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Abstract

In this paper a new type of radio access unit is proposed and demonstrated. This unit is composed only by the reduced
amount of components (compared to conventional unit designs) to optically generate wireless signals on the W-band
(75–110 GHz) in combination with a switching system. The proposed system not only achieves BER values below
the FEC limit, but gives an extra level of flexibility to the network by easing the redirection of the signal to different
antennas.
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1. Introduction

Today’s mobile networks are designed as distributed
access networks (D-RANs), composed by a number of
base stations, connected via backhaul links to different
service and support nodes in the core network which
are in charge of the different operations and processing
functions. In this approach, the growth in the number
of users and applications brings a necessity to increase
the capacity of the core, resulting in the implementa-
tion of more nodes, introducing more complexity in the
network and translating to bigger costs for both deploy-
ment and maintenance.

As an alternative, the concept of a centralized access
network (C-RAN) has been recently proposed and dis-
cussed [1, 2]. In this architecture, the most important
hardware of the network is moved to a central office that
will be connected to various radio access units (RAUs)
to transmit the signal in the wireless channel. With this
change, the central office will take care of the complex
processing of the network, allowing the implementation
of simpler RAUs that only need the hardware necessary
for signal conversion to the wireless channel [1]. With
this approach, the expansion of the network would only
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require an upgrade in the central office and the densi-
fication of various RAUs that take care of the wireless
access of smaller areas of the network, reducing the to-
tal costs for both deployment and operation.

This scenario can be further expanded with the inclu-
sion of radio-over-fiber (RoF) technologies on the front-
and backhaul networks [3]. The central office will then
be able to generate the wireless signal directly in the
optical domain, and distribute it to the various RAUs
[4, 5]. Here, the signal is converted to the electrical
domain and transmitted wirelessly at millimeter-wave
(mm-wave) frequencies [6, 7, 8, 9, 10, 11]. Thus a new
type of access network can be achieved in order to fulfill
the requirements of future networks [12, 13].

Current works on the design of dynamically reconfig-
urable access networks have been reported using tech-
nologies like dense wavelength division multiplexing
(DWDM), optical cross-connections and multicore fiber
to exploit the available resources, while giving flexibil-
ity to the network [4, 12, 14, 13]. Furthermore, archi-
tectures based on reconfigurable optical switches have
been shown [15, 16] and their implementation in cen-
tralized scenarios has been proposed [17], enabling the
implementation of fully flexible software defined net-
works for future front- and backhaul.

In this paper, a reconfigurable RAU (R-RAU), com-
posed of an arrayed waveguide grating (AWG) an opti-
cal switch and a local oscillator, is proposed and demon-
strated in a scenario that combines DWDM and mm-
wave RoF. This R-RAU enables flexibility of the in-
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Figure 1: Proposed radio access unit and network architecture. CO: Central Office; R-RAU: Reconfigurable Radio Access Unit; AWG: Arrayed
Waveguide Grating

frastructure, active delivery and smooth integration with
software defined optic network approaches.

The remainder of the paper is structure as follows:
section 2 describes the proposed architecture, section 3
describes the experimental setup and section 4 discusses
the experimental results before section 5 summarizes
and concludes the paper.

2. Proposed Mobile Front- and Backhaul Architec-
ture

The proposed architecture is shown in Fig. 1. As pre-
viously stated, it is based on the idea of the C-RAN,
where a large number distributed of R-RAUs, connected
to the same central office (CO), is assumed. With this
kind of implementation, all the processing of higher
layers is performed by the CO and the signals are dis-
tributed to the R-RAU using DWDM.

The multiplexed signals arrive to the R-RAU through
an AWG which separates them into M different chan-
nels. Each of these outputs will be combined with a
tunable local oscillator—spaced from the signal at the
desired mm-wave signal frequency—and will then serve
as inputs to an MxN controllable switch. The function
of this switch is to distribute the signals among its N
outputs in order to be up-converted. The up-conversion
takes place on a broadband photodiode, using the het-
erodyne photonic up-conversion technique as described
in [17, 18]. The output of this process will be a modu-
lated signal in the mm-wave bands, which will be deliv-
ered to an antenna in order to be transmitted wirelessly.
These approach enables the RAU to have different an-
tennas distributed over a large area (indoor or outdoor),

or have several small nodes of communication for sce-
narios related to the internet of things (IoT).

