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SUMMARY In the road-to-vehicle communication (RVC) on intelli-
gent transport systems (ITS), the frequent occurrence of shadowing caused
by other vehicles deteriorates wireless transmission quality because of a
small sized zone. However, a diftraction wave generated at the edge of vehi-
cle can be utilized in applying adaptive modulation method with decreased
modulation level. Therefore, it can be expected to keep communication
only with a diffraction wave under shadowing. Hence this paper proposes
an application of adaptive modulation for RVC system. This paper first
reveals its improved effect in shadowing duration by computer simulation
considering practical traffic flow, radio reflection and diffraction, and then
shows that applying adaptive modulation can increase throughput perfor-
mance largely.

key words:  road-to-vehicle communication (RVC), shadowing, radio
diffraction, adaptive modulation, random traffic flow

1. Introduction

Intelligent transport systems (ITS) is placed on the most im-
portant multimedia infrastructures on a road transportation
system recently, and it is especially expected to support a
safety drive, improve environmental issues caused by traffic
congestion, and seamlessly transmit driver’s required data
including entertainment contents. To achieve these broad-
band wireless multimedia services, road-to-vehicle wireless
communication (RVC) system is an essential technology. In
the RVC system, the received signal power at a traveling ve-
hicle largely and rapidly varies because of multipath fading
and shadowing. Especially, the frequent occurrence of shad-
owing caused by other vehicles deteriorates wireless service
quality because the vehicle has to access in a small sized
zone. To overcome shadowing, some approaches have pro-
posed in Refs. [1] and [2].

The adaptive modulation method [3], which switches
modulation level adaptively according to the quality of wire-
less link, can equivalently decrease the required carrier-to-
noise power ratio (CNR), and maintain communication un-
der the environment of low received power. This method
is applied or assumed to various systems such as high data
rate (HDR) [4], wideband code division multiple access
(W-CDMA) [5], and dedicated short-range communication
(DSRC) system [6],[7]. We focus the characteristics of
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adaptive modulation method on the shadowing environment
in RVC system. In the environment of shadowing, a travel-
ing vehicle can obtain weak power from a diffraction wave
diffracts at the edge of other vehicle in spite of blinding di-
rect path. Hence it can be expected to keep communication
only with a diffraction wave under shadowing if applying the
adaptive modulation method to RVC and utilizing the power
of diffraction wave. However, Refs.[1] and [2] have never
been examined about the effectiveness of diffraction wave in
RVC. Furthermore, though Refs. [6] and [7] consider to ap-
ply the adaptive modulation method to DSRC, it has inves-
tigated under the ideal conditions such as 2-ray propagation
model considering only a direct path and a ground-reflection
path with single vehicle, and it has not mentioned about the
improvement effect of shadowing.

Therefore, this paper proposes an application of adap-
tive modulation method for RVC system to use the weak
power of diffraction wave. To perform the investigation
for the application effect of adaptive modulation, we have
to consider some practical traffic flows and multipath envi-
ronments with radio reflection and diffraction. Hence this
paper first reveals the utilizing effect of diffraction wave
in shadowing duration by computer simulations, and then
shows the application effect of adaptive modulation method
in throughput performance.

This paper is organized as followings. In Sect.2,
the traffic flow parameters that characterize random traffic
flow are described, and a statistical model of traffic flow
is introduced. Section 3 introduces the radio propagation
model considering direct path, reflection path, and diffrac-
tion wave. Section 4 discusses a characteristic of received
signal power under the practical traffic environment, and
Sect. 5 shows some computer simulation results of the statis-
tical characteristics of shadowing duration and the through-
put characteristics with or without adaptive modulation. Fi-
nally, Sect. 6 concludes this paper.

2. Statistical Model of Traffic Flow

Figure 1 shows the statistical model of vehicle traffic consid-
ered in this paper. This model assumes the road with three
lanes which are named as lane 1, 2, and 3 shown in Fig. 1.
We assume to use 5.8 GHz as a frequency band, and the BSs
are placed at even intervals to realize continuous communi-
cation. The BS interval shows the length between two adja-
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Fig.1  Statistical model of traffic flow.

cent BSs, and we assume its interval of 50 m or 100 m in this
model. Also we assume that the interference between adja-
cent BSs can be ignored by the use of different frequency in
each communication zone such as fj and f; shown in Fig. |
[8].

