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ABSTRACT 

 

Since channel feedback plays an increasingly important role in FDD massive MIMO 

systems, and MIMO, which is a key technology for 5G wireless communication 

systems, dramatically mitigates the inter-user interference with simple low complexity 

precoders and develops rapidly, more reliable and efficient channel feedback techniques 

are required to perform better forwarding. In FDD massive MIMO systems, due to the 

fact that feedback gain cannot be met without the knowledge of channel state 

information at the transmitter (CSIT), it is necessary to reduce feedback overhead 

reasonably to offer high spectral efficiency for next generation cellular systems. 

However, in the traditional techniques of channel feedback, the codebook is designed 

based on channel statistics and the feedback overhead scales linearly with the number of 

BS antennas to guarantee the capacity loss with an acceptable level. Therefore, as the 

number of BS antennas in massive MIMO systems is much larger than that of current 



© C
OPYRIG

HT U
PM

 

iii 
 

systems, the feedback overhead will be overwhelming. In order to balance and minimize 

the feedback overhead, a channel feedback based on AoD-adaptive subspace codebook 

in FDD massive MIMO systems is presented. In this research, collaborated with the 

concept of angle coherence time and the observation that path AoDs vary more slowly 

than path gains, the proposed technique utilizes the AoD information to accomplish the 

scalability and adaptability of the exactly distributed quantization vectors in the channel 

subspace. By providing the performance analysis of the proposed AoD-adaptive 

subspace codebook in a large-scale regime, the required number of feedback bits only 

scales linearly with the number of dominant paths, not with the number of BS antennas.  

Simulation was adopted using MATLAB. The simulation results show that the proposed 

codebook efficiently identifies the redundant antennas and users and is able to quantize 

the channel vector in a more accurate way while improving the performance and 

reducing the feedback overhead. 

Key words: channel feedback, FDD massive MIMO systems, feedback overhead, AoD, 

subspace codebook 
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ABSTRAK 

Oleh kerana maklum balas saluran memainkan peranan yang semakin penting dalam 

sistem MIMO berskala besar FDD, dan MIMO, yang merupakan teknologi utama untuk 

sistem komunikasi tanpa wayar 5G, telah secara mendadak berupaya mengurangkan 

gangguan antara pengguna dengan precoder kerumitan rendah yang sederhana dan 

membangunkan teknik maklum balas saluran yang cepat, lebih dipercayai dan cekap 

yang diperlukan untuk melaksanakan penghantaran yang lebih baik. Dalam sistem 

MIMO berskala besar FDD, oleh kerana kebaikan maklum balas tidak dapat dipenuhi 

tanpa pengetahuan maklumat saluran saluran pada pemancar (CSIT), maka adalah perlu 

untuk mengurangkan overhead maklum balas dengan semestinya untuk menawarkan 

kecekapan spektrum tinggi untuk sistem selular generasi akan datang. Walau 

bagaimanapun, dalam teknik tradisional maklum balas saluran, buku kod direka 
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berdasarkan statistik saluran dan skala overhead maklum balas secara linear dengan 

bilangan antena BS untuk menjamin kehilangan kapasiti dengan tahap yang boleh 

diterima. Oleh itu, kerana bilangan antena BS dalam sistem MIMO besar-besaran jauh 

lebih besar daripada sistem semasa, overhead maklum balas akan menjadi sangat 

menggalakkan. Untuk mengimbangi dan meminimumkan overheaad maklum balas, 

maklum balas saluran berdasarkan buku kod subspace AoD-adaptif dalam sistem MIMO 

besar-besaran FDD dipaparkan. Dalam penyelidikan ini, konsep masa penggabungan 

sudut dan pemerhatian bahawa laluan AoDs berubah dengan lebih perlahan daripada 

keuntungan laluan telah digunakan, ini telah menggunakan teknik yang dicadngkan; 

menggunakan maklumat AoD untuk mencapai kebolehan berskala dan penyesuaian 

vektor kuantisasi yang teragih dalam ruang kecil saluran. Dengan menyediakan analisis 

prestasi buku kod subspace sub-AoD yang dicadangkan dalam rejim berskala besar, 

bilangan bit maklum balas yang diperlukan hanya bersisik secara linear dengan bilangan 

laluan yang dominan, bukan dengan bilangan antena BS. Simulasi dijalankan 

menggunakan MATLAB. Hasil simulasi menunjukkan bahawa buku kod yang 

dicadangkan cekap dalam mengenalpasti antena dan pengguna yang berlebihan, dan 

mampu mengkuantisasi vektor saluran dengan cara yang lebih tepat sambil 

meningkatkan prestasi dan mengurangkan overhead maklum balas.  

