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Abstract

In the near future we can expect a change in charging the Internet service. The flat charging maybe replaced with a
usage-based charging. In line with this movement, we propose a method of charging the assured-quality Internet services
for the next generation network by introducing a UBC (usage-based charging) scheme over the conventional flat charging
platform. First, we investigate the attribute of elastic traffic generated by assured services in IP network. Next, we
propose a new method to relate the bandwidth usage with the pricing for the elastic traffic, which is based partially on
the usage rate of the network bandwidth. Next, we propose a charging function for elastic traffic, which is applicable to

any type of assured Internet services. Finally, we discuss the implication of the work via simple numerical experiments.
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I . Introduction

At present almost all the Internet services

such as web browsing, file transfer as well as the
exchange of e-mails are paid by a fixed charge
irrespective of the amount of data transferred over
the commercial Internet.

IP-VPN and ADSL services adopt this charging
scheme. A customer only pay an access charge to
the Internet irrespective of the usage of the network
resources. Thus, this is called a flat charging, and it
is a kind of a subscription-charge.

The flat charging scheme has been adopted in a
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shared network with best effort service architecture,
because there exists no classes or priorities in
service. So, there exists a high probability that
greedy users can monopolize the network resources,
especially the bandwidth, so that non-greedy users
experience high delays upon their visit to the
network when the network is congested with packets
generated from the heavy users.

Recently, we could find new applications which
require timely delivery of data such as the Internet
phone or applications which favor guarantee of
minimum amount of bandwidth during data transfer
such as web browsing or Intra/Extranet via VPN
(Virtual Private Network).
differences in the requirements for the network

To cope with these

performance, differentiated service policy such as
DiffServ (differentiated service) architecture has been

proposed by IETF (nternet Engineering Task
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Forces)“g]. In line with these approaches, the concepts
of charging in the cuwrrent Internet services are
undergoing changes toward the UBC (usage-based
charging) [1,11,14,16]‘

We could find a lot of literature for UBC. Firdman
advocated the necessity of the usage-sensitive
and value-added

pricing s, McKnight gave a qualitative overview on

pricing, prority-based pricing,
pricing the next generation Internet services after flat
U4 Blot et al. reported a functional
called NetCounter
individual connection in IP commercial network %',

rate scheme
framework on charging the
Karsten proposed a scheme for a linear price
calculation in IETF integrated service architecture
advocating that the internal price calculation should
be linear and has to be based on the resource usage
in the network, where he assumed a reservation-
based service differentiation scheme '®. Kelly devised
the concept of pricing by effective bandwidth, which
is evolved into usage based charging 7 Lee
presented a discussion on bandwidth sharing and its
impact on user utility and pricing for IP network in
[9], where he argued that the network service
provider has to levy charge based on the usage of
the network bandwidth by illustrating the quantitative
numerical results for elastic traffic with best effort
service architecture. In [10,11], Lee extended the
concept of usage-based charging to more specific
applicatiohs, the VPN services, where usage rate
charging is also advocated by showing some numeri-
cal results. Recently, Park proposed a two-part tariff
scheme from the pure economic point of view [15],
which is very similar to Lee's work. Lee also
advocated the two—part scheme even for the current
best effort Internet services 2.

Recently, two leading mobile ISPs (Internet Service
Providers)
change the charging scheme for the mobile Internet
toward a combined flat & UBC ") They levy a
fixed charge of 20$ for 124,000 packets (packet size
is assumed to be 51Zbytes) transfers during a month.
the
levy a charge of

in Korea announced that they would

If the amount of packet transfer exceeds
predetermined amount, they
0.02Cents per packet. Note that the telecommunication
companies began to move toward a mix of flat &
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UBC pricing for the Internet services.

This paper is an extension of those works of
[10,11,12]. We argue that the usage-based charging
has to be tuned to the value of the network
resources. That is, if the bandwidth is allocated to a
connection in the form of reservation the charge can
be fixed, otherwise the charging scheme can take the
usage-based charging. This work devises a realistic
approach that mixes the flat charging and the
usage-based charging for the assured-bandwidth
services of next generation Internet.

This paper is composed as follows: In Section II
we describe the attributes of assured services and
the limit of conventional flat charging. In Section II
we propose a method to determine the price curve
under the flat & residual pricing scheme for elastic
traffic. Section IV gives the results for numerical
experiments, where the implication of the proposed
methods is shown with graphs. In Section V we
summarize the paper and give some comments on
further research areas.

