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Abstract—Achieving the benefits of high-capacity of optical
networks and the mobility feature of wireless networks leads to
integrate EPON and WiMAX for a promising broadband access
solution. To efficiently put both benefits together, we propose
an integration architecture of EPON-WIMAX based upon a
Distributed Antenna (DA) environment, where collaborative Base
Stations (BSs) concurrently transmit same wireless downlink
signals (specifically for multicast and broadcast services (MBSs))
to Mobile Stations (MSs) in overlapped cell coverage areas. It
helps enlarge the region of the available network coverage area
by increasing Signal to Interference and Noise Ratio (SINR)
in overlapped cell coverage areas through cooperation between
Optical Line Terminal (OLT) and Optical Network Unit (ONU)-
BS. We also present an cost-efficient cell planning to optimally
control the size of overlapped cell coverage areas for the proposed
DA-based integration architecture with a case study under
a required region of the available network coverage area in
consideration of the number of ONU-BSs and the distance
between ONU-BSs. Performance evaluation results show that
the proposed DA-based integration architecture enhances cost
efficiency compared to the Traditional Antenna (TA) (non-DA)-
based integration architecture with a similar level of spectral
efficiency of MSs.

Index Terms—EPON, WiMAX, integrated network, dis-
tributed antenna, cell planning, cost analysis.

I. INTRODUCTION

(EPON) [1]-Worldwide Interoperability for Microwave Access
(WIMAX) (IEEE 802.16) [2] integration has been regarded as
a promising solution for achieving the aforementioned features
by implementing an integrated box, so called Optical Network
Unit (ONU)- Base Station (BS) including an EPON ONU and
an WIMAX BS. Fundamentally, they are well-matched with
each other on account of their service objectives, multiple
access mechanisms, and capacity hierarchy (e.g., each ONU
possessing about 65Mbps bandwidth (in case of the optical
split ratio = 1:16) is matched with the total capacity offered
by a single BS in WIMAX systems (=70Mbps over a 20MHz
channel)) [3].

Fundamentally, EPON systems [1], a part of the EPON-
WIMAX integration, can offer high bandwidth but an weak-
ness on the cost aspect due to relatively expensive deployment
cost. Particularly, the total length of the deployed optidadrs
has to be taken into account more important than other system
components, because the total deployment cost of EPON
systems is mostly affected by the cost of trenching and laying
optical fibers [4]. On the other hand, WIMAX systems [2],
the other part of the EPON-WIMAX integration, can lower
deployment cost and support mobility under limited wireless
transmission performance due to spectrum, shadowing, fading,
and InterCell Interferences (ICls). Spgcally, ICI is interfer-

HE MODERN broadband access systems for high banelce from other wireless signals of other neighbor BSs, which
width and operational &tiency has been considered imcould lower the Signal to Interference and Noise Ratio (SINR),

portantly due to the growing popularity of quad-play servicesnd hence it can have a bad effect on wireless downlink
(e.g., video, voice, data, and mobility to a Mobile Statioransmission performance in both aspects of the achievable
(MS)). As key technologies for worldwide Fiber To The Homelata rate of an MS and the available size of cell coverage
(FTTH), Fiber-Wireless (FiWi) access technique variants aegea.

being taken into consideration by utilizing the merits of both In order to mitigate ICI in the EPON-WIiMAX integration

high.-capacity of opt!cal_communicationg and mopility featurSrchitecture, we adopt a Distributed Antenna (DA) environ-
of W|'rele'ss communications. Among opuogl and w'|reless Corﬂient, where collaborative BSs concurrently transmit same
munications advances, the Ethernet Passive Optical Netwo\;v Peless downlink signals (speially for Multicast Broadcast
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can enhance the wireless downlink transmission performance
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the deployed opticdibers and thus a higher total deployment

f5ost of the network has to be followed [4], [5]. Owing
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rtegrated network, a delicate cell planning is required for cost
efficient network design and dimensioning [5], [6]. Thus, we
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[26], [27]. When d increases, the cost also increases due t 05 :
increasing the cost of trenching and layifibers. Hence, it

is revealed that the total deployment cost is mainly affectec

by the total length of deployed opticfbers in the integrated %2 3 4 5 6 7 8 9 10
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Fig. 7 presents cost fifiency evaluator ), which eval- (b) A TA environment

ugtes t_he cost gtiency Of. the integrated network in Corl'Fig. 7. Comparison of DA and TA environments regarding cotiehcy of
sideration of the total achievable data rate supported by the integrated network (Z) (mamum point: the highest costfidiency under
integrated network over the total deployment cost of ttR&ch n).

integrated network, under DA and TA environments. Since the i i . ) . i

total achievable data rate supported by the integrated neth?H,”d with the foII.owmg consideration; since the diameter of
depending onl just increases untileaching a certain degree@ Single ONU-BS is about 4i5n under the system parameters
(e.g., whenl is about %m, as presented in Fig. 5) and the totgPhown in Table |, the distance betwegn ONp-BSs is limited to
deployment cost linearly increases due to the increase of fHgn SO that every cell coverage area is continuously connected
total length of deployed opticdlbers, the maximum point of ywth cell coverage areas of other O'NU-BSs'. In addition, this
Z is mostlyd = between 2 to 4 km under a DA environment'S conducted with varying the required region of a network
On the other hand, under a TA environment, the maximuf?verage area from 5000 to 20G00In the overall range of
point of Z is d = 5, because interferences from other wireledf® required region, the total deployment cost under a DA
downlink signals decrease sigioantly. However, from this enwronment are pos_|t|vely e_nhanced compared to t.hat under
point, the Z decreases due to the fact that there is increas@dA environment while keeping reasonable spectiiatiehcy
total deployment cost of the integrated network and no changjé® 0 the effect of the increased SINR based upon the ONU-

in the total achievable data rate supported by the integrafég cooperation. To exemplify, when the required region of
network. network coverage area is set to 500Che distance between

ONU-BSs under a DA environment is 4 and smaller than that
of a TA environment. Spefically, when the required region
D. Case Study under the Required Size of Network Coverage of network coverage area is larger, the number of ONU-BSs
Area or the distance between ONU-BSs under a DA environment is
Based onZ, a case study (Fig. 8) thdinds the optimal More decreased than that under a TA environment. This means
solution under the required size of network coverage arealfi@t increasing the overlapped cell coverage areas causes
conducted to examine the DA-based integration architectdféreasing of the positive effects of a DA environment.
about the average spectralfieiency of MSs for wireless
downlink transmission and the total deployment cost of the VI. CONCLUSION
integrated network. In particular, the cosfieiency improve-  In this paper, we proposed a Distributed Antenna (DA)-
ment by initiating cooperative transmission among DAs dfased EPON-WIMAX integration architecture with a cost-
ONU-BSs is investigated. Fundamentally, this solution isfficient cell planning for enhancement of codt@éncy of the
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