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ABSTRACT 

The research óNext generation optical high speed networksô considers new paradigms 

for optical access and long-haul (1000 km and above) communications, to satisfy the 

increasing demand for capacity, spectral efficiency and quality of service in telecom 

networks. In long-haul transmissions, digital signal processing (DSP), with high-order 

modulation and coherent detection, has revolutionized optical systems, thanks to its 

effectiveness to digitally mitigate chromatic dispersion and polarization mode 

dispersion, with an increase in transmission length. However, the drastic increase in 

system complexity creates a severe challenges for real-time implementation, related 

also to limited bandwidth of digital to analog converters (DAC), high power 

consumption of electronic devices, massive use of hardware parallelization and 

pipeline, making the system intolerant to any feedback path. On the other hand, future 

access optical passive networks (PON) need to increase  per-user bandwidth, evolving 

towards wavelength-division multiplexing (WDM) systems, with colourless 

(wavelength independent) low-cost transmitters at the userôs side, also allowing 

different operators to share the same infrastructure. For both core and access 

networks, orthogonal frequency division multiplexing (OFDM) is proposed to 

overcome the electronic bottleneck, reduce power consumption and increase the 

spectral efficiency, satisfying current large bandwidth requests. 

During the three-year research work, within the EU ASTRON and the Italian ROAD-

NGN projects, new optical network architectures, systems and subsystems have been 

proposed and their performances have been analytically, numerically and 

experimentally evaluated.  

In particular, new digital OFDM systems for unbundling the local loop (ULL) in 

access networks have been investigated for ultra-high speed PONs, along with 
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discrete multitoned (DMT) approaches, based on reflective semiconductor optical 

amplifier (RSOA).  

All optical OFDM (AO-OFDM) systems have been experimentally tested during a 6-

month staying at the National Institute of Information and Communications 

Technology (NICT) in Japan, using both coherent and direct detection receivers. The 

performance of two different optical devices, able to demultiplex the AO-OFDM 

signal, have been experimentally compared, without optical dispersion compensation 

or time gating.  

For long haul transmissions, AO-OFDM can also reduce the power consumption in 

case of superchannels, with a high number of sub-channels. Analytically formula 

have been found for performance evaluation, in terms of maximum number of spans, 

frequency offset, phase noise and equalization enhancement phase noise (EEPN), 

supported and validated by numerical simulation. 

Finally, a novel transmission system is proposed, based on the digital fractional 

Fourier transform, to generate sinc-shaped time domain pulse at the receiver side, 

reducing the DSP complexity for real time implementation at high data rates. 
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SOMARIO  

Il tema di ricerca óReti ottiche di nuova generazione ad alta velocitàô considera nuovi 

paradigmi sia per l'accesso ottico che per le trasmissioni a lungo raggio (più di 1000 km), 

per soddisfare la crescente richiesta di capacità,  efficienza spettrale e qualità del servizio 

nelle reti di telecomunicazione. Nelle trasmissioni a lungo raggio, il processamento del 

segnale nel dominio digitale, lôutilizzo delle modulazioni complesse e la rivelazione 

coerente, hanno rivoluzionato i sistemi ottici grazie alla loro efficacia di compensare 

digitalmente la dispersione cromatica e da polarizzazione, con un aumento della 

lunghezza di trasmissione. Tuttavia, il drastico aumento della complessità crea delle 

difficoltà per lôimplementazione in tempo reale. Questo è dovuto alla banda limitata dei 

convertitori digitale analogico (DAC), ad un elevato consumo energetico dei dispositivi 

elettronici, a un uso massiccio di parallelizzazione hardware, rendendo il sistema 

intollerante a qualsiasi percorso di controreazione.  

D'altra parte, le future rete dôaccesso ottiche passive devono aumentare la velocita di cifra 

per utente, evolvendo verso  sistemi di multiplazione a divisone di lunghezza dôonda, 

utilizzando trasmettitori economici e indipendenti dalla lunghezza dôonda al lato 

dell'utente, consentendo anche ai diversi operatori di condividere la stessa infrastruttura.  

