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Abstract

Employing intelligent reflecting surface (IRS) is emerging as an alternative to massive
antenna systems for improving signal quality and suppressing interference. Specifically, IRS
is a planar surface consisting of a large number of low-cost reflecting elements each of
which can reflect the incident signal independently with a desired phase shift, thus
achieving the passive beamforming gain. In this paper, we study the uplink power control of
an IRS-aided Internet of Things (IoT) network. Our goal is to minimize the uplink power by

alternatively optimizing the IRS phase shifts and BS beamforming vectors,
To solve the formulated non-convex optimization problem, we
called the Riemannian manifold-based alternating optimization

data requirement of users.
develop an efficient scheme,
(RM-A0) .

I . Introduction

The intelligent reflecting surface (IRS) has
recently gained much attention since it can
significantly enhance the spectral and energy
efficiency of wireless networks by reconfiguring
the wireless propagation environment [1].
Specifically, IRS 1s a planar metasurface
consisting of a large number of passive
reflecting elements, each of which can reflect
the incident signal with a desired phase shift.
By adaptively adjusting the propagation of
reflected signal, IRS can improve the received
signal power via constructive signal combination
and destructive interference mitigation at the
receivers, thereby enhancing the network
performance.

II. System Model and Problem Formulation

We consider an uplink system where K single-
antenna users transmit signals to a M-antenna
BS with the aid of an IRS. Letnx, be the transmit
signal, then the received signal of the k-th user
is

yvir = wipGdiag(hy)0x; + ny, ()
where h, is the channel from the k-th user to
the IRS, G is the channel from the IRS to the BS,

and n; i1s the additive Gaussian noise. In this
setting, the SINR of the k-th user is

w, Gdiag(h0/?
SINR,, = [wi, Gdiag (b 6] (2)

Zﬁék \w;Gdiag(h;0|* + O’k
In this paper, our goal is to find out the op
timal IRS phase shifts and BS beamforming vecto
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subject to the

rs minimizing the uplink transmit power. The up
link power minimization problem can be formulat
ed as

(P1) : {e{mn Z“ (3a)
{w}

s.t. HWkHA =1, (3b)

0, =1, VneN. (3¢)

Note that due to the non—convexity of the unit-
modulus constraint of IRS phase shifts and the

unit-norm constraint of BS beamforming vectors,
(P1) is non-convex and difficult to solve.

IIl. RM-AQ Algorithm

I n this paper, we propose the RM-
AO scheme to solve the problem (P1) by exploiti
ng the Riemannian manifold structures of the un
it-modulus IRS phase shifts and the unit-
norm BS beamforming vectors [2]. The key idea i
s to find out the optimal IRS phase shifts and
BS beamforming vectors minimizing the uplink tr
ansmit power. To be specific, we firstly optimi
ze the IRS phase shifts when the BS beamforming

1s fixed, and then we optimize the BS beamform
ing vectors using the obtained IRS phase shift
S.
A. 1IRS Phase Shifts Optimization

In order to solve (P1), we define (3b) as a c
omplex circle manifold, given by
M={0ecCV* :10,|=1, VneN}. (4)
The tangent space of M is
ToeM ={u € CN*! . ®{uo (0")} = On}. (5)
The Riemannian gradient is the orthogonal proje
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ction of the Euclidean gradient onto the tangen

t space. Therefore, the Riemannian gradient 1is

given by

gTﬂdBtJ‘::‘76!j’_'9%{(9i)*-G}‘79{f}(9 6. (6)
Then, the update of the conjugate gradient me

thod on the manifold M is given by

picql = —gradgii1 f1 + o' Tye_,ge+1 (Pyy)- (7)

After determining the search direction, an op
eration called retraction is used to find the d
estination on the manifold. Specifically, the r

etraction is given by

Rt (8'phy) & Tg M —= M fiply =

at41,t4+1
.:3 + pM

gitpt

(8)

B. BS Beamforming Optimization
When the IRS phase shift vector is optimized,
we update the BS beamforming vector by defining
the complex oblique manifold as
N ={weC":|w|?*=1)}. 9)
Then, using the similar update procedures, we
optimize the BS beamforming vectors by exploit
ing the conjugate gradient method.

1V. Simulation Results
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In Fig. 1, we illustrate the convergence cu
rve of the RM-AO algorithm. The results validat
e the monotonicity and convergence of the propo
sed algorithm in updating the IRS phase shifts
and BS beamforming vectors. We see that at the
first few iterations, the updates of IRS phase
shifts converges quickly and achieves a local m
inimal of the objective value when the receivin
g beamforming is fixed. We also observe that th
e updates of receiving beamforming vectors conv
erges very fast and achieves the limiting value
of the objective function.
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In Fig. 2, we plot the uplink transmit power
as a function of SINR target. It is observed th
at the transmit power can be reduced significan
tly as the SINR target decreases. For example,
when the SINR target decreases from 1 to 0.1, w
e see that RM-AO saves about 12 dBm uplinktrans
mit power at K=4, L = 2. Similarly, the transmit
power can also be reduced as K decreases. For ins
tance, when K decreases from 4 to 1, the transmit

power decreases more than 10 dBm when the SINR
target is 1.

V. Conclusion

In this paper, we proposed a novel Riemannian
manifold-based alternating optimization scheme
for the IRS-aided uplink transmission. The key
1dea of the proposed scheme is to alternatively
optimize the phase shifts at the IRS and the re
ceive beamforming vectors at the BS. In orderto
solve the power minimization problem, we optimi
ze the phase shifts and beamforming vectors ove
r the manifold space in an alternative way. We
demonstrate the effectiveness of the proposed s
cheme in reducing the uplink transmit power.
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