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A Multipath Delay Time Detection Method
For = /4 Shift QPSK Modulation Under

The Frequency Selective Fading Environment
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ABSTRACT It is well known that digital transmission performance over a mobile / portable radio communication
channel is severely degraded by multipath delday time spread In this paper, We propose a simple multipath delay time
detection method, which has a merit of in serviceable, vet simple 1 /W realizability for =/ 4 shift QPSK by detecting
cross channel interference. A x .7 shift QPSK signal onginally has quadrature channel(Q-ch) component. Thus in
order to measure CCIl between in-phase channel(i ch) and quadrature channel(Q ch), which closely related to muiti
path delay time, Frequency doubling schemettrequency doubler) and differential detector is proposed, which makes
n /4 shift QPSK signal look like BPSK and also makes it possible for CCI to be detected at I-¢h detector output. To
get an information from time varving [ ch output signal under the multipath fading environment, a method for obt
aiming the mean of the absolute value( Vyapstt)) and another one for obtaining the root mean square value(V gus(l))
of CCI are proposed. Furthermore, a relationship between delay spread and CCI s also analyzed, In order to confirm
theoretical results, computer simulation has been carried out under the quasi-static and Revleigh distributed two ray
multipath fading environments. A fairly good result was obtained. However 1t was alse shown that this method is
sensitive to bandwidth restriction to some extent, In addition, some idea for a simple hardware realization for the
frequency doubler are given.

I. Introduction radio communication, such as ISDN service

in digital mobile / portable communication and

Nowadays, a demand for high speed digital indoor high-speed radio communication service
1s In creasing.

* SE CRISETRIT WL On the other hand, multipath delay time

Electronics & Telecommunications Research Institute, dispersion in the digital mobile communication
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A also crosstalk between in-phase and quadrat-
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ure-phase signals. These ISl and cross channel
interference(CCI) over a randomly time varying
link make the eye pattern of received signals
get distorted and so they lmit the maximum
usable transmission rate. Especially when
propagation delay time difference of signals
constituting the multipath signal 15 not negli
gible compared to the transmussion signal bit
interval, the transmitted signal suffers from
severe frequency selective fading and so the
systme performance 1s degraded due to error
floor(ie.. so called nrreducible BER) ecven
though signal-to noise ratio(SNR) 1s high
enough™ Hence, the measurement of multipath
delay characteristics In such a time varving
channel 1s very important for estimating the
communication performance in a high speed
digital radio transmission.

Generally as a measurement method for
multipath delay profile, special signals, such
as a very sharp pulse or pseudo random code
sequence combined with a shding correlator
at the receiver side are usually used® This
method gives us detailed information about
the multipath fading channel. But 1t requires
a very broad bandwidth and comphicated
measuring equipments, On the other hand,
knowing the relative changing tendencies of
the channel quality over some short commu
nication intervals provides us a very useful
information in a practical application, it it s
measurable without any special signal during
signal transmission and also 1mplemented by
a simple circuit, In this respect, Yoshida et
al. studied an in service, vet simple multipath
delay time detection method for BPSK signal
merely by measuring the detector output at
the quadrature channel®. Good correspondence
between the multipath delay spread and CCI

quantities were confirmed by laboratory mea
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surement and also field test®. In this paper,
we extend this method to a = /4 shift QPSK
signal.

