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SUMMARY  This paper proposes the radio ATM entrance
network with radio links connecting between access points and
wired backbone ATM networks for wireless ATM access. In
order to reduce the interference power among the radio entrance
links, the Power and Modulation Level Controlled Radio method
is newly proposed, the method controls not only modulation level
but also the transmission power according to the ATM cell traffic
intensity. Theoretical analysis shows that the proposed method
can increase the carrier to noise plus interference power ratio and
can reduce the average cell loss rate compared with the conven-
tional Modulation Level Controlled Radio method in case that
there is the interference power among the radio ATM entrance
links.

key words: wireless ATM access, radio entrance link, power and
modulation level controlled radio method, interference

1. Introduction

Asynchronous transfer mode (ATM) technique has been
extensively studied and developed to efficiently provide
multimedia services such as voice, data, and video com-
munications through Broadband - Integrated Services
Digital Network (B-ISDN). In mobile communication
networks, a demand for a multimedia service is increas-
ing and wireless ATM system has been developed and
standardized [1]-3].

In order to construct the access networks for mo-
bile multimedia communications, at first, we should
construct the entrance links connecting between access
points (AP) and ATM backbone networks, and the en-
trance links can support ATM transmissions because the
ATM technology can increase the network efficiency [4].
We call the access networks using ATM entrance links
the ATM entrance networks[5]—[7].

The ATM entrance networks will be constructed
with micro-cellular/pico-cellular radio to improve fre-
quency utilization efficiency. Furthermore, since high
frequency such as SHF or millimeter wave band will
be used to provide high speed multimedia radio ser-
vices, the cell size will be reduced more and more, con-
sequently the number of access points (AP) such as cell
stations and base stations will increase and the num-
ber of entrance links will also increase. Therefore, if
the entrance link is constructed with wired channels
such as optical fiber, it will require a large cost and
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time investment due to a regulation for digging. On
the other hand, radio method will be a strong candi-
date for the entrance link, since the radio entrance link
can be constructed more cost-effectively and quickly for
rapid increase of AP than wired method. Figure [ illus-
trates the radio ATM entrance networks. To realize the
radio ATM entrance networks, we should solve many
problems including ‘the channel assignment for radio
entrance links, the configuration of radio cell, the net-
work topology, the hand-off control and so on.

This paper focuses on the effective transmission
method on the radio ATM entrance link which can sup-
port ATM services. When constructing radio entrance
link, the ATM cell traffic fluctuation should be consid-
ered sufficiently. ATM service in the class of variable bit
rate (VBR) transmits ATM cells at various rates. In or-
der to effectively accommodate the traffic fluctuation of
ATM cells, we have proposed the modulation level con-
trolled radio (MLCR) method which changes the modu-
lation level according to traffic intensity [8]—[10]. How-
ever, the transmission power per symbol in the MLCR
method is same for each modulation level[11]. The
radio signal with low modulation level will become a
strong interference noise to radio signals with high mod-
ulation level in other radio entrance links. For exam-
ple, If an entrance link uses the 256-QAM modulation
scheme and an other entrance link uses the QPSK mod-
ulation scheme, the 256-QAM signal is interfered by the
QPSK signal while the QPSK signal is not almost in-
fluenced.

Radio entrance link

ATM radio terminal
ATM Wireless Radio Entrance Link

ATM radio terminal |—||-| AP -{I—I—v SW I
User
AAL
ATM ATM ATM
PHY PHY PHY | wired

Network
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To solve such problems, we newly propose Power
and Modulation Level Controlled Radio (PMLCR)
method for radio ATM entrance networks. This sys-
tem can control not only the modulation level but also
the transmission power according to cell traffic inten-
sity [6]. When the traffic intensity is small, the proposed
method can reduce the transmission power satisfying the
required quality of service (QoS). This paper theoreti-
cally analyzes the cell loss rate and the required carrier
to noise power ratio of PMLCR method and show that
the PMLCR method has the improvement effect of the
interference reduction compared with MLCR method.

