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ABSTRACT

Recently, the industry has shown a growing interest in
the field of in-house wireless communication. The two
major technical challenges are the interference and the
signal distortion by the communication channel. We pro-
pose three different interference mitigation and distor-
tion compensation strategies. These strategies are based
on frequency domain processing, which is best supported
by Orthogonal Frequency Division Multiplexing (OFDM)
and Single-Carrier modulation with cyclic prefix (SC-
CP). Both modulation techniques are compared with re-
spect to their performance in an in-house environment.
Both techniques are promising for in-house communi-
cation in an environment corrupted by interference and
frequency selective channels.

1 Introduction

Wireless digital communication in indoor environments is
gaining interest of customers and industry. The performance
of wireless indoor networks is however limited by the com-
munication channel, which distorts the signal due to reflec-
tions and scattering. This channel distortion must be com-
pensated such that a high data-throughput is reachable while
keeping the system cost moderate. The compensation is per-
formed by a channel equalizer. When the equalization is per-
formed in the time domain, it requires a very complex block,
such as a Viterbi equalizer. To avoid this complex block, we
propose to do the equalization in the frequency domain.
Another way of reducing the system cost is using the 2.4 GHz
license-free Industrial, Scientific and Medical (ISM) band.
However, as more systems make use of this ISM-band, an
increasing level of mutual interference is generated. On top
of this, the 2.4 GHz band is corrupted by energy leakage of
microwave ovens. A reliable communication system must
also compensate this impairment.

This paper compares two systems that have interesting prop-
erties for wireless in-house communication : Orthogonal Fre-
quency Division Multiplexing (OFDM) and Single Carrier
modulation with cyclic prefix (SC-CP). OFDM is the modu-
lation technique chosen in most of the current in-house com-
munication standards. This modulation technique requires
less digital complexity compared with the SC-CP technique,
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but has two major drawbacks : the OFDM-signal is char-
acterized by a high peak-to-average and the system puts a
high requirement on the frequency synchronization at the re-
ceiver. On top of the multipath-fading channel, two types of
interference are used : the Bluetooth communication system
and the microwave oven. Three interference mitigation tech-
niques are introduced : adaptive loading and spreading with
maximal-ratio combining for OFDM, and FRequency SHift
(FRESH) filtering in the frequency-domain for SC-CP.

The results show that both systems are able to setup a suc-
cessful high-speed communication in an in-house environ-
ment with static interference. Although OFDM requires less
digital complexity, the OFDM signal properties require more
analog complexity. Therefore, a trade-off between both sys-
tems must be made on a higher system-level including all the
digital and analog aspects.

Section two introduces the channel model, the modulation
techniques and compares their performance in a multipath
channel. Section three derives the interference models while
section four details the mitigation techniques and their per-
formance.

2 System Models

In this section, we first introduce the channel model we used
to evaluate the system performances. The following two
parts present the two modulation techniques, OFDM and
SC-CP. 1In a fourth part, we compare both techniques on
a system level and present performance results for both sys-
tems.

2.1 Channel Model

A reliable model for the transmission channel is needed to
analyze the performance of the different modulation tech-
niques in an in-house environment. We have implemented
a ray-tracing model[ 1] that generates the frequency- or time
domain response of an indoor environment based on the ge-
ometrical layout of this environment. The ray-tracing pro-
gram computes all paths from a transmitter to a receivet,
taking the different reflections into account, until the total
path attenuation has reached a predefined value. The length
and the attenuation of the differcnt paths is then used to
compute the time- and frequency domain response. These
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ray-tracing simulations show us that the in-house channel is
characterized by a RMS-delay spread Tras of 5 to 20 ns.
The frequency-domain channel responses show frequency-
dips of up to 30 dB. We have used this model to generate
120 different in-house channel responses, which we used to
perform the multipath performance simulations.

