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RACE BILLLING BASED ON--BANBW-BTH
USE BACKGROUND OF THE | NVENTION 5 Technical Field of the
I nventi on The present invention relates to ban(iliv(\:ll_rdt316,(‘(351‘i demand

type communiWRITMM systens and, in particular, to a
bandw dt h- on- demand type ceIIuIar t el ephone systenlmhereln
subscri bers are charged for use of the system based in 10 part on the

total amount of bandwi dth used to carry the subscri ber comuni cati on.
Description of Related Art Conventional wire-line tel ephone
service providers price tel ephone calls by taking into account a

nunber of 15 pricing strucwﬂ.{]ﬁ | duration, call
di stance, tine of day and day o e meeéﬁéﬁie genea&?'f:'Eﬁb fixed nature

of the physical plant used to proBASEDWNcBANDWIDTH USE t el ephone service,
coupled with the fact that calls are nmade from one known fi xed
geographlc | ocation to

BACKGROUND OF THE INVENTION
5 i i v

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. '
L ipti f Related 2
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 prdvide 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 1little 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 sexrvice providers carry the call; and whether the

subscriber is roaming ocutside its own service area. The



v

20 anot her, allows for the charges associated wi th providing t he

tel ephone service to be easily cal culated and publ i shed. .

The nature of the cellular tel ephone system however, wherein system
users have wdbifsosy nO geographical 25 restrictions on ﬁgn%ﬁﬁ?&l ons
fromwhich they may place or receive calls, makes the cal culation of
call charges nore difficult. Rates vary based not only on sone or

al | of the wire-line paraneters mentioned above, but also on

factors such as: which of several available cellular 30 service
pfoviders carry the call; and whether _,the subscriber is

roam ng outside its own service area. The WO 97/ 16034

PCT/ SE96/ 01262 ; iable in the charging f 1a i i.n
variable in the c%%’?réivr?glf or ?rullg i ne tche rgéﬁgen?%%aaf in the E%Wét}?ﬂalrons%}stem

remai ns, however ,cehiulRy asystrenf remains, howeddr, 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 1like 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



In conventional analog and digital cellular telephone 5 systens (like
those providad with the Advanced-—Mobit-e————————PRhere—Service (AMPS—or—
D- AMPS) or the G obal System for Mobil e (GSM conmuni cations), a
physi cal channel éﬁ; successi on of channels in cases 5§£§ﬁ¥%§é§f) on
the air WO ace are reserved to carry the call. The unt 10
of bandwi dth is used on both the uplink and the downli nk 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
béi ng carri ed. Dur ati on based charging is therefore an appropriate
measure of call 15 cost because once tHe channel is reserved and
t he connectiogﬁis made, all, of the qvai labl e bandwi dth on_t he

reserved channel PEPERen in HWFAtAAR | D3gECor GPAREINT  1s  GRerefozs) e@Ror

use by others “hoiﬂﬁig&§p9ﬁhtélﬁ&asure oS OERNi il W - tRD call becihdd the
advent of the new bandw dt h- on-demand type cel lul ar tel ephone systens

(like that provi deelagiyetyde little bandwidbhnist hpededctessaim@bily) thet he
| i ke spread specttum bandw di h- on- demand, t ype coppunicati ons
systen. it R LD R LT R R R e L e AR
t hroughout tise r adatdviaghiebeyngpothédiately rRedNudleOfor use bPfofhers
physi cal channel is made_ throughout the duration of the call, but
the anount of bandRPdffsi¥edceRIHAr FaMygicationsy he course of the call,

wWith the amount of bangybdih s accdydﬂﬂb§9?apeﬁ98dr%% ted +&ﬂ£aé%8ﬁ?%%§e

anount of data sent 30 and recel ved. n fact, e upli
downl i nk bacharding mesdagef b0 behappdlikdofe dandwidsh dor{demahdotypach
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 1like cellular telephone systems.
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» 3- other. ~—Buration based charging is therefore an

