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Abstract—In this paper we investigate the trade-off between
the number of fingers in the prefilter of a TR-IR-UWB system
versus the number of fingers in the rake receiver. This allows
studying the gain brought by time reversal when the complexity
is switched from the receiver to the transmitter i.e. when the
number of fingers is increased in the prefilter, while it is reduced
in the rake receiver.

I. INTRODUCTION

Impulse Radio Ultra Wide Band (IR-UWB) communica-
tions are classically based on the use of a rake receiver.
Many studies have been made on the number of fingers to
be used in the rake in order to obtain good performance [1],
[2], [3], [4], [5]. Time Reversal (TR) IR-UWB systems use
a prefilter at the transmitter side [6], that has the function
of convolving the UWB pulse with the impulse response of
the channel reverted in time; when the signal traverses the
channel, the output of the channel presents the correlation of
the channel with itself. Thus, the Time Reversal prefilter has
a function somehow analog to the rake receiver i.e. creating
the correlation of the channel with itself. As a matter of fact
one of the main advantages which is often claimed for TR is
to move the complexity from the receiver to the transmitter.
Moreover, like the rake receiver, the rake of the prefilter at the
transmitter side may be implemented ‘partially’ by selecting a
number of fingers lower than the total number of paths in the
channel, reducing thus the complexity of implementation. Our
study aims at investigating how TR UWB effectively shifts
the complexity from the receiver to the transmitter. To this
purpose, we analyze performance as a function of the number
of fingers in the rake receiver and the number of fingers in the
TR prefilter. As a matter of fact, while using TR, the receiver
should still use a rake adapted to the new signal. Therefore,
one can tune both parameters at once: the number of fingers of
the prefilter versus the number of fingers of the rake receiver.

II. SIGNAL MODEL

The classical TH-IR UWB (Time Hopping Impulse Radio
Ultra Wide Band) signal using PAM (Pulse Amplitude Mod-
ulation) may be written as:

y(t) =
∑

m

amw(t − mTf − cmTc) (1)

In this expression, w(t) is the unit-energy basic pulse
waveform with a time support included in [0, Tc), am the
information symbol at symbol interval m, having its values
in the set {−1, 1}. The so-called frame time is Tf = NhTc,
where Tc is the so-called chip time interval (Nh is the
frame length in chips). The time hopping code is represented
by the sequence (cl)l∈Z, the elements of which belong to
{0, . . . , Nh − 1}.

Fig. 1 represents the general transmission chain:

Fig. 1. Time Reversal (TR) combined with Selective RAKE (SRAKE)

In a ‘full’ TR (Time Reversal) system the signal is con-
volved with h(−t) in the prefiltering block. h(t) is the channel
impulse response (see Fig. 2):

h(t) =
L−1∑

i=0

γiδ(t − τi) (2)

with L the total number of paths in the channel and τi the
delay associated to the ith path and γi its amplitude.

To reduce the complexity, we can use a pre-filter hin(t) (see
Fig. 3) where only a subset of paths is considered:

hin(t) =
Nin−1∑

i=0

αiδ(−(t − τi)) (3)

with {αi}i∈[0,Nin−1] the strongest Nin ≤ L paths of h(t).
At the receiver side, the full rake has to perform the

correlation of the received signal with w(t)∗hin(t)∗h(t) (see
Fig. 4). One can also implement a partial rake receiver, making
the correlation of the received signal with w(t) ∗ hout(t) (see
Fig. 5), where:
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Fig. 2. Example of h(t)
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Fig. 3. Example of hin(t)

hout(t) =
Nout−1∑

i=0

βiδ(−(t − τi)) (4)

with {βi}i∈[0,Nout−1] the strongest Nout ≤ (2 · L) fingers of
hin(t) ∗ h(t).
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Fig. 4. Example of hin(t)∗h(t)
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Fig. 5. Example of hout(t)

III. SIMULATIONS AND RESULTS

In order to obtain the performance of TR UWB in terms of
BER, we have run simulations using channel models named
CM1 (line-of-sight, LOS) and CM3 (non-line-of-sight, NLOS)
according to [7]. We use the classical Scholtz’s pulse: w(t) =[
1 − 4π

(
t
τ

)2
]
· exp

[
−2π

(
t
τ

)2
]
. System parameters are τ =

0.5ns, Tc = 1ns and Nh = 280 chips. We analyze the BER as
a function of the number of fingers in the prefilter Nin and in
the rake receiver Nout. The N selected paths from the fingers
correspond to the N strongest ones (Selective RAKE).