This architecture allows the RAU to be simplified,
since its design only needs the elements to select one
of the channels of a DWDM signal and the necessary
hardware to transmit the RF signal. This implementa-
tion also agrees with previous works on architectures
for the access networks [5, 4, 18], taking part of the RF
front end to the central office, and leaving in the RAU
only the O/E interface, RF amplification and antenna.
With the optical switch, the R-RAU has more flexibility
to redirect the signal according to the necessities of the
network. Moreover, since it can be remotely controlled,
this allows its implementation as part of a SDN in the
front- and backhaul networks.

3. Experimental Setup

The experimental setup is presented in Fig. 2 and its
implementation is shown in Fig. 3. The central office
is emulated using a DWDM generator with eight light
sources spaced according to the ITU-T G.694.1 50 GHz
grid. All the light sources are modulated using a Mach-
Zehnder modulator (MZM) with a 2.5 Gbps NRZ sig-
nal from a pulse pattern generator (PPG). The DWDM
signal is transmitted through 10 km of standard single
mode fiber to the R-RAU. With the AWG, one of the
wavelengths is selected. The signal is then boosted us-
ing an erbium doped fiber amplifier (EDFA) and divided
in two: one branch for transmission and one for switch-
ing reference.

The first part is combined with the LO and a variable
optical attenuator (VOA1) is used to ensure equal pow-
ers of signal and LO to achieve optimum optical to RF
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Figure 2: Experimental setup for switching demonstration of W-band signals. PPG: Pulse Pattern Generator; MZM: Mach-Zehnder Modulator;
LO: Local Oscillator; EDFA: Erbium Doped Fiber Amplifier; VOA: Variable Optical Attenuator; BiF: Bend insensitive Fiber; AWG: Arrayed
Waveguide Grating; PD: Photodiode; LPF: Low Pass Filter; µC: Micro Controller; ED: Envelope Detector; LNA: Low Noise Amplifier; DSO:
Digital Storage Oscilloscope

conversion [19]. Then the two signals enter the switch-
ing system, composed of an optical MEMS switch con-
trolled with a microcontroller (µC). The two signals
go through 5 km of bend insensitive fiber (BiF) to a
second variable optical attenuator (VOA2), controlling
power incident on the photodiode and thus transmit-
ted radio-frequency power, allowing for bit-error-rate
(BER) measurements in dependency on power.

Upconversion is performed by direct heterodyning
on a large bandwidth photodiode (Finisar XPDV4120R)
with a 3 dB bandwidth of 90 GHz. The result is a dou-
ble sideband modulated NRZ signal with a central car-
rier at 85 GHz, achieving transmission in the W-band.
The signal is fed to a parabolic antenna with an antenna
gain of 48 dBi and transmitted over a wireless distance
of 50 m. At the receiver, a similar 48 dBi parabolic
antenna recovers the signal. A 40 dB gain low noise
amplifier (LNA) is used before the signal is downcon-
verted using a Schottky diode based W-band envelope
detector (ED) with a nominal 3 dB bandwidth of 3 GHz.
A low pass Bessel filter with a 3 dB cutoff frequency
of 1.8 GHz limits noise bandwidth before the signal is
recorded on a digital storage oscilloscope (DSO) for of-
fline post-processing.

On the switching branch of the system, the refer-
ence signal passes through a variable optical attenuator
(VOA3) that controls the power delivered to a low speed
PD and the resulting signal is further band limited with
a low pass filter. This signal is used as reference on the
µC to change the output state of the switch.

For the experiment, a packet composed of a number
of 27 − 1 pseudorandom bit sequences (PRBS7) and a
header of ones—in order to give the switching com-
mand to the µC—is transmitted. On the switching sys-
tem two modes of operation were programed:

(a) Passive mode: in this mode the switch will change
status only after the µC receives a manually trig-
gered command and will stay in the same position
until the next command is given.