2.2 The OFDM System

The OFDM-system is a special case of multi-carrier trans-
mission. In this kind of transmission systems, the signal
bandwidth W is subdivided in a number of sub-bands N,.
Each sub-band is used to transmit 1/N,-th of the data. Ina
normal multi-carrier transmission system, the N, sub-bands
are completely separated, such that no Inter-Carrier Interfer-
ence (ICI) exists. In OFDM, ICI is avoided by using orthog-
onal subcarriers : f; s;(¢)s j(t)dt = 8;;. At the receiver, we
can reconstruct the data by sampling the received signal in
the frequency-domain at the correct carrier frequencies. Fig-
ure 1(a) depicts the block diagram of an OFDM system. At
the transmitter, complex constellation symbols, called data-
symbols, are generated from the data. These symbols are
used to modulate the different sub-carriers. The modula-
tion and frequency-spacing is automatically performed by
passing the complex constellation symbols through an In-
verse Fast Fourier transform (IFFT). Afterwards, the output-
samples of the IFFT are multiplexed into an OFDM-symbol,
A copy of the last N, samples of the OFDM symbol, called
a cyclic-Prefix (CP), is prepended to each OFDM-symbol.
This CP has two purposes : first it serves as a guard-interval
between the different OFDM-symbols and secondly it trans-
forms the OFDM-signal into a pseudo-cyclic signal. The
guard-interval serves as a buffer between subsequent OFDM-
symbols so that no InterSymbol Interference (ISI) is gener-
ated. All the echoes of one OFDM-symbol will fall in the
CP of the next OFDM-symbol. At the receiver, the CP is
removed and so is the ISI. The pseudo-cyclic signal has an
important property that largely reduces the complexity of the
receiver.

After the OFDM-symbol is multiplexed and a CP is prepen-
ded, the signal is transmitted over the indoor channel where
noise and interference is added. At the receiver, the CP is
removed and the OFDM-symbols are demultiplexed again.
The sub-carriers are demodulated again into complex con-
stellation points by applying a Fast Fourier Transform (FFT).
This operation transforms the signal back to the frequency
domain, were we perform the channel equalization, interfer-
ence mitigation and data-detection. The channel-equalization
effort is largely reduced by adding the CP. An equalizer-
block compensates for the channel distortion. This channel-
distortion means that the transmitted signal is linearly con-
voluted with the time-domain impulse response of the chan-
nel. However, from digital signal processing theory ([2],
page 415) we know that a cyclic convolution in the time-
domain is transformed into a simple multiplication in the

frequency-domain. By introducing the CP, we have gen-
erated a pseudo-cyclic signal and thereby transformed the
linear channel-convolution into a cyclic convolution. As a
result, the complex time-domain equalizer is replaced by a
simple multiplication in the frequency-domain for every sub-
carrier.

2.3 The SC-CP System

The single-carrier system with cyclic prefix depicted in Fig-
ure 1(b) aims to combine the advantages of the frequency-
domain processing of OFDM, such as the reduced equalizer
complexity, with the advantages of single-carrier transmis-
sion, such as the better peak-to-average ratio. The com-
plexity of the cqualizer is reduced by grouping the data-
symbols into fixed-length block-symbols and insert a CP be-
tween these block-symbols. The CP avoids ISI and trans-
forms the signal in a pseudo-cyclic signal. The block-sym-
bols are multiplexed and transmitted over the channel. Noise
and interference is added and the receiver demultiplexes the
blocks again. Then, the CP is removed and the block-sym-
bols are transformed to the frequency-domain to perform
equalization and interference mitigation. Finally, the block-
symbols are retransformed to the time domain for data de-
tection.

2.4 System Comparison

The two modulation techniques presented above have differ-
ent signal properties. OFDM is in essence a multi-carrier
modulation scheme, while SC-CP is a single-carrier modu-
lation technique. This difference will have an implication on
the performance of both systems and the requitements for the
analog front-ends. This subsection discusses three important
consequences.

A first consequence is the different behaviour of both sys-
tems in a multipath environment. This environment will se-
lectively attenuate the signal on certain frequencies. For SC-
CP, the selective attenuation results in a small energy loss for
all transmitted data and thus a proportional reduced detection
reliability. In the OFDM case, this selective attenuation will
result in an almost complete information loss on certain sub-
carriers. This analysis suggests that an OFDM-system will
perform worse than a single-carrier system, which is con-
firmed by the simulation results presented in Figure 2. This
figure plots the Bit Error Rate (BER) with respect to E5/Nj,
which is the average bit energy divided by the double-sided
spectral noise density. This difference disappears when we
take Forward Error Coding and interleaving into account.
By doing so, we introduce frequency diversity into the sig-
nal. This makes the OFDM-system equally performant as
the single-carrier system.