Per entrambe le reti di trasporto e di accesso, la multiplazione ortogonale a divisione di 

frequenza ortogonale (OFDM), permette di superare il ócollo di bottigliaô dovuto 

allôelettronica, ridurre il consumo energetico e aumentare l'efficienza spettrale, 

soddisfacendo le richieste di banda. 

Durante il lavoro di ricerca di tre anni, nell'ambito dei progetti ROAD-NGN e ASTRON, 

sono state proposte nuove architetture, sistemi e sottosistemi in una rete ottica, valutando 

le loro prestazioni, analiticamente, numericamente e anche sperimentalmente. 

In particolare, i nuovi sistemi OFDM digitali per la disaggregazione dell'ultimo tratto 

nelle reti di accesso sono stati accuratamente studiati ad alta velocità di cifra utilizzando 

la tecnica DMT e un amplificatore ottico a semiconduttore riflettente (RSOA). 

I sistemi tutto-ottici OFDM (AO-OFDM) sono stati valutati sperimentalmente presso 

National Institute of Information and Communications Technology (NICT) in Giappone 
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utilizzando ricevitori coerenti e diretti. Sono state valutati sperimentalmente le 

prestazioni di due dispositivi ottici in grado di demultiplare il segnale AO-OFDM senza 

compensazione della dispersione ottica o campionando otticamente. 

AO-OFDM può  ridurre il consumo di energia nelle reti di trasporto utilizzando dei 

óSupercanaliô costituito da un elevato numero di sottoportanti. Sono state trovate formule 

analitiche per la valutazione delle prestazioni, in termini di numero massimo di span (1 

span è lungo 80km di fibra), offset di frequenza, rumore di fase e rumore di fase originato 

dalla dispersione cromatica non-equalizzata. I risultati ottenuti sono stati  validati da 

simulazioni numeriche. 

Infine, è stato proposto un nuovo sistema di trasmissione multi-portante basato sulla 

trasformata frazionaria di Fourier digitale in grado di generare degli impulsi sinc nel 

tempo al lato ricevente sfruttando lôeffetto della dispersione cromatica. La complessità 

degli algoritmi al lato ricevente è stato ridotto drasticamente redendo cosi possibile 

lôimplementazione in tempo reale del sistema a una velocita di cifra elevata. 
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  CHAPTER 1

 

EVOLUTION OF OPTICAL F IBER COMMUNICATION  
 

1.1 Motivation s 

Global IP traffic will reach 168 Exabyte per month by 2019, with an increase of fivefold 

over the past five years [1]. Figure 1-1 show the rate of grow per month from 2014 to 

2019. This huge grow is due to a large bandwidth request coming from different services 

like high-definition interactive video, high resolution editing video and distributed 

system. New terms like big data or deluge of data are used to denote large volume and 

variety of data overwhelming the physical infrastructure evolution, the capacity to 

manage and to process it. 

 

Figure 1-1: Cisco Global IP Traffic Forecast, 2014ï2019 [1]. 

Unlike radiofrequency communications that have a very limit bandwidth from 300kHz-

300GHz, lightwave technology use the infrared region from 30THz-300THz with 

capability of supporting Tb/s data over thousands of kilometer. Optical silica fiber is the 

medium used for such system with a very low cost production, 0.2dB/km loss and small 

probability of bit-error. 
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1.2 Evolution of optical transport networks 

 

High speed serial interface (both  client and line) and WDM capabilities are required to 

cope with such amount of data. From 2005 to 2010 the interface rate per-channel has 

remained nearly constant to 100Gb/s but there is transitions to high order modulation 

using coherent detection (green line) as shown in Figure 3-43. Using polarization division 

multiplexing (PDM), advanced coding and of superchannels it is expected to reach Tb/s 

per line interface. In Figure 3-43 white dots shows commercially available interface like 

Synchronous Digital Hierarchy/Optical Transport Network (SDH/OTN); black are for 

routers interface and grey for Ethernet standard. This technology development  is due to 

the up-grade of network operation from circuit-switched serial interface to packet-

switched parallel interface. 

