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ABSTRACT

In this paper it is focused on the relation between CLR(Cell Loss Ratio) and blocking probability in the

wireless ATM access transport. Traffic model of wireless ATM access transport is based on the cell scale, burst

scale and call connection level. The CLR due to buffer overflow for wireless access node is derived for VBR

traffic. The CLR due to transmission errors for wireless channel is derived. Using the CLR for both access node

and wireless channel, the CLR of wireless ATM access transport is derived. The relation between CLR and

blocking probability is analyzed for VBR traffic to evaluate performance of wireless ATM access transport.
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I. Introduction

ATM network will have an important role in the
future evolution of global communication networks.
Wireless ATM access transport is considered as a
wireless access network to interconnect the mobile
users to the ATM network. In other words,
wireless ATM access network architectures focus
on the wireless extension of the B-ISDN terminals
for seamless ATM connection.

In this paper it is focused on the relation
analysis between CLR and blocking probability in
the wireless ATM access transport which consists
of access node and wireless channel. Wireless
ATM access transport and its traffic model are
surveyed in section 2. In section 3, the CLR due
to buffer overflow of wireless access node is
derived for VBR traffic and the CLR due to

transmission errors for wireless channel is derived.
Also, using the CLR equation for both the access
node and the wireless channel, the CLR of
wireless ATM access transport is derived and
finally the relation between CLR and blocking
probability is analyzed. and the paper closes with
the remarks in section 4.

IO. wireless ATM access transport and
traffic model

2.1 Wireless ATM access transport

Wireless ATM access transport is considered as
a wireless access network to interconnect the
mobile users to the ATM network. But there are
some problems about packet mode information
transport in the wireless environment, which is
characterized by unreliable sharing access with
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finite resource and mobility. So modified or
enhanced functionalities of the B-ISDN UNI, such
as ATM and AAL layer protocols, are suggested
to improve the wireless connectivity, which
includes error control to improve the error perfor-
mance and mobility support. Convolutional channel
coding scheme is particularly considered to meet
service requirements as shown in table 1" The
ATM Forum Wireless ATM group has proposed a
WATM system reference model™. This model
specifies the signalling interfaces among the
mobile terminal, wireless terminal adapter, wireless
radio port, mobile ATM switch and non-mobile
ATM switch. It also specifies protocol layering

architecture of the user and control planes.

Radio access segment Fixed network segment

R = ' . .
NN : ; |
= M I V= = |
| | 1 End
D=0~ 3 =
WATM | WATM | WATM |  Mobile ! Mobile ! ATM !
Terminal ,  Terminal ; Radioport | ATM ATM swich |
] adapter : f Switch ] Switch 1 1
ATM “W" WATM ATM “M" ATM “M" ATM ATM
UNI “R" RAL UNI NNI NNI UNI
User Process| ;::;
AAL
protocol ATM ATM ATM ATM
ATML layers  |WATM[ AT ATM | ATM ATM | ATM ATM [ ATM
WATMRAL' RAL | PHY PHY | PHY PHY | pHY PHY | pHY ATM RAL
Figure 1. The reference configuration of wireless ATM

network.

Table 1. CLR performance requirements for ATM traffic.

ITU-T 1356 Akira paper
Items (end-to-end cell transfer | (wireless access
performance) link)
Bit rate . .
(Mbitfs) all bit rates all bit rates
CLR 3 x 107 15 x 10°

2.2 Traffic model of access node

We can extend the flow of calls in a circuit
switched network to consider the flow of cells
through an ATM buffer. The time between arrivals
(calls or cells) is given by a negative exponential
distribution, that is to say, arrivals form a Poisson
process. But, although the same source model is
used, different types of behaviour are being
modelled. In a ATM network, the focus is at the
level below the call time scale, the characteristic
behaviour of the service as a flow of cells. So
three different time scales of activity are

Copyright (C) 2005 NuriMedia Co., Ltd.

considered. That is, cell scale, burst scale and call
connection level must be considered in a ATM
switched network. Cell scale is focused on the
behavior of cell generation at the lowest level and
concerned with the time interval between cell
arrivals. Burst scale is focused on the behavior of
a transmitting user, characterized as a cell flow
rate, over an interval during which that rate is
assumed constant. In the connection level, set-up
and clear events delimit the connection duration,
which is typically in the range 100-1000 seconds.
table 2 shows three time scale levels.

In ATM not only do connections contest, and
may be made to queue, but each accepted con-
nection consists of a stream of cells and these also
must queue at the nodes as they traverse the
network. we will use a queue then as a mathe-
matical expression of the idea of resource conten-
tion in figure 2. There are two elements of queue-
ing behavior in the performance analysis of ATM
networks : the cell scale and burst scale compo-

nents.

