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        摘要 

 
 本論文旨在簡化應用於高速短距無線通訊系統中的接收端架構。我們提

供一個在傳送端解決多路徑干擾問題的方法。我們設計一個多路徑處理器以

量測多路徑衰降的係數並且估測對傳送信號的 ISI。根據已經估測的 ISI，我

們修改傳送信號的振幅，使接收信號與傳送信號有相同的極性以及數量。當

ISI 和傳送信號有同的極性時，我們可以適當修改臨界值以節省傳送能量。

此外，因為在傳送端做等化，我們可以事先知道後續傳送信號的資訊。因此

當目前傳送信號所產生的 ISI 和後續傳送信號有同的極性時，我們可以進一

步修改臨界值以節省更多的傳送能量。因為在傳送端做了等化，因此接收機

變得非常簡單。最後，我們提出系統的效能分析並討論此系統的相關問題。 
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        Abstract 
     

The purpose of this paper is to simplify the receiver structure in high-speed 

short-range wireless communications. We develop solutions to deal with multipath 

problem at the transmitter (TX). A multipath processor (MP) is designed to measure 

the multipath coefficients and estimate the amount of possible ISI on the transmitted 

signal. According to the estimated ISI, we modify the transmitted signal amplitude to 

make the received signals with desired polarity and magnitude. For saving transmitted 

power, we can modify the threshold significantly while ISI and the current data have 

the different polarity. By doing pre-equalization at TX, the information of the 

upcoming data could be known in advance. We could also modify the threshold for 

saving more power by considering this information. Because equalization is done at 

TX, the receiver structure can be rather simple. We present the system performance 

analysis and discuss related issues of this system. 
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Chapter 1 introduction 
 

In recent years, ultra-wideband (UWB) communications had received great interests 

from both the research community and the communication industry. Ultrawideband 

(UWB) technology was defined by the Federal Communications Commission (FCC) as 

any wireless transmission that occupied a fractional bandwidth  where %20/ ≥cfW W  

was the transmission bandwidth and  was the band center frequency, or more than 

500 MHz of absolute bandwidth [1]. In UWB systems, such large bandwidths were 

achieved by using very narrow time-duration baseband pulses of appropriate shape and 

duration. The system will be prevented from significant overlapping in 

multipath-dominated environment due to the fine resolution of multipath arrivals [2]. 

However, while the data transmission rate is up to the Gbps level, which resulting in 

subnano-second repetition interval, the multipath-induced ISI will become a critical 

problem [3].  

cf

Traditionally, the simplified optimum receiver structure, i.e. a RAKE front end 

followed by an MMSE equalizer, would be applied to solve intersymbol interference (ISI) 

problems [3]. However, if the number of resolvable paths is large, collection of sufficient 

energy in dense multipath environments will require a large number of RAKE fingers. 

Thus, the receiver structure will be very complex. Also, it makes RAKE receiver 

structure hard to obtain essential pieces of the energy in received multipath components. 

Therefore, several sub-optimum receiver structures for energy capture were proposed 

instead, such as the partial RAKE structure [4], the transmit reference scheme [5], the 

differential scheme with energy detector [2][6], as well as the decision feedback 

autocorrelation receiver [7]. Also, a distinctive sub-optimum structure called the time 

reversal scheme was proposed [8]. In the time reversal system, the transmitter can 
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acquire the channel impulse response and employ it to build a pre-filter to compensate 

the multipath channel. Besides, a transmission technique for channels with intersymbol 

interference named Matched-Transmission Technique was proposed [9]. In this scheme, 

ISI can be reduced by altering the signal format of the transmitting pulse sequence. The 

correlative level coding [10] and the partial-response signaling schemes [11] had been 

also developed by this point of view. In this schemes, the ISI is not necessarily treated as 

an undesirable phenomenon and is controlled to achieve certain beneficial effects in data 

transmission. 