In 4 real urban area, many previous studies
have suggested that a few ray multipath model
15 sometimes more appropriate to reality, esp
ecially on streets having a small street angle'
“ Throughout this paper, multipath fading
channel is assumed to be quasi static and
Rayleigh distributed two or three ray model
for the simplicity of theoretical analysis, Also.
a differential detector 1s assumed because of

ts robustness for multipath delay distortion,

1. Principle

2.1 Cross Channel Interference

Under the multipath propagation environment,
the transfer function of the channel can be
viewed as a line time varying filter defined

()

by (1) 10 a sumple static two ray mode

H{w)=14pexp(— ¢ Jexp(—j(@—w:)T) (1)

where we 18 angular carnier frequency, £ 18
inverse of nstantaneous amplitude ratio of
desired wave(D wave, 1its ampltude 15 Ag)
to undesired wave(U wave, its amplitude is
Ay), e, p=Ay/Ay and 7 1s the delay differ
cnce between the two paths, and also ¢ is
the mstantaneous phase difference between
Two waves{ ¢ =e.7),

In this case 1if 7=(), the transfer function
of the multipath medium becomes asymmetrical
with respect to @, except for the case of ¢ =
0 and = This asymmetric characteristic of the
transfer function causes a cross channel inte
rference between | ¢ch and Q c¢h components

of the transmitted signal®.
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2.2 Ferquency doubler

7 /4 shift QPSK is a very useful modulation
scheme for digital mobile communication. The
phase difference between adjacent two symbols
18 +7 /4, +37 /4 and the resultant signal
constellation looks like 8 PSK®, However in
quadrature PSK modulation such as = /4 shift
QPSK, CCI quantities can not be obtained
directly from the quadrature channel(Q ch)
detector output as in BPSK because of its own
value at the Q ch output. To solve this pro
blem, we have adopted a frequency doubling
method which makes = /4 shift QPSK signal
look like a BPSK signal.

If the x axis is assumed to represent the
present phase, the signal transition diagram
for = /4 shift QPSK becomes as shown in Fig.
I(a). After the signals are passed through a
frequency doubler, all the signal phases are
assemnbled on the v axis as shown in Fig.(b).
Therefore we can detect CCI values from the
in phase channel(l ch) detector output when
there exists multipath delay time. For a static
two ray model shown in Fig?2, the detected
output through the differential detector after
passing frequency doubler at the 1 ¢h is cal
culated as follows :

(a)

Re{] Apelng Agel0n it 0 )

| Apeln 14 A el(0n ot 4) )

:i— {A%A% cos(gn—6n )| COS(Bn—0n—2 ¢ )
+2]+2ADAUCOS(71; (gn—6n.)— &)
A% cos(é (30— 20m = )

+A2U COS(‘,g\ (8n—20n 1360 2)) ]}

(b)
RC{[_ADQJG"“*‘AUCJ.(Q”%_ ¢ )]2 :
[ADngn 1,+AUe_|(9n71+ ¢ ) ,a}
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Figure 2 : Carrier phase of = /4 shift QPSK signal in two
ray multipath model.
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Figure 3. Eve patterns of 1-ch detector output.

943



7 BB ok 9110 Vol 16 Noo 10

This result shows that the non zero width
of the I ch output is proportional to multipath
delay time. Fig.3 shows the eye pattern for
the detected CCl in = /4 shift QPSK for a
static two ray model, with parameters DJU
(1/p,)=0 dB, ¢=30", and v, Ty 1s 02 04
, 0.6 and 0.8 from the top(symbol duration
Ts=2T, T 1s bit interval), respectively, As
7/ Ts Increases, non zero detected outputs are
observed to be extended in proportion to =/ T
as expected theoretically, Fig3(h) shows the
eye pattern of CCl which is passed. through
band limitation filter with B/7=3.0(B,=3dB
point). The detected CCl also increases in
proportion to 7/ Ty but it shows that overla
pping tails of other pulses™ infiuence hadly
on detecting CCL In this simulation, the infl
uence of thermal noise on CCI is not considered

here,

[l. The relation between CCl and mul
tipath parameters

Although CCI has a close relation with
multipath delay parameters, instantaneous CCI
value changes rapidly with time varying
multipath fading parameters and transmitted
information symbol patterns as shown by Eq.
(2). In order to get the required information
on multipath delay time from the varied CCl,
two practical measurement procedures are
considered, ie., measurement of mean of the
absolute value(MABS) and mean of the roo
t-mean square(RMS) value of CCI.

