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Summary

SUMMARY

The fifth generation of mobile wireless communication systems (5G)
is a promising source for magnificent levels of connectivity and Quality of
Services (QoS) to satisfy the growth of the number of users in a certain area
and the growth of the data demanded. Massive Multiple Input Multiple Output
(M-MIMO) technology is one of the key technologies that enables the 5G to
satisfy its goals, such as enhancing the achievable data rate, minimizing the
latency, enhancing the traffic capacity and improving the mobility. The
collocated M-MIMO system is the system where the BS is mounted by a
massive number of antennas (much larger than the number of active users).
M-MIMO provides higher spectral and energy efficiency and reduces the
inter-cell interference (ICI) to a certain level. However, the ICI remains a
limiting factor in M-MIMO with its cellular distribution model.

Cell-Free (CF) M-MIMO is a new, practical and scalable concept in
5G wireless technology which has been introduced to serve the huge demand
of wireless communications in the future. This can be done by distributing a
large number of low-cost single antenna Access Points (APs) over a specific
area. The APs are connected to a Network Controller (NC). The APs serve all
the existing users simultaneously with no cell boundaries. This distributed
model is more efficient due to space diversity and can provide much higher
coverage at the cost of higher backhaul requirements.

In CF M-MIMO system, the selected pre-coders and Power Allocation
(PA) algorithms in the APs are very important parameters, which influence
the system performance. It was found in previous works that linear pre-coders
—such as Conjugate Beamforming (CB) and Zero Forcing (ZF) — have simple

implementation and good performance. Hence, CB and ZF pre-coders are used
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in pre-coding in this thesis. Furthermore, power control is one of the main
topics in the CF M-MIMO review. Many previous works used convex
optimization programming tools in their proposed PA algorithms, however it
does not consider the actual traffic pattern, plus it is more complex to be
implemented. Hence, more simplified PA algorithms are needed to balance
the fairness, to maintain good performance and to keep the distributed
implementation.

Accordingly, this thesis proposes two PA algorithms for the most
popular pre-coders — Conjugate Beamforming (CB) and Zero-Forcing (ZF) —
in downlink scenario. They are based on quantizing the transmitted powers of
APs according to the channel strength received at the user end. The
performance of the proposed algorithms is evaluated under the most common
practical scenarios such as channel errors, pilot contamination and correlated
shadowing channel model.

The results show that ZF pre-coder significantly outperforms CB pre-
coder in all the scenarios. Furthermore, it is observed that CB pre-coder is
more robust in correlated shadowing condition than the ZF pre-coder, while
ZF pre-coder is more robust to the pilot contamination effect than the CB pre-
coder. CB pre-coder performs better than ZF pre-coder when the number of
APs is small relatively to M-MIMO systems. The downlink rate per user was
evaluated with the change in number of APs. Furthermore, it was evaluated
with the change of the correlation domination factor in both algorithms. The
sum spectral efficiencies in both algorithms were evaluated with the change
of the pilot power and the number of existing users in all the practical
scenarios. Furthermore, the total computational times of both algorithms were
evaluated and compared with the variation of the number of the existing users
in the CF M-MIMO System.
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