A second consequence concerns the peak-to-average prop-
erty of the transmitted signal. The signals on the different
subcarriers in an OFDM-system have an uncorrelated phase.
When all the subcarriers are in-phase, the OFDM-system
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Figure 1: Single carrier transmission moves the processing to the receiver-part
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Figure 2: OFDM needs special attention to compensate for
multipath fading

will show a high output value. On the other hand, when
half of the subcarrier signals are in opposite phase with the
other half, they will compensate each other and the output
signal will have a low amplitude. Transmitting and receiving
such signal requires an analog front-end with a high dynamic
range and thus a low efficiency.

A third consequence involves frequency synchronization. At
the receiver, the local oscillator must be synchronized within
a fraction of the bandwidth. With OFDM however, this means
a fraction of a subband, which is a factor 1/N, smaller than
the signal bandwidth. This puts a higher constraint on the
local oscillator circuitry of the receiver.

3 Interference Models

In the previous section, we have introduced two modula-
tion techniques suitable for indoor communication. We have
evaluated their performance in terms of BER over a multi-
path fading channel. However, a communication system also
has to cope with different kinds of interference, mainly gen-

erated by other communication systems and/or other elec-
tronic equipment. The 2.4 GHz ISM band in particular has
to cope with interference generated by Bluetooth and mi-
crowave ovens. In this section, we will introduce the two
baseband models we developed for Bluetooth and microwave
oven interference.

3.1 The Bluetooth Model

The system described in this paper is not the only commer-
cial communication system using the ISM-band. One par-
ticular system that is believed to become a very widespread
2.4 GHz system 1n the near future, is Bluetooth[3]. In or-
der to analyze our system in the presence of a Bluetooth-
interferer, we have implemented a general model for such an
interferer[4]. The Bluetooth-system makes use of Frequency-
Hopping Spread-Spectrum (FH-SS) to transmit data. The
carriers are modulated with a Continuous-Phase Frequency
Shift Keyed signal (CP-FSK). In the model, a random se-
quence of ASK-symbols represent the data and a time vary-
ing carrier fz(¢) is used to model the frequency-hopping. The
general form of the interferer is given by :

irE(t) =

24 cos <2nfc(t)t+n:m/1 d(‘c)dr) 1)

+oo
with d()= Y 5LI7(t—nT)

H=—o0

where 7, represents the data sequence and TI(¢) is a rectan-
gular window.

1 if0<et<T
0 otherwise

Or () = { (2

The modulation index of the CP-FSK signal of Equation (1)
is given by :

m=2TAf

in which 7 is the symbol-duration and Af the minimum fre-
quency distance between two modulated symbols.
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The time-varying carrier frequency is expressed as follows :

k=t

fl‘f(t) = z F;"HTlmp (t - kT;wP) (3)

k=—co

with Fy the hopping-sequence.

We use this interference model with the parameters as listed
in Table 1 to generate a Bluetooth interference signal. The
Bluetooth-system is characterized by a data-rate of up to
1 Mbps. The instantaneous bandwidth is 1 MHz. This signal
is hopping over 79 different hopping frequencies at a rate of
1600 hops/s. The different hopping frequencies are spaced
apart by 1 MHz and range from 2.402 GHz to 2.48 GHz.
Figure 3 depicts the spectrum of a Bluetooth system as it is
computed by our model.

Iy Random BPSK-sequence, I, € {—1,+1}

T lus
m 03
Thop | 625us

F, {2.402GHz, 2.403GHz, ..., 2.48GHz} randomly
shuffled and periodically extended
/a8 | 2.44GHz

A | 1/V2

Table 1: The Bluetooth-system as a special case of the gen-
eral interference model

Power density 0%(1) / 02,00, |dB]