Table 2. Time scale level

Levels of Stochastic Stochastic Traffic
traffic henomenon model loss
behaviour P
Cell scale P & population | Cell loss
generated from
. model
various source
Statistical
multi ?elsirllca of a Queue and
Burst scale | piexing population | Cell loss
packet or packet
model
group
Call Population
. . Call
connection | Call connection model blockin
scale (Erlang) J

g number of customers in system

W number of customers P utilization

waiting

A
arriving rate  —>  puffer —> | server —> Customers
of customers leaving

t o N
w waiting time S service time

rq system time

Figure 2. Queueing system.
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(a) Modeling of cell scale queueing
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(b) Modeling of burst scale queueing
Figure 3. Queueing model of VBR traffic in the access
node

Cell scale and burst scale queueing occurs with
VBR traffic when two or more cells arrive during
a time slot. Cell scale queueing analysis quantifies
the effect of having simultaneous arrivals accord-
ing to the relative phasing of the CBR streams, so
we define simultaneity as being within the period
of one cell slot. Burst scale queueing is that the
total input rate of simultaneous bursts exceed the
cell slot rate of the ATM buffer. Principle and
modeling of VBR traffic are shown on fig. 3.

We consider two major systems, LCC (Lost Call
Cleared) systems and LCD (Lost Call Delayed)
systems for connection performance evaluation. In
LCC systems which can be applied to ATM
networks as shown in fig. 4, queueing is not
provided for call requests, calls are assumed to
arrive with a Poission distribution, and it is further
assumed that there are a nearly infinite number of
users. The Erlang B formula describes the GoS as
the probability that an arbitrary user will
experience a blocked call in a LCC system. It is
assumed that all blocked «calls are instantly
returned to an infinite user pool, and may be
retried at any time in the future. The time between
successive calls by a blocked user is a random
process and is assumed to be Poisson distributed'.

LCC system model with infinite input can be
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described by a Markov chain representation of a
system with s channels. The number of busy
channels is equal to the number of busy users, and

the probability of blocking is given as

B(s,a) = 45517 (1)

where g is the number of channels, and 4 is the

total offered load to the system!®''.

Poisson arrival

Lost Call

Q Busy
QO 1dle
Figure 4. LCC system model with infinite input

|
T
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2.3 Performance improvement of
wireless channel environments

The purpose of this section is to investigate
error control issues encountered in using ATM
over wireless data links. ATM must be made to
perform satisfactorily over wireless data links if
certain error control measures are used to insure
that RF link characteristics do not impair ATM
operation. Forward error correction (FEC) and data
link layer automatic repeat request (ARQ) are
conventionally used to improve error performance.
There are a number of tradeoffs that can be made
in optimizing performance, considering error rate
and throughput as tradeoff factors. Since the
wireless environment can vary widely, the choices
made will be strongly influenced by the wireless
channel characteristics. Therefore, there will be
variations in the appropriate choices of parameters
for different channels. Several variations on this
architecture may be more suitable depending upon
channel conditions. Interleaver/deinterleaver is needed
only for burst noise channels. This interleaver is

not needed for channels which have not significant
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burst noise problem. The best choice of interleaver
for traffic requiring reliable delivery may be too
long for delay sensitive traffic. The solution for
this situation is to introduce the mux/demux
function. This will allow delay sensitive traffic to
have a different interleaver length and a different
FEC approach if desired.

Thus, delay sensitive traffic can use a shorter
interleaver length to keep the delay small, and the
rest of the traffic can use a longer interleaver to
minimize BER. In conclusion, for nonreal time
VBR(nrt-VBR)  services which require high
reliability, ARQ is needed, but FEC cab be used
to reduce the number of retransmissions, known as
the Hybrid ARQ scheme®. Recommended error
control architecture is shown in figure 59,

Delay -sensitive ATM traffic

Block

e —
Encoder
Data Link|
ARQ
Rayleigh

Wireless ATM Awen—
Terminal

Cells In

Demultipledng. xryg yaffic requiring  MUIPIXINg

reliable delivery

Delay -sensitive ATM traffic

Short Block
Buffer [Decoder] v | g
Decoder
ATM Long Data Link| Wireless
Cells Out Buffer ARQ Channel

Multiplexing Demultiplexing
ATM traffic requiring

reliable delivery

Wireless ATM Radio port

Figure 5. Recommended error control architecture

II. The CLR and blocking probability in
the wireless ATM access transport

3.1 The CLR of wireless ATM access
transport

The CLR of wireless ATM access transport
(CLRy) is related to the CLR due to buffer over-
flow (CLRo) and the CLR due to the non-ideal
physical channel (CLRc). The CLRr can be
estimated as CLRy = CLRo + (1-CLRo)CLRc. The
cell loss ratio resulting from buffer overflow and
the cell loss ratio resulting from bit error rate of
physical layer are two independent processes. The
CLR performance of wireless ATM access
transport using Type I Hybrid ARQ scheme
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with two- code is represented as CLR(x, p, y), where

x is the cell buffer capacity, n, is the ratio of service

capacity to peak rate (Lh), | N, ] take the first

integer below N, b is the average burst length, y is

the ratio of bit energy to the power spectral density, p
is utilization and p is the bit error rate at the output of
demodulator™. The Type I Hybrid ARQ protocol is the
simplest of the hybrid protocols. Each packet is encoded
for both error detection and error correction. These
protocols can be implemented using either one-code or
two-code system and two code system is used in this

section as shown in Fig. 6.

