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A laser-free base station scheme that can be integrated with an optical

network unit for overlaying the transport of wireless signals in an

optical access network is proposed and experimentally demonstrated.

It is shown that this scheme has the potential to establish inter-

communication among neighbouring base stations to provide simulta-

neous access to wireless and wired services.

Introduction: The demand for higher bandwidth necessitated by data-

intensive multimedia and real-time applications is increasing in access

networks. To meet this bandwidth demand, a variety of access

technologies is being introduced in the last mile access network.

Among these solutions, passive optical networks (PONs) remain the

most future-proof technology for broadband delivery to the users [1].

Radio-over-fibre networks that can be categorised as the networking

of wireless access points are attractive for the delivery of broadband

services via last mile wireless solutions [2]. A convergent network

that can facilitate a rich mix of value added and differentiated services

via a mix of wireless and wired solutions to meet the demand for

bandwidth, mobility and range of connectivity options for the custo-

mers is required. To enable simultaneous transport of wireless and

wired services in hotspots such as airports, shopping malls and

universities, both optical network units (ONUs) and base stations

(BSs) are needed to be co-located, which means that multiple optical

access points are required to cover the same geographical area. The

requirement of multiple optical access points can be avoided if the

BSs can be enabled to support both the wireless and the wired

services. This Letter proposes such a hybrid base station (H-BS)

scheme that enables both the wireless and wired services together. To

realise a simplified architecture by making it laser-free, a reflective

semiconductor optical amplifier (RSOA) is used, whereby an optical

carrier is delivered from the central office (CO) for the seeding of the

RSOA. In addition, the proposed scheme is provisioned to establish

inter-communications among the customers of neighbouring H-BSs,

which are widely expected in modern access networks, as future

wireless devices in customer sites will also serve as routers to

communicate in a multi-hop mesh network.

Fig. 1 Hybrid base station architecture providing simultaneous wireless
and wired services

Hybrid base station scheme: Fig. 1 shows the configuration of the

proposed H-BS, which consists of a coarse wavelength division multi-

plexing (CWDM) coupler, an RSOA, a photodetector (PD) and elec-

trical signal conditioning devices, in addition to a 1� 2 opto-

mechanical switch (OSW) to establish inter-communication among

the neighbouring customers, bypassing the CO. Each H-BS is

connected to the remote access node (RAN) via two distribution

fibres. The downlink intermediate frequency (IF) wireless signal and

baseband Ethernet signals are carried on a wavelength channel (ld)
from the CO. An optical carrier for the seeding of the RSOA for the

uplink signal transmissions (lu) is also carried from the CO and

distributed to multiple H-BSs via a RAN. At the H-BS, ld and lu are
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separated by a CWDM coupler. The downlink signals are detected by a

PD and divided into two parts by an RF splitter. The IF signal is

separated from the baseband Ethernet signal using an electrical band-

pass filter (BPF) prior to its radiation to the customers via the antenna.

The other part of the signal is sent through a lowpass filter (LPF) to

separate the baseband Ethernet signal, to connect to an Ethernet

interface. In the uplink direction, the uplink electrical signals from

wireless and wired customers are electrically combined and modulated

by the RSOA, which is seeded by the optical carrier from the CO, and

sent in the uplink direction. The use of RSOA enables laser-free

operation of H-BSs and therefore avoids lossy modulators. To support

inter-communication among neighbouring H-BSs, the transmitted

uplink signals from an ONU are redirected to all ONUs through the

second distribution fibre. The 1� 2 OSW selects the mode of operation

at each H-BS. Therefore, a media access control protocol such as carrier

sense multiple access with collision detection can be utilised for the

transmissions of signals amongst the H-BSs in the inter-networking

mode. The H-BS has the potential to establish inter-communication

among the customers of neighbouring H-BSs, while enabling wireless

and wired signal transmissions, leading to an integrated access

network.

Fig. 2 Experimental setup for demonstration of proposed hybrid base
station scheme

Fig. 3 Measured BER curves for downlink and uplink transmissions

a 2.5 Gbit=s downstream data
b 750 Mbit=s uplink baseband data
c 155 Mbit=s uplink IF data

Experimental demonstration and results: Fig. 2 shows the experi-

mental setup to demonstrate the capabilities of the proposed scheme.

