
3

Time [ns]

C
ha

nn
el

 g
ai

n 
[d

B]

Diffracted waves

Interactions with 
the environment

Fig. 3: Power delay profile as a function of the time in an indoor
environment and for d > 25cm (body back).

indoor environment.
Based on an extensive measurement campaign, we now

present accurate statistical models corresponding to the prop-
agation mechanisms described above.

B. On-body Propagation (Guided Diffraction)

As previously emphasized in [12], [31], the average received
power (in dB scale) is the following linearly decreasing
function of the distance:

E [P(d)] = P + Lref + 10 γ (d� dref) d ≥ dref (1)

where P(d) is the instantaneous received power (dimen-
sion: [W]) at distance d (dimension: [m]), P the transmit
power (dimension: [W]), dref is a reference distance (dimen-
sion: [m]), Lref is the gain at the reference distance (adimen-
sional, in dB), and γ is a suitable constant (dimension: [m�1]).
For instance, typical experimental values for these parameters
are dref = 8 cm, Lref = �57.42 dB, and γ = �124 dB/m [31].

The average received power, in linear scale, can then be
expressed as follows:

E [P(d)] = P · L(d) d ≥ dref (2)

where

L(d) = 10(Lref�10γdref)/10︸ ︷︷ ︸
,L0

·10γd

= L0 10γd d ≥ dref (3)

where L0 is a function of Lref, dref, and γ.1 In Fig. 4 (a),
the loss L is shown as a function of the distance, consid-
ering narrowband transmissions at 5 GHz. More precisely, in
Fig. 4 (a) experimental measurements (circles) and their linear
interpolation (solid line) are shown. Finally, using (3) in (2)
one obtains:

E [P(d)] = P L0 10γd. (4)

While expression (4) characterizes the average value, it does
not provide insights on the instantaneous distribution of the

1Note that, even though (3) holds for d ≥ dref, L0 can be intuitively
interpreted as the (extrapolated) gain (adimensional, linear scale) at distance
d = 0. In other words, L0 takes into account the loss due to antenna emission.
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Fig. 4: Propagation loss as a function of the distance: (a) on-body

propagation and (b) propagation through reflections off the
environment. In both cases, experimental results (circles) and
their linear (or piece-wise linear, in case (b)) interpolations
(solid line) are shown.

received power. In [31], it has been experimentally observed
that the on-body propagation channel is characterized by
slow large-scale fading (i.e., shadowing). More precisely, the
instantaneous received power at distance d can be expressed
as follows:

P(d) = P L0 10γd X

where X is a random variable (RV) which depends on the
channel characteristics. As shown in [32] and confirmed by
our measurements, X has a log-normal distribution2 with
parameters µ and σ, where σdB typically ranges from 4 dB

2Note that we use the log10 variant of the log-normal since the widely-used
shadowing model uses an additive Gaussian variation expressed in dB.




