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The ever-growing demand for Internet bandwidth
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and recent advances in optical Wavelength Division
Multiplexing (WDM) and wireless technologies
brings about fundamental changes in the design and
implementation of the next generation networks. The
next challenge in wireless communications would be
to reach high transmission rate under high mobility.

The main objective of this integrated project is the
provision of the basic transport and QoS guarantees
over metropolitan optical and wireless access
networks interconnected via optical metro core
backbone networks. There are 4 subprojects in the
integrated project. Subproject 1 is responsible for the
design, analyses, and testbed construction of packet-
directly-over-WDM metro core networks; Subproject
2 focuses on the systematical design of an
error-correcting code that can at the same time
equalizes channel effect, and bit-wise soft-decision
decoding for the prevailing symbol-based modulation
scheme for future high speed transmission; Subproject
3 aims at the design and analyses of optical access
networks including OBS-based optical transport with
QoS guarantees, traffic grooming, and Ethernet over
Passive Optical Network (EPON) and finally
Subproject 4 then investigates QoS enabling
technology under a high mobility wireless
environment, in an attempt to smoothly support the
seamless real-time multimedia streaming.

Keywords: Wavelength Division Multiplexing
(WDM), Long-haul backbone network, Metropolitan
Area Network (MAN), packet-over-WDM (PoW),
Optical Circuit Switching (OCS), Quality-of-Service
(QoS), Medium Access Control (MAC), Wireless
Access Networks, Traffic Grooming, Ethernet over
Passive Optical Network (EPON), Error Correcting
Coding, Encoding and Decoding.
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The ever-growing demand for Internet bandwidth
and recent advances in optical Wavelength Division
Multiplexing (WDM) and wireless technologies
brings about fundamental changes in the design and
implementation of the next generation networks. To
support end-to-end data transport, there are three
types of networks: wide-area long-haul backbone
network, metropolitan core network, and local and
access networks. First, due to steady traffic resulting
from high degree of multiplexing, next-generation
long-haul networks are based on the Optical Circuit
Switching (OCS) technology by simply making
relatively static WDM channel utilization. Second, a
metropolitan core network behaves as transitional
bandwidth distributors between the optical Internet
and access networks. Unlike long-haul backbone
networks, metro networks exhibit highly dynamic
traffic demand, rendering static WDM channel
utilization completely infeasible. Finally, access
networks are responsible for providing bandwidth
directly to end-users. Two most promising
technologies have been optical access and wireless
access networks, respectively. Due to superior
performance of fiber optics and tremendous
bandwidth demand, providing broadband access and
services through optical access technology becomes
indispensable. Finally, regarding wireless access
networks, the new demand of wireless
communications in recent years inspires a quick

advance in wireless transmission technology.
Technology blossoms in both high-mobility low-bit-
rate and low-mobility high-bit-rate transmissions.
Apparently, the next challenge in wireless
communications would be to reach high transmission
rate under high mobility.

The main objective of this integrated project is the
provision of the basic transport and QoS guarantees
over metropolitan optical and wireless access
networks interconnected via optical metro core
backbone networks. As shown in Figure 1, Subproject
1 (PI: Prof. Maria Yuang) is responsible for the
design, analyses, and testbed construction of
packet-directly- over-WDM metro core networks;
Subproject 2 (PI: Prof Po-Ning Chen) focuses on the
systematical design of an error-correcting code that
can at the same time equalizes channel effect, and
bit-wise soft-decision decoding for the prevailing
symbol-based modulation scheme for future high
speed transmission; Subproject 3 (PI: Prof. Chung-Ju
Chang) aims at the design and analyses of optical
access networks including OBS-based optical
transport with QoS guarantees, traffic grooming, and
Ethernet over Passive Optical Network (EPON) and
finally Subproject 4 (Pl: Prof. Y. C. Chen) then
investigates QoS enabling technology under a high
mobility wireless environment, in an attempt to
smoothly support the seamless real-time multimedia
streaming.

