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Abstract— Diversity performance of multi-element antenna (MEA) systems is evaluated using
several metrics. The most common are the diversity antenna gain (DAG), the effective diversity
gain (EDG) and the actual diversity gain (ADG). These metrics calculate the performance by
comparing the MEA system with the reference antenna at a fixed outage probability level, i.e.,
usually at 1% outage level. As fixed outage levels are just an indication of probability of occur-
rence of specific signal levels, they provide limited insight into realistic deep-fade cases. Thus,
we introduce three novel metrics, namely, the fading mitigation gain (FMG), the reliability per-
centage (RP) and the generalized diversity antenna gain (GDAG) for characterizing diversity
performance when deep fades take place in one or more of the diversity branches. Based on
the aforementioned metrics, intuitive knowledge on the diversity performance of MEA systems
is provided.

1. INTRODUCTION

The mitigation of multipath fading is an issue of primary importance in wireless communications
systems. Multi-element antenna (MEA) systems combat fading through diversity combining, which
potentially increases the received power.

Until now, several metrics for the diversity performance have been proposed, with the most
important being the diversity antenna gain (DAG) [1], the effective diversity gain (EDG) [2] and
the actual diversity gain (ADG) [3]. They are derived by comparing the cumulative distribution
functions (CDFs) of the received signal-to-noise ratio (SNR) of the MEA and that of a reference
antenna at a specific outage probability level (usually 1% outage probability level). Their only
difference lies on the choice of the reference antenna. The DAG is based on comparing the MEA
with an isotropic, dual polarized reference antenna and is thus a metric of universal applicability
when deriving diversity performance. The EDG arises by comparing the MEA with one of its single
elements having 100% efficiency and the ADG by comparing the MEA with an arbitrarily selected
antenna. Thus, both EDG and ADG are not of such universal applicability as the DAG, as they
are strongly dependent on the chosen reference antenna.

As the CDF just presents probabilities of specific SNR levels, DAG, EDG and ADG do not
account for performance provided by a MEA system when only deep fades take place in one or
more of the diversity branches. Performance in such cases only would be a better indicator of
how effectively the MEA system combats fading. Moreover, the estimated percentage of the cases
where the MEA’s received SNR is greater than that of the reference antenna would also provide
further insights into the performance of MEA systems. Thus, in this paper, three new intuitive
metrics focusing on deep-fade cases are proposed. The first metric is called fading mitigation gain
(FMG) and accounts for the performance when at least one of the diversity branches of the MEA
system has 20 dB less power with respect to the average received power of the reference antenna1.
It is thus a random variable. The second is called reliability percentage (RP) and accounts for the
percentage of the cases when the MEA system has greater received power compared with that of
the reference antenna. The third is called generalized diversity antenna gain (GDAG) and arises
after weighting the two DAGs, i.e., the DAG (weighted by RP) when the MEA received power is
greater than that of the reference antenna and the DAG (weighted by 1-RP) when is lower. An
isotropic dual polarized reference antenna is considered as in [1], thus, for consistency, we maintain
the term DAG in GDAG. The MEA systems and propagation environments are jointly modeled by
using the stochastic approach presented in [4].

The remainder of this paper is organized as follows: In Section 2, the three new metrics, i.e.,
the FRG, RP and GDAG are defined. In Section 3, relevant results are presented considering a
two-port compact MEA system and Section 4 draws the conclusion.

1Considering equal noise powers between the reference antenna and the MEA system, we can consider the received power
instead of the SNR.
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2. NEW PERFORMANCE METRICS

2.1. Fading Mitigation Gain (FMG)
We consider A as the difference in dB of the mean received power of the reference antenna E{Pref }
and a predetermined power threshold K, such that a deep fade region has resulted with respect to
the mean received power of the reference antenna, e.g., K = 20dB for a 20 dB deep fade region.
Thus,

AdB = E {Pref }dB −KdB. (1)

We define FMG over A as the power gain in dB that the MEA system provides when the received
power of at least one of the MEA’s ports is below A. Thus,

