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Multicarrier modulation based schemes - Universally Filtered Orthogonal Frequency Division Multiplexing 

(UF-OFDM) and Generalized Frequency Division Multiplexing (GFDM) have emerged as potential candidate 

waveforms for 5G mobile communication [1]. Fronthauling (the delievry of services between centralized 

baseband unit (C-BBU) and radio element at antenna site) of the 5G signals in the optical domain is an obvious 

choice, considering the ultra-dense deployment of small cell antenna sites that will be required to provide an 

aggregated data rate of 1000 times larger than 4G systems with low latency, high capacity and flexibility, 

coupled with energy efficient low cost centralized radio access network (C-RAN) architecture [2]. Analog 

intermediate frequency over fiber (AIFoF) fronthauling technique provides more flexibility and uses lower 

bandwidth optical components compared to radio/mmW frequency signal over fiber techniques [2]. In this work, 

we experimentally study the suitability of optical transmission of 5G waveforms, UF-OFDM and GFDM, for 

fronthauling applications using an AIFoF technique, and compare their performances with OFDM.         

Fast fourier transform (FFT) and inverse FFT, 

digitally implemented in multicarrier systems, give 

higher out of band (OOB) emission as evident from the 

sinc pulse shape of subcarriers in the frequency domain. 

GFDM performs a per-subcarrier filtering, while UF-

OFDM filters at the resource block level to reduce the 

OOB emission compared to OFDM without filtering. 

More localized subcarrier with the aid of filtering than 

the sinc shape of OFDM, with reduced side lobes 

improves spectral efficiency and robustness against 

synchronization errors at the receiver [3]. In our 

experiment intermediate frequency modulated UF-OFDM, GFDM and OFDM signals of 200 MHz bandwidth 

giving raw data rate of 0.81 Gb/s, for 16 QAM, were generated in Matlab with the parameters given in the above 

table. As shown in the experimental setup of Fig. 1(a), five bands for each waveforms with the spacing of 20 

MHz (spectrum as shown in inset of Fig. 1(a)), were directly and independently modulated in the linear region of 

the LI curve of a low cost 2.5 GHz single mode laser based on the discrete mode solution from Eblana Photonics 

[4] and transmitted through 25 Km of standard single mode fiber (SSMF) to an avalanch photodetector (APD) at 

the antenna site. The received signal is demodulated offline and the error vector magnitude (EVM) performance 

is observed as a function of the received optical power. The AIFoF scheme is implemented to transmit five bands 

at intermediate carrier frequencies from 1.06 GHz to 1.94 GHz for all three modulation schemes. The superiority 

of UF-OFDM because of its smaller OOB emission can be observed from the red and blue coloured EVM curves 

in Fig. 1(b). Additionally UF-OFDM is found to have superior performance when guard band spacing is reduced 

below 20MHz.                                    (a)                                                                                                 (b) 

 
Fig.1(a) Experimental setup. AWG: arbitrary waveform generator, PA : power amplifier, VOA : variable optical attenuator,  
TIA: trans-impedance amplifier, RTS: real time scope. (b) EVM performance of 5 band AIFoF transmission system.   

OFDM performance is better than GFDM and this is attributed to noise enhancement caused by non-

orthogonality of GFDM subcarriers [1]. Reduced complexity and increased flexibility, along with minimal OOB 

emission makes UF-OFDM the best candidate compared to GFDM for 5G AIFoF fronthaul. The detailed block 

diagram describing the generation of the each signals will be presented, with an EVM comparison for variable 

intra-band spacing. 
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Parameter UF-OFDM GFDM OFDM 

Sampling freq. (MS/s)     625 625 625 

IFFT size     1024 1024 1024 

Subcarrier spacing (KHz)      610.35 610.35 610.35 

Data subcarriers     330 330 330 

Number of Sub bands     15 n/a n/a 

Overlapping Factor     n/a    7 n/a 

Filter Type DolphCheb- 

ychev FIR 

PHY- 

DYAS 

n/a 

Filter tap length (Sa)     74 13 n/a 

Cyclic Prefix (%)     n/a 6.25 6.25 


