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Abstract—Novel composite fading models were recently pro-
posed based on inverse gamma distributed shadowing conditions.
These models were extensively shown to provide remarkable
modeling of the simultaneous occurrence of multipath fad-
ing and shadowing phenomena in emerging wireless scenarios
such as cellular, off-body and vehicle-to-vehicle communications.
Furthermore, the algebraic representation of these models is
rather tractable, which renders them convenient to handle both
analytically and numerically. The present contribution presents
the major theoretical and practical characteristics of the η − µ

/ inverse gamma composite fading model, followed by thorough
ergodic capacity analysis. To this end, novel analytic expressions
are derived, which are subsequently used in the evaluation of the
corresponding system performance. In this context, the offered
results are compared with respective results from cases assuming
conventional fading conditions, which leads to the development
of numerous insights on the effect of the multipath fading and
shadowing severity on the achieved capacity levels. It is expected
that these results will be useful in the design of timely and highly
demanding wireless technologies, such as wearable, cellular and
inter-vehicular communications.

I. INTRODUCTION

Accurate characterization and modeling of fading channels

constitutes a core topic in wireless communications as fading

phenomena affect considerably the performance of conven-

tional and emerging communication systems. As a result,

numerous fading models that provide adequate modeling accu-

racy to specific types of fading conditions have been proposed

during the past years [1]–[4] and the references therein. In this

context, it has been extensively shown that generalized fading

models are capable of providing accurate characterization of

multipath fading [5]–[10]. Yet, it has been also shown that

multipath fading and shadowing phenomena practically occur

simultaneously and can be modeled with the aid of compos-

ite fading distributions [5], [11]–[23]. However, the existing

composite fading models in the open technical literature do

not typically provide holistic accurate modeling of fading

phenomena, while often they have a complicated mathematical

form, which renders them analytically intractable in numerous

applications of interest. Motivated by this, the authors in [1]–

[3] proposed two novel distributions, namely the κ−µ / inverse

gamma and the η−µ / inverse gamma that constitute effective

composite fading models. Their high modeling capability has

been validated by accurate fitting to results from extensive

measurement campaigns. These campaigns also included com-

munication scenarios in the context of wearable, cellular and

vehicular communications, which constitute emerging and

timely topics of interest. In addition, a distinct characteristic

of the proposed models is their relatively convenient algebraic

representation, which renders them tractable both analytically

and numerically. Based on this, they overall constitute the most

adequate balance between modeling accuracy and algebraic

tractability compared to the existing composite fading models

in the open technical literature.

It is recalled that fading distributions have been extensively

used in the analysis and evaluation of wireless communications

since they typically allow the derivation of explicit expressions

for critical performance measures of interest. However, this

task becomes considerably more challenging, if not impossi-

ble, in the case of generalized and/or composite fading condi-

tions [6], [24]. Based on this, the authors in [26]–[28] analyzed

the capacity over generalized fading channels under different

adaptation policies. This topic was also addressed in [29] for

the case of KG fading channels, in [13] and [30] for the case

of G fading channels and in [31] and [32] for the case of η−µ
/ gamma and κ−µ shadowed fading channels, respectively. In

the same context, the outage probability (OP) over different

generalized interference-limited scenarios was investigated in



[33], whereas an analytical framework for the case of device-

to-device communications in cellular networks was proposed

in [34]. Finally, the outage capacity (OC) of orthogonal space-

time block codes over multi-cluster scattering multi-antenna

systems along with the coverage capacity 5G millimeter wave

cellular systems were addressed in [35] and [36], respectively.

Motivated by the above, the present work analyzes the

channel capacity of digital communications over η−µ / inverse

gamma composite fading channels. To this end, we derive

an explicit analytic expression for the ergodic capacity under

these composite fading conditions in the form of a simple

and convergent infinite series. An elegant upper bound for the

corresponding truncation error is also derived in closed-form,

allowing the precise determination of the number of terms

required for given accuracy levels. Particularly in the consid-

ered case of the ergodic capacity, it is shown that few terms

are required to achieve a 1% accuracy, which is practically

sufficient for channel capacity relating measures. Based on

this, the derived expressions are utilized in quantifying the

effects of different fading conditions on the corresponding

system performance. This leads to the development of mean-

ingful insights that are expected to be useful in the design of

demanding emerging wireless technologies such as cellular,

wearable and vehicular communications.

