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Next-Generation Optical Access Networks:
Dynamic Bandwidth Allocation,
Resource Use Optimization, and QoS Improvements

loannis Tomkos

apidly increasing traffic demands of current residen-
tial and business applications and newly evolving ser-
vices require access network solutions that can offer
dramatically higher bandwidth. New applications tend
to be media-rich such as high-definition television
(HDTYV), video on demand (VoD), voice over IP (VolIP),
and high-speed Internet. Emerging applications include
multimedia conferencing, multiplayer online gaming,
online content generation, and consumer-oriented cloud-
computing solutions, and are even more demanding and
bandwidth-hungry. As a result, future wireline access net-
works will be faced with the challenge of transporting the
ever increasing volume of data-centric traffic with ever
tighter timing and quality of service (QoS) requirements.

In the access network domain, over the next few years,
the copper and coaxial links (which currently constitute the
majority of installed infrastructure) will be replaced by
optical fibers, and the fiber-based networks will move clos-
er to the customers using a variety of next-generation
access architectures, including fiber to the building (FTTB)
and fiber to the home (FTTH). Customers can and will
require new communication services with a high availability
and quick data down- and upload.

Present FTTH optical access systems mainly use point-
to-point (PtP) and passive optical network (PON) tech-
nologies. Current commercially available PON solutions
are based on time-division multiple access (TDMA), such
as the XGPON, GPON, and EPON standards. Research is
underway to support higher bit rates, reduce latency,
extend reach, and enhance splitting ratios; this will enable a
substantial reduction of the number of central offices.

Exploration of other technologies (e.g., WDM,
OFDMA, UDWDM, OCDMA, and hybrid solutions) for
next-generation optical access is currently the focus of
many research activities and projects worldwide. The latest
proposed solutions are expected to simplify the implemen-
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tation and development of scalable access networks essen-
tial to support both the ongoing service upgrades and next-
generation rich multimedia content ranging from 100 Mb/s
to multiple gigabits per second per access subscriber.

Although the escalating demand in bandwidth provision
could be met by wireline networking solutions, next-gener-
ation access networks should also provide end users with
great flexibility and mobility. The convergence of fixed and
mobile networks is likely to deliver the desired benefits of
data-centric high-quality mobile service offerings with
greatly improved performance compared to today’s
approaches. This convergence will pose a fundamental
challenge to future access/
metro networks where transparent integration of wireless
and optical services and the simultaneous introduction of
dynamic multiwavelength transmission need to be
achieved.

Many diverse research activities are taking place around
the globe to address the above mentioned challenges. To
review the recent research developments in next-generation
optical access networks, we have prepared a dedicated spe-
cial issue of IEEE Network that includes high-quality con-
tributed articles accepted from an open call for papers. We
have selected for publication several outstanding articles
addressing the following topics:

* Next-generation medium access control (MAC) algo-
rithms and protocols

* Architectures/technologies offering sustainable ultra-

high bit rate per user

Energy efficiency issues

Protection/restoration issues

Techniques to improve QoS guarantees

Hybrid/converged wireline/wireless access network archi-

tectures

* Graceful evolution of legacy PONs to next-generation
(NG)-PONs
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As a result of the call for papers, we received a total of
27 submitted papers. Following two rounds of a scrutinizing
review process, seven articles were accepted to appear in
the March/April 2012 issue of IEEE Network. The accepted
manuscripts are top-quality and represent good coverage of
the topics the special issue intended to cover.

The first article is authored by participants of the opera-
tor group at the International Telecommunication Union
Telecommunication Standardization Sector (ITU-T) full
service access network (FSAN) working group investigating
the architectures and technologies for the next generation
of optical access networks. It is entitled “Network Operator
Requirements for the Next Generation of Optical Access
Networks,” and discusses the requirements and targeted
specifications for the so-called NG-PON2 standard current-
ly in the definition phase. The authors present their insight-
ful views on the relevant open issues and challenges with
the goal of informing the scientific and engineering com-
munities, and preparing the ground for promoting mature
contributions into ITU-T in order to finalize the relevant
standard.

