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ABSTRACT

Many of the features of EPON and WiMAX are complementary. In [1] we proposed four basic architectures for the
integration of EPON and WiMAX, which employs an EPON as a backhaul to interconnect multiple WiMAX base
stations. The integration takes advantage of the high capacity of fibre communication as well as the mobile and non-line
of sight (NLOS) features of wireless communication. In this article, we recap these basic architectures and relevant
operational issues. We further propose more integrated architectures that are extended from the four basic architectures.
In addition, more design and operational issues relevant to the architectures are discussed. We expect that integration of
EPON and WiMAX can help realize fixed mobile convergence, and significantly reduce overall design and operational
costs for the new-generation broadband access networks.

Keywords: EPON, WiMAX, Fixed Mobile Convergence, integration of EPON and WiMAX, broadband access.

1. INTRODUCTION

With the emergence of bandwidth-intensive applications such as IPTV, VolP, Peer-to-Peer, etc., broadband access
becomes increasingly important for today’s access networks. We broadly classify today’s access networks into two
camps, namely, wired access and wireless access. Traditional wired access techniques mainly include two competing
techniques, DSL and Cable. These techniques can generally support bandwidth in a range of several Mb/s and a maximal
transmission distance up to several hundred meters. To support even higher bandwidth and longer transmission distances,
a new generation of broadband access technique, fibre-based technique, is standardized and developed over the years.
They are gradually permeating from the curb (FTTC), to the whole building (FTTB), and eventually to the home
(FTTH). Ethernet Passive Optical Network (EPON) is one of the most promising fibre-based access techniques™*,
which is expected to offer a cheap solution to broadband network access owing to the ubiquitous deployment of
Ethernet-based network equipments. On the other hand, the wireless access technique also continuously expands its
transmission bandwidth and radio coverage. With the huge market success of the WiFi (IEEE 802.11) technique, the new
generation of wireless technique WiMAX (IEEE 802.16)7* is growing mature and being deployed to provide even
higher bandwidth, wider radio coverage, and better QoS support.

The fibre-based transmission techniques can support high capacity. However, it is costly to lay fibres to each home. In
contrast, the wireless techniques are a cheap solution for broadband network access, and moreover, mobility is another
important advantage of the wireless techniques. However, the wireless techniques generally provide lower bandwidth for
each user compared to the fibre-based techniques.

Many features of the fibre-based and wireless access techniques are complementary with each other. A combination of
EPON and WiMAX can be an attractive solution to broadband network access. First, between different micro-cells, a
fibre-based feeder network is required to interconnect the WiMAX base stations (BS) so as to enable the communication
between different micro-cells. It is efficient to employ a network with a tree topology like EPON to interconnect these
base stations. Second, EPON and WiMAX show a good match in capacity hierarchy. An EPON system supports a total
of 1 Gb/s bandwidth in both downstream and upstream directions, which is shared by a group of (say 16) remote ONUs.
Thus, each ONU can share about an average 60 Mb/s sustainable bandwidth, which shows to be a good match to the total
bandwidth offered by a WiMAX base station that supports an up to ~70 Mbps peak data rate over a 20 MHz spectrum®.
Third, the integration can provide much convenience for the system operation and is expected to better support QoS and
improve network throughput by employing efficient integrated bandwidth allocation and packet scheduling strategies.
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Fourth, the integration can support not only broadband network access but also user mobility, thereby facilitating to
realize the ambition of Fixed Mobile Convergence (FMC)’, which is expected to significantly reduce network design and
operational costs.