i nappropriate measure_of the cost of the call because relatively
littl e bandwoliliedss needed to maintain the connect i opCTISEYsNER6L | NeS of
silence, with the unusammS&erabaadwﬁ B being inmmediately avail able for

use by others conmmuni cati ons. There is
accordingly a need for chargi ng nmeasure to be applied

t o bandw dt h-on-demand ty ontruni cat ions systems. In this regard,
the anount of 10 bandW| dth used, rather than or in addition to the
duration of the comuni cation itself, should be a key factor in the

chargi ng deter m Ng{de@Rtanecus meazdhRyt S al-:ré'"-itddgv BYETLLD Handwidth ukBE

anount of bandw dth used during the course of
on a bandwidth-on-demand communications 1link 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 accompahying 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 32 is a graph illustrating the bandwidth used
in a forward or uplink direction for a portion of a
20 typical communication on the systems of FIGURES 1 and 2;
FIGURE IBB is a graph illustrating the bandwidth used
in a reverse or downlink 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

THIS SHEET HAS BEEN
REPLACED




communi cations carried by a bandw dt h- on-demand type conmmuni cati ons

systemis netered and multipliedby g —chargi-rg—Fate to-deternime the
charges incurred for the comuni cation. In particular, periodic

i nst ant aneous 20 bandwi dt h use neasurenents are made duﬂﬂg%éég@ﬁeyrse of
a

each communiV¥aP7/88034 The peri odi cal |y made bandwi dth use Surement s
are sumred to determ ne an estimate of the total anmount of bandw dth
used to carry the conmunication. A charging rate multiplier is then
applied to the 25 determ ned total bandwi dth to obtain the charge

i Acurred for the conmuni cati on. The present invention is
applicable to any bandw dt h- on- demantPtype communi cations system

i ncl udi ng spread spectrum conmmuni cati ons systens of the code division

30 rmultiple accddsap@DRnFessR nodey 1ds pSPRREGEed 5P fashyPt the npdegpyp

or the like Celll“fy'éﬂﬁ %Qh%Q% §%éiﬁg§11ty of communications devices 16.
-4- | nst ant aneous neasurenents are nmade of the bandw dth used

on a bandwi dt h- on-Thentfictstomminsecondnsodeskldrand 114 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
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interface and summed toderive an estimate of the total anount of
vandw dth used for the Cwmﬁiﬁ&ﬂke,‘lacéﬁhe 5 charge incurred for that

comuni cation is then det by multiplying the total amount of
bandw dt h usg@ ohikoss M mul tiplier. PCTISED6#61262
DESCRI PTI ON OF THE DRAW N A nore conpl ete understandi ng of

t.he nmet hod and apparatus of the present invention may be obtained by
reference to the follow ng Detail ed Description when taken in
conjunction with the acconpanyi ng Draw ngs wherein: FIGURE 1 is
4 bl ock diagram of a bandw dth-on-demand 1%. type conmmunications system
FIGURE 2 is a bl ock diagram of a bandw dt h- on- demand type cellul ar
tel ephone systen petwork 32, tHddeURe1301hs @eﬂédpf}&khé |ddi3ls 8kigenhb&d by
bandw dt h used in a forward or downlink direction for a portion of a

20 typi cal conmEntesminated athdhey sobideostE# BIES8: and 2;
The communications link 18 and air interface 26 ha\_re

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
simultanéous 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
between the mobile stations 28 and the base station 24

15 without wusing a fixed amount of the communications
resource. The communications link 18 or air interface 26

may accordingly comprise a spread spectrum comﬁunications

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 intexrface 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

THIS SHEET HAS BEEN
REPLACED




FIGURE 3B is a graph illustrating the bandw dth used in a reverse or

uplink direction for a portion of g ty-pi-eat—eomuni cat i or—en—the-
systens of FIGURES 1 and 2; and 25 FIGURE 4 is a flow
diagramillustrating the operation of the present i 59&mn