In high-speed short-range systems, short transmission distance enables high SNR 

whereas high-speed may lead to serious multipath-induced ISI [3]. Hence, ISI effect is a 

serious problem in such a transmission environment. In this thesis, we design solutions 

directly at the transmitting end rather than at the receiving end. The advantages of 

managing ISI problem at the transmitting end are that previous and upcoming data 

information is available and little noise is included in signal processing. Specifically, 

since most system complexity is located at the transmitter, the receiver structure can be 

much simplified. In this thesis, we design a multipath processor (MP) similar to the 

infinite impulse response (IIR) filter structure to measure the multipath coefficients and 

estimate the multipath-induced ISI produced by the past signal. Then we can use the 

estimated ISI to appropriately modify the amplitude of transmitted data. After 

transmitting the processed signal through the multipath channel, the induced-ISI will lead 

the received signal to the desired polarity and magnitude. Such a scheme can ease the RX 

design. In fact, only detection and decision functionality is needed at RX. Besides, in 

order to save transmitted power, some threshold is adjusted while ISI induced by the 

previous data has the different polarity as the current data. This may let transmitter send 

additional power to compensate for multipath-induced ISI. Also, because we manage ISI 

problem at the transmitting end, the upcoming data can be known in advance. By the 
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same setup, the threshold would be better adjusted to save more transmitted power. 

The rest of this paper is organized as follows. Chapter 2 describes the channel 

model adopted and the channel measurement scheme, and provides detailed analyses of 

the proposed system. Chapter 3 shows the simulation results and performance 

comparison. Finally, we draw the conclusion in Chapter 4. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 6



Chapter 2 Transmitter Pre-equalization 
 

In this chapter, a transmission method with multipath managed at transmitter is given. 

First, the channel model adopted by this system is discussed. Second, the proposed 

transmitter pre-equalization is presented. In this section, on-off mechanism is investigated 

to solve the problem that transmitted pulses tend to increase or could possibly diverge 

infinitely. Finally, since pre-equalization was done at transmitter, the transmitted 

sequence could be known in advance. Thus we can save transmission power and decrease 

the BER of this system by taking advantage of this information. 

 

2.1 Channel Model 

In our system, we adopt the channel model described in [12] to specify the channel 

characteristics. Such a indoor UWB channel possesses two special properties. One is the 

clustering property of arriving multipath components, a direct result of the grouping 

scatters in the physical environment. Accordingly, if one or more paths arrive in one time 

bin, an increase (or decrease) in the probability of a path arrival is in the next bin. The 

other one is the rather small number of scatters within one resolvable path, usually no 

more than 2 or 3. A two-state Markov model and a Modified Poisson process are adopted 

for the characterization of such arrival time. The two-state Markov model is applied to 

describe the probability of each path. In each state, the number of arrival paths in one 

time bin is determined via Poisson distribution as below:  
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State 1: 
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== .                         (2.1) 

 

 

State 2: 

( )
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2
2

k
euknP

kuk

l

−

== .                         (2.2) 

 

In the above equations,  and  are the Poisson parameters; ∫=
cT

dttu )(11 λ ∫=
cT

dttu )(22 λ

)(1 tλ  and )(2 tλ  are the mean number of paths arriving at time t. State 1 denotes the 

state that arises when no paths are present in the previous time bin, and state 2 reprents 

the opposite case when paths are present in the previous time bin. Also, a Gamma 

distribution is employed to demonstrate the power distribution.  

In this thesis, we will focus on the light-of-sight (LOS) situation. Hence, the first 

multipath component will be multiplied by the LOS power-gain factor equal to 5dB 

relative to the second multipath component. Fig. 2.1 shows the simulation of this channel 

model with 50 multipaths and a time bin of 1ns. It is found that most of the conspicuous 

multipath components are presented within t < 25ns. 
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Fig. 2.1 Simulation result of the multipath channel. 

 

2.2 System Model 

Using discrete-time signal representation, if a slow fading channel is assumed, it can 

be modeled as below [9].  

 

[ ] [ ]∑
=

−=
N

l

j
l lnenh l

0

δα θ ,                    (2.3) 

 

where lα  and lθ  are the relative fading amplitude and cumulative phase 

corresponding to the lth path. Fig. 2.2 illustrates a bi-direction channel model, where 

 and  specify the forward impulse response (FIR) and the backward 

impulse response (BIR), respectively. In our system, we consider bipolar pulses so that 

][nh f ][nhb

lθ  in (2.3) will be simplified to 0 or π . The FIR and the BIR can be given respectively 

as  

∑
=

−=
fN

l
lf lnnh

0

][][ δα ,                     (2.4) 
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 .                     (2.5) ∑
=

−=
bN

l
lb lnnh

0
][][ δβ

where lα  and lβ  are the relative amplitudes at the lth path of FIR and BIR, while  

and  are the numbers of FIR and BIR multipath components. Here, we assume 

= =

fN

bN

fN bN N =50 to simplify the follow analysis. 