II. Assured Service and Flat Pricing

In this work, assured service (AS) is defined to be
applications that require a QoS (Quality of Service)
defined by minimum amount of bandwidth under any
network condition. Each arriving packet is classified
by an edge router from DSCP (Differentiated service
code point) of a packet header, and treated as an AF
PHB (assured forwarding per hop behavior) in
DiffServ architecture of IETF. Examples of AS are
transfer of streaming files and web browsing, and it
can cope with variable throughput, from which the
traffic of AS is called elastic traffic (ET). ET can
tolerate packet delays gracefully and it would rather
wait for reception of traffic in the correct order,
almost without losses. Therefore, traffic of AS needs
an elastic bandwidth allocation mechanism like TCP,
and it is treated next to EF (expedited forwarding)
services in IP network.

As to AS, the specification for QoS is usually
expressed of
Throughput is represented by the mean value of the

file size divided by transfer time™,

in terms minimum  throughput.

Minimum
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throughput of AS is synonymous with the minimum
bandwidth the network has
connection, which is contracted with the customer in

to provide to a

the phase of SLA (service level agreement) before
traffic is transferred. The contracted minimum
bandwidth (CMB), which is denoted by x, can be
allocated (in the form of reservation) a priori or
statistically guaranteed by a scheduler in a DiffServ
router, and an additional bandwidth (call it "plus-a”)
is provided by network if there is any available
bandwidth unused by other connections in the
netwark.

Even though CMB is contracted between ISP and
a customer, a customer may generate traffic less
than or greater than the CMB at any instant, because
CMB is based on the average value computed over
some time interval (we will describe this aspect in
more detail in Section [V). If there exists sufficient
bandwidth in the link, the network can carry out all
the traffic in excess of the contracted value u,
otherwise some packets are forced to wait in the
queue for later transmission. Because the variation of
the traffic volume generated from a connection for
Internet access is very harsh'®', there may happen a
case in which a connection can or can't use the
contracted bandwidth . So, the traffic curve goes up
and down across the CMB. Of course, the traffic rate
of a connection should not exceed the maximum link
capacity M.

Flat pricing levies a fixed charge to a connection
irrespective of the connection’s actual usage. For
example, a network can provide a connection with at
most M bits per second (e.g., 1.5 Mega bps for the
standard ADSL service), and it levies a fixed amount
of a charge to a connection whether a connection
uses it or not. The flat pricing scheme is not suited
to AS services from the following reasons. First, FP
(Flat pricing) results in unfaimess between heavy
users and light users. Second, moral hazard exists
between users, because the charging is not sensitive
to the actual usage. Moral hazard results in an
excessive use of network bandwidth, which in tum
results in network congestion. Under the network
congestion, heavy users impose a damage to light
users with delayed packet transfer, which results in
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negative network extemality.“a Finally, FP gives no
incentive to ISP's effort for the differentiation and/or
upgrade of the quality of services. The flat pricing is
best suited to the VPN type services in which a
customer can use the bandwidth up to a full capacity
at any time. From this discussion, one can find that a
new pricing scheme that is suited to the elastic
traffic has to be developed.

III. Pricing the Elastic Traffic from Assured
Service

The discussion in Section II implies that a new
pricing scheme that takes into account the additional
usage exceeding the CMB has to be devised in any
manner. To that purpose, we have to devise a
method to translate the value of bandwidth used by

the elastic traffic into a price.

1. Flat & Residual Price for Elastic Traffic

For AS, the CMR, denoted by g in the previous
section, can be looked upon as a kind of reserved
bandwidth within which a customer can use at one’s
own will, whereas the additional bandwidth, called
plus—a, is an excess bandwidth that can be used by
a customer if there exists additional bandwidth the
network operator can provide to the customer. Let us
levy a charge in a fixed and residual way such that
a fixed amount of charge for a unit time is levied
urless the usage exceeds CMR. If the usage exceeds
CMR, additional charge is levied in proportion to the
excess usage in addition to the fixed charge. Let us
define this scheme as a flat & residual pricing (FRP).
The basic assumption behind FRP is that a customer
pays a fixed amount of charge for the minimum
bandwidth whether he/she uses it or not during a
connection to the network, whereas the assumption
on the provision of additional bandwidth is that the
customer is ready to pay additional price for the
additional bandwidth provided by the network. Let us
call the price of residual bandwidth to be the residual
price. The concept of FRP is illustrated in Fig.l.

