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ABSTRACT

One WLAN cell results in unintentional interference to the

adjacent cells using the channel of which center frequency

isinsufficiently separated. Theinterferenceaffectsthe adja

cent cellsaspartial band jamming (PBJ). This paper presents
the effect of partial band jamming on orthogonal frequency

division multiplexing (OFDM) systems. PBJis modeled on

the rectangular spectrum with uniformly distributed random

phase over [0, 27w). An upper bound of bit error proba-

bility (BEP) performance based on the effective signal to

noise power ratio (SNR) is provided for OFDM systems
in Rayleigh fading channelsin addition to AWGN. Finally,

coding gainover partial band jammingisanalyzedin OFDM-
based wireless local area network (WLAN).

1. INTRODUCTION

Recently OFDM-based WLAN is adopted as a mandatory
modein |EEE 802.11gfor enabling the transmission of higher
datarate. Unlike 802.11aoccupying 5GHz frequency band,
802.11g operatesin 2.4GHz industrial, scientific and medi-
cal (ISM) band. Therefore OFDM-based WLAN in 802.11g
inevitably undergo many interferences- collocated WPANSs,
microwave ovens, and existing WLANS. Previous works
have been studied the need of coexistence [1] [2] and the
performance degradation of frequency hopping (FH) sys-
tems resulting from band or multitone jamming [3] [4].
Whole frequency band from 2401MHz to 2483MHz is
available for 802.11g. This frequency band dividesinto the
13 channels with the center frequency of 5MHz interval-
2412MHz, 2417MHz and so on. One channel for 802.11g
occupies approximately 20MHz. In one WLAN cdll, the
channel not overllaped with other WLANSs is assigned. In
the adjacent cells, however, WLANSs using insufficiently
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separated frequency channels cause unintentional interfer-
ence. Thisinterference can be regarded as partial band jam-
ming (PBJ), which has the spectrum with uniformly dis-
tributed random phase over [0, 27). In this paper, the effect
of PBJon OFDM systemsis analyzed in Rayleigh channels
in addition to AWGN. Analytical aspects of BEP perfor-
mance is obtained based on effective SNR. Moreover cod-
ing gain over PBJisinvestigated for OFDM-based WLAN.

2. PBJMODELING AND EFFECTIVE SNR

One cell using the channel overlapped with neighbor cells
causes unintentional interference, which can be regarded as
partial band jamming. Thesignal causing interferenceis as-
sumed to use single carrier modulation, which shaping fil-
ter is sinc function in time domain. Fig.1 shows the power
spectral density (PSD) of OFDM signal, which center fre-
quency is fy apart from that of interference. The shaded
areaindicates the collision in frequency domain which can
be modeled as PBJ. Note that not all jamming power but
part of them is considered from the viewpoint of OFDM sig-
nal, and that the effective jamming power on each OFDM
subcarrier is different. Additionally, the phase of jamming
signal at each subcarrier is the uniformly distributed ran-
dom variable over [0, 27). Assuming one OFDM symbol is
rectangular, the PSD of OFDM signal is represented by

N/2-1

Gs(h = Y Tan(fif-k). @

k=—N/2 fs

where N isthe number of subcarriers, Py, isthe power of
one OFDM subcarrier and f isthe subcarrier spacing. The
PSD of interference signal is represented by

P
Gof) = Frrect((F = folfw), @

where P; and fy are the power and the bandwidth of in-
terference signal. The distance of center frequency between
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Fig. 1. Frequency spectrum of OFDM and interference sig-
nal insufficiently separated

OFDM signal and interferenceis f;. Inthis paperitisas-
sumed that the bandwidth of interferenceis identical to that
of OFDM sigd, fw = N fs.

For the k-th subcarrier the effective signal to noise power
ratio is defined as
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where Sy, (f) isthefrequency response of the k-th subcarrier
and H (f) isthe frequency response of the matched filter of
Sk(f). For the k-th subcarrier, PBJ affects it from f;, ; to
fr,2. Consequently the effective SNR of the k-th subcarrier
is bounded by using the Cauchy-Schwarz inequality
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where Ps isthetotal power of OFDM signal, Ps = N Py,

and py, isthe fraction of the PBJ power overlapped with the
k-th subcarrier,

fr,2
P = /f Fosind (71 £ ®)

k,1 s

3. EFFECT OF PARTIAL BAND JAMMING ON
OFDM SYSTEMS

3.1. AWGN channéls

As shown in Fig.1 the effective SNR, 7y, is different for all
subcarriersk = 0, ..., N — 1. For OFDM systems, therefore,
the BEP performance is obtained by averaging BEP for all

N subcarriers. When BPSK modulation is assumed, the
BEP performance of the k-th subcarrier in AWGN channels
is obtained by

Pri> Q(VAr) ®)

where-y;, denotesthe maximum effective SNR. Consequently
the average BEP performance of OFDM systemsin AWGN
channelsis obtained by

1N
=NZ (7)

3.2. Rayleigh fading channels

In Rayleigh fading channelsthe OFDM signal and jamming
signa are both independently attenuated. Considering the
attenuation of both signals the effective SNR is achieved by

1
Yk S — —1 (8)

2 1 a2E,
(i) + (%)
where o and 8 are independent random variables with the
probability density function (PDF) of Rayleigh distribution.
Denoting the conditional BEP with the instantaneous effec-

tive SNR of the k-th subcarrier by P,(vy), the average BEP
in the presence of Rayleigh fading is obtained from

