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Abstract—In this paper we first briefly describe how
the analog part of the channel selection function for a
HiperLAN/2 receiver can be used as part of the chan-
nel selection function for a Bluetooth receiver. There-
after we proceed to specify the overall requirements
for the Bluetooth channel selection function.

Part of these requirements are fulfilled by analog sig-
nal conditioning, part by digital processing. In order
to assess the effects of analog processing early in the
design process, we use a MAPLE model to assess the
effect of analog filtering and sampling on a worst-case
test signal.

This test signal consists of the signal of the wanted
channel and all possible worst-case interfering signals
that, according to the standard, the system must be
able to sustain. These interfering signals are not of-
fered all at once, but one per BER-test.

By interpreting results, we use the worst-case test sig-
nal to determine the cutoff frequency and order of the
analog lowpass filter; the sampling frequency and res-
olution of the ADC and, finally, the requirements for
the digital channel selection filters.

keywords: Software Defined Radio, HiperLAN/2, Blue-
tooth, Channel Selection requirements.

I. INTRODUCTION

In our Software Defined Radio (SDR) project we aim at
combining two different types of standards, Bluetooth
and HiperLAN/2 on one common hardware platform.
HiperLAN/2 is a high-speed Wireless LAN (WLAN)
standard (e.g. [1] and [2]), whereas Bluetooth is a low-
cost and low-speed Personal Area Network (PAN) stan-
dard ([3]).

An SDR system is a flexible radio system that is re-
programmable and re-configurable by software in order
to cope with a multi-service!, multi-standard and multi-
band environment. As can be seen in Table I the stan-
dards differ in several aspects and pose an interesting
challenge for an SDR platform.

Goal of building a HiperLAN/2-Bluetooth demonstrator

LWith a multi-service system we mean a system that is able to han-
dle different types of data traffic: different with respect to content
(email,web,audio,video,speech, ...), different with respect to traffic
patterns and different with respect to QoS requirements.

TABLE I
Bluetooth and HiperLAN/2 Parameters.
Bluetooth HiperLAN/2

System PAN WLAN
Frequency Band 2.4-2.4835 GHz 5.150-5.300 GHz,

5.470-5.725 GHz
Access Method CDMA TDMA
Duplex Method TDD TDD
Modulation Type | GFSK OFDM
Max. Data Rate 1 Mbps 54 Mbps
Channel Spacing 1 MHz 20 MHz
Max Power Peak 100 mW 200 mW - 1 W

is to generate knowledge about designing the front end
of an SDR system (from Antenna Reference Point (ARP)
to and including demodulation (Demodulation Reference
Point (DRP), see Figure 1, taken from [4]). We are inter-
ested in the question how to use HiperLAN/2 hardware
for implementation of Bluetooth functionality. Hiper-
LAN/2 is a standard that leads to more complex imple-
mentations than Bluetooth (Table I may give an impres-
sion) - we do not expect Bluetooth capable hardware to
be able to implement HiperLAN/2.

The receiver front-end we are interested in, consists of a
channel-selection function and a demodulation function
(see Figure 1). In this paper we present a channel selec-
tion function -partly analog, partly digital- that is suitable
both for HiperLAN/2 and Bluetooth reception. However,
we focus on Bluetooth reception only and specially on
the channel selection system and its parameters. First the
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channel selection subsystem is outlined (Section II).
In order to find the requirements for the digital filters that
accomplish Bluetooth channel-selection we first need



to establish the overall requirements for the channel-
selection function, so from Antenna Reference Point
(ARP) to Channel Selection Reference Point (CRP), see
Figure 1. These overall requirements are derived in Sec-
tion III. They present the channel requirements both for
the analog conditioning part of the system and for the
digital channel selection filters.

Once we know the overall requirements, the issue is to
determine what part of the channel selectivity is done us-
ing analog processing and what is part done using dig-
ital processing. The performance of high-speed high-
resolution Analog-to-Digital Converters (ADCs) is one
of the reasons to hamper the realization of the “ideal”
Software Radio (in which the ADC is placed at ARP).
The choice where to place the ADC has severe con-
sequences for the power consumption of the front-end
(e.g. see [5]). Early in the design process, a digital
designer needs information about ADC parameters and
about the signals to be processed that the analog de-
signer cannot (yet) deliver, as the design process is on-
going. In this state of design-uncertainty, on one hand,
the assumption “analog doesn’t do anything”, leads to
a not-implementable subsystem; while the position all
channel selection needs to be done digital” may lead to
too severe requirements for the digital filters (and likely
too large power consumption of the front-end). So, the
questions remain, where to position the ADC, what are
its parameters and what are the consequences for digital
filter-design?