CLR(x, p, ¥)=CLRo+(1-CLRo)CLR¢ ?)

PP .
1= PgP,
CLRo = CLR¢ + CLRpsiCLRpsq
- ol )

( _p)g
exp[_NU% 011 ]X

1 Ny ™,
(1-0)2N, [N 1 €

CLR, =

P, is the probability that a received packet contains an
undetectable error pattern and satisfies the equation
P<2 P+ (12000 M =201 = ) "

P, is the probability that a received packet contains a
detectable error pattern and thus causes the generation
of a retransmission request, satisfies the equation
P,=1—P,_P, P, is the probability that a received
packet is error-free and satisfies the equation P >
(1—p4) ™ Dy is the bit error rate at the output of
viterbi decoder and satisfies the equation p , (M=4)<

1/2(7D"+39D+ 104D’+352D"), D=2
\/Wﬂ:f + [%]pmg’g]. p is the bit error

rate  at the output of demodulator such as

- A ——1
p = 21

V1+22

kX

of FEC decoder error and satisfies P, <1-pP .

. P, is the probability

599

www.dbpia.co.kr



S EASFB|:=FA] 059 Vol.30 No.9B

n, is the total length of error detection code(16
bit+6 bit). 4, is the total length of FEC
code(code rate = 1/2, constraint length = 7, length =
22 bit +22 bit). f is the information bit length(16
bit).

RQ> ACK

RQ received, Detectable, but -
New packet uncorrectable, ACK>RQ
transmitteg’ b d \error pattern

a N e f h

A—( p FEC ED PA B
Source data Initial packelt U U ‘ Packet Data

ure d accepted Delivered to
sinl

P1: Packet Initiation state

ED : Error Decode state

PA : Packet Accept satate

RQ : Retransmission reQuest state

Figure 6. State diagram for a Type-I Hybrid ARQ
protocol based on two codes

3.2 The Dblocking probabilty of  wire-

less ATM access transport

Another GoS parameter, in addition to cell loss,
is the probability of a connection being blocked.
This is very much dependent on the CAC
algorithm and the characteristics of the offered
traffic types. If we restrict the CAC algorithm to
one that is based on limiting the number of
connections admitted, then we can apply Erlang’s
lost call formula to the situation as shown in (1).

3.3 Relation analysis between CLR
and blocking probability

CLR(x, p, ¥) curve shows how the cell loss
ratio varies with the buffer size for different
utilization as shown in Figure 7(a). B(N, a) curve
shows how the connection blocking probability
varies with the maximum number of connections
for different offered traffic intensities as shown in
Figure 7(b). From the two curves described in
Figure 7, the relation between CLR and blocking

probability is derived for the following parameter.
- cell slot rate(C) : 4,528 cell/sec
- mean cell rate(m) : 20 cell/sec
- average number of cells per burst(b) : 10 cells
- peak cell rateth) : 226 cell/sec
- the ratio of the cell slot rate to the peak cell
rate (No) : 20.04
- the code rate of 4-ary(M=4) -convolutional
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code(r) : 1/2
- constraint length of 4-ary convolutional code
(v) : 7
requirements of 107 are reached under a
certain circumstances. In other words, when a
CLR is 107 with the signal to noise ratio( y) curve
of 30 dB, the maximum number of connections is
near 74. Now that we have a figure for the
maximum number of connections, we can calculate
the offered traffic at the connection level for a
given probability of blocking. From Figure 7(b), we
find that for 74 maximum connections and a
connection blocking probability of 0.03, the offered
traffic intensity is 63 Erlangs. Note that the mean
number of connections in progress is numerically
equal to the offered traffic, i.e. 63 connections. The

c e 1 1

CLR(Z.030) oy

Aotmopsn 10

(@) CLR of Wireless ATM access network with Type I
Hybrid ARQ Scheme

E(H,5)
B(H,10)

E(H,18)

E(H,25)

(b) Blocking probability, given maximum connections and
offered traffic

Figure 7. The relation between blocking probability and

CLR

loss probability for this number of connections can

be found from Figure 7(a). It is below the CLR
requirements of 10”. In conclusion, we have seen
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that the relation between cell scale level and call
connection level can be derived. we have also
seen that when the connection blocking probability
requirements are taken into account, the actual cell
loss probability can be rather lower than that for

. . 10,11
the maximum allowed number of connections'®'".

IV. Conclusion

In this paper we have seen the relation between
CLR and blocking probability in the wireless ATM
access transport. VBR traffic model of wireless
ATM access transport is based on the cell scale,
burst scale and call connection level. In other
words, the cell scale, burst scale and call
connection level are considered for a mix of VBR
traffic. The CLR equation due to buffer overflow
for wireless access node was derived for VBR
traffic and the CLR equation due to burst errors
for wireless channel was derived. Using the CLR
equation for both access node and wireless channel,
the CLR equation of wireless ATM access transport
was derived. And finally the relation between CLR
and blocking probability was analyzed for the
VBR traffic in the wireless ATM access transport.
These results can be utilized for designing the

practical wireless ATM access networks.
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