FMGK = Pdiv, dB|at least one ofP1 ... Pn≤AdB
−AdB (2)

where Pdiv is the power of the combined signal according to the selected diversity scheme. In (2),
we use the subscript K in FMG, i.e., FMGK , because FMG has an obvious dependence on K. It
is also obvious that FMGK is a random variable.
2.2. Reliability Percentage (RP) and Generalized Diversity Antenna Gain (GDAG)
The RP is defined as the percentage of cases where the MEA’s received power is greater than the
reference antenna’s ones. Based on the RP, we define GDAG as

GDAG = RP ·DAG1 + (1− RP) ·DAG2 (3)

where DAG1 is the diversity antenna gain evaluated when the MEA’s received power is greater
than the reference antenna’s ones and DAG2 when is lower.

3. RESULTS AND DISCUSSION

As a case study, we consider the two-port MEA system depicted in Fig. 1. It comprises of
two inverted-F elements which have selected due to their wide bandwidth, high efficiency, omni-
directional radiation pattern and ease of fabrication. For more details about this system see [5].
The configurations depicted in Fig. 1 were simulated using IE3D, a commercial method of moment
based electromagnetic field solver [6]. Also, an isotropic, dual polarized reference antenna was
employed [1].

FMGK is evaluated from (1) and (2) using the stochastic electromagnetic-circuit methodology
under an isotropic propagation scenario [4]. Maximal ratio combining (MRC) is the employed
diversity scheme. In Fig. 2 the CDF of the FMGK is illustrated when K = 20 dB and E{Pref } =
0dB. FMG20 is more than 6.3 dB for 90% of the cases when the power of at least one of the received
signals is below the 20 dB deep fade characterized by A. It is important to mention that 20 dB deep
fades take place in only 4.8% of the whole ensemble of received powers. For other cases with less
than 20 dB deep fades, FMGK is even better. Useful statistics are also the mean value of FMG20

which is 13.8 dB and its standard deviation which is 5.2 dB. Thus, on average, in the 20 dB deep
fade region, the combined signal will be only 6.2 dB less than that of the reference antenna whereas
the signal of a single port antenna will be less by 20 dB. Such informative insights into the diversity
performance of MEA systems cannot be provided by DAG, EDG or ADG.

Figure 1: The layout of our two-port MEA system. Figure 2: The CDF of FMG20 under MRC diversity.
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Figure 3: The CDFs of the reference antenna and
the MEA system power when the MEA system’s
power is greater than the reference antenna’s.

Figure 4: The CDFs of the reference antenna and
the MEA system power when the MEA system’s
power is less than the reference antenna’s.

The remaining two metrics which have evaluated are the RP and the GDAG According to its
definition in Section 2, RP was evaluated as 51%, which means that for almost half of time the
MEA system performs better than the reference antenna. The GDAG is calculated from (3) using
the data plotted in Figs. 3 and 4. It is found to be 4.5 dB at 1% outage probability level. More
specifically, DAG1 is 14.8 dB and DAG2 is −6.1 dB. The latter means that when the reference
antenna outperforms the MEA system, the loss in DAG is only 6.1 dB and when the opposite holds
the gain is 14.8 dB. For the same MEA system, the DAG as defined in [1], was calculated in [4] and
was found to be 7.8 dB. That value, as well those provided by EDG and ADG, hide information as
provided by RP, DAG1, DAG2 and GDAG. GDAG is thus a more realistic diversity performance
indicator, since it gives the average value of gain according to its sophisticated definition.

4. CONCLUSION

In this paper, the diversity performance of MEA systems was revisited. Three novel informative
metrics provided new insights into diversity performance. FMG characterizes the performance in
deep-fade regions, where, in fact, their occurrence is the only reason of using MEA systems. The
ultimate performance indicator is the GDAG which takes into account both the “good” and “bad”
scenarios of operation of MEA systems. Based on our analysis and results, the commonly used
metrics DAG, EDG and ADG give an opportunistic picture of the diversity performance since they
do not exclusively focus on the “bad” scenarios, i.e., when the reference antenna outperforms the
MEA system. As a matter of fact, in 49% of the time the reference antenna provides more power
than our two-port MEA system and this necessitates the use of GDAG to characterize performance.
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