In order to answer this question early in the design pro-
cess, we developed a MAPLE [6] worksheet that enables
us to assess the linear effects of analog filtering, mixing
and AD Conversion on the power spectrum of the (Blue-
tooth) signal we are interested in. This system is based
on the usage of a worst-case test signal, derived from the
Bluetooth standard. It enables us to find parameters of
the analog pre-processing and ADC.

In Section IV the worst-case test signal is defined. It
needs to be interpreted in, maybe, an unexpected fash-
ion, that will be highlighted. Our MAPLE worksheet is
briefly explained here. In Section V we present results of
applying our approach to the Bluetooth channel-selection
function and give an example in which we find the pa-
rameters of the analog filters, the ADC parameters and
the requirements for the digital filters. The paper ends
with a conclusions section.

II. BLUETOOTH AND HIPERLAN/2 CAPA-
BLE CHANNEL SELECTION

Using the HiperLAN/2 front-end for Bluetooth reception
purposes, we first apply an analog bandpass filter to se-
lect the entire Bluetooth band (80 MHz wide). This sig-
nal is passed through a wide-band low-noise amplifier.
Subsequently analog quadrature mixing is applied. The
system is shown in Figure 2. The oscillator frequency is
adjustable in steps of 10 MHz in order to follow the Blue-
tooth hopping pattern. In each hop-period, a so-called
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Fig. 2. Channel Selection Function.

”chunk” of bandwidth of width B, = 10 MHz is mixed
toward zero. The number of chunks N, in the Blue-
tooth band is N. = 80/B,. The number of 1 MHz wide
Bluetooth channels in a chunk is Ny, so Ny * N, = 80.
The begin-frequency of Bluetooth channel-number k is
at fi,(k), its centre frequency at f.(k) and end-frequency
at f.(k). These frequencies (in Mhz) are given by:

£o(k) = 2402 + k
fo(k) = 24025 +k for 0<k<78 (1)
fo(k) = 2403 + k

If the hopping-pattern of the Bluetooth receiver is at
channel £, the channel is in chunk number ¢ (0 < ¢ <
N. — 1). The relation between the channel number k, its
position p in a chunk (0 < p < Np — 1) and its chunk
number c is given by k = ¢.N, + p in which:

p = kmod Ny
c = k=p (@)
= &

All channels in chunk number ¢ are down converted with
mixing frequency fo for which

fo = fo(C) = fb(C.Nb) = 2402 + C.Nb (3)

holds. So, after quadrature mixing, we have the Blue-
tooth band with channel-number k down-converted to
a frequency band for which p < f < p + 1 [MHz]
holds. The relevant channels for further processing are in
a chunk of 0 < f < B. = 10 MHz. In both the in-phase
and quadrature signal-path, an approximately 10 MHz
wide lowpass filter is applied and an ADC with maxi-
mum sample-frequency of 65 MHz is used. In the digital
domain a particular Bluetooth channel is selected and
demodulation is performed. The details of the lowpass
filter (exact cutoff frequency and order) and ADC (sam-
ple frequency and resolution) need to be investigated;
moreover the requirements for the digital filters need to
be found.

For Bluetooth signal reception, we mix at the low-side
of the required 10 MHz chunk (see (3)), while for Hiper-
LAN/2 the modulation frequency can be chosen in the
centre of the required 20 MHz band. In Figure 3 the
effects of central-band and low-band modulation are
shown. In the picture power spectra are symbolized for,
from top to bottom, the bandpass signal z(t), its analyt-
ical signal Z(t), its complex envelope #(t) and the in-
phase and quadrature signals x.(t) and z4(t) (following
the notation in [7]; see also [8] and [9]). It is clear that
the bandwidth in the quadrature and in-phase channels



not only depends on the width of the original band, but
also on the choice of modulation frequency with respect
to the original band. Note that, although the bandwidth
in the quadrature and in-phase channels in both cases is
equal, the spectra themselves are not equal to one an-
other.

