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Abstract  In this work, we consider the effect of doppler bandwidth on the performance of channel sounding. We 
develop the mathematical formulation of the problem and compare the MMSE channel estimator to the simple 
correlator. Examples of the performance of the MMSE and correlator estimators are presented for the single-input
single-output (SISO) case with various values of Doppler bandwidth to assess the impact of time variation. The 
results show that as the fdT product increases the performance of both the MMSE and correlator estimates gets worse,
and that the performance of the MMSE estimator improves relative to the correlator.We also consider case that the 
exact statistics of the channel are unknown It is shown that when the mismatch is not too large, the MMSE estimator
with mismatch still does better than the simple correlator, but if the mismatch is large, then the correlator can do 
better. 

요  약  본 연구에서는 도플러 대역폭이 채널 사운딩에 미치는 영향을 고려한다. 이를 위해 먼저 수학적인 공식을 전개한
후에 단순한 상관기와 MMSE를 비교한다. 시간 변화의 영향을 평가하기 위하여 MMSE와 상관기의 성능은 SISO 환경
하에서 다양한 도플러 대역폭 값을 적용하여 분석한다. 시뮬레이션 결과를 통하여 fdT 값이 증가할수록 MMSE와 상관기의
성능은 더 열화되며 MMSE의 성능은 상관기에 비해 향상됨을 보인다 또한 정확한 채널 정보가 알려져 있지 않을 경우의
성능 열화에 대해서도 고려한다. 채널 정보의 부정확도가 낮을 경우에는 여전히MMSE의 성능이 좋지만 채널 정보의 부정
확성이 커질수록 상관기의 성능이 더 좋아짐을 보인다. 본 연구는 기존에 직관적으로 시행해 왔던 MMSE와 성관기의 성
능 분석을 위한 시뮬레이션에 추가적으로 수학적인 접근법을 제공하여 그 응용분야를 넓혀 갈 수 있음을 보인다.
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1. Introduction 

In this work, we consider the Minimum Mean Square 
Estimation (MMSE)[1,2] of channel parameters based on 
a discrete time model of the time varying channel. We 
develop the mathematical formulation of the problem and 
compare the MMSE channel estimator to the simple 

correlator. Examples of the performance of the MMSE 
and correlator estimators are presented for the single-input 
and single-output (SISO) case with various values of 
Doppler bandwidth[3,4] to assess the impact of time 

variation. The results show that as the   product 

increases the performance of both the MMSE and 
correlator estimates gets worse, and that the performance 
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of the MMSE estimator improves relative to the 
correlator.

We also present some results regarding the degradation 
in performance of the multiple-input and multiple-output 
(MIMO) estimator when the exact statistics of the channel 
are unknown. It is shown that when the mismatch is not 
too large, the MMSE estimator with mismatch still does 
better than the simple correlator, but if the mismatch is 
large, then the correlator can do better.

2. The Effect of Doppler Bandwidth 

on Channel Estimation

In the application of MIMO[3-5] channel 
sounding[6-9], there are at least two related effects of the 
Doppler bandwidth[10]. One is that if the separate 
transmit antennas are excited at different times the 
channel will change somewhat between the two 
measurements and the estimates will not represent the 
channel at the same instant of time. Another related effect 
is that even when one transmit antenna only is excited the 
channel may change during the measurement interval, 
resulting in measurement distortion. Let us address the 
second effect first. The MMSE estimation attempts to 
mitigate the measurement distortion effect by exploiting 
knowledge of the channel time correlation. We will 
compare the performance, in Doppler, of the MMSE 
estimator and the simple correlator. In the next section we 
derive the error in the correlator case, to prepare the 
comparison.

2.1 The Correlator Method

If we assume   is constant and
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then, the output can be written as 
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where   ⋯  . 

If we choose   to minimize ∥∥, then we 
have
 . (3)
From (2), we can have

  . (4)

Using (3) and (4), we estimate   based on  as
 
 

(5)

Finally, we have 
   (6)
For illustration purposes we consider a 2 x 2 case in 

the diagram as shown in Fig. 1. 