Optical Metro
Core Network
(Prof. M. C. Yuang)

Wireless
Access
(Prof. Y. C. Chen)
(Prof. P. N. Chen)

Control

High Mobility

* Encoding (Prof. P. N. Chen)
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Figure 1. Relationship between sub-projects.
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With advances in optical Wavelength Division
Multiplexing (WDM) technologies [1] and its
potential of providing virtually unlimited bandwidth,
optical WDM networks have been widely recognized
as the dominant transport infrastructure for future
Internet backbone networks. To maintain high
scalability and flexibility at low cost, WDM networks
often include switching devices with different
wavelength conversion powers [2,3] (e.g., no, limited-
or full-range), and multi-granularity switching
capability [4,5]. In particular, examples of
Multi-Granularity Optical crossconnects (MG-OXCs)
include switching on a single lambda, a waveband
(i.e., multiple lambdas), an entire fiber, or a
combination of above.

One major traffic engineering challenge in such
WDM networks has been the Routing and
Wavelength Assignment (RWA) problem [3,6]. The
problem deals with routing and wavelength
assignment between source and destination nodes
subject to the wavelength-continuity constraint [7] in
the absence of wavelength converters. It has been
shown that RWA is an NP-complete problem [7].
Numerous approximation algorithms [3,6] have been
proposed with the aim of balancing the trade-off

between accuracy and computational time complexity.

In general, some algorithms [8,9] focused on the
problem in the presence of sparse, limited, or
full-range wavelength converters. Some others made
an effort to either reduce computational complexity
by solving the routing and wavelength assignment
sub-problems separately [7], or increase accuracy by
considering the two sub-problems [10] jointly.
However, with the multi-granularity switching
capability taken into consideration, most existing
algorithms become functionally or economically
unviable.

Our aim is to resolve the RWA problem in
multi-granularity WDM networks particularly with
Fiber Switch Capable (FSC-OXC) and Lambda
Switch Capable (LSC-OXC) devices. It is worth
mentioning that, as shown in Figure 2, an MG-OXC

node is logically identical to an individual FSC-OXC
node in conjunction with an external separated
LSC-OXC node. For ease of illustration, we adopt the
separated node form throughout the rest of the report.
The problem is in short referred to as RWA".

In this sub-project, we have resolved a RWA"
problem wusing the LRH method, which is a
Lagrangean Relaxation based approach augmented
with an efficient primal heuristic algorithm. With the
aid of generated Lagrangean multipliers and lower
bound indexes, the primal heuristic algorithm of LRH
achieves a near-optimal upper-bound solution. A
performance study delineated that the performance
trade-off between accuracy and convergence speed
can be manipulated via adjusting the Quiescence
Threshold parameter in the algorithm. We have drawn
comparisons of accuracy and computation time
between LRH and the Linear Programming
Relaxation (LPR)-based method, under three random
networks. Experimental results demonstrated that,
particularly for small to medium sized networks, the
LRH approach using a termination requirement
profoundly outperforms the LPR method and
fixed-iteration-based LRH, in both accuracy and
computational time complexity. Furthermore, for
large sized networks, i.e., the USA and ARPA
networks, numerical results showed that LRH
achieves a near optimal solution within acceptable
computation time. The above numerical results justify
that the LRH approach can be used as a dynamic
RWA" algorithm for small to medium sized networks,
and as a static RWA" algorithm for large sized

%
'H‘E':
>< )

i1

(a) An MG-OXC node (b) FSC-OXC and LSC-OXC nodes

Figure 2. A combined MG-OXC node and its
logically identical separated node form.
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The main technology obstacle for high-bit-rate
transmission under high mobility is the seemingly
highly time-varying channel characteristic due to
movement; such a characteristic enforces the
dependence between consecutive symbols, and further
effects the difficulty in compensating the intersymbol
interference. In principle, the temporal channel
memory can be eliminated by an intersymbol space
longer than the channel memory spread. An example
is the IEEE 802.11a standard, in which 0.8-us
“intersymbol  space” is added between two
consecutive 3.2-us OFDM symbols to combat any
delay spread less than 800 nano seconds. In order to
take advantage of the circular convolution technique,
the 0.8-ps “intersymbol space” is designed to be the
leading 0.8-p portion of the 3.2-us OFDM symbol,
which is often named the cyclic prefix [11]. Motivated
by this, we experiment on a different view in the
neutralization of channel memory, where the
“intersymbol space” may be of use to enhance the
system performance.

In order to examine the performance of our
proposed system, we tempted to establish the capacity
of the time-varying fading channel experimented.
There have been several publications investigating the
capacity of fading channels. The capacity of the flat
Rayleigh fading channel has been studied in [12]
under the assumption that the state of channel fading
is perfectly known to both the transmitter and the
receiver. While neither the transmitter nor the receiver
knows the channel state information (CSI),
investigation of the capacity of memoryless Rayleigh
fading channels can be found in [13].

