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blue, for data transmission which retains the advantage of the
frequency planning approach and at the same time enhances
the system bandwidth. However, such approach adds to the
cost of receiver unit because separate filters and PD with peak
spectral response for each colour band are required.

An entirely different approach to enhance system capacity
and link throughput is to use imaging optical concentrator,
which can separate the optical signals impinging from different
sources [14, 15]. The optical signals from two different sources
would excite different regions of an imaging concentrator.
As such, the data from different streams can be selected
or rejected independently. However, such approach would
however reduce the effective receiver area for the intended
signal and therefore require longer integration time for signal
detection. Furthermore, the cost of the imaging concentrators
would be significantly higher than a standard PD used in
optical receivers. Hence, in order to enhance bandwidth reuse
and mitigate interference in a cost-effective manner, cognitive
spectrum sensing approaches would be needed. To this end,
classical carrier sense multiple access (CSMA) / collision
detection (CD) approach used in the Ethernet has been con-
sidered for optical wireless applications [16]. However, it is
well known that the CSMA/CD approach suffers from hidden
node and exposed node problems, both of which degrade the
performance in an wireless network.

To address the above shortcomings, interference aware al-
location of time-frequency slots (chunks) using BB signalling
for transmitting data in optical IM / DD-based OFDMA-time
division duplex (TDD) systems is considered in this paper.
With the proposed approach, the assignment of chunks in a
tagged AP is adjusted dynamically depending on the location
of an active user in the neighboring cell. To facilitate this, each
user equipment (UE) must broadcast a BB [17, 18] in a time-
multiplexed slot after successfully receiving data in order to
reserve the chunk for the next frame. The AP that intends to
transmit on a given chunk must listen to its corresponding BB
slot. Provided that TDD channel reciprocity [19] holds, the AP
infers the amount of CCI it could potentially cause towards
the user that has reserved the chunk. This is vital information
that allows an AP to decide without any central supervision
whether to transmit or defer the transmission to another time
and/or frequency slot so as to limit the CCI caused to the
active link to a threshold value. The impact of this threshold
parameter on the performance of optical OFDMA networks
deployed in an aircraft’s cabin is investigated. Extensive
system level simulations demonstrate that performing chunk
allocation using the BB protocol enhances the mean system
throughput by 17%, whilst maintaining the same throughput
at the cell-edge compared to that achieved with static resource
partitioning. In addition, it is identified that when the offered
load begins to exceed the traffic capacity, hardly any chunks
available for a tagged AP are idle. As a result, a new user
entering the network or an existing user switching from idle
(empty buffer) to active (with a packet in the buffer) state
would suffer outage. A heuristic that annuls reservation after a
user has had its fair share of resources is proposed. Simulation
results show that the BB protocol combined together with the
proposed heuristic significantly improves both the guaranteed

user throughput and the median system throughput compared
to the static chunk allocation using cluster-based resource
partitioning.

The remainder of the paper is structured as follows - The
optical wireless network considered in this paper is discussed
in Section II. The dynamic chunk allocation (DCA) algorithm
using BB signalling and user scheduling is described in
Section III. The simulation parameters and the results are
presented in Section IV. Finally, the conclusions are drawn
in Section V.

II. SYSTEM MODEL

An optical wireless network where U users are served by
NA optical APs is considered for the downlink mode. The
transceiver module consists of an array of LEDs and a PD
for transmitting and receiving optical signals respectively. An
OFDMA-TDD air interface is considered, where the available
system bandwidth B is divided into Nsc subcarriers.
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Fig. 1. Depiction of interference in optical wireless network for the downlink.
AP1 is the intended transmitter for the receiver labeled UE1 and AP2 is an
interfering transmitter, which serves a different UE.

The baseband symbols are modulated into an OFDM sym-
bol using inverse discrete Fourier transform (IDFT) and con-
verted into analog signal by digital to analog (D/A) converter.
The LED transmits an optical signal whose intensity is directly
proportional to the driving current (i.e. IDFT output). The
analog signal transmitted by the LED is given by

xt = ρ
1

Nsc

−Nsc∑
k=−Nsc

Xke
−j2k B

Nsc
t , (1)

where xt is the instantaneous intensity of optical signal emitted
by LED at time instant t, ρ is the scaling factor that maps the
IDFT output to analog optical signal, Xk is the data symbol
transmitted on subcarrier k, which is taken from a normalised
symbol constellation such that Var{Xk} = 1W. The total
signal power transmitted per subcarrier is P 2

opt/Nsc, where
Popt is the standard deviation of xt. Hence, the scaling factor
ρ is set to Popt/

√
Nsc. In general, the IDFT operation results in

complex numbers. However, the optical output is constrained
to real and positive numbers. Therefore, X−k is set to X∗

−k
as depicted in Fig. 2(a) and X−Nsc/2 is set to 0 and x0 is
set such that clipping of the OFDM signal is avoided. The
above restriction limits the number of chunks that can be


