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COMMUNICATIONS SERVICE BILLING                        BASED ON BANDWIDTH
USE         BACKGROUND OF THE INVENTION  5         Technical Field of the
Invention             The present invention relates to bandwidth-on-demand
type communications systems and, in particular, to a
bandwidth-on-demand type cellular telephone system wherein
subscribers are charged for use of the system based in 10   part on the
total amount of bandwidth used to carry the       subscriber communication.
Description of Related Art             Conventional wire-line telephone
service providers       price telephone calls by taking into account a
number of 15    pricing structure parameters including call duration, call
distance, time of day and day of the week. The generally       fixed nature
of the physical plant used to provide wire-       line telephone service,
coupled with the fact that calls       are made from one known fixed
geographic location to 



20    another, allows for the charges associated with providing       the
telephone service to be easily calculated and       published.
The nature of the cellular telephone system, however,       wherein system
users have little or no geographical 25    restrictions on the locations
from which they may place        or receive calls, makes the calculation of
call charges        more difficult. Rates vary based not only on some or
all       of the wire-line parameters mentioned above, but also on
factors such as: which of several available cellular 30    service
providers  carry  the  call;  and  whether  the        subscriber is
roaming outside its own service area. The         WO 97/16034
PCT/SE96/01262                                      -2-        main
variable in the charging formula in the conventional       cellular system
remains, however, the duration of the       call. 



In conventional analog and digital cellular telephone  5    systems  (like
those provided with the Advanced Mobile       Phone Service (AMPS or
D-AMPS) or the Global System for       Mobile (GSM) communications), a
physical channel (or       succession of channels in cases of hand-off) on
the air       interface are reserved to carry the call. The same amount 10
of bandwidth is used on both the uplink and the downlink       portions of
the air interface connection throughout the       duration of the call,
even if the parties to the call are       silent and no information is
being carried.   Duration       based charging is therefore an appropriate
measure of call 15    cost  because  once  the  channel  is  reserved  and
the       connection is made, all of the available bandwidth on the
reserved channel is then in use and is accordingly        unavailable for
use by others who desire cellular       communications. 20         With the
advent of the new bandwidth-on-demand type       cellular telephone systems
(like that provided in a code       division multiple access (CDMA) or the
like spread        spectrum, bandwidth-on-demand type communications
system),       the communications are spread in a pseudo-random fashion 25
throughout the radio frequency spectrum.  A reservation        of a
physical channel is made throughout the duration of        the call, but
the amount of bandwidth used varies during        the course of the call,
with the amount of bandwidth       utilized being related in part to the
amount of data sent 30    and received.   In fact,  the uplink and the
downlink       bandwidth needed for the call often times differ from each 
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-3-        other.    Duration  based  charging  is  therefore  an
inappropriate measure of the cost of the call because       relatively
little bandwidth is needed to maintain the       connection during times of
silence, with the unused  5    bandwidth being immediately available for
use by others       who desire cellular communications.            There is
accordingly a need for a more accurate       charging measure to be applied
to bandwidth-on-demand type       communications systems.  In this regard,
the amount of 10   bandwidth used, rather than or in addition to the
duration        of the communication itself, should be a key factor in the
charging determination.         SUMMARY OF THE INVENTION 15        The
amount of bandwidth used during the course of 



communications carried by a bandwidth-on-demand type        communications
system is metered and multiplied by a       charging rate to determine the
charges incurred for the       communication.  In particular,  periodic
instantaneous 20   bandwidth use measurements are made during the course of
each communication. The periodically made bandwidth use        measurements
are summed to determine an estimate of the       total amount of bandwidth
used to carry the communication.       A charging rate multiplier is then
applied to the 25    determined total bandwidth to obtain the charge
incurred       for the communication.           The present invention is
applicable to any bandwidth-       on-demand type communications system,
including spread       spectrum communications systems of the code division
30   multiple access (CDMA) type, and is particularly useful       in CDMA
or the like cellular telephone systems.
-4-        Instantaneous measurements are made of the bandwidth used
on a bandwidth-on-demand communications link or air  



interface and summed to derive an estimate of the total        amount of
bandwidth used for the communication.   The  5    charge incurred for that
communication is then determined        by multiplying the total amount of
bandwidth used by a        charging rate multiplier.         BRIEF
DESCRIPTION OF THE DRAWINGS  10         A more complete understanding of
the method and        apparatus of the present invention may be obtained by
reference to the following Detailed Description when taken        in
conjunction with the accompanying Drawings wherein:             FIGURE 1 is
a block diagram of a bandwidth-on-demand  15    type communications system;
FIGURE 2 is a block diagram of a bandwidth-on-demand        type cellular
telephone system;             FIGURE 3A is a graph illustrating the
bandwidth used       in a forward or downlink direction for a portion of a
20    typical communication on the systems of FIGURES 1 and 2;  



