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LTE-A compliant multi-band radio and
gigabit/s baseband transmission over 50 m
of 1 mm core diameter GI-POF for in-home
networks

F. Forni✉, Y. Shi, H.P.A. van den Boom, E. Tangdiongga and
A.M.J. Koonen
ELECT
The transmission of multiple standard-compliant long-term evolution
advance (LTE-A) bands together with a 4-pulse amplitude modulation
(PAM) baseband signal over 50-m-long 1 mm core diameter poly-
methyl methacrylate graded-index plastic optical fibre is demonstrated.
Transmission of eight LTE-A 64-QAM bands and a 1.2 Gbit/s 4-PAM
baseband signal over the fibre was achieved resulting in an error vector
magnitude <8% and pre-forward error correction (FEC) BER < 10−3,
respectively.
Introduction: The deployment of long-term evolution advance (LTE-A)
access of the third generation partnership project (3GPP) and its evol-
ution towards 5G presents a number of challenges. Network densifica-
tion by means of spatial densification (e.g. femto-cell architecture)
and spectral aggregation (i.e. intra- and inter-band carrier aggregation)
are pursued as solutions. Network densification implies that new
in-home networks are needed for an extensive low-cost broadband
wired backbone connecting all the femto-cells and supporting the spec-
tral aggregation and the data traffic from the fixed-wired network [1].

Plastic optical fibres (POFs) with their easy ‘do-it-yourself’ installa-
tion capability are an attractive medium to transport 3GPP and other
wired and wireless signals simultaneously, as shown in Fig. 1.
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Fig. 1 POF network for multi-standard wired and wireless fibre in home
applications
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Our previous work has shown that a cost-effective solution is the use
of multiple LTE bands in parallel with a pulse amplitude modulation
(PAM) baseband signal [2], in an in-home scenario transmitted over
graded-index (GI) polymethyl methacrylate (PMMA) POF. However,
only a limited distance of 20 m link length was reached and strict spec-
trum allocation is required [3].
RONICS LETTERS 28th April 2016 Vol. 52
Compared with [3], here we report the achievement of a significantly
longer distance, hence more suitable for in-home applications, and we
increased the LTE-A total throughput using a low-cost laser diode
(LD) and a standard receiver. The following signal processing steps
are required: first, digital filtering allows us to allocate the baseband
and LTE-A spectra with a minimum separation, in order to decrease
the mutual interference and to relax the spectrum allocation.
Secondly, digital equalisation is applied to the LTE-A bands for optimis-
ing the individual LTE-A band performance. Finally, the combination of
the higher output power of the LD, optimised at the operating wave-
length of 650 nm, and higher receiver sensitivity, allowed the link
length to be increased to 50 m.

Experimental setup: The proposed system is based on a simple
intensity-modulated direct-detection optical link. The transmission
testbed is shown in Fig. 2.

We aimed to maximise the number of transmitted LTE-A bands
within the available link bandwidth, in a format-transparent way
without any spectrum shifting. Following these criteria, eight widely
deployed bands Bi (where i = 1, …, 8) with the downlink channel
carrier frequency ( fDW) allocated between 450 MHz and 1 GHz are
studied, as listed in Table 1. To ensure a standard-compliant signal,
the LTE-A bands were generated in accordance with the 3GPP
defined test model (E-TM) 3.1 using the highest standardised modu-
lation order (i.e. 64-QAM) [4]. Following the E-TM 3.1, the LTE-A
signal power is related to the channel bandwidth, hence the equalisation
of the individual channels was performed in order to flatten the power
spectrum and avoid driving the laser into saturation. The equalisation
was carried out employing digital signal processing of each band by
allocating the gains Gi (where i = 1, …, 8), as listed in Table 1.
Thereafter, the equalised LTE-A bands are combined, as shown in
Fig. 2b.