This model introduces following parameters to char-
acterize traffic flow: First parameter is vehicle speed, v, at
each lane. It is assumed that the vehicle speed is constant
and same among vehicles. Second one is time headway, 7;,
between two vehicles in the same lane. Erlang distribution
is introduced as the probability density function of the time
headway between vehicles, 7;, shown in Fig. 1. The proba-
bility density function of Erlang distribution is given by

(-
() = mrf‘ le~huti, (1

where p and k are the mean value of time headway and Er-
lang phase, respectively. Erlang distribution is usually used
to express the statistics of practical traffic flow instead of ex-
ponential distribution (i.e., Poisson traffic flow) [9]. The Er-
lang phase, k, indicates the degree of the randomness of the
traffic flow, which decreases as k increases. The third impor-
tant parameter is the ratio of the number of different type of
vehicle to the total number of vehicle. This paper considers
two types of vehicle, large-sized vehicle and standard-sized
vehicle, and introduces the ratio of the number of the large-
sized vehicle to the total number of vehicles at each lane,
which is called the large-sized vehicle ratio (LVR).

3. Radio Propagation Model

Figure 2 illustrates the radio propagation model considering
radio reflection at other vehicles and ground, and diffrac-
tion at other vehicles. This model assumes that a rectan-
gular horn antenna is equipped as both a roadside antenna at
base station (BS) and an in-vehicle antenna at mobile station
(MS), and also assumes that the tilt angle of the BS antenna
is 30 degrees against the land surface as shown in Fig. 2.

When the target vehicle receives the power from a di-
rect, ground-reflection, and/or vehicle-reflection path, the
total received power Py, is given by
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where P,[dBm] is the transmitted power, G,[dB] and
G, [dB] are the antenna gains at BS and MS. D, and D, are
the directivity gains for direct and reflection path, respec-
tively. r; and r; are the path length of direct and reflection
path, and R; and A are the reflection coefficient and wave-
length [10]. Notice that n is the number of the reflection
path including the ground-reflection path and the vehicle-
reflection path via the vehicles around the target vehicle.
Though the received power from the paths reflecting more
than two times becomes often large, these paths seldom exist
because such paths are determined uniquely by the geomet-
rical relationship among BS, MS, and the vehicle position
at reflection point, and this situation hardly occurs due to
its low probability. Hence we ignore the multiple reflection
paths.

The direct path to the target vehicle is often blind due
to other vehicles, but the target vehicle obtain the received
power from diffraction wave which arises from the diffrac-
tion at the edge of the block vehicle. The single knife-edge
propagation model known as a simple diffraction model
[11],[12] is shown in Fig.3. We assume to ignore any
other paths diffracting twice or more times because the re-
ceived power from multiple diffraction wave is enough low
compared to that of single knife-edge diffraction wave [13].
Hence the received power of the diffraction wave can be rep-
resented as
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Py = Pg— Pyy, 3

where P, is the power from direct path which is given by
upper term of Eq. (2), and P, is the knife-edge attenuation
which is given by

1(1
Py = —101logy, [5{5 +C2(v) = C(v)

+S5%(v) - S(v)} , 4)

where C(v) and S (v) are the Fresnel cosine and sine inte-
grals, respectively. Notice that the parameter v is the clear-
ance coefficient, which can be expressed in terms of the ge-
ometrical parameters defined in Fig. 3 as

2, + o)
= he 5 5 ’
V=N T, )

where £, is the excess height of the edge. The knife-edge
attenuation P, versus the clearance coefficient v is shown in
Fig. 4. The received power from diffraction wave is enough
low compared to that of the direct or reflection path and this
fact has confirmed not only on the case shown in Fig. 5 but
also on the all case in our simulations. Therefore the effect
of fluctuation caused by the interference between direct or
reflection path and diffraction wave can be ignored, and the
total received power Py is given by

Pr = Py + Pug, (6)
and the received CNR vy is given by
Pr Pg
—_ ——= 3 7
=N, T <TBF )

BS antenna

in-vehicle
antenna

Fig.3  Knife-edge diffraction model.
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where N, is the thermal noise at MS, and «, T, B, F are the
Boltzmann constant, the temperature, the frequency band-
width, and the noise figure, respectively. We assume that the
modulation level is switched by the y. Note that the thermal
noise power at MS is assumed to be equal.