DETAI LED DES¥R| OF THE DRAW NGS Ref erence 1S now made to
FI-GURE 1 wherein there is 30 shown a bl ock diagramof a
bandw dt h- on- demand t ype comuni cati ons system 10 includi ng at | east
a first node WO 97/ 16034

PCT/ SE96/ 01262 . - 5-

(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 344 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 1level (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



12 énd a second node 14. Connected to each of the nodes 12 and 14
are a plurality of comunications devices 16. The first and second
nodes 12 and 14 are interconnected by a conmunications [ink 18

facilitatingovvisdshaneous 5 pl ural conmuni cati ons bet wweRsiygized t he
conmuni cati ons devices 16 via the nodes and over the conmnunicati ons

lj nk. Ref erence is now made to FIGURE 2 wherein there is

shown a bl ock di agram of a bandw dt h-on-demand type cel lul ar

t el ephone system 20 including a single cell site 10 22. It wll, of
course, be understood that such a system _g_ 20 woul d typically include
a plurality of cell sites 22, and that the depiction of a single cel

site is to be semw?f}o%aaae | | st e8hi88t fnal qﬁ{]ﬁ{d}wu@lb M hat i2<2)n

on, t he operation the present invention. site
i ncl udes a base statitden (&5S) the4 coomupifetiomt purg call adi theegpiriioazaly
radi o frequency Gom

26 with mobi |6 stAdEoHs 3b debertifiipd 53 Enaren ol RS EJuiem 56, POE|p w1

further be pardacuiiaedyt haicxﬁeh:bulrﬁtﬁdai eRRONEsE Y She MarddwiAthhensyst em
20 20 typically include far nore than one nobile station 28

operating w3t hi n n§y§¥Eﬁ1Eemm!ﬁl%ﬁﬁFQﬂﬁaqxﬂtFm§rteTQ? reason tfigar Ehads at
any one time. T epl £ AN RBlike U communt BROLLS kbl 26 L3S | S

to be taken as an i1l Tustratrion i"on "on, the
operation of the t2b theprexxAnisionverf i nse oan&habasaes:btatawnb?4dt$1ers.

connected to 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 waintain 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



a nobile switching center (MSC) 30 that is connected to the public
SWit-chedmi-ghaphone—hotwork (PSTN—32—a+—et-Rer————+t-el ephone—network—

(not shown). The nobil e smﬁtching center 30 operates to control
base stationw%g_,ﬂﬁoggatlon mai ntain a record of nobil ’%&E)\‘Xﬁ?’t
.location wt systen120 and swtch, wth the p hed
t el ephone network 32, those ceIIuIar t el ephone calls
ori ginated by or terminated at the nobile stations 28.
The communi cations link 18 and air interface 26 have a
"connection-1ess" comunications orientation. By 5
"connection-less" it is meant that the commifications |ink 18 and

ir i 26 of fer ban mndth n- depand, f or si my| t anequs
ot erface 20 ARl R CSHR  echeme acSbfLAAI Y0 nor

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



cormuni cations |ink 18, packets of information originated at one of
the comruni cations devices 16 are transmtted 10 between the first
and second nodes 12 and 14, respectively, wthout usi ng a

fixed anmuniyoorRésss comuni cations resource. SimlarlperdEdshiye:
context of the air interface 26, packets of information are

transmtted each bet ween each nobile station 28 and t he
base station 24 15 without wusing a fixed amount of the

communi cat i ons resource. The conmunications |link 18 or air interface
26 may accordingly conprise a spread,gpectrum communi cations

link of the type provided through the use o% a code di vi si on

mul tiple access ( £ CH | LAlIORGe PH LI ceal er w
al so to FI GURES 3A an BB ere are © S 5ﬁh Sfa%ﬁs F%%%?gFggggﬁhe