2.2 MSE calculation for the Correlator

To calculate MMSE, we consider error covariance 

matrix. Let    , then error covariance 
matrix is
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Now, the resulting mean squared error covariance 
matrix will be 



(9)

since ∙  .
  We have 


 
 
 



(10)

The trace of  represents the total error variance of 
the MMSE.

From (6), we can let . Then
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(11)

The trace of   represents the total error 

variance of the correlator. The next few figures show a 
comparison of measurement error using the MMSE 
method vs. a simple correlator method.

3. Simulation Results

Here we use an M-sequence of length 511 as the 
sounding signal. The channel has an exponential power 

delay profile with    and decay parameter   . 
The average signal to noise power ratio is SNR=30dB. 
The figures show the ratio of the power (in dB) for each 
estimated channel tap to the error variance for the 
corresponding tap, for both the simple correlator and the 
MMSE estimator. The tap number corresponds to the 
delay in samples. The Doppler bandwidth (indicated by 

the   product) is varied in the figures to show its 

effect on both estimators. Unless otherwise stated, the 

value of   in all the figures is   ,i.e., we 

estimate the channel impulse response at the mid-point of 
the received time interval.

[Fig. 1] MMSE vs. Correlator with  

[Fig. 2] MMSE vs. Correlator with  

[Fig. 3] MMSE vs. Correlator with  

In the next few figures the only change is that now 
SNR=50dB.

[Fig. 4] MMSE vs. Correlator with  

MMSE

Correlator
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[Fig. 5] MMSE vs. Correlator with  

[Fig. 6] MMSE vs. Correlator with  

In the next two figures we use an M-sequence of 
length 2047 as the sounding signal. The channel has an 

exponential power delay profile with    and 

decay parameter   . The average signal to noise 
power ratio is SNR=30dB.

[Fig. 7] MMSE vs. Correlator with  

[Fig. 8] MMSE vs. Correlator with  

If we know channel statistics, MMSE is better than 
correlator because correlator depends on noisy measured 
values but MMSE chooses zero mean rather than poor 
estimator.  

4. Statistics Mismatch

So far we have assumed that the channel sounding 
receiver has exact knowledge of the statistics of the 
channel. Next we demonstrate the effect of a mismatch at 
the receiver. The first set of figures shows the effect of 
a mismatch in the assumed Doppler bandwidth. On each 
curve is a graph of the MMSE estimator with mismatch, 
as well as the correlator estimator for comparison. We let 

true signal is   with   and received signal is 

 with . Receiver estimate channel can be 

written as
  

. (12)

  Error covariance matrix is

 





(13)

The trace of    represents the total error 

variance.
Here we use an M-sequence of length 511 as the 

sounding signal. The channel has an exponential power 



Effect of Doppler Bandwidth on the Performance of Channel Sounding

5845

delay profile with    and decay parameter   . 
The average signal to noise power ratio is SNR=30dB.

[Fig. 9] Mismatch case with   , 

           . 

[Fig. 10] Mismatch case with   , 

            . 

[Fig. 11] Mismatch case with   , 

            . 

We can see from these figures that if the statistical 
mismatch is poor, then the correlator can outperform the 
MMSE estimator.

5. Conclusions

We considered the effect of doppler bandwidth on the 
performance of channel sounding by developing the 
mathematical formulation of the problem and comparing 
the MMSE channel estimator to the simple correlator. 
From the results it has been shown that as the fdT product 
increases the performance of both the MMSE and 
correlator estimates gets worse, and that the performance 
of the MMSE estimator improves relative to the 
correlator. We also presented some results regarding the 
degradation in performance of the MMSE estimator when 
the exact statistics of the channel are unknown. It is 
shown that when the mismatch is not too large, the 
MMSE estimator with mismatch still does better than the 
simple correlator, but if the mismatch is large, then the 
correlator can do better.
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