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This article proposes and examines a solution in which the base-station for the fifth 

generation radio access network is simplified by using a single millimeter-wave oscillator in 

the central-station and distributing its millimeter-wave signal to the base-stations. The 

system is designed in such a way that the low-phase-noise signal generated by an opto-

electronic oscillator is transmitted from the central-station to multiple base-stations via a 

passive optical network infrastructure. A novel flexible approach with a single-loop opto-

electronic oscillator at the transmitting end and a tunable dispersion-compensation module 

at the receiving end(s) is proposed to distribute a power-penalty-free millimeter-wave signal 

in the radio access network. Power-penalty-free signal transmission from 10 MHz up to 45 

GHz with an optical length of 20 km is achieved by a combination of a tunable dispersion-

compensation module and an optical delay line. In addition, measurements with a fixed 

modulation frequency of 39 GHz and discretely incrementing optical fiber lengths from 

0.625 km to 20 km are shown. Finally, a preliminary idea for an automatically controlled 

feedback-loop tuning system is proposed as a further research entry point. 
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1. Introduction  

In today’s sophisticated world, mobile communications are 

becoming increasingly important for human interactions, as 

well as human-to-machine and machine-to-machine 

connections. In the currently deployed fourth generation 

(4G) of wireless broadband communications for mobile 

devices, the so-called long-term evolution (LTE) standard, 

the radio access network (RAN), still suffers from certain 

drawbacks, such as a high latency and a limited bit rate. 

The latter being a consequence of the poor spectral 

efficiency and the limited bandwidth. The fifth generation 

(5G) RAN [1] aims to increase the bit rate and decrease the 

latency and power consumption [2-3]. In order to provide 

these improvements, millimeter-wave (mm-W) frequency 

bands are planned [4] for use in 5G RANs, in contrast to 

the microwaves used in current 4G RANs. A number of 5G 

RAN field implementations have already started in many 

countries, but some challenges remain, such as providing 

lower latency and better synchronization [5-7]. 

In today’s 4G RAN, the base-stations are already 

connected to the central-station via fiber-optic links. Such 

fiber connections are used for the distribution of a 

broadband information signal, as shown in Fig. 1. An 

optical fiber features low losses and high-bandwidth 

capabilities, compared to electrical or wireless links, and 

this means a low power consumption and data-rate 

increment. Nowadays, fiber-optic links are used for the 

distribution of telecommunications traffic to each base-

station, where an opto-electronic conversion is made and 

an information signal up- and down-conversion is 

employed. Each base-station employs a local oscillator 

(LO) for the purposes of the up- and down-conversion of 

the signal from the photodetector or towards the laser diode 

[8]. It is expected in the future that optical technology or 

more specifically, technology of microwave photonics, will 

be integrated into 5G RAN architectures and bring 

advanced functionalities [9].  
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With the use of the mm-W band in next-generation 5G 

RANs, each base-station microwave oscillator needs to be 

replaced by a mm-W range oscillator. The stability 

requirements of such mm-W oscillators increase the 

complexity of the base-station, especially when a high 

spectral efficiency is demanded. Electronic oscillators in 

the mm-W range have a high phase noise since they use 

frequency multiplication, which provides a 6-dB phase-

noise increase per octave. As such, complicated multi-

doubling electrical techniques lead to a high-phase-noise 

mm-W signal, which results in a low spectral efficiency of 

the radio system. For this reason, in a 5G RAN the 

separation between the subcarriers is increased from 15 

kHz to 120 kHz [10]. 