-on-demand use of a:fabthbrecharge itbmadandlttthe)meeietrhuonrﬁ copiddi tet thas
link 18 or the air interface 26 during a portion of a single
bi - di recti onal US€X-comuni cation or cellular tel ephone call. For each of

the 25  graphs, the {pRecYeTHU1aSeE1Skhde BPSLER DIV RIGCORS J iiRkludes
b 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, instantaneocus 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



18 or air interface 26 is plotted against the y-axis 36, while time

over the displayed portion of the duratiaon of t he conmuni-eati~er—or
call 1s plotted against the x-axis 38. In FIGURE 3A, the bandw dth
used 34u is presented 30 with respect to the reverse or uplink paortion
of the WORIHAMI cati on or call over the communications gma_
AMENDED SHEET WD 97/ 16034
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first node 12 to the second node 14) or the air interface 26 (from
the nobile station 28 to the base station 24). FIGURE 3B, on the

ot her hand, presents the bandwi dth usdd 34d with respect to the

forward or downli nk
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. Thé size of the predetermined time
interval At 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),



5 portion of the communication or call over the

gommuni cations link 18 (4+omthe second node 14 to the first node 12)°
or the air interface 26 (fromthe base station 24 to the nobile
station 28). It will be noticed froma review of ﬁuﬁﬁ A and
10 3B t hat OPH¥%%%ndwi dt h used 34u and 34d vari es considgF§§ y §n3. over
t he course of the communication or call. The nonentary increases in
bandw dt h used 34u and 34d identify I nstances wherei n packet

transm ssions 36 are nade over t he conmunications link 18 or the air

i nterface 26. In 15 this connection, i% shoul d be noted that the

packet transni ssions nmy conprise " fiher voice or data

conmuni cati ons. The . m ni mum_ bandwi dth . | evel M i dentifjes
t he ni ni num amounf® ft?ﬁuﬂﬁﬁﬁkﬁ?|€§?5§88(?9%.?nf§ £dd tﬁ%af°ﬂﬁ§?£b%nd§% in
order to maintai not’Bg thaneshmditcations l14a%k 18C@BNURECAEVORe, WYEralsd he
bandw dt h- on- denmand communi cations link 18 or air interface 26 in

bet ween i nsfarcese Af dhecdeyice HRsddt- t PAMSHRELY odd the ceghhplar

m ni nrum anount of agm | r raNsdy.ss, gyarand
messages, such astgg r lg%nmt*scsﬁéﬁg?ge%g g%%% z s'{r?ee:?as%gsmgﬁpf)%??ﬁg%% nobi | e
assi st ed hanf- of f charged a pre@iamgifogy bedng faorrcamesss and amg talesaidss of

t he . communi cations link 18 of .tpe conmunications system of

FIGURE 1 or the aFgaF%? rd atc‘é“%g)aﬁth &= c’%ﬁ b‘lsaﬁet‘é?e%ﬁ’é& ic switched, of

FIGURE 2 i s an inpeléghdng QietabrkiDs (fee éRampld,0MFURI Tahd ARBLAREYI 6851

provider. This chargi ng aspect Is the primary neans by which revenue
is generated for wpe 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 At. In particular, in step
25 102 the maximum interval bandwidth (Tmax) is set equal to
zexro. 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 wmaximum interval

bandwidth (Tmax) wvalue. If yes, the current maximum
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- 8= servi.ceprovider . The—corvwertteral—rethed—of using the——-
duration of the comunication or call as the primry factor in
determ ning the charge to be billed is not a particularly accurate
met hod for u¥O¥AB4ndwi dt h-on- 5 demand type conmuni cat WYL s .
The reason for this is that no fixed anmount of communi cations
resource i s used to the exclusion of use of that resource by others.
Rat her, as indicated in FI GURES 3A and 3B, avail able bandwi dth is
used by the comunication or call to a 10 significant degree only when
packet transmi ssions 36 are sent over3trhe conmunications |ink 18 or
‘the air interface 26. At all other times with respect to the
illustrated handwiditdat (BRax)a vadne dfolARt oravahdWicdt Bhg | BeAskRTeed by
~the m ni mum bandw Gigh 5L,e¥ gl n(dV wiatfx'sfiﬁn)t nBidY ada .t Nes 1, st%g“%ft hon
in place, thus limting to sone degree others from si mul taneously
accessi ng t he systismskigpedi ngA ateterminainianl 4bl ehegarmadsd irhetegndawdas due