As shown in Figure 3-43, WDM played a very important role for cost effective data 

networking able to support very high data rates. Combination with PDM has further 

increase the data rates to approximately 100Tb/s. A further increase is very challenging 

because of the electrical bandwidth bottleneck limitation. Non-linear effects are viewed 

as the fundamental limits for the WDM systems which impose a smaller slope in scaling 

 

Figure 1-2: Evolution of electronically multiplexed serial interface rates and WDM 

capacities [2]-[3]. 
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the capacities for both research (red triangle) and commercially products (white triangle). 

Spatial division multiplexing (SDM) and wideband signal is the ultimate physical frontier 

to overcome 100Tb/s shown with blue rectangular. Integration and use of multi-mode 

will contribute for a low cost and energy per bit. SDM solution will require, as for WDM 

system, an up-grade of all networks element, like reconfigurable add/drop multiplexer 

(ROADM), amplifier and  transponders. However the cost of SDM employment  seems 

very high for a mid-term solution. 

As another alternative, optical packet/burst switching does not seems to be mature in 

order to cope with such amount of data [4] even though it has a low cost and energy per 

bit. 

Networks operators are requiring a new generation of optical transport network to 

efficiently serve the high amount of volume data in a cost effective and scalable manner. 

Flexible optical network architectures have been proposed in response of this high 

capacities and disparate traffic granularity needs of the future Internet. Such networks 

rely on the capability to assign a spectrum portion, data rate and modulation format to 

bandwidth adaptable connections, with the aim of optimizing the use of the network 

resources and reducing the ecological impact of the network operation.  

In the EU ASTRON project [5], a software-defined transceiver with improved and 

heterogeneous transmission characteristics based on OFDM that enables the wide and 

cost-efficient deployment of flexible core networks is proposed. This is achieved by the 

design and development of cost-optimised, compact and scalable photonic integrated 

components as well as all the necessary electronic circuits. 

The key features of the ASTRON transceiver are the energyȤefficiency and bitȤrate 

flexibility to support rates from 10Gb/s to beyond 1Tb/s, for use in both access and core 

networks. To achieve energy efficiency, the ASTRON transceiver does not implement 

the discrete Fourier transform (DFT) in the electric domain, using power-consuming DSP 

and ADCs, but uses a specially designed AWG to multiplex and de-multiplex AO-OFDM 

and Nyquist-WDM signals directly in the optical domain [6]. 

Flexible optical networks, with the new concept of sliceable bandwidth-variable 

transponder and flexible optical cross-connect, present the benefit of providing 

customized spectral grids whenever new lightpaths are established. The allocation of 
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several channels to form super-channel configurations is performed according to user 

requests in a highly spectrum-efficient and scalable manner [7]. Modulation formats and 

center frequency are no more fixed and to establish an optical channel an optical cross  

connect with variable bandwidth will be able to allocate the desired spectrum requested. 

According to ITU-T ongoing standardization, the minimum frequency slot unit that can 

be currently assigned is 12.5GHz  and in the future will be scaled down to 6.25GHz [8]. 

Figure 3-43 show the ITU-T fixed grid comparison with the optical flexi grid. As can be 

observed from the figure with fixed grid transmission data rate are limit to 100Gb/s 

because it can be fit inside a frequency fixed slot of 50GHz. The 100Gb/s implementation 

in long-haul WDM transmission was coupled also with the availability of 100GbE client 

physical interface standardized by IEEE 802.3 in 2010. Next step for higher bit rate in 

WDM transmission is the use of 400Gb/s which interfaces is far from industrial 

availability. 400GbE task force has  been launched by IEEE 802.3 in March 2014 for a 

standard approval expected by 2017.  

If we consider the 400Gb/s implementation in a fixed 50GHz grid it will probably 

overlap with other frequency slot. If higher order modulation is considered the required  

 

Figure 1-3: Spectrum utilization for fixed and flexi grid [7]. 
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OSNR is very high due to laser phase noise and tight filtering in cascaded ROADM. So 

the need for flexi grid in case of 400Gb/s data rates is crucial [9]. 

1.3 Evolution of optical access networks 

Legacy access networks consist of pairs of copper point-to-point (P2P) links between the 

local exchange and customers; these systems can support digital subscriber line (DSL)-

based services and Internet Protocol Television (IPTV), but are inadequate for future 

broadband multimedia applications. Hence, the last mile has become a critical bottleneck, 

limiting the profitability of network operators, who are experiencing a substantial 

reduction in revenues, due in part to the telecom competition, and in part to an increasing 

use of mobile phones.  