As opposed to the topology typical of a 4G RAN, it is 

expected that in a 5G RAN the phase noise will play a key 

role in achieving the quality of service. Since bit-rate 

requirements are constantly increasing, a higher-frequency 

bandwidth is required. This means that eventually the 

multiplex mm-W channels must be set further apart in order 

to avoid any interference from an adjacent channel. The 

undesirable phase noise of an electronic-oscillator signal 

worsens the situation by increasing the bandwidth even 

more. This problem can, however, be overcome by 

implementing an opto-electronic oscillator (OEO), 

generally offering a far lower phase noise (such as -163 

dB/Hz at 6 kHz from a carrier [11]) than its electronic 

alternative. Furthermore, with the increasing bandwidth, 

higher carrier frequencies (in the mm-W region) are 

becoming of interest, which is yet another argument in 

favor of using an OEO. To the best of our knowledge, this 

is the first time a flexible solution for distributing an OEO-

generated mm-W signal via a passive optical network 

(PON), while overcoming the issue of power fading, 

regardless of the frequency, by employing a tunable 

dispersion-compensation module (TDCM), has been 

proposed. This paper is an extended version of our 

previously presented idea at CSNDSP 2018. The 

preliminary idea for the implementation of a TDCM was 

presented and supported by simulation results in Ref. 12. In 

this paper we provide additional support for the preliminary 

idea with an extensive experimental work. 

2. Single-loop opto-electronic oscillator 

The single-loop OEO, the basic configuration of which is 

shown in Fig. 2, was invented in the mid-1990s, and today 

is one of the oscillators often used for radar and military 

applications because it can operate in the microwave and 

mm-W ranges. The OEO consists of a combination of 

optical and electrical components and can provide 

electrical and optical outputs simultaneously. Thus, there is 

no additional opto-electronic conversion required when an 

output signal in the optical domain is needed. We will use 

this advantage in our novel network proposal. 

The OEO is composed of a laser, an external modulator, 

an optical fiber and a photodiode forming a delay line, also, 

an electrical amplifier and an electrical bandpass filter to 

provide the feedback. It is the optical fiber delay line that 

provides a high quality factor (Q-Factor) to the OEO, 

which is proportional to the length of the optical fiber. This 

means that the longer the fiber, the smaller the oscillator 

phase noise [13]. The relationship between the Q-Factor 

and the fiber length is shown in Eq. (1) [14]: 

 𝑄 = 𝜋𝑓
𝑛𝐿

𝑐
,  () 

where 𝐿 is the optical fiber length, 𝑐 is the speed of light in 

a vacuum, 𝑓 is the oscillator frequency, and 𝑛 is the 

refractive index.  

One of the main advantages of an OEO, compared to 

other kinds of oscillators, such as the quartz-crystal 

oscillator, is that the phase noise is independent of the 

operating mm-W frequency, thanks to the resonator’s 

properties [15]. In other words, it has a constant phase-

noise characteristic with an increasing operating frequency. 

The phase noise with respect to the frequency offset from 

the OEO oscillation frequency is defined by Eq. (2) [15]: 

  𝑆𝑅𝐹(Δ𝑓) =
𝛿

(
𝛿

2𝜏
)

2
+(2𝜋)2(𝜏Δ𝑓)2

,   () 

where 𝜏 is the  total group delay of the OEO loop, Δ𝑓 is 

the offset frequency from the oscillation frequency of the 

OEO, and 𝛿 is the noise-to-signal ratio [15]. As it is clear 

from Eq. (2), the phase noise of the OEO is independent of 

the operating frequency. The noise-to-signal ratio of the 

OEO can be expressed as in Eq. (3) [15]: 

 𝛿 ≡
𝜌𝑁𝐺𝐴

2

𝑃𝑜𝑠𝑐

,  ()  

where the noise density input 𝜌𝑁 of the OEO is the sum of 

the thermal noise, the shot noise and the laser’s relative 

intensity noise (RIN). An electrical bandpass filter is used 

 

Fig. 2. Schematic of a single-loop OEO. 

 

 

Fig. 1. Current configuration of a system working between a central-

office and a base-station. 
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to select the operating frequency of the OEO from the 

multiple resonant peaks corresponding to the free spectral 

range (FSR) parameter. The electrical amplifier is used to 

compensate for the optical and electrical losses of the OEO 

loop. The response of the electrical bandpass filter is fixed; 

therefore, the OEO’s output has limited tuning. In other 

words, the main oscillation mode’s frequency range is 

limited by the electrical bandpass filter’s bandwidth in the 

range of a few hundred MHz.  

The OEO exists in many different configurations that 

target different performance goals, such as the greater 

suppression of side-modes, optimizing the phase noise, etc. 

The integrated OEO [16], dual-loop OEO [17], and 

injection-locked OEO [18], as well as the simple single-

loop OEO are considered. The main parameters are 

compared in Table 1. 