ion in ni cati.ons capacity. rati on based chargin
;Sr?hgdeCt ° to whetﬁg} the %redetermldga t& e fgtervag Atahas expgr d;g
5 If not, the process returns to step 104 to make another

instantanecus 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 1length of the time interval At
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



acts as a disincentive to use of the systens 10 and 20 for 20 dat a

applications because the connections are typically long term
expensi ve connections with periodic, brief data transm ssi ons.

One sol uti oRyh@ridesé charging concern is to charge t HrikEséeRa@sed on
t he amount of packets of information in 25 all of the packet )
transm ssions 36 transmtted over the course of the communi cati on.
The use of packet anounts as the primary factor in determ ning the
charge to be billed is also not particularly accurate in

bandw dt h- on- demand type communi cati_gys systens because a user would

30 be charged the sane anmount for a ten kil obyte packet

transmssion re f t of t he 97/16034
PCT/ SE06/ 01262 | X U2t 119 by %nadeidYt BareOlicr) tNe1n step 1Y, 9247

comuni cati on. Thiagidéhaonahgharigesefar cohadicogiyniicetsionobr call adrekaddedo

account the mnimum | evel M n) of _bandw dt used .in intainin
the conTruni cati off® OGE? éqﬁ§§£ (Ch) to ggbe a total chargern¥or the 9

communication or call.

5 It should be noted that the method illustrated in
FIGURE 4 could be simplified if the chosen wvalue for At
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
stepsg, 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.



communi cations li.-nk 18 or the air interface 26 in between 5 i NSt ances
of _successive packet transni ssiens—36. —EveR———though ni-Ai-pat—-a—

nature, use of that m ni num anount of bandw dth affects the
capability (i.e., capacity) of the systemto sinultap S| ndl e
ot her commun™2716%¢ and thus shoul d be reflected in Fﬁﬁg'&%é?%g-
bi:lled to the user 10 for maki ng the conmuni cati on-or—eal—

Ref erence is now again made to FlI GURE 1. The comuni cati ons system
10 further includes a bandw dth use moni t ori ng dﬁ“llﬁ“mm E l
connected to either one or both of the nodes 12 a Alalaet e

to make 15 measurements for each comunid&ion carried oVer' the

communi cations link 18 of the instantaneous amount of bandwi dt h
being used by AT dEmEENIMED; &8: The - neasurements may be
made by the device 40 gn eitjhe { cat 1UH SRR ehn€ g{,ﬁggaap(y Al n-
forward portions of thg"zo o %o%#g%%%ﬁ?(nw IF%% TS.K e resjﬁ{s 0 hthese
measur enent s ofdenaEmd uttype a qgumeessatgodevi dénk? assooeshed wifbk a
billing center 44 for the system 10,that sums_the bandw dt h_ us
measurenents to defTVETEMIER | nht e BPTERe  *PCUEESG a1 EBRNARCE h ?&agg_he
amount for eagh coremmirididtdensTheink to bandwydt B uaBeADNEdMRUNIGaRA¥NGE 40
and processing device 42 accordingly function as a bandw dth neter
46 neasuring conpyal §imca thensbePs o?f bandwi dt h used for each
conmuni cat i on. T [ i |ce en gf : QNS
multiply the derived tgﬁgﬁﬂggﬁgaigghgﬁ%%geaﬁé%%ﬁtgfbg&gmﬁhlgggg£hg R

bandwidth used over the course of the user communication;

and

10 multiplying the estimated total amount of bandwidth

used by a charging rate to identify the charge incurred
for the user communication.
2. The method as in claim 1 wherein the step of
estimating the total amount.of bandwidth used comprises
15 the steps of:

