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Effect of Doppler Bandwidth
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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 f;7 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.
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1. Introduction correlator. Examples of the performance of the MMSE

and correlator estimators are presented for the single-input

In this work, we consider the Minimum Mean Square and single-output (SISO) case with various values of
Estimation (MMSE)[1,2] of channel parameters based on Doppler bandwidth[3,4] to assess the impact of time
a discrete time model of the time varying channel. We variation. The results show that as the f,;7  product
develop the mathematical formulation of the problem and increases the performance of both the MMSE and

compare the MMSE channel estimator to the simple  correlator estimates gets worse, and that the performance
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of the relative to the

correlator.

MMSE estimator improves

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 h is constant and

z(n)
z(n—1)
X(n)=|z(n—2)

>

then, the output can be written as

y()] [X*(1) w(1)
y(2) | | X*(2) w(2)

y(3)|_ | x*@) |, |w) "

s x| w(w)

or
y=X*h+w )
where X= [X(1)X(2)--- X(N)] 7.

If we choose h to minimize [l y—X*y |l % then we

have
h= (XX*)"Xy. 3)
From (2), we can have
Xy= (XX*)h+Xw. 4)
Using (3) and (4), we estimate h based on y as
h= (XX*) "Xy )

=h+ (XX*) " 'Xw

Finally, we have
h—h = (XX*)"Xw (©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 error= {h—h}=e, then error covariance

matrix is

E{(b-8)(h-b)*}= Fle e*} ™)
E{e 1e*1}E{e 1e*2}
_ Ele ?e*l}E{e ?e*2}

Ele ,;,e*N}

where
€
e.

e=| 7| ®)
ey

Now, the resulting mean squared error covariance
matrix will be
&= E{(b—h)(b—h)*}=E{(h—h) (b—My)*}
©
since Elerror » y*}=0.
We have
i=E{(b-h)(b-h)*}=E{(b-h)h*} (o)
= F(hh*)—MFHyh*)
= E(hh*)—ME(hy*)*
=Ry~ R’hyRy_lehy*
The trace of A represents the total error variance of
the MMSE.

From (6), we can let M= (XX*) X. Then
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rrelator = E{<h(n0) _B(”o))(h(no) - ﬁ(no))*}
= E{ (h_ Moarrelatary) (h_ Mcarrela,tary) * }
= th_ RhyM*ao'rrelator_ MoorrelatorR‘* hy

+M R, M*

K

O

correlator oorrelator

(1

The trace of K, represents the total error

rrelator
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 Z =511 and decay parameter o = 10.
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 f;7" product) is varied in the figures to show its
effect on both estimators. Unless otherwise stated, the
value of my in all the figures is :N/Q Je., we
estimate the channel impulse response at the mid-point of

the received time interval.
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[Fig. 1] MMSE vs. Correlator with f,7=0
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Fig. 2] MMSE vs. Correlator with f, 7=0.3
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[Fig. 3] MMSE vs. Correlator with f, 7= 0.5

In the next few figures the only change is that now

SNR=50dB.
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[Fig. 5] MMSE vs. Correlator with f,7=0.3
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[Fig. 6] MMSE vs. Correlator with f,7=0.5

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 L =2047 and
decay parameter o« =10. The average signal to noise

power ratio is SNR=30dB.
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[Fig. 7] MMSE vs. Correlator with f,7=0
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[Fig. 8] MMSE vs. Correlator with f, 7= 0.3

If we know channel statistics, MMSE 1is 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 r,.,, with Ry, ... and received signal is

Tree With Ry, ... Receiver estimate channel can be

written as
ﬁ(n(]) = My: (Rhy)rec(Ryy);elcy' (12)
Error covariance matrix is
K;nis match E{<h(n0 ) - ﬁ(no ) ) (h(nﬂ ) - ﬁ(nﬂ )> * }
= { (h_ Mmis_matchy> (h_ Mmis_nmtdty) * }
= R’hh_true_ R‘hy_trueM* mis_match
- Mmis_rmztdzR* hy_true
+ Mmis,nmdzRyy,trueM*mis,matdL
13)

The trace of K. ... represents the total error

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

sounding signal. The channel has an exponential power
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delay profile with L =511 and decay parameter o = 10.

The average signal to noise power ratio is SNR=30dB.
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[Fig. 9] Mismatch case with (f,7)
(f.(lﬂassztrrle'd =05.

=0.3,
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[Fig. 10] Mismatch case with (f,7),,,. =0.1,
(fdj—)assum«d =0.3.
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[Fig. 111 Mismatch case with (f,7),,,. =0.1,
(fd ﬂassumed =0.5.

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 fd7 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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