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Abstract: EPON and WiMAX are two promising broadband access technologies for new-generation wired and wireless
access. Their complementary features motivate interest in using EPON as a backhaul to connect multiple dispersed WiMAX
base stations. In this article we propose four broadband access  architectures to integrate EPON and WiMAX technologies.
The integrated architectures can take advantage of the bandwidth benefit of fiber communications, and the mobile and non-
line-of-sight features of wireless communications. Based on these integrated architectures, we elaborate on related control
and operation issues to address the benefits gained by this integration. Integration of EPON and WiMAX enables fixed
mobile convergence, and is expected to significantly reduce overall design and operational costs for new-generation
broadband access networks.

I. INTRODUCTION

With the emergence of bandwidth-intensive applications such
as IPTV and VoD, broadband access is becoming increasingly
important. New-generation fiber-based access techniques have
been standardized and are gradually permeating from fiber to
the curb (FTTC), to the building (FTTB), and to the home
(FTTH). Ethernet passive optical network (EPON) is a
promising fiber-based access technique [1–3] expected to
offer a cheap solution to broadband access due to the
ubiquitous deployment of Ethernet-based network equipment.
On the other hand, wireless access techniques are also
continuously expanding their transmission bandwidth,
coverage, and quality of service (QoS) support. With the huge
market success of wireless LAN (WLAN, IEEE802.11)
systems, the new-generation wireless technique WiMAX
(IEEE 802.16) has now been standardized and deployed [4–
6].Fiber-based techniques offer super-high bandwidth.
However, it is still quite costly to deploy a fiber directly to
each home. In contrast, wireless has low deployment costs.
Another important advantage of wireless techniques is support
of mobility. Nonetheless, wireless techniques generally suffer
from a limited wireless spectrum, which is shared by many
users, there by severely limiting the bandwidth allocated to
each user.  Moreover, a wireless system usually requires a
broadband fiber feeder to interconnect many disperse access
stations to a central office (CO). A combination of EPON and
WiMAX may be an attractive solution to broad-band network
access, which enables the two techniques to complement each
other in many aspects. Specifically, there are several
important factors that motivate such integration. First, EPON
and WiMAX provide different levels of bandwidth, which
shows a good match in capacity hierarchies. EPON supports a
total 1Gb/s bandwidth in both downstream and upstream,
which is shared by a group of (say 16)remote optical network
units (ONUs). On average, each ONU accesses about 60 Mb/s

bandwidth, which matches the total capacity offered by a
WiMAX base station (BS) that supports~70 Mb/s over a 20
MHz channel. Second, integration enables integrated
bandwidth allocation and packet scheduling that helps to
better support service QoS and improve network throughput.
Third, the integration can support broadband network access
and mobility, and help to realize the ambition of fixed mobile
convergence (FMC) [7], thereby significantly reducing
network design and operational costs.

II. INTEGRATION OF EPON & WIMAX

We consider two different architectures that can be used to
support the integration of EPON and WiMAX. Because of the
simplicity of downstream data communications of both EPON
and WiMAX technologies, all following discussion on packet
forwarding and bandwidth allocation is focused on the more
complicated upstream direction.

A. Independent Architectures
The most intuitive way to integrate EPON and WiMAX is to
use independent architectures as shown in Fig. 1,in which
EPON and WiMAX systems are operated independently by
considering a WiMAX BS a generic user attached to an ONU
(see the upper ONU in Fig. 1). As long as the two devices
support a common standard interface (e.g., Ethernet), they can
be interconnected. In addition, each ONU can have interfaces
to home users for wired access. Thus, the system can offer
integrated FMC service. With a common standardized
interface (e.g., Ethernet), the direct benefit of the independent
architecture is that the ONU and BS can be connected without
any special requirements being met. However, because the
EPON and WiMAX systems operate independently, the ONU
cannot see the details of how the WiMAX BS schedules
packets for its associated subscribed stations(SSs), while the
BS cannot see the details of how the ONU schedules and
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sends upstream data to an EPON optical line terminal (OLT).
Thus, the architecture may not take full advantage of the
integration, particularly in optimal bandwidth allocation of the
whole system. Moreover, two independent devices, an ONU
and a WiMAX BS, are required at the boundary of the two
systems, which is likely to be more costly than using an
integrated box as discussed later.

B. Hybrid Architecture
A hybrid architecture is an enhanced integration, in which an
ONU and a WiMAX BS are integrated in a single system box
( ONU-BS), illustrated in the lower ONU in Fig. 1. Such an
arrangement enables full integration of these two devices in
both hardware and software. Figure 2 illustrates key
functional modules inside the ONU-BS. In hardware, there
can be three CPUs; for better integration, these three CPUs
can be further integrated into a single CPU. CPU-1 is
responsible for data communications within the EPON section
and runs the EPON protocols. CPU-3 is responsible for data
communications within the WiMAX section and runs the
WiMAX protocols. Between them, a central CPU, CPU-
2,coordinates the behavior of the other two CPUs.CPU-1 and
CPU-3 report their section states,and bandwidth allocation and
request details toCPU-2; the latter makes decisions, and then
instructs the other two CPUs to request bandwidth from the
upstream and allocate bandwidth to each SS in the
downstream. The functional modules corresponding to the
three CPUs inFig. 2a are shown in Fig. 2b, which mainly
illustrates the modules for upstream data communication.
Specifically, CPU-1, related to the EPON section, contains the
functional components of EPON packet scheduler, priority
queues, and EPON packet classifier. CPU-3, related to the
WiMAX section, contains the functional components of
WiMAX packet reconstructor and WiMAX upstream
scheduler. Finally, CPU-2corresponds to the ONU-BS central