Table 1 

Different configurations of the OEO. 

 

The configurations considered in Table 1 were invented for 

different purposes. The integrated OEO was designed to 

minimize the system size, whereas the dual-loop OEO and 

the injection-locked OEO were designed to improve the 

SMSR performance. In addition, optical solutions like 

photonic filters can be used instead of electrical bandpass 

filters for the frequency tuning of the OEO’s output signal 

in the range of a few GHz or even more [19-22]. For 

instance, in Ref. 19 a microwave-photonic transversal filter 

is proposed to replace the electrical bandpass filter in the 

OEO’s feedback loop. With such a configuration the output 

signal is tunable in the range of 4.09 – 9.7 GHz. The 

frequency is tuned by adjusting the optical source 

wavelength. In addition, an optical amplifier can replace 

the electrical one. Since the main goal of 5G RAN is to 

provide a low-phase-noise signal, we proposed a single-

loop OEO with electrical components to provide a simple 

and easily configurable solution. 

3. Discussion about the implementation of an OEO 

in a 5G RAN 

The synchronization of the base-stations in a tele-

communications network in previous technologies, such as 

4G and earlier, is a critical parameter for data integrity, 

errorless data transmission and the hitless handover of 

subscriber connections between adjacent radio base-

stations. The Global Navigation Satellite System (GNSS) 

receivers or the Precision Time Protocol (IEEE 1588) are 

the most widely used solutions for the synchronization of 

such networks. Future plans for low-latency and 

increasing-bit-rate networks have created the need for the 

delivery of accurate and stable phase synchronization. 

In order to accommodate future network requirements, 

we are proposing a more advanced synchronization-

delivery scheme. To avoid any interference between the 

femto-cell base-stations and to coordinate these base-

stations when broadcasting multimedia traffic, we propose 

a synchronization based on the distribution of the OEO’s 

signal from the central-office to all the base-stations, as 

schematically depicted in Fig. 3.  

The solution is based on our earlier synchronization 

solutions for the purpose of acceleration facilities, where 

phase stability in the sub-pico range was achieved [23]. 

Our approach is to employ the OEO in the central-office of 

each 5G RAN and distribute its low-phase-noise mm-W 

signal via a PON infrastructure. We propose to use a dark-

fiber PON, since we will limit our scope to the wavelength 

of 1550 nm, although a separate wavelength can also be 

used in an existing PON system. The high-performance 

OEO can be placed in the central-office of the Cloud-RAN 

[24]. This brings the advantage that we can further simplify 

the base-stations of the current technology [25] and offer a 

solution that decreases the complexity problems of the 5G 

RAN. Since we remove all the LOs from the system and 

employ a single OEO in the central office, we believe that 

there will also be power savings in the 5G RAN. The 

centralized oscillator is easier to control because it can be 

placed in a closely controlled environment, compared to the 

solutions of current and previous technologies, i.e., 2G, 3G 

and 4G. Since all the base-stations have a common source 

of the oscillating signal that is distributed over the PON, 

the synchronization requirements of the 5G RAN can be 

more easily satisfied. 

At this point there is already a lot of PON infrastructure 

interconnecting the central-station and the base-stations 

that is built of G.652D fibers [26]. Since such a fiber 

infrastructure is expensive to replace due to the necessary 

construction work, we expect to be dealing with issues 

related to chromatic dispersion, predominately the power 

penalty [27], which is typical of this type of fiber. The 

reason comes from different group velocities for the lower 

and upper sidebands in double-side-band modulation 

schemes, especially for the optical carrier wavelengths that 

are far from the zero-dispersion wavelength (1310 nm), 

e.g., 1550 nm. The power-penalty effect becomes 

substantial when the mm-W signal is transmitted through 

G.652D fibers. 

