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Massive MIMO 
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Antenna Array Gain 
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What is Massive MIMO 

Hundreds of BS antennas Tens of Users 

A very large antenna array at each base station 
A large number of users are served simultaneously 
An excess of base station (BS) antennas 

Essentially multiuser MIMO with lots of base station antennas 
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Maximal Ratio Combining 
Uplink 
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Maximal Ratio Transmission 
Downlink 

Knowledge of the Channel at the transmitter side.  
Reciprocity! 



Canal	de	Múl8plo	Acesso	(MAC)	

�  Sinal	recebido		



Favorable	Propaga8on	

Condi8on	Number:	



Favorable	Propaga8on	



Capacidade com Restrições 
Espaciais 



Uniform	Linear	Array	Model	(ULA)	

Diagonal	 Out	Diagonal	



Uniform	Linear	Array	Model	

Eigenvalues	calculated	for	two	users:	

		x =π sin φi( )− sin φ j( )( )



Capacidade Média Espacial 

			

C φ( ) = log2det I + ρH φ( )HH φ( )⎛
⎝

⎞
⎠ = log2∏ 1+ ρλi φ( )( )

C φ( ) = log2
i=1

M

∑ 1+ ρλi φ( )( )

C = 1
π C φ( )dφ
−π/2

π/2

∫



Resultados ULA 
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Resultados ULA 
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Resultados ULA 
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Resultados ULA 
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Resultados ULA 

K=2 
M=100 

ULA 

Rayleigh 

0 5 10 15 20
0

5

10

15

20

SNR

C
ap
ac
id
ad
e

Ângulos Aleatórios entre –          e  	π /2 	π /2



Uniform	Rectangular	Array	Model	
(URA)	



Uniform	Rectangular	Array	Model	
(URA)	



Uniform	Rectangular	Array	Model	
(URA)	



Capacidade do Canal URA 
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C θ ,φ( ) = log2det I + ρH θ ,φ( )HH θ ,φ( )⎛
⎝

⎞
⎠ = log2∏ 1+ ρλi θ ,φ( )( )

C θ ,φ( ) = log2
i=1

M

∑ 1+ ρλi θ ,φ( )( )

C = 2
π2

C θ ,φ( )dφ
−π/2

π/2

∫ dθ
0

π/2

∫



Uniform	Rectangular	Array	Model	
•  Eigenvalues can be calculated in a similar way of ULA. 



Resultado caso URA 
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Resultado caso URA 
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Resultado caso URA 
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URA x ULA 
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Caso Geral com K Usuários e M 
Antenas 



Simulações	
Caso Rayleigh 



Resultados	Numéricos	ULA	
Ângulos Uniformemente Distribuídos entre –π/2 e π/2 



Resultados	Numéricos	ULA	
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Resultados	Numéricos	URA	
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Resultados	Numéricos	URA	
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Conclusões 

�  O arranjo espacial das antenas limita a capacidade do 
sistema. 

�  Sistemas com arranjos URA são espacialmente mais 
eficientes, quando comparados os sistemas ULA, e 
apresentam praticamente a mesma capacidade. 

•  Obter expressões analíticas para o caso geral com K 
usuários e M antenas. 

 

Trabalhos Futuros 