The remainder of this paper is organized as follows: Sec-

tion II revisits the basic characteristics and properties of the

recently proposed η − µ / inverse gamma fading model.

Capitalizing on this, Section III is devoted to the analysis of

the ergodic capacity under these fading conditions, followed

by the corresponding numerical results and related discussions

in Section IV. Finally, closing remarks are given in Section V.

II. THE η-µ / INVERSE GAMMA FADING MODEL

A. Statistics and Physical Interpretation

Similar to the physical signal model proposed for the η-

µ fading channel [2], the received signal in an η-µ / inverse

gamma composite fading channel is composed of separable

clusters of multipath waves propagating in a non-homogeneous

environment. In Format 1, the in-phase and quadrature com-

ponents of the fading signal within each cluster are assumed

to be statistically independent and to have different power.

On the other hand, in Format 2, the in-phase and quadrature

components of the fading signal within each cluster are

assumed to be correlated and to have identical power. Unlike

in the η-µ fading model, in the η-µ / inverse gamma model the

mean power of the scattered waves is randomly fluctuated due

to shadowing. Following this definition, the composite signal

envelope, R, in an η-µ / inverse gamma composite fading

channel can be expressed as

R =

√

√

√

√

ns
∑

i=1

AI2i + AQ2
i (1)

where ns denotes the number of clusters of multipath and A
represents an inverse gamma RV. In Format 1, Ii and Qi are

mutually independent Gaussian RVs with E [Ii] = E [Qi] =
0, E

[

I2i
]

= σ2
I and E

[

Q2
i

]

= σ2
Q; in Format 2, Ii and Qi

are mutually correlated Gaussian RVs with E [Ii] = E [Qi] =
0, and E

[

I2i
]

= E
[

Q2
i

]

= σ2. To this effect, the envelope

probability density function (PDF) of the η-µ / inverse gamma

composite fading model is expressed as [2], [3]

fR(r)=
22µ+1µ2µ hµ(msΩ)

msr4µ−1

B (ms, 2µ) (2µhr2 +msΩ)
ms+2µ

×2F1

(

ms+2µ

2
,
ms+2µ+1

2
;
2µ+1

2
;

(

2µHr2
)2

(2µhr2+msΩ)
2

)

(2)

where Γ (·) and B (·, ·) the gamma [38, Eq. (8.310.1)] and

Beta functions [38, Eq. (8.384.1)], respectively, whereas

2F1 (·, ·; ·; ·) is the Gauss hypergeometric function [38, Eq.

(9.111)]. In terms of its physical interpretation, µ is related to

the number of multipath clusters whole ms is the scale param-

eter of the distribution which accounts for shadowing. Also, η
is defined as η = σ2

I/σ
2
Q (i.e. the scattered wave power ratio

between the in-phase and quadrature components of each clus-

ter of multipath) in Format 1, whereas η = E[IiQi]/σ
2 (i.e.

the correlation coefficient between the in-phase and quadrature

components) in Format 2. Accordingly, h = (2 + η−1 + η)/4
and H = (η−1 − η)/4 in Format 1, while h = 1/(1− η2)
and H = η/(1− η2) in Format 2. Thus, Format 1 can be

obtained from Format 2 and vice versa by using the following

relationship ηFormat1 = (1− ηFormat2)/(1 + ηFormat2) or,

equivalently by ηFormat2 = (1− ηFormat1)/(1 + ηFormat1),
where 0 < ηFormat1 < ∞ in Format 1 and −1 <
ηFormat2 < 1 in Format 2. In this model, the mean sig-

nal power is given by E
[

R2
]

= Ω = µ
(

1 + η−1
)

σ2
I =

µ (1 + η)σ2
Q in Format 1 and by E

[

R2
]

= Ω = 2µσ2 in

Format 2.