' measuring a maximum amount of bandwidth used on the
communications link for the user communication during each
of a plurality of time intervals measured over the course
of the user communication; and

20 summing the measured maximum amounts of bandwidth to
determine the estimated total amount of bandwidth used by

the user communication.

3. The method as in claim 2 wherein the step of
25 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.
30

-
——
—
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30 charging rate to determ ne a charging amount to be billed for

each communi cation, with the determ ned charging WO 97/ 16034

PCT/ SE96/ 01262 -10- anmount
reported towdefsbdd | N9 center 44 for the addition @&T,gkmzﬁhar ge
Items and the generation of a bill to the - user _

cel lular tel ephone. system 20 of FI GURE 2 incl udes a S|n1Iar
functionality for determ ning a chargi ng anount Hg“ﬂ'uﬂ"llmﬂlma Imaoh
cellular tel ephone call. The nobile . swi tching ce

is connected to a: bandwi dt h use noni t9ging device 40 ‘opér abl esto make
measurenents, for each call carried over the air interface 10 of the
| nstant aneous amount 0f  bangi GieanBal 88 HFWatm 1 whbeddencab %m{ewse
measur ements may be made by the device 40 on el t%er or

upl i nk and/ or theodedﬂmamﬁ;type copouicxsiafs Lhekaoperattes fiacac8brdaine
results of these |CaIJ nstantan measur epents are
out put 15 to a bT’BC% 4?9 FEV? %‘ ﬂqgggﬁ)%laa‘fceeﬁ gﬁﬁ% } SOMPHRY CREHRNS

interface.

5. The method as in claim 1 wherein the step of
estimating comprises the step of metering the use of

communications link bandwidth by the user communication.

10 6. In a cellular telephone system having a
bandwidth-on-demand type air interface, a method for
determining a charge incurred for use of the air interface
to carry a subscriber communication, comprising the steps
of :

15 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.

20

7. The method as in claim 6 wherein the step of
measuring the total amount of bandwidth used comprises the
steps of:

measuring a maximum amount of bandwidth used on the

25 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

30 the subscriber communication.

This SheetHasFeenRe la‘ced ' E!S SHEET HAS BEEN
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44 for the cellular system 3 Sheetia Replasehandwi dt h use
' estli ﬂl ~ ot a—bandw dt h ——usage”
anount for each call. The ba itoring devi ce 40 and

processi ng device 42 accordingly function 20 as a bandw 46
measuri ng t NEOOYEEB4 anpunt . of bandw dt h used for eacﬁ%%FPls&%e'

processi ng device 42 then further functions to multiply the derived

t ot al bandw dt h usage anmounts by a charging rate ' a
charging anount to be billed for each comunicati on, 25”","@' immm"ml
determ ned chargi ng anount reported to the billi*ngccente "

the addition of other charge itens and7the generation of a bill to
t he subscri ber. The operation of the bandw dth use nonitoring
devi ce 40 and pr fcessThE d@gh@é as 48 glpafdfi ybArRLR ckhesstep 36t
determ ne the tot %m}q | | ed for each

comuni cati on or ?g ca% igémggggg%ﬂ%migﬁﬁg%i%zfions WO 97/ 16034
PCT/ SE96/ 01262 making instantaneous measurement® of the bandwidth

used during each time interval; and
5 selecting a largest one of the measurements as the

maximum amount of bandwidth used during the time interval.

9. The method as in claim 6 wherein the bandwidth-
on-demand type air interface operates in accordance with
10 a code division multiple access (CDMA) communications air

interface.

