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In radio-over-fiber (RoF) systems, optical fiber links are used to distribute radio fre-
quency signals from an access point to remote antenna units. The transmission of 802.11
signals through a RoF architecture enables to extend the potential of 802.11 networks
(coverage extension, power reduction, ...). In such systems, the optical part introduces
an extra propagation delay and modifies the operation of the mechanisms defined at the
medium access control (MAC) layer. As a result, the upper layer protocols, such as TCP,
will be also affected by the RoF architecture. This paper therefore investigates the TCP
performance in IEEE 802.11g RoF networks.

Introduction
The radio-over-fiber (RoF) technique is a promising solution to merge the capacity and
the transparency offered by optical networks with the flexibility and the mobility of wire-
less access networks [1]. In RoF systems (Figure 1), a central station (CS) uses an optical
network to transmit radio signals to distributed Remote Antenna Units (RAUs). The
RAUs then transmit the signal over the radio channel to the mobile users. A big range
of wireless services can be distributed over a radio-over-fiber system. In our work, we
investigate the transmission of 802.11g signals using radio-over-fiber systems.

Figure 1 - 802.11 system using a RoF architecture.

802.11 WLAN over fiber networks offer a large number of advantages: it enables an opti-
mal network coverage by placing the antennas close to the mobile users, which allows to
reduce the emitted power. Moreover, there are no handover while mobile users are moving
from one cell to another cell. In addition, since the processing functions are centralized,
it makes deployment and management easier than traditional wireless deployments.

Our previous work has shown that the MAC (Medium Access Control) layer of the IEEE
802.11 standard needs to be adapted for RoF transmissions [2-3]. In those studies, we
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considered UDP (User Datagram Protocol) at the transport layer to generate packet flows
in the network. However, most Internet applications (web browsing, FTP data transfer,
email services) use TCP (Transmission Control Protocol) for reliable data transfers. In
this work, we investigate the TCP performance over a RoF architecture.

802.11 limitations in RoF systems
We previously showed that the IEEE 802.11 standard is not optimally designed for RoF
transmissions and some parameters need to be adapted to improve the protocol perfor-
mance when it is used in a RoF architecture. Since the wireless medium is a highly
unreliable medium, the IEEE 802.11 standard has introduced a positive acknowledge-
ment mechanism. For any unicast packet sent, the receiving station is expected to send
an acknowledgement (ACK) to the sending station to inform the correct reception of the
transmitted packet. As a result, after the transmission of the data packet, the source sta-
tion starts a countdown timer (ACK timeout) which corresponds to the maximum time
allowed to receive the ACK frame. If the ACK message arrives after the expiration of the
timeout, the data packet is assumed to be lost and a retransmission is attempted.

In RoF architectures, the propagation delay introduced by the optical links is much higher
than the delay encountered in traditional 802.11 networks. Consequently, we need to in-
crease the ACK timeout value to avoid poor performance and to deploy RoF systems with
high coverage.

When several stations want to access the wireless medium at the same time, the IEEE
802.11 standard introduces the back-off algorithm to avoid collisions in the network. It
schedules a random waiting time for each station in order to randomize moments at which
stations get access to the medium. The random waiting time duration is an entire number
of time intervals (slottime), computed as follows:

back-off = slottime× random[0,CW-1] (1)

where random[0,CW-1] is a random number picked between 0 and CW-1. The slottime
value must be at least equal to the propagation time in order to detect if another station has
accessed the medium before. This is always true in traditional 802.11g networks since
the standard value is set to 9 µs whereas the maximum coverage is limited to 300 m, cor-
responding to a maximum propagation time of 1 µs. However, in RoF networks, the prop-
agation time may be much higher and the back-off algorithm doesn’t operate correctly,
leading to an increased number of collisions. We previously showed that the 802.11g
slottime value should be adapted according to the maximum propagation in the network:

{
slottime = 9µs if tp max < 4.5µs
slottime = 9µs+2× tp max if tp max ≥ 4.5µs

(2)

where tp max is the maximum propagation time in the network.
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Transmission Control Protocol (TCP)
TCP provides reliable, ordered delivery of a data stream from a program on one com-
puter to another program on another computer. TCP uses positive acknowledgements
and retransmissions to guarantee reliability. Whenever the receiver gets a data packet, it
transmits an acknowledgement message to the sender. Several acknowledgements may
be combined together into a single one to improve network performance. At the receiver
side, we keep track of the data messages that has been transmitted and we start a timer
when a packet is sent. If the acknowledgement of a packet is not received before the timer
has fired, the sender retransmits the packet. In addition, if three duplicated acknowledge-
ments are received, it starts the retransmission procedure, which depends on the TCP
version.

The operation of TCP is very different from UDP which simply transmits datagrams with-
out any control. As a result, we studied the bahavior of TCP transmissions over a 802.11g
RoF network.

Simulation Setup
We modelled a point-to-point 802.11g RoF system (Figure 2) in Network Simulator 3.
In the first simulation set, we considered an unidirectional TCP traffic generated by the
mobile user. Then, we considered a bidirectional traffic, where both the mobile user and
the access point were transmitting TCP data packets to each other. We set a large 802.11
ACK timeout value (515 µs) in our simulations in order to study the network performance
of 802.11g RoF systems with long optical fiber links.

Figure 2 - Configuration in our simulations: an 802.11g AP communicating with a
802.11g station in a point-to-point RoF network.

TCP performance in 802.11g RoF systems
When an unidirectional TCP traffic is generated, simulation results show that the extra
propagation delay affects much more TCP than UDP (Figure 3 - left). Indeed, in the case
of UDP, no collision may appear (collisions between 802.11 beacons and data are in-
significant), whereas TCP includes acknowledgements which collide with data messages
while the optical fiber length increases. Since the back-off procedure is not able to limit
those collisions while the optical fiber length increases, we observe that the TCP perfor-
mance is highly impaired by the optical propagation delay. If we adapt the slottime value
according to equation (2), the collisions between acknowledgements and data messages
are reduced, but we have no throughput gain as the time lost by the increased slottime
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value is higher than the time consumed by retransmissions.

When a bidirectional TCP traffic is generated, besides the collisions between the acknowl-
edgements and the data messages, there are also collisions between data messages sent
by the station and the AP, and between acknowledgements sent by the station and the AP.
In this case, the adaptation of the slottime value reduces the probability of collisions and
improves the TCP throughput since the time lost by the back-off time is lower than the
time consumed by retransmissions.

Figure 3 - Simulation results: unidirectional TCP and UDP performance on the left;
bidirectional TCP and UDP performance on the right.

Conclusions
In conclusion, the extra propagation delay introduced by the optical transmission system
in RoF networks affects much the TCP performance than the UDP performance. Simi-
larly to UDP, the adaptation of the 802.11 slottime parameter value reduces the collision
probability and improves the application throughput when a bidirectional traffic is used.
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