As one can find from Fig.l, a customer pays a

fixed amount of charge per unit time during a
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connection irrespective of the usage of the network
bandwidth so far as the usage rate does not exceed
the So,

computation for pricing is not carried out by the

predefined minimum  bandwidth — p.

network operator. However, a customer has to pay
additional charge for the usage of the bandwidth in
an amount he/she used in addition to when the
bandwidth usage is greater than w.

There may exist various ways for levying prices
differently to the usage of the bandwidth (see
[9,10]). The typical curve for the residual price is a
linear function connecting the two points of (,y)
and (M,A). The slope of residual price is determined
by the pricing policy of the network company.

Let us assume that maximum price that can be
levied 1s A per unit time for the usage of maximum
allowed bandwidth of M. Then, ¢ is given by

_ AP A -y
Au M - u (1
E=i
§ A
£ A
s A
° 4 Residual
g % ¥ charge
g2
[V
.2 >
£
Bandwidth usage per unit time, u
b 1= 1. FRP2| 7H
Fig. 1. Concept of FRP.

In order to compute the unit prices v and A, we
have to know the relationship between the available
bandwidth and the unit price. The price for a packet
transfer over the current IP network in Korea is
based on the fixed rate and the only metric for
charging is the speed of an access link of ADSL or
Leased-line """, In order to compute the unit charge
with respect to the use of the unit bandwidth for IP
network, we use the average of current charges for
Korea's standard ADSL services with maximum
speed of down link to be 1.5Mbps, which is a fixed
monthly price of about 25 .
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Recently (from September 2002), MIC (Ministry of
Information & Communication) of Korean government
announced a recommendation for the contraction of
SLA for the high-speed Internet services of Korea
“I SLA is defined in terms of the minimum
bandwidth of O05Mbps for the standard ADSL
services. SLA monitoring is carried out by 10
measurements during a busy hour (the average
connection time of Internet services of Korea is about
an hour). If at least 60% of the measured data
violates the SLA, ISP has to refund one-day's
charge to a customer.

Even though an SLA is introduced to an Internet
service, the charging principle is not changed, yet.
That is, if an SLA is defined to be 0.5Mbps from the
maximum available link speed of 1.5Mbps, the charge
has to be lowered in accordance with it.

Now let us devise a method to determine v and A
in Fig.l. A fixed charge of v per unit time is levied
to a user whose usage is not greater than a
minimum service rate of ¢, which is contracted as an
SLA between ISP and a user. A maximum of A is
levied to a user whose usage is M. In between
(., M), a proportional charge is levied.

To the best of author’s knowledge, there does not
exist a concrete way to determine v and A, which
may be determined by the network company’s
pricing policy or from the market forces. In general,
it is known that the
determined by adding appropriate profit margin to the

flat monthly charge is

cost of service provisioning with regard to a

» 8 This is one of

customer with "average usage
the main reasons of the cheap charges for the current
high-speed Internet services. However, ISPs can
confront severe economic problems if usages of
customers increase far above the average usage,
because the network resources have to be reinforced
in order to maintain good quality of services.

Based on this general principle of economics, let us
propose a new approach for determining the values y
and A by adopting the usage and price graph as

shown in Fig.2.
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Fig. 2. Usage and price curve for network bandwidth.

The usage and price curve illustrated in Fig.2,
which i1s similar to demand and supply graph in
standard Economics, implies that a user uses no
bandwidth if the price is greater than A, whereas a
user tempts to use M amount of bandwidth if the
price is zero. In between the values [0,4] a user uses
the bandwidth between [0,M] in reverse-proportion to
the price shown in Fig.2. Ideally, the utility is egual
to the product of the available bandwidth and the
charge a customer pays. The area formed by a
triangle 04AM is the maximum utility that a customer
can obtain by consuming M amount of bandwidth for
a monthly price A. Even though a customer can use
M amount of bandwidth at any time instant, a
customer can't always use the whole amount of
allocated bandwidth. Let us assume that a customer
uses € amount of bandwidth on average.