10. The method as in claim 6 wherein the step of
estimating comprises the step of metering the use of air

15 interface bandwidth by the subscriber communication.

11. A communications system, comprising:
a first communications node;
a second communications node;

20 a bandwidth-on-demand communications' link
interconnecting the first and second communications nodes
to simultaneously carry a plurélity of user communications
between the first and second communications nodes; and

- means for determining a charge incurred for use of

25 the communications link by each of the |user

- ' communications, the charge incurred being calculated based
on a measurement of a total amount of bandwidth used by

each user communication.

30 12. The system of claim 11 wherein the means for

determining comprises:

THIS SHEET HAS BEEN
REPLACED




link 18 or air interface 26, I gRpSIeeti n R be better ©understood
by referring again to FI GURE 3A use nonitoring device
40 operates to nake instantaneou i dt h use neasurenents, with

t he nmeasur engpplefnédported 5 t e processing device 42.peridebi26£€SSi Ng
device 42 is programmed with a predeterm ned time—+nterval—At __and

operates to determne (fromthe reported instantaneous measur enent s)
t he maxi num anount 48 of bandw dth used duri ngmii Hw’m&mm,ﬁl' I, by
each comuni cation or call 10 carried over the co c uﬂ 8 or
ai-r interface 26, respectively. The si;ze of the predete?nihed ti*me
interval [err]t determ nes the nunber of device 40 nade I nst ant aneous

bandwi dth use measur emgiaheCoRskASiAtiAd) instantBiboGs! NedlRhhiURR! | 0B Of

t he maxi num anount 48 of 15 bandw dt " used during the tine 1nterval.
The neasured bargiviidbin el over48hefcdemenwnlt dach aiselre commumierhtiyng he
processi ng device 42 over _the_.course of t Il to

comruni cat.i on or ca
derive an estinate of MF&NEotERT bﬁﬁWﬁ?hqg’seagléang‘“&rhnﬂﬁﬁ?‘.‘rements to

Mil tiplication of ddtiesrniioledland@stimatt RINANAWDHLA] amoundgS P panawiardi Ng
rate gives the chargi ng anount to be billed by the billing center 44

to the user for i tusagkdor each B¥e¥rﬁpmﬂﬁﬁﬁﬂﬁQ§§PVoﬁnﬂink.18 or air
interface 26. meaHd® REORETELAT,IRY | Sherl DGRl A GNAL010Y 5

anount may not necessarily conp h otal charging anount
billed to the useranmmtishefcbamdwiidtdi usedobycaldhardgingy rate t& dEfdréinkn

t he communi cations system 10 of FIGURE 1, the user may further be
charged either a fqagquﬁ;qﬁs Fncurred for use of the communications link

by each user communication.
i0
13. The system of claim 11 wherein the bandwidth-on-
demand communications link operates in accordance with a
code division multiple access (CDMA) communications
interface.

15

14. The system of claim 11 wherein the means for
determining comprises:

a bandwidth use meter for measuring the total amount
of bandwidth used for each user communication; and

20 means for multiplying the metered total amount of
bandwidth for each user communication by a charging rate.

15. A cellular telephone system, comprising:
a base station;
a plurality of subscriber mobile stationms;

25 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; and

30 means for determining a charge incurred for use of

the air interface by each of the subscriber

THIS SHEET HAS BEEW
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based fee for usage of one of the comuni cations devices 16 during

the course of the commini cati.on Such a__gha_;_g.e_g.g—m_ght ari s ; -

situations where the conmunications device 16 used conprises a data
service node (like a database), WO 97/ 16034
PCT/ SE96/ 0128¥0 97/16034 | -12- PCTARS O -user
i s.charged not- only for the connection nade over—the conmuni cati ons
link 18 to the device, but also for use of the deyj ' f
Simlarly, in the cellular t el ephone system 20 oﬁlﬂﬂiﬁﬁiiﬂ”“u*lmer
may further be 5 charged a premumfor being a roa X y al'se be
charged a time based fee for usage of the pub®rc sw tched t el ephone
- network 32 (for exanple, if a long distance call was involved). The

“addi tional char gescamsunirrtdons. t e charge deeerrnchdeingarfngazrourRsssy
j the P'lllng Centero%4ahoestimation of a total amount of bandwidth used by

each subscriber communication.