§[MHz]

t[ms}

Figure 3: A Bluetooth-interference hops through the ISM-
band

3.2 The Microwave Oven Emission Model

Based on the physical properties of a microwave oven[5], a
model for the interference of this device was derived. The
spectral properties of this signal are depicted in Figure 4. In
this figure, the spectrum is shifted over the design-frequency
of the microwave oven. Two different phases are present :

during one half of the period of the line-voltage the inter-
ference is absent; during the other half the interference is
present. At the beginning of the on-phase, the microwave
oven generates a broadband signal which soon transforms in
a relative narrowband signal with a central frequency under
2.45 GHz. Progressively, this signal becomes narrower in
bandwidth and the central frequency evolves towards

2.45 GHz, which is the design frequency of a microwave
oven. Once the design frequency is reached, the signal re-
mains stable at this frequency with a bandwidth of 1 MHz,
At the end of the on-phase, the interference signal traverses
the same traject in the opposite direction.

P
g

Power density aX(f}/ 02,,,{dB]
!
g
g

a0
@ 1{MHz)

t[ms}

Figure 4: One cycle of a microwave oven spectrum

4 Interference Mitigation Strategies

An indoor communication system suffering from interfer-
ence will show a largely degraded performance. In case of
narrowband interference, the energy of the interfering signal
drowns the energy of the desired signal in a part of the sig-
nal bandwidth. The influence this has on a communication
system depends on the type of modulation used and intet-
ference mitigation strategy applied. This section introduces
three interference mitigating strategies for the two modula-
tion techniques introduced in section 2.

41 OFDM

Narrowband interference, added to a multicarrier signal such
as OFDM, will corrupt the information transmitted on the af-
fected subcarriers. Every subcarrier transmits on the average
1 /N,-th of the total transmitted energy, with N, the number
of subcarriers. If the interference energy is concentrated on
a few of those subcarriers, it drowns the useful signal and
thereby destroys the information on those carriers. This re-
sults in a flooring-effect of the BER vs. Ej/Np since the
transmission errors are no longer caused by the noise, but
rather by the interference (Figure 5).
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Figure 5: Interference causes a floor of the BER perfor-
mance

We propose three interference mitigation strategies that will
also avoid or compensate for multipath fading effects, which
are similar to the effects of interference in the sense that they
also destroy the information on a number of subcarriers.

4.1.1 Adaptive Loading

Due to multipath fading and interference, there is a large dif-
ference in transmit capacity between the OFDM subcarriers.
The overall system performance is limited by the worst per-
forming subcarrier. To avoid this limitation, we can opti-
mize the transmitted information on each subcarrier towards
the information capacity of that subcarrier. This capacity is
determined by the noise and interference power received on
the subcarrier. The technique which implements this opti-
mization is called adaptive loading. It has already success-
fully been used in the Asynchronous Digital Subscriber Line
(ADSL) technology and is gaining interest in the field of
Wireless Local Area Networks (WLAN) [6]. We are per-
forming extensive research on this technique and are con-
sidering it also for interference mitigation. Figure 6 shows
the principle of adaptive loading. Subfigure (a) shows a typ-
ical frequency response of an indoor channel with a fading
dip of 30 dB. Subfigure (b) shows an example of the power
distribution of a narrowband interferer with a peak-power of
14 dB above the noise level. Subfigure (c) and (d) respec-
tively show the rate distribution and the power distribution
over the different subcarriers. It is clearly shown that the
most affected subcarriers are not carrying any data. Subfig-
ure (e) shows how the Signal to Noise and Interference Ratio
(SINR) is almost equally spread over the available subcarri-
ers. In a non-adaptive transmission system, the rate and the
transmit power would equally be distributed over all avail-
able subcarriers. Since nature does not equally spread noise
and interference, this results in large SINR differences be-
tween the subcarriers. Finally we can see in subfigure (f)

Comparison of Two Modulation Techniques Using Frequency Domain Processing for In-House Networks

how the BER is flattened over the different useful subcarri-
ers. Chow, Cioffi and Bingham have proposed an algorithm
vielding the optimal distribution of transmit power and trans-
mission rates aver the available subcarriers[7]. The optimal
transmission rate for eyery subcarrier, Ry, is directly deter-
mined by Equation (4).