Choosing 10 MHz chunks enables both the lowpass filter
for a Bluetooth signal and for a HiperLAN/2 signal to be
of approximately equal width.
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Fig. 3. Central-band and low-band modulation of a
bandpass-signal x(t). Blocks represent power spectra.

III. BLUETOOTH CHANNEL SELECTION RE-
QUIREMENTS

In the Bluetooth specification, [3, Chapter 4], experi-
ments are defined that test the sensitivity and interference
performance of a receiver. In such an experiment, a sig-
nal constellation, consisting of a wanted Bluetooth signal
and an interfering signal, is offered to the receiver. The
offered signal is demodulated and the number of erro-
neously received bits is counted in order to determine the
BER.
In the Bluetooth standard different types of experiments
are distinguished (see Table II). A first group of exper-
iments tests for in-band interference: co-channel inter-
ference and three types of adjacent channel interference.
In an experiment of this group, the interferer is one Blue-
tooth signal. Its power is given as a signal-to-interference
ratio (Rg/r), (see [3, Table 4.1]). The second group
tests for out-of-band blocking; there are different require-
ments for different frequency ranges. The interferer is a
continuous wave signal of which the absolute power is
given [3, Table 4.2]. An experiment in which the system
achieves a BER< 102 for the specified power-level is a
pass, otherwise the system fails. For a system to be con-
forming, it should pass all the BER-tests.

The in-band interference experiment-types differ in
the distance between channel number of wanted and
unwanted signal Ak. In an experiment with channel-

TABLE I
Experiment Types

Interference Ak Rg /T Areq
[dB] [dB]
In-band Co-Channel 0 11 0
Interference Adjacent (1 MHz) 1 0 -24
Adjacent (2 MHz) 2 -30 -54
Adjacent (> 3 MHz) >3 -40 64
Out-of-Band 30 MHz-2000 MHz - -57 -81
Blocking 2000 MHz-2399 MHz - -40 -64
2498 MHz-3000 MHz - -40 -64
3000 MHz-12.5 GHz - -57 -81

distance Ak, the signal power Pg(Ak)

is given by:
P8k — Pg sens + 10 [dBm], |Ak| =0,1,2
= PS,sens +3 [dBm], |Ak| >3
in which
P&sens = —70 [dBm]

“)

The power of the interfering Bluetooth signal P80

can be derived from the standard using the signal-to-
interference ratio R, (in [dB]). It also depends on Ak
(see Table II):

RGY = P3PS0 [ag] (5)

Now, the issue is to derive the required interference-
attenuation Aq(nqu) in order that the execution of the ex-
periment leads to a pass of the BER-test.

From analysis of the demodulation function, we need to
find a signal-to-noise ratio SN R,.., that is sufficient to
pass the BER-test. In this paper we assume SN R,.q =
21 dB; a refinement of this figure is given in our accom-
panying article, [10]. Moreover, we define a safety mar-
gin A,, that constitutes an extra suppression of the inter-
ferer of A,, = 3 dB. The attenuated interfering-power
should (at maximum) equal the required noise power that
follows from the required SNR by the demodulator and
the safety margin:

Pst®) 1 REM _ ABK = pyA8) L NR, ., + A

req
(6)
so that
Ak) _ p(Ak)
ALY = Ryl = SN Ry — A ©)

In our case, the difference between signal-to-interference
ratio and required attenuation is 24 dB (for all adjacent
channels experiments, see Table II).

For a particular out-of-band blocking experiment, we as-
sume that all interfering signal power is allocated into
a 1 MHz wide band (jamming). Moreover, we assume
that the wanted signal is 3 dB above sensitivity ([3, Sec-
tion 4.3]), so at —67 dBm. We now are able to calcu-
late signal-to-interference ratios R g, for the out-of band
experiments as well, as the absolute interfering signal
power is given in the standard. As an example, consider
an interfering signal within the 30 MHz-2000 MHz band.
The system should pass the BER-test even if the interfer-
ing power is -10 dBm. For Rg,r we apply (5), we find



Rg/; = —67 — (—10) = —57 dBm. The so-found num-
bers are listed in the lower part of Table II. Also the at-
tenuation the channel selection function should achieve
is given there (according to (5)).