Fiber-based systems are an effective solution for next the generation access networks 

(NGAN), as they can provide a large bandwidth to residential and business users [10]. 

PON architecture is the most deployed fiber to the x (FTTx) system, where x depends on 

where the optical link terminates [11]. The point-to-multipoint (P2MP) topology uses a 

passive optical splitter in the remote node (RN) to connect 32, 64 or even 128 users to the 

optical line termination (OLT) in the central office (CO). Users share the optical media 

with a time-division multiplexing (TDM) approach, and the downstream signal is 

broadcasted to all the optical network units (ONU), that select only the data 

corresponding to their own destination addresses. In the up-stream link, each ONU 

transmits only at time-slots assigned by the OLT, using a time division multiple access 

(TDMA) protocol to avoid collisions. Statistical multiplexing and media access control 

layer allow dynamic bandwidth assignment (DBA), to efficiently exploit the optical 

resources.  

To further expand the bandwidth capacity, current FTTx systems should evolve toward 

WDM-based PONs, where the passive splitter in the RN is replaced by a arrayed 

waveguide grating (AWG)-based multiplexer. In this case, each ONU is assigned one or 

two wavelengths, and it is equipped with a tunable laser  or a reflective semiconductor 

optical amplifier, which re-modulates an optical carrier sent from the OLT. In 2012, the 

full service access network (FSAN) consortium has selected the time and wavelength 

division multiplexing (TWDM)-based PON approach as a solution to upgrade optical 

access systems, with a smooth upgrade for deployed networks [12].  
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In a way similar to the WDM approach, an OFDM-based system uses orthogonal narrow-

bandwidth subcarriers to transmit/receive to/from different ONUs [13]. The system 

flexibility and bandwidth granularity is higher, compared to the WDM technology, 

because the OLT can manage the number of the subcarriers assigned to each ONU and no 

guard-band is required. In addition, adaptable modulation format and power scheme are 

possible, and the near-far problem of TDM/TDMA systems is overcame, because there is 

no synchronization requirement for the ONUs, that are placed at different distances from 

the CO. This becomes of critical importance, when the users are assigned to different 

operators that do not share the same equipment in the CO. In addition, OFDM-based 

systems have colorless (non-user specific) ONUs, without expensive tunable lasers or 

large band amplifiers. Using a cyclic-prefix (CP), it is possible to perform circular 

convolution, to equalize chromatic dispersion in the frequency domain, with a reduced 

digital signal processing (DSP) complexity. In addition, OFDM systems can be integrated 

with both TDM and WDM technologies, to further increase the flexibility and the 

capacity of optical access systems. An OFDM configuration allows unbundling of the 

local loop (ULL), so that different operators can share the same infrastructure. The 

implementation of ULL in the NGAN is a strategic requirement for the European Union 

policy on competition an liberalization in the telecommunications market. Open access is 

extremely beneficial for NGANs, since it is associated with an increased competition, 

that drives higher levels of broadband penetration at lower prices.  

1.4 High-speed single carrier and multicarrier  transmission 

In a single carrier transmission, only one wavelength carry the data information. An ideal 

pulse shaping, sinc(t) pulse in time domain, is usually used to avoid intersymbol-

interference (ISI) and to occupy the smallest possible bandwidth satisfying the Nyquist 

principle. In frequency domain it has approximately a rectangular spectrum, rect(f).  

In a multicarrier trasmission the information is carried by multiple low-rate subcarriers 

which are overlapped in order to maximize the spectral efficiency, in one wavelength. 

OFDM is one of the approach used by multicarrier trasmission with overlapped 

subcarriers. 
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1.4.1 Single carrier trasmission 

Sinc-shaped time domain waveforms do not have a match filter to maximize the signal-to 

noise ratio (SNR) at the receiver. To maximize the SNR a squared root raised cosine filter 

(RRC) is used both in the transmitter and receiver. The RRC pulses which cover 64 

symbols with a roll-off factor of a = 0.4 as a compromise between system complexity and 

system performance is shown in Figure 1-4 (a) & (b) in time and spectrum domain 

respectively. 

