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Abstract—The k-p / inverse gamma and 7-p / inverse gamma
distributions constitute two of the most distinct composite fading
models. The present work offers novel results on the achievable
ergodic capacity over these composite multipath/shadowing con-
ditions. The derived expressions are corroborated with respective
simulation results and are shown to be useful in practical wireless
scenarios in the context of device to device communications, such
as off-body, and vehicle-to-vehicle communications.

I. INTRODUCTION

Realistic modeling of fading conditions is a major chal-
lenge in conventional and emerging wireless communications.
Based on this, several fading distributions have been proposed
that demonstrate a certain degree of mathematical tractability
and/or acceptable modeling accuracy [1]-[12]. In the same
context, it has been proven that generalized fading models
are capable of providing accurate characterization of multipath
fading [13]-[16]. Yet, it is also known that multipath fading
and shadowing phenomena practically occur simultaneously
and can be modeled with the aid of composite fading distribu-
tions [5], [8], [9], [17]-[19]. With this motivation, the authors
in [9] proposed Fisher—Snedecor F and then the -1 / inverse
gamma and the n-u / inverse gamma composite distributions
[10]-[12]. These models were shown extensively to achieve
accurate fitting to results from various measurements in cellu-
lar, wearable and vehicle-to-vehicle communications [9], [12].

It is recalled that the algebraic representation of fading
distributions determines how useful they can be in the deriva-
tion of useful analytic expressions for important information-
theoretic measures. Consequently, this task is often chal-
lenging in practice, if not impossible, when it comes to
digital communications over generalized and composite fading
envornments. Based on this, the authors in [20] analyzed
the capacity over generalized fading channels under different
adaptation policies, whilst this topic was also addressed in
[21] for the case of K¢ fading channels, in [18] and [22]
for the case of G fading channels and in [23] and [24] for
the case of n-u / gamma and x-p shadowed fading channels,
respectively. Similarly, the channel capacity with optimum rate
adaptation over inverse gamma based shadowing and gen-

eralized multipath fading composite channels was addressed
in [25] and [26]. However, the offered analytic results were
based on [10, eq. (10)] and [11, eq. (9)], which while they are
valid for physical channel characterization, they exhibit some
limitations in their admissible parameter range when used
in analyses relating to digital communications. In the same
context, the outage probability (OP) over different generalized
interference-limited scenarios was investigated in [27].

This analysis quantifies the achievable capacity of digital
communications over x — p / inverse gamma and 1 — u /
inverse gamma fading channels. To that end, we derive novel
expressions for the corresponding ergodic capacity, which ap-
pear in agreement with corresponding results from respective
computer simulations. Furthermore, they account for versa-
tile multipath/shadowing conditions as these are encountered
in realistic cellular, off-body and vehicular communications.
To that end, the derived analytic expressions quantify the
achievable ergodic capacity whereas useful insights are de-
veloped. Furthermore, their computation is straightforward
using standard software packages such as MATLAB, MAPLE
and MATHEMATICA. Thus, they are useful theoretically and
practically since they can assist in the effective design of
device-to-device communication systems, which are typically
characterized by stringent quality of service requirements.

II. INVERSE GAMMA BASED COMPOSITE DISTRIBUTIONS

The n-p / inverse gamma and the k-u / inverse gamma
composite distributions are distinct multipath/shadowing fad-
ing models based on inverse gamma shadowing. The former
is based on n-p distribution assuming that the mean power
of the scattered component experiences shadowing, weighted
by an inverse gamma random variable (RV). It can provide
remarkable accuracy in non-line of sight (NLOS) scenarios
and its signal-to-noise (SNR) PDF is given by [12]
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where oFj(-,-;-;-) is the Gaussian hypergeometric function where H,, denotes the harmonic number and t5 = 1 — (m; —
[28]. In addition, 7 is defined according to the two formats of ~ 1)%(2uh)~!. Of note, (6) is valid for p,7 € R, my € N,
the n — u distribution [12], whereas p is related to the number mg > 1, n € R™ in Format 1 and —1 < 5 < 1 in Format 2.
of multipath clusters and m is the shadowing parameter. Also, For the case of u,¥,m, € RY, m, > 1, n € R™ in Format
~ and 5 = E[v] represent the instantaneous and average SNRs, 1 and —1 < n < 1 in Format 2, and expanding the Gauss
with E[-] denoting statistical expectation, whereas B(-,-) hypergeometric function in (5), it follows that
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where £ is the ratio of the total power of the dominant the generalized hypergeometric function, it follows that
components to the total power of the scattered waves and

1F1(+;+;+) denotes the Kummer hypergeometric function [28].
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The above integrals can be expressed in closed-form using [28,
Eq. (2.729.1) / Eq. (4.293.8)]. Hence, by substituting in (5),
the following analytic expression is deduced

Based on this, by setting u = p(1 4 )y + (ms — 1)7 yields
(10), which upon setting ¢ = 1 — (m4 — 1)7/u, one obtains
(11). By applying [28, Eq. (1.111)] in (11) and expanding the
involved hypergeometric functions leads to
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which is valid for x,7, B € R, m, € N and m, > 1.
When, &, 1,5, ms € RT and m, > 1, we expand the involved
Kummer hypergeometric functions in (11), yielding
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With the aid of [28, Eq. (4.293.13)] and the series represen-
tations of the generalized hypergeometric function yields
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where ¢(-) and 3F5(+,-,;-, ;) are the digamma and general-
ized hypergeometric functions [28].
IV. RESULTS AND CLOSING REMARKS

This section utilizes the derived expressions based on the
well consolidated SNR PDFs in [12] to quantify the effects of
composite multipath/shadowing conditions on the achievable

ergodic capacity. Fig. 1 illustrates C, over k-u / inverse
gamma and n-u / inverse gamma composite fading channels
for different combinations of the fading parameters. For -
1 / inverse gamma fading, these are: (a) heavy shadowing
(k = 5.0, = 3.0,mgs = 1.1); (b) severe multipath fading
(k = 0.1, = 0.1, ms = 30.0); (c) intense composite fading
(k =0.1, 4 = 0.1, mg = 1.1); (d) moderate composite fading
(k = 25,0 = 1.5,ms; = 3.0); and (e) light composite
fading (v = 5.0, = 3.0,ms; = 30.0). Likewise, for 7-
w / inverse gamma fading these are: (a) heavy shadowing
(n = 1.0,u = 3.0,ms = 1.1); (b) severe multipath fading
(n =0.1,u = 0.1, ms = 30.0); (c) intense composite fading
(n=20.1,p =0.1,mg = 1.1); (d) moderate composite fading
(n=0.5,u=1.5,ms = 3.0); and (e) light composite fading
(n=1.0,u=3.0,ms = 30.0).

Evidently, the lowest spectral efficiency occurs in the in-
tense composite fading conditions whilst the highest spectral
efficiency appears in the light composite fading scenarios.
Profoundly, when the channel conditions change from light
fading to intense fading at ¥ = 30 dB, a 70% spectral
efficiency decrease is observed for the x-y / inverse gamma
fading channels, and a 60% reduction for the 7-u / inverse
gamma fading channels. This verifies that different types of
composite fading are crucial across all SNR regimes.
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