 

][nhf

][nhb   

Fig. 2.2 Bi-direction channel model 

In our system, pre-equalization is carried out at transmitter.  Therefore, unlike 

traditional ISI management, the FIR of the channel should be known in advance. Then, 

the distortion caused by multipath can be measured subsequently. Due to the reciprocity 

property of TX/RX antennas, FIR and BIR of the channel are symmetric. Consequently, 

(2.4) and (2.5) can be simplified as 

 

[ ] [ ] [ ] [ ]∑
=

−===
N

l
lbf lnnhnhnh

0

δα .             (2.6) 

 

Figure 2.3 illustrates the wireless transmission model over a channel with 

intersymbol interference and additive Gaussian noise. In this figure,  is the 

discrete-time data,  is the modified data signal, and  is the channel impulse 

ia

ib ][nh
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response with intersymbol interference as described in (2.6). The Fourier transform of 

 is . ][nh )( fH

][nh

ia ib ir

in

^

ia

 

Fig. 2.3 Wireless transmission model 

 

If we assume that  is normalized so that ][nh 10 =α , then the channel output is given 

by  

∑∑
=

−
=

− ++=+=
N

k
ikiki

N

k
ikiki nbbnbr

10

αα ,            (2.7) 

 

where  is the additive noise, which is assumed to be statistically independent of . 

The second term in (2.7), that is  

in ib

∑
=

−=Ψ
N

k
kiki b

1

α ,                        (2.8) 

 

is corresponding to the intersymbol interference, being determined by previous modified 

data . If we choose the modified data as 'lkd −

 

iii ab Ψ−= .                          (2.9) 

 

The following equation is obtained from (2.7) and (2.9). 
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iii nar += .                        (2.10) 

 

It shows that the received signal  would only be interfered by the additive noise. A 

circuit implemented corresponding to (2.9) is shown in Fig. 2.4, where the transfer 

function of the feedback filter is given by 

kr

 

1)()( −= fHfZ                          (2.11) 

In this case, 

)(1
)()()()()()(
fZ

fafbfbfbfZfa i
iiii +

=⇒=− ,          (2.12) 

 

1)(
)(

1
]1)([1

1
)(1

1 −==
−+

=
+

fH
fHfHfZ

.            (2.13) 

 

 

1)( −fH

ia ib

ih
 

Fig. 2.4 Block diagram of transmitter in pre-equalization technique 

 

It means that we can move the linear equalization from receiver to transmitter. Namely, 

we can solve the intersymbol interference problem directly at TX with pre-equalization 

filteing.  

A circuit named the multipath processor (MP) is designed at transmitter to implement 
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the inverse filter and to measure the channel coefficients. The circuit diagram of 

MP is shown in Fig. 2.5, being an IIR filter-like structure. Its input/output relationship is 

written as  

1)( −fH

 

∑
=

−−⋅=
L

l
l lnypnxpny

1
0 ])[][(][ .                 (2.14) 

where L is the number of taps in the MP.  

 

 p0

Z-1

p1

Z-1

Z-1

p2

pL-1

  pL

Z-1

y[n]x[n]

 

  Fig. 2.5 The multipath processor for registering the multipath coefficients 

 

In the ideal measuring process without channel noise, the receiver sends an impulse to 

the transmitter and all the channel components will be registered accurately. Then the 

MP applies the channel components ( lα , l=0,1,2…,N) to specify its tap coefficients as  

 

1/1 00 == αp ,                        (2.15) 

llp α= , l=1,2,…,N.                      (2.16) 
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2.3 System Description 

2.3.1 System Design Concept 

While a series of data stream , ∑ −=
k

k kndnD ][][ δ }1,1{ −∈kd , is sent to the RX 

via a noiseless multipath channel, the received signal is written as 

 

[∑
=

−⊗=⊗=
N

l
lf lnnDnhnDnR

0

][][][][ δα ].             (2.17) 

 

At some time instant, the received signal can be represented as 

 

     ][][ knrnR k −⋅= δ ,                   (2.18) 

kk
l

lklkk dddr Ψ+=+= ∑ − 00 ααα .             (2.19) 

 

where  corresponds to the multipath-induced ISI resulted from the previous data. 

Since  is a random variable depending on the multipath coefficients and the polarity 

of past data, it will lead to performance degradation.  

kΨ

kΨ

In the proposed system, the multipath coefficients can be accurately measured at TX 

according to the measuring process described in Section 2.2. Using the measured 

multipath coefficients, we can pre-determine the amount of multipath-induced ISI before 

 is sent and appropriately modify the amplitude of . Let  denote the modified 

signal amplitude. Replacing  with , then (2.19) is reformulated as  

kd kd '
kd

kd '
kd

 

kk
l

lklkk dddr Ψ+=+= ∑ −
'

0
''

0 ααα ,                (2.20) 
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∑ −=Ψ
l

lklk d 'α ,                       (2.21) 

 

where   is again the amount of multipath-induced ISI produced by the past data. We 

can modify the MP of Fig. 2.3 to estimate 

kΨ

kΨ  at TX. Fig. 2.6 demonstrates the circuit of 

the modified MP. 