Above, we saw that for a certain type of interference,
only one interfering channel per experiment is assumed.
In order to be conforming, the system has to undergo all
experiments and pass the BER-test for each experiment.
All per-experiment requirements can be combined to one
channel-selection filter that fulfills all single-experiment
requirements. This filter specifies the attenuation that the
functions between ARP and CRP should meet (see Fig-
ure 1). The resulting overall filter requirements (for the
in-band interference experiments only) is given in Fig-
ure 4. In this figure, the centre frequency of the desired
band (Ak = 0) is at 0 MHz; the centre frequency of the
first adjacent channel (Ak = 1)is at 1 MHz etc. Ver-

tically we see Agqu) in [dB]. Only filter requirements
for adjacent channels with higher frequencies are shown.
A transition band is included in the region where the
Bluetooth spectrum falls off below its maximum. This
transition-band specifies a don’t-care band in the filter
design.
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Fig. 4. Bluetooth Overall Channel Selection Require-
ments (based on in-band interference experiments).

IV. A TEST SIGNAL AND MODEL FOR
CHANNEL REQUIREMENTS ASSESSMENT

In the derivation of the channel selection requirements,
we used the experiments that are specified in the Blue-
tooth standard. In an experiment (or BER-test) one in-
terferer tests the demodulation capability of the receiver.
At the end of our analysis, we defined an overall filter re-
quirement that should enable the system to pass all tests.
Repeated single-interferer experiments lead to an overall
filter requirement.

For analysis purposes of the front-end, we do the re-
verse. We conceive a test pattern that consists of all
the single-experiment test signals joined together in one
worst-case testsignal. We analyze the effect of this “wall
of sound” on the front-end. The analysis is power-based,
so a test signal is represented by its Power Spectral Den-
sity (PSD). The PSD of this test signal is implemented in
a MAPLE [6] worksheet that models the signal process-
ing operations of the propose front-end (in Figure 2).
For linear filter and amplification operations the MAPLE

model should mimic reality rather well, as no power in a
particular frequency band of the "wall of sound” will be
translated to another band. The effects on the test signal
of a particular filter bandwidth and filter order can read-
ily be interpreted.

For sampling and mixing this does not apply. In inter-
preting the results of the MAPLE model we have to bear
in mind that not all constituting signals of the worst-case
test signal are presented to the system in one “wall-of-
sound” experiment - there is no such experiment defined
in the Bluetooth standard. If one, however, sees distor-
tion in the wanted signal band, one has to keep in mind
that, in that case, there is (there exists) an experiment that
actually causes, for instance, the aliasing that we see.

In our current MAPLE model, no noise, no quantization
effects and no non-linear effects and distortion are taken
into account.

The purpose of the model is in the early design phase of
the project, where digital filter requirements have to be
found, while the analog system is not fully specified.
The ”wall of sound” test signal was created by first fitting
an estimated Bluetooth power spectral density to func-
tions that can be handled easily by MAPLE. We choose
to model the PSD of a single channel using two Butter-
worth functions, one modelling the in-channel 1 MHz
part of the spectrum, the other fitted to the tail.
Subsequently we used this single channel approximation
for creating the worst-case signal constellation. This con-
stellation consists of one “wanted” channel (at 0 dB),
placed somewhere in the Bluetooth band, interfering
Bluetooth channels with strength given by ng?f) in
Table II and an 100 MHz wide out-of-band signal with
strength of —Rg,; = 40 dB (also in Table II).

A. Bluetooth spectrum fitting

The normalized output spectrum of white noise, filtered
by a mpw-th order Butterworth filter with cut-off fre-
quency fp,, is given by

Nbw,Jbw 1
Sy () = 17 ®)

The power spectrum Sj;(f) of the complex envelope

b(t) of a Bluetooth signal with frequency deviation f; =
0.175 was modelled by

So

g (S (D Sl () ©)

wbw

Sip(f) =

in which the cutoff frequencies are given in MHz, the
constant « = 1000 and Sy a normalization constant
[mMW/MHz], see Figure 11. The Bluetooth signal b(t)
itself is defined by the bandpass signal

b(t) = Re{b(t)e? 2™ fot} (10)

in which fj is the modulation frequency.



B. Worst-case Signal Constellation

In Figure 5a the power spectral densities of a wanted
channel (at 3 MHz) and its five adjacent channels (0 <
Ak < 3) are shown. It can be seen that especially the
adjacent channels with Ak = 3 introduce considerable
power in the wanted channel. This in-band power is ap-
proximately —11 dB/MHz and thus comparable to the al-
lowable level of co-channel interference in the Bluetooth
standard (see also Table II).

