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Canal MIMO
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Massive MIMO
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Antenna Array Gain
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What is Massive MIMO

Tens of Users Hundreds of BS antennas

A very large antenna array at each base station .
A large number of users are served simultaneously &"’A
An excess of base station (BS) antennas a¥
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Maximal Ratio Combining
Uplink
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Maximal Ratio Transmission

Downlink BS
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Knowledge of the Channel at the transmitter side.
Reciprocity!
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Canal de Multiplo Acesso (MAC)

e Sinal recebido
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Csum,ul = logs det (Irc + p, H'H) .
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Favorable Propagation
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Favorable Propagation
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Capacidade com Restrigcoes
Espaciais

2,48,16,32-PAM Cmatns and Shannon Limit for AWGN Channel
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Uniform Linear Array Model (ULA)
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Uniform Linear Array Model
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Eigenvalues calculated for two users:
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Capacidade Media Espacial
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Resultados ULA

Dois usuarios e duas antenas.

Rayleigh

ULA

Capacidade
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Resultados ULA

Dois usuarios e duas antenas.

Rayleigh

ULA
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Resultados ULA
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Resultados ULA

Capacidade
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Resultados ULA

Rayleigh

Capacidade
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Resultados ULA

11— Rayleigh
201 :
ULA
15 :
O}
g
S 0] :
S
5 -
0 -— | | I I | 17
0 5 10 15 20
SNR
K=2
Angulos Aleatérios entre — T /2 e 1w /2 Y

UNICAMP



Uniform Rectangular Array Model
(URA)
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Uniform Rectangular Array Model
(URA)
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Uniform Rectangular Array Model
(URA)
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Capacidade do Canal URA
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Uniform Rectangular Array Model

- Eigenvalues can be calculated in a similar way of ULA.
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Resultado caso URA

Capacidade

Rayleigh
ULA
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Resultado caso URA

Capacidade

| Rayleigh
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Resultado caso URA
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URA x ULA
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Caso Geral com K Usuarios e M
Antenas
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Simulacoes

Caso Rayleigh
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Figure 17 — CDF of the eigenvalues of the Gramian matrix H” H with the first and last eigen-
values highlighted.
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Resultados Numéricos ULA

Angulos Uniformemente Distribuidos entre —T1/2 e 11/2
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Figure 18 — CDF of the eigenvalues of the Gramian matrix H”H with the first and last eigen-
values highlighted.
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Resultados Numéricos ULA

Angulos Uniformemente Distribuidos entre -T1/2 e T1/2 e
Multiplos percursos.
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Figure 19 — CDF of the eigenvalues of the Gramian matrix H”H with the first and last eigen-
values highlighted when there are multiple paths.
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Resultados Numéricos URA

Angulos Uniformemente Distribuidos entre —T1/2 e T1/2
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Figure 21 — CDF of the eigenvalues of the Gramian matrix H?/H with the first and last eigen-
values highlighted.
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Resultados Numéricos URA

Angulos Uniformemente Distribuidos entre —11/2 e T1/2 e
Multiplos percursos.
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Figure 22 — CDF of the eigenvalues of the Gramian matrix HYH with the first and last eigen-
values highlighted in nLoS case for URA.
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Conclusoes

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

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

Trabalhos Futuros

* Obter expressoes analiticas para o caso geral com K
usuarios e M antenas.
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