 

 

               Fig. 2.6 The modified MP for estimating the amount of Ψ 

 

Assuming the FIR coefficients are accurately measured, the tap coefficients of the 

modified MP are specified as 

Nlp ll ,...2,1, == α .                    (2.22) 

 

Thus the value of kΨ  can be exactly estimated.  

 

 15



2.3.2 Determination of the Modified Data  '
kd

2.3.2.1 One Bit Pre-Equalization with Stable Channel Coefficients 

Because MP is an IIR-filter like structure, channel coefficients should be checked if 

the filter is stable or not. An IIR filter could be characterized by the transfer function as  

 

n
n

n
n

zdzd
zqzqq

zD
zQzH −−

−−

+++
+++

==
L

L
1

1

1
10

1)(
)()(              (2.23) 

 

So the transfer function of MP can be characterized as  

 

n
n zzzD

zH −− +++
==

αα L1
11

1
)(

1)( .             (2.24) 

 

where , 10 =q 021 ==== nqqq L , and nnd α= , Nn ,,2,1 L= . Therefore we could 

plot the zero-pole diagram to check if the poles are located inside or outside the unit 

circle. When the channel is stable,  could be convergent. If we let  be designed to 

have the same polarity as  and be equal to a specific threshold so as to combat the 

channel noise. Then, the following equality holds for : 

'
kd kr

kd

kr

 

ξ=⋅ kk dr ,                         (2.25) 

 

where ξ is the threshold and is a positive number. From (2.19), we have 

 

ξα =Ψ+ kkkk ddd '
0 .                     (2.26) 
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Then,  

 

k

kk
k d

dd
0

'
α

ξ Ψ−
= ,                        (2.27) 

 

Assume the multipath component kΨ  be measured correctly, from (2.27), the modified 

data  would let the received data '
kd

k
k d

r ξ
= . In this case, 

 

k
k

k

kk
kkk dd

ddr ξψ
α

ψξαα =+
−

=Ψ+=
0

00 ' .              (2.28) 

 

And the decision of  would be only distorted by the additional noise. Nevertheless, if 

channel is unstable,  could be divergent. 

kr

'
kd

 

2.3.2.2 One Bit Pre-Equalization with Unstable Channel Coefficients 

In the previous section, we mention that if the channel is unstable,  could diverge 

toward infinity. Under this condition, we develop a solution to deal with the problem. Let 

 be designed to have the same polarity as  and its magnitude equal to or exceed a 

specific threshold so as to combat the channel noise. Then, the following inequality holds 

for : 

'
kd

kr kd

kr

ξ≥⋅ kk dr ,                         (2.29) 

 

where ξ is the threshold and is a positive number. From (2.20), we have 

 

ξα ≥Ψ+ kkkk ddd '
0 .                     (2.30) 
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If ξ≥Ψ kkd , which means that the magnitude of  is larger than kkdΨ ξ . In such a 

condition, the best choice is  to save transmission power. Namely, the system is 

in the idle state without sending any signal and 

0' =kd

kkr Ψ= . Next, if ξ<Ψ kk d , according 

to (2.30), we obtain . The equality holds, if we choose  as kkkk ddd Ψ≥ -'
0 ξα '

kd

k

kk
k d

dd
0

' -
α

ξ Ψ
= .                         (2.31) 

 

In this case, ξξα k
k

kkk d
d

dr ==Ψ+= '
0 . Table 2.1 summarizes the four possible  

due to different multipath conditions and polarities of data. 

kr

 

 1=kd  1−=kd  

ξ≥Ψ kkd  ξ≥Ψ= kkr  ξ−<Ψ= kkr  

ξ<Ψ kkd  ξ=kr  ξ−=kr  

Table 2.1 Summary of possible rk 

 

If we focus on the theme of saving transmitted power, from (2.30) there is another 

variable we could consider, i.e. the threshold ξ . Eq. (2.30) could be rewritten as  

 

'''
0 ξα ≥Ψ+ kkkk ddd ,                      (2.32) 

 

If , that means ISI caused by multipath has different polarity as the input data. 