Recently, some preliminary research on the integration of EPON and WiMAX networks, termed hybrid optical wireless
networks, was performed '“'". The hybrid optical wireless networks employed a passive optical network as a distribution
medium to carry a large WiMAX network with a single BS station co-located with an Optical Line Terminal (OLT) in an
edge node. The architecture realized a single-stage WiMAX network with all the operational decisions, such as
bandwidth allocation, packet scheduling, and QoS support for users, made at the central BS in the edge node. The
research also evaluated the performance of QoS aware scheduling and related packet delays for the hybrid networks.
However, for the integration of EPON and WiMAX, there are still many other potential efficient integration architectures
that can take full advantage of the integration and can be more cost-effective than the previous hybrid architecture. In [1],
we considered four such architectures, including (1) independent architectures, (2) hybrid architectures with hierarchical
operational mode, (3) unified connection-oriented architectures, and (4) Microwave-over-Fibre (MOF) architectures. The
hybrid optical wireless networks proposed in [10,11] can essentially be classified as a special case lying between the
Microwave-over-Fibre (MOF) architecture and the hybrid architecture under direct operational mode. Based on these
basic integrated architectures, we also addressed several important operational issues in [1], which included (1)
addressing and IP packet forwarding over the integrated systems, (2) bandwidth allocation and QoS support for user
services, and (3) handover operation for mobile users. In this article, we recap these basic integrated architectures and
relevant operational issues. Moreover, we also propose other potential integrated architectures extended from the four
basic architectures. Other relevant issues on the design and operation of the integrated architectures are addressed as
well. Specifically, in addition to the above three operational aspects, we also elaborate on the aspects of (1) optimal fibre
deployment, (2) wireless spectrum allocation among WiMAX micro-cells, (3) reliability enhancement for the integrated
systems, and (4) Fixed Mobile Convergence (FMC) of network infrastructure, terminals, control and management plane,
and user services.

2. KEY ACCESS TECHNOLOGIES

2.1. EPON

Ethernet Passive Optical Network (EPON)*** is a type of PON technique evolved from the traditional ATM PON
(APON). An EPON consists of a central Optical Line Terminal (OLT) and a couple of (e.g., 16 or 32) remote Optical
Network Units (ONU) interconnected by a passive fibre network. The physical topology of an EPON is typically a tree.
EPON is operated in a Time Division Multiplexing (TDM) mode, which allows each ONU to flexibly share the
bandwidth of a system.

The key to successfully operating an EPON is the mechanism for bandwidth allocation among multiple ONUs. In the
downstream also termed downlink (DL) direction, the bandwidth allocation follows a point-to-multipoint (PtMP)
transmission mode. Thus, it is easy for an OLT to allocate bandwidth. Specifically, the OLT broadcasts packets to all the
ONUs, and the latter accept or ignore the packets based on the matching information of packet MAC addresses and ONU
MAC addresses. If they match, the ONUs accept the packets; otherwise, the ONUs ignore the packets. In contrast, the
bandwidth allocation in the upstream also termed uplink (UL) direction is more complicated. Multiple ONUs may
transmit data to an OLT simultaneously, which forms a multipoint-to-point (MPtP) transmission mode. Under this mode,
collisions may occur if there is no a proper mechanism to coordinate the upstream transmissions for different ONUs. For
this purpose, EPON employs the OLT, as a central controller, to coordinate the ONU upstream transmissions. Moreover,
a set of poll/request/grant protocols were developed and standardized by the IEEE 802.3ah working group'. The details
of the poll/request/grant mechanism are as follows.

An OLT periodically polls each ONU querying the state of accumulated data traffic in its buffers (i.e., priority queues).
Upon receiving the poll message, the ONU responds with its buffer states. The OLT then makes bandwidth allocation,
which is also termed a grant process, for each ONU based on all the received buffer states. Such a poll/request/grant
mechanism provides an efficient channel for the control information exchange between OLT and ONUs. Based on this
mechanism, numerous dynamic bandwidth allocation (DBA) algorithms were proposed. One of the most well-known
schemes is IPACT®, which is based on an interleaved polling and bandwidth allocation process to allocate bandwidth to
each (zNU. Other advanced algorithms were also developed for the fairness of bandwidth allocation among different
ONUs".
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The capability of dynamic bandwidth allocation enables EPON to support a range of services with different levels of
QoS, including delay-sensitive services, bandwidth-assured services, best-effort services, etc. To support QoS, up to
eight priority queues are maintained in each ONU, which classify the service packets and provide data transmission
opportunities based on their individual QoS requirements. Such a gross packet classification is similar to the DiffServ
scheme'? in the IP network, which ensures high priority packets to gain more bandwidth and to be transmitted earlier,
The allocation of bandwidth to each priority queue consists of two successive steps, i.e., inter-ONU bandwidth allocation
and intra-ONU bandwidth allocation. The inter-ONU allocation is performed by an OLT to allocate an aggregate
bandwidth to an ONU. However, the allocation does not explicitly indicate how much bandwidth should be allocated to
each priority queue in an ONU. Thus, upon receiving a granted aggregate bandwidth, each ONU needs to further allocate
the bandwidth to each of its priority queues, which is the intra-ONU bandwidth allocation. In principle, a queue with a
higher priority is allocated with more bandwidth and authorized to transmit data earlier.