Sk
Ry=1Ud (H-W) @
T is an iteratively determined parameter which makes

S uRi = Riar with Ry, the predefined number of information
bits assigned to one OFDM-symbol. J. Fisher and J. Huber
proposed a bit loading algorithm based on this strategy[8].
In this algorithm, the carrier rates are iteratively computed
until the desired rate Ry, is reached. The algorithm takes the
following parameters as an input : the subcarrier channel re-
sponse /i, the subcarrier noise plus interference power N1,
the total number of bits per OFDM-symbol R,,, and the total
transmit power Syo/.
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Figure 6: Adaptive loading optimizes the overall system per-
formance

The adaptive loading scheme requires that both /4, and Ni;
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are measured at the receiver and fed back to the transmitter.
In our simulations, this is done during a silent phase with
a duration of 10 OFDM-symbols. Since A; and NI, cannot
be updated during transmission, the adaptive loading sys-
tem assumes a quasi-static channel response and interferer.
This immediately indicates one of the major drawbacks of
the system, i.e. the technique cannot track dynamic interfer-
ence sufficiently.

4.1.2 Spreading

One of the drawbacks of the adaptive loading scheme is that
channel and interference update information must be fed back
periodically from the receiver to the transmitter. Therefore,
this system will only work properly in a quasi-static environ-
ment. In the case of a Bluetooth hopping interferer, a com-
plete transmitted block can be lost when the Bluetooth signal
hops just after the update-phase of the parameters. Another
drawback is that adaptive loading only works for point-to-
point connections and does not support broadcasting. There-
fore we implemented a second interference mitigation strat-
egy which does not have these drawbacks. This technique
exploits frequency diversity by applying Direct Sequence
Spreading (DSS) in the frequency-domain. This technique
is based on a strategy proposed by K. Fazel [9] which we
have improved. The idea is to transmit the same data over
multiple carriers in such way that the frequency separation
is maximized. At the receiver, both copies of the data are
then recombined in an optimal way, as is shown in Figure 7.
Whenever narrowband interference or multipath fading af-
fects one subcarrier, this data can still be retrieved by using
its copy from another subcarrier. The receiver performs the
despreading by using an estimate of the SINR of the received
signal. This estimate is used to compute the weighting-factor
by which the signal of each subcarrier must be rescaled such
that the recombined signal results in a maximized detection
probability. We can write the estimate of the received bit as
follows :

L
2 wi(hrcpx + nix)
k=1

L L
= x z wihier + 2 Wihiy %)
n=1 k=1

in which wy, represent the weighting factor, Ay, the appropri-

ate channel frequency response and ¢, the spreading code.

nir Represents the noise plus interference on the it sub-

carrier. The optimal weighting factors are computed with
Equation (6) :

Ry
I

hycy [N
R e ©)
S /N
This maximum-ratio combining requires an estimate of both
the channel coefficients and the average noise-and-interfe-

rence power (NI} on the subcarriers. The channel coeffi-
cients can be reused from the equalization unit. The original

wg =

implementation from K. Fazel used zero-pilots to compute
an estimate for NI. These zero-pilots reduce the bandwidth-
efficiency of the system. To avoid this, we have replaced
these zero-pilots by an estimator based on decision feedback.
This estimator maintains the system performance and does
not reduce the systems bandwidth efficiency.

bicx + ni,

FFT

Figure 7: Optimal combining increases the system perfor-
mance

42 SC-Cp

In the previous section, we have introduced two interfer-
ence mitigation strategies for an OFDM-transmission sys-
tem. The multi-carrier property of OFDM enables us to ap-
ply an interference-mitigating strategy independently for ev-
ery subcarrier and thus for every transmitted data-symbol.
This property is the biggest difference between interference
mitigation in an OFDM-system and in a SC-CP-system. In
the latter case, the energy of every transmitted bit is spread
over the complete signal bandwidth. Every impairment within
this bandwidth will thus have its impact on every transmitted
symbol. Since it is not possible to avoid the transmission of
information in a certain part of the bandwidth, the mitiga-
tion strategy is aiming at ignoring the affected frequencies
and reconstructing the corrupted signal.