For the ”wall of sound” signal, in which the +40 dB
channels shown in Figure 5 extend over the entire Blue-
tooth band, it was observed that the tails of these +40 dB
channels add up in such a way, that the in-band power
of the wanted channel was increased by approximately
3 dB. This is a consequence of the definition of the "wall
of sound” signal and not a property of an interfering sig-
nal in a BER-test experiment of the Bluetooth system it-
self. From our ”wall of sound” signal we require that the
effect of additional in-band power in the wanted signal-
band is negligible (no visible deviation from 0 dB). The
inclusion of a transmission mask in the Bluetooth single-
channel approximation solved this problem (see Fig-
ure 5b). A Butterworth filter with f;,, = 1 MHz and
Nnpw = 3 was used for this purpose. The filter changes
the total power of a single channel marginally (less than
0.1%).

We have to stress the interpretation of Figure 5 (and the
subsequent figures) once more. In fact we see the signal
constellations of 2 experiments with Ak = 3, two exper-
iments with Ak = 2 and two experiments with Ak = 1,
so the test signals for a total of six experiments in one
figure. We do not see the test signal of one experiment
in which a wanted signal is hampered by 6 interfering
channels.

C. Bandpass Signals

In Figure 3, power spectra of a band-pass signal, the com-
plex envelope and quadrature and in-phase signal were
depicted symbolically. In our MAPLE model we com-
pute all of these signals and can, by visual inspection,
see what the consequences are of applying signal pro-
cessing functions. In Figure 6 the Bluetooth band is
shown (twice) as a “wall of sound” signal w(t), with PSD
Sww(f). InFigure 6a, we defined a worst-case test signal
in which the wanted channel is identified by £ = 20. Its
centre frequency is f.(20) = 2422.5 MHz (according to
(1)). The adjacent channels behave according to —Rg/;
in Table II. In Figure 6b the wanted channel is identified
by k = 29 with centre frequency f.(29) = 2431.5 MHz.
These two channels form the extreme bands of the third
chunk (¢ = 2). The mixing frequency fj is equal for both
channels and is given by (3), so fo(2) = 2422 MHz.

In case of a complex or quadrature signal, we experi-
enced difficulty in interpreting the result of a signal pro-
cessing operation, using only the power spectra of the
original and processed signal as a means for assessment.

An example is given in Figure 7. In Figure 7a (Figure 7b)
we see the spectrum S,,_,,. ( f) of the in-phase signal cor-
responding to spectrum of the bandpass signal .Sy, (f) of
Figure 6a (Figure 6b). While both the spectra in the right
and left figure are symmetrical (as they should be), the
wanted signal is difficult to distinguish in the right figure.
This problem is caused by the fact that phase-relations
between signals are lost in a power-based analysis. The
question remains how to asses consequences of a signal
processing operation by inspecting these pictures.

We found a work-around to this problem by inspecting
the effects of a signal processing operation F' in a quadra-
ture signal path or in-phase signal path at the level of the
corresponding bandpass signal. While our system per-
forms, for example y.(t) = F{xz.}(t), we inspect y(t)
and compare it with x(¢), see (11). So, we inspect the
result of a bandpass equivalent operation F'®? when as-
sessing the impact of operations on complex signals or
signals in quadrature (see (11)). Examples are given in
the next section. In a future paper, we plan to give details
on the method and its underlying assumptions.

z(t) B ()
] 1 (11)

V. THE 10 MHz CHUNK SYSTEM REVIS-
ITED

In this section we present an example of what can be
done with our MAPLE model. The two worst-case sig-
nals w(t) we offer to our system (see Figure 2) are de-
picted in Figure 6a and Figure 6b. In Figure 8 the impact
of lowpass filtering of the in-phase w,(t) and quadrature
w,(t) components of the worst-case signal is shown?.
The filter is a Butterworth filter with cutoff frequency
fow = 11 MHz and order ny,, = 4. It should be stressed
that we do not per-se propose to use a Butterworth-type
of filter in our design (as delay distortion may be a prob-
lem, see [8, p. 99]). However, the Butterworth filter does
give an impression of the effects on our worst-case signal
of a particular choice of filter-order and cutoff-frequency.
We see that the channel with £ = 20 passes more or less
unaltered by the filter (Figure 8a), while the channel with
k = 29 experiences some skewness, as it is in the transi-
tion region of the filter (Figure 8b). Whether this effect
is harmful for demodulation performance is not known
to the authors; further simulation and analysis could pro-
vide an answer. In the next example, the cutoff frequency
is increased to fp,, = 12.5 MHz.