The rest of paper is organized as follows. In Sect. 2,
we describe the proposed radio ATM entrance network
architecture. In Sect.3, we describe the principle of
PMLCR method. We also describe the modulation level
decision rule in this section. In Sect. 4, we describe the
analysis model about cell loss rate of PMLCR method
and show the numerical results and the improvement ef-
fect of the PMLCR method in Sect. 5. Finally, we draw
conclusions in Sect. 6.

2. System Description

Figure 1 illustrates the radio ATM entrance networks
where some APs are connected to the ATM switch node
(ATM-SW) with some radio entrance links.

In conventional ATM access networks, the stan-
dard ATM protocol is used on the wired entrance links
and converted to the wireless ATM protocol for mo-
bile ATM services at an AP in order to improve the
radio channel quality by use of the data link control
(DLC) layer and to effectively assign a radio bandwidth
to mobile users by use of the medium access control
(MAC) layer. On the other hand, since all channels
from mobile ATM terminals to ATM backbone network
are constructed with radio channels in the proposed ra-
dio entrance networks, the standard ATM protocol can
be converted to the wireless ATM protocol at an ATM-
SW, not at an AP, as shown in Fig. 1. In order to estab-
lish more and more APs in the ATM entrance networks
achieving a large channel capacity, we should reduce a
cost for an AP and increase a reliability of AP. There-
fore, we assume that AP is a non-regenerative repeater
which provides only a few functions such as a transmis-
sion power control and a frequency conversion. On the
up-link in our system, at first, the radio signal is trans-
mitted on the access link from a radio terminal to an
AP. The AP converts the frequency, controls the power
of the radio signal and transmits it to an ATM-SW via
the entrance link. Finally the radio signal is demod-
ulated at an ATM-SW. Then, the modulation method
used on the access links is the same one used on the
entrance link. Moreover, the connection can be dynam-
ically established between APs by use of physical switch
at an AP in order to avoid the traffic concentration on
one radio entrance link.
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Since we can cost-effectively establish wireless
ATM access networks by use of radio entrance links
and low-cost APs, we can increase the number of APs
to cover more areas.

However the interference signal power among radio
entrance links degrades the received performance of the
desired signal and its degradation becomes large as the
number of APs increases. Therefore, to realize the ra-
dio ATM entrance networks, it is necessary to develop
the transmission method which can achieve high per-
formance without high received power and reduce the
interference power.

3. Principle of Proposed PMLCR Method
3.1 Concept of PMLCR Method

In radio channels, there are following two kinds of the
cell loss.

(a) Traffic cell loss: The traffic amount fluctuates and
exceeds over the capacity of the buffer in the trans-
mitter.

(b) Radio cell loss: The cell header information is lost
due to the bit error on radio channels.

Therefore, the cell loss rate (CLR) in radio channels P,
is given

P.=1-(1-PR)(1—P)
:Pt+Pr_Pt'Pr7 (1)

where P is the traffic cell loss rate (TCLR) and P. is
the radio cell loss rate (RCLR). Therefore, when the
service requires the desired CLR P;, we should satisfy
that P, < 0.5- P; and P, < 0.5 - Py to guarantee the
required quality of service (QoS).

The MLCR method uses 2"-QAM (n = 1,2,3,4)
modulation scheme and dynamically changes its modu-
lation level according to cell traffic fluctuation with the
average transmission power fixed as shown in Fig.2.
When the ATM cell traffic amount is large, the MLCR
method selects the high modulation level to increase the

PMLCR MLCR
(power) / (power)

transmission power

256QAM
64QAM
16QAM
QPSK

221 QAM

channc‘l quality

required —‘—'_‘_L“l

level

[ % MLCR

< PMLCR
* time

Fig. 2 Principle of PMLCR method.
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channel capacity with a radio bandwidth fixed. On the
other hand, when the ATM cell traffic amount is small,
the MLCR method selects a low modulation level to en-
hance the durability to an abnormal propagation such
as fading. However, the MLCR method doesn’t require
a large received power to keep a small RCLR in case of
using a low modulation level. Then it is wasted to use
a large transmission power required with a high modu-
lation level.

To solve this problem, we newly proposed power
and modulation level controlled radio method. This
method can control not only a modulation level but
also a transmission power and can reduce an average
transmission power keeping the radio channel quality
required by services as shown in Fig.2.

