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Keywords. SDR receiver, SIMO, wideband sensing, WLANof several emitters, the quality of each link. @fucse, the
idea is to characterize the signal before any deatidn step

to automatically choose which numerical blocks havebe
processed to recover data.

This paper presents a comparison of different dietec For a practical case of study, two cohabitatinghdaads
methods which could be used to sense a frequenoy e (without any cooperation) of WLAN systems are used,
order to select a particular channel and a pasgicuB02.11b and 802.11g. Three families of detectiorthous
communication standard in a wideband melted sigdale have been explored: correlators with period detecti
we focus on a generic WLAN receiver based on SDdyclostationarity and second order moment estimator
principles, capable of sampling several overlappgihgnnels detector.

to demodulate simultaneously concurrent users plysssing To compare those methods, an indoor environment was
different waveforms. simulated with 802.11b and 802.11g frames emitied, one

or two antennas at the receiver. AWGN or multipettnnel
were observed with interferer along seven different
overlapping channels. Results are discussed in steoim
Software Defined Radio (SDR) is a well-known cortceperformance versus complexity.

particularly promising to combine numerous commatin Finally, the impact of using a multi-antenna altjuri
standards in a single receiver [1]. Thus, this péwe associated with these methods was investigatetoway of
approach could be associated with multi-antennaciples to a SMI approach [3].

enhance terminal capabilities by the way of SIMOVIMO

aIgor_ithms, naturally offering interference rejecti 2 gtryucture of the SDR receiver

possibilities.

In order to tend to a really cognitive system,ratfstep is to

allow a wideband detection of all received sigr{algpposing 2.1 Global multi-* approach

wideband front-ends), enabling an efficient chaazation

of all possible standards. A common view of the future for wireless communigas is
This paper presents in the first part the gendrattire of a the trend toward systems enabling a fusion of nomer
SDR testbed dedicated to combine multi-antenna,timuftandards, always offering the highest quality. 8atavices

Abstract

1 Introduction

standard and multi-channel approach. This suppmsésve
several antennas, with several RF front-ends amthveind
ADC, enabling to sample more than only one chanrten it

appears possible to numerically select the desinadnel and
also characterize the standard used. Moreover, siystem
could allow the test of interference cancellatiechiniques on
adjacent channels, combined with multi-antenna rélgos

[2].

Then the second part will focus on the first anddfamental
step of the digital receiver: detection and chanazation of
present signals. Therefore different methods tealetnd also
analyze the quality of particular frames in melgéghals are

already propose several integrated functionalitigshe way
of hardware duplication, even in a single chip pagk Of
course the idealist vision of universal softwardioais very
seducing, but yet actual limitations in samplingatailities
can not let imagine it for high frequency systerBsen
though, SDR principles are mostly applicable to igtes
flexible multi-standard transceivers, requiring aage scale
RF part and powerful common digital processing ueses.
Based on well-known considerations, this part dbessrthe
use and merging of some popular concepts in tHd &
converged wireless systems, placed from the receiat of
view, and targeting a flexible test platform fochistructures.

discussed. The aim is there to provide a good todle Let us now list the most meaningful principles usecur

between precision and computation cost, to offefast
decision of the presence of useable information and¢ase

general approach.



Multi-standard approach - To achieve the wirelessGlobal combined approach - Of course all those multi-*
convergence, as said above, a SDR architecture wittapproaches already offer meaningful performancearagely.
common baseband processing seems very appealing. Nevertheless combining these seducing principles ghobal
implies that all parts of the receiving process dane test platform allow evaluating all possible tradetmetween
numerically, except the downconversion. In this wagch joint or dissociated processing. Indeed this platfanust be
technology will no longer relies on a particulaipgtbut on a  able to support additional technologies like CDMA o
software package, allowing dynamical changes, |gralOFDM. A general scheme of such a platform is desctiin
decoding, and also update or new bundle downloBldsn a the following part (Fig. 1), with a particular atteon paid on
particular attention should be paid on calculatiesources, RF architecture choice and numerical compensation
assuming a maximum reuse of basic functions for &dchniques [4].

standards (FFT, filtering...) and a precise dimamsig to AN LowlF or ZerolF

achieve real time operations. This relies both emmutation % j

capabilities and on RF Front-end design. SDR praisasften Down HAGCHADC|_
suggest direct conversion architectures, arguingt ti NN
heterodyne systems can not fit every standard neduss, N
zero or lowlF designs are generally preferredpalisible RF

bandwidths being transposed to the same low frezyuband \I\,\ Pown HAGCHADC|_
before sampling. These simple and cost effectighitactures J
greatly impact on baseband signal properties, iimguc
numerical compensation to be processed. Down HAGCHADC|—
Multi-antenna approach - This is a very hot topic in the arec .

