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Abstract: This letter proposes a power delay profile (PDP) estimation technique for linear 
minimum mean square error (LMMSE) channel estimator of multiple-input multiple-output orthogonal 
frequency division multiplexing (MIMO-OFDM) sys-tems. For practical applications, only the pilot 
symbols of all transmit antenna ports are used in estimating the PDP. The distortions caused by null 
subcarriers and an insufficient number of samples for PDP estimation are also considered. The proposed 
technique effectively reduces the distortions for accurate PDP estimation. Simulation results show 
that the performance of LMMSE channel estimation using the proposed PDP estimate approaches 
that of Wiener filtering due to the mitigation of distortion effects. 
Index Terms: Channel estimation, power     delay profile, MIMO, OFDM, 3GPP-LTE
 
 

I.    Introduction 
 
 MULTIPLE-INPUT multiple-output orthogonal frequency division     multiplexing 

(MIMO-OFDM) is one of the most promising techniques for wireless communication systems, 

including the 3rd Generation Partnership Project Long Term Evolution (3GPP LTE) [1], [2] and 

IEEE 802.16 (WiMAX). MIMO-OFDM provides a considerable performance gain over broadband 

single-antenna systems by obtaining the spatial diversity or multiplexing gain [3], [4]. Most 

receiver techniques of MIMO-OFDM systems are designed with the assumption that channel state 

information (CSI) is available, in order to achieve the maximum diversity or multiplexing gain 

[5]-[7]. The performance gain depends heavily on accurate channel estimation, which is crucial for 

the MIMO-OFDM systems. 

The pilot-aided channel estimation, based on the linear minimum mean square error 

(LMMSE) technique, is optimum in the sense of minimizing mean square error (MSE) when the 

receiver knows the channel statistics [8]. To obtain the frequency domain channel statistics at the 

receiver, power delay profile (PDP) estimation schemes have been proposed [9], [10]. These schemes are 

based on the maximum likelihood (ML) estimation by taking advantage of the cyclic prefix (CP) segment 

of OFDM symbols. However, the ML PDP estimators require very high computational complexity for 

obtaining an accurate PDP. 

Another approach for improving the performance of LMMSE channel estimation employs 

an approximated PDP (i.e., uniform or exponential model) with the estimation of second-order 

channel statistics, which are mean delay and root-mean-square (RMS) delay spread [11]. The channel 

delay parameters are estimated using pilots with low computational omplexity. Therefore, the LMMSE 

channel estimator with the approximated PDP is appropriate for practical applica-tions such as a 

WiMAX system. However, the performance degradation is caused by both the correlation mismatch 

and the estimation error of delay parameters. 

To reduce the mismatch in the frequency domain, we propose a PDP estimation technique 

for the LMMSE channel estimator of MIMO-OFDM systems. For practical applica-tions, the 

proposed technique uses only the pilot symbols of all transmit antenna ports to estimate the PDP 

with low computational complexity. In addition, the proposed technique effectively mitigates the 

distortion effects, incurred by null subcarriers and an insufficient number of estimated channel impulse 

response (CIR) samples. Simulation results show that the performance of LMMSE channel estimation 

with the proposed PDP estimate approaches that of Wiener filtering. 
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II.   System Model 
The system under consideration is a MIMO-OFDM sys-tem with C transmit and D receive 

antennas, and < total subcarriers. Suppose that the MIMO-OFDM system transmits <c subcarriers at 

the central spectrum assigned for data and pilots with <−<c virtual subcarriers, in order to control 

interferences with other systems. The CIRs corresponding to different transmit and receive antennas in 

MIMO systems usually have the same PDP [12]. 

Let _n[Rn, Tn] be the pilot subcarrier for the ath trans-mit antenna at the Tnth OFDM 

symbol, which is a QPSK modulated signal from known sequences between the trans-mitter and 

receiver. We assume that the pilot subcarriers are distributed over a time and frequency grid as in Fig. 