In this year, there are two questions on which we
concentrate. The first is to experiment on a different
view in the neutralization of channel memory, where
the “intersymbol space” may be of use to enhance the
system performance. The second question that the
research aims at is that what the capacity of a
time-varying channel, like Gauss-Markov [14,15], is.
Seldom publications have been emerged in the

capacity study of Gauss-Markov channels. The
understanding of this quantity helps the researchers to
be fully understood of the gap between a transmission
scheme and the underlying limit.

Based on the result of last year, the aims of this
year are to design channel codes which have been
considered the statistics properties of fading channels.
In this work, we take the PCCC code and its
respective iterative MAP decoder as a test vehicle to
experiment on the idea that the temporal channel
memory can be weakened to nearly blockwise
time-independence by the insertive transmission of
“random bits” of sufficient length between two
consecutive blocks, for which these “random bits” are
actually another parity check bits generated due to
interleaved information bits. The simulation results
show that the metrics derived based on blockwise
independence with 2-bit blocks periodically separated
by a single parity-check bit from the second
component RSC encoder perform close to the
CSl-aided decoding scheme, and is at most 0.9 dB
away from the Shannon limit at BER = 2 x 10~* when
ho = 1 and o’ = 0.001. The result of the first part
has been prepared for submission to IEEE
communication letters. A natural future work is to
extend the channel memory to higher order, and
further examine whether the same idea can be applied
to obtain well-acceptable system performance.

In the second part, we have remarked on four
different definitions of channel capacities according
to the transmitter/receiver with/without channel state
information. We then turn to the derivation of the
independent bounds for the channel capacity without
CSI in both transmitter and receiver. We then found
that if there is no LOS signal existing, the capacity of
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the blind-CSI system will be reduced to zero.
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In the studies on the prediction-based EPON
uplink scheduling algorithms, it’s found that a
predictor can be utilized to estimate the new arrival
packets in each ONU during the cycle time, and thus
the mean packet queuing delay time can be reduced.
This is because the new arrival packets can get the
extra bandwidth reserved by the predictor and needn’t
to wait for another ‘REPORT-GATE’ signaling cycle
time.

The scheduling architecture proposed in last year
project can guarantee the delay criterion of voice
service and support a good fairness to best-effort data
service. In order to maintain the delay criterion of
voice service, the maximum cycle time should be
bounded [16]. We have shown the relationship
between average packet delay of voice service and
maximum cycle time (Tmax) in last year report, where
the average packet queueing delay will achieve one
and half of the cycle time. That is, the average packet
queueing delay will increase with the maximum cycle
time (Tmax).

In IPACT, we know that if the overhead, such as
control messages and guard times, remain fixed
during every cycle, the throughput will increase with
the maximum cycle time (Tmax). Thus, we can
improve the bandwidth efficiency by increasing the
maximum cycle time. However, according to the
content mentioned above, this will lead to increasing
average packet queueing delay.

In this sub-project, we proposed the prediction-
based scheduler architecture for the uplink media
access mechanism of EPON networks. A moving
average method is chosen to estimate the number of
arrived packets during a cycle right after the REPORT
message has been sent back to the OLT and the new
GATE message has been issued to the ONU. The
simulation results show that, as comparing with the
performance of the non-prediction-based scheduling
scheme, the average packet queueing delay of the
voice service will be greatly decreased with a slight
degradation in throughput. Furthermore, with the
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lower queueing delay, the maximum cycle time can
be extended to improve the performance of system
throughput with the side effect of increasing queueing
delay for the voice service. However, the increased
queueing delay of the voice service is still within the
specified delay bound.

In the simulation, we have also found that the
moving average method cannot perfectly estimate the
behavior of the self-similar traffic. This is because the
variation of self-similar traffic is large, and the
predictor will over estimate frequently. We believe
that there exist better predictors that can reduce the
prediction error in this model.

We will continue the project according to the
results of this year. In the enhanced Prediction-Based
Scheduling Algorithm for EPON, we will check the
EPON final standard to our simulation model; Making
a new traffic control mechanism to meet the IEEE
802.3ad requirements; developing a new LAN traffic
pattern for the self-similar packets; applying the
optimum traffic pattern to the simulation programs to
get the optimum results; enhancing the effective
prediction algorithm to improve the minimization of
packet delay and maximization of bandwidth
utilization.

