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Abstract: An 80MHz, 256-QAM IEEE 802.11ac-compliant WLAN and 9 band 64-QAM LTE-A signals were 
successfully transmitted over a 50m PMMA GI-POF link. The LTE-A bands were transmitted with radio over 
POF technique. The WiFi signal was transmitted with an intermediate frequency over POF (IFoPOF) approach 
due to the POF bandwidth. The IF frequency and the power budget were optimized in order to minimize the 
EVM penalty induced by the optical link. The total throughput of the LTE-A and WiFi signals were equal to 
605 Mb/s and 434Mb/s, respectively. This proves that POF is suitable for multi-standard in-home radio over 
fiber networks. 

1. Introduction 

According to CISCO between 2015 and 2020 the share of global Internet traffic generated by PCs is halved to 
from 67% to 32%, meanwhile the smartphone devices share is triplicated up to 37% and the tablets almost 
double to 15% [1]. Hence, in few years the smartphones will generate more Internet traffic than PCs and 
together with the tablet devices, producing more than half of the total traffic. In such scenario the growing 
momentum of broadband wireless WLAN and mobile networks plays an important role in handling the traffic 
increase, in particular indoor, where most of the Internet traffic is generated. The present 4G/LTE-A and the 
envisioned 5G next-generation mobile networks improve the indoor reception, avoiding the poor cell-edge 
coverage by heterogeneous network technology (i.e. femtocell architecture) and increasing the throughput by 
multiband transmission. Looking to the WLANs, they play a double role. Firstly, the IEEE 802.11 standard is 
moving to a wider bandwidth, higher carrier frequency (i.e. 5 GHz and beyond) and higher modulation order 
(i.e. 256-QAM) to increase the throughput, being considered a wired complement. The latest standard released 
(IEE802.11ac) is already being supported by more than half of the device nowadays and in 2020 virtually all 
the devices (96.6%) will support it. Secondly, the data offloading from/to the mobile and WiFi network 
improves the coverage and throughput of those devices. The 5 GHz carrier frequency of IEEE 802.11ac has 
nevertheless poor indoor propagation, which results in limited coverage and decreased throughout. The WiFi 
would take advantage from distributed antenna system spreading the antenna in the in-home building and 
avoiding the signal propagation through walls. Therefore, it is essential to provide a low-cost wired backbone 
connecting the centralized residential gateway with the antennas in each room over a cost effective radio over 
fiber link, as shown in Fig. 1. Plastic optical fibers (POFs) can meet those challenge, bringing the radio signals 
to each antenna, providing a wired backbone for the wireless connectivity required for in-home networks.  
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Fig. 1 Illustrative POF network for multi-standard wireless in-home applications. 

Our previous work showed that 9 LTE-A bands can be transmitted over a 50m graded index (GI) POF link 
together with a 4-PAM baseband signal.  
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  In this work, we kept the 9 LTE-A bands and transmitted an IEEE 802.11ac WLAN signal with maximum 
allowed modulation order and coding rate. The LTE-A bands are transmitted with radio over POF technique, 
without frequency shifting. The WiFi signal is transmitted with IFoPOF technique due to the POF bandwidth. 
The downshifted frequency is chosen as such that the interference on the other signals can be reduced and the 
link gain maximized. The power budget is balanced between the LTE-A and WiFi signal in order to minimize 
the EVM penalty induced by the optical link.  

2. Experimental Setup 

We generated 9 LTE-A bands compliant with the 3-GPP test model 3.1 using 64-QAM, as listed in Table 1, 
and transmitted with the analogue radio-over-POF technique, keeping their original carrier frequencies.  

Table 1. LTE-A bands used in the experiments and their most significant parameters. 
Parameter Value 
LTE-A band index 1 2 3 4 5 6 7 8 9 
E-UTRA operating 
band 12 13 14 20 18 19 8 32 24 

Carrier Frequency 
(MHz) 738 751 763 806 868 883 944 1474 1542 

Bandwidth (MHz) 10 20 15 10 20 10 
Gain of the digital 

transmitter amplifiers, 
Gi (dB) 

0.4 0.2 0.1 3.45 4.1 4.1 1.25 7.5 5.2 

Modulation format 64-QAM 

Hence, the 4G signals are created, equalized, combined, and digital-to-analog converted, as shown in Table 1. 
The time invariant equalization, described in [2], compensates the low-pass behavior of the POF link, aiming to ensure 
the same quality of the signal among all the LTE-A bands. The equalization also corrects an impairment on the power 
of each LTE-A band caused by the LTE-A transmitter.  

Table 2. IEEE 802.11ac signal most significant parameters used in the test. 
Parameter Value 
Bandwidth (MHz) 80 
Modulation format 256-QAM 
Coding rate CR 5/6 
Guard interval GI (ns) 400 
Idle time (μs) 20 
Transmitted power (dBm) -17 
IF frequency (MHz) 250 

The WiFi signal is generated in accordance with IEEE standard [3], given the parameters in Table 2. The 
waveform is created by MatLab and generated by the digital-to-analog converter (DAC) of the vector signal 
generator (VSG), as shown in Fig. 2. A PRBS 27-1 sequence is encoded as user data and repeated to fit the 
payload. The maximum DAC bandwidth limits the WiFi bandwidth to 80MHz. The signal is transmitted over 
POF with an intermediate frequency. The frequency is has to be  within the range of 0-740 MHz before the 
first LTE-A band. Hence, 250MHz is chosen as IF.  