 

Figure 1-4: Time (a) and frequency (b) behaviour of a RRC pulse with roll-off factor 

a=0.4. 

 

Design of a single carrier transceiver is shown Figure 1-5 based on a 100Gb/s OIF 

implementation agreements for integrated polarization multiplexed quadrature modulated  

 

Figure 1-5: (a) A polarization multiplexed quadrature modulated integrated 

transmitter, and (b) a dual polarization coherent receiver for single carrier [14]-[15]. 
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transmitter and intradyne coherent receivers. The optical power from a CW laser is 

divided in two parts and each part is independently modulated by a quadrature modulator, 

as shown in Figure 1-5(a). 

The quadrature modulators typically comprise two nested Mach-Zehnder modulators 

with bias control and a 90º phase shifter in the outer modulators with phase control [14]-

[15]. The output modulated signal are then combined in two orthogonal polarization 

states to obtain the signal transmitted on the optical fiber.  

The coherent receiver required eight photodiode, four set of balanced detectors and linear 

amplifier, two ninety degree hybrid and two polarization splitting one for the received 

signal and the other for the local oscillator as shown Figure 3-43(b). 

Single-carrier transceiver implementations are the preferred solutions for short-haul and 

metro applications, with baud rates ranging between 42.7 and 64 GBaud and high-level 

modulation formats, with 50 to 75 GHz channel spacing, achieving spectral efficiencies 

above 5.3 bit/s/Hz [9]. 

Compare to  multi-carrier solutions, a single carrier uses adaptive algorithm for channel 

estimation, like constant modulus algorithm (CMA) and his variant for higher order 

modulation, like radius direct equalizer (RDE). Design of optical modulators is complex 

for higher order modulation which will increase the system cost. 

In general it is easy to implement and require low cost, lower size and a low power 

dissipation. Compare to multicarrier it provide lower spectral efficiency but has the 

benefit of easy bandwidth allocation and network management.  

ADC requirements regarding bandwidth and number of bits resolution for multi-level 

modulation is very challenging. At OFC 2016, NTT announced industry-first 16nm ultra-

low power DSP for both 100G QPSK long-haul and 200G 16QAM metro optical links 

[16]. 

1.4.2 Multicarrier transmission 

Targeting high speed channel generation, of the order of Tb/s, has meet with challenging 

limitation due primarily to limit sampling rate of ADC/DAC. To overcome this 

limitation, one of the approached proposed is to split the transmitted bandwidth in smaller 

sub-channels (subcarriers) in parallel which has led to creation of superchannels. The 

sub-channels are no needed to be overlapped as in OFDM. Nyquist optical/electrical 
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Figure 1-6: Different multicarrier transmission setup [17] 

filters can be used to achieve same spectral efficiency as OFDM, known as Nyquist-

WDM (NWDM). Figure 1-6 show some of the most investigated multiplexing technique 

for creating superchannels [17] using more than one wavelength. Strictly speaking dense-

WDM (DWDM) is a multicarrier transmission. The main difference is the spacing 

between the subcarriers. At the transmitter side an optical comb generation is usually 

used to ensure that no cross-talk happen in frequency domain between the subcarriers.  

Multicarrier trasmission based on coherent WDM (CoWDM) use rectangular time 

domain pulse and was proposed first in [18] with a spectral efficiency achieved of 1 

b/s/Hz and 3 dB of penalty. In [17], as shown in Figure 1-6, an off-set QAM is proposed 

with a T/2 delay on one of the modulator arms. Off-set QAM shows less penalty because 

ISI and cross-talk is properly eliminated by using practical component. The main 

drawback of this setup is the phase control stabilization on each subcarrier because 

otherwise the cross-talk is very high. If offset-QAM is not used it require a high over-

sampling rate. For a realistic implementation it requires a photonic integration, which is 

mandatory in all multicarrier systems. 