2.2. WiMAX

WiMAX is a new-generation broadband wireless access technique standardized by the IEEE 802.16 Working Group
(WG)'. The group initially developed a suite of standards to support point to multipoint (PtMP) broadband wireless
access within a spectral range from 10 to 66 GHz. Later, for most commercial interests, the spectral range was extended
to support a range from 2 to 11 GHz as well. More recently, an amendment (i.e., IEEE 802.16¢)"* was also made to
support networking capability between fixed base stations and mobile devices for user mobility.

The WiMAX technique shows following salient features. First, by employing advanced physical layer transmission
techniques and coding and modulation techniques, WiMAX can support a peak downlink (DL) data rate up to ~70 Mb/s
and a peak uplink (UL) data rate up to ~50 Mb/s over a 20 MHz channel. Second, WiMAX maintains end-to-end QoS on
a per-connection (flow) basis. Its sub-channelization and MAP-based signalling capability provide flexibility of
optimally scheduling space, frequency and time-based packet access slots in each Orthogonal Frequency Division
Multiplexing (OFDM) frame, which enables the technique to easily allocate bandwidth and to provide QoS for each
service flow. Third, WiMAX employs optimized handover schemes to ensure latencies less than 50 ms, thereby enabling
delay-sensitive services such as VolIP.

The WiMAX standard supports both Time Division Duplexing (TDD) operational mode and Frequency Division
Duplexing (FDD) operational mode®®. The physical layer frame structure of the TDD mode consists of two parts, i.e., a
downlink sub-frame and an uplink sub-frame (as shown in Fig. 1). The field of preamble synchronizes the frame. The
gap between the two sub-frames is reserved to prevent DL and UL transmission collision. The control fields, including
DL Media Access Protocol (DL-MAP), UL-MAP, DL Channel Descriptor (DCD), and UL Channel Descriptor (UCD),
provide a sub-channel allocation and other control information for the DL and UL sub-frames, respectively. Each TDD
frame can contain multiple DL and UL user bursts, whose profiles are contained in the fields of DL-MAP and UL-MAP
respectively. Specifically, the MAP information points to the starting symbol of each burst and specifies the coding and
modulation techniques that are used for the burst transmission.

Frame

—DL subframe—— UL subframe——————————————————
Contention- Contention- UL-PHY PDU UL-PHY PDU
DL PHY PDU initial ranging | bandwidth request | from SS #1 ‘ “| from SS #r

