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Abstract
In this paper, we propose low algorithms to minimize MSE for over-the-air computation (AirComp) federated learning
(FL), improving aggregation accuracy, convergence, and robustness.

I. Introduction

Centralized aggregation in Internet of Things (IoT)
networks suffers from prohibitive latency, bandwidth, and
privacy issues. Although AirComp-based FL reduces
uplink load, it incurs aggregation MSE from channel noise
and misalignment. This paper presents low complexity
joint beamforming algorithms to minimize MSE.

II. System Model and Beamforming Vector Design

We consider a wireless FL framework where K devices
each perform £'local updates and send a unit-power signal
x, over channel h, € CVN to a Base station (BS) with N
antennas using AirComp. The BS receives y =
YK L hgbex +n with | by 1< Ppaxy and n~ CN(0,6%1) .
Applying beamformer a € CV, it estimates the average
update via %a”y= %Z’,fﬂ a' hy b, x; +%a”n. The MSE is

2
defined as IE“%aHy—%Zf({:lxq ] Minimizing MSE under
[b|? < Ppax, vields

K
P1) min Z a'h, b, — 112+ al?
( )a,b k=1| kYk | (1)

st |bgl? < Poa VK.

Using the misalignment allowed optimization (Miso)
approach and, since the constraint is not convex, we
employ a majorization minimization (MM) algorithm to

derive a series of convex subproblems
K

(P2) (a®*V,t+V) = argmitn Z(tk -2+ al?
a,
k=1
st t2 < Pubi(aa®), vk

(2)

where Y (a,a?) = 2Re{(a¥)?h hfa} — |hfa®|2.

Since (P2) is a convex problem, we solve it with the
interior point method using the CVX toolbox, which is
called Miso-CVX. Since its complexity is O(N%) we
propose a low-complexity algorithm based on the
projected subgradient method, called Miso-Subgradient

Repeat
P
a « % Hdiag(A)H#a®

14+ A
Ay < max(lk - E(Pmaxwk(a, a(l)) - t,%) 0) ,Vk
j<j+1

Until convergence 3)

where we define H = [h;--hg] € CV*K and 4, is the dual
variable associated with the &-th inequality
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Fig. 1. The prediction accuracy of CNN with SVHN
datasets (/= 10, N= 20, SNR = -15dB).

We compare our proposed algorithm with Oracle-
AirComp, without aggregation error, Miso-SDRI[1],
AntSel[2], and Uniform-DLR[3]. Fig. 1 shows that the
proposed algorithm exhibits at most a 2% point
deviation from the Oracle algorithm, but the other
algorithms deviate up to 5% point.

II. Conclusion

In this paper we proposed efficient beamforming
vector design algorithm for AirComp federated learning.
The proposed algorithm shows superior robustness and
learning performance than existing algorithms.
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