FIGURE 3B is a graph illustrating the bandwidth used        in a reverse or
uplink direction for a portion of a        typical communication on the
systems of FIGURES 1 and 2;        and  25         FIGURE 4 is a flow
diagram illustrating the operation        of the present invention.
DETAILED DESCRIPTION OF THE DRAWINGS             Reference is now made to
FIGURE 1 wherein there is  30    shown a block diagram of a
bandwidth-on-demand type        communications system 10 including at least
a first node         WO 97/16034
PCT/SE96/01262                                     -5- 



12 and a second node 14. Connected to each of the nodes        12 and 14
are a plurality of communications devices 16.       The first and second
nodes 12 and 14 are interconnected       by a communications link 18
facilitating simultaneous  5    plural communications between any of the
communications        devices 16 via the nodes and over the communications
link.            Reference is now made to FIGURE 2 wherein there is
shown a block diagram of a bandwidth-on-demand type       cellular
telephone system 20 including a single cell site 10    22.  It will, of
course, be understood that such a system        20 would typically include
a plurality of cell sites 22,       and that the depiction of a single cell
site is to be        taken as an illustration of, rather than a limitation
on,       the operation of the present invention. Each cell site 15    22
includes a base station  (BS)  24 for effectuating       bidirectional
radio frequency communications over a radio       frequency air interface
26 with mobile stations 28        operating within the system 20.   It will
further be       understood that cellular telephone systems like the system
20    20 typically include far more than one mobile station 28
operating within the system 20, or any one cell site 22       therein, at
any one time.   The depiction of only one       mobile station 28 then is
to be taken as an illustration        of, rather than a limitation on, the
operation of the 25    present invention.  Each base station 24 is
connected to 



a mobile switching center (MSC) 30 that is connected to        the public
switched telephone network (PSTN) 32 or other        telephone network
(not shown).   The mobile switching       center 30 operates to control
base station 24 operation, 30    maintain a record of mobile station
location within the       system 20 and switch, with the public switched
telephone                   network 32, those cellular telephone calls
originated by        or terminated at the mobile stations 28.
The communications link 18 and air interface 26 have        a
"connection-less"  communications  orientation.   By  5
"connection-less" it is meant that the communications link        18 and
air interface 26 offer bandwidth-on-demand for        simultaneous
communications.    In  the context  of the  



communications link 18, packets of information originated        at one of
the communications devices 16 are transmitted  10    between  the  first
and  second  nodes  12  and  14,        respectively,  without   using   a
fixed  amount   of        communications resource. Similarly, in the
context of the        air interface 26, packets of information are
transmitted               each       between each mobile station 28 and the
base station 24  15    without  using  a  fixed  amount  of  the
communications        resource. The communications link 18 or air interface
26        may accordingly comprise a spread spectrum communications
link of the type provided through the use of a code        division
multiple access (CDMA) communications protocol. 20         Referring now
also to FIGURES 3A and 3B, there are        shown graphs illustrating the
on-demand use of available        bandwidth on either the communications
link 18 or the air        interface 26 during a portion of a single
bi-directional        communication or cellular telephone call. For each of
the 25    graphs, the bandwidth used 34 on the communications link  



18 or air interface 26 is plotted against the y-axis 36,        while time
over the displayed portion of the duration of        the communication or
call is plotted against the x-axis        38. In FIGURE 3A, the bandwidth
used 34u is presented 30    with respect to the reverse or uplink portion
of the        communication or call over the communications link 18
AMENDED  SHEET         WO 97/16034
PCT/SE96/01262                                     -7-        (from the
first node 12 to the second node 14) or the air       interface 26 (from
the mobile station 28 to the base       station 24). FIGURE 3B, on the
other hand, presents the        bandwidth used 34d with respect to the
forward or downlink 



