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Abstract—This paper presents a new method to extend adap- II. FREQUENCY SUBCARRIER BASED WEIGHT TECHNIQUE

tive antenna array techniques to mitigate strong co-channel . ) ) . .
interference in an orthogonal frequency division multiplexing anSIder anM-user, N sub-carrier QFDM_ system V\.”tls
system. The proposed a|gorithm uses Opt|ma| Welghts determined receive antenna elements. The transmitted time-domain OFDM

from classical methods, and known frequency information, to for- symbol representation of the-th user,/-th sample in the:-th
mulate adaptive weights specific to each sub-carrier. Performance block of data can be written as

improvements are investigated through computer simulations

comparing bit error rate (BER) versus signal to noise ratio. These N-1 _

simulations in near-far scenarios illustrate the importance of the Yim(n) = Z T m(n)eﬂﬂ(%%grfo)t (1)
proposed technique. ’ = ’

I. INTRODUCTION . .
Where 1/T, is the OFDM symbol rate,f, is the center

OFDM has becomi_lone ththei prime ((:janddld:tes for fourfnaquency of the modulated signaljs chosen in increments
generation .(46) _mobrie tep nology and ad-noc r!etworkﬁf T in order to satisfy the inverse Fast Fourier transform
because of its ability to achieve high-data rates and immun FT) criterion anda;..(n) is the frequency-domain data

to frequency-selective fading in multi-pa_th environmer_1ts 1 mbol representation of the-th user modulated by theth
Adaptive antenna arrays have been _mcorporated. Into -carrier. The baseband signal in Eqn. (1) can be written in
OFDM model to mitigate co-channel interference in ord‘?fector form as

to increase capacity and decrease the probability of outage

without allocating additional spectrum [2], [3]. However, be- _wH

cause of limited frequency band allocations, strong co-channel ym(n) = F7(n)xm(n) @

interference caused by wireless LANs, jammers, and the nearwhere,

far effects of ad-hoc networks will intensity in future OFDM

systems [4]. Effective interference suppression is therefore a Yo (1) = [Y0.ms Ylms s YN—1.m] 3)

key issue in practical large-scale OFDM wireless networks. In

this regard, combining OFDM with adaptive arrays is a logical T

choice for 4G mobile systems. Xm (1) = [Zo,m, T1,m, ) TN -1m] )
To develop adaptive spatial processing for OFDM systems,

researchers have proposed wideband beamforming schemes to

mitigate high powered co-channel interference [4], [5]. These F(n) =

techniques generally comprise a narrowband beamformer, 1 1 1

reevaluated for each sub-carrier. To reduce the complexity 1 e—i2m R i

of the wideband beamformer, sub-carrier clustering has been . . . . (5)
proposed [5]. However, this approach is sub-optimal due to ' 4 (1:><N71> - . <N:71><N71>

the resultant wandering of adaptive nulls as a function of the 1 e i =N+ eI TN

cluster frequencies.

This paper presents an accurate algorithm to mitigate strdrigre, F(n) is the matrix representation of the baseband Fast
co-channel interference in OFDM systems with adaptive ahourier transform (FFT) operation. The frequency bins of
tenna arrays. Using known frequency bin information and tHEFT/FFT are known to follow a cyclic pattern, therefore the
optimal weights of one narrowband beamformer, individus@iassband frequencies bins of thesub-carriers are given by
weights for each sub-carrier are constructed. This frequency
sub-carrier based (FSB) technique is significantly less complex -
when compared to earlier wideband beamforming schemes. fo = nAf+fo, € [=N/2,N/2 1], ©)

As with other work in this area, we assume line of sight
communications. whereAf = 1/(NTs) is the minimum orthogonal frequency



spacing between adjacent sub-carriers. Givémsers located wherep = 0,1,...,5 — 2. Physically the interference di-
at anglesp,,,m = 0,1,... M — 1 with respect the array, andrections are independent of frequency. A polynomial similar
assuming an additive white gaussian noise (AWGN) channt, Eqn. (13) can therefore be determined for individual sub-
the [-th received sample can be written in vector form as carriers using new zeros. These new zeros are given by