1, to preserve the orthogonality of pilots among different transmit antennas. Rn∈ℱn and Tn∈_n represent 

the index sets for the pilot subcarriers of the ath antenna port in the frequency and time domains, 

respectively. At the Tnth OFDM symbol, the number of pilot subcarriers is defined as <n=∣ℱn ∣. The 

pilot inserted OFDM symbol is transmitted over the wireless channel after performing an inverse fast 

Fourier transform (IFFT) and adding a CP. It is assumed that the length of CP, =f, is longer than the 

channel maximum delay, =aℎ, making the channel matrix circulant (=aℎ ≤ =f). 

At the receiver, after perfect synchronization, the removal of CP, and FFT operation, the received pilot 

symbol for the dth receive antenna can be represented as 
 
yo[Tn] = LPKO(xn)Fnhn,o + no, (1) 
 

where hp,q= [ℎp,q[gp, 0],ℎp,q[gp, 1], . . . ,ℎp,q[gp, Efℎ], 0, . . . , 0]c is an =f×1 CIR 

vector at the ath transmit antenna and dth receive antenna. (⋅)S      and (⋅)=      represent the  
transpose operation, and the transpose and conjugate op-  

eration of     a vector or matrix, respectively. xn         = _n[P1, Tn], _n[P2, Tn], . . . , _n[PHr, Tn] 
S 

denotes a pilot vec-tor at the Tnth OFDM symbol for Pi∈ℱn and R=1, 2, . . . , <n. 
 

 

[ ] 
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We also observe from Fig. 3 that the proposed method has a performance loss within only a 

2.4-dB gap, compared with 2×1D Wiener filtering. 
 

In Fig. 3, we investigate the MSE performance of the pro-posed scheme over the exponentially power 
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decaying six-path Rayleigh fading channel model, where the channel maximum 
delay, =aℎ, is variable. The PDP of the channel model is de-fined as _{∣lj 

,o[T]∣2}= 1 Nj/vsp        for 

S=0,Δr, . . . , 5Δr and Δr=K

5
ℎ . Here, rpkq= jmf(2K     ) 

and Gℎ is the normalization 

factor (Gℎ= 
j 

N−j/vsp  ). The performance of the proposed scheme is better than that of the 

conventional methods, and 
 

approaches that of Wiener filtering in various channel envi-ronments. 
 

Figure 4 shows the MSE performance of the 2×1D LMMSE technique using the estimated PDP for 

different mobile equip-ment speeds at 30-L_ SNR. All underlying links are modeled as ETU channels. In Fig. 

4, it can be seen that the MSE of LMMSE technique using the estimated PDP achieves that of Wiener 

filtering even at high Doppler frequencies. 
 

Figure 5 shows simulation and analysis results of the frequency-domain LMMSE channel 

estimation with various samples for obtaining the PDP at 20-L_ SNR (> = ∣_n ∣C D). We assume that 2 × 2 

MIMO-OFDM system over ETU chan-nels with 70-;k Doppler frequency. The simulation results 

correspond to the channel estimation performance at the first OFDM symbol of antenna port 1 shown in Fig. 

1. We obtain the analytic results in (22) by using the coefficient matrix for LMMSE channel estimation with the 

perfect or imperfect PDP at the antenna port. In Fig. 5, it is observed that the MSE of the proposed scheme 

improves the MSE performance with an increase in the number of samples for PDP estimation. 

 

VI.    Conclusions 
We proposed a PDP estimation technique for the LMMSE channel estimator in MIMO-OFDM 

systems. The CIR esti-mates at each path of the MIMO channels were used to obtain the PDP. For 

accurate PDP estimation, we considered the spectral leakage effect from virtual subcarriers, and the 

resid-ual noise caused by the insufficient number of estimated CIR samples. The proposed technique 

effectively mitigates both the spectrum leakage and residual noise. Simulation results show that the 

performance of LMMSE channel estimation using the proposed PDP estimate approaches that of Wiener 

filtering. 
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