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1. Bilinear Equalization
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CSI Acquisition

transmission of orthogonal pilots

estimation of channel by correlation:

ϕk = hk +
1
√
ρtr

wk

MMSE estimate:
ĥk = CkQ

−1
k ϕk

with Ck = E[hkh
H
k ] and Qk = Ck + 1

ρtr
I

Neumann, Wiese, Joham, Utschick (TUM) — A Bilinear Equalizer for Massive MIMO Systems 3



CSI Acquisition

transmission of orthogonal pilots

estimation of channel by correlation:

ϕk = hk +
1
√
ρtr

wk

MMSE estimate:
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Pilot Contamination
transmission of orthogonal pilots
but more users than pilots
reuse of pilots

interference in estimation of channel by correlation:

ϕk = hk +
∑
n∈Ik

hn +
1
√
ρtr

wk

with Ik: set of users with the same pilot sequence as user k

MMSE estimate:
ĥk = CkQ

−1
k ϕk

with Ck = E[hkh
H
k ] and Qk = Ck +

∑
n∈Ik Cn + 1

ρtr
I
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Data Transmission and Equalization

received signal in the uplink

y =
∑
k

√
pkhksk + v

with sk ∼ NC(0, 1) and v ∼ NC(0, I)

data estimate for user k:

ŝk = gH
k y

=
√
pkg

H
k hksk +

∑
j 6=k

√
pjg

H
k hjsj + gH

k v

Neumann, Wiese, Joham, Utschick (TUM) — A Bilinear Equalizer for Massive MIMO Systems 5



Data Transmission and Equalization

received signal in the uplink

y =
∑
k

√
pkhksk + v

with sk ∼ NC(0, 1) and v ∼ NC(0, I)

data estimate for user k:
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Equalization with Matched Filter

estimate based on matched filter (good equalization for massive MIMO)

ŝk = hH
k y

use channel estimate of correlator

ŝk = ϕH
k y = ϕH

k Iy

or MMSE channel estimate
ŝk = ϕH

kQ
−1
k Cky
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Bilinear Equalization

depending on the employed channel estimator

gH
k = ϕH

kAk

with deterministic Ak (independent of actual CSI)

therefore, generalized matched filter
estimate

ŝk = ϕH
kAky

is linear in y and also linear in ϕk

thus, bilinear equalization
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2. Asymptotic Properties of SINR
Maximization
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SINR Maximization
use Medard’s bound

I(sk; ŝk) ≥ log2(1 + γul
k )

with the SINR γul
k

rewrite γul
k depending on ak = vec(Ak)

maximize γul
k w.r.t. ak

optimal SINR can be written as

γ?k = Mpk
eTkΓ( 1

M P−1 + Γ)−1ek

eTk ( 1
M P−1 + Γ)−1ek

with [Γ]nk = 1
M tr

(
CnZ

−1CkQ
−1
k

)
and Z = I +

∑
n pnCn

for large M ,
γ?k →M

pk
eTkΓ−1ek

= γasy
k
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Asymptotic Properties

for linearly independent covariance matrices Ck, k ∈ Ωp

and lim supM→∞ ‖Ck‖2 <∞

it can be shown that

lim inf
M→∞

γasy
k

M
> 0

has been demonstrated for the SINR depending on CSI in [Björnson, Hoydis,
Sanguinetti, arXiv:170500538, May 2017]

also holds for application of approximate covariance matrices Ck
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Simulation Scenario

5 users in each cell, only 5 pilots
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Simulation w.r.t. Number of BS Antennas
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Simulation w.r.t. SNR
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