The system shown in Fig. 3 is designed to use a 

1550 nm laser as the optical source in the OEO. The main 

advantage of the 1550 nm wavelength, corresponding to the 

Configuration 
Integrated 

OEO [16] 

Dual-loop 

OEO [17] 

Injection-Locked 

OEO [18] 

Single-Loop 

OEO [15] 

Phase 
Noise 

(@10KHz) 

<-50 dBc/Hz 
-144.7 

dBc/Hz 
<-100 dBc/Hz 

<-140 

dBc/Hz 

SMSR N/A 145 dB 
No visible side 

modes 
N/A 

Central 

Frequency 
8.87 GHz 10 GHz 30 GHz 

Up to 

75 GHz 

Delay Line 

Length 

Several 

cm 

1 km and 

100 m 
2.4 km 1 km 

 

Fig. 3. Concept of an OEO implemented in a central-station and 

connected to a base-station with an analogue optical link. 
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3rd optical window, is the lowest point in optical losses 

(0.2 dB/km) in the entire optical domain. Thus, we chose 

to use the 1550 nm wavelength based OEO system for the 

5G RAN. The DWDM can be used to transmit three links 

on the same optical fiber. The proposed system provides 

flexibility in sense that the operating oscillator frequency 

for the 5G RAN can be varied, as a TDCMs can be setup 

across the entire DWDM spectrum. One of the challenges 

of the 1550 nm wavelength OEO implementation for the 

mm-W range is the power penalty due to chromatic 

dispersion, which is dominant in the 1550 nm wavelength, 

especially for frequencies higher than 20 GHz [28]. The 

phase shift of each spectral component depends on the 

length of the optical fiber, the oscillator frequency and the 

dispersion coefficient. Consequently, for a given fiber the 

power of the detected signal is dependent on the optical 

length as, well as the frequency [29]. The power penalty in 

the electrical domain can be described with Eq. (4) [29]: 

𝑃𝑜𝑤𝑒𝑟 𝑝𝑒𝑛𝑎𝑙𝑡𝑦 [𝑑𝐵] = 10 log (
𝑃

𝑃0
) ∝

20 𝑙𝑜𝑔 (𝑐𝑜𝑠 (
𝜋𝐿𝐷𝑜𝑐

𝑐0
(𝜆𝑜𝑐𝑓𝑜𝑠𝑐)2)) − 2𝛼𝐿,     () 

where 𝑃 is the measured power of the system with an 

inserted fiber of the length 𝐿 and 𝑃0 is the measured power 

without a fiber (only a short patch cable connecting the 

modulator output and the photodiode), 𝑐0 is the speed of 

light in a vacuum, 𝐷𝑜𝑐  is the fiber-dispersion coefficient, 

𝜆𝑜𝑐 is the optical carrier wavelength, 𝑓𝑜𝑠𝑐 is the oscillator 

frequency, and α is the fiber-loss coefficient (dB/km).  

In order to explain the criticality of the power penalty, 

we demonstrate it in terms of the experimental work and 

the simulations. Figure 4 shows the experimentally 

measured and simulated results using Matlab for the power 

penalty as a function of frequency, considering a 1550 nm 

wavelength analogue optical link that is composed of a 

laser source with an external modulator, optical fiber and 

photodetector.  

The modulator is driven by an alternating voltage signal 

in the mm-W range, modulating an optical carrier, which 

represents the input signal of this analogue optical link, 

whereas its output signal is that on the electrical terminals 

of the photodiode. It is obvious from the experimental and 

simulation results that chromatic dispersion is one of the 

phenomena affecting the optical signal’s transmission 

through the G.652D fiber in the 1550 nm wavelength (the 

dispersion is of about 16.8 ps/nm/km). It is also obvious 

that the dispersion is more dominant in the mm-W range 

than in the microwave range. 

4. The OEO system’s implementation for a 5G RAN 

Since we proposed using a single-loop OEO to meet the 

requirements of a 5G RAN, this section will explain the 

working principle in more detail. In order to provide the 

power-penalty-free mm-W signal distribution from the 

OEO, we employed a TDCM in each base-station, as 

shown in Fig. 5. Each TDCM is tuned individually 

according to the optical length of the PON branch in such 

a way that it ensures the constructive summing of both 

modulation side bands at the receiving end. Since the fiber 

spool in the OEO loop is not involved in the optical signal’s 

transmission, we will only consider the power penalty 

introduced by the PON single-mode fibers. 

The EDFA is inserted between the PON and the OEO’s 

optical output to compensate for the optical losses 

introduced by the PON. In order to maintain stability and 

not to increase the phase noise of the OEO, a low-noise 

electrical amplifier (based on a bipolar junction transistor) 

is selected for use at 39 GHz. The optical fiber of the OEO 

is as long as 1 km to optimize for the high Q-Factor, and 

thus to lower the phase noise. 