controller in Fig. 2b.One of the major benefits of this hybrid
architecture is that the cost of equipment can be reduced as
only a single device box is required. Moreover, because the
integrated ONU-BS possesses full information on bandwidth
request, allocation, and packet scheduling of both the ONU
and the WiMAX BS, optimal mechanisms can be adopted for
bandwidth requests in the upstream direction of the EPON
network, and bandwidth allocation and packet scheduling in
the downstream direction of the WiMAX network. Thus,
compared to the previous independent architecture, this hybrid
architecture is expected to improve the overall system
performance in terms of throughput and service QoS.

III. BANDWIDTH ALLOCATION & QOS SUPPORT

For both EPON and WiMAX, it is a challenging issue to
efficiently allocate upstream bandwidth to users. Both EPON
and WiMAX employs a generic poll/request/grant
mechanism; that is, a central station (OLT or WiMAX BS)
polls a remote station (ONU or SS) on bandwidth requests, the
latter responds with requests for bandwidth, and the central
station then grants bandwidth. The poll/request/grant control
information is usually exchanged through a dedicated control
channel or by piggybacking data packets.Unsolicited
bandwidth grants can also be made periodically to support
delay-sensitive services or to poll each remote station to
enable it to send a request.Based on a generic
poll/request/grant mechanism, EPON and WiMAX share
much similarity in bandwidth allocation and QoS support.
First,EPON requests bandwidth on a per-priority-queue basis,
but allocates bandwidth on a per-ONU basis. Upon a granted
bandwidth, each ONU makes local decisions to allocate the
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bandwidth and schedules packet transmission for each priority
queue. WiMAX requests band-width on a per-connection
basis, but allocates bandwidth on a per-SS basis. Upon being
granted bandwidth, each SS makes local decisions to allocate
the bandwidth and schedules packet transmission for each
service connection. Second, both EPON and WiMAX support
two types of bandwidth allocation modes: unsolicited and
upon request. They show good similarity in supporting
services with different QoS levels, including delay-sensitive
services, bandwidth guaranteed services, and best effort
services.Third, both EPON and WiMAX classify data traffic
in a differentiated services (DiffServ) mode. EPON has up to
eight different priority queues in each ONU, while WiMAX
classifies the data traffic into five QoS levels ranging from
unsolicited grant service (UGS) to best effort(BE).The above
similarity facilitates the integration of bandwidth allocation
and QoS support in the integrated access architectures (not
including the independent architecture). First, the integration
of dynamic bandwidth allocation can be done in integrated
architectures based on the generic poll/request/grant
mechanism. On the EPON side, an ONU fully understands the
bandwidth grant information in a WiMAX BS, which help
store quest bandwidth from an OLT more efficiently. On the
WiMAX side, once an ONU is granted bandwidth, the
WiMAX BS fully under-stands how much bandwidth it can
allocate for each type of service, and thus can make an
optimal bandwidth allocation among all the service flows.
Second, to enable more efficient integration, an effective
mapping mechanism is required between EPON priority
queues and WiMAX service connections. Specifically, the
mapping needs to know which WiMAX flow should be stored
in which EPON priority queue for equivalent QoS. EPON
supports QoS in a DiffServ mode, under which packets are
classified and stored in different priority queues. In
contrast,although the services of WiMAX are classified to
support different levels of QoS, WiMAX is a connection-
oriented technology, which essentially follows an integrated
service (IntServ) mode.Thus, for integration, an interesting
problem ishow to make efficient conversions between
DiffServ and IntServ services. In addition, it is also interesting
to see how the end-to-end QoS can be supported after these
two systems are integrated.

IV. CONCLUSION AND FUTURE PERSPECTIVES

It is a good match in bandwidth hierarchy to use an EPON as
a backhaul to connect multiple disperse WiMAX BSs. In this
article we propose two architectures for the integration of
EPON and WiMAX. The control and operation of these
architectures has been discussed.We found that integration of
EPON and WIMAX can help realize fixed mobile
convergence and provide a number of attractive features. First,
integration enables efficient strategies for bandwidth
allocation and packet scheduling that help to achieve better

capacity utilization and support of QoS.Second, integration
can simplify network operation (e.g., handover operation).
Third, integration enables a single passive optical network to
simultaneously carry two different types of access networks,
and provide both wired and wireless broadband access
services. Ultimately, the integration of EPON and WiMAX is
expected to save design and operational costs for new-
generation broadband access networks. The current
integration architectures consider only the fundamental EPON
and WiMAX systems. For future even higher access
bandwidth, the architectures can be extended to employ more
advanced technologies, such as WDM in PON systems, and
multiple input multiple output and adaptive antenna systems
in WiMAX systems. Finally, although we chose EPON as a
representative technique for passive access networks, the
proposed integration architectures and related operation
principles are also applicable to other PON techniques such as
GPON.
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