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Abstract

The increasing wireless data traffic, mostly generated inside office rooms and homes,
is putting extra strain on the available radio frequency (RF) spectrum. This has mo-
tivated researchers to explore new frequency bands for wireless communications. One
such viable option is optical spectrum. Wireless data transmission through optical
spectrum (i.e., infrared (IR), visible light or ultraviolet) is known as optical wireless
communication (OWC). In OWC systems, intensity modulation is widely employed as
a transmission scheme, and direct detection is employed to recover the transmitted
signal. The above mentioned scheme is known as intensity modulation with direct
detection (IM/DD), and imposes a non-negativity constraint on the transmit signal
(channel input). In addition to this, the channel input is peak power and average
power constrained due to the practical and safety/lighting considerations. Due to these
transmission constraints, the analysis done for RF channels is not directly applicable
to the IM/DD channels. In this thesis, we focus on the study of an achievable rate
region (ARR) of the zero-forcing (ZF) precoder in a multi-user multiple-input single-
output (MU-MISO) IM /DD based optical broadcast channel (OBC) with channel state
information available at the transmitter. Firstly, we consider the smallest instance of
this channel, i.e. with 2 light emitting diodes (LEDs) at the transmitter and 2 users
each having one photo-diode (PD). For this setting, we impose a per-LED peak power
constraint along with a per-LED average power constraint with strict equality consid-
ered in visible light communication due to constant lighting requirement (referred as
Type-II constraint). Next, we relax the average power constraint from strict equality
to inequality, and study the effect of this relaxation on ARR of the 2 x 2 system under
the stringent Type-II constraint. This relaxed form of Type-II constraint is referred
as Type-I constraint. Type-I constraint is required in general OWC systems such as
infra-red (IR) communication systems, where due to eye and skin safety regulations, the
average power must be kept below a predetermined level. Lastly, we use the proposed
theory of rate region characterization in a 2 LED 2 user scenario to derive the ARR in

a N LED N user scenario. The thesis comprises three major chapters.
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In the first chapter of the thesis, under Type-II constraint, we derive an ARR of the
ZF precoder and mathematically characterize the boundary of the proposed ARR for
a given channel realization, transmit optical signal-to noise ratio (SNR) and dimming
level. Our study reveals that the boundary is Pareto-optimal, and instead of performing
brute-force search over the entire rate region, this boundary characterization helps in
computing many practical operating points. We also propose a novel transceiver archi-
tecture to operate at any point inside the rate region. At the transmitter, the dimming
control and channel encoder are separated, which greatly simplifies the transceiver de-
sign. Using the proposed transceiver, our study reveals that the achievable information
rates are sensitive to the placement of the LEDs/users. In a case study, for a fixed LEDs
position, we compute optimum placement of the two users in a (5 x 5 x 3) m? office
room setting. We also show that even with a substantial displacement of the two users
from their optimum placement, the reduction in achievable rate is not significant. This
study helps in defining the “coverage zones” for the users. We also study the behavior
of the proposed ARR with the per-LED average optical power (dimming level) while
keeping the peak power constant for a given transmit optical SNR and channel real-
ization. Our study reveals that, the largest rate region is achieved when the per-LED

average optical power is half of the allowed per-LED peak optical power.

In the second chapter of the thesis, we propose an achievable rate region of the ZF
precoder and mathematically characterize the boundary under Type-I constraint. It
is shown that for a fixed channel realization and transmit optical SNR, the ARR of
the relaxed Type-I constrained system is the same as that of the stringent Type-II
constrained systems, when the per-LED maximum allowed average optical power to
peak power ratio 5 € [0,1/2]. Then we show that, when 8 > 1/2, the ARR under
Type-I constraint remains constant with increasing 3, whereas the ARR under Type-II
constraint shrinks. Then, we propose a novel power efficient transmitter to operate at
the boundary of the proposed ARR. Using this transmitter, it is shown that the total
emitted optical power of a Type-I constrained system is significantly smaller than that
of a Type-II system. Therefore, Type-I constrained systems are in-general more power
and energy efficient than the stringent Type-II constrained systems. It is also shown

that when operated at the boundary, at least one LED transmits at its full allowed
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average optical power.

In the last chapter of the thesis, we consider the problem of obtaining achievable
rate region of the ZF precode in a N X N (when N > 2) MU-MISO IM/DD channel
using the theory developed for 2 x 2 IM/DD channel. For 3 LED 3 user case we have
numerically computed the boundary of the ARR under the both relaxed Type-I and
stringent Type-IT constraints. It is observed that the ARR under the both Type-I and
Type-II constraints is same when 5 € [0,1/2], and the largest rate region is achieved
when 5 = 1/2. Under Type-II constraint, the ARR increases monotonically when
p € [0,1/2], and is symmetric about § = 1/2. When 5 > 1/2, ARR under Type-I
constraint is the same as when § = 1/2. It is also observed that, when § € [0, 1/2] the
total average emitted optical power is smaller for Type-I constrained systems, and at

least one of the LEDs transmits at its maximum allowed average optical power.
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