Gap—»| |[«+—

Preamble [ Preamble | UL burst |

FCH‘ DL burst #1 +-+ DL burst #r

| MAC |. .l MAC

PDUs PDUs | e |

|DLFF[ |DL-MAF, UL-MAF,| MAC |

DCD, UCD PDUs

| MAC | MAC

Header | payload | ERE |

Figure 1: WiMAX frame structure (from Ref. 8).
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WiMAX supports five types of services with different levels of QoS, including (1) Unsolicited Grant Service (UGS), (2)
Real-Time Packet Service (rtPS), (3) Extended Real-Time Packet Service (ErtPS), (4) Non-Real-Time Packet Service
(nrtPS), and (5) Best-Effort Service (BE). To ensure the bandwidth requirements of these service types, WiMAX
allocates bandwidth to each SS based on a poll/request/grant mechanism. Specifically, a BS polls each SS for bandwidth
requests. Upon receiving the polling message, the SS responds with bandwidth requests to the BS for each of its
associated service connections via a stand-alone bandwidth request header or a Piggyback Request. The BS grants an
aggregate bandwidth (the sum of unsolicited bandwidth and bandwidth upon request) to each SS based on all the
requests received from the SSs. Then each SS makes a local allocation for the aggregate bandwidth to each of its
associated service connections according to their individual QoS requirements. The WiMAX protocols provides the
flexibility to modify the bandwidth allocation to each SS frame by frame based on the MAP control overhead in each
frame, which allows to allocate bandwidth to each SS ranging from a single time slot to an entire frame.

3. INTEGRATION OF EPON AND WIMAX

3.1. Architectures

In [1], four basic integrated architectures of EPON and WiMAX, including (1) independent architectures, (2) hybrid
architectures with hierarchical operational mode, (3) unified connection-oriented architectures, and (4) Microwave-over-
Fibre (MOF) architectures, are discussed. In this section, we recap these architectures and their related operational issues.
We also propose several other integrated architectures that are extended from the above four basic architectures. More
design and operational issues relevant to the integrated architectures are also discussed.

Independent Architectures

Independent architecture is the simplest and most intuitive among the four basic architectures considered in [1]. As
shown in Fig. 2, the architecture directly connects a WiMAX base station to an EPON ONU by considering the former as
a generic user. No special requirements should be satisfied for the interconnection between the two system boxes as long
as they support a common standard interface, such as an Ethernet interface. The packet forwarding process under the
architecture is quite simple. In the upstream direction, subscribed stations (SS) send packets to a base station (BS), and
the latter forwards the packets to its associated ONU. The ONU then makes frame re-encapsulations and further forwards
the packet to an OLT. In the downstream direction, a reverse packet forwarding process involves the packet forwarding
from an OLT to an ONU, through a WiMAX BS, and finally to a targeted SS.

Independent Bs
architecture

20 km
(©
D)
1:16

S

Hybrid
architecture

Figure 2: Architectures for the integration of EPON and WiMAX (adapted from [1]).

The independent architecture shows advantage of the full standardizations of both EPON and WiMAX. Moreover, as
shown in Fig. 2, each ONU can be equipped with wired interfaces, thereby enabling the system to also offer wired access
services and thus realize the convergence of services. As a shortcoming, the independent architecture sets a physical
boundary between the two system boxes, which disallows the ONU and the WiMAX BS to share any real-time state
information on their downstream packet scheduling and upstream bandwidth requests. Thus, opportunities for integrated
upstream bandwidth request and downstream packet scheduling may be lost. Moreover, two independent system boxes,
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i.e., an ONU and a WiMAX BS, at the boundary of the two access networks are likely more costly than a single
integrated box as proposed in other architectures.

Hybrid Architectures

The hybrid architecture proposed in [1] is an enhanced integration, which integrates an ONU and a WiMAX BS into a
single system box, termed ONU-BS. In hardware, three sub-CPUs can be equipped in the system box, with the first CPU
responsible for the control and communication in the EPON section, the second CPU for the WiMAX section, and the
third one functioning as a central controller to coordinate and exchange state information between the other two CPUs.
As indicated in [1], it is possible to further integrate these three sub-CPUs into a single large CPU with each CPU
module responsible for each of the above-mentioned functionalities. In software, these sub-CPUs are responsible for
each of the function modules as shown in Fig. 3. The first sub-CPU is responsible for the EPON functional components,
including EPON packet scheduler, priority queues, and EPON packet classifier. The third sub-CPU is responsible for the
functional components of WiMAX packet reconstructor and WiMAX packet scheduler. Finally, the central controller,
namely the third sub-CPU, supports the coordination of the whole system box and the state and control information
exchange between the other two CPUs.
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Figure 3: Functional module of ONU-BS.