4. Characteristics of Reflection and Diffraction Wave
at Vehicles

Figure 5 shows the example of the received signal power of
a target vehicle versus its position on lane 2. Note that the
BS is placed every at 50m, and its height and transmitted
power are 6 m and 10 dBm, respectively.

This figure can divide into 3 distinctive regions, an re-
gion A, B, and C. If ignoring the power of diffraction wave,
no received power can be obtained at the target vehicle in
the region A because the block vehicle on lane 1 shadows
the BS antenna. As shown in Fig. 5, however, the target ve-
hicle can receive power of the diffraction wave in the region
A continuously. Since the received power of the diffraction
wave may be low extremely compared to the power from di-
rect path, it is expected the target vehicle can combat shad-
owing when reducing the required power by using a higher
reliable modulation format. Next, in the region B, the re-
ceived power from the vehicle-reflection path which reflects
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2 -60
g w/ diffraction

wio diffraction
-70 - .
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(a) Region A. (b) Region B.

(c) Region C.

Fig.5 The effect of vehicle-reflection path and diffraction wave.
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at the vehicle on lane 3 is quite strong, hence it is expected
that the target vehicle enables to achieve high-rate commu-
nication by using a higher-level modulation format. When
the target vehicle moves into the region C and the no other
vehicles shadow the BS antenna, the target vehicle can ob-
tain the received power from a direct and a ground-reflection
path well. :

These examples show that an adaptive multi-level
quadrature amplitude modulation (QAM) method can use
the weak power of a diffraction wave, and it will be greatly
effective to combat the shadowing and to achieve a high-rate
communication in RVC system.

5. Simulation Results

In this section, we investigate the reduction effect of the re-
flection path and diffraction wave in the shadowing dura-
tion, and the throughput when the adaptive modulation is
employed for RVC. The shadowing is defined as the situa-
tion that the CNR with coherent detection is less than the
required CNR that is given by the required bit error rate
(BER). Also an ideal phase synchronization is assumed un-
der the multipath fading or Doppler frequency shift in the
RVC system.

Table 1 shows the system model parameters used in
simulations. In these simulations, we assume the use of the
same frame format as that of DSRC standard (ARIB STD-
T75) [14], and its frame length and the modulation changing
cycle are 4 msec and 100 msec, respectively. Furthermore,
a time division multiple access/frequency division duplex
(TDMA/FDD) is applied as the access method that is de-
fined in ARIB STD-T75, and it is assumed that the modu-
lation level in each time-slot can be switched independently

Table1  System model parameters (STD = Standard-sized vehicle, LRG
= Large-sized vehicle).

Transmitted frequency f 5.8GHz
Transmitted power P, 10dBm
BS/MS antenna (aperture) Rectangular horn (5 cm)

BS/MS antenna gain G,, G, 10/5 dBi
Bandwidth B SMHz
Noise figure at MS F 10dB
Multiple access method TDMA/FDD
Frame length 4 msec
Modulation changing cycle 100 msec

Maximum bit rate (QPSK) 4 Mbps

Required BER 1075

QPSK 12.6dB
Required CNR | 16 QAM 19.5dB

64 QAM 25.6dB
Lanes 3
Vehicle types Standard-sized/Large-sized
Lane width 40m
Roadside width 2.0m
Reflection ground 0.8
coefficient R; vehicle 0.9
Vehicle length (STD) 4.5m (LRG) 10.0m
Vehicle width (STD)2.5m (LRG) 2.5m
Vehicle height (STD) 1.5m (LRG) 4.0m
Dashboard height (STD) 1.0m (LRG) 2.5m
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[9].

We assume the road with three lanes as shown in Fig. I,
and two types of traffic conditions; the free flow and the con-
gested flow, are performed in computer simulations. Table 2
shows the traffic flow parameters. In the free flow condition,
the vehicle speed on lane 1 is set to be the lowest value, and
its Erlang phase and LVR are set to be the highest value.
Therefore, its traffic randomness is the least of three lanes.
On the other hand, in the congested flow condition, the ve-
hicle speed, Erlang phase, and LVR are similar on all lanes.

5.1 Shadowing Duration

The communication quality of RVC system largely depends
on the frequency of shadowing. Figures 6-9 show the cu-
mulative distribution of the shadowing duration of standard-
sized vehicle under the free flow and congested flow, and
Table 3 shows the mean shadowing duration when the BS
interval is 100 m. Notice that the ¥, in Table 3 means the
required CNR.