5    portion  of  the  communication  or  call  over  the
communications link 18 (from the second node 14 to the       first node 12)
or the air interface 26 (from the base        station 24 to the mobile
station 28).            It will be noticed from a review of FIGURES 3A and
10    3B that the bandwidth used 34u and 34d varies considerably       over
the course of the communication or call.   The       momentary increases in
bandwidth used 34u and 34d identify       instances wherein packet
transmissions 36 are made over       the communications link 18 or the air
interface 26. In  15    this connection,  it should be noted that the
packet       transmissions  may  comprise  either  voice  or  data
communications.   The  minimum  bandwidth  level  (Min)       identifies
the minimum amount of bandwidth needed (i.e.,        that must be used) in
order to maintain the connection- 20    less   communication   over   the
bandwidth-on-demand       communications link 18 or air interface 26 in
between       instances of successive packet transmissions 36.  That
minimum amount of bandwidth is used for the transmission        of command
messages, such as power control orders and 25    messages supporting mobile
assisted hand-off.            Charging users for access to and the use of
the       communications link 18 of the communications system of
FIGURE 1 or the air interface 26 of the cellular telephone       system of
FIGURE 2 is an important concern for the 30    communications services
provider.  This charging aspect       is the primary means by which revenue
is generated for the    
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-8-        service provider. The conventional method of using the
duration of the communication or call as the primary       factor in
determining the charge to be billed is not a       particularly accurate
method for use in bandwidth-on- 5    demand type communications systems.
The reason for this        is that no fixed amount of communications
resource is used        to the exclusion of use of that resource by others.
Rather, as indicated in FIGURES 3A and 3B, available       bandwidth is
used by the communication or call to a 10    significant degree only when
packet transmissions 36 are        sent over the communications link 18 or
the air interface       26. At all other times with respect to the
illustrated       communication, a small amount of bandwidth (identified by
the minimum bandwidth level (Min)) is used to maintain the 15    connection
in place, thus limiting to some degree others        from simultaneously
accessing the system and using an       available part of the bandwidth due
to a reduction in       communications capacity. Duration based charging
further 



acts as a disincentive to use of the systems 10 and 20 for 20    data
applications because the connections are typically       long term,
expensive connections with periodic, brief data        transmissions.
One solution to this charging concern is to charge       the user based on
the amount of packets of information in 25    all of the packet
transmissions 36 transmitted over the        course of the communication.
The use of packet amounts       as the primary factor in determining the
charge to be       billed is also not particularly accurate in
bandwidth-on-       demand type communications systems because a user would
30   be charged the same amount for a ten kilobyte packet
transmission   regardless  of   the   length   of   the         WO 97/16034
PCT/SE96/01262                                      -9-
communication. This charging scheme accordingly does not       take into
account the minimum level (Min) of bandwidth        used  in  maintaining
the  communication  over  the 



communications link 18 or the air interface 26 in between  5    instances
of successive packet transmissions 36.  Even       though minimal in
nature, use of that minimum amount of       bandwidth affects the
capability (i.e., capacity) of the        system to simultaneously handle
other communications and       thus should be reflected in the charge
billed to the user 10    for making the communication or call.
Reference is now again made to FIGURE 1.   The       communications system
10 further includes a bandwidth use        monitoring device (BUMD) 40
connected to either one or       both of the nodes 12 and 14 and operable
to make 15   measurements  for each communication carried over the
communications link 18 of the instantaneous amount of       bandwidth
being  used  by  the  communication.        The        measurements may be
made by the device 40 on either or        both the reverse and/or the
forward portions of the 20    communications link 18.  The results of these
measurements       are output to a processing device 42 associated with a
billing center 44 for the system 10 that sums the       bandwidth use
measurements to derive an estimate of the       total bandwidth usage
amount for each communication. The 25    bandwidth use monitoring device 40
and processing device        42 accordingly function as a bandwidth meter
46 measuring        the total amount of bandwidth used for each
communication.       The processing device 42 then further functions to
multiply the derived total bandwidth usage amounts by a 



30    charging rate to determine a charging amount to be billed       for
each communication, with the determined charging         WO 97/16034
PCT/SE96/01262                                     -10-        amount
reported to the billing center 44 for the addition        of other charge
items and the generation of a bill to the       user.            The
cellular telephone system 20 of FIGURE 2 includes  5    a similar
functionality for determining a charging amount       to be billed for each
cellular telephone call. The mobile       switching center 30 includes or
is connected to a       bandwidth use monitoring device 40 operable to make
measurements, for each call carried over the air interface 10    26, of the
instantaneous amount of bandwidth being used       for the call.   These
measurements may be made by the       device 40 on either or both the
uplink and/or the downlink       portions of the air interface 26. The
results of these       periodically made, instantaneous measurements are
output 15    to a processing device 42 associated with a billing center 



