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Outline 

This thesis investigates at a physical and transmission level fiber-optic 
technologies which enable broadband wired and wireless connectivity 
in indoor scenarios. 

•  Fiber-optic technologies: silica and plastic optical fibers 
• Wireline connectivity in different in-building scenarios 
• Wireless connectivity in different in-building scenarios 
•  Thesis Contribution 
•  In-building Distributed Antenna System based on Radio over multimode 

fiber 
• Conclusions 

Presentation summary 
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Fiber-optic technologies: silica and plastic optical fiber 

•  Silica fibers are the widespread fiber-optic media and are 
standardized by many international organizations 

50/125 µm 9/125 µm 

50 µm ≈ 9 µm 

Silica Fibers 

1mm PMMA POF 

≈ 1000 µm 
Plastic optical fiber (POF) 

Single mode 
(SMF) 

Multi mode 
(MMF) 

• Plastic materials enable the possibility to have a larger core than 
silica. At present, only one type of POF (step-index) is standardized  
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Fiber-optic technologies: silica and plastic optical fiber 

ü  Easy to install (“do-it-yourself”) 
ü  Cheap (plastic housing, LED) 
ü  Robust to mechanical stress 

POF has 100x larger core diameter (1 mm) 
than standard glass fibers 

plastic 

glass 

plastic glass 

1 mm 125 µm 

×  Much lower bandwidth 
×  Much higher loss (>160 dB/km) 

Short-range 
communications 

plastic 

glass 

plastic 

glass 
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Wireline connectivity in different in-building scenarios 

Access network 

•  Large buildings 

Multimode fiber is still the leading technology 

Vertical distribution: 
•  Silica single and 

multimode fibers 
for 10/40/100 
Gigabit Ethernet 

Horizontal distribution: 
•  Predominately copper 

(10/100/1000 Ethernet) 
•  POF as alternative 
•  Silica fiber for higher speed 
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Wireline connectivity in different in-building scenarios 
• Home and small office 

Access 
point Access 

network 

Optical 
backbone: 

POF 

Gateway 

Plastic optical fiber is a promising solution and alternative to copper cables to 
deliver gigabit and multi-gigabit connectivity within the home or the small office.  
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• Wireless communications are now driving the market 
•  The wireless backhaul network will be overloaded by the aggregate 

traffic of the wireless and mobile access points  
• Wireless connectivity within a building can be an issue: 

–  Coverage 
–  Transmission speed 
–  Electromagnetic exposure 

Wireless connectivity in different in-building scenarios 

Why do fiber-optic engineers talk about wireless? 
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Wireless connectivity in different in-building scenarios 
•  Large buildings 

Distribution fiber: 
Silica fibers 

Remote antenna unit 

Base Station Hotel 

Mobile 
network 

Mobile and wireless connectvity can be 
enhanced by using a 
Fiber Distributed Antenna System (F-DAS) 
enabled by radio over fiber (RoF) techniques 

ü  Multi-operator, 
multi-service capabilities 

ü  Future-proof 
(upgradable) 

ü  Centralized scheme which 
simplifies maintenance 

×  High investiment required 
×  Usually competitive only 

for large premises 
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Wireless connectivity in different in-building scenarios 
• Home and small office 

•  Low-cost solution required 
•  Multi-operator feature not necessary 
•  Competitiveness with copper solutions 

§  F-DAS is not the rigth solution 
§  Convergence with wired services 

Access 
network 

Converged 
optical 

backbone: 
POF 

Gateway 
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Thesis contribution 

 

Wireline 
 

Wireless 

 
SMF 

 
100 G local area 
networks,… 

 

In-building DAS based 
on Radio-over-SMF 

 
MMF 

 
10 G local area 
networks,… 

 
 

 
POF 

 

Multi-gigabit serial data 
transmission using 
discrete multitone 
modulation (DMT) 

 

Transport of UWB radio 
signal and multi-gigabit 
data transmission 

Large buildings 
H

om
e 

In the following slides I will illustrate this topic 

In-building DAS based 
on Radio-over-MMF 
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Basic point-to-point Radio-over-MMF link 