Based on the above, the PDF of the instantaneous SNR of

the η-µ / inverse gamma composite model is expressed as [3]

fγ(γ)=
22µµ2µ hµ(msγ)

msγ2µ−1

B(ms, 2µ)(2µhγ+msγ)
ms+2µ

×2F1

(

ms+2µ

2
,
ms+2µ+1

2
;
2µ+1

2
;

(2µHγ)
2

(2µhγ+msγ)
2

)

(3)

whereas the corresponding CDF is given by [3]

Fγ(γ)=
22µ−1hµ

Γ(ms)Γ(2µ)

∞
∑

i=0

Γ (ms+2µ+2i)H2i

i!
(

2µ+1

2

)

i
(µ+ i)

(

µγ

msγ

)2µ+2i

×2F1

(

ms+2µ+2i, 2µ+2i; 2µ+2i+1;−2µhγ

msγ

)

(4)

where (·)i denotes the Pochhammer symbol [38]–[41]. The

tractable closed-form upper bound in (5), at the top of the next

page, was derived for the truncation error of the infinite series

in (4), whereas the corresponding nth moments are given by



T ≤ Γ(ms+2µ) (µγ)
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(6)

Likewise, the moment-generating function (MGF) of the η-µ
/ inverse gamma composite model was derived in [3], namely

Mγ(−s)=
∞
∑

i=0

Γ (µ+ i)H2i

i! Γ(µ)hµ+2i

[

1F1

(

2µ+2i;1−ms;
smsγ̄

2µh

)

+

(

smsγ̄

2µh

)ms Γ(−ms)

B(ms, 2µ+2i)
1F1

(

ms+2µ+2i;1+ms;
smsγ̄

2µh

)]

(7)

along with the following elegant closed-form upper bound for

the involved truncation error

T ≤ 1F1

(

2µ+2T0; 1−ms;
smsγ̄

2µh

)

1F0

(

µ;−;
H2

h2

)

−
[

1F1

(

ms+2µ+2T0; 1+ms;
smsγ̄

2µh

)

×2F1

(

ms+2µ

2
,
ms+2µ+1

2
;
2µ+1

2
;
H2

h2

)]

.

(8)

B. Numerical and Measurement Results

A main advantage of the η-µ / inverse gamma model is

that it inherits all of the generality of the η-µ model. Also,

the ms parameter controls the amount of the shadowing of

the mean signal power. Thus, as ms → 0, the dominant

component (if applicable) and scattered signal component are

completely shadowed. On the contrary, as ms → ∞, there

is no shadowing present in the channel and thus the mean

signal power becomes deterministic and the η-µ / inverse

gamma model coincides with the η-µ model. Therefore, by

setting µ = 1/2, and ms → ∞, the Nakagami-q (or Hoyt)

fading model is deduced where η becomes equivalent to the

square of the q parameter of Nakagami-q fading model (i.e.

η = q2). The Nakagami-m fading model can be obtained by

letting ms → ∞ and η → 0 with the µ parameter becoming

equivalent to the m parameter of Nakagami-m fading model.

Based on this, the Rayleigh fading model can also be readily

obtained by setting η = m = 1.

It is worth highlighting that the η-µ / inverse gamma model

can be also used to provide an accurate approximation of

other lognormal- and gamma-based composite fading models.

For example, it can provide a good match to the Rayleigh

/ lognormal (u, σ) [37], Rayleigh / gamma (a, b) [11] and

Nakagami-m / gamma (m, a, b) [25] composite fading models.

For this comparison, the ms and Ω parameters of the η-µ /

inverse gamma composite fading model were estimated from

the u and σ parameters of the Rayleigh / lognormal model

and from the a and b parameters of the Rayleigh / gamma

and Nakagami-m / gamma models by matching their first and

second moments, such that

ms =
2 exp(σ2)− 1

exp(σ2)− 1
, (9)

Ω =
exp(u+ 3

2
σ2)

ms(exp(σ2)− 1)
(10)

and

ms = a+ 2, (11)

Ω =
ab(a+ 1)

ms

. (12)
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Fig. 1: (a) Indoor open office (99.63 m2) and (b) outdoor car

parking environments used for the wearable off-body measure-

ments. The desk filled with red color in (a) denotes that one

person was working at his desk during the measurement in an

open office area environment.