3.2 Modulation Level Decision Rule

The modulation level is decided in the transmitter ac-
cording to traffic amount. The transmitter observes in-
coming cells to the buffer in itself and obtains the in-
formation of the arrival cell rate. According to the ob-
served cell rate, we use the minimum modulation level,
ng, with which the TCLR P;(ng) can be smaller than
the half of desired cell loss rate of service P; as follows;

no = min{i; P,(i) < 0.5- Py, (i = 1,2,3,4)}, (2

3.3 Transmission Power Design

While an average transmission power is fixed in the
MLCR method, the PMLCR method controls the trans-
mission power according to the modulation level so as
to fix the minimum FEuclidean distance as shown in
Fig.3. Then the PMLCR method controls the trans-
mission power so as to satisfy

22710 -1 3
%eq(no) = WWE’G’ 3

where ., is the required received carrier to noise
power ratio (CNR) in PMLCR method and 756 is
the required received CNR to satisfy that the RCLR
is less than the half of desired CLR P; of service when
256QAM (n = 4) method is used.

QA
e o . o >~ D 64QAM
e o e o I
s e o D 16QAM
» e o eo]® e o o . QPSK

minimum Euclidean distance : fixed
Fig. 3  Signal point of PMLCR method.
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4. Theoretical Analysis
4.1 Traffic Cell Loss Rate

Using the buffer model shown in Fig. 4, the traffic cell
loss rate with modulation level of n, P;(n) is the prob-
ability that the number of cell is K in the buffer and
approximately given by

K41

a-N, a-N.

c 1— c

Cr(n) ( Cr(n) )

Py(n) = ( ) v KT ) (—
1- (a(%)

where a is the cell arrival rate [cell/s], N, is the num-

ber of bit per a cell [bit], K is the buffer size [cell] and

Cyr(n) is the radio channel capacity with modulation
level of n given by

2n 2nW
Cr = = b ) 5
(m) = = " [opd 6
where T' is the symbol duration, W is the radio band-
width « is the roll off factor and n is the modulation

level.

4.2 Radio Cell Loss Rate in Fading Channel

Each radio signal received at an ATM-SW is faded due
to the fading occurred in the access link. The delay
spread of the access link is very small because of small
cell size, or it can be equalized by used of an equalizer at
the demodulator of ATM-SW. So we ignore a frequency
selectivity in the access link. On the other hand, the en-
trance link is assume to be an AWGN (Additive White
Gaussian Noise) link because it is a line-of-sight path.
Hence we employ the frequency-non-selective Rayleigh
fading channel model for the total link constructed with
an access link and an entrance link.

We assume to apply the forward error correction
(FEC) technique to the wireless cell header in order to
improve the RCLR F, on radio channels. In case that
FEC technique can correct ¢ bits, the radio cell loss is
occurs if the number of erroneous bit in the header is
more than £bits. Then, the radio cell loss rate with
modulation level of n, P.(n), is written by

Tp
Pr.(n) = nCi (L= B(n))™ ™" - B(n)", (6)
T=t+1
a [cell/s) % [cell/s]
= |- H O
a a a
SN TN
EDIEPIERN
LCr_ Cr_ Cr_
Nc Ne Nc

Fig. 4 Model of buffer in the transmitter.
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where np, is the number of wireless ATM header and
B(n) is a bit error rate (BER) with modulation level of
n in Rayleigh fading channel written by

on-[T-3)

3
erfc < m "Y) p(v)dv, (7

where p(v) is the probability density function (p.d.f.)
of the received CNR, given by

1
exp <— 7 ) ®)
’Yreq fY’req

and erfc(z) is the complementary error function given
by

p(y) =

erfe(z) = % /00 e dt. )

From (7), (8) and (9), the BER in Fading channel is
written by ‘

B(n)= (1 - %) (1 - (1 + %y%).(m)