of wireless systems. Even from the only receiveinpof i ) - )
view, multiplying antennas offers a high potentitd Figure 1: General architecture of a multi-* SDRaiger
compensate radio channel fading and interferenceedd,

receiving several copies of the same signal allepatial 2.2 General architecture discussion

diversity, with possible spatial rejection, or cdngal space-
time processing. In large angular spread confignmat(e.g.
urban or indoor), a great benefit could also berakom time
or polarization diversity. All incoming works on mgiess
applications deal with at least both space and tiomabiners

from the simplest forms (antenna switch, FIR... attvanced bandwidth. The first allows the receiver to procesany

techniques like space-time coding (Alamouti codeslliE or :
block-coding for MIMO systems). Then these populz%rtandards as a function of the frequency band. m t

: . - . opposite, the second allows the receiver to manage
techniques have to be evaluated in realistic enwients _. .

. - simultaneously several signals of same technologgr o
enabling an efficient tradeoff between expectedgperances adiacent channels. Note that both mav converae ited
and the increase of RF needs (multiple front-enmsyer ) ’ y 9

consumption...) as well as calculation needs (DSPGA future because the radio bands are saturated aretate
ption. . . ' standards should be called for co-existing on #mesband.
processor with also an impact on energy management)

Multi-channel approach - There we talk about multiple I_n co-existing systems, mFerference plays a mage in
: : imiting the overall capacity. There is no doubfatthall

frequency channel approach. Classical receiverder a hni f interf T . died
selection of its allowed channel for communicatioperate a techniques of Interference mitigation are gomgbeostu_ €
in depth. The SDR framework offers a first way norease

frequency tuning in its RF part to only filter thikosen band, this capability. Indeed. the use of a high sampfieaiuenc
naturally operating an adjacent channel rejectidnglobal -apabiity. ’ ) ' pineg| y
permits interference cancelling of adjacent chasl the

supervision of the network is needed to ensureatha&b- and . ; , .
. . e use of multi-user detection. Multi-antennas is a#sosery
adjacent channel interference are efficiently redud very . o .
omplementary technology to avoid or mitigate ifgegnce.

relevant examp'e is the 2.4 G.HZ bandwidth for 802. inally, a full and efficient agility depends ontbdRF front-
systems: this 84 MHz large band is shared betwpdn 4 ' . '
end features and numerical processing.

overlapping 22 MHz channels. Therefore frequenaiseds a RF Front-End features - To properly balance subsystem

hard point for dense networks, usually leading ighh performance we must be aware of the limitationsthd

interference levels. Numerous interference rejectio multi- S .
- . . analog RF front-end considering that compensatian loe

user detection techniques are well-known, genedablicated . :

) o ; . made numerically. In most systems, the receivedddn be
to a single channel filtering. We discuss hereire th . ;

. X . . : more complex than the transmitter. The first chrgke of
opportunity of a wider sampling, offering a largarmerical X o :
) . ; ) 2 receiver design is the Dynamic Range. RF front-ehch
information of the desired signal together withenfigrers.

) . i T receiver must separate a desired signal typicadynf-130
Then d|ﬁere_nt techniques of interference mitigaficejection dBm to —70 dBm, from a background RF environmeat th
(co- or adjacent channel), or parallel decoding dsn

involved. Of course, this principle comes with ceaqsences may be in the relative range from —20 dB to 0 dBmany
' ' P P systems, the RF front-end also sets the systenalsigmoise

on RF specifications (wideband operation) and dlgitratio and should be designed to add minimal nditels the
processing (several potential additional noises).

Space/time/frequency
processing

Standard 1
Standard 2
L: Standard 3

[Detection and digital channel selection

The key point of such a multi-* architecture is @usly the
analog to digital converter. Because a samplingueacy of
few GHz is unachievable, the conversion impliednaitéd
bandwidth. The agility of a receiver is then drivey two
features: the carrier frequency tuneless and the&imeh



overall system must have a considerable dynamigerdn
accommodate both the high-power background sigaats
the lowestpower desired signal. Dynamic rangenigdid at
the bottom of the range by noise that enters the&tesy
through thermals effects of the components or tiinonon-
idealities of the ADC, such as quantization noissampling
aperture jitter. Low level signals can be maskedhiy noise.
Dynamic range is limited at the high-end by integfece. The
source of this interference could be co-channejacanht
channel, or self induced by the transceiver. Higkrference
levels may cause the receiver to become more neasliand
introduce cross products (spurious components)clwhiay
inhibit the detection of low-level signals or redute desired
signal bit error rate (BER). Simply attenuating ttigh-level
signal before they drive the receiver into a nowdir
operating region is insufficient since low-levekded signals
also present will be attenuated until masked. Tineahle
radio frequency receiver consists in an antennaected to a
RF bandpass filter (BPF). The BPF selects the &igme the
low noise amplifier (LNA) with the automatic gairomtrol
(AGC) raises the signal level for compatibility withe ADC.
The BPF bandwidth relative to the carrier frequermuyst be
highly selective and today it is impossible to desa filter at
RF or microwave frequencies. Whatever the techngldgs
clearly impractical. Firstly, the difficulty in deging a tuned
radio frequency receiver is the limitation of th®@, which
must handle high frequency signals. In additiongitee the
bandwidth and rolloff limitations of the RF filterthe