Mobile 
network 

Distribution 
fiber 

Remote 
antenna 

unit 

Base 
Station 
Hotel 

Laser technologies: 
Fabry-Perot 
Distributed Feed-Back 

Launching techniques: 
Central launch 
Offset launch 
Overfilled launch 
 

In-GaAs Photodiode: 
Flat window 
Built-in ball lens 
 

Features to optimize 
 

Main impairments to be considered: modal noise, laser non-linearity, noise  

RoF TX RoF RX 
MMF SMF 

50/125 
MMF 

RFOUT RFIN 

TX: Transmitter 
RX: Receiver 
RF: Radio Frequency 

RoF:   Radio over Fiber 
MMF: Multi Mode Fiber 
SMF:  Single Mode Fiber 
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Block diagram of the research activity in the third year 

Experimental 
characterization 

(Link Gain, 
Non-linear Distortions) 

Experimental characterization 
with 3G/4G mobile signals 

Presented in the 
following slides 

Theoretical modeling 

Prototying 

( ) 
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Dual-band LTE signal transmission: experimental setup 

Signal analyzer 

RoF TX RoF RX 

Generator 1 – 750 MHz Generator 2 – 1950 MHz 

MMF SMF 
Climatic 
Chamber 

MMF 
525 m 

+

Optimized TX: 
Fabry-Perot LD 
with high linearity and 
low frequency chirping 

Optimized launch: 
Central launch using 
simple connector 

Optimized RX: 
Multimode fiber pig-tailed 
Built-in ball-lens 
Low-noise amplifier 

LTE: Long Term Evolution 
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Adjacent Channel Leakage Ratio (ACLR) test: meaning 

Signal Analyzer 

RoF TX RoF RX 

Generator 1 – 750 MHz Generator 2 – 1950 MHz 

MMF SMF 
Climatic 
Chamber 

MMF 
525 m  

Connector 

+

f1	   f2	  

S1 S2 

f3	   f4	  

S3 S4 

f2	  

S1 S2 

f3	   f4	  

S3 S4 

2.8	  MHz	   1.4	  MHz	  

f1	   Transmitted spectrum 

Received spectrum 

Adjacent channels 
undesired power 

Trasmitted channels 
wanted power 
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ACLR test: results 

ACLR 1950 MHz band Back-to-back 525m MMF 
ACLR mean (dBc) -60.31 -56.64 
ACLR 99% max (dBc) -57.65 -48.14 

ACLR 99% max (dBc) -63.27 -63.87 

( ) ( ) ( )ACLR dBc Adjacent Ch dBm Tx Ch dBm= −

∼ 4 dB impact on the 
mean value 

∼ 9 dB impact on the 
worst case value 
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Error Vector Magnitude (EVM) test: meaning 

Signal Analyzer 

RoF TX RoF RX 

Generator 1 – 750 MHz Generator 2 – 1950 MHz 

MMF SMF 
Climatic 
Chamber 

MMF 
525 m 

Connector 

+

I 

Q 

I 

Q Ideal 
transmited 
constellation 

Received 
constellation 

Degradation due to noise, 
channel impairments, ecc. 
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EVM test: results 

I 

Q 

Constellation 
point with 
highest 
power 
( Imax, Qmax ) 

Received 
constellation 
point 
( Ik, Qk ) 
 

Ideal 
constellation 
point 
( Ik, Qk ) 
~ ~ 

EVM %( ) =
1
N

Ik − Ik( )
2
+ Qk − Qk( )
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2
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0.4
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1
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M
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)

99% min value

99% max value mean value

No impact on mean value. 
Small impact on maximum and 
minimum values at 99% level 
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EVM test: example 
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Conclusions 
•  The thesis investigates fiber-optic solutions based on silica and 

plastic optical fibers to transport wired and wireless services in an 
indoor scenario 

 
•  In this presentation, particular attention has been given to the 

research activity of the third year of my Ph.D.: 
– Theoretical and experimental activities have been carried out to 

investigate the linear and non-linear performance of a RoMMF link 
– Based on this activities, optimum optical components were identified 
– A prototype for a point-to-point link of an in-building DAS using MMF has 

been designed  
– Experimental characterization of the link in terms of ACLR and EVM in a 

dual-band LTE transmission has been performed 
– The performance are complying with standard requirements for 

successful transmission 
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