power and Vπ  is the half-wave voltage. 𝑉(𝑡) 

denotes the input voltage which can be expressed as a function 

of the DC biasing voltage 𝑉𝐷𝐶, the peak-to-peak voltage 𝑉𝑝𝑝 and 
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the normalized OFDM signal 𝑑(𝑡) as: 

 𝑉(𝑡) = 𝑉𝐷𝐶 + 𝑉𝑝𝑝𝑑(𝑡). (3) 

To operate in the linear regime and to optimize the 

performances, the MZM bias is usually set to the quadrature 

point (i.e. 𝑉𝐷𝐶 =
3

2
𝑉𝜋). Thus, (2) becomes after simplification: 

 𝑃𝑀𝑍𝑀(𝑡) =  𝛼𝑚
𝑃𝐿

2
 (1 + 𝑠𝑖𝑛 (

𝜋𝑉𝑝𝑝

𝑉𝜋
𝑑(𝑡))). (4) 

Based on (4) and as illustrated in Fig. 2, the MZM power 

transfer function is symmetric to the operating point 𝑉𝐷𝐶. Thus, 

at the photodiode output, only odd-order distortion products 

remain.  

 
Fig. 2. Field and power transfer functions of the single-drive 

MZM modulator (EL is the laser field, 𝛼𝑚 = 1 is assumed). 

B. Analysis of second-order distortion products in an SOA-

based OFDM system 

As it might be hard to visualize intermodulations with several 

OFDM bands, we investigate them by simulating in MATLAB® 

a single OFDM signal composed of only two subcarriers, 

located at 𝑓1 = 0.62 GHz and 𝑓2 = 1.02 GHz. The SOA was 

modeled using Keysight Advanced Design System (ADS), 

according to a numerical model that has already been 

experimentally validated in [14]. As discussed previously and 

confirmed in Fig. 3(a), even order DPs are eliminated at the 

photodiode output. However, they appear in the presence of an 

SOA (Fig. 3 (b)). In fact, the SOA depends on 𝐸𝑀𝑍𝑀, which is 

not symmetric to 𝑉𝐷𝐶 (Fig. 2). Thus, odd- and even-order 

distortion products, generated at the MZM output, are amplified 

by the SOA and subjected to its relative odd nonlinearities. The 

field transfer characteristic of the MZM is disturbed by passing 

through the SOA and not only odd but also even-order DPs are 

by consequence present at the photodiode output. The second-

order intermodulation distortion product (𝑓2 − 𝑓1) and the 

second harmonic (2𝑓1) may cause particularly serious 

interferences as they are close to the user subcarriers and also 

very strong in power, as depicted in Fig. 3. Note that the 

theoretical and numerical values of second and third order 

distortion products are given in Table I.  

Starting from this observation, we evaluate a more general 

case of 𝑛 transmitted bands (𝐵1, 𝐵2 , ..., 𝐵𝑛), centered at (𝑓1, 𝑓2, 

..., 𝑓𝑛). Note that the intermediate frequency 𝑓𝑖  of the band 𝐵𝑖  is 

determined based on the frequency of its predecessor band as 

follows: 𝑓𝑖 = 𝑓𝑖−1 + 𝐵𝑊 + 𝐺𝐵. In order to prevent all the 

second-order distortion products, we need to focus on the DPs 

(𝑓𝑛 − 𝑓1) and (2𝑓1). By moving them away from the desired 

carrier frequencies, we avoid as well all the other second-order 

distortion products, as they represent the closest components, 

as observed in Fig. 3 for the case of two subcarriers. Thus, we 

have to solve the following inequalities (5-6),  

 𝑓𝑛 − 𝑓1 + 𝐵𝑊 ≤ 𝑓1 −
𝐵𝑊

2
−

𝐺𝐵

2
, (5) 

 2𝑓1 − 𝐵𝑊 ≥ 𝑓𝑛 +
𝐵𝑊

2
+

𝐺𝐵

2
. (6) 

By adding 𝑓1 −
𝐵𝑊

2
+

𝐺𝐵

2
 to both sides of (5), (5) and (6) 

become identical and leads then to the unique solution (7), 

expressing the condition on the frequency of the first band 

𝑓1 that must be fulfilled in order to ensure no second harmonic 

or second-order intermodulation interference: 

 𝑓1 ≥ (𝑛 +
1

2
) 𝐵𝑊 + (𝑛 −

1

2
) 𝐺𝐵. (7)  

For 𝑛 = 3, 𝑓1 should be greater than or equal to 𝑓𝑙𝑖𝑚𝑖𝑡 =
0.75 GHz. We represent in Fig. 4 the location of DPs (𝑓3 − 𝑓1) 

and (2𝑓1), with regard to the three carrier frequencies, for two 

studied values of IF 𝑓1 = 0.6 GHz and 0.8 GHz. Hence, we 

verify that when 𝑓1 < 𝑓𝑙𝑖𝑚𝑖𝑡 , (𝑓3 − 𝑓1) and (2𝑓1) interfere with 

the edge bands 𝐵1 and 𝐵3 (Fig. 4 (a)). Whereas, these 

considered distortion products are being placed away from the 

user bands when 𝑓1 ≥ 𝑓𝑙𝑖𝑚𝑖𝑡 (Fig. 4(b)).  