3.1 CCI measuring procedure

For a practical CCI measurement, the foll
owing conditions should be considered.

1) Due to the rapidly changing CCl values,
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it 15 necessary to take an average on CCI
values over an appropriate time interval to
obtain a relatively stable value.

2) When averaging CCI, it is necessary to
rectify the detected CCI value before averaging
to avod the cancellation due to the alternating
polarity of CCIL,

3) We can not actually expect signal level
at the receiver side because of the largely
fluctuated input signal strength in actual
application. Hence in order to remove this
influence of fluctuating received signal strength
level whose value depends on fadifg and
transmitted symbol patterns, it is necessary
to take a normalized MABS and RMS value
of the I ch detector output by dividing it. with
the average received signal power,

From the above results, two measurement
parameters which are defined by Eq.(3) and
£q.(14) are proposed®,

The mean of the absolute value( Vyags(?)) :
MARS

1 1 LT
Virags(t) = = — fur(t)l dt,
PQLT: -LT,

The root mean square value( Vrms(8)) : RMS

1 1 LT,
Vans(t) = 7 ﬁ/_” vi(t)dt, (4)

where 2L is number of symbols over which
the average calculation is taken, and P is the

average signal power,

3.2 The relation between CCl and delay
spread S

Normalized delay spread S, which gives us

the effective information about multipath delay
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time, is defined by the square root of the
second central moment of a power delay
profile®, In two-ray and three-ray multipath
fading models, S is defined by (5) and (6),

respectively,
1 (ra=D)2P(rx)
§ = Ty é;iPm)
_ Ad.»lu T
T AR+ AT
—_ [ ! g
= T7 p7? (5)
In two-ray model.
= T T
oo VAiAn - ) ript + i ‘
= (6)

14 pi +p4

in three-ray model, where 1) is mean
delay, 7« is delay time of kth delayed
wave and P(m) is mean power of kth
delay wave and also 7, and 7, are
delay time difference of first and second
delayed waves to D wave respectively,
and p, and p, are inverse of the
amplitude ratio of delayed waves with
respect to D-waves,

Meanwhile, the dimension of detected
output becomes the fourth power of
voltage after passing through the frequ
ency doubler and differential detector
which 1s implemented by a squaring
circuit and multiplier followed by LPF,
respectively. For clarifying a relation
between MABS,/RMS of CCI and nor
malized delay spread, we have taken
square root of wmaps(t) and vrms(t) and
then divided it by the received signal
power for making detected CCl dimens

ionless.

V. Simulation Results

Computer simulation was performed to exa-
mine the relation among MABS / RMS of CCI,
multipath delay time, delay spread and bit
error rate(BER) performance. Fig4 is a block
diagram of simulated system. The simulation
is carried out at the equivalent bhaseband,

A nine stage PN sequence was used as test
data, First, a stream of two-bit symbol 1s
differently encoded with Gray code and then
two- bit symbols are mapped into the phase
according to « /4 shift QPSK rule, And next,
it is passed through the raised cosine roll-off
filter with a={(.5 for pulse shaping and ban
dwidth limitation, where o is roll -off factor.

Two multipath fading model were assumed
quasi static 2 and 3 ray model, where the
signal strength and multipath delay time dif-
ference are constant and only carrier phase
difference between two waves obeys a uniform
distribution.

Nojse

o PR - OPSX [eatseccon Mullipsin
Sequence Mosulation Fitler Isding channel
Frequency { . Ty
o™ ™ woanett) somstt) || SVoans
doubler T Aversgeorcct [T
Sinnereniial
onlecior
baa
svarage power Procesting
calculaton T
Delay Spread BER
iculstion aiculstion

Figure 4 : Simulation block diagram.