The hybrid architecture is expected to significantly reduce equipment cost as only a single system box is required at the
boundary of the two networks. Moreover, because the integrated ONU-BS has the full information on bandwidth request
and allocation and packet scheduling of both ONU and WiMAX BS, it is possible to employ efficient mechanisms for
bandwidth requests in the upstream direction of the EPON system, and bandwidth allocation and packet scheduling in
the downstream direction of the WiMAX system. Specifically, because the ONU-BS has the full information on how
WiMAX SSs request bandwidth from the BS, the ONU-BS can make a better prediction on the bandwidth requirement in
the next cycle in the EPON and thus send a more accurate bandwidth request to the OLT. Likewise, because the ONU-
BS has the full knowledge on the bandwidth that has been requested from the EPON for the next cycle of transmission,
the WIMAX BS can make an optimal bandwidth allocation and packet scheduling for SSs in the subsequent WiMAX
frames. Thus, compared to the previous independent architecture, the hybrid architecture is expected to achieve better
performance in terms of throughput and service QoS. As a disadvantage, the hybrid architecture is not standardized.
Also, a fully-capable ONU-BS may not be cost-effective for situations that require an ONU or a WiMAX BS only.

Unified Connection-Oriented Architectures

As introduced in Section 2, the overall operational principles of WiMAX and EPON, particularly in the aspect of
bandwidth request and allocation, are quite similar. Thus, it may be efficient to employ a common bandwidth request and
allocation protocol for both of EPON and WiMAX in the integrated architectures. In [1], we proposed a unified
connection-oriented architecture to run the WiMAX control protocol in the PON section. Specifically, for each data
frame in PON, rather than using the conventional EPON frame structure, a sublayer is inserted, which first encapsulates
Ethernet frames into the payload of a WiMAX PDU, and then transmits the WiMAX PDU over the PON. The header of
the WiIMAX MAC PDU provides a vehicle for control information exchange, such as bandwidth request and grant. As a
result, a single set of WiMAX MAC layer control protocol can control and manage both PON and WiMAX networks,
and the whole integration system is operated under a unified connection-oriented control protocol. From network
operational point of view, this is a type of Fixed Mobile Convergence (FMC) in network control and management, which
is expected to bring a significant simplification in operation, and good performance and QoS support. Taking this
opportunity, we would like to clarify here that the layer hierarchy shown in Fig. 3 in [1] is to conceptually show a rough
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idea of running a connection-oriented protocol based on the WiMAX mechanism on a PON. For the practical
implementation of the protocol, more detailed specification on the frame structure is required.

Based on the above connection-oriented integrated architecture, an operational model, termed hierarchical mode, was
proposed in [1] for the control information exchange. To be scalable, the mode divided the whole integrated network into
two sections, including PON and WiMAX section, and ONU-BSs function as intermediate points for the control
information exchange between the two network sections. Specifically, the intermediate ONU-BS intercepts and digests
the bandwidth request information from many associated SSs into a single or few bandwidth requests, and sends the
abstract bandwidth request information to the OLT. The advantage of such operation is that the control messages in the
PON can be largely reduced even when the integrated system is serving many SS application connections. Nonetheless,
as a drawback, the digestion of SS bandwidth request information may lose some state information on all the SSs in the
system. Thus, the OLT may not be able to make the most optimal bandwidth allocation for each ONU-BS.

In addition to the above hierarchical mode, we can also propose another operational mode, termed direct mode, based on
the unified connection-oriented architecture. As shown in Fig. 4(a), the mode directly forwards the bandwidth requests
from each SS to an OLT without any interception and digestion by an intermediate ONU-BS. Upon receiving the
bandwidth request information from the SSs, the OLT makes bandwidth allocation for each ONU-BS, and then the latter
further allocates the granted bandwidth to each of its associated SSs. For example, as shown in Fig. 4(a), bandwidth
request information of CID x1 and x2 is directly forwarded to the OLT through ONU-BS1. The OLT makes a bandwidth
allocation and grants an aggregate bandwidth to ONU-BSI1, i.e., Grant for ONU-BSI1, and then ONU-BS1 makes a
further bandwidth allocation to each of the SSs, e.g., Grant for SS1.