On the other hand, we have been devoted in the
studies about the traffic grooming problem over
WDM optical networks. In order to efficiently utilize
the network resources, the traffic-grooming technique
will be employed to multiplex several (lower-speed)
traffic streams with the same route into one
high-speed stream and transmitted by one individual
optical carrier.
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Wireless local area networks have become
extremely popular in recent years. The wireless
services may encounter some problems under
different environments, and there are more emerging
multimedia streaming applications being developed.
When users of these applications move from the
coverage area of one AP to the other, the services
must be handed over in approximately 150
milliseconds, otherwise the user will experience the
jitter. If the handoff time is much larger than 150ms,
the quality would be getting worse. This noticeable
problem needs to be solved. Many approaches have
been proposed from different aspects to reduce the
handoff impact. Some focus on layer 2 handoff to
reduce the scan, authentication and association
latency. Others focus on layer 3 handoff to alleviate
the registration and authentication time. The typical
solution for reducing handoff time is Hierarchical
Mobile IP with Fast handover protocol [17]. Fast
handover protocol [18] needs layer 2 information to
early trigger the handoff and it spends approximately
100ms which is much smaller than 3 seconds required
by original Mobile IP. This small handoff period
allow us to provide a multimedia streaming service
during handoff without suffering jitter problem.

Besides handoff, security and authentication
issues also become more important nowadays. If we
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like to enhance the security or to perform
authentication, it will add a certain amount of handoff
time in addition to the original layer 2 and layer 3
handoff. This is a tradeoff between authentication and
QoS, and we need some method to minimize the
impact if we add authentication process on it. Fast
handover could provide better QoS for roaming
devices, based on this advantage, we construct a user
authentication signaling that allows the access router
to authenticate the mobile node (MN).

To achieve low latency handoff, we make use of
pre-registration signaling called fast handover
protocol to piggyback wuser’s information to
authenticate with new target AP temporarily for
reducing the authentication time during handoff
period, it is called “two-stage authentication” as
shown in Figure 5. Our two-stage authentication
scheme consists of pre-authentication and formal
authentication.

A mobile node needs to perform AAA/Mobile IP
[19] initial registration when it enters into the new
MAP (Mobility Anchor Point) domain. The Home
Agent generates keys and authenticates the mobile
node when it receives the AAA/Mobile IP registration
message. Then, the Home Agent replies the
registration to the mobile node through MAP, which
then checks the authentication status, signs a
certificate CAuap and adds group key for the mobile
node into registration reply message. The mobile node
derives the CAwmap after performing the AAA/Mobile
IP registration. Then, the mobile node moves from
PAR (Previous Access Router) to NAR (New Access
Router), it triggers the pre-registration called fast
handover signaling to reduce the registration time. We
try to make use of this signaling to piggyback some
information to pre-authenticate the MN with new
target AP temporarily. Also, the MN needs to
complete the formal authentication process after
handoff in a given limited time. The MN generates a
credential to register with new target AR (AP)
through fast handover signaling for deriving the
temporarily access right in the new domain. After
handoff, the mobile node can receive packets quickly
by sending this credential to the target AR to present



its existence under target AR’s coverage. So, the MN
doesn’t need to wait for completing the authentication
process to receive packets. NAR uses CAwap to
identify the mobile node and to register the credential
of the mobile node in NAR’s authentication table.
NAR will return the expiration time of the credential
and CAnar signed by NAR through fast handover
signaling to the mobile node. After Layer 2 handoff,
the MN can use this credential to pass temporarily
authentication and extend its authentication expiration
time in NAR’s authentication table. CAnar is for
formal authentication usage.

The two-stage authentication scheme can enhance
the performance of wireless handover if
authentication mechanism is used. Different from the
L3-FHR authentication scheme that authentication
information is broadcasted by gateway to all L3-FHR
[20] ARs(APs) shown in Figure 5, a MN just sends a
copy of authentication information to the target ARs
(APs) in two-stage authentication scheme. As a result,
our proposed scheme can reduce the packet loss rate
and authentication time. Our scheme can reduce the
original IEEE 802.11 authentication process time
because it pre-sends the identity of the MN to target
AR(AP). We try to modify this scheme to co-work
with IEEE 802.1x to reduce the authentication time
and to provide a better authentication mechanism
during handoff period in the future research.
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