Rayleigh distributed two ray model with fpT=
1/320 and AWGN(/fp : maximum Doppler
frequency defined by v /X where v is vehicle
speed and A is wavelength),

Fig. 5. shows curves of CCl value(MABS,
RMS) versus delay time 7/ 7T with D/ U ratio
as a parameter and B/T=3.0. As the delay
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Figure 6 : Delay spread vs. MABS and RMS of ¢C]

time 7/ T increases, MABS /RMS of CCI
quantities mcrease almost linearly. Between
two method of averaging scheme the MABS
curves show that they have smaller vanation
than RMS value with respect to varying DU
ratlos.

Fig. 6. is the result which 15 replotted by
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using data in Figh, with respect to normaliz-
ed rms delay spread 8. Fig. 7. shows the result
under quast static three ray model, they show
that both MABS and RMS of CCl have strong
correlation with delay spread S.

On the other hand, in the region where delay
time 7/ 7 0.2 with B,T=3.0 as shown n Fig.
5. MABS has no correlation with 7/T, Le., has
a4 almost constant value with respect to incr
casimg /T, To investigate this, we simulate
the offect of the transmit band limitation filter
by varving BT from 1.0 to 10 and the case
with no bandwidth limitation respecfivcly_ In
Fis, the effect of band limitation is very little
for 8,7=10 but the effect is big for B7T'=
20, Hence MABS value of CCI s dependent
an the bandwidth of the band limitation filter,
Particularly i case of BT=1.0, this method
shows some limitation to be used in the app
lication of simple hardware realization,

On the other hand, as shown in Fig$, band
lmitation of B, 7=1.0 under Rayleigh fading
two iy model in noisy environment does not
influence on BER, So if we pay attention 1o
the sampling point than the one in case of
B, T=0.5. this method can be applicable over
B,7:215 although CCl has almost constant
value for 72057 delay time. Furthermore,
e this reglon is small comparing to symbol
mterval, for example within 145 for 48.6kbps
transmit rate, this method can be thought to
he avatlable,

For more severe multipath condition, simu
lation 15 performed under Rayleigh fading
twa ray model with B T=3.0 and B{T=1.0
(Bandwidth of receiving BPF By 1 3dB point ).
Generally 1 existence of a fading, the avera
ging period need to be set sufficiently large
compared to fading period because MABS /

RMS of CCI value depend on the averaging
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period. Hence the calculation is repeated 150 value shows some variations with respect to

times of the fading period based on our pre- dealy spread.
vious study®. Even in Rayleigh fading envir

oment, Fig.10 shows a good correlation between Bit Error Rale

delay spread and MABS of CCI even though 1
CCI has more higher value than in Fig.6. But
its shape is almost the same. However RMS 10"
1 |
2t N leelgh Fading 2-Ray model -
MABS value of CCl 1077 (D/U=04D) |
005 |~ ! I 7 '
1 } - - . \
o8 L - 3| Rayleigh Flat Fading =8 |
MABS . 10 | I
075 |- o —— |-
07 ~ » 'd= 20Hz =
. 10 TT=04 .
D.65 .
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== 107 2
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=0~ 2T i~ Figure 9 : BER performance with respect to B, T
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Figure 7 : Delay spread vs. MARBS of CCl under quast static o o x : g::é g;g (3)::
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Figure 10 : Delay spread vs, MABS and RMS of CCI under
Rayleigh fading two-ray model,
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0.2}~ 7 D/U=0dB closely related to transmissible signal bandw-
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) performance of transmission line in frequency

Figure 8 : Delay time vs, MABS of CCI with varying BT selective fading channel®. In order to estimate
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characteristics of BER with delay time, com
puter simulation was done under Rayleighdis
tributed two-ray model with maximum Doppler
frequency as a parameter.