Table 1: LTE-A bands and main parameters used in experiments
N

Bi
o. 9 pp. 73
31
8–7
12
40
13
 14
 20
 18
 19
 8
fDW (MHz)
 465
 738
 751
 763
 806
 868
 883
 944
Bandwidth (MHz)
 5
 10
 20
 15
 10
Modulation format
 64-QAM
Gi (dB)
 −3
 0
 3
 4
 2
frequency, MHz
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Fig. 3 Spectrum at receiver amplifier output during simultaneous
transmission

According to the LTE-A frequency allocation, the frequency range
from DC to 450 MHz is unused. In this frequency range a baseband
signal is transmitted. Accordingly, a pseudorandom binary sequence
(PRBS) 27−1 baseband signal is encoded off-line in the 4-PAM
format. The symbol sequence is filtered by a 430 MHz digital lowpass
filter (LPF), as shown in Fig. 2b. Consequently, the LTE-A and base-
band signals are generated by two arbitrary waveform generators
working as DACs. The DAC output signals are combined and amplified
by 10 dB and the resulting signal drives the low-cost LD operating at
650 nm. The LD emitted an optical output power of 5.7 dBm at a wave-
length of 650 nm and it was coupled into the fibre by using a ball lens.
The optical signal is then transmitted over 50 m of Ø1 mm core PMMA
GI-POF, with the fibre loss of 0.2 dB/m at 650 nm [5]. The optical
receiver was a Graviton SPD-2 module, consisting of a pin photodiode
followed by a transimpedance amplifier. The SPD-2 has an FC connec-
tor in which the bare fibre is plugged. The received optical power is
equal to −5 dBm, in order to safeguard the p–i–n, and −10.7 dBm for
optical back-to-back (oB2B) and 50 m transmission. As shown in
Fig. 2c, the output signal of the optical receiver was amplified with a



gain of 29 dB and acquired by either the baseband 4-PAM or the LTE-A
receiver, as shown in the spectrum Fig. 3. For the oB2B test an extra
10 dB attenuator was used before the amplifier, to avoid the amplifier
saturation. For the baseband receiver, a digital sampling scope is
employed as ADC, a digital LPF with the same bandwidth as in the
transmitter, and the 4-PAM receiver, both implemented by MATLAB.
For simplicity, no equalisation or precoding was used. The LTE-A
signals are received and processed by a vector signal analyser consisting
of a spectrum analyser and a Keysight LTE-A software receiver.

Table 2: 4-PAM transmission experimental results
Link
 Bit rate, Gbit/s
 BER (×10−4)
oB2B
 1.54
 3.6
4-PAM over 50 m
 1.4
 3.4
4-PAM + LTE-A over 50 m
 1.2
 8.7
LTE-A band
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Fig. 4 LTE-A EVM results, with and without 4-PAM transmission, bands are
according to Table 1
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Fig. 5 Constellation diagram of two received LTE-A bands

a Band 31
b Band 20
c Band 31 with 4-PAM
d Band 20 with 4-PAM

Experimental results: The LTE-A signal is evaluated in accordance
with [6] by taking the error vector magnitude (EVM) value of 8% as
threshold. The 4-PAM signal is required to have a pre-FEC BER
value of <10−3. Initially, the performance of the 4-PAM and LTE-A
signals are separately measured as a reference.

Let us consider the 4-PAM performance first. As depicted in Table 2,
the 4-PAM transmission over the oB2B is feasible up to a bit rate of
1.54 Gbit/s. When increasing the link to 50 m, the achievable bit rate
drops to 1.4 Gbit/s. Moreover, when also the LTE-A signal is
co-transmitted, the bit rate decreases further to 1.2 Gbit/s. In case of
only 4-PAM transmission, the signal amplitude can be adjusted to opti-
mise the throughput. However, when co-transmitting with LTE-As, the
4-PAM amplitude increment can severely affect the LTE-A performance
through the non-linearity of the light source. Consequently, during the
simultaneous transmission we had to decrease the 4-PAM amplitude,
causing the PAM throughput to be lower than the case without the
LTE-A bands. Our results show that a minor impairment on the base-
band signal bit rate is caused by the LTE-A signals.