In general ISP levies a charge IT under the flat
charging scheme, where II is determined from the
average usage € of customers. In order to estimate a
unit price for a bandwidth provided from the ADSL
service, let us assume that on average a user
connects to the Internet service 50 minutes per
connection and once per day. The average amount
of bandwidth a user consumes is assumed to be €
=0.75Mbps during a connection. If we assume an
activity factor of 25days per month, the amount of
data a customer sends to the network is 56.25Ghits
per month(0.75Mbpsx 3000secx 25days/month). Since
the charge for the service is 25% per month, the unit
price will be 0.044Cents per Megabits, from which we
can compute II in Figl. Table 1 summarizes the
result.
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Table 1. Bandwidth and price
Bandwidth type Price
Maximum Speed, M (Mbps) 1.5
Minimum Speed, 1 (Mbps) 05
Maximum usage (Ghits/Month) 36.25
Price under the current 95

fixed pricing scheme (US$/month)

Unit price, 11 (Cents per Mbits) 0.044

The utility under the current pricing scheme is the
area of a rectangle ollqe, which is equal to [Te. If
we levy a maximum charge of A and a customer can
use M amount of bandwidth, the utility of a user is
equal to an area determined by a triangle 0AM.

Therefore, A can be obtained by proportioning the
two areas made from triangle oAM and the rectangle
ollqe. From this, we obtain the following result:

M
=—TI.
A & (2)

On the other hand, the utility of a user who
consumes M and ¢ amount of bandwidth on average
is equal to an area determined by a triangle 0AM
and OAp, respectively. From this, we can easily
notice that there exists subsidy of cost between
heavy users and light users if ISP levies the same
charge for all customers irrespective of the actual
usage. In order to eliminate this kind of subsidies,
charges have to be levied in proportion to the usage
of the bandwidth. That is, when an average usage of
a customer is equal to M, where the utility of that
customer is AM/2, he/she has to pay A. In the same
manner, we can find that the utility a customer can
obtain from using ¢ amount of bandwidth is equal to
Ap/2. Therefore, the charge levied to a user who
used ¢ amount of bandwidth is given as follows:

= 3)

Note that the price for using bandwidth not greater
than p is the same as that of using bandwidth of p.
That is, the amount of charge levied to a customer is
v irrespective of the actual usage unless the usage
does not exceed the threshold g,
bandwidththat
mmplies that the network can provide the customer

the minimum
is guaranteed at any time. This

with a minimum bandwidth g at any time at the
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price of a fixed charge of v. Then, from Table 1 one
can find that v=0.020Cents. Finally, from eq.(1) and
Table 1, one can obtain the slope of the residual
pricing  function, which is given by
=0.069Cents/Mbits. Note that the residual price is
much higher than the fixed price, so that the pricing

o

scheme can be used as a controller of the traffic
inflow to the network.

2. Pricing Function

As we have described in the above discussion, a
detailed collection of data for the usage of bandwidth
is carried out if the instantaneous usage exceeds the
threshold p. Fig3 the period of
measurement in pricing the residual charging.

illustrates

Let us define some variables and parameters for
the calculation of the charge levied to a connection.
Let v(t) be the traffic volume (unit: bits) which is
generated by a customer at time t. Then, the usage
of the network bandwidth (unit; bits per second) is
divided into two distinct intervals: one for monitoring
only, the other for price computation.

Period of excess price computation

.

V(t)ﬂ‘

v

6 t t 3 t
time
a¥ 3. t9Alsgkn 2ig F2t
Fig. 3. Usage profile and pricing period.

Referring to Fig.3, tj, where i=0,2,... and j=13,...,
corresponds to the former, and tj, where i=1,3, ... and
j=24...., corresponds to the latter. In order to collect
data for pricing, the monitoring device carries out the
following functions:

(A) Monitor the bandwidth usage v(t) of the link.
If v(t )is greater than the threshold u, then compute
the amount of traffic in excess of p, which is
represented by v(t)-g, until v(t) down-crosses the
threshold g, Otherwise, do not compute the amount

M EIE Mu| 20 of gt 2ig
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of traffic.
(B) Repeat "step (A)” until a connection is finished.
(C) Compute €4, for all i=1,3,... and j=24,..., which

is defined by the amount of excess bits transmitted

in the network during t; and t;, and it is given by

¢
e, = f(v (t) - w)dt

t, 4)
(D) Finally, take the sum of e; i=13,.. and
j=24,..., which is given as follows:
e=2q.
g ¥ is13. and j=24,.. (&)