C. Application in Wearable Communication Channels

The applicability of the η-µ / inverse gamma composite fad-

ing model was demonstrated in three realistic practical com-

munication scenarios [3]. First, this was realized in the context

of the emerging area of wearable communications which have

recently received significant attention due to the wide range of



Fig. 2: Empirical PDFs (symbols) of the composite fading signal observed in the LOS and NLOS wearable off-body links

for the (a) indoor open office and (b) outdoor car parking environments compared to the theoretical probability for the η-µ /

inverse gamma (dotted lines) composite fading model.

promising application areas including medical, sports, military

and entertainment [3] and the references therein. The first set

of wearable off-body channel measurements were conducted

in an indoor open office area environment [red rectangle:

10.62 m × 12.23 m, Fig. 1(a)] situated on the 1st floor of

the Institute of Electronics, Communications and Information

Technology (ECIT) at Queen’s University Belfast in the United

Kingdom. The ECIT building consists of metal studded dry

wall with a metal tiled floor covered with polypropylene fiber,

rubber backed carpet tiles, and metal ceiling with mineral

fiber tiles and recessed louvered luminaries suspended 2.70 m

above floor level. As shown in Fig. 1(a), the open office area

contained a number of soft partitions, cabinets, PCs, chairs

and desks. During the channel measurements, one person was

working at his desk. To improve the generality of the field

validations conducted here, another set of measurements was

performed in a more sparse environment, namely an outdoor

car parking area adjacent to the ECIT building, as shown in

Fig. 1(b) [3].

The transmitter (TX) used for the measurements consisted

of an ML5805 transceiver manufactured by RFMD, which was

configured to transmit a continuous wave signal with an output

power of +17.6 dBm at 5.8 GHz. During the wearable off-

body measurements, the TX antenna was positioned on the

front-central waist region of an adult male of height 1.83 m

and mass 73 kg using a small strip of Velcro®. For the

receiver (RX), a single antenna was positioned on a non-

conductive polyvinyl chloride (PVC) pole at height of 1.10

m above the floor level so that it was vertically polarized. It

was then connected to port 1 of a Rohde & Schwarz ZVB-

8 Vector Network Analyzer (VNA) using a low-loss coaxial

cable. A pre-measurement calibration was conducted to reduce

the effects of known system based errors using a Rohde

& Schwarz ZV-Z51 calibration unit. This also enabled the

elimination of the effects of the power amplifier and cable

loss. The VNA was configured as a sampling RX, recording

the magnitude of the b1 wave quantity incident on port 1 with

a bandwidth of 10 kHz (centered at the operation frequency of

5.8 GHz). The b1 measurements were automatically collected

and stored on a laptop through a local area network (LAN)

connection, providing an effective channel sampling frequency

of 425.6 Hz. Both the TX and RX utilized identical omnidi-

rectional sleeve dipole antennas with +2.3 dBi gain (Mobile

Mark model PSKN3-24/55S). Two individual scenarios were

considered for the LOS and NLOS channel conditions where

the test subject walked towards and then away from the RX in

a straight line, from the 9 m point to 1 m point and vice versa.

It is worth remarking that the NLOS conditions corresponded

to the condition where the human body obscured the direct

communication path between the wearable node and the RX.

To abstract the composite fading signal for the wearable

off-body measurements, the estimated path loss was removed

from the raw measurement data using the log-distance path

loss given in [42, Eq. (3.68)]. To this end, the elapsed time was

first converted into a distance based upon an estimate of the

test subject’s velocity. The corresponding parameter estimates

for the η-µ / inverse gamma (Format 1) composite fading

model were obtained using a non-linear least squares routine

programmed in MATLAB to fit (2) to the wearable off-body

measurement data [3]. The minimum data set size used for

the parameter estimations was 2331 for the wearable off-body

channel measurements. The goodness-of-fit of the considered

composite model was evaluated using the RAD [43] which is a

symmetric version of the Kullback-Leibler divergence (KLD)

[44]. Unlike the KLD, the RAD satisfies the triangle inequality,

which constitutes it a true distance metric. As an example of

the model fitting, Fig. 2 shows the PDF of the η-µ / inverse

gamma composite fading model fitted to the measurement data

for the LOS and NLOS wearable off-body channels within the

two different environments. It is clear that the η-µ / inverse

gamma composite fading model provided a good fit to the

empirical data for all of the considered cases.

D. Application in Cellular Communication Channels

The use of device-to-device (D2D) communications has

recently been proposed to supplement traditional cellular com-

munications by providing higher data rates and extending the



Fig. 3: Empirical (symbols) and theoretical PDFs for the η-µ / inverse gamma (dotted lines) models for the LOS and NLOS

D2D links in the (a) indoor open office and (b) outdoor open space environments alongside the received signal power for the

LOS link in the (c) indoor open office and (d) outdoor open space environments.

coverage of cellular networks [3] and the reference therein.