In the article “NG-PONs 1&2 and Beyond: The Dawn of
the Uber-FiWi Network,” the authors first present a review
of major progress in NG-PON 1 and 2 technologies. Major
candidate NG-PON 1 and 2 architectures are discussed,
including long-reach XG-PON, wavelength-routing WDM
PON, and OCDMA and OFDMA PON. The authors then
go on to discuss converged optical fiber-wireless (FiWi)
access networks, claiming them to be the possible endgame
of broadband access. According to the authors, powerful
layer 2 optical-wireless, hierarchical frame aggregation, and
network coding techniques can improve NG-PON and
FiWi networks in terms of throughput-delay performance,
resource utilization efficiency, and survivability. Finally, the
authors propose a novel Uber-FiWi network, and demon-
strate its potential by studying the beneficial impact of
inter-home scheduling of emerging plug-in electric vehicles
(PEVs) on the resource management of a more sustainable
future smart grid.

The article “Next-Generation Optical-Wireless Con-
verged Network Architectures” presents a comprehensive
analysis on implementing the next-generation optical-wire-
less integration architectures. The performance analysis
shows that the proposed 10GEPON-LTE converged net-
work architecture is a QoS-capable architecture suitable for
next-generation optical-wireless converged networks.

The article “Energy Efficiency in the Extended-Reach
Fiber-Wireless Access Networks” discusses the conver-
gence of PONs and wireless access networks (FiWi) that
combine the robustness and high capacity of optical net-
works with the mobility and ubiquity of wireless networks.
This article presents an overview of energy-efficient proto-
cols and design approaches in FiWi networks. The authors
also propose an energy-efficient bandwidth allocation
mechanism for FiWi. With simulation results, the authors
demonstrate that the proposed scheme can provide signifi-
cant energy savings in long-reach FiWi networks while
overcoming the delay penalty caused by ONU-BS sleep
modes. Also discussed in the article are the open issues and
challenges of energy efficiency of FiWi networks and future
research possibilities.

The authors of the article “Energy-Efficient PON with
Sleep-Mode ONU: Progress, Challenges, and Solutions”
focus on the fact that while enabling sleep mode in the
ONU is among the most promising techniques for energy-
efficient PONS, it brings many challenges including slow
transition of power between two modes, and long recovery
and synchronization time required by the wake-up process.
In their article, a service level agreement (SLA)-based
scheme for PONSs is proposed to address these issues. With
simulation results, the authors show that the proposed
scheduling scheme provides significant energy saving and
addresses the problem of frequent mode switching: the
ONU is able to save 40 percent of the energy under moder-
ate use and practical power consumption settings.

The article “Adaptable Access System: Pursuit of Ideal
Future Access System Architecture” presents a concept of
an adaptable access system. The R&D vision toward an
adaptable, dependable, and eco-conscious access system is
discussed. Next, three concepts of physical network infras-
tructures —active single star, service-area-variable mini-
mum cellular, and access system virtualization — are
presented and their technological targets highlighted.

Finally, the article “Medium Access Control for the Next
Generation Passive Optical Networks: The OLIMAC
Approach” introduces the concept of OLIMAC as an
instructive technology enabler for NG-PON2 systems. The
authors propose a solution to the MAC issue in NG-PON2
and explain its method of operation. Issues such as engi-
neering aspects as well as interoperability are also dis-
cussed. A numerical simulation model is presented that
validates the working of OLIMAC and showcases improve-
ments in terms of network-wide utilization, channel block-
ing, as well as provisioning delay.

We are grateful to the authors, peer reviewers, and the
magazine’s Editorial Board and staff for their contributions
to this Special Issue. We are thankful to Ms. Shixin Fu for
her help with handling some reviewing and editing tasks.
Lastly, we would especially like to acknowledge the strong
support and guidance from IEEE Network’s previous Edi-
tor-in-Chief Prof. Tom Chen. We hope that this special
issue is useful for the research community.
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