 
Fig. 3. Locations of intermodulation distortion products and 

harmonics at the output of photodiode (a) w/o SOA, and (b) w 

SOA, 
𝑉𝑝𝑝

𝑉𝜋
= 0.5 and 𝑃𝑖𝑛 𝑆𝑂𝐴 = 0 dBm. 

TABLE I  

THEORETICAL AND NUMERICAL VALUES OF 

INTERMODULATION DISTORTION PRODUCTS /HARMONICS FOR 

TWO OFDM SUBCARRIERS CASE (𝑓1 = 0.62, 𝑓2 = 1.02 GHz) 

Peak index Theo. Val. Num. Val. (GHz) 

1 2𝑓1 − 𝑓2 0.22 

2 𝑓2 − 𝑓1 0.40 

3 2𝑓2 − 𝑓1 1.42 

4 2𝑓1 1.24 

5 3𝑓1 1.86 

6 𝑓1 + 𝑓2 1.64 

7 2𝑓1 + 𝑓2 2.26 

8 2𝑓2 2.04 

9 𝑓1 + 2𝑓2 2.66 

11 3𝑓2 3.06 
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Fig. 4. Second harmonic (2𝑓1) and second intermodulation product (𝑓3 − 𝑓1) for (a) 𝑓1= 0.60, 𝑓2=0.82, 𝑓3=1.04 GHz and for (b) 

𝑓1= 0.80, 𝑓2=1.02, 𝑓3=1.24 GHz. 

III. EXPERIMENTAL VALIDATION OF THE IMPACT OF 

IF MAPPING ON SYSTEM PERFORMANCE 

A. Experimental setup 

The experimental setup is presented by Fig. 5. Using 

MATLAB®, which is installed on the computer, three cyclic-

prefix OFDM bands of an effective bandwidth of 200 MHz 

each, are generated and up converted to the desired intermediate 

frequencies. Each band is composed of 32 symbols, each 

containing 1024 subcarriers. 330 subcarriers undergo 4-QAM 

modulation, while the rest are nulled. The resulting multiband 

signal is then sent from the computer to the Keysight M8195A 

arbitrary waveform generator (AWG), based on a virtual 

instrument system architecture (VISA) connection. The 

resulted electrical signal is amplified by the RF amplifier 

module (iXblue DR-AN-20-HO driver) which has a gain of 30 

dB. A 4 dB attenuator is placed before the amplifier to provide 

an overvoltage protection. The electro-optical conversion is 

afterwards performed by means of an 1550 nm external cavity 

laser (ECL) and a 10 Gb/s Mach-Zehnder optical intensity 

modulator. Note that two manual polarization controllers (PCs) 

are placed in front of the MZM and the SOA respectively in 

order to maximize the signal power on the receiver side. Before 

being transmitted through 18.3 km of SMF, the outputted 

optical signal passes through the SOA unit. The latter is 

composed of the SOA (INPHENIX-IPSAD1501), the 

temperature controller (Profile ThorLabs TED200) and the 

laser diode controller (Thorlabs LDC 210C) to adjust the bias 

current. Using a splitter, 10% of the signal is received either by 

the powermeter or the APEX AP2683A optical complex 

spectrum analyzer (OCSA). The remaining 90% of the signal is 

converted back to the electrical domain by a 12.5 GHz 

photodiode (PD) and sent to the oscilloscope (Agilent 

Technologies DSO-X 4154A). Finally, through the vector 

signal analysis (VSA) software, the computer could interact 

with the oscilloscope in order to save a trace of the received 

signal, which can be analyzed on the computer through 

MATLAB®. Thus, received bands are down-converted to 

baseband, synchronized, equalized and demodulated in order to 

recover the data bits and to evaluate system performance.  

Table II summarizes the principal parameters for this 

experimental setup. The computer portion consisting of the 

construction of the transmitted OFDM signals (i.e. OFDM 

modulation and RF up conversion) and the processing of the 

received signals (i.e. RF down conversion, low-pass filtering, 

synchronization, equalization and demodulation) were 

described in detail in our last publication [16]. 