Now we will describe the experimental setup to support 

the idea of avoiding the power penalty through the correct 

tuning of the TDCM for optical fiber different lengths. The 

test equipment consists of a vector network analyzer 

(VNA) that works up to 67 GHz, a 1549.32 nm distributed 

feedback (DFB) laser with an output power of 6.6 dBm, an 

external 40-GHz MZM with an insertion loss of 5 dB, and 

a Vπ (half-wave voltage) of 4.3 V, an optical fiber path 

selector (having a connection with 0.625 km, 1.25 km, and 

2.5 km fiber spools), a 5 km fiber spool, a 10 km fiber 

spool, a 20 km fiber spool, a TDCM, and a photodiode 

working up to 50 GHz. The TDCM operates at wavelengths 

between 1527.99 nm and 1567.13 nm and has an optical 

insertion loss between 3.3 and 4.1 dB. The TDCM used in 

the experimental setup is based on chirped fiber Bragg 

 

Fig. 5. OEO configuration for a 5G RAN in combination with a 

TDCM. 

 

Fig. 4. Power-penalty measurement of a signal from 10 MHz to 45 

GHz with an optical fiber length of 20 km. 
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gratings (FBGs) with thermoelectric coolers/heaters and 

can be tuned from -800 to +800 ps/nm. The experimental 

setup is the simplified configuration from Fig. 5. We do not 

insert an electrical amplifier and an electrical bandpass 

filter into the experimental setup since the required 

modulation signal is provided by the VNA. If we were to 

use the OEO instead of the VNA as a signal source in our 

experimental setup, like suggested by Fig. 5, we would 

only have been able to make the measurements for a single 

frequency. In that case only the length dependency of the 

chromatic dispersion effect, being a function of the fiber 

length, as well as the frequency, would have been 

experimentally evaluated. Nevertheless, our verification 

setup, shown in Fig. 6, allows us to perform the 

measurements with a reasonable frequency span of 45 

GHz. A photograph of the experimental setup is shown in 

Fig. 7. 

The experimental setup shows the OEO’s signal 

distribution from the central-office to a single base-station. 

A single TDCM is placed in each base-station, which has a 

different optical length from the central-office according to 

the geographical position. Therefore, in each base-station 

the TDCM should be tuned individually based on its optical 

distance. According to the standard, the exact length of the 

PON branch should not exceed 20 km. Therefore, in the 

measurements we do not exceed an optical length of 20 km. 

The TDCM is set to compensate for dispersion according 

to the length of the optical fiber. For instance, if the length 

is of 10 km, the TDCM should be tuned to -168 ps/nm to 

achieve the optimal dispersion compensation. 

In the first experiment we tuned the TDCM to a fixed 

value of -336 ps/nm to compensate for the dispersion of the 

20 km PON and obtain the power-penalty-free transmission 

of the OEO signal. In the first measurement we do not need 

to use an optical fiber path selector because we only need 

one optical fiber length. We did the first measurement with 

a 20 km fiber spool. The experimental results that 

correspond to the transmission with the TDCM are 

presented in Fig. 8. 

As is clear from Fig. 8, a huge difference between the 

measurement of the power penalty with and without the 

TDCM is due to the precise compensation of a chromatic 

dispersion. The dispersion is compensated with respect to 

the TDCM; therefore, there is a dispersion-penalty-free 

transmission, but in a measurement without the TDCM 

optical signals are attenuated at various frequencies due to 

the power penalty. 

In the next experimental case, we tune the TDCM from 

0.625 km to 20 km with a step of 0.625 km to show that the 

power penalty is shifted due to the TDCM compensation. 

In order to achieve optical lengths of more than 4.375 km, 

we placed an additional 5 km and 10 km fiber spool as a 

series connection to the optical fiber path selector in the 

loop for the measurements between 5 km and 18.75 km. 

Plus, we have the result of the 20 km fiber from the first 

measurement. We selected 39 GHz as the source signal 

frequency as we believe that 39 GHz will be a useful 

frequency for the 5G RAN. 