vi(n) = Sl(¢)YlH(n) +ny (1) Zpy = ej27r%d6086¢p)) (15)
where
T
vi(n) =lvorvi .. vs-1,] ®)  where -,, represents the zeros for thieh sub-carrier and
fi is the frequency bin values given in Egn. (6). The zeros
for specific sub-carriers are represented in each column of the
Si(¢) = (9 zeros matrix given by
1 1
. f1 . f1
e B A B
ei(2)2mtdeos(do) ... gi(2)2mldeos(dr—1) z8(n) Zn) - 24 (n)
Z(n) = . : : : (16)
ei(S—D2nildcos(¢o)  ,i(S—1)2niLdcos(énr—1) 2573 ) 27 n) - 273 (n)
yi(n) = [Y1.05 Y115 s Y10 -1] (10) The polynomial coefficients are determined from the roots.
= | ]T (11) The coefficients of the new polynomials are the weights at
LU each frequency for individual sub-carriers. The weight matrix
is given by
Herel =0,1,..., N —1, ¥ denotes the Hermitian of a matrix,
c is the speed of lightd is the spacing between antenna wd(n) wi(n) - wQ_,(n)
elementsS,(¢) is an.S x M steering vector matrix for theth w (n) win) - wh_,(n)
transmitted sampley;(n) is thel-th transmitted data sample W (n) = ) : . ) a7
for M-users andn; is the AWGN at each receive antenna 57:1 5:1 R 57:1
element for thd-th received data sample. wy (n) wyT(n) - wx_y(n)

The received signal is processed at the adaptive array )
where a beamforming technique is implemented to determifi&re. thel-th column represents the weights for thth sub-
optimal weights at the center frequency. These weights &@&Tier of then-th block of data. Finally the hermitian of the
determined using any classical adaptive weight technique sy¢fights is multiplied by the received signal, resulting in an
as minimum mean square error (MMSE), minimum outpdt X IV matrix. The diagonal of this matrix represents the
energy (MOE) etc. corrupteq version of the desired signal without interference.
The FSB algorithm is implemented at this stage to determid&iS i given by
the weights for specific sub-carriers using the frequency infor- _ ) .
mation given in Eqn. (6). The first step of the FSB algorithm I(n) = diag(W" (n)V(n)) (18)
is to construct a polynomial using the optimal weights of the

center sub-carrier as coefficients. The polynomial is given Ryhere diag represents the diagonal entries of a matrix.

p(2) = wo +wiz + . Fws 12”7 (12) #(n) = [fo(n),71(n),...,7"n-1(n)]". (19)

and,
The zeros of this polynomial represent the directions of

interference (DOI) determined by the adaptive process. These

0 0 0
zeros are found by taking the roots of the polynomial. Math- x‘iolgn; 511 E”; “;I\lfflgng
ematically this is given as V(n) = 0 n 1 .” N-1 n (20)
p(2) = (2 — 20,0)(2 — 21,0)--.(2 — Z5-2,0)- (13) VOS_l(n) 1/15—1(n) .. Vﬁ:%(n)

Here,V(n) is the matrix representation of the signal received
Here o represents the values of the ZEr10s for the CeNtel the array and(n) is the interference free but still distorted
frequency. The DOI can now be determined, and are 9VGBrsion of the received signal. The frequency-domain represen-
by tation of the estimated signal after it is down-converted to the
P c baseband, modulated by the FFT and fed through a decision
cos(gp) = J27 fod In(2p,o), (14) " device, can be written as




%(n) = F(n)E(n) (21)

where,

OE (22)
iN—l (n)

It should be noted that a similar idea was introduced for
uplink-downlink beamforming in [6].
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Ill. SIMULATION RESULTS Fig. 1. BER vs SNR comaparison of MMSE and MMSE with FSB.

This section compares the performance of minimum mean
squared error (MMSE) using weights at only the center
frequency with MMSE with the FSB algorithm in strong
interference environments. The performance is measured in
terms of BER verse SNR. The example uses a bandwidth of
150MHz with N = 256 sub-carriers centered around a center
frequency of 5GHz. Thé/ = 5 users use BPSK modulation.

Figure 1 shows the BER versus SNR for different in-
terference powers in an OFDM system with &h = 5
element receive antenna. In the first case, four interfering users
with signal powers 20 dB higher then the desired user are
chosen. In the second case, the four interfering users signal
powers are 12dB higher then the desired user. The larger the
interference power the better the performance of the MMSE-
FSB algorithm.

Figure 2 shows the BER versus SNR for different OFDM

bandwidth sizes. The same parameters were used as in the

first simulation, fixing the four interfering signals at 20dB.
Notice that the MMSE-FSB algorithm performs better for
larger bandwidths.

Figure 3 shows the reason for the improved performance of
the MMSE-FSB algorithm. Directions of arrival for the five
users arg50°,70°,90°,110°,130°). Without loss of general-
ity the signal arriving af0° is chosen as the desired user. The
beam-patterns for a classical MMSE algorithm are plotted for
the first and last frequency of the 150MHz bandwidth OFDM
signal. Even though the deviation appears to be small, Fig. 1
shows that in an interference limited environment it leads to
significant performance loss. This divergence is not present in
the nulls when the FSB algorithm is applied. Finally the larger
the bandwidth used in the OFDM system the larger the ni#l
divergence becomes.
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Fig. 2. BER vs SNR for different OFDM bandwidth sizes
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