(a)

(b)

(c)

Figure 3: Experimental setup: (a) optical setup for signal genera-
tion and R-RAU, (b) transmitting antenna, (c) receiver station with
a packet shown on the DSO

(b) Active mode: in this mode the part of the signal
taken as switching reference is used to trigger the
command to the switch automatically, looping be-
tween a set of outputs previously defined.

Fig. 4 exemplifies the two modes of operation for differ-
ent time slots. In the experiment, individual packets are
received and analyzed for bit error rate and to determine
the Q factor of the received signal. Packet error rates are
estimated assuming a typical commercial 7% overhead
forward error correction.

4. Experimental Results

The results showcase performance for three cases:
the system without the switch, the system in passive
switching mode and the system with active switching.
The PPG is set to generate the packets previously de-
scribed and at the receiver 500 packets are individually
received and analyzed via offline processing. The trans-
mission presented error free for various values of optical
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Figure 4: Timing considerations for the different switching modes.
TS: Time slot

power, so the Q factor was used to give a better descrip-
tion of the system performance. The calculation of Q
factor and estimation of BER are as follows:

Q =
µ1 − µ0

σ1 + σ0
(1)

BER ≈ 3/4erfc
(
Q/
√

2
)

(2)

with µ0, µ1 corresponding to the mean values of the sig-
nal levels and σ0, σ1 their standard deviation.

The Q factor and estimated BER versus optical power
incident on the PD are plotted in Fig. 5. It can be
observed that the estimated sensitivities of the system
are 0 dBm, 0.4 dBm and 0.6 dBm, for the case without
switch, the passive mode and the active mode respec-
tively. The scenarios with and without the switch have
similar results, the main difference being in the power
levels in each curve, which is due to the fact of extra
attenuation in the signal path, i.e. the inclusion of the
insertion loss of the switch. It can further be noticed
that in active switching mode the system has an insignif-
icant difference in the results when compared to passive
switching mode. In the three cases, the value of the Q
reaches a maximum point, mainly due to the fact that as
the optical power on the PD increases, the PD starts to
saturate.

In order to evaluate performance in terms of packet
error rate, packets were analyzed for their BER. Packets
with a BER above the limit of 3.8 × 10−3, for a typical
forward error correction (FEC) with 7% overhead (OH),
are considered erroneous packets. The measured packet
error rates after applying the FEC are shown in Fig. 6
for the three analyzed cases. As the optical power in
the PD starts to drop, the systems starts to approach to
the sensitivity values. Once the power is below 2 dBm
the system starts to present erroneous packets until the

7% OH FEC Limit

Figure 5: Observed Q factors and estimated BER for the three cases:
without optical switch and when including the switch in both passive
and active.

Figure 6: Packet error rates after applying forward error correction
with 7% overhead for the three cases: without optical switch and when
including the switch in both passive and active

point where the sensitivity is reached and all packets are
considered erroneous.

These results compare well with BER measurements
from [9, 19] where similar implementations were evalu-
ated in both BER and Q performance, achieving similar
results. The transmission reach of the proposed system
can further be expanded with RF setups similar to that
presented in [9]. Moreover, the stability of these kind
of systems is measured, showing the potential of the W-
band RAU.

5. Conclusions

A reconfigurable radio access unit for W-band trans-
mission, based on an AWG and a programmable optical
switching system, has been proposed and experimen-
tally demonstrated. The inclusion of the switch causes
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no signal impairments beyond the addition of extra in-
sertion losses, and thus the switching does not have a
significant impact on system performance, moreover it
enables more flexibility and reconfigurability in the net-
work.

Because of its simplistic approach, the proposed R-
RAU appears to be a good candidate for the implemen-
tation of the next generation of centralized networks,
where the dense deployment of these units at a low cost
is desired, while fulfilling the requirements of the 5th

generation of mobile front- and backhaul networks.
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