Now let us assume that the holding time of a
connection is T, and let us define a time period wj
as follows:

wy =lt; ~tlusagéul 09  andi-13.. ©)

Let us define the total time period w during which
bandwidth usage is less than the threshold & as
follows:

w=Ywy =t ~t)+{t; —t,)+-= Y (-,
7 1 (7)
Note that we can obtain the total period of time
during which the usage is greater than the threshold
p if the time stamp ti, i=0,1,.., is identified. Note
also that w in eq.(7) is the total time during which
the usage of a connection is not greater than CMR.
On the other hand, T-w is the total time during
which the usage of a connection is greater than
CMR. If we have real data for the usage rate of
network bandwidth, we can relate the usage rate into
and Rle),

charging functions F(T) which are

summarized in Table2.

E 2. G AotHE ABRF
Table 2. Price and charge per connection per day
Pricing Flat Residual Total
. . _ - P(Te)=
Price function | F(T)=yXT Rle)=0xXe FIT)+R(e)
Condition ViD= p vit) > i x
. Volume Time+Volume
Note Time charge charge charge

Note that the flat price is determined by time
duration of a connection, whereas the residual price is
determined by volume of the excess data. Note also
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that the charge as a whole is based on the usage of
a network bandwidth even though the price is a
mixture of flat and UBC. F(T) is proportional to the
connection time, which is based on the time-usage.
R(e) is proportional to volume, which is based on the
volume-usage. Therefore, the proposed scheme is a
usage-based charging as a whole. One point we have
to notice is that the above result considers only
one-way traffic. The usage rate of both-way traffic
for the asymmetric link can be obtained in the same

{11
way ' .

IV. Numerical Results and Discussion

In order to apply the proposed scheme into the
estimation of monthly charge, let us assume some
parameters. Let us assume the mean holding time of
a connection is 50 minutes. Then we can compute the
time portion of a charge from eq.(8). In order to
compute the volume portion of a charge that is
represented in eq.(9), we have to know the amount of
excess bandwidth used by a connection, which is
assumed to be an input in this numerical experiment.
Finally, we can compute an estimation of monthly
charge for a customer from Table 2.

Fig.4 illustrates the result of the estimated total
monthly charge as a function of usage for a customer
with usage behavior of T=b0minutes per day and
activity factor of 25days per month. Note that the
charge contributed by a fixed price is 22$% when the
network usage is 0.5Mbps in the figure, which is the
minimum charge a customer has to pay per month
for the Internet service. The maximum charge is
66.25% when a customer uses the link up to the limit
(15Mbps in Fig4) during his/her connection to the
network.

An implication of the result illustrated in Fig.4 can
be as follows: An ISP provides a customer with
about the
(cumulative one) of Internet services on daily or

information network usage profile
monthly basis. Then, the customer can estimate his
daily or monthly charge from that information. If he
1S an economic person, he may be sensitive to the
charges, and if he looks at his usage profile every
time he connects to the network, and if it exceeds

the CMR he will refrain from unnecessary transfer of
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data into the network. This might be one of a few
effective means for the congestion avoidance for the
future Internet services.

Charge (US $)

0.5 0.7 0.9 1.1

Bandwidth (Mbps)

13

4. A ALEEk] Cfst 2t o S|
4. Usage of bandwidth and estimated charge.

V. Conclusions

In this paper we proposed a method of estimating
the charges for the assured service in IP network.
We argued that the conventional flat charging
scheme has to be replaced with the proposed flat &
residual charging due to several reasons described in
the paper. Regarding the flat & residual charging
scheme, we proposed a systematic procedure for the
determination of the unit price for the contracted
minimum bandwidth of assured services and the
maximum price, the measurement method, and the
charging functions. Via simple numerical experiments
we could provide an intuition for the estimation of
monthly charges from the average amount of traffic
transferred over IP network.

This work might be one of a few works that deal
with quantitative discussion for charging the Internet
services with SLA of better than Best Effort based
on the residual usage of the bandwidth. Thus, there
remain lots of problems to be solved. To name a few,
more work has to be done in the determination of the
optimal price for the use of links with different
speeds, specific
applications such as a voice or video, implementation
to the billing system in NGN OSS (Operation support
system), etc. Our next research will be concentrated

time granularity for metering

on these areas.
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