Comparison between traffic flows

It is found from Figs. 6-9 that the shadowing duration
in the situation of congested flow is about 1 order longer
than that in the situation of free flow. This is because that,
once the target vehicle moves into the shadow of a large-
sized vehicle, a long-time shadowing occurs more frequent
in the situation of the congested flow because of the small-
ness of speed difference between lanes.

Table 2  Traffic flow parameters.

r Lane H 1 I 2 ] 3 ]
Vehicle speed [km/h] 80 90 100
Free Mean time headway [sec] || 40 | 3.0 | 2.0
flow Erlang phase 4 3 2
LVR [%] 70 50 30
Vehicle speed [km/h] 10 15 20
Congested | Mean time headway [sec] 5.0 5.0 5.0
flow Erlang phase 6 6 6
LVR [%] 50 40 30

Table 3 Mean shadowing duration [sec] (BS interval =100 m).

(a) Free flow.

BS height || 5m 10m

[ Yreq 126dB [ 25.6dB | 12.6dB | 25.6dB
Lane 1 0.011 0.101 0.006 0.059
Lane 2 0.291 0.421 0.017 0.122
Lane 3 0.436 0.572 0.227 0.285

(b) Congested flow.

BS height || 5m 10m

[ Yreq 126dB | 25.6dB | 12.6dB [ 25.6dB
Lane 1 1.84 4.66 1.12 5.39
Lane 2 5.06 8.08 0.99 481
Lane 3 7.06 9.59 4.62 4.65
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Fig.7 Shadowing duration (BS height =10m, Free flow). Fig.9 Shadowing duration (BS height =10 m, Congested flow).

when the BS interval is 50 m. This is because the power of
diffraction becomes more available when the target vehicle
is farther from BS because of frequent shadowing. This im-
provement can be also found in the mean values of the shad-
owing duration shown in Table 3 that, when the BS height

Comparison between BS intervals

It is also found from each of Figs. 6-9 that decreasing
the required CNR improves the shadowing duration, and its
effect is clearer when the BS interval is 100 m compared to
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is 10 m, the decrease of the required CNR reduces the mean
shadowing duration on lane 1 up to its 10% and 20% in the
case of free flow and congested flow condition respectively.

Comparison between the required CNRs

It is found from Figs. 6(b) and 7(b) for the BS interval
of 100m in the free flow condition that, the rate of shad-
owing duration which is less than 1.0 sec can be improved
largely in case that the BS height is 5m and 10 m when the
required CNR is reduced from 25.6dB to 12.6dB. When
the BS height is 5m shown in Fig. 6(b), the shadowing du-
rations of 99% vehicles become about less than 0.2 sec and
1.0 sec for the required CNR of 12.6 dB and 25.6 dB on lane
1, respectively. This result leads that the received power
of diffraction wave becomes more available in the case of
short-time shadowing than the case of long-time shadowing.

Comparison between lanes

From Figs. 6 and 8 in the case of the free flow and the
congested flow condition that, when the BS height is low,
the long-time shadowing occurs more frequent on lane 3
than lane 1 and 2. This reason is that the occurrence of shad-
owing on lane 2 depends on the LVR on lane 1, and the oc-
currence of shadowing on lane 3 depends on the LVR both
on lane 1 and 2. On the other hand, in the case of high BS
antenna shown in Figs. 7 and 9 that, the in-vehicle antenna
of target vehicle on lane 2 is not shadowed by the large-sized
vehicles on lane 1 because of their geometrical relationship,
and shadowed only by the vehicle traveling forward on the
same lane. Hence the characteristics of shadowing duration
on lane 2 become similar to that of lane 1.

These results are also found on the mean values of the
shadowing duration in Table 3. In the case that the required
CNR is 12.6dB under the free flow condition, though the
mean shadowing duration on lane 2 is about 26 times as
long as that on lane | when the BS height is 5 m, it becomes
similar to that on lane 1 when the BS height is 10m. This
characteristic also appears on the congested flow condition.

On the lane 3 under the free flow and the congested
flow condition, however, the long-time shadowing tends to
most occur compared to lane 1 and 2. This is because the
large-sized vehicles on lane 2 shadow the in-vehicle antenna
on lane 3 in spite of heightening the BS height.