Results are shown in Fig. 6 and 7; performance changes
when switching the number of fingers from the receiver to
the transmitter. For instance, when Nin = 1 and Nout = 10
(i.e. without time reversal) performance is better than when
Nin = 10 and Nout = 1.
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Fig. 6. BER(Nin, Nout), Eb/N0 = 9dB, LOS

In order to keep same performance when the number of
fingers at the rake receiver is lowered, the number of fingers at
the transmitter must be increased in a more important way, and
a small number of fingers has still to be kept at the receiver.
For instance, a bit error rate of 0.5 ·10−2 with the initial value
of Nout = 8 and Nin = 1 may be kept by lowering Nout to
5 but increasing Nin to 10, as shown in Fig. 12.
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Fig. 7. BER(Nin, Nout), Eb/N0 = 9dB, NLOS

Moreover, in some situations, increasing the number of
fingers at the transmitter while keeping the number of fingers
at the receiver may reduce performance. This can be explained
by a major spreading of the energy on various paths: while
the main path is strongest in time reversal, many sub paths
may appear, creating thus a major energy spreading. The
strengthening effect of the main path due to time reversal
is shown on Fig. 8 and 9, that show the percentage of the
total received energy on the main path as a function of the
number of fingers Nin in the time reversal pre-filter. Note that
for Nout = 1, the lower energy values on the main path is
obtained for Nin = 1, i.e. without time reversal.

Fig. 8. LOS, Energy percentage on Nout fingers at the receiver (Nout = 1
to 10). The curve with Nout = 1 gives the energy percentage on the main
central path.

The spreading effect of the total energy on an increased
number of paths in time reversal is shown in Fig. 10 and 11.
For a fixed number of fingers Nout ≥ 10 in the rake receiver
(LOS) or Nout ≥ 30 (NLOS), the percentage of the total
energy at the output of the rake receiver decreases when the
number of fingers in the time reversal pre-filter increases.

As expected, increasing the number of fingers in the rake
receiver while keeping a fixed number of fingers at the prefilter
always increases performance.

Finally, Fig. 12 shows the iso-BER curves as a function

Fig. 9. NLOS, Energy percentage on Nout fingers at the receiver (Nout = 1
to 10). The curve with Nout = 1 gives the energy percentage on the main
central path.

Fig. 10. LOS, Energy percentage of Nout fingers

of Nin and Nout, where the values of the pairs (Nin, Nout)
producing the same BER performance are shown. Note that
with respect to the no time reversal case (Nin = 1), a
same performance can be obtained by increasing Nin and by
decreasing the number of fingers Nout in the rake receiver
only when the initial BER is high, i.e. only when the rake

Fig. 11. NLOS, Energy percentage of Nout fingers
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receiver without time reversal uses a small number of fingers
(less than about 10).

0 5 10 15
0

5

10

15

20

25

30

35

40

45

N
in

 Fingers

N
ou

t F
in

ge
rs

 

 

BER=10−2

BER=0.5⋅10−2

BER=10−3

BER=0.7⋅10−3

Fig. 12. Constant BER curves, NLOS, Eb/N0 = 9dB

In summarily, results show that time reversal helps moving
complexity from receiver to transmitter, only when receiver
has initially a low number of fingers, otherwise the use of
time reversal with reducted fingers at the rake receiver reduces
performance.

The impact of time reversal seems more promising however,
in a scenario with multi user interference (MUI). Fig. 15 shows
that in the case of strong interferers, time reversal may lead to
better performance (see (Nin = 1, Nout = 40) versus (Nin =
40, Nout = 40)). This happens maybe due to the fact that
TR modifies the MUI distribution, while from [9], [10] the
MUI distribution may have a strong impact on the IR UWB
performance. This effect must be investigated further, and will
form the object of future investigations.
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Fig. 13. SRAKE without TR for binary PAM-TH, LOS

IV. CONCLUSIONS

This study analyzed the impact of the number of fingers
in the rake receiver and in the time reversal prefilter for IR-
UWB. Results show that only in special conditions, i.e. for
low number of fingers in the initial rake receiver, moving the
complexity from the receiver to the transmitter by increasing
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Fig. 14. TR and SRAKE for binary PAM-TH, NLOS
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Fig. 15. NLOS, strong interference from 5 users with 10dB above the usefull
signal

the fingers in the prefilter and lowering it in the rake receiver
produces better performance. In environments with very high
interference, time-reversal combined with rake receiver could
be more advantageous as it appears to have an important im-
pact over the MUI distribution. This issue will be investigated
further in future work.
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