As an advantage, the direct mode enables the OLT to get complete bandwidth request information from all SSs without
any information loss. With the full information, the OLT can make a more efficient bandwidth allocation for each ONU-
BS than the previous hierarchical mode. However, the direct mode is less scalable, which is attributed to the following
fact: if each WiMAX micro-cell serves N SS connections, and a PON has a splitter ratio of 1:16, an OLT is required to
process a total of 16N bandwidth requests under the direct mode, which are N times bandwidth requests of the previous
hierarchical mode.

A further extension can also be made to the direct mode. Instead of first allocating bandwidth to each ONU-BS and then
allocating the granted bandwidth to each SS as shown in Fig. 4(a), we can also ask the central OLT to directly allocate
bandwidth to each of the SSs as shown in Fig. 4(b). In this case, the intermediate ONU-BS becomes a dumb repeater to
relay the network control and management information between the central OLT and all the SSs without any processing.
Because the central OLT directly allocates bandwidth to each of the SSs, we termed this mode centralized mode.
Compared to the direct mode, the centralized mode shows even better opportunities for efficient bandwidth allocation
among SSs as it pushes the control on bandwidth allocation far enough to the lowest SS stage. However, the mode may
suffer from a heavy control burden on the central OLT as it needs to process all the control messages and make
bandwidth allocation to each SS.

In summary, for the above three operational modes, a tradeoff exists. To make an efficient bandwidth allocation, more
detailed SS bandwidth request information should be forwarded to the OLT, thereby increasing network control
overhead and the control burden on the OLT. On the other hand, if only digested bandwidth request information by
ONU-BSs is forwarded to the OLT, the network control overhead may be largely saved, which however may not be able
to most efficiently allocate bandwidth to each SS.

In addition, associated with the above hierarchal bandwidth request and allocation, there are two types of bandwidth
connections as shown in Figure 5. We call the connections in the PON section, i.e., between an OLT and an ONU-BS,
trunk connections, and the connections in the WiMAX section, i.e., between an ONU-BS and an SS, regular SS
connections. In the PON section, each ONU can be associated with multiple trunk connections. Each trunk connection
provides an aggregate bandwidth for multiple regular SS connections in the WiMAX section. Such layered connections
with different granularities are analogous to virtual paths (VPs) and virtual connections (VCs) in the ATM networks. The
operational principles for VPs/VCs in the ATM networks are thus expected to be applicable to the current layered
connections.
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Finally, as indicated in [1], in addition to adapting the WiMAX MAC layer protocols on a PON, it is also viable to
modify the WiMAX network to operate under the EPON MAC protocols. Under this modification, all the WiMAX
hardware and devices are operated based on the Ethernet technique with unified Ethernet interfaces. However, this
modification may show an inferior support for service QoS because in this case the QoS support is mainly based on
priority queues, not connection-oriented. Moreover, special extensions are required to handle coding and modulations of
wireless signals as the conventional EPON protocols do not support these issues.

Microwave-over-Fibre (MOF) Architectures

To reduce the cost at the boundary of the EPON and WiMAX systems and better utilize fibre spectrum (in all the
previous architectures, both wired and wireless data is transmitted in the fibre baseband), another alternative integrated
architecture named Microwave over Fibre (MOF) was also proposed in [1]. The architecture transmits the EPON signal
on the baseband and WiMAX signals on the optical subcarriers. The signals are multiplexed and modulated onto a
common laser frequency. As indicated in [1], the MOF architecture over a single laser frequency may suffer from the
difficulties of the crosstalk between different optical subcarriers and optical beat interference (OBI) between upstream
optical subcarrier signals. To alleviate these impacts, one effective solution is to employ WDM transmission technique to
modulate a pair of baseband and WiMAX signals each onto a different wavelength. This thus evolves to the next-
generation PON system, namely WDM PON'*. Figure 6 illustrates an MOF architecture under WDM PON. The
architecture shows a system with 16 wavelengths. Each wavelength carries a baseband signal for WDM PON and a
subcarrier signal for WiMAX. The carrier signal spectrum layout in the MOF integrated system is shown in Fig. 7.