In this context, D2D communications will be achieved by

using network users themselves as ad hoc base stations to

facilitate the routing of data traffic and to relay broadcasts.

For the D2D measurements conducted in this study, the TX

and RX antennas were securely fixed to the inside of a

compact acrylonitrile butadiene styrene (ABS) enclosure (107

mm × 55 mm × 20 mm) using a small strip of Velcro®.

This configuration for the hypothetical User Equipment (UE)

mimicked the form of a smart phone which allowed the user to

emulate making a voice call as they would normally. Similar to

the wearable off-body measurement set up, the wireless node

used for the TX consisted of an ML5805 transceiver and was

configured to transmit a continuous wave signal with an output

power of +17.6 dBm at 5.8 GHz. The wireless node used for

the RX also featured an ML5805 transceiver attached to a

PIC32MX which acted as a baseband controller, allowing the

analog received signal strength (RSS) output to be sampled

with a 10-bit quantization depth at a rate of 10 kHz. The

utilized TX and RX antennas were the same as those used for

the wearable off-body measurements which were connected to

the wireless nodes using low-loss coaxial cables.

The D2D measurements were performed at 5.8 GHz in

two different environments, namely (a) an indoor open office

area environment and (b) an outdoor open space environment.

The open office area is the same environment where the

wearable off-body measurements were conducted. During the

D2D measurements, the open office area was unoccupied in

order to facilitate pedestrian free D2D channel measurements.

The outdoor D2D measurements were conducted in an open

space close to the ECIT building. In this study, the D2D link

was formed between two persons, namely person A, an adult

male of height 1.83 m and weight 73 kg, and person B, a

female of height 1.65 m and weight 51 kg. It should be noted

that the UEs used by persons A and B are denoted as UE1 and

UE2, respectively. For all of the D2D measurements, persons

A and B held the respective UE at their left ear to imitate

making a voice call. Both test subjects were initially stationary,

after which they were instructed to walk around randomly

within a circle of radius of 0.5 m from their starting points.

It is worth highlighting that for the LOS D2D measurements

in both environments, while there may have been a direct LOS

between the two person’s bodies during the trials, in actual

fact, the link between the hypothetical UEs would have been

subject to quasi-LOS conditions due to the random movements

undertaken. For the NLOS case, person B was always posi-

tioned around an adjacent corner to ensure that the NLOS

conditions (i.e. no direct path between persons A and B) were

maintained irrespective of the random movements. In the

analysis of the D2D channels, the global mean signal power

was removed from the D2D measurement data to abstract the

composite fading signal for field measurement data. Again, all

parameter estimates for the η-µ / inverse gamma model were

obtained using a non-linear least squares routine programmed

in MATLAB to fit (2) to the D2D measurement data. It

should be noted that the minimum data set size used for the
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Fig. 4: Satellite view of V2V measurement environment showing the position of two vehicles and two different scenarios (LOS

and NLOS channel conditions). It should be noted that the road is approximately 10 m in width.

parameter estimations was 138148 for the D2D measurements.

As an example of the model fitting process, Figs. 3(a) and

(b) illustrate the PDF of the η-µ / inverse gamma composite

fading model fitted to the measurement data for both the

LOS and NLOS D2D channels in the indoor and outdoor

environments, respectively. It can be seen that the η-µ / inverse

gamma model provided an adequate fit to the measurement

data for the LOS and particularly for the NLOS conditions.

Likewise, the measured received signal power time series for

the LOS cases in both the indoor and outdoor environments

presented in Figs. 3(c) and (d). From these plots, it is clear

that the received signal experienced longer-term fading due to

the shadowing caused by both users, strongly advocating the

use of a composite fading model in these cases [3].

E. Application in Vehicular Communication Channels

Vehicular communications have become increasingly pop-

ular due to their potential for improving traffic safety and

avoiding congestion [3] and the references therein. V2V chan-

nels exist between wireless devices situated on one vehicle

and those situated on another vehicle. In the V2V channel

measurements in [3], the utilized TX was the same as the

previous cases since it was configured to generate a continuous

wave signal with an output power of +17.6 dBm at 5.8 GHz.