Therefore, the modified data  would need addition amplitude to counteract the ISI for 

meeting the threshold. Under this conditon, we could lower the threshold to save power. 

0<Ψ kk d

''
kd
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The equality holds if  is chosen as  ''
kd

k

kk
k d

dd
0

'
'' -

α
ξ Ψ

= .                        (2.33) 

Table 2.1 could be renewed to summarize the six possible  as shown in Table 2.2. 

From Table 2.2, the first two conditions have the same property. Because ISI induced by 

multipath has the same polarity as the input data, it can be used directly as the transmitted 

signal. However, the last two conditions are contrary as the first two. 

kr

 

 1=kd  1−=kd  

ξ≥Ψ kkd  ξ≥Ψ= kkr  ξ−<Ψ= kkr  

ξ<Ψ≤ kk d0  ξ=kr  ξ−=kr  

0<Ψ kkd  ξξ <= '
kr  ξξ −>−= '

kr  

Table 2.2 Summary of possible modified rk 

 

2.3.2.3 Two-Bits Pre-Equalization with Unstable Channel Coefficients 

As described in the previous section, we consider the effect of multipath imposed on 

the upcoming data. We utilize it to help transmission and to save transmission power. But 

there is another information we did not think of. At TX, we could not only obtain the 

multipath component, but also have the information of the upcoming data. In this section, 

we would take this advantage and exploit what we can do to improve system performance. 

Under the condition that the channel is line-of-sight (LOS) and normalized, the maximum 

channel coefficient except the first one is found out first. Similar to (2.18)-(2.20), at some 

time instant, the anticipated received signal can be represented as 

 

     ][][ knrnR k −⋅= δ ,                        (2.34) 
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kk
l

lklkk dddr Ψ+=+= ∑ − ''' 00 ααα .                  (2.35) 

Thus, 

nkknnk

N

nl
lnklknnknk dddddr ++

+=
−+++ Ψ+++=+++= ∑ '''' 0

1
0 ααααα LL ,    (2.36) 

 

where nα  is the maximum channel coefficient except the first one. From (2.35) and 

(2.36), it shows that the modified data '  would be the dominate term on determining 

 . From (2.36),  can be written as  

kd

'nkd + 1221 ,,, −+++++ nknknk rrr LL

 

11101 '' +++++++ Ψ+++= nkknnknk ddr αα L ,              (2.37) 

22202 '' +++++++ Ψ+++= nkknnknk ddr αα L ,              (2.38) 

M

M  

12112012 '' −+−+−+−+ Ψ+++= nknknnknk ddr αα L .             (2.39) 

 

Therefore, from (2.37)-(2.39), it can be shown that  would affect  mostly, 

'  would seriously affect  and so on. At last, '  would affect  

mostly. We take 2n bits as a segment to find out the new management rule. It can be 

found that the former n bits could be considered as the effect terms; while the latter n bits 

are affected terms. Figure 2.7 illustrates the data sequences being partitioned into many 

segments. In each segment, ISI introduced by the effect terms would be considered if it is 

constructive or destructive to the affected terms in advance.  

'1+kd '1++nkd

2+kd '2++nkd 1−+nkd '12 −+ nkd
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LL

 

Fig. 2.7 Segmented data sequences 

 

Apply the same criterion as shown in (2.30), (2.35) and (2.36) could be rewritten as 

 

ξααα ≥Ψ+=+= ∑ − kkkk
l

lklkkkk ddddddrd ')''( 00 ,         (2.40) 

ξαα ≥Ψ+++= +++++++ nknknkknnknknknk dddddrd ''0 L .      (2.41) 

 

While determining , we should considered not only the interference caused by 

previous data, but also the interference induced by  to the next n-th data. Besides the 

decision rule shown in Table 2.2, there is another condition that the threshold 

'kd

'kd

ξ  should 

be adjusted. If 0)( <+ knnk dd α , meaning that intersymbol interference caused by  is 

destructive, the threshold in (2.40) will be lowered for saving transmission power and 

decreasing the ISI distortion. Therefore, Table 2.2 should be modified. Table 2.3 shows 

the possible  under four conditions. 

kd

kr
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 1=kd  1−=kd  

ξ≥Ψ kkd  ξ≥Ψ= kkr  ξ−<Ψ= kkr  

ξ<Ψ≤ kk d0  ξ=kr  ξ−=kr  

0<Ψ kkd  ξξ <= '
kr  ξξ >−= '

kr  

ξ<Ψ≤ kk d0  and 

0)( <+ knnk dd α  

ξξ <= '
kr  ξξ >−= '

kr  

Table 2.3 Possible  under two-bit consideration kr

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 22



Chapter 3 Performance Analysis 

 

