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Resear ch on Channel Estimation for OFDM Systemswith
Receiver Diversity
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Abstract  Receiver diversity for Orthogonal Frequency Division Multiplexing system in
high-speed wireless data transmission is investigated. An improved channel estimate method that
calculates the correlation of the channel impulse response and a reference signal to extract the channel
information from its noisy version is proposed. It is demonstrated by theoretical analysis and computer
simulation that for QPSK modulated OFDM systems with one transmitter antenna and four receiver
antennas, the performance of the improved channel estimator outperforms Least Square and Discrete
Fourier Transform-based channel estimator grestly.
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For OFDM systems without co-channel interference, channel parameters estimation has been investigated to
improve system performance by allowing for coherent demodulation. It is also well known that antenna diversity is
an effective technique to combat fading in mobile wireless communication.

The structure of OFDM signaling allows a channel estimator to use both time and frequency correlation. In
Refs[1] and [2], the channel estimation for OFDM systems have been proposed based on frequency-domain
filtering and time-domain filtering. A singular-value-decomposition-based channel estimation has been proposed in
Refs[3] and [4].

In this paper, we derive an improved channel estimate method that, by correlating between the channel
impulse response and a reference signal, identifies the channel parameters of receiver diversity OFDM systems
accurately.
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1 Receiver Diversity for OFDM System with Multipath Fading

The WSSUS multipath Rayleigh fading channel model can be characterized by
h(tt) = éplap(t)d t-t,7) )
p=:

where P is the path number, {ap(t)} is the complex amplitude of channel, and {t,T} isthe path delay. Modeled by a
discrete-time FIR filter, Eq.(1) is often rewritten as ©

h(I):élapg(l-tp) 1=04--,L-1 ?)

where L=é&,(+1 denotes the channel length and g(l) is a raised-cosine pulse with an excess bandwidth of 20
and a pulse duration of 10 sample periods.

For an M-receiver OFDM system, the received signa from the mth antenna at the kth tone and the nth block is
denoted as

R,[n,kK] =S, [n,k]H[n,k] +W,[n,k] n=01--- 0< k<N m=12,---,M (3)

where  Sn, K] is the signal modulating the kth tone during the nth block, H.{n,k], the frequency response a the
kth tone and the nth block, is assumed to be independent for different m' s, but with the same statistics. Wi{nK] is
additive white Gaussian noise at the kth tone and the nth block, with zero-mean and variance s 2.

With the channel parameter estimated as I:|m[n,k], the transmitted signal can be detected as é[n,k] by a
maximal ratio combiner

& H,[n,KIR,[nK]

gnkj="—.
&[H,[nKI}

(4)

Since the channel corresponding to each antenna is independent and has the same statistics, the estimator for
each antenna works independently. Therefore, the subscript mis eliminated in the following sections.

2 Proposed Channel Estimate M ethod

The basic principle of the proposed channel estimate method is to improve the Discrete Fourier
Transform(DFT)-based channel estimate by exploiting the structure of the channel impulse response from its noise
version.

Unit-power pilot-symbol aiding, the Least Square(LS) channel estimate of the kth subcarrier can be obtained
by

g2 RKISTR o
H s[K] BT HIK]+H[K] ©)
where H{[k] denotes channel estimate error, superscript * denotes conjugate.

Let ﬁLs(I) denotes the Ith estimated tap of channel impulse response

ho()=8F (Hukl)d =h@)+@() 1=0,1 - N-1 (6)

where Fy '(3 denotes the power-normalizing Inverse Fast Fourier Transform(IFFT) of size N and W(l) denotes
channel estimate error. Since the channel length is L, the channel impulse response h(l) can be described as

téF(HIK])p l=0,1, -, L-1
ny = € (HIKDE 1

10
According to Eq.(7), al the channel information is contained in the first L taps and other taps only consist of

noise. By ignoring those noise-only taps and consulting Eq.(2), we get the DFT-based channel estimate

(")

otherwise
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n —T,)+Ww -5l = |1 |+4

i @y={ gt Lzl ' led+4 o1 i ®
w(l) . otherwise
Ignoring those noise-only taps, and calculating the correlation of *yp(J) and the reference signal g(/+1,), we
obtain
[m ]+ o L7 J+4 L5 Jr4

= Dgl-7,)= I-t)gl-7,)+ w(l)g(l—7 9
»(7,) IzL%_Sh‘MMSE( )g—1,) alz:{%‘]—sg( gl -1,) lﬁ%—SW( )gl-1,) )]

It is obviously that the absolute value of y(z,) attains its maximum if and only if 7,=7,, that’s the way T,

: L7 J+4
identified, and then by dividing y(z,) with —li g(l—-1)g(—7,), we obtain the estimated
5

g |-
7 |+ ! 7 |+ 7 |4 1
a = y(m(;%;lg(l -7 ) = a1+[,;%;wa>g<l —m][;%_slga —q)lz) (10)
According to Eq.(10), the estimated complex amplitude is blured by noise that has about the same statistical
property as the noise contained in one tap, instead of ten taps, that’s the reason the improved channel estimate
method depresses the noise power greatly. The parameters of other paths can be identified in the same way and the
channel impulse response is reconstructed when all the channel parameters identified.

3 Simulation Results

3.1 System Parameters

Slowly fading channel with 4 paths is considered, the delay of each path is uniformly distributed over the
interval 0~6.4 ps. Operating at a bandwidth of 20 MHz, the OFDM system is divided into 512 tones. The OFDM
symbol period is 32 ps, of which 6.4 ps constitute the cyclic prefix. Without error correcting, the QPSK modulated
data is transmitted by one antenna. At the receiver, four antennas are set to combat fading; the received signal from
each antenna is demodulated independently.
3.2 Performance Comparison

Fig. 1a and Fig. 1b give the simulation results of the comparison of the Mean Square Error (MSE) vs. Signal
to Noise Power Ratio (SNR) and Bit Error Rate (BER) vs. SNR of three different channel estimate methods
respectively.
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Fig. 1 Performance comparison of receiver diversity OFDM system with

different channel estimate methods

Fig. 1a shows that the MSE of DFT-based channel estimate is about 6 dB lower than that of LS channel
estimate, the reason is that N, the size of DFT, is 4 times the channel length L, and then the average noise power is
reduced four times. Accordingly in Fig. 1b, the BER with DFT-based channel estimate is about 2~3 dB lower than
that with LS channel estimate.



6 : OFDM 611

When improved channel estimate method applied, the MSE is about 10 dB lower than that of DFT-based
channel estimate. The superiority is demonstrated more clearly in the BER vs. SNR figure. For the LS channel
estimate, the required SNR for a 102 BER is 7.5 dB while it is about 5 dB for the DFT -based one and 4 dB for the
improved one. It aso can be seen that the BER performance of the system with the improved channel estimate is
just alittle worse than the BER performance of the system with known channel parameters.

4 Conclusions

In this paper, we proposed an improved channel estimate method for OFDM system. We anayze the
characters of multipath path fading channel mode firstly, and then we extract the channel information from its
noisy version by caculating the correlation of the channel impulse response and the reference signal. Computer
simulation shows that the proposed channel estimate method can enhance the accuracy of the channel estimation,
and hence improve the BER performance of receiver diversity OFDM systems.
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