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This technical report is a supplement to Mied| et al. [4]. We describe the differ-
ences of the input-constrained water-filling capacity calculations used by Mied|
et al. [4], in comparison with Bartolini et al. [1].

1 Symbols

Based on the notation introduced in Bartolini et al. [1] and Miedl et al. [4],
following symbols are used in this technical report:

{&s} ... Set of experiments to determine the channel spectra (1)
{f} ... Frequency range for the experiments {£;} (2)
Ny ... Constant noise power (3)
Do ... Input power cap (4)
Se.. Input power spectrum of experiment e in {&;} (5)
Sy ... Input power spectrum determined using {£;} (6)
Sqq ... Noise power spectrum of the channel (7)
Shh ... Channel power spectrum of the channel (8)
C ... Channel capacity bound (9)
A ... Water-filling parameter (10)
T Mean of values in x (11)

2 The constrained-input water-filling

Let A, be a set of frequencies as defined in[Equation 12 below:
A=A{f | A (f)=1 Vfe (-00,00)} (12)
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Furthermore, we establish the constraint

1 1 Po
2/,4A (A‘ Shh(f))dfgfvo (13)

The constraint in ensures that the signal-to-noise-ratio does not
exceed the ratio of the power cap p, over the noise power Nj.

We define the channel capacity C as a function of the water-filing parameter A

and the channel power spectrum Sy, in[Equation 14| below:
1
Cm}z\xx{Q/ log, ()\~Shh(f))df} [bps] (14)
Ay

To determine the channel capacity C, we need to find the A that maximises

quation 14| subject to the constraint in[Equation 13| This is called water-filling

procedure [2, 5]. It is important to note that the constrained-input water-filling
procedure assumes that the noise is white. This means that the noise power

spectrum is constant, as defined in|{Equation 15/ below:
Seq (f) =No Vfe A\ (15)

3 New derivation of the power cap p,

Bartolini et al. [1] defines the power cap pgy of input signal as

Po = Saa (16)
In contrast to that, Mied| et al. [4] defines the power cap py as
= Se 17

While the definition in derives the input power cap from an approx-
imated input power spectrum, uses measurement results. There-
fore, we consider the new definition used by Mied| et al. [4] to be more accurate.

4 Compensating for coloured noise using a whiten-
ing filter

The input-constrained water-filling can only be applied on systems with white

noise [3] (see [Equation 15). So to apply the input-constrained water-filling,
Bartolini et al. [1] use spectrum splitting. In contrast to this, Miedl et al. [4] use

a whitening filter. We show how to apply such a whitening filter below.

Let Ny = 5S4, then we define the spectrum of the whitening filter Sy as

_ Sqq
Swr = Ny (18)



We now apply this whitening filter Sy, to our channel to get the whitened
channel spectrum Sy, and the whitened noise spectrum S,,.

~ Shh
Shh = 19
hh g B ( )
N Sqq
= 20
qq S F ( )

Last, we can determine the white noise level Nj.

No = S, (21)

Now we adopt the Equations [T3]and [14]for our whitened channel:

IR TILES e
€ = max {; [ 1o (3 8ua(0) df} lbps| (23)
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