Fig.11. shows BER performance, where v/ T
=(0.4 and D/U ratio is (0 dB. Ey/N, for BER
of 10% is about 25 dB, which is comparable
result to reference"”. Hence it shows us that

error floor strongly depends on the delay time,

Blt Error Rato

1x109 -
fp = 2DHz
1L JD"OH
1x10 &}:43 ISHz
1102 - i Reyleigh tading 2-ray mlodel-—~~

| {vr-04, 0008 | ||
IDLJB-UIL

3 1
1x10 N IfD=40sz

Rnylel?h flat fading ~_ fp = 20}z
1x104 |-}~ —{
B, T=30 .
ol e B,T: 40
1x10°3 [0 1

10 20 30 40 50 60 70
Ep/N o [dB]

Figure 11 : BER performance under Rayleigh fading two ray
model with maximum Doppler frequency as a
parameter,

Fig.12. shows the results of relation between
BER and delay spread, as well MABS of CCI
for investigating the dependency of BER -n
delay time and also for checking the relation
between CCI and BER variation characteristic,
In case of delay spread over S=(.3, BER
becomes worse. Hence the variation characte
ristic of BER can be estimated from the CCl
quantity.

Effects of noise was also simulated under

Rayleigh fading tworay model, assuming D /U
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Figure 12 : BER performance vs. MABS of CCIl and Delay
Spread under Ravieigh tading two-ray model,
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Figure 13 1 Delay time vs, CCI under Rayleigh fading two
raymadel with AWGN environment,

=() dB, and B,T=4.). Fig.13. shows the result
for the relation between MABS of CCI and
delay time 7/ 7T for various values Ey/N, as
a parameter. As noise power Increases, the
corresponding MABS of CCI quantities also
increase. Strong correlations between CCl and
delay spread are shown when Eu/N, 1s over

30dB. In case of below E,/No,=10dB, no cor-
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relation is observed between them as in the
case of Fig.11,

V. Consideration on simple hardware

The method proposed above may be used
in many applications, such as branch selection
control of the diversity reception scheme and
adaptive array antennas in frequency selective
fading channel, Hardware can be realized by
using either Digital Signal Processor(DSP) or
discrete analog and digital components. Norm
ally, processing data for frequency doubler can
be obtained from A /D converter output In
front of differential detector as in the simul-
ation block diagram of Figd, but it requires
standalone frequency doubling hardware. As
a another method for simple hardware realiz
ation, we can utilize the output data obtained
from the differential detectors in Fig.14, which
is readily implemented in receiver.

Simulation results using this method show
the same result as in Fig.5. Therefore hardware
for frequency doubler can be thought to be
simply realizable by using some discrete analog
components, such as operational amplifiers,
adder, and multipliers according to the above
block diagram.

Decision

Received
datn

i
i
i
i
i
i
|
i
i
i
§

Deléclian pan'

Muliipath deiay time
estimalion eircult

ray
A0

Frequency doubler

Figure 14 : Block diagram for the realization of frequency
doubler.

VI. Concluding Remarks

The use of cross Channel Interference(CCl)
1s proposed for detecting multipath signal and
also roughly estimating delay spread and BER
performance for = /4 shift QPSK in the vie-
wpoint of simple hardware realization without
special signals. As detecting methods, frequency
doubling with differential detector and avera-
ging schemes is taken,

Through theoretical analysis and computer
simulation, the use of CCl was confirmed to
be a good measure for detecting multipath
delay time under quasi-static two, three-ray
model and Rayleigh fading two-ray model.
Hence this method can be utilized as a useful
tool In analyzing the relative transmission
quality and roughly estimation the delay spread
in less than one symbol interval and the BER
changing tendency over some short commun-
ication interval. Furthermore, as an application
example, this can be used as a decision crit-
erion of each branch in the diversity reception
where relative transmission quality in a short
communication interval need to be evaluated,
However, as a further study, it is necessary
to develop a methed which can reduce perf-
ormance degradation due to band-limitation
filter, considering the actual band-limitation
width in real application. And laboratory
measurement and field are necessary to confirm
this method.
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