3.1 Different methods

The first and fundamental step of signal processsdo
detect that an interesting signal is present. Desgymust pay
attention to avoid expensive algorithms if therenashing to
receive all the time. Numerous methods exist tcedet
desired signal, and the overall complexity esstyntilepends
on the amount of known information and the amoufht o
desired information. The use of singularities iparticular
standard eases the detection, but that supposes
multiplication for each targeted standard. On ttreeohand,
blind techniques are hard to implement and offeorpo
information on the signal quality. Let us now libie most
useful techniques.

Energy based signal detection - Usually, standard detectors
use power detection methods to distinguish theebffsf
energy, characteristic of the presence of a sigide
detection is based on some function of the recesasdples
which is compared to a threshold. Energy detecogsoften
used due to simplicity and good performance, buerof
limitation in the case of spread signals and predamn
important level of false detections.

Matched filter and correlation detection method - The cross-
correlation is a measure of similarity of two sitpa
commonly used to find features in an unknown sigmal
comparing it to a known one. If a signal is corretawith
itself (autocorrelation), then the maximum value thie
correlation can be found at a time shift of 0.histmaximum

sampling rate of the ADC must be high enough toicavdS @bove a known threshold, the detection is provéé most

significant aliasing. The consequence of high samgptate

utilized technique provides a matched filter ancberelation

conversion is high power consumption. The ADC mudgtection method that carries out a correlatioraaeceived

accommodate multiple signals over the wide bandwidtthe
RF filter (in tens of megahertz) with dynamic rarmjel 00 dB
and its non-idealities, such as jitter, lead tdati®on of the
signal.

signal with known periodic codes inserted as indase of a

802.11b preamble.

Cyclostastionarity Detection - A cyclostationary signal is a
signal which contains a hidden periodicity [5,6]tife-series

Numerical processing - In such a framework, the signal ofX(t) contains a second order periodicity with freqay “a” if

interest reaches the processor, over-sampled axedmiith
other interfering signals. Thus, several functitvase to be
implemented in a multi-* SDR numerical receivergrsl
detection, synchronisation, downsampling, RF impaint
mitigation, beamforming, etc ...

The complexity of the digital receiver is strongblated to
the efficiency of the RF front-end. For multipletamnas, the
balance between the RF front-end and numericalegsing

and only if there exists some stable Quadratic Tinvariant
(QTI) transformation of x(t) into y(t) such thattyontains
first-order periodicity with frequency a. The masbvious
QTI transformation is a simple square modulus. Then
cyclostastionarity detection becomes simple pecibdi
detection [7]. Moreover, calculating the differentclic
autocorrelation functions and identifying the narez values

is also used to underline a cyclostastionary sigmal detect

increases further. For each data channel, a digitd cyclic period, but this process is much morajplex.

demodulation is needed, providing an equivalentavedand
signal. The over-sampling eases the time synchatiais and
mitigation, but in turns is subject to an increaske the
sampling noise due to possible high power adjackeannels.
This loss of efficiency may be compensated by the af
multiuser detection techniques taking into accoanlacent
channels and several standards. In this conteatpthltiple

Of course various combinations of these techniaquesd be
used depending on the desired complexity. In airantenna
context, some benefits could also be taken fromdifferent
copies of the signal, but considering that the bymaization
is not yet performed. Until detection is proved and
synchronization achieved, the full benefit of spladiversity

antennas architecture appears promising, becausee nf@uld be taken as describe in the following part.

signals can be separated. The counterpart is thd oé a
multi-channel ADC.

3 Channdl detection and char acterization

3.2 Case of study

Our actual case of study is based on 802.11b addl 8@
standards. As said previously, if considered asaimon-
cooperative behaviour, those two protocols presdrgh
levels of interference in the 2.4 GHz ISM band hvatrongly



overlapping channels. We are then developing aith@DR
receiver with 4 antennas at 2.4 GHz with a 80 Mbimgling
offering an actual 40 MHz baseband. Thus we coind f
several overlapping channels with both possibladsteds in
the sampled signal. Figure 2 presents the main ricate
blocks required for one arm of this receiver.