From Figs. 6-9, we can also see the probability that the
shadowing duration becomes 0 sec. We call it as “clearance
rate.” Several features about clearance rate are found from
Figs. 6-9. First, the clearance rate improves as the BS height
becomes high since the probability that the BS is shadowed
by the block vehicle becomes less than the case when the
BS height is low. Second, the clearance rate deteriorates
as the BS interval increases because the amount of vehicles
between the BS and the target vehicle become increases, and
also the possibility that the block vehicle shadows the BS
height becomes high. Otherwise, the improvement effect of
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clearance rate is achieved as reducing required CNR and its
effect is longer when the BS interval is 100 m compared to
when the BS interval is 50m. This is because shadowing
occurs more frequent as the target vehicle is farther from
the BS, and the power of diffraction wave becomes more
available in this case.

5.2 Throughput Performance

In Sect. 5.1, it was investigated that the performance of shad-
owing duration was largely improved by decreasing the re-
quired CNR and utilizing the power of diffraction wave.

When employing the adaptive modulation to RVC sys-
tem, the required CNR can be reduced and the power of
diffraction wave can be used effectively. However, the
throughput becomes low since the data rate decreases as the
required CNR decreases. Hence we must be investigated the
throughput performance. Notice that the throughput is de-
fined as the received data size per second in the environment
of practical traffic flow.

We assume the adaptive modulation with quadrature
phase shift keying (QPSK), 16 QAM, and 64 QAM. The
modulation level is adaptively switched according to the re-
ceived CNR. Since the required BER is 107> at z/4-shift
QPSK modulation method with 4Mbps in ARIB STD-T75,
the required BER in the simulation is the same value of
1073, and each of the required CNR of QPSK, 16 QAM, and
64 QAM is shown in Table 1.

Figures 10-13 show the throughput distribution of
standard-sized vehicle under the free flow and the congested
flow, respectively, and Table 4 shows the mean throughput
when the BS interval is 100m. In Figs. 10-13, “QPSK”
and “64 QAM” mean that it is assumed to use QPSK and
64 QAM as the fixed modulation method, respectively, and
“adaptive” means to assume to use QPSK, 16 QAM, and
64 QAM adaptively according to the received CNR.

As mentioned before, we assumed the modulation
changing cycle of adaptive modulation was 100 msec in
these simulations. Since the strength of received signal
varies with the period less than this modulation changing
cycle in the region C as shown in Fig.5, the MS select-
ing higher-level modulation suffers some bit errors in this
region. The throughput performances shown in Figs. 10—
13 were obtained considering these bit errors. Hence, these
simulations examined the availability of the adaptive mod-
ulation under the condition of the relative long value of the
modulation changing cycle. However, the selection of mod-
ulation changing cycle strongly depends on the variation
speed of received signal strength. Therefore, if it is able
to realize the shorter changing cycle which is comparable to
the signal variation, more improvement in throughput per-
formance will be expected.

Differences between traffic flows

From Figs. 10 and 11, for free flow condition, the tar-
get vehicle becomes difficult to achieve maximum through-
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put as increase as the multi-level number of QAM. This is
because the target vehicle cannot obtain enough power to
receive high-level QAM, and long-time shadowing occurs
frequently. Otherwise, the target vehicle tends to achieve
high-rate throughput easily when using the adaptive modu-

2645
Table4 Mean throughput [Mbps] (BS interval =100 m).
(a) Free flow.

BS height || Sm 10m

| Yreg 64QAM | adaptive | 64QAM | adaptive
Lane 1 8.44 9.74 8.68 10.12
Lane 2 6.19 7.31 8.62 10.26
Lane 3 6.36 8.26 7.66 9.38

(b) Congested flow.

BS height || 5m 10m

| Vreq 64 QAM | adaptive | 64 QAM [ adaptive
Lane 1 7.21 8.52 7.38 8.80
Lane 2 5.06 6.11 8.40 9.89
Lane 3 4.04 6.00 6.42 8.03
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02

cumulative distribution
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throughput [Mbps]

(a) BS interval =50m.
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throughput [Mbps}
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Fig.12  Throughput (BS height =5 m, Congested flow).

lation, and the mean throughput increases up to 1.3 times
compared to that of case using fixed 64 QAM as shown in
Table 4. The reason is that the received power from diffrac-
tion wave is available as decreasing the modulation level
when the shadowing occurs, and the target vehicle can keep
communication continuously.