44 for the cellular system 20 that sums the bandwidth use
measurements to derive an estimate of the total bandwidth        usage
amount for each call. The bandwidth use monitoring       device 40 and
processing device 42 accordingly function 20    as a bandwidth meter 46
measuring the total amount of       bandwidth used for each call. The
processing device 42       then further functions to multiply the derived
total       bandwidth usage amounts by a charging rate to determine       a
charging amount to be billed for each communication, 25    with the
determined charging amount  reported to the        billing center 44 for
the addition of other charge items       and the generation of a bill to
the subscriber.             The operation of the bandwidth use monitoring
device       40 and processing device 42 as a bandwidth meter 46 to 30
determine the total amount of bandwidth being used for       each
communication or call carried over the communications         WO 97/16034
PCT/SE96/01262                                     -11 -  



link 18 or air interface 26, respectively, may be better       understood
by referring again to FIGURE 3A. The bandwidth        use monitoring device
40 operates to make instantaneous        bandwidth use measurements, with
the measurements reported 5    to the processing device 42.  The processing
device 42 is       programmed with a predetermined time interval At, and
operates to determine (from the reported instantaneous       measurements)
the maximum amount 48 of bandwidth used       during each time interval by
each communication or call 10    carried over the communications link 18 or
air interface       26, respectively. The size of the predetermined time
interval [err]t determines the number of device 40 made       instantaneous
bandwidth use measurements considered in       making the determination of
the maximum amount 48 of 15   bandwidth used during the time  interval.
The measured       maximum amounts 48 of bandwidth are then summed by the
processing device 42 over the course of the communication        or call to
derive an estimate of the total bandwidth usage       amount.
Multiplication of this total amount of bandwidth 20    usage by a charging
rate gives the charging amount to be       billed by the billing center 44
to the user for its use        of the communication link 18 or air
interface 26.            The processing device 42 determined charging
amount       may not necessarily comprise the total charging amount  25
billed to the user for the communication or call.  For       example, in
the communications system 10 of FIGURE 1, the       user may further be
charged either a flat fee or a time  



based fee for usage of one of the communications devices       16 during
the course of the communication. Such a charge 30    might arise in
situations where the communications device       16 used comprises a data
service node (like a database),         WO 97/16034
PCT/SE96/01262                                     -12-       and the user
is charged not only for the connection made      over the communications
link 18 to the device, but also       for use of the device itself.
Similarly, in the cellular       telephone system 20 of FIGURE 2, the user
may further be  5    charged a premium for being a roamer, and may also be
charged a time based fee for usage of the public switched        telephone
network 32 (for example, if a long distance call       was involved). The
additional charges are added to the        determined charging amount by
the billing center 44 to  



10    provide a total charge for the communication or call.
Reference is now made to FIGURE 4 wherein there is       shown a flow
diagram illustrating one method of operating       the bandwidth use
monitoring device 40 and the processing       device 42 as a bandwidth
meter 46 to determine a charging 15    amount to be billed for a single
communication or call in       the systems 10 and 20 of FIGURES 1 and 2. In
step 100,       the total bandwidth usage amount (T) is set equal to zero
at the beginning of the communication or call. In steps       102-110, the
communications link 18 or air interface 26 20    is monitored by the
bandwidth use monitoring device 40 and       processing device 42 to
measure instantaneous bandwidth       usage and determine the maximum
interval bandwidth used       by the communication or call during each of
the        predetermined time intervals [err]t. In particular, in step 25
102 the maximum interval bandwidth (Tmax) is set equal to       zero.  An
instantaneous  measurement of the amount of        bandwidth (Tm) being
used for the communication or call       is then made in step 104. A
determination is then made       in step 106 as to whether measured
instantaneous bandwidth 30    (Tm)  is  greater  than  the  current
maximum  interval       bandwidth  (Tmax) value.   If yes, the current
maximum          WO 97/16034
PCT/SE96/01262 



-13-        bandwidth (Tmax) value is set equal to the measured
instantaneous bandwidth (Tm) in step 108. If no, step 108        is
skipped. A determination is then made in step 110 as        to whether the
predetermined time interval At has expired.   5    If not, the process
returns to step 104 to make another        instantaneous measurement of the
amount of bandwidth (Tm)        being used for the communication or call,
and then perhaps        update the determination of the maximum interval
bandwidth        used  (Tmax).   The  length  of  the  time  interval
[err]t  10    determines  the  number  of  instantaneous  measurements
considered in determining the maximum interval bandwidth        used in
each time interval.             Once the predetermined time interval At
expires and        the maximum interval bandwidth used (Tmax) by the 