4.3 Cell Loss Rate with Interference Power

Figure 5 shows the analysis model of the interference
among the radio entrance links. We assume that there
exists two radio entrance links (link 1 and link 2) and
the ATM-SW receives the interference power from an
undesired AP with the interference coupling ratio p as
shown in Fig.5. When we assume that the used radio
bandwidth on the link 1 is equal to that on the link 2
and that the interference power is white noise, the CNIR
I' at the ATM-SW is given by

c  C/N
N+1_ 1+I/N
_ My(n)

14 Mpya(ng)’

I‘(nl, ?’bz) =

(1n

where M is the power margin, n; and n, are the mod-
ulation level used in the link 1 and link 2, respectively
and y1(n1) and v2(n2) are the CNR at the ATM-SW in
the link 1 and link 2, respectively. ~vi(n;) and vo(ns)
are given by (3).

When using PMLCR method, the transmission
power is changed according to the used modulation
level found from (3). Since the used modulation level is
selected according to the cell arrival rate as found from
(2) and (4), when the cell arrival rate is fluctuated, the
transmission power is changed according to the cell ar-
rival rate. Then the average received CNIR at the AP,1
using a modulation level n; is written by
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VBR t 071Rp Pa)
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a2 AP2

Fig. 5 Interference model among the radio entrance links.

R,
Lave(my) = /0 T'(ny, ng)p(as)das, (12)

where R, is the peak rate of service, ag is the cell arrival
rate in the link 2 and p(as) is the p.d.f. of the arrival
cell rate as.

On the other hand, the BER with interference
power on the link I, #'(n1,ng) is written by

s = [T-2)

3
erfc ( 2 —1) ‘7) p(v)dy, (13)

where ny, ngy is the modulation level used in the link
1 and link 2, respectively and p(y) is the p.d.f. of the
received CNR, given by

p(v) = m exp <_F(T:yn—2)> : (14)

We assume to apply the forward error correction
(FEC) technique to the wireless cell header in order to
improve the P. on radio channels. In case that FEC
technique can correct ¢ bits, the radio cell loss occurs if
the number of erroneous bit in the header is more than
tbits. Then the RCLR Py,(ny,ny) is written by

2

Pr(ni,ns) = Z i Ci - ' (n1,ma)" -

1=t+1

(1= B (n1,ma))™ " (15)

Finally, taking the traffic fluctuation both on the link 1
and link 2 into consideration, the average cell loss rate
with the interference power on the link 1 is written by

R, rR,
Pe,,. :/ / Pe(ni,m2)p(a1)p(az)daiday, (16)
0 0

where F.(n1,n2) is the CLR on the link 1 written by
P.(ni,n2)=1—(1—F;(n1)) - (1—Pr(n1,n2)). (17)

As shown in Fig.5, we assume that both p.d.f. p(ay)
and p(as) are uniform distribution functions.

5. Numerical Results

Table 1 shows the parameters used in following theoret-
ical analysis. The wireless ATM cell (N, bits) consists
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Table 1  Parameters used in theoretical analysis.

radio bandwidth W | 10MHz
service peak rate R, | 10Mbps
bufler size K Scells
Wireless ATM cell length N. | 446Dbits
compressed cell header length  ny 32 bits
FEC collect bit t 5 bits
Roll off factor o 0.0

100

101} pd=103

102 4 A

103 ] -7

-4 -
107 1 ~ \ QPSK method
10-5 Jromrenmeeeeeanenes e et

106 |

Cell Loss Rate Pc

1077 4
10-8 ] PMLCR method
1079 § MLCR method
1010 . . . T
0.0 0.2 0.4 0.6 0.8 1.0

Normalized Cell Arrival Rate a/Rp
Fig. 6 Cell loss rate versus the normalized cell arrival rate.

of a compressed header (4bytes), a payload (48 bytes)
and redundancy bits (30bits) as a result from using
BCH(62,32) code as a FEC technique which can cor-
rect 5 erroneous bits.