 
Fig. 2 Experimental setup. 
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The optical link is an intensity-modulated direct-detection system. The baseband, LTE-A, and WiFi 
waveforms are combined, boosted by the amplifier in the laser driver, and transmitted by the optical source, as 
shown in Fig. 2. The optical source is a low-cost Fabry-Perot edge-emitting laser diode (LD). The emitted 
optical power is 5.7dBm at a wavelength of 650nm and is coupled to 50m of 1mm diameter PMMA GI-POF. 
The fiber loss is 0.24dB/m at 650nm and the bandwidth distance product is 150MHz · km. The optical receiver 
is a Graviton SPD-2, consisting of a p-i-n photodiode followed by a transimpedance amplifier. 
The received optical power is -8.5dBm and the optical link -3dB electrical bandwidth is 1.1GHz. The signal is 
given to the vector signal analyzer (VSA), which runs the Keysight VSA software capable to decode both 4G 
and WiFi ac standards. The WLAN signal is decoded at IF-frequency, the frequency shifting was not 
implemented. The LTE-A EVM is calculated for each subcarrier and averaged, the measurements are repeated 
20 times and the maximum value is considered. The WiFi EVM is route mean square averaged over 21 
acquisitions.  

3. Experimental Results and Discussion 

 
Fig. 3 LTE-A (a) and WiFi (b) EVM experimental results. 

 
The LTE-A experimental results are shown in Fig. 3(a). As indicated by [4], the 64-QAM LTE-A signal is 
required to have an error vector magnitude (EVM) lower than 8% at the antenna port, which would be after the  
POF link. The optical back-to-back (oB2B) and 50m POF LTE-A solitary transmissions are also depicted for 
comparison. In both the cases, the EVM is around 5%, notably the band 8 and 9 have the same EVM as the 
lower frequency bands, on account of the equalization. The LTE-A bands 8 and 9 have slightly lower EVM in 
the oB2B than the 50m link, related with the difference frequency response of the links at that frequency.  
When the WiFi signal is co-transmitted, 2 different behaviours can the seen for the LTE-A signals: the bands 
1, … 7, do not show any EVM degradation while band 8 and 9 show a small EVM penalty of 1%. Still in the 
same case, the LTE-A EVM is around 5.5 % up to 6.4% for band 8. All the 9 LTE-A bands have EVM lower 
than 8%. Moving to the WiFi transmission, the IEEE 802.11ac standard defines the EVM performance in 
logarithmic scale and requires an EVM lower than -32dB to use 256-QAM, coding rate (CR) 5/6 modulation 
scheme. As depicted in Fig. 3(b), the WLAN solitary transmission has an EVM at the transmitter port close to 
-36dB, whereas after the oB2B the EVM is slightly higher, up to -33dB. Moving to the 50m POF link, in all 
the cases the WiFi signal has EVM close to -33dB. No EVM penalty is shown for the 50m POF transmission 
compared with the oB2B, meanwhile the penalty between the transmitted and received EVM is around 3dB. 
After the POF link, a 1dB margin is available for further amplification. 

   
Fig. 4 LTE-A band 1 (a), band 8 (b), and WLAN (c) constellation diagrams. The user downlink channel with 64-QAM 

(green marks) and control channels (yellow, light blue, purple and dark blue) are shown for the LTE-A signals. 

(a) (b) 

(a) (b) (c) 
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The constellation diagram of the LTE-A and WLAN signals are also considered. As shown in Fig. 4, no phase 
noise or amplification compression are observed. The broader point spreading of constellation points for the 
LTE-A in Fig. 4(a) and (b) compared with the WLAN in Fig. 4(c), is related with the higher EVM. 
  In this paper, we propose a multi-standard distributed antenna system using frequency division multiplexing. 
9 LTE-A bands and an IEEE 802.11ac WLAN signal are transmitted with maximum modulation order and 
coding rate, over 50m of 1mm core diameter PMMA GI-POF. Both the LTE-A and WLAN signals have EVM 
lower than the respective requirements, according with the standards. 
  The EVM increase of the LTE-A band 8 and 9 might be related with intermodulation distortion, for which 
further investigation will be carried out. 
Looking to the WLAN transmission, the maximum modulation order and coding rate are used. The 
transmission bandwidth is limited by the available vector signal generator to 80MHz. 
The small penalty between the transmitted and received WiFi EVM might suggest that the VSG might limit 
the single-to-noise ratio and better EVM could be reached by employing a VSG optimized for the 256-QAM 
transmission. 
  Object of further improvement will be the simultaneous transmission of the IEEE 802.11n radio signal to 
cover the most promising in-home WLAN wireless connectivity standards. 

4. Conclusion 

In this work, we achieved the successful transmission of 9 LTE-A bands and an IEEE 802.11ac WLAN signal 
with maximum allowed modulation order and coding rate. The multiband LTE-A signals are transmitted with 
radio over POF technique. The WiFi signal is transmitted with an intermediate frequency over POF. The total 
throughput of the LTE-A and WiFi are equal to 605Mb/s and 434 Mb/s, respectively. This work demonstrates 
the suitability of POF for in-home networks employing next-generation and advanced wireless signal formats. 
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