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Appendix A Proof of Lemma 1
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Furthermore, we have
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in which the first equality holds from the identity vec(X1X2X3) =
(
XT

3 ⊗X1

)
vec(X2), and the last equality holds according to

(X⊗Y)H = XH ⊗YH and (X1 ⊗X2) (X3 ⊗X4) = (X1X3)⊗ (X2X4). For K � 1, based on the law of large numbers, we have:
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where the second last equality holds due to the assumption that hm,k and gk are independent for all PTs and BDs, and the last

equality holds since hm,k are i.i.d. distributed with zero mean, i.e., E
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For notational convenience, we let
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It then follows from (20) that
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where the first equality holds due to the identity |X⊗Y| = |X|rank(Y)|Y|rank(X), the second last equality holds according to

|blkdiag {X,Y}| = |X| × |Y|, and the last equality holds according to the Weinstein-Aronszajn identity |Im + XY| = |In + YX|
and

∣∣∣XT
∣∣∣ = |X|. The proof is thus completed.

Appendix B Proof of Lemma 2
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Let gk,r denote the rth element of gk, h̃T
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Based on the law of large numbers, for Nr � 1 and K � 1, there is
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Thus, RPT in (7) approaches to
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where the equality holds from the identity |blkdiag {X,Y}| = |X| × |Y|, and the last equality holds according to the Weinstein-

Aronszajn identity |Im + XY| = |In + YX|. The proof is completed.
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Appendix C Proof of Proposition 1
By differentiating (48), the resulting equation is expressed as
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where the second last equality holds due to the identity tr (XY) = tr (YX). Furthermore, we have
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where the second last equality holds according to the identity (X1 ⊗X2) (X3 ⊗X4) = (X1X3) ⊗ (X2X4), and the last equality
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where INt(K−k) ⊗ d (Qm) is a diagonal matrix that can be written as
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According to the law of differentiation, we have
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Comparing (C5) and (C6), we have
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The proof is thus completed.
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