Kata kunci: rangkaianmaklum balas saluran, maklum balas overhead, sistem MIMO 

besar-besaran FDD, AoD, buku kod subspace 
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CHAPTER 1 

INTRODUCTION 

1.1 Research Background 

With the development of wireless communication, people have basically realized three 

"W" (Wherever, Whenever, Whoever), that is, instant communication can be achieved 

with any user at any place, at any time. However, at present, its development is 

gradually constrained by the existing bottleneck - the shortage of wireless spectrum 

resources. And how to improve the transmission quality and speed in complex and harsh 

channel environments (multipath fading and Doppler frequency shift) and limited 

bandwidth has become the key point of the development of wireless communication 

technology. 

With the introduction of MIMO communication system in the 1990s, multi-antenna 

technology of space-time processing provides a new solution to the problem of 

bandwidth and quality of mobile Internet. The scheme of transmit diversity and space-

division multiplexing realized by space-time coding has become a focus in the field of 

wireless communication. As we all know, the new technology can no longer increase the 

burden in frequency domain, and the combination of space-time coding and spatial 

diversity (MIMO) technology is to transform the unfavorable factors of the signal in the 

channel transmission process into favorable factors without occupying additional 

spectrum resources. 
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MIMO wireless communication system is a further expansion of the array antenna 

communication system and the smart antenna communication system. In general, it has 

not changed much on the original system, but has made minor improvements in the air 

interface. So MIMO technology has become the first choice of the third-generation 

communication technology and the third-generation evolution communication 

technology, and the key of future mobile communication. 

1.2 Problem Statement 

In order to guarantee the capacity loss within an appropriate and applicable level, the 

feedback overhead scales linearly with the number of the BS antennas. Therefore, based 

on these issues, in this study the problems are summarized: 

1) The traditional channel codebooks are statistics-based, which is unable to scale 

up with the massive MIMO system due to the large amount of BS antennas, 

therefore, as the number of BS antennas is much larger than that of current 

systems, the feedback overhead will be overwhelming; 

2) The performance analysis in the traditional statistics-based codebook is based on 

the correlation matrix of the exact channel, which is not efficient in large-

dimension regime, especially when the number of BS antennas is sufficiently 

large. 
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1.3 Objectives 

The main objective of this research is to re-implement the angel-of-departure (AoD) 

adaptive subspace codebook for channel feedback to reduce the feedback overhead. 

Below are the details of this research objectives: 

1) to exploit the concept of the angle coherence time to estimate easily the AoD 

information with lower codebook size and overhead;  

2) to develop the AoD subspace codebook by utilizing the constant AoD 

information to achieve better channel feedback quality;  

3) to analyse the performance of this proposed algorithm based on the AoD 

estimate in the large scale systems when the number of the BS antennas grows 

large. 

1.4 Research Scope 

The scope of this project is to re-implement the AoD-adaptive subspace codebook that 

was proposed by Wenqian et al. (2018), which will achieve better channel feedback 

quality in FDD massive MIMO systems. 

This simulation is in MATLAB and results are generated with graphs to provide the 

performance analysis of the proposed codebook. 

1.5 Thesis Organization 

Five chapters are consisted in this thesis: 
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 Chapter 1 (Introduction): contains the research background and the problem 

statements, which describe the research issues. Based on the issues, the 

objectives are listed corresponding to each objective. Then the research scope is 

given. 

 Chapter 2 (Literature Review): gives overview of the MIMO systems and 

existing typical algorithms in MIMO systems. Especially, the related work is 

described briefly and different algorithms are compared.  

 Chapter 3 (Research Methodology): illustrates the methodology used to develop 

the AoD-adaptive subspace codebook and describe the whole process. How to 

design and implement this research are explicated in detail. 

 Chapter 4 (Results and Discussions): consists of the output produced by the 

simulation and discussions about the results. Residual energy and energy 

consumption are analyzed in this chapter. 

 Chapter 5 (Conclusion and Future Work): summarizes this research and gives the 

future works. 
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