 

Fig. 6. Experimental setup of an OEO’s configuration for a signal 

distribution from a central-station to a base-station. 

 

Fig. 7. Photograph of the experimental setup for avoiding chromatic 

dispersion by using a TDCM. 

 

Fig. 8. Experimental results of the power-penalty measurement for a 
20-km optical fiber with and without a TDCM. The operating 

frequency starts from 10 MHz up to 45 GHz. 

 

Fig. 9. Experimental results of the power-penalty measurement with 
an optical length from 0 to 20 km with an increment of 

0.625 km. 
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As seen from the experimental results (Fig. 9), the 

TDCM is used to compensate for deep points, such as 2.5 

km, 7.4 km, 12.3 km and 17.2 km in the optical fiber’s 

length. The TDCM does add an extra insertion loss to the 

signal, but that can be compensated by adding an erbium-

doped fiber amplifier (EDFA). Considering the 

experimental results based on the power-penalty 

measurements, we believe that our suggested configuration 

for the combination of a single-loop OEO and a TDCM 

would be useful for a 5G RAN. The main idea for the 

efficient OEO signal distribution to each base-station is in 

the accurate tuning of the individual TDCM towards the 

intelligent tunability in the base-stations. 

Other than that, there are various approaches for 

distributing a mm-W frequency signal without a power 

penalty. Some of the offered solutions are summarized in 

Table 2. 

Table 2 

Different offered solutions to avoid a power penalty. 

 

One of the ways to solve the power penalty would be to 

replace the existing infrastructure build of a standard 

G.652D single-mode fiber with a dispersion-shifted fiber 

(DSF). While this solution is by far the most expensive one, 

it features wideband capabilities in the RF domain. It is, 

however, not flexible in terms of the optical wavelength, as 

any larger deviation from the zero-dispersion wavelength 

of the DSF in question results in chromatic dispersion 

effects. 

The solution with a dispersion-compensated fiber 

(DCF) is in a similar price range as solutions 3 and 4. It 

offers wideband capability in the RF range, but it is not 

flexible in terms of the optical wavelength, as the 

dispersion coefficient is changing with the wavelength. 

Neither is it flexible in terms of the optical fiber length, as 

this changes the integral dispersion of the link. 

A frequently suggested solution of FBG filters [30] for 

suppressing one of the sidebands in optical double sideband 

(DSB) modulation schemes is a cost-efficient solution, but 

it lacks flexibility in terms of changing the optical carrier 

wavelength. 

The 1310 nm wavelength could be another possibility 

to avoid the power penalty since the chromatic dispersion 

is zero. The disadvantage of using the 1310 nm wavelength 

is that optical losses are higher than for a 1550 nm 

wavelength, i.e., 0.2 dB/km at 1550 nm and 0.35 dB/km at 

1310 nm. In addition, at 1310 nm, the optical non-

linearities are more dominant than at 1550 nm, since the 

chromatic dispersion is zero in the 1310 nm wavelength 

range [31-34]. Moreover, the EDFA does not operate at the 

1310 nm wavelength and an EDFA is required for the 

implementation of the OEO’s signal distribution from the 

central-office to the base-station via the PON to 

compensate for optical splitter’s losses. The photonic-

crystal fiber (PCF) [35,36] is another proposed solution to 

avoid the power penalty but replacing the PON with a PCF 

is very inconvenient in practice. All in all, we believe that 

our proposed solution with TDCMs in the base-stations 

outperforms other solutions with respect to all the 

parameters considered. 

In Ref. 12 we already introduced an automatic 

feedback-loop tuning approach, which can be used for 

intelligent tuning. This operates in the electrical domain to 

enable the automatic adjusting of the TDCM compensating 

chromatic dispersion for each individual base-station. The 

idea of TDCM automatic control is depicted in Fig. 10. 

As shown in Fig. 10, there is one option for automatic 

control of the TDCM. The electrical power meter is 

employed to measure the electrical power after the optical 

signal converted by the photodiode. Based on the 

measurement results from the power meter, the PID 

controller controls the TDCM to increase the signal power. 

When the maximum power is achieved, the tuning setting 

of the TDCM can be fixed. 

