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Abstract: An advanced architectural platform based on wiselrsabled PON topologies is
described. Network modelling of WiMAX channel tramssion, based on FDM, over a multi-
wavelength, splitter-based PON has demonstrated £Wdlow -30dB and error-free multipath
transmission.
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1. Introduction

Convergence of optical and the rapidly growing bgams of, deployment and standards wireless netagrki
represents the current challenge for ubiquitousadiiband multimedia communications [1]. To that etxtéinis
paper presents an innovative architecture demdimgrazansparent transmission of broadband wiretégsals to
remote Optical Network Unit/Base Stations (ONU/BSgressed by frequency division multiplexing (FDd&er
different wavelengths of splitter-based PONSs.

2. Network ar chitecture

Compared to [2], the key feature of the topologgveh in Fig. 1 is enhanced network scalability thgiouhe
application of multi-wavelength transmission ovelitser-based PON [3] allowing for each BS up-cored
subcarrier downstream to be dynamically multiplegaddifferent wavelengths relaxing bandwidth regmients of
optical/electrical components. This has been detmatesl in the network by the same BS subcarrighénFDM

window being utilised to transmit wireless channelsmultiple ONU/BSs on two different wavelengti#my

wavelength of the selected operating spectrum coeldartly or exclusively assigned to different QRBs,
providing service level similar to WDM-PONs withigglitest modifications in network hardware througbemse
array waveguide grating (DAWG) in the optical litegminal (OLT) and tuneable optical filters [3] @NU/BSs.
The centre frequency of the latter can be adjusyettie OLT by means of a controller (CTRL) circuit.

Another significant feature of the proposed topgldgys in the use of low-cost long-wavelength VCSEL
arrays [4] in upstream to demonstrate colourlesaitetions with simple coupling optics, not limiteg Rayleigh
backscattering. VCSEL wavelength selection can beaged by a means similar to tuning the ONU/B®r8lt
Since multiple-wavelengths are used in upstreanupheonversion is not required.
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Fig. 1. (a) WIMAX over multi-wavelength, splittelNs; (b) WiIMAX parameters; (c) EVM versus RF drpawer in MZM



3. Network modeling and results

A physical layer simulation test-bed was implemdnising Virtual Photonics Inc. (VPI) enriched wMATLAB
simulation functionalities to model wireless tramssion over a multi-wavelength PON in terms of ewector
magnitudes (EVMs) and bit error rates (BER) in@i¢gl WiMAX sectorised approach.

According to the deployed scenario shown in Fighg,four WiMAX channels from Tx_BS1 and Tx_BS2 are
frequency shifted around 4 GHz subcarrier for ON8IBand BS2 respectively before being modulatechertwo
different wavelengths. After being routed throuph optical circulator for bidirectional transmissiand a DAWG
output port the two wavelengths are then broaddaster passive splitter to all ONU/BSs with thenstard optical
power budget parameters [5]. At each ONU/BS a thieeaptical band-pass filter with 50 GHz bandwidthused
to select a wavelength which is then detected byawaanche photodetector (APD) followed by RF down-
conversion to result to the transmitted WiMAX chaln

EVM figures at ONU/BS1 antenna input are then phbtin Fig. 1(c) as a function of the Mach-Zehnder
modulator (MZM) RF drive power in the OLT displagia figure below the -30 dB limit at distinctiveidr powers
as dictated by the WIMAX standard with 64-QAM maatidn. Similar results were obtained for the WiMAX
channels transmitted df,=1554.13nm. In addition, BER curves, as shown on Bj for the 3.4GHz and 3.5GHz
WiIMAX channels dropped to two ONU/BSs on differemhvelengths and transmitted initially over an AWGN
channel demonstrate equal performance as welld gower penalty, at a required by the standardk BE1E®.

For non-line-of-sight wireless path a further povpEmalty is monitored as expected due to the exciuef
wireless channel coding to represent the worst seseario for both cases.
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Fig. 2. BER performance for 3.4GHz and 3.5 GHz WiXi¢hannels (a) downstream and (b) upstream channels

In upstream, following reception at the ONU/BS%¥E WiMAX channels are directly modulating VCSEL arra
at 1553.33nm with a constant output power leveth® dBm [4]. After fibre transmission the opticanal is then
routed through the 1/O port of the DAWG and through corresponding circulator to the destinaticzeneers in
the OLT. The BER estimates, shown in Fig. 2(b), darAWGN channel, displayed similar power penalyira
downstream, demonstrating successful applicationlGBEL arrays for the integrated optical/wirelesswvork.

4, Conclusions

A novel network architecture featuring wirelessniaission by means of FDM over multi-wavelengthittssl
PONs for enhanced network scalability is descri®extuming the application of a 40-port commerciailable
DAWG and 16 ONU/BSs per PON with minimum 50 usess WiMAX sector, more than 96000 wireless users
can be served by the proposed network. The obtaiesdts demonstrate EVM figures below -30 dB, clytng

with the WIMAX standard while successful transmissiof standard WiIMAX rates has been demonstrated
bidirectionally with the applications of long-waeelgth VCSEL arrays upstream.
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