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scenario. In the TDMA scheme, we consider the average ex-
pression5 (32). As expected, it can observed that, when the
node probability of transmission is low, the slotted ALOHA
significantly outperforms the TDMA scheme. However, for in-
creasing probability of transmission, i.e., for increasing traffic
load, there exists a critical threshold above which the TDMA
scheme is to be preferred.

To summarize, as a TDMA-based scheme has a throughput
τ = 1, it becomes very attractive for values of q beyond the
maximum of the considered slotted ALOHA system, as the lat-
ter becomes unstable, i.e., the value of the delay DALOHA →∞
since Ps → 0. In scenarios will low reporting rate, the slotted
ALOHA scheme is to be preferred.

VI. CONCLUSIONS

In this paper, we have presented an analytical framework
for the evaluation of the link probability of success in inter-
ference-limited BANs subject to fading. This analytical deriva-
tion is based on novel experimental measurements which high-
light two characteristic propagation mechanisms in BANs de-
ployed in indoor scenarios: on-body propagation and propa-
gation through reflections from the environment.

Regarding the impact of the topology, three configurations
have been analyzed. They showed significantly different per-
formances, in terms of per-node throughput and energy con-
sumption rate. It can be concluded that a decentralized topol-
ogy in an outdoor environment presents the best trade-off be-
tween the throughputs at the leaves, the relays, and the sink.
Moreover, the shape of the throughput curves shows that it is
very stable, i.e., any increase or decrease of the node genera-
tion rate does not significantly impact the per-node throughput
and it is is the most efficient in terms of energy consumption
rate. In an indoor environment, the balanced tree seems to be
more suitable. Indeed, it presents a higher throughput for the
sink, the relays, and the leaves at the same time.

As a conclusion, multi-user body area networks deployment
and operation should take into account the specificities of envi-
ronment and adapt the routing algorithms and clustering strate-
gies accordingly. In the particular context of an indoor envi-
ronment or when the traffic load is high, narrowband shared
spectrum techniques are not performant, and other medium ac-
cess control schemes, such as Time Division Multiple Access
(TDMA) should be considered instead, even if they are more
complex to implement.

APPENDIX

The modeling of slow-scale fading as a log-normal distribu-
tion (that is, a zero-mean Gaussian in dB scale) raises mathe-
matical difficulties, as shown in (12). The complementary cdf
of a zero-mean log-normal random variable is

ζ(z;σ) ,
1

2
+

1

2
erf
(−10 log10 z

σ
√

2

)
(33)

where erf , 2√
π

∫ x
0
e−t

2

dt is the error function. The func-
tion ζ(z;σ) is shown, in Fig. 17, as a function of z for

5Note that this expression does not depend on q, as in TDMA systems a
leaf needs to wait for its assigned time slot.
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Fig. 17: The function ζ(z;σ) as a function of z, considering various
values of σ (in dB).

TABLE I: Coefficients for the approximation of the ζ function.

c1 a1 c2 a2 c3 a3 residual
σ = 4 0.49 0.75 0.49 0.75 0.03 0.16 4.68 10−5

σ = 6 0.38 0.31 0.56 1.21 0.06 0.07 4.23 10−6

σ = 8 0.59 1.32 0.34 0.18 0.06 0.02 1.04 10−4

σ = 10 0.29 0.09 0.65 1.17 0.05 0.01 7.53 10−4

σ = 12 0.04 0 0.24 0.04 0.70 0.93 3.52 10−3

σ = 14 0.20 0.01 0.03 0 0.72 0.64 1.03 10−2

σ = 16 0.18 0.01 0.70 0.49 0.04 0 1.67 10−2

σ ∈ {4, 8, 12, 16} dB. It can be observed that ζ(z;σ) (i)
saturates for z →∞, regardless of the value of ρ, and (ii) has
the shape of a decreasing exponential function of z (for a given
value of σ). The ζ function can be approximated with a linear
combination of negative exponential functions, as in [45], [46]:

ζ(z;σ) =

∞∑
m

cm exp(−amz) ≈
n∑
m

cm exp(−amz)

where the coefficients {cm}nm=1 and {am}nm=1 depend on σ
and can be determined in a least square sense by means of q ≥
2n known points of the ζ function. The Levenberg-Marquardt
algorithm [47], [48] can be used to determine the coefficients
{cm} and {am} for different values of σ and 10000 points
over the interval z ∈ [0, 1000]. The corresponding values are
reported in Table I along with the corresponding residual sum
of squares.
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