Multicarrier trasmission based on no-guard-interval optical OFDM (NGI-OFDM) has 

been proposed and experimentally investigated in [19]-[20]. Similar to Co-WDM, NGI-
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OFDM uses rectangular time domain pulse shape but with no phase control or offset-

QAM modulation. To obtain good results an oversampling rate of a factor of 4 is used 

together with electrical pre-filter to eliminate aliasing effect. Electrical pre-filter are used 

for subcarrier separation at the receiver side. For both, CoWDM and NGI-OFDM the 

subcarrier spacing is equal to the data rate of each modulated subcarrier. 

Multicarrier trasmission based on Nyquist-WDM (NWDM) is proposed in [21] to 

improve the receiver sensitivity and to relax the requirements of the received filters by 

using an extra optical filter at the transmitter with a rectangular spectrum profile. Non 

ideal rectangular profile filter is very difficult to realize consequently residual cross-talk 

exits between the channels. Guard interval can relax the spectrum profile but in that case 

the system will achieve same spectral efficiency as in DWDM. Otherwise, electrical FIR 

filters can be used as in [22] with many number of taps at the transmitter side to keep 

cross-talk level low.  

Multicarrier trasmission based on coherent OFDM is another option to create 

superchannels with IFFT/FFT processing in the electrical domain. The highest capacity 

obtained using digital IFFT is 101.7Tb/s presented in [23]. The main drawback is the 

high peak to average power ratio (PAPR) which require non-linear mitigation. Phase 

noise mitigation technique are complex requiring a radio-frequency pilot tone which lie at 

the centres of the OFDM band to track the phase noise [24]. Cyclic prefix introduce 

overhead and reduce the spectral efficiency. 

For next generation 400G transmission systems multi-carrier modulation formats will 

most likely to be used. Figure 1-7 show several 400G transceiver implementations for 

short-haul (SH), metro, long-haul (LH) and ultra-long-haul (ULH) applications according 

to OIF-Tech-Options-400G-01.0 [9]. The 400G application is sub-divided into short-haul 

(SH), Metropolitan (Metro), Long-Haul (LH) and Ultra Long-Haul (ULH). SH 

applications target very high spectral efficiency. Metro applications target at least 1000 

km with the presence of ROADMs with fixed grid (100 GHz) or newly designed 

flexgrids (75 GHz). For LH application, the presence of ROADMs is optional but with 

distances close to 2000 km. ULH applications should be compatible with distances 

beyond 2000 km. Moving to 400G solutions faces a trade-off between spectral efficiency 
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and reach flexibility. If higher modulation levels are employed, reduced transmission 

reach is  

 

Figure 1-7: Potential 400G architectures in the state of the art. 
1
DAC and ADC 

characteristics taken either from Section 6 or from the state of the art. 
2
Distances 

reported either in the state of the art or from OIF contributions. 
3
OIF2014.030.00, 

4
OIF2015.030.01, 

5
OIF2015.100.00, 

6
OIF2015.037.01, 

7
OIF2014.031.00 [9]. 

unavoidable because these high-order QAMs require higher OSNR, and are more 

sensitive to laser phase noise and to fibre non-linear effects. The higher the QAM order, 

the lower the tolerance to narrow optical filtering due to ROADM cascading. 

According to the IEEE 802.3bs 400GbE Task Force timeline adopted in September 2015, 

the standard is expected in December 2017 [25].  

1.5 Thesis outline and contributions 

From the analysis done in the previous section both access and transport networks are 

bottleneck when considering the future demand of bandwidth, low cost solution and low 

power consumption.  
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The research objective of this thesis is to employ optical communications technology to 

provide a high speed novel transmission data to overcome the traditional time division 

multiplexing technique used commonly in access and transport layer.  

In this thesis the goal is to provide a design and analysis of cost effective fiber optic 

access network for unbundling the local loop employing analytical and simulations tools.  

Propose, design and analyze high speed all optical OFDM trasmission. Establish an 

experimental test-bed to experimentally verify the analyzed high speed real time 

trasmission.  

Propose, design and analyze a novel multicarrier trasmission for optical communications 

systems and identify the limitations of the proposed trasmission. 

The following present a pre chapter overview of the thesis and the main contributions. 

In chapter 1, motivation and state of the art of current research topic are described for 

both access and transport layers. 