4.2.1 FRESH-filtering

The interference mitigation strategy we propose for the SC-
CP modulation technique is based on a technique introduced
by W.A. Gardner[10]. This technique uses the spectral cor-
relation property of a signal transmitted with an excess band-
width. This excess bandwidth introduces frequency diversity
by transmitting one or more spectral images of the signal. A
correlation exists between the signal and a fixed predefined
frequency-shifted copy of the signal or its complex conju-
gate. The frequency-shifts over which this correlation occurs
depend on the type of modulation used, but is always a linear
combination of the baudrate, the carrier frequency or both.
In case of QPSK-modulation or higher QAM-constellations,
correlation occurs only for linear combinations over the bau-
drate. A list of frequency correlations is published in[10].
We can now use the frequency correlation property of the
signal to correct the distortion generated by the interference.
This principle is depicted in Figure 8. First we have to gen-
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A(dB)

ATy fMHz)
Figure 8: Frequency correlation can be used to correct the
corrupted signal

erate all the frequency-shifted versions of the input-signal.
Then we apply a Linear Time-Invariant filtering-operation
(LTD on all these signals and finally we combine all the re-
sults to generate the corrected signal. This complete opera-
tion is called FRequency SHifted filtering (FRESH-filtering).
The filters used are computed in such a way that the over-
all performance is optimized. We can write the signal after
FRESH-filtering as follows[11] :

§(t) = wy(1) @)

Here, w corresponds to the Least Square (LS) coefficients of
the LTI-filters minimizing the average-squared error, {|5{¢) —
5(£)|?). The transmitted data-sequence is s(t) and §(¢) is
the estimate of the transmitted data-sequence at the receiver.
The definition of y is as follows :

[P (= 1) - Pog (t = tm) -+

Pay (t =) poy_, (t —tn)

P-po(t=01)" Pt = tm)”

Ppy (= n)* TP By (t _tm)*]T ®)

v 2

in which p, 2 #(2)e?™ which is a frequency-shifted version
of the received signal r(¢), t; are delays chosen such that the
designed filters are causal. The LS-coefficients w are now
computed as follows :

w = R;;']éys
Ry = ()" (1)w
Iéys = (y(t)S* (t))N (9)

with {.) a time averaging over N samples and 3/ (¢) denotes
the complex conjugate transposition.

We have implemented a system with an excess bandwidth of
100% and 16-QAM as modulation technique. This mecans
that we have a correlation available between three differ-
ent frequency-shifts, namely r(7), #(z)e?1 and r(t)e 2%V
with f] the baudrate of the signal. The data-stream is sub-
divided into blocks of 8000 bits and a training sequence is
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transmitted before every block. This sequence is used to ini-
tialize the filter coefficients. The FRESH-filter coefficients
are computed in the time-domain using Equation (9) and
afterwards transformed to the frequency-domain using the
FFT-algorithm.

The LS-coefficients computed with Equation (9) will mini-
mize the mean-squared error between the received signal and
the training signal. This error can either be caused by in-
terference or by multipath fading. FRESH-filtering will not
only compensate for interference, but also for the channel-
impairments. There is thus no need for an extra equalization
step.

In order to successfully use FRESH-filtering for interference-
cancellation, we have to avoid spectral leakage of the inter-
fering signal. At the transmitter, we have constructed a data-
signal which is pseudo-cyclic. This property is important
because it reduces all filtering operations in the receiver to a
complex multiplication in the frequency-domain. A prob-
lem occurs however when an interference-signal is added
to the data-signal. This interfering signal is not cyclic. An
FFT-transformation from a non-cyclic signal will result in a
spectral leakage[2]. This leakage will result in an increased
signal distortion. The undesired spectral interference side-
lobes are not yet present when the FRESH-coefficients are
computed. The extra impairment will thus not be removed
by the FRESH-filters and the system performance will de-
crease. Since the impairment is caused by the non-cyclic
behaviour of the interference, it will have its biggest impact
at the borders of the block-symbols. To avoid extra trans-
mission errors, we have introduced a small silent-phase at
the beginning and end of every block-symbol. This is equiv-
alent to the zero-carriers which are introduced in an OFDM-
symbol to avoid spectral out-of-band leakage.