3.1 System Performance 

 

MP channel

AWGN

][nh

detector

in

kd 'kd kr
decision

kΨ

 

Fig. 3.1 Transmission model 

 

Figure 3.1 illustrates the transmission model we will use in the following simulation, 

where  is the transmitted data,  is the modified data signal and  is the received 

signal. In this model, the receiver is very simple, only the detector and the decision 

function are needed. We let 

kd '
kd kr

1=kd  so that the average power of data is 1. In order to 

compare the performance under different channel conditions, we adopt three channel 

coefficients as shown in Figs. (3.2)-(3.4) 

 

Figure 3.2 Channel impulse response A 
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Figure 3.3 Channel impulse response B 

 

 

Figure 3.4 Channel impulse response C 

 

In these fading channels, it can be shown that the number of multipath is channel A < 

channel B < channel C. Fig. 3.5 provides the BER corresponding to three channels with 

different received SNR under ideal transmission condition. In ideal transmission 

condition, the multipath coefficients are assumed to be measured without noise, so the 

corresponding  can be accurately obtained.  kΨ
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Figure 3.5 Performance of proposed system 

 

In Fig. 3.5, the thick solid line is the BER of the bipolar data passing through a 

multipath-free channel, being interfered only by the additive Gaussian noise. The circle 

line corresponds to direct transmission without any ISI management, where performance 

is quite poor compared to the multipath-free channel. It is shown that the ISI significantly 

degrades system performance. Both conditions will be used as the reference for 

comparison. In order to compare with the case of multipath-free transmission, we define 

the received SNR as  

 

)log(10
0 BWN
PSNR r

r ⋅
= ,                       (3.1) 

 

where  is the average power of , rP kr BW  is the bandwidth and  is the noise 

power spectral density. 

0N

In Fig. 3.5, it is shown that the BER performance of channel-A shown in Fig. 3.2 is 

the best. It approaches the case of multipath-free transmission. From Table 2.1, it implies 

that the magnitude of  will be equal to the specified threshold without the idle state. kr
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While 1=ξ , there are 97.52% of  equal to 1 in the simulation. If the idle state occurs, 

the induced-ISI directly serves as , the magnitude will be larger than the threshold. 

Moreover,  is 1.008512 which is a little larger than 1. We record the related 

percentage of idle state and the received power of the simulated channel in Table 3.1. 

kr

kr

rP

 

channel idle state(%)
average received 

power 

Channel A 2.48 1.008512

Channel B 16.21 1.266794

Channel C 22.49 1.677684

Table 3.1 Idle state and received power in fig. 3.5 

 

We find that the more multiapth components, the larger percentage of the idle state as 

well as the average received power. Therefore, the BER for a fixed SNR is channel A < 

channel B < channel C.  

 

3.2 Analysis of System Characteristics 

In the previous section, we assumed that simulation is under ideal transmission. Also, 

in Fig. 3.2 - 3.4, mulipath coefficients mostly appear within t=30ns. In reality, the 

proposed system will not be able to achieve the multipath-free transmission because the 

system complexity would limit the number of taps in the MP. Hence, we can only obtain 

the essential portion of the channel multipath coefficients instead of getting all of them. 

Thus some tap length of MP would be sufficient to simplify the transmitter complexity. 

We perform computer simulation for three different channels to find sufficient tap 

numbers. In each simulation, the threshold is equal to 1.  
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Figure 3.6 BER vs. SNRr for different MP tap lengths under channel A 

 

Fig. 3.6 depicts the BER according to different tap length of the modified MP for channel 

A. For L=10, the tap number is insufficient, since the performance significantly deviated 

from the case of multipath-free transmission. This is because there are still many 

multipath coefficients between L=10 and L=20. However, while L>20, as sufficient taps 

are included, the performance approaches to the multipath-free transmission.  

 

Figure 3.7 BER vs. SNRr for different MP tap lengths under channel B 
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In the case of channel B as depicted in Fig. 3.7, while L=10, the BER performs badly. It 

is because the tap number is not sufficient so that ISI caused by multipath can not be 

eliminated efficiently. When L>20, the performance is better as L becomes large. From 

Fig. 3.3, it can be shown that most multipath coefficients occur before t<30ns. Hence, 

while L=30, the BER performance is the almost the same as L=50.  

