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1 Proof of Proposition 1

The power of the incident signal into the unit U, ,, can be expressed as
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According to the Friis transfer formula, the received signal is P, = P,G{G,\?/(4mtd)?L. Considering the path

loss L = 1, the incident gain is
4md,d,

G = ENCR (O] s ) 53 (52)
The receiving power for unit U, ,, in NCR is
P, = 1exp(iBn.m)| Pl (S3)
The corresponding electric field of the incident signal into Uy, s, is
EM — %exp (—j2—7rrT ) . (S4)
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The total electric field of the received signal is the superposition of the electric fields reflected by all unit
cells toward the receiver, which can be written as
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The receiving power at the NCR from the transmitter is P(Y) = |E™M|2d,d, /(2Z). Under far-field assump-
tion, Gg’m — 07 and (bz’m — ¢7. Thus, we have
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The position of the transmitter can be expressed as
(x1,yT, 27) = (d7 8in b1 cos ¢, dr sin Ot sin ¢, dr cos Or). (S7)

Thus, rg’m can be written as follows:
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To divide Mxcr and Nxcr, we let A8y, /(27) = eY“R(m — 1/2)d, + eY“®(n — 1/2)d,. Then, the phase
part in Eq. (S6) can be written as
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Obviously, we can achieve the maximum received power
PL — pp G MRcr Nicrdedy Frer (01, é1) (S10)
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2 Proof of Proposition 2

NCR

= 0 and sinfrsin ¢t + €, -~ = 0. Correspondingly, the beamforming coefficient

m=1:MncRr

Given transmission coefficients vec([gn, m exp(jon,m)] ), the transmitting power at U, ,, is
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where P,Slr)n is the re-assigned received power at the NCR and ngfﬁ Naon 2%2(135 Myon _,ﬁl,)n = Pii. For
Up,m, the received power at the receiver is
GNerGRrA?
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The corresponding electric field is
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The total electric field at the receiver is
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Similar to the transmitter-NCR link, the received power at the receiver is
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Given uniform power distribution assumption 15,(11,),Z = Pélla)x /(MncrN~er) and unified magnitude at the
NCR gn,m = B (Vn and Vm), the received power at the receiver can be further simplified as
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As Eq. (S9), we let A, 1 /(270) = R (m — 1/2)d, + ¥R (n — 1/2)d,. Then, the phase part in Eq. (S17)

can be written as
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Obviously, we can achieve the maximum received power
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= 0 and sinfr sin gr + €, " = 0. Correspondingly, the transmission coefficient
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