In hardware, each remote node is made up of an ONU unit that is responsible for the data communication of the WDM
PON, and a dumb antenna that is responsible for relaying a WiMAX radio signal from and to its associated micro-cell.
The signal of WDM PON is transmitted in the fibre baseband to occupy about 1.25 GHz bandwidth. The signal of the
WiMAX system is modulated on a wireless carrier frequency (e.g., 2.5 GHz). These two signals are multiplexed and

modulated onto a common optical frequency (e.g., 4 ) and transmitted to an upstream central node. The modulation of a

WiIiMAX carrier frequency over an optical frequency is called microwave-over-fibre'”. Thus, the architecture is
associated with two types of subcarriers. One is wireless subcarrier of the WiMAX system, in which a several Megahertz
(e.g., 10 MHz) spectrum is divided into multiple subcarriers (e.g., 1024 subcarriers) with a typical 10.94 KHz subcarrier
frequency spacing®. The other is optical subcarrier in the WDM PON network, which carries signals from each dumb
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antenna, e.g., 2.5 GHz. To distinguish them, we term the first WiMAX subcarrier, and the second optical subcarrier. A
WiMAX subcarrier is thus a subcarrier on an optical subcarrier.
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Figure 6: Microwave-over-Fibre (MOF) integration architecture under WDM PON.
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Corresponding to the remote nodes, the central node consists of two types of major modules, including OLTs and a
central WIMAX-BS as shown in Fig. 6. Instead of a single OLT as in the central node of the MOF architecture in [1],
there are 16 OLT units in the WDM PON. Also, there are 16 WiMAX-BS units that, associated with a macro-BS central
controller/coordinator, make up a WiMAX macro-BS. The macro-BS processes all the frames or data packets from the
associated micro-cells. It also coordinates bandwidth allocation and packet scheduling for each of the WiMAX BS units.
Specifically, after an optical signal enters the central node, it is first demultiplexed into different wavelengths. Then the
signals carried on each of the wavelengths are converted into an electronic format, which are further demultiplexed into a
baseband signal and a WiMAX signal. The baseband signal is forwarded to an OLT for data processing and the WiMAX
signal is forwarded to a WiMAX BS unit for data processing.

Optical subcarrier Baseband
for WIMAX signa (EPON)

= A

Figure 7: Carrier signal spectrum layout in the MOF integrated system.

Compared to the MOF architecture proposed in [1], the WDM PON-based MOF architecture does not require a WiMAX
carrier frequency shifter after and before each WiMAX-BS data processor and each dumb antenna. This is because the
WiMAX carrier frequencies are modulated on different wavelengths and the difference of the wavelengths can help to
distinguish from which dumb antenna a WiMAX signal comes from.

The advantages of the MOF architecture can be recapped as follows. First, because the macro-BS has the full
information of bandwidth requests from all the micro-cells, it can implement advanced bandwidth allocation and packet
scheduling strategies for the integrated system so as to improve the system bandwidth efficiency. Second, because a
single macro-BS coordinates the data communications of multiple WiMAX micro-cells, the MOF architecture provides
convenience for the handover operation of mobile users. Third, the MOF architecture is cost-effective. A single PON
carries two independent broadband access networks. Moreover, for all the WiMAX access networks (associated with
different micro-cells), only a single (powerful) macro-BS is required at the central site, and each of the remote access
sites is simply a dumb antenna. Such a configuration is expected to be cheaper than the regular case with a dedicated
WiMAX BS for each micro-cell. Finally, WiMAX signals modulated on optical subcarriers are in a form of OFDM, in
which each data bit has a longer duration than its normal TDM format. Thus, the signals can resist fibre dispersion and
elongate transmission distances.

However, the MOF architecture suffers from a couple of disadvantages. First, the central macro-BS may become a
bottleneck of the whole WiMAX network as it needs to take care of all the SSs subscribed to the system. Second, using a
single fibre to carry two independent access networks increases the risk of double network failures when the fibre is cut
or a central node fails. Finally, the architecture is not standardized.

Proc. of SPIE Vol. 6784 678403-8