The RX was the identical wireless node used for the D2D

measurements, but unlike the D2D measurements, the channel

sampling frequency was 1 kHz. The V2V measurements were

conducted in a business district environment in the Titanic

Quarter of Belfast in the United Kingdom as shown in Fig. 4.

For the V2V measurements, the TX was positioned on the

center of the dash board of vehicle A, namely a Vauxhall

(Opel in continental Europe) Zafira SRi using a small strip

of Velcro® while the RX was mounted on the dash board of

vehicle B, namely a Vauxhall Astra SRi. The measurement

area consisted of a straight road with a number of office

buildings nearby. To create the LOS and NLOS channel

conditions, both vehicles A and B initially moved towards each

other with a speed of 30 mph before passing and continuing

their onward journey as shown in Fig. 4. A distance of 50 m in

either side of the intersection point was considered for the LOS

and NLOS analysis performed in this study [3]. Although the

V2V channel measurements were performed during off-peak

traffic hours, there still existed pedestrians and other vehicular

traffic in the vicinity of vehicles A and B.

Similar to the wearable off-body analysis, the estimated

path loss was removed from the V2V measurement data using

the log-distance path loss to abstract the composite fading

signal from the field measurement data. To this end, the

elapsed time was first converted into a distance based upon the

vehicle’s velocity. Also, the minimum data set size used for the

parameter estimations was 13287 for the V2V measurements.

As an example of the model fitting process, Fig. 5 shows

the PDF s of the η-µ / inverse gamma composite fading

model fitted to the LOS and NLOS V2V measurement data in

conjunction with their respective received signal power time

series.

Also shown is the estimated path loss which was calculated

using a reference distance of 5 m, which was the separation

distance between the TX on vehicle A and the RX on vehicle

B. It can be seen that the η-µ / inverse gamma composite

fading model was in good agreement with the LOS and

NLOS measurement data. As a result, it is evident that the

proposed model constitutes an adequate solution for model-

ing versatile realistic scenarios such as those encountered in

wearable, cellular and vehicular communications. In addition,

its relatively convenient algebraic representation renders it

tractable to handle both analytically and numerically. This is

particularly advantageous in the analysis of complex systems,

that is typically the case in emerging communications.

III. ERGODIC CAPACITY OVER η − µ / INVERSE GAMMA

FADING CHANNELS

Ergodic capacity is a fundamental measure in wireless

communications as it is largely associated with the quality of

service requirements. It is well known that multipath fading

and shadowing phenomena affect significantly the ergodic

capacity. Based on this, this section is devoted to the er-

godic capacity analysis of digital communications over the

considered η-µ / inverse gamma composite fading channels.

This analysis leads to useful insights on that will be useful in



Fig. 5: Received signal power with a superimposed path loss fit for (a) the V2V LOS link and (b) the V2V NLOS link and

empirical (circles) and theoretical PDF for the η-µ / inverse gamma (dotted lines) models for (c) the V2V LOS link and (d)

the V2V NLOS link.

the design and deployment of future wireless systems in the

context of wearable, cellular and vehicular communications,

among others.

Theorem 1. For µ, γ,B ∈ R
+, ms ∈ N, η ∈ R

+ in Format 1
and −1 < η < 1 in Format 2, the following analytic expression

is valid for the ergodic capacity over η-µ / inverse gamma

fading channels:
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Proof. By substituting the SNR PDF of the η-µ / inverse

gamma distribution in [3, Eq. (13)] into

Ce , B

∫

∞

0

log2(1 + γ)pγ(γ)dγ (14)

and setting u = 2µhγ +msγ, one obtains
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By also setting t = 1 − msγ/u, and after some algebraic

manipulations, it follows that
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To this effect and with the aid of [38, Eq. (1.111)] and expand-

ing out the involved logarithmic terms and the hypergeometric

function using [38, Eq. (9.14.1)], it follows that
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Notably, the above integrals can be expressed in closed-form

with the aid of [38, Eq. (2.729.1)]. Therefore, by performing

the necessary variable transformation and substituting in (17),

equation (13) is deduced, which completes the proof.

It is evident that the derived ergodic capacity expression

is given in terms of an infinite series. This series is fully

convergent and it can be sufficiently truncated after relatively

few terms. However, determining the exact accuracy achieved

for an arbitrary number of terms is essential. Based on this,

we derive an upper bound for the involved truncation error

of (13). This is tight and has a rather tractable algebraic

representation that renders it convenient to handle analytically

and numerically.

