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Abstract: We present the results of computer simulation o
a new medium access control (MAC) protocol for a pho-
tonic ring retwork based on acombination o wavdength-
and time-division multiple access (\WDMA/ TDMA). The
simulations show that the proposed protocol offers maxi-
mum throughpa in excess of 90% of total network
capecity, althoughfor delay-sensitive traffic it is neces-
sary to limit the offered traffic to around 706 of capecity.
Our protocol thus allows at least twice the throughpu of
the next best existing dternative, sotted ALOHA.

1. Introduction

Wavelength division multiplexing (WDM) is rapidly be-
coming the technology of choice for high-cgpadty opticad
networks because it provides a gracdul upgrade path to
accessng the enormous fibre bandwidth, as well as ad-
vantages in terms of scdability and network management
[1]. MAWSON (metropditan area wavelength switched
opticd network) isa WDM opticd network demonstrator,
suitable for LAN- to MAN-scde gplications, which is
currently under development by the Australian Photonics
Cooperative Research Centre [2]. The MAWSON network
is based on a pasdve opticd network (PON) in a ring
topdogy, and its design addresses isaues of flexibility,
compatibility and cost assciated with smaller-scde net-
works.

This paper first describes the basic achitedure and char-
aderistics of the MAWSON network. Then the design and
operation of a novel TDMA/WDMA medium access con-
trol (MAC) protocol which has been developed for
MAWSON is discussed. Finaly, results of computer
simulation of the protocol are presented, which demon-
strate that the new protocol shows sgnificant performance
improvements over existing alternatives.

2. Network Architecture

A four-node, four-wavelength MAWSON ring is ill ustrated
in Figure 1. The PON itself consists of a fibre-optic ring
with aWDM add-drop multi plexer (ADM) locaed at eat
accssspoint. Each ADM drops asinge, fixed wavelength,
but al ows any wavelength, or any number of wavelengths
simultaneously, to be added. In the demonstration network
the ADMs are implemented using simple passve-opticd
components [2]. When conneded to a MAWSON access
point, a node will only receve information which was
transmitted on the dropped wavelength. It is assumed that
ead node is equipped with a WDM laser-array transmitter

(see for example, [3]) which is capable of transmitting at
all wavelengths used in the network.

From the perspedive of the MAC protocol, the significant
charaderistics and limitations of the passve-opticd ring
architedure ae & follows. Eadh node in the network can
read any other node smply by transmitting at the wave-
length corresponding to the ADM to which the destination
node is conneded, i.e. a the physicd layer, wavelength
ads as an address Eadh node receves only one wave-
length: it cannot receve information transmitted on any
other wavelength, nor can a node sense adivity on wave-
lengths other than that which it receves. Thus a protocol
such as that proposed in [4], which depends upon a carier-
sense c@ability, is not appropriate. A node can transmit
information on any one or more of the available wave-
lengths (i.e. multicast/broadcast fadlity is available),
however it cannd simultaneously transmit different infor-
mation on diff erent wavelengths.

3. TheReservation/Allocation Protocol

Since atransmitter cannot sense the transmisson channe,
it cannot a priori avoid transmitting when another node in
the ring is transmitting, leading to a wllision. The re-
transmisson cost when a llison occurs leads to a
reduction in performance which can be seen in systems
which allow colli sions, such as those which use ALOHA,
or dotted ALOHA [5] for medium access control. The
aim of an efficient MAC protocol is to avoid loss of ca
padty by limiting access to the medium so as to either
avoid or limit the impaa of collisions. Further aims of the
present protocol are: to be scdable (in the number of
nodes); to attain high throughput, low delay and padket-
loss and to be fair. The protocol proposed hereisa alli-
sion-free protocol which uses alocdion by the recaver to
prevent collisions. Eadh node which wishes to transmit to
a particular receéver must request bandwidth, and wait for
an allocation before transmitting.  The protocol will thus
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Figure 1: Four-node MAWSON ring.
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Figure 2: Request/all ocation protocol slot structure.

be referred to as the request/all ocation protocol (RAP).

In order to implement RAP, time is divided into uniform
dots. The overal dot structure on wavelength j for an N-
node network isill ustrated in Figure 2. The dlot is divided
into a header period and a data period, with both header
and data periods being divided into “minislots.” The
header begins with a sync frame which is used in a broad-
cast mode to synchronise dl nodes to the start-of-slot. The
rest of the header period is used for request and all ocation
(R/A) mindots. There is one R/A minislot for ead node
i #] on wavelength j, i.e. the R/A minisot for node i on
wavelength j is used by node i to request data minislots on
wavelength j, and to all ocate data minislots on wavelength
i to nodej. The R/A minislots are predlocaed to avoid
collisions. The data period in eat dot is divided into M
data minidots, eat of which may be separately all ocated
for transmisgon of data. The guard bands between minis-
lots allow for fadors such as differential propagation
delays between wavelengths, and errors in timing between
nodes.

Each node maintains sparate buffers for ead posshble
destination node, and sends a request when the buffer
receves a padket to be transmitted. The node reguests
enough data minislots (up to the maximum available) to
transmit al of the padets currently stored in a buffer.
When a node receves requests it performs al ocaionsin a
round robin fashion, i.e. it cyclicdly alocaes one data
minislot to ead node in sequence until al of the minisots
or al of the requests are used up. Note that this all ocaion
procedure isinherently fair.

4. Simulation Results

Computer simulations of the performance of RAP have
been caried out. The bit-rate asumed in the simulations
is 100Mb/s per node/wavelength (the bit-rate to be used in
the prototype network). Note that at higher bit-rates the
performance of RAP can only improve, as the time per slot
occupied by R/A minidots is reduced. Simulations
showed that good performance is obtained over a wide
range of offered traffic using eight data minislots per sot.
Acceptable delay and padket-loss performance ae ob-
tained for loads of up to 70% of capadty (i.e. 70 Mb/s per
node/wavelength). This represents a significant improve-
ment over the next best existing alternative, dotted
ALOHA, with maximum throughput around 36%.

In order to demonstrate the scdability of the protocol, the
maximum attainable throughput for the network is plotted
as a function of total ring length in Figure 3 for the caes
of 3, 10 and 30nodes, with throughput of sotted ALOHA
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Figure 3: Maximum throughpu as a function d ring length.

shown for comparison. The dependence of throughput on
total ring length in the new protocol can be explained as
follows. The most natural and efficient choice for the slot
period is to make it equal to the total ring propagation
delay, since this alows the nodes to process traffic and
avoid collisions without ever having to leave ay wave-
lengths idle. Further, the R/A minidots occupy a fixed
time period per slot which increases with the number of
nodes. Thus longer rings imply longer dots, and a greaer
propation of time per sot devoted to data transmisgon,
leading to a greaer maximum throughput. The results in
Figure 3 show that maximum throughput can excead 90%
if thering length is at leest 1 km per attached node. Thus
for small networks, additiona fibre might have to be in-
cluded to provide aform of opticd buffering. However,
for larger networks, the buffering may be inherently pro-
vided by the transmisgon fibre done.

5. Conclusion

A MAC protocol for the MAWSON photonic ring network
has been presented. Simulation results $ow that the pro-
tocol is efficient: for current parameters it introduces
around 10% overhead and it is scdable to beyond 30
nodes, with moderate delay at loads up to 70% of maxi-
mum. Furthermore, it is intrinsicdly fair. Prototype
network nodes implementing the proposed protocol at
100Mb/s per wavelength are aurrently being developed.
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