Next, from Figs. 12 and 13 that, for congested flow
condition, the throughput distributes from 0 Mbps to max-
imum throughput uniformly for both case of the adaptive
modulation and the fixed modulation when the BS height
is 5m. The reason is that, when the target vehicle moves
into “deep shadow” of block vehicle, the received power
is too low to appear the improvement effect of throughput
though the multi-level number of QAM decreases. How-
ever, when the BS height is heightened to 10m, the fre-
quency of low-rate throughput is improved particularly by
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using the adaptive modulation method shown in Fig. 13, and
the mean throughput increases about 1.25 times compared to
that of case using fixed 64 QAM.

Quantitatively, from Figs. 10(a) and 12(a), 90% of ve-
hicles can achieve throughput more than 5 Mbps and 8 Mbps
when using fixed 64 QAM and the adaptive modulation
method, respectively, in the free flow condition. On the
other hand, 90% of vehicles can achieve throughput more
than 1.5 Mbps and 3 Mbps when using fixed 64 QAM and
the adaptive modulation method, respectively, in the con-
gested flow condition. These results show that, the absolute
value of throughput is small, but its improvement effect of
throughput by applying the adaptive modulation method is
largely under the congested flow condition.

Differences between lanes

It is found from Figs. 10 and 12, when the BS height is
low, the throughput performance between lanes are different
largely. However, the vehicles can obtain stable throughput
such as concentrating near to maximum throughput on all
lanes when heightening the BS height shown in Figs. 11 and
13 because of decreasing the occurrence of shadowing. This
result shows that heightening the BS height and using the
adaptive modulation can be achieved high-rate and stable
data transmission on all lanes.

5.3 Relationship between BS Interval and Received Data

The expansion of the BS interval causes two effects: one
is that the communication area for each vehicle can be ex-
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tended, and the other is that the data size which is received
by each vehicle will be reduced because of increasing the
amount of vehicles in the communication area. Hence the
mean received data size of a vehicle should be investigated
against the BS interval.

Figures 14 and 15 show the mean received data size of a
vehicle under the condition of free flow and congested flow.
Note that broken line in Fig. 14 shows the maximum mean
received data size of a vehicle using adaptive modulation. It
is found from these figures that the adaptive modulation can
improve the mean received data size as increasing the BS
interval. This is because shadowing occurs more frequent
as the target vehicle is farther from BS and the power of
diffraction wave is more available.

In the case of the free flow condition, Fig. 14 shows
that the maximum mean received data size is achieved when
the BS interval is about 100 m on lane 1, about 70 m on lane
2, and about 60 m on lane3, respectively. This means that as
the vehicle density increases, the BS interval that maximizes
the mean received data size decreases. On the other hand,
from Fig. 15 that, in the case of congested flow, the mean
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received data size decreases uniformly as the BS interval
increases from 50 m to 100 m because of the highness of
the vehicle density. Since the BS interval that optimizes the
mean received data size strongly depend on the condition of
traffic flow, it needs to design the BS arrangement with the
forecast of traffic conditions.

6. Conclusions

In this paper, we have proposed an application of adaptive
modulation to improve shadowing duration performance for
RVC system for high-rate communication. We have in-
vestigated the shadowing duration, clearance rate, and the
throughput in the RVC employing the adaptive modulation
method by computer simulations considering direct, reflec-
tion path and diffraction wave.
From simulation results, we have found followings:

e The diffraction wave has enough power to improve
the shadowing duration when decreasing the required
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CNR, and the shadowing duration less than 1.0 sec can
be improved largely when the required CNR 1is reduced
from 25.6dB to 12.6 dB.

e The adaptive modulation improves the probability that
the throughput drops to the low value by using the
power of diffraction wave effectively, and the mean
throughput increases 1.3 and 1.25 times as large as
comparing to that of the case using fixed 64 QAM in
the case of the free flow and the congested flow condi-
tion, respectively.

e It is found that, in the condition of the free flow, there
exists the optimum BS interval to maximize the mean
received data size, and its optimum BS interval is 60—
100 m.

It needs to consider the feedback control and its con-
trol delay for modulation switching to employ the adaptive
modulation, and this will be one of our further studies.
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