In Figure 9 we see the effect of sampling the filtered
signal with a sampling frequency of f,q = 50 MHz.
The effect of sampling is shown at the level of the pro-
cessed bandpass signal. Only the first-order aliasing
components were taken into account (although there is

2Formally, the spectrum shown in Figure 8a can be written as
Spbpe Fope (f))s in Which FPP is the bandpass-equivalent operation
of the lowpass filter, see (11).



no in-principle objection to inclusion of higher order
components). Also here, the effects of sampling were
computed-back from the in-phase signal to the bandpass
signal (symbolized by the right downward arrow in (11)).
As stated in the last paragraph of Section IV-B, we have
to interpret the figure carefully. When the aliased signal
overlaps with the wanted channel in the filtered signal,
we must conclude that there exist a BER-test experiment
that causes strong interference in the band of the wanted
channel. In Figure 9a we see that the wanted signal with
centre frequency f.(20) = 2422.5 MHz can be inter-
fered by some BER-test interferer that introduces in-band
power of approximately —6 dB/MHz. This interference
is caused by a Bluetooth interferer at the border of the
Bluetooth band. In Figure 9b, we see that the wanted
signal with centre frequency f.(29) = 2431.5 MHz can
be interfered by some BER-test interferer that introduces
in-band power of approximately —1 dB/MHz. The in-
terference is caused by an out-of-band interferer. In the
next example therefore, the order of the lowpass filter is
increased.

In Figure 10 the effects of a 6" order Butterworth filter
are shown. Indeed, there is no BER-test that will cause
too much interference when selecting these parameters
(although for k = 29, at f.(29) = 2431.5, —20 dB/MHz
out-of-band interference can occur).

The pictures can also be used to make a rough guess
at the required resolution of the ADC. Following the
6dB/bit rule (see for instance [11]) the resolution of the
ADC can be estimated to be 40 + 20 = 60 dB, so at
least 10 bit are necessary. Precise analysis is necessary to
come to a definitive conclusion with respect to the num-
ber of bits (for an approach, see [11]).

We can derive the requirements for the digital filters quite
straightforwardly. As we use the test signal that is used
for specification of the overall front-end as an input-
signal to the system and see the effects of analog pro-
cessing and ADC immediately, we see what is still lack-
ing in selectivity. As an example, consider the vicinity of
the wanted channel in Figure 10a, representing the signal
that passed the ADC. It resembles the vicinity of the orig-
inal bandpass signal (see Figure 6a). One may conclude
that all channel-selectivity as specified in Figure 4 has to
be provided by the digital processing. The analog pro-
cessing achieves an ADC-passable signal, but provides
no channel selectivity. On one hand, this is caused by the
parameters chosen in the examples above. On the other
hand, and more importantly, it is a consequence of the
system design, in which a chunk of Bluetooth channels
has to pass the ADC.

VI. CONCLUSIONS

In this paper we presented a method for using the
HiperLAN/2 front-end for Bluetooth reception purposes.
We arrive at the requirements for the overall Bluetooth
channel-selection function that have to be met by coop-

eration of analog and digital processing.

The method, in which we use a MAPLE worksheet to as-
sess the impact of analog processing and ADC, proved
useful as our analog system was not completely spec-
ified, while digital channel filter requirements were al-
ready needed.

It was observed that the analog processing can achieve an
ADC-passable signal, but that the channel-selectivity re-
quirements have to be met by the digital processing. So,
the overall requirements for the channel-selection func-
tion (Figure 4) are valid for the digital processing alone.
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Fig. 5. PSD of wanted channel (at 3 MHz) and nearest strong adjacent channels in the worst-case signal constellation.

In the figures below and on the next page, on the horizontal axis the power spectral density in [dB/MHz] is given, on the
vertical axis the frequency f in [MHz].
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Fig. 6. Two worst-case test signals; Wanted channels at the extreme sides of a chunk (c=2). Bandpass signals, S (f)
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Fig. 7. Two worst-case test signals; Wanted channels at the extreme sides of a chunk (¢=2). In-phase signals: S, (f).
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Fig. 11. Bluetooth Spectrum Approximation.
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