 

 

 
Fig. 5. Experimental setup of the SOA based OFDM multiband 

system. 

TABLE II 

EXPERIMENT PARAMETERS 

Parameters Values 

Nb of OFDM bands, BW per 

band, Nb of symbols 

3, 200 MHz, 32 

Nb of data subcarriers, IFFT 

size, cyclic prefix 

330, 1024, 64 

Laser λ 1550 nm 

MZM 𝑉𝜋, 𝑉𝐷𝐶 6 V, 1.5 𝑉𝜋 

SMF 𝐿𝑆𝑀𝐹 , α 18.3 km, 0.2 dB/km 

SOA 𝐼𝑏𝑖𝑎𝑠 150 mA 

AWG sample rate 60 GSa/s 

Oscilloscope sample rate 5 GSa/s 

B. Experimental results and discussions 

The average error vector magnitude (EVM) of the three 

bands, centered at  𝑓1 = 0.60, 𝑓2 = 0.82 and 𝑓3 = 1.04 GHz, is 

first evaluated at different input laser powers 𝑃𝐿 and for various 

values of peak-to-peak voltage. A smaller 𝑉𝑝𝑝 value induces a 

lower power of the OFDM modulating signal and generates 

then a reduced signal to noise ratio (SNR) value. For this 

reason, at 𝑃𝐿 = −5 dBm, especially with 𝑉𝑝𝑝 = 0.3𝑉𝜋 and 

𝑉𝑝𝑝 = 0.5𝑉𝜋, high EVMs are observed in Fig. 6(a) (33.76% and 

20.45% respectively), since the corresponding signals are more 

vulnerable to the amplified spontaneous emission noise effects 

of the SOA which are dominant in this region.  

By increasing 𝑃𝐿 , the optical SNR (OSNR) is improved. The 

EVM diminishes significantly and reaches 7.41% with 𝑉𝑝𝑝 =

0.5𝑉𝜋, at  𝑃𝐿 = 5 dBm. Fig. 6(b) depicts the power spectral 

density (PSD) of the received electrical signals at 0 dBm, and 

confirms the fact of obtaining higher signal powers at the 

receiver side, with a greater 
𝑉𝑝𝑝

𝑉𝜋
 value. However, we notice that 
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the EVM increases again with 𝑉𝑝𝑝 = 𝑉𝜋  at 𝑃𝐿 = 10 dBm, since 

the SOA nonlinear effects start to appear at higher input powers 

and become even more prominent with larger 𝑉𝑝𝑝 values. Using 

the APEX AP2683A OCSA, characterized by a noise floor 

limitation of -77 dBm, we display in Fig. 7 the optical OFDM 

multiband signal with 𝑉𝑝𝑝 = 𝑉𝜋  at 0 dBm of laser power.         

In Fig. 8(a), we present the EVM for the three bands at  𝑃𝐿 =
10 dBm, with 𝑉𝑝𝑝 = 𝑉𝜋. One notices that higher EVM values 

are obtained for the first and third bands in comparison to the 

second one. According to this IF configuration, the second 

intermodulation product (𝑓3 − 𝑓1 = 0.44 GHz) and the second 

harmonic product (2𝑓1 = 1.2 GHz) are located near the first and 

third bands respectively, as illustrated by Fig. 4(a). Thus, these 

nonlinear distortion products cause interference to these edge 

bands and impact dramatically their EVM levels. Therefore, we 

reevaluate our experimental setup, according to a second IF 

configuration (𝑓1 = 0.80, 𝑓2 = 1.02, 𝑓3 = 1.24 GHz), that 

respects the condition (i.e. 𝑓1 ≥ 0.75 GHz, for 𝑛 = 3) defined 

by our established formula, in order to avoid second order DPs. 

In this second scenario presented in Fig. 8, almost similar EVM 

values are achieved for the three bands. This EVM 

improvement for the first and third bands (from 11.8% to 6.8% 

and from 8.7% to 6.9% respectively) is attributed to the fact of 

choosing an intermediate frequency 𝑓1 that keeps all the second-

order intermodulation distortion products and harmonics far 

enough from 𝐵1 and 𝐵3, as shown in Fig. 4(b).  

We then try to validate these experimental results in the case 

of 16-QAM. As reported previously with 4-QAM, 𝐵1 and 𝐵3 

present similarly worse EVM performances than 𝐵2, based on 

the first IF configuration. Indeed, Fig. 9(a) indicates an EVM of 

10.5% for the third band, whereas the first one reaches even a 

higher EVM level of 13.9%, which is beyond the EVM limit of 

12.5% required by the 3GPP for 16-QAM [13]. With the second 

IF configuration, lower EVM levels of around 7% are attained 

for 𝐵1 and 𝐵3 and become very close to that obtained at  𝐵2. 