15    communication  or  call  is  determined  in  the  manner
described above for steps 102-110, the total bandwidth (T)        used for
the communication or call is updated in step 112        and set equal to
the previous total (T) up to the last        time interval plus the maximum
interval bandwidth (Tmax)  20    used during the current time interval.  A
determination        is then made in step 114 as to whether the
communication        or call being monitored has terminated.   If no,  the
process returns to steps 102-110 to monitor the        communications link
18 or air interface 26, to measure  25    instantaneous  bandwidth usage,
and to determine  the        maximum interval bandwidth used by the
communication or        call during a next one of the predetermined time
intervals        At for addition (in step 112) to the previously calculated
summed total bandwidth (T). If yes, a calculation of the  30    charge (Ch)
for the communication or call is then made in        step 116 by
multiplying the total bandwidth (T) determined 



WO 97/16034                                      PCT/SE96/01262
-14-        in step 112 by a charging rate (CR).  In step 118, any
additional charges for the communication or call are added        to the
charge (Ch) to give a total charge for the       communication or call. 5
It should be noted that the method illustrated in       FIGURE 4 could be
simplified if the chosen value for [err]t       were small enough (i.e.,
having a frequency of more than       twice the maximum rate of change of
the bandwidth used),       then steps 102, 106, 108 and 110 would not be
needed. The 10    preferred embodiment of the invention includes these
steps, however, to reduce the load on the processor 42 and       its
associated data storage elements (not shown).            Although a
preferred embodiment of the method and       apparatus of the present
invention has been illustrated 15    in  the  accompanying  Drawings  and
described  in  the       foregoing Detailed Description, it will be
understood that       the invention is not limited to the embodiment
disclosed, 



but is capable of numerous rearrangements, modifications       and
substitutions without departing from the spirit of the 20    invention as
set forth and defined by the following       claims.
15 WHAT IS CLAIMED IS:         1.   In a cellular telephone system having a
bandwidth-on-demand air interface carrying communication command messages
and packet transmissions, and using a minimum bandwidth for maintaining a
subscriber communication, a method for determining a charge incurred for
use of the air interface bandwidth to carry the subscriber communication,
comprising the steps of:       estimating a total amount of air interface
bandwidth used over the course of the subscriber communication; and
multiplying the estimated total amount of bandwidth used by a charging rate
to identify the charge incurred for the subscriber communication.
2.   The method as in claim 1 wherein the step of estimating the total
amount of bandwidth used comprises the steps of:       measuring a maximum
amount of bandwidth used on the air interface for the subscriber
communication during each of a plurality of time intervals measured over
the course of the subscriber communication; and       summing the measured
maximum amounts of bandwidth to determine 



the estimated total amount of bandwidth used by the subscriber
communication.         3.   The method as in claim 2 wherein the step of
measuring comprises the steps of:       making instantaneous measurements
of the bandwidth used during each time interval; and       selecting a
largest one of the measurements as the maximum amount of bandwidth used
during the time interval.                                            16
4.   The method as in claim 1 wherein the bandwidth-on-demand type air
interface operates in accordance with a code division multiple access
(CDMA) communications air interface.         5.   The method as in claim 1
wherein the step of estimating comprises the step of metering the use of
air interface bandwidth by the subscriber communication.         6.   A
cellular telephone system, comprising:       a base station;       a
plurality of subscriber mobile stations;       a bandwidth-on-demand air
interface interconnecting the plurality of 



subscriber mobile stations with the base station to simultaneously carry a
plurality of subscriber communications between the mobile stations and the
base station, the bandwidth-on-demand air interface carrying communication
command messages and packet transmissions and using a minimum bandwidth for
maintaining a subscriber communication; and       means for determining a
charge incurred for use of the air interface bandwidth by each of the
subscriber communications, the charge incurred being calculated based on an
estimation of a total amount of bandwidth used by each subscriber
communication.         7.   The system of claim 6 wherein the means for
determining comprises:       means for making instantaneous measurements of
bandwidth used over the course of each subscriber communication;
means for summing the periodic bandwidth measurements to determine an
estimate of the total amount of bandwidth used for each subscriber
communication; and                                            17
means for multiplying each of the determined total amounts of bandwidth
used by a charging rate to determine the charges incurred for use of the
communications link by each subscriber communication.         8.   The
system of claim 6 wherein the bandwidth-on-demand air 



interface operates in accordance with a code division multiple access
(CDMA) communications air interface.         9.   The system of claim 6
wherein the means for determining comprises:       a bandwidth meter for
measuring the total amount of bandwidth used for each subscriber
communication; and       means for multiplying the metered amount of
bandwidth for each subscriber communication by a charging rate.
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