Next, the LTE-A multi-band transmission is considered for the elec-
trical back-to-back (eB2B), oB2B, and 50 m link. As depicted in Fig. 4,
the eB2B EVM is, in general, below 2.4%. Similar performance among
all the LTE-A bands is achieved, thanks to the equalisation technique
used. The outermost bands 8 and 31 have the best performance.
Moving to oB2B, the EVM increases to values of <2.9%.
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Employing 50 m POF makes EVM to increase to <4%. When also the
4-PAM signal is present in the link, the EVMs become <7.4%, which
are still better than the 8% allowed EVM. In general, the presence of
4-PAM signal causes an increase in EVM values of LTE-A signals,
especially the innermost bands. The lowpass filtering does not necess-
arily lead to degradation of LTE-A bands spectrally located close to
the 4-PAM signals. The nearest-neighbour LTE-A band to the 4-PAM
spectrum (i.e. band 31) has the lowest EVM increase, as also shown
by the constellation diagram in Fig. 5. Better EVMs can be achieved
by decreasing the 4-PAM power, hence limiting interference within
the LTE-A bands, albeit the 4-PAM performance decreases.
Therefore, for in-home networks, a cost-effective technique for mitigat-
ing non-linearity effects on light sources is necessary to further improve
the throughput and performance of wired and wireless signals.

Conclusion: In this Letter, we achieved the successful transmission of
multiple LTE-A bands and baseband signals over 50 m of thick-core
PMMA GI-POF. We have performed the simultaneous transmission
of eight LTE-A compliant 64-QAM bands with a total throughput of
478.8 Mbit/s, together with a 1.2 Gbit/s 4-PAM baseband signal.
Furthermore, only low-cost components were used without complex
digital signal processing and 50 m distance was reached, which could
be considered as a good reference length for short distance applications
(e.g. single-detached dwelling and apartment). This Letter has demon-
strated the feasibility of using POF as in-home network backbone for
the LTE-A-based future 5G wireless and wired technologies, which
enables a cost-effective approach for supporting the network densifica-
tion and baseband communications.

Acknowledgment: This research is conducted in the Merging
Electronics and Micro and nano-Photonics in Integrated Systems
(MEMPHIS) project A2, the Flexible Broadband Communication
(FlexCom), supported by the Dutch Technology Foundation STW
through the grant 13530.

This is an open access article published by the IET under the Creative
Commons Attribution-NonCommercial-NoDerivs License (http://creati-
vecommons.org/licenses/by-nc-nd/3.0/)
Submitted: 6 February 2016 E-first: 11 April 2016
doi: 10.1049/el.2016.0451
One or more of the Figures in this Letter are available in colour online.

F. Forni, H.P.A. van den Boom, E. Tangdiongga and A.M.J. Koonen
(COBRA Research Institute, Eindhoven University of Technology,
P.O. Box 513, 5600MB Eindhoven, The Netherlands)

✉ E-mail: f.forni@tue.nl

Y. Shi (Technology Department, Genexis, Lodewijkstraat 1A, 5652AC
Eindhoven, The Netherlands)

F. Forni: Also with Technology Department, Genexis, Lodewijkstraat
1A, 5652AC Eindhoven, The Netherlands

References

1 Lannoo, B., Dixit, A., Colle, D., et al.: ‘Radio-over-fibre for ultra-small
5G cells’. 17th Int. Conf. on Transparent Optical Networks, ICTON
2015, Budapest, Hungary, July 2015, pp. 1–4

2 Loquai, S., Kruglov, R., Schmauss, B., et al.: ‘Comparison of modulation
schemes for 10. 7 Gb/s transmission over large-core 1 mm PMMA
polymer optical fiber’, J. Lightwave Technol., 2013, 31, pp. 2170–2176

3 Forni, F., van den Boom, H.P.A., Shi, Y., et al.: ‘Full-service home area
networks using plastic optical fibers’. 24th Int. Conf. on Plastic Optical
Fibers, Nuremberg, Germany, September 2015, pp. 223–226

4 3-GPP: ‘E-UTRA test model 3.1 (E-TM3.1)’, LTE – Evolved Universal
Terrestrial Radio Access (E-UTRA) Base Station (BS) conformance
testing 136.141, 2012, p. 68

5 Ziemann, O., Krauser, J., Zamzow, P.E., et al.: ‘Optical fibers’ in POF
handbook, optical short range transmission systems’ (Springer-Verlag,
Berlin, Germany, 2008, 2nd edn.), p. 92, ch. 2, sec. 2.3

6 3-GPP: ‘Error Vector Magnitude’, LTE – Evolved Universal Terrestrial
Radio Access (E-UTRA); Base Station (BS) radio transmission and
reception 136.104, 2012, p. 35
S 28th April 2016 Vol. 52 No. 9 pp. 738–740