In chapter 2 OFDM is proposed for optical access network with direct detection for a low 

cost solution. OFDM offers colorless ONUs, reduced DSP complexity and compatibility 

with TDM/WDM technology. It also allows unbundling the local loops if  reflective 

semiconductor optical amplifier (RSOA) are used at the ONU side. RSOA 

characterization is performed analytically and by simulation commercial software. 

Adaptive OFDM is used to overcome the RSOA bandwidth limitations and evaluation of 

the access networks based on RSOA and OFDM is performed for system design 

parameters.  

In chapter 3 all optical OFDM (AO-OFDM) is proposed with a very high spectral 

efficiency and aggregated data rate. Direct detection DPSK/DQPSK AO-OFDM 

trasmission is investigated with and without cyclic prefix. Polarization multiplexing AO-

OFDM with coherent detection is evaluated by analytically formula and simulations 

result. Experimentally AO-OFDM system is demonstrated at National Institute of 

Communications and Information Technology (NICT), Japan,  with no optical gating and 

chromatic dispersion for both direct and coherent detection by using a wavelength 

selective switch (WSS) at the transmitter side and an AWG at the receiver. Optical comb 

generation for AO-OFDM is evaluated both analytically and by experimental result. 
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Finally, an experimental comparison is performed between a fiber Bragg grating (FBG) 

and AWG for AO-OFDM demupltiplexing. 

In chapter 4 a multicarrier trasmission based on electrical fractional Fourier transform 

(FrFT) is theoretically investigated and proposed for high speed optical communications 

networks. Theoretical time lens effect is derived based on FrFT and chromatic dispersion 

effect supported by simulation results. A fundamental study to explore the limits of the 

proposed system is performed and detailed results have been presented. It is 

demonstrated that the proposed optical transmission can encode data on both polarization 

and no dispersion compensation is needed at the receiver side. Further more, it is shown 

that the effect of phase noise is relaxed if compare to electrical OFDM transmission.  
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  CHAPTER 2

 

OPTICAL ACCESS NETWORKS BASED ON ELECTRICAL OFDM  
 

2.1 Introduction  

Optical access networks comprise the link between ONU (customers) and OLT (service 

provider) as shown in Figure 2-1. This is usually called ólast mileô from the service 

provider prospective.  The OLT is then connected to the core network, which provides 

very high speed transmission from Gb/s up to Tb/s using either SONET/SDH technology. 

This high speed transmission is not available at the ONU because of installed copper 

infrastructure which cannot provide this high amount of data. The solution on the so 

called ólast-mile bottleneckô is using the optical fiber. 

In the PON architecture a single fiber originates from the OLT and power splitter are 

usually used to deliver the signal to ONU. 

Different multiple access techniques are used to avoid collisions in the up-stream traffic 

originated from the ONUs, which include TDMA, WDMA, optical code-division 

multiplexing access (OCDMA). 

 

Figure 2-1: Schematic of the access networks [1]. 
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OFDMA is an alternative solution which provides a continues transmission (not  a burst 

one), enable dynamic bandwidth allocation which provide a high flexibility in both time 

and frequency domain and make use of DSP for channel equalization. 

In order to increase the data rate and the number of ONU subscriber, WDM is one the 

solution to be used together with OFDMA. 

 

2.1.1 Electrical OFDM with optical modulation 

Optical field of a continues wave (CW) laser offers at least five degree of freedom for 

information modulation: field amplitude, intensity, phase, frequency and polarization. In 

practice frequency modulation is not used. 

In general, the optical OFDM solution can be divided into two main groups: 1)Coherent 

detection (CO) with field modulation 2)Direct detection with intensity/field modulation  

IM/DD shown in Figure 2-2(a) and (b), respectively. CO-OFDM present a better receiver 

sensitivity and a higher spectral efficiency if compare to DD-OFDM [3].  

 

 

Figure 2-2: (a) Block diagram of IM/DD and (b) CO-OFDM using optical modulation 

[2]. 

 

2.1.1.1 IM/DD 

The  OFDM multicarrier signal is generated in the electrical domain, as shown in Figure 

2-2(a), where an analog front end is used for radio frequency (RF) up converter after the 

DAC. An optical modulator (OM) is used to convert the RF-OFDM signal in the optical 


































































































































































































































































