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Appendix A Proof of Proposition 1

From the definition of V yx n in Proposition 1, we have

[VEnvVasn] =% gexp {—iﬂ(j — i) (%" - 1)} N2 60 -0, (A1)

e, VR NVNxn =7 Inxn. Wehave VI 1/ Virsn = (IIL{XLILXL) ® (VngVNxN) == Iyxm.
From (1) and (2), we can obtain
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where (a) follows from [A ® B];,; = [A]"w"j [B]m,;,m7 for matrices A and B. Meanwhile, we have
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Since the power angle-delay spectrum is bounded [1], the limit in the first equation of (A5) exists. Since (A4) is equal to (A5),
Rf can be obtained as (8). The proof of (9) is given by

RQ N%)OO (FNCXNCP ® VM><M> E {VBC {HZ} vec {Hf}} <FNC XNgp ® VMxM) "
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where (a) follows from (6) and (8), and (b) follows from the fact that (CT ® A) vec {B} = vec {ABC}. Besides, since Rf =
E {vec {Gf} vecH {GE}}, we can obtain (9).

Appendix B Proof of Proposition 2

Considering the non-negative property of the angle-delay domain channel power distribution, it is satisfied that in (19) the term
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Based on (19) and (20), we can obtain

is because we want
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where (a) follows from the fact that when g(f)ci'j is minimized, i.e., when the effect of pilot interference is eliminated, the
\p.m,gq
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average operation accounting for all possible active patterns and all types of phase shift selection is the same as the average
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Appendix C Derivation of (30)

We can rewrite (29) as
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where the interference term is given by
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sum

We have E {Inf/ } = 0. Since the transmitted signal of UE k is independent of the signals of other UEs and receiver noise, the

interference is uncorrelated with the transmitted signal, i.e.,

2 {af i} = vaevi B { (e2) el 5 {(c20) el } B {lon.?} =0 (c3)

The variance of the interference term is represented as
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It follows from the independence between each of the zero-mean transmitted signals and the independence between signals and
channels. Taking the OFDM CP overhead and pilot overhead into account, according to Corollary 1.3 in [3], we can obtain the SE
lower bound as shown in (30).
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