5 16. The system of claim 15 wherein the means for

determining comprises:

means for making instantaneous measurements of
bandwidth used over the course of each subscriber
communication;

10 means for summing the periodic bandwidth measurements
to determine an estimate of the total amount of bandwidth
used for each subscriber communication; and

means for multiplying each of the determined total
amounts of bandwidth used by a charging rate to determine

15 the charges incurred for use of the communications link

by each subscriber communication.

17. The system of claim 15 wherein the bandwidth-on-
demand air interface operates in accordance with a code
20 division multiple access (CDMA) communications air

interface.

18. The system of claim 15 wherein the means for
determining comprises:
25 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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10 provide a total charge for the cormunl catlon or call.

‘Ref shown—aflow
diagramillustrating one nethod of ,=operat| ng - t he bandw dth use
nonitoring device 40 and the processing device 42 as a bandw dth
neter 46 to dgcesniess@ a charging 15 anount to be billed f | e
comuni cation or call in the systens 10 and 20 of FI G@Mﬁg 2
step 100, the total bandw dth usag(ifzount (T) is set equal to zero
at the beginning of the comunication or In steps 102- 110, the
‘comuni cations link 18 oe 3igr interfacerlG 0 I's nonitored by the
bandw dt h use Jomoitociof device 40 and p ocessi ng deV| < lmto
nmeasur e i nst afCOMMUNICATIONS usag€ and determ pe e

i nterval bandyi dt h DEMICE M thecqmuni cati gnqgr cOMMUNl@PEdON f
t he pr ege IllilTEulLiﬁ‘l fn\er Is[err]t I N par cuIarDEVICE:tep 45

102 the maxirn Wﬁﬂvé 1- dt

o n
i nst ant aneoug ?En
used . for the commm carlion or c

RX) se
0 ndW| dth (Tr’r)"Q)e ng
is t n 1rad [ ‘
determ nation is.ihen pade fb 106 a o} COMMUNICATIONS

i nst ant aneous PeORMUNICICTIONS I s great e&o than he REVIGE

maxi nrum i nt er yal DEVICENdW df h Lmx .ue__' I f yess C U T
n’aXi mum Ao ~Nateyi 1 BUMD 1
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- 13- bandw dth (Tmax) value is set equal to the measur ed

i NS , . - 8 —t
ski pped. A determination is then made in step 110 as to whet her the
predetermned tinme interval At has expired. 5 If not, the process
returns to St%%ﬁﬁ“"%o make anot her I nst ant aneous neasur enent of the
anount of ban Tm bei ng used for the comuni c HTOEOHPI262y) | |
and then perhaps updat e t he det eér'i tion of the maxi mum interval
bandw dt h : used (Trmax). The | t of the time interval
[err]t 10 determ nes the nunber o I nst neous . neasurenents
considered in determning the nmaxi mumin rlva.g Wi dt h used in
"each tinme interval. Once the predetermned tine interval At
_expires and t he maxi numinterval bandw dth used (Tnmax) by the
::»)6 36
344
Min § --- —— . T
36~
7 ot

38 FIG.4

100
T =0
1
Tmax =0 92 (‘ 116
Jr Ch =Tx CR
104 ~ ;
MAKE W, T=T +Tmax l[_"a
Tm
MEASUREMENT $\,12 [ADDITIONAL
CHARGES

108 \
YES NEXT
Tmax =Tm CALL
NO
At EXPIRED “S.YES
?
110




i15* communication or call is determined in tf& N aR

descri