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Block Diagram

o Cell-free massive MIMO system is a promis-
ing technology that provide a user-centric
coverage to the user.
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Multipath Component Estimation

e When the number of antennas is very large,
the conventional MUSIC or ESPRIT algo-
rithms are computational burdensome.
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e Update equation and gradient function
e In the cell-free massive MIMO systems, more

than one basestations cooperatively serve
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multiple users.

e The proposed method maximizes the like- Veof=Im (diag(CA"EPLYY"A(A"A)™"))
lihood function using the gradient descent

method.

In the FDD systems, CSI acquisition and
feedback overhead are serious concerns
when the number of antennas and basesta-
tions are large.

o Large-scale fading coefficient estimation
o Likelihood function maximization
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Angle-based ZF precoding Transmit Power Allocation

e The key idea is to make the precoding vec- e Since each propagation path has different
tor orthogonal to all the other array steering path gain, proper allocation of {7, } is im-
vectors. portant to improve the energy efficiency.
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Most prior works on the cell-free massive leag((A A)TATYYTAATA) )
MIMO systems assume TDD systems, al-
though FDD systems dominate the current

wireless communications.

Key |ldea

e To address these problems, we use the prop-
erty that the uplink and downlink multipath
components are similar, so-called angle reci-
procity.
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e The angle-based ZF precoding vector L,
TYmk

e The key idea behind the proposed scheme is ) A
to extract the multipath components used for Wink = GmkYmbk
the basestation cooperation from the uplink
pilot signal.

System Model

o Geometric one-ring scattering model

S.t.

e Theorem 1 The approximated closed-form ex-
pression of achievable rate Ry, for the user k is

10%2(1 |

where Qui; € CP*F is a submatrix of Q. =
ATEA,, (AZA,,)~

K
S Gk 13 < 1, Vi,
k=1

S M (1B | 3402 BrakConsQum ki || )

e This problem is a non-convex QCQP which
can be relaxed into a convex SDP using the
semi-detinite relaxation.
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B; which are independent of frequency are
similar for the uplink and downlink chan-

nels. 5 ’IID 1|5
SNR [dB]

The RMSE performance of the
multipath component estimation
versus SNR for N = 32

— © —Celluar systems (K=4)
-4 - Celluar systems (K=8) | T

1071
-14r

60 70 80 90 100 110
Number of antennas per basestation

40 50

20

25 ) 10 12 14 16 18
Number of basestations

20

120

To model a realistic system, we assume that
the ditterences between uplink and downlink

multipath components, 9, and Bz, are i.i.d
random variables with zero mean and vari-
ance 0,05 < 1

The total transmission power versus The coverage probability versus the

the number of basestations for N = 512 number of antennas per basestation for
and P =4 M =8and P =2

e We demonstrate that the proposed FDD-based cell-free massive MIMO systems save approx-
imately 19% of transmission power over the conventional cellular systems and also improve
the coverage probability by the amount ot 22%.