 

 

Figure 3.8 BER vs. SNRr for different MP tap lengths under channel C 

 

Because the multipath coefficients of channel C occur before t<30ns, Fig. 3.8 shows 

similarly result as Fig. 3.7. But the number of multipath components shown in channel B 

is less than that in channel C, the BER performance of Fig. 3.8 is thus worse than Fig. 

3.7. 

 

3.3 Adjustment of Threshold 

After clarifying the system capability and characteristics, we proceed to discuss the 

properties of average transmitted and received power which are the average power of  

and , respectively. In the following simulation, we let 

'
kd

kr 1±=kr  and change the 
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threshold ξ  discussed in table 2.1. We illustrate the average power of  in Fig. 3.9. '
kd

 

Figure 3.9 The simulated average transmitted power under these three channels 

 

Fig. 3.9 indicates the tendency that the average transmitted power increases as the 

threshold getting larger. However, if a channel has few multipath components like 

channel A, the change of average transmitted power is little. It is because the estimated 

ISI is not big enough to exceed the threshold. However, if a channel has a large number 

of multipath components like channel B or channel C, the change of the average 

transmitted power is significant. In these cases, the estimated ISI would be much bigger. 

While the threshold is increased, it means that the transmitter is willing to spend more 

transmitted power to let equal to 1. Therefore, it is expected that BER performance 

would become better as the threshold getting larger. Table 3.2 records the percentage of 

idle state. 

kr
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threshold 
idle state (%) 

(channel A) 

idle state (%) 

(channel B) 

idle state (%) 

(channel C) 

0.2 37.15 41.97 43.83 

0.4 24.89 34.61 37.98 

0.6 14.05 27.75 32.39 

0.8 6.57 21.52 27.15 

1 2.48 16.22 22.47 

2 0 3.29 8.59 

3 0 0.5 3.91 

4 0 0.038 2.12 

5 0 0.001 1.29 

6 0 0 0.81 

Table 3.2 The simulated percentage of idle state  

 

Table 3.2 demonstrates that the percentage of idle state decreases as the threshold 

increases. It is because if the threshold is large, the estimated ISI has less chance to 

satisfy ξ≥Ψ kkd . 

Figs. 3.9, 3.10 and 3.11 provide the BER performance of the cases with the threshold 

bigger and smaller than 1 for channel B, respectively. 

In Fig 3.10, the BER becomes smaller with higher ξ , but more transmission power 

is needed. According to Table 3.2, if the threshold increases, the percentage of idle state 

decreases. From Table 2.1, if the percentage of idle state decreases, the probability of 

 also decreases. This means more transmitted power is necessary to let the 

received power equal 1. Hence, the average transmitted power will increase if the 

0' =kd
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threshold increases. According to (3.1), under the same SNR, if  is small,  will 

be small, too. Therefore, decision of received data would be affected less by noise as the 

threshold increases. So BER should be improved while 

rp 0N

ξ  is getting larger. Intuitively, 

we could adjust the threshold to transmit acceptable power to achieve a better BER. 

Table 3.3 records the related average transmitted power.  

 

Fig 3.10 BER vs. received SNR for judged threshold larger than 1 

 

threshold

average 

transmitted

power 

1 1.9682 

2 2.0977 

3 2.3528 

4 2.4961 

5 2.5321 

6 2.5336 

Table 3.3 The simulated average transmitted power of judged threshold larger than 1 

 31



In Fig. 3.11, the BER becomes worse with smaller ξ , but transmitted power 

decreases accordingly. From Table 3.2, while the threshold decreases, the occurrence of 

idle states will increase. Hence, the percentage of kkr Ψ=  and  will increase, 

too. Since 

0' =kd

ξ  is small,  is small as well, and kΨ kkr Ψ=  would be sensitive to the 

noise. Therefore, BER would be worse while the threshold is low. However, although the 

percentage of 0' =kd  increases, the average transmitted power is slightly decreased. 

From Table 3.2, the occurrence of idle state increases while the threshold deceases, it also 

means that the percentage of 0' =kd  increases. This result should lower the average 

transmitted power. However, if ISI induced by '  before lowering the threshold is 

constructive to some upcoming data , the modified data 

kd

nkd + 0' =kd  after lowering the 

threshold would lead  transmit more power to compensate the ISI induced by . 