Proposition 1. For µ, γ,B ∈ R
+, ms ∈ N, η ∈ R

+ in Format

1 and −1 < η < 1 in Format 2, the following closed-form

upper bound holds for the truncation error of (13)
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where p denotes the number of terms of the series.

Proof. It is readily noticed that (13) can be upper bounded

according to (19), at the top of the next page. Based on this

and after some algebraic manipulations, it follows that the

truncation error for the involved infinite series can be upper

bounded as
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By setting p = 0 and recalling the properties of Pochhammer

symbol and hypergeometric functions, it is noticed that the

resulting infinite series can be expressed in closed-form in

terms of the generalized hypergeometric function. To this

effect and after some algebraic manipulations, equation (18)

is deduced, which completes the proof.

It is evident that the derived analytic expressions have a

tractable algebraic representation that allows their straightfor-

ward computation, since the involved functions are included

as built-in functions in popular software packages such as

MATLAB, MAPLE and MATHEMATICA.

IV. NUMERICAL RESULTS

This section employs the derived results in the previous

sections in the quantification of the effects of composite

multipath/shadowing conditions on the ergodic capacity, as this

can occur in realistic communications scenarios undergoing

fading effects, such as in wearable, cellular and vehicular

communication scenarios. To this end, Fig. 6 illustrates the

ergodic capacity over η−µ / inverse gamma composite fading

channels. It is evident that the joint effects of multipath fading

and shadowing are considerable as significant deviations from

the standard Rayleigh fading conditions are observed. For

example, an about 20% spectral efficiency change is noticed

when µ changes from µ = 0.3 to µ = 1.0, for the case

of η = 5.0, ms = 9.0 and moderate average SNR values,

such as γ = 10dB. It noticed that the same variation is

largely observed at low and, particularly, at SNR regimes,

which verifies the crucial effect of multipath clusters on the

overall system performance. In the same context, an about 15%
spectral efficiency change is observed for different shadowing

severity across the whole average SNR range and for fixed

values of µ and η parameters. Likewise, an about 10%
variation is observed at low, moderate and high average SNR

values when η is changed while µ and ms remain fixed.
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Fig. 6: Ergodic capacity versus average SNR under η − µ / inverse gamma fading channels for different µ, η and ms values.

As a result, it is evident that each individual fading pa-

rameter of the η − µ / inverse gamma composite fading

model has a critical effect on the overall capacity levels.

Also, when more than one parameters change simultaneously,

which is expected in realistic mobile communication scenarios,

the corresponding ergodic capacity changes are considerably

greater, since variations by about 50% are shown for certain

fading scenarios across the whole SNR range. Also, it is

evident that the modeling versatility of the proposed model is

significantly more accurate than the simplistic Rayleigh fading

conditions, since large variations are observed between the

two models across the whole SNR range. This typically corre-

sponds to gains of several dBs for fixed spectral efficiencies,

which is particularly advantageous in emerging applications

of substantially increased quality of service and low-power

requirements. Thus, it is evident that the offered results ver-

ify that accurate characterization and modeling of multipath

fading and shadowing effects are of paramount importance in

the design of emerging communication technologies, such as

wearable and vehicular communication systems.

V. CONCLUSION

This work was devoted to the ergodic capacity analysis of

digital communications over η − µ / inverse gamma fading

channels. First, the main theoretical and practical characteris-

tics of the recently proposed η − µ / inverse gamma fading

model were revisited along with a detailed description of

its modeling capability in the context of wearable, cellular

and vehicular communications. Capitalizing on this, novel

exact analytic expressions were derived for the corresponding

ergodic capacity which were subsequently employed in quan-

tifying the effects of severity of multipath fading and shadow-

ing fading conditions on the performance of the considered

set ups. It was shown that the effect of different types of

composite fading have a considerable effect across all SNR

regimes. These effects are clearly beyond the range of the

conventional Rayleigh distributed multipath fading effects and

thus, they must be taken into account in the realistic design

and deployment of emerging wireless systems. Thsi is of

paramoutn importance since future systems will be largely

characterized by significantly increased quality of service and

low power requirements. Indicative examples include timely

and critical topics of interest such as wearable, cellular and

vehicular communications.
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