5. Conclusions 

In this article we have introduced the novel configuration 

of a single-loop OEO combined with a TDCM to distribute 

the mm-W signal to the base-stations in a 5G RAN. This is 

the first time that a TDCM has been employed to distribute 

a power-penalty-free mm-W signal with an arbitrary 

frequency. This proposed solution simplifies the base-

stations by removing the LOs, providing a power-penalty-

free mm-W signal and offering an improved 

synchronization approach between the central-station and 

the base-stations, while lowering electrical power 

consumption. Each base-station requires the TDCM to be 

tuned individually as the length from the central-station is 

different. Optimal tuning can be achieved with the 

proposed feedback-loop automatic control. With this, each 

base-station automatically tunes the TDCM and avoids any 

power penalty. With the TDCM and automatic control 

loop, all the base-stations will consist of the same 

components. Having the same equipment across all the 

Property 

/Solution 

 

DSF 

 

DCF 

FBG 

Filter 

 

TDCM 

Cost (-) (+) (+)     (+) 

 
Flexibility 

(RF) 

 
(+) 

 
(+) 

 
(+) 

 
    (+) 

Flexibility 
(optical 

wavelength 

throughout 
DWDM 

channels) 

(-) (-) (-)     (+) 

 
Flexibility 

(optical 

length) 

 
(+) 

 
(-) 

 
(+) 

 
    (+) 

 

Precision 

 

(+) 

 

(-) 

 

(+) 

 

    (+)   
 

 
 

 

Fig. 10. Automatic control loop for a TDCM in each base-station to 

avoid the power penalty due to the chromatic dispersion. 
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base-stations means lower equipment costs due to mass 

production and it also decreases installation, operating and 

maintenance expenses. 

In this paper we showed experimentally how the 

chromatic dispersion invoking the power-penalty issue can 

be combated by the TDCM. The compensation was 

achieved for a wide-range frequency sweep and a fixed 

fiber length, as well as for a discretely varied (incremented) 

fiber length and a fixed mm-W frequency. We prefer to use 

the TDCM to avoid the power-penalty problem rather than 

other solutions. For instance, using a laser with a 1310 nm 

wavelength is another possible solution, but the signal with 

a 1310 nm wavelength has a higher optical loss and the 

optical non-linearities are more dominant in that region. 

Besides that, the OEO with a 1310 nm laser source will 

possibly have a higher phase noise due to the increased 

Rayleigh scattering. Other solutions such as an OEO 

combined with a DCF are neither universal nor flexible, 

since each base-station has a different optical distance from 

the central-station. This means that each base-station needs 

a DCF with different parameters and this only covers a 

single mm-W frequency or a narrow frequency range at 

best. Replacing the existing PON with a DSF or PCF is 

neither convenient nor cheap solution. Proposing a solution 

with a FBG is a low-cost solution, but it is not a flexible 

solution in the optical domain. 

Based on the experimental work carried out we believe 

it would be possible to have a single mm-W OEO in the 

central-station as a flexible solution for a 5G RAN and 

distribute its signal to the base-stations of the 5G RAN 

without a power penalty. 

Furthermore, the combination of the OEO with a 

TDCM could be used for various applications where a mm-

W signal is required, such as radar applications, particle 

accelerators or radio-astronomy antenna arrays. 

Beside the power-penalty problem of an OEO’s 

implementation in a mm-W 5G RAN, there are other 

challenges. One critical challenge is the long-term stability 

of the OEO signal. This means that the OEO signal is 

shifted due to the temperature instability of some 

components in the oscillator loop (optical fiber, electrical 

filter). In other words, the OEO signal frequency is varying 

with time due to the ambient temperature swings. This can 

be solved with temperature stabilization of the optical fiber, 

an electrical bandpass filter, and a laser diode [37]. The 

need for temperature stabilization also supports our 

proposed idea of establishing the OEO at a single location 

(central-office), since it is easier to control and stabilize the 

ambient temperature of the central-office than the base-

stations. Another challenge is the multi-mode operation 

[38] of the OEO, resulting in the so-called side modes in 

the oscillating signal. This problem can be solved by using 

optical solutions such as a finesse etalon [39] or a hybrid 

filter configuration [40] can be implemented to suppress 

the side modes instead of using electrical solutions. 
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