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Comments and Corrections

Correction to “Massive MIMO With Optimal Power and
Training Duration Allocation”

Hien Quoc Ngo, Michail Matthaiou, and Erik G. Larsson

Abstract—We correct the proofs of Propositions 1 and 2 in [1].

I. SUMMARY

In [1], the statements of Propositions 1 and 2 are correct, but the
proofs are not. In what follows, we provide corrections to the proofs.

II. CORRECTIONS TO PROOFS

A. Corrections to Proof of Proposition 1

In Proposition 1, the choices τ̄ = K, p̄p = τ∗p∗p/K, and p̄u = p∗u
do not satisfy the total energy constraint:

τ̄ p̄p + (T − τ̄)p̄u = P. (1)

The correct choice should be τ̄ = K, p̄p = τ∗p∗p/K, and p̄u =
P−τ∗p∗p
T−K

.
Note that, with the above corrected choice of p̄u, showing that

S(τ̄ , p̄p, p̄u) > S(τ∗, p∗p, p
∗
u) is not straightforward. In the following,

we will provide a detailed proof of the inequality S(τ̄ , p̄p, p̄u) >
S(τ∗, p∗p, p

∗
u).

From [1, Eq. (6)], we have

S(τ̄ , p̄p, p̄u) =
K∑

k=1

gk(τ̄ , p̄p, p̄u) (2)

where

gk(τ, pp, pu)
Δ
=

(
1− τ

T

)
log2

(
1+

akτpppu
bkτpppu+ckpu+dkτpp+1

)
.

(3)
Substitution of τ̄ , p̄p, and p̄u into (3) yields

gk(τ̄ , p̄p, p̄u) =
(
1− K

T

)
log2

(
1 +

αk

ςk + μk

(
1− K

T

)
)

(4)

where αk
Δ
= akτ

∗p∗p
P−τ∗p∗p

T
, ςk

Δ
= bkτ

∗p∗p
P−τ∗p∗p

T
+ ck

P−τ∗p∗p
T

,

and μk
Δ
= dkτ

∗p∗p + 1. Using Lemma 1 (given at the end of this
subsection) and the fact that τ∗ > K, we obtain

gk(τ̄ , p̄p, p̄u)>
(
1− τ∗

T

)
log2

(
1+

αk

ςk+ μk

(
1− τ∗

T

)
)
=gk(τ

∗, p∗p, p
∗
u).

(5)
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Therefore, we have S(τ̄ , p̄p, p̄u) > S(τ∗, p∗p, p
∗
u) which proves

that τ∗ = K.
Lemma 1: Assume that a > 0, b > 0, and c > 0. Then, the function

g(x)
Δ
= x log2

(
1 +

a

b+ cx

)
(6)

is a strictly increasing function in x ∈ (0,∞).
Proof: The first and the second derivatives of g(x) are respec-

tively given by

g′(x)=
−1

ln 2

acx

(b+cx)(a+b+cx)
+

1

ln 2
ln

(
1+

a

b+cx

)
, (7)

g′′(x)=
−ac2(a+ 2b)x− 2abc(a+ b)

(b+ cx)2(a+ b+ cx)2 ln 2
< 0. (8)

Since g′′(x) < 0, g′(x) is a strictly decreasing function in x. Thus,

g′(x) > g′(∞) = 0. (9)

The aforementioned result implies that g(x) is a strictly increasing
function in x ∈ (0,∞). �

B. Corrections to Proof of Proposition 2

In the proof of [1, Prop. 2], some factors in the second derivative of

fk(pu) were missing. The proof of the inequality ∂2fk(pu)

∂p2u
≤ 0 should

be corrected as follows:

ωk
∂2fk(pu)

∂p2u
= −bkT̂

2(ck − dkT̂ )p
3
u − 3bkT̂

2(dkP + 1)p2u

+ 3bkT̂P (dkP + 1)pu − (dkP + 1)(bkP
2 + ckP + T̂ ), (10)

where ωk
Δ
=

(bk(P−T̂ pu)pu+ckpu+dk(P−T̂ pu)+1)3

2ak
, and T̂

Δ
= T −K.

Since P ≥ T̂ pu, we have

ωk
∂2fk(pu)

∂p2u
= −bkckT̂

2p3u − (dkP + 1)(ckP + T̂ )− 3

4
bkT̂

2p2u

− bk

(
P − 3

2
T̂ pu

)2

− bkdk(P − T̂ pu)
3 ≤ 0. (11)

Since ωk > 0, ∂2fk(pu)

∂p2u
≤ 0.
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