 

 

Fig. 6. (a) Average EVM vs 𝑃𝐿; (b) Electrical OFDM spectrum 

at the photodiode output for different 𝑉𝑝𝑝 values.

 

Fig. 7. Optical OFDM spectrum for 𝑉𝑝𝑝 = 𝑉𝜋 at 𝑃𝐿 = 0 dBm.
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In order to better visualize the effect of this frequency 

mapping on performance, we present in Fig. 8(b) and Fig. 9(b) 

the constellations diagrams at the receiver side of the 4-QAM 

16-QAM transmitted symbols respectively, for the two 

different intermediate frequency configurations. 

 

 

 
Fig. 8. (a) EVM performance for three 4-QAM-OFDM bands 

(b) 4-QAM constellation diagrams for the first (in red) and the 

second (in blue) IF configuration. 

 

Afterwards, the EVM was examined over an extended range 

of input laser powers, for 4-QAM and 16-QAM modulations. 

At -5 dBm, almost similar EVM values are obtained for the two 

IF considered configurations, as depicted in Fig. 10. In fact, the 

SOA operates in its linear regime at very low powers, and no 

intermodulation products are expected. For this reason, the 

frequency mapping does not have any effect on EVM levels. 

However, with a larger laser power 𝑃𝐿, the SOA starts entering 

its nonlinear regime. Hence, intermodulation products and 

harmonics become present and degrade performances with an 

intermediate frequency 𝑓1 = 0.6 GHz. By consequence, the 

EVM gap between the two frequency configurations appears at 

𝑃𝐿 = 0 dBm and becomes wider by further increasing the laser 

power as the nonlinear effects become stronger.  

Finally, we seek to evaluate here the average EVM for other 

IF configurations, with 4-QAM and 16-QAM. Fig. 11 shows 

that the further the IF 𝑓1 is below the frequency limit value 

( 𝑓𝑙𝑖𝑚𝑖𝑡 = 0.75 GHz) the worse the EVM becomes. In fact, by 

reducing 𝑓1, the number of second-order distortion products 

interfering with the user bands 𝐵1 and 𝐵3 increases. For 

instance, when the bands are centered at 𝑓1 = 0.20, 𝑓2 = 0.42, 

𝑓3 = 0.64 GHz, not only (𝑓3 − 𝑓1) and (2𝑓1) are problematic, as 

previously discussed, but also (𝑓2 − 𝑓1), (𝑓3 − 𝑓2), and (𝑓1 + 𝑓2) 

which come to impact 𝐵1 and 𝐵3 as well.  

 
 

 
Fig. 9. (a) EVM performance for three 16-QAM OFDM bands 

(b) 16-QAM constellation diagrams for the first (in red) and 

the second (in blue) IF configuration. 

 

 
Fig. 10. Average EVM vs  𝑃𝐿 with 4-QAM and 16-QAM 

modulations for two IF configurations. 

 

 

   

          

 

 

 

 

  

  

  

 
 
 
  
 
 

 
 
        

 
        

 
         

 
 
        

 
        

 
         

   

   

          

 

 

 

  

  

  

  

  

 
 
 
  
 
 

 
 
        

 
        

 
         

 
 
        

 
        

 
         

   

      

 
 
     

 

 

  

  

  

 
 
 
  
 
 

        
 
          

        
 
          

         
 
          

         
 
          



8 

> REPLACE THIS LINE WITH YOUR MANUSCRIPT ID NUMBER (DOUBLE-CLICK HERE TO EDIT) < 

 

 
Fig.11. Average EVM with 4-QAM and 16-QAM modulations 

for different values of the IF 𝑓1 at  𝑃𝐿 = 10 dBm. 

IV. CONCLUSION 

In this paper, we proposed an analytical intermediate 

frequency optimization method in order to mitigate second-

order intermodulation distortion products and harmonics 

induced by the Mach-Zehnder optical modulator, SOA, and 

photodiode association, in a 5G OFDM system, through the 

analog optical fronthaul network of the C-RAN. Based on an 

experimental study of three transmitted OFDM bands of 200 

MHz, we proved that our optimized IF configuration prevents 

second-order interband intermodulation distortion. Indeed, an 

EVM enhancement is achieved from a certain value of laser 

power for the 4 and 16-QAM case, while keeping EVM values 

for all bands practically equal. 
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