44 Mols data rate
l (I & Q signals)
Standard characterization (802.11b or 802.11g)
y v
802.11b sampling 802.11g sampling
44 Mols 40 Mo/s
A 4 A 4
Time synchronization Time synchronization
(barker reference) (Short preamble
reference)
v 2
Under sampling Under sampling
44 11 Mols 44 20 Mol/s
y y
- Frequency Offset - Frequency Offset
correction correction
- CIR computation - Long preamble
synchronization
- RAKE equalization
- Guard Interval
-SFD removing
synchronization -FFT
v L 2
44 PCMols

Figure 2: General structure of the software WLAKeiger

By the way, the first block consists on the chaedeation of
potentially interesting signal. We then estimate ttost-
performances trade-off of different detection meho

Therefore, the first method is based on a classioaklation
of the received signal and a reference one, buarerdd by a
periodicity detection (CPD), allowing a good sepiara of

both kinds of signals. This prevents problems ofindw a

detection threshold. The second method is based
cyclostationarity detection [6, 5]. Here the detatts based
on the periodicity of higher order moments, and I¢oloe

performed in time domain or in frequency domaindoben
the nullity of these moments at cyclic frequenciBlsen, the
third method considers fluctuations of second omement
estimators [7], detecting variation of those estorm
corresponding to the symbol period.

For each method, an important consideration isind f
useable period of the signal depending of the wawef As
exposed on figure 3, the DSSS used for 802.11teptesll

us periodicity while the OFDM preamble of 802.11gicbbe
characterized by a 1fs format.

1 Mb/s 1 Mb/s 1,2 5.50r 11 Mb/s
Preamble (Header)
PSDU
SYNC SFD | SIGNAL | Service | Length | CRC 1 Mb/s : BPSK
2 Mb/s : QPSK
128 bits (Scrambled) 131]?5 8bits | 8bits | 16 bits Jifs 5.58& 11 Mbls : CCK
144 bits 48 bits
192 us
Preamble . Signal
Short Preamble Long Preamble Sl Extension
1 ’t2‘t3‘r4 KS%G |t7 18‘t9‘t10 Gard ‘ LT1 ’ LT2 | Gard | Signal (ODFaS?M) Tail
10*0.8 = 8 us 1.6+2*3.2=8us 4us 6us

Figure 3: Frame structure for 802.11b (upper) €2.80g
(lower)

3.3 Results

To compare those methods, an indoor environment was
simulated with 802.11b and 802.11g frames emitied, one

or two antennas at the receiver. AWGN or multipetthnnel
were observed with interferer along seven different
overlapping channels. Results presented on figuaee4juite
equivalent in terms of performances, but an impurta
difference to be noticed is on complexity (Table Hgnce,
the CPD is the most robust in front of noise oeifgrence
with a low complexity but could not offer informati of the
better present mode, if both 802.11b and 802.14gdstrds
are present. Frequency cyclostationarity and estima
detection characterize the quality of each signathw
relatively good thresholds (ratio versus interferensidering
SNR on figure 4). Thus, the estimator method is Esmplex
but also less accurate.

After all, the use of multi-antenna capabilities the SMI
algorithm notably enhances performances of suchhoadet
with only two antennas.

4 Conclusions

SDR concept combined with multi-channel and SIMO
processing in the same terminal is a very promigisge to
develop future wireless receivers ensuring higla date and
rgRust transmissions. The aim of this work was resent a
global SDR system designed to combine several +hulti
capabilities in a single receiver. Then we expose
performances of different detection techniques kmose
channels of interest and characterize the startdatdal with.
Therefore, the CPD is the most robust in front ofsa or
interference with a low complexity and estimatoted@ion
characterize the quality of each signal with rekdii good
thresholds. Obviously, combining multiple antenaakances
performances of such methods with modest additional
computation cost.



Incoming works are dealing with more analysis ardd] P.F. Morlat, H. Parvery, G. Villemaud, J. Vezdi J.M.
estimation of WLAN performances in a multi-channel  Gorce, “Global system evaluation scheme for mudtipl

configuration. Studies about implementation of meffecient
multi-antenna algorithms in order to permit bettgerferers

mitigation could also be interesting.
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Figure 4: Obtained detection threshold in a mutlipghannel versus signal to noise
ratio with different methods

Complexity
. . Estimator Cyclostationarity Cyclostationarity Time
Samples | Correlation | Estimator CSMI. - Frequency- - Frequency - SMI - (us)
40 1 600 1 025 2825 2498 380 26090 380 091
80 6400 11 600 22 800 40 457 560 41 993 560 182
100 10 000 26914 47 539 99 014 950 J02 Qg 250 227

Table 1: Duty cycle complexity of different methods