Therefore, because of the offset between these two results, the amount of the saved 

transmitted power is slightly. Table 3.4 records the simulated average transmitted power 

for different thresholds. 

nkd + 'kd

 

Fig. 3.11 BER vs. received SNR for judged threshold smaller than 1 
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threshold

average 

transmitted 

power 

1 1.969

0.8 1.971

0.6 1.973

0.4 1.957

0.2 1.892

Table 3.4 The simulated average transmitted power of judged threshold smaller than 1 

 

3.4 Power Saving for One-Bit System 

In the previous section, transmitted power decreases while lowering the threshold. 

However, BER would be much worse. If we do not adjust the threshold while ISI and the 

current data have different polarity, the transmitter should spend more power to let the 

received amplitude equal to the threshold. Therefore, if ISI is destructive to the current 

data, we could lower the threshold to save power. That is, we would allow the received 

amplitude under the threshold. In this simulation, we let 1=ξ  and adjust 'ξ  in Table 

2.2 to see the change of BER and the average transmitted power. Fig 3.12 represents the 

BER according to different thresholds. Table 3.5 records the related average transmitted 

power. 
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Fig. 3.12 BER vs. received SNR for modified threshold smaller than 1 

 

threshold

average 

transmitted 

power 

1 1.9679

0.9 1.6422

0.8 1.3571

0.7 1.1102

0.6 0.9029

0.5 0.7326

Table 3.5 The simulated average transmitted power of modified threshold smaller than 1 

 

In Fig. 3.12 and Table 3.5, it can be shown that BER would be worse as the threshold 

getting smaller, and the related average transmitted power would decrease. If the 

threshold decreases, from Table 2.2, the amplitude of received data 'ξ=kr  will  be 

reduced. Therefore, the received data would be more sensitive to noise. Hence, BER 
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would get worse as the threshold decreases. On the other hand, the average transmitted 

power decreases obviously as the threshold decreases. That is because we only lower the 

transmitted power while ISI is destructive to the upcoming data, the average transmitted 

power would decrease while the threshold decreases.  

 

3.5 Analysis of Power Saving for Two-Bit System 

After clarifying the case of modifying the threshold in one-bit system, we now 

consider two-bit system. In Chapter 2.3.2.3, we explained that there was another 

information we can obtain at transmitter, which is the content of upcoming data. 

Therefore, as channel coefficients are accurately measured in advance, we could find out 

which subsequent data would be affected mostly by the current data. And then, ISI 

induced by the current data would be checked if it is helpful to this mostly-affected data. 

If it is not, we will reduce the threshold as the same setup of one-bit system to save power. 

Fig 3.13 depicts the BER performance of different threshold and the comparison of 

one-bit and two-bit systems. Table 3.6 records the simulated average transmitted power 

and compare with one-bit system. 

 

Fig 3.13 Comparison of one bit and two bits BER vs. received SNR 
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threshold

average 

transmitted 

power 

(one bit) 

average 

transmitted 

power 

(two bit) 

1 1.968 1.968

0.9 1.642 1.615

0.8 1.357 1.306

0.7 1.11 1.039

0.6 0.903 0.82

0.5 0.733 0.645

Table 3.6 The simulated average transmitted power under one-bit and two-bit systems 

 

In Fig. 3.13, BER performance for two-bit system is close to that of one-bit system. 

However, the BER of two-bit system is a little better than one-bit system. It is because 

the ISI effect of the proceeding data is reduced in advance. Also, besides modifying 

threshold while ISI effect is destructive to the current data, the threshold is also modified. 

Therefore, average transmitted power is saved as comparing with one-bit system. 
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Chapter 4 Conclusions 
 

This thesis presents a transmission scheme to solve the ISI problem while transmit 

speed raises to Gbps. This method utilizes measured channel coefficients to manage 

multipath-induced ISI and set the amplitude of noiseless received signal. The proposed 

system structure moves the equalization functionality to the transmitting end. The 

developed MP circuit at TX can first measure the channel response coefficients. Next, 

the modified MP can estimate the related ISI effect. According to the estimated ISI, the 

threshold mechanism is excuted to determine the amplitude of transmitted signal. After 

transmitting these signals through the multipath channel, the related output signal will be 

defined by a threshold. While the threshold equals to the data magnitude, the BER 

performance can approach the ideal multipath-free transmission. The BER could be 

improved by transmitting more power. The transmitted power could be reduced by 

lowering the threshold while ISI and the current data have different polarity. While the 

channel SNR is high, we can choose small threshold so as to save power but still 

maintain acceptable BER. At last, a two-bit system is proposed to improve BER 

performance and save transmitted power. Although its improvement is not obvious, it 

could be a useful system for future study. 
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