4.3 performance comparison of OFDM and SC-CP dis-
torted by interference

This subsection presents the performance of both simula-
tion techniques when affected by the narrowband interfer-
ence as described in section 3.1 and section 3.2. The trans-
mission rate of both systems was fixed at 20 Mbps with
a signal bandwidth of 10 MHz. The simulations arc per-
formed for an OFDM-system using both spreading and adap-
tive loading as interference mitigation strategy and SC-CP
with FRESH-filtering. As a reference, we also performed
all simulations for both systems without interference miti-
gation. For a fair comparison, wc kept the bandwidth ef-
ficiency constant. Both OFDM with spreading and SC-CP
with FRESH-filtering are thus using 16-QAM constellations
to compensate for the extra required bandwidth for the fre-
quency spreading. The reference simulations use QPSK con-
stellations. Both the adaptive loading scheme for OFDM
as the FRESH-filter scheme for SC-CP use a training pe-
riod to initialize the interference mitigation parameters. This
training-period is inserted periodically. The length of the
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data-blocks transmitted between subsequent training periods
is fixed at 8000 databits.

On Figures 9 and 10, the striped lines represent the perfor-
mance of the reference system, while the solid lines repre-
sent the performance of the different systems using inter-
ference mitigation. Figure 9 shows the performance of the
different systems suffering from a static narrowband inter-
ferer. Figure 10 shows the performance of the same systems
affected by a dynamic microwave oven interferer.

The flooring-effect caused by the interferer is more pronounced
in case of OFDM-modulation, where the interference com-
pletely destroys the information on certain subcarriers. In
case of static narrowband interference, the influence of in-
terference is successfully removed, as the flooring-effect has
disappeared. When no interference is present (100 dB SIR),
the interference mitigation strategies induce a performance
loss caused by the increased constellation size, which we in-
troduced to keep the bandwith efficiency constant.

Figure 10 shows the performance of both transmission sys-
tems suffering from a dynamic microwave interferer. Both
adaptive loading and FRESH-filtering are less effective against
dynamic interference as they require a periodic training-phase
in which the interference mitigation algorithm is initialized.
However, whenever the characteristics of the interference
changes, the initialization is no longer valid. This will hap-
pen whenever the microwave oven switches on or off. In
the worst case, the interference characteristics will change
shortly after the initialization phase, such that the entire data-
block is lost. In case of microwave-interference, this effect is
amplified by the broadband interference during on- and off-
switching of the magnetron element. During those phases,
the microwave will completely corrupt the signal bandwidth,
such that all data is lost.

Simulations have also been performed with the two modu-
lation techniques suffering from a frequency-hopping Blue-
tooth interferer. These simulations result to similar conclu-
sions. Both OFDM with adaptive loading and SC-CP with
FRESH-filtering show a residual performance floor due to
the mismatch between the actual interference signal and the
periodical initialization of the interference mitigation algo-
rithm. OFDM with DSS performs better under these circum-
stances, since the SINR estimating feedback loop is able to
track the hopping interference. This way, DSS can avoid the
loss of a complete transmission block.

S Conclusions

In this paper, OFDM and SC-CP are presented as two differ-
ent modulation techniques suitable for in-house wireless dig-
ital communication. Interference mitigation was performed
by applying direct-sequence spreading and adaptive load-
ing for OFDM-modulation and FRESH-filtering for SC-CP-
modulation in the presence of a multipath channel and in-
terference. The interference mitigation strategies were sim-
ulated on a Gaussian channel suffering from two distinct

types of interference : a static narrowband interference and
a microwave oven interference. The simulations on static
interference show that we can successfully mitigate this in-
terference for both modulation techniques. The performance
results for a microwave oven interference show that the in-
fluence of this interferer can be reduced, but a residual error
floor still remains. This is caused by the periodic broadband
interference generated by the microwave oven. This kind of
interference cannot be completely mitigated.

Similar simulations on a Bluetooth interferer show that in
this case the DSS strategy is the most effective. Since both
adaptive loading and FRESH-filtering rely on the periodic
system initialization during a silent phase, they cannot track
a dynamic Bluetooth interferer as effectively as the DSS al-
gorithm. From these results, we can conclude that the pro-
posed algorithms must be made adaptive.

On a digital processing level, the OFDM-technique requires
less complexity. However the properties of the OFDM-signal
put a high constraint on the analog front-end required. There-
fore, a meaningful trade-off between both systems must be
made on a higher system-level, taking all the analog and dig-
ital effects into account.
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