5.1 Cell Loss Rate and CNR of PMLCR Method

This section shows the improvement effect on CLR and
CNR of PMLCR method without interference power.
Figure 6 shows the CLR P, versus the normalized ar-
rival cell rate @ when the desired cell loss rate of service
P, is 107%. The CLR of QPSK, MLCR mehtod and
PMLCR method are shown in this figure. We can see
that the QPSK method cannot satisfy the required CLR
if the traffic intensity becomes large using the transmis-
sion power as large as the MLCR method uses, while
the PMLCR and MLCR method can satisfy. The CLR
of proposed PMLCR is larger than that of conventional
MLCR method because the received CNR of PMLCR
method is lower than that of MLCR when the cell ar-
rival rate ¢ is small and the used modulation level is
small. From Fig.6 we can see that the CLR is the
worst value in the case of using the maximum modu-
lation level. However, the CLR of PMLCR is about
the desired CLR of service (107%) for any a and can
achieve high quality received performance for wireless
ATM transmissions.

Figure 7 shows the required CNR ,.4 [dB] versus
the normalized arrival cell rate a when the desired cell
loss rate of service P; is 107°. When using conventional
MLCR method, the 7.4 is same for different values of
a. On the other hand, when using proposed PMLCR

1EICE TRANS. COMMUN., VOL. E81-B, NO. 12 DECEMBER 1998
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Fig. 7 Required received CNR versus the normalized cell ar-
rival rate.
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40
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’g PMLCR method
< ——  MLCR method

0 T T T

-80 -60 -40 -20 0

Interference Coupling Ratio p (dB)

Fig.8 Average CNIR as a function of the interference coupling
ratio.

method, since the «,¢, is changed according to the used
modulation level, the 7,4 is reduced as the a decreases.
It is found from Figs. 6 and 7 that the PMLCR method
can reduce the transmission power keeping the CLR as
same as P; when the ATM traffic amount is small.

5.2 Improvement Effect of PMLCR Method with In-
terference Power

Figure 8 shows the average CNIR I'y,. as a function
of the interference coupling rate p for each value of the
desired CLR of service P; when the modulation level
n, is the maximum level and the power margin M = 0.
When the p is —100dB and the interference power is
extremely small, the average CNIR of PMLCR method
is equal to that of MLCR method. However, when the
p is large and the interference power is large, PMLCR
method can improve the average CNIR compared with
MLCR method. This reason is that the interference
power of PMLCR method is variable according to the
used modulation level ny and is small in the case of us-
ing low modulation level while the interference power
of MLCR method is fixed for any values of n,.
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Fig. 9 Average CLP as a function of the interference coupling
ratio.

Figure 9 shows the average cell loss rate P. _ as
a function of the interference coupling ratio p for each
values of the power margin M when the desired cell
loss rate is 107°. From this figure we can see that the
PMLCR method can increase the interference coupling
ratio compared with MLCR method satisfying that the
average cell loss rate is less than the desired cell loss
rate for any values of the power margin M. When the
power margin M is 0dB, the PMLCR method can ob-
tain about 10dB improvement of the interference cou-
pling ratio and when M is 5dB, the PMLCR method
can obtain about 4 dB improvement of p compared with
MLCR method. Finally, the PMLCR method can in-
crease the allowable interference coupling ratio and is
stronger method against the interference than MLCR
method. Consequently, in case of applying the MLCR
method, we can reduce the size of antenna to achieve a
high antenna directivity or establish more APs and ra-
dio entrance links to increase the frequency utilization
efficiency.

6. Conclusion

In this paper, we proposed the radio ATM entrance
networks with radio links connecting the APs and the
ATM backbone networks to cost and time investment.
and proposed the power and modulation level con-
trolled radio method which changed not only a mod-
ulation level and but also the transmission power to
reduce the interference power among radio entrance
links. Theoretical analysis clarified improvement effects
of PMLCR method as follows;

e When ATM service class is VBR, the PMLCR
method can reduce the required received CNR
keeping the cell loss rate required by ATM service.

e The PMLCR method can increase the carrier to
noise plus interference power ratio and improve the
cell loss rate compared with MLCR method when
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there exist an interference power among radio en-
trance links.

e The PMLCR method can increase the allowable
interference coupling ratio and is strong for the in-
terference power.

Consequently, in case of applying the PMLCR method,
the size of antenna can be reduced, or the number of
APs and radio entrance links can be more established
to increase the frequency utilization efficiency.
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