A 2.5 Gbit=s downstream signal of 231� 1 pseudorandom binary

sequence non-return-to-zero (PRBS NRZ) data was modulated onto

lD (¼ 1553.2 nm) using a Mach-Zehnder modulator and combined

with lU (¼ 1591 nm) using a CWDM coupler. Although the downlink

signal is expected to be a combination of baseband Ethernet and IF

wireless signals, IF wireless signals were discarded for experimental

simplicity. Moreover the demonstration in the uplink direction consid-

ers both baseband and IF signals together. lD and lU were transmitted

to the H-BS through a 10 km singlemode fibre (SMF), a 4� 4 star

coupler (SC) and a 2.2 km distribution SMF. At the H-BS, lD was

separated from lU using a CWDM coupler. The separated lD was

detected using a PD to measure the bit error ratio (BER) performance

of the downstream data. In the uplink direction, a 155Mbit=s 231� 1

PRBS NRZ data was upconverted to a 1 GHz binary-phase-shift-
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keyed (BPSK) signal using a RF mixer and then electrically combined

with a 231� 1 PRBS NRZ data at 750 Mbit=s. The composite signal

was then applied to a RSOA, which was seeded by lU. RSOA directly

modulates the uplink traffic onto lU and broadcasts the modulated

signal in the uplink direction via the SC. To enable inter-communica-

tion among the customers of the neighbouring H-BSs, the uplink

signal from one H-BS is broadcast to all H-BSs through the SC and a

second 2.2 km distribution SMF. For the acknowledgment packets and

transmissions of signals to the CO in the upstream direction, a

separate feeder fibre between the SC and the CO has to be deployed.

The composite signals were detected using a 2.5 GHz PD followed by

an RF splitter, one 750 MHz LPF, one 1 GHz BPF with a bandwidth

of 300 MHz. The measured BER curves for all the signals are shown

in Fig. 3. For the 2.5 Gbit=s downstream data, penalties of less than

0.5 and 1 dB were observed in the presence of 10 km SMF and lU,
respectively, compared to back to back (B-B) measurements. The

BER curves for both baseband and IF uplink signals exhibit penalties

less than 0.5 dB. For the multipoint-to-point transmission, the uplink

signals can be routed to the CO for the recovery.

Table 1 shows the parameters for a PON with varying splits of the

SC. These parameters were not measured from the experiment;

however, they present realistic values of the network. It is considered

that 10 km feeder fibre and 2 km distribution fibre are installed in the

PON. To obtain a receiver sensitivity of �25 dBm or better for the

750 Mbit=s baseband data, the seeding optical power into the RSOA

needs to be higher than �23 dBm. The seeding optical power of

�23 dBm into the RSOA gives a small signal gain of 25 dB. As can

be seen from Table 1, power margins of 4.5 and 1.5 dB can be obtained

for the 750 Mbit=s baseband data for SC splits of 32 and 64, respec-

tively. To obtain a seeding optical power of �23 dBm into the RSOA,

approximately 1.5 dBm optical launch power is required at the CO for a

PON with 32 splits. One of the issues considered for the use of the

RSOA for the transmissions of baseband data in a PON is the burst

mode operation of the RSOA, as the baseband data transmission from

the customers to the CO is usually based on time division multiple

access protocol. From the experiments, it was found that RSOA turn-on

and turn-off times are lower than 40 ns, which is lower than the required

laser turn-on time of 512 ns specified in IEEE standard 802.3.

Table 1: Chosen parameters for power budget analysis for PON
with varying splits of SC

Split ratio 8 16 32 64

Input power (dBm) �23 �23 �23 �23

RSOA gain (dB) 25 25 25 25

Feeder fibre loss at 0.25 dB=km 2.5 2.5 2.5 2.5

Star coupler loss (dB) 12 15 18 21

Distribution fibre loss at 0.25 dB=km 1 1 1 1

Optical switch loss (dB) 0.75 0.75 0.75 0.75

CWDM coupler loss (dB) 0.75 0.75 0.75 0.75

Connector losses (dB) 2 2 2 2

Receiver sensitivity (dBm) �25 �25 �25 �25

Power margin (dB) 10.5 7.5 4.5 1.5
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Conclusions: We have proposed and demonstrated a hybrid base

station scheme for the integration of wireless and wired access

technologies. The proposed scheme is based on standard device

technologies and is suitable for any optical access=metro networks,

irrespective of topologies and architectures. Moreover, this scheme

has the potential to establish customer inter-communication. The

error-free data recovery confirms the functionality of the scheme

without any noticeable power penalty.
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