Py = /0 (V) Po(7)d, ©

where p () isthe PDF of the instantaneous effective SNR.
In Eq.(8) let us define ¢y = = N . Then the
PDF of the instantaneous effoectlve SNR is obtat ned from

the transformation of the random variables, « and 3.
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where, = o? and v, = B + , which PDF p,, (v,) and
D, (70) @eshown mtheAPPENDIX Using the equdlity of

[ zmeardy = Tl 'Eq.(10) can beinduced as
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Fig. 2. BEP performance of OFDM systems with PBJ in
AWGN channels (SIR=10dB)

OFDM performance over partial band jamming in Rayleigh fading channel (SNR=15)
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Fig. 3. BEP performance of OFDM systems with PBJ in
Rayleigh fading channels (SNR=15dB)

where 0% and o3 are the variances of « and 3, respectively,
which can be assumed to be unity without any loss of gen-
erality. Thereforethe average BEP for the k-th subcarrier in
Rayleigh fading channelsis obtained by

Py Z/ Pk (7) Py (y)dy
0

B 00 01661/202
—/0 m@(ﬁ) dy (12)

The effective SIR constant ¢; isdifferent for all subcarriers.
Consequently the BEP performance of OFDM systems in

the Rayleigh faded PBJ environmentsis obatined by
1 N—-1
PbZN;Pb,k~ (13)

Fig.2 and Fig.3 show the BEP performance of OFDM
systems using the 52 subcarriers with the PBJ environments
in AWGN and Rayleigh fading channels, respectively. In
Fig.2 it is shown that the effect of PBJ decreases asthe dis-
tance of the center frequency, f4, increases. The perfor-
mance is poor before f, arrives at around 52 x fs = fw.
On the other side, the effect of PBJ is barely found over
60 x f, and the performance approachesthat in only AWGN
channel. Thisis because that the main lobe of the PSD of
any subcarrier is not under the influence of PBJ. Fig.3illus-
trates the results for the Rayleigh faded PBJ environments.
Thevalue of f, lower 52 x f,; shows very poor results. As
SJIR increases and f,; increases, and the BEP performance
is mainly dependent on SNR. Finally the BEP performance
converges on the performance dependent on only SNR.

4. CODING GAIN OVER PBJ

To get insight into coding gain for OFDM systems over PBJ,
the BEP performance of OFDM-based WLAN issimply an-
alyzed by the computer simulations. Fig.4 showsthe overall
block diagram of OFDM-based WLAN. The BPSK modu-
lation and the 1/2 rate convolutional encoder with the gen-
erator ploynomials of go = 133g and g1 = 1713 are used
according to the 6Mbps mode in OFDM-based 802.11g. In
this paper any frequency offset is not considered. As our
earlier discussion PBJ is modeled on the rectangular spec-
trum with uniformly distributed random phase over [0, 27)
and PBJ has the total power of P;. Rayleigh faded PBJis
added to OFDM signal at the output of IFFT. In 802.11g 64
subcarriers are adopted in total. Only 52 subcarriers, how-
ever, are actually used to modulate the input data and pilots.
Therefore 52 x f, is assigned to PBJ for the bandwidth.
Fig.5 shows the BEP performance of OFDM-based WLAN
in the Rayleigh fading PBJ environments. When the dis-
tance of center frequency f; becomes around 52 x f,, the
BEP decreasesrapidly. Thismeansthat OFDM systems can
overcomethe PBJ, which is not bring about the burst errors,
by coding gain. On the reverse, coding gain cannot be ex-
pected to overcome PBJ when PBJ occupies some part of
the OFDM bandwidth so that the burst errors may appears.
Note that PBJ affects the channel estimation, also. The no-
ticeable improvement of BEP performanceis not found for
thecaseof f; = 46 x f, because of channel estimation error
from PBJ.
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Fig. 4. The block diagram of OFDM-based WLAN in
Rayleigh faded PBJ environments

OFDM-based WLAN performance over PBJ in Rayleigh fading channel (6Mbps)
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Fig. 5. OFDM-based WLAN performance over PBJ in
Rayleigh fading channels (6Mbps)

5. CONCLUSION

Unintentional interference from the overlapped channel in
WLANswas modeled as PBJ. The effect of PBJwas numer-
ically analyzed for OFDM systemsin AWGN and Rayleigh
fading channels. The BEP performance of OFDM systems
was obtained by averaging the BEP performance of N sub-
carriersbecause the effective SNR is different for all subcar-
riers. In Rayleigh fading channels, both OFDM signal and
jamming signal are independently attenuated. The effective
SNR, therefore, was achieved through the transform of two
independent random variables. Consequently the compact
expression of BEP performance of OFDM systemswas pre-
sented in Rayleigh faded PBJ environments. Additionally
coding gain over PBJ is simply analyzed by computer sim-
ulations. Remarkable coding gain was achieaved when PBJ
doesn’t result in the burst errors.

APPENDIX
Derivation of PDF expression of v, and -y,

Let usdefiney, = o andy, = % + é Two indepen-

dent random variables, o and 3, have the PDF of Rayleigh
distribution,

pal0) = afoe /2

ps(B) = BJose /27,

For the transform of y = az? the PDF of y is obtained by

n =g () + 2 (< 1)) w0

(15
and for thetransform of y = ax+ b the PDF of y is obtained
by

(14)

py(y) = %pm(yT_b). (16)

Consequently the PDF of v, and ~, are

L -3
P(Va) = Fe 1

01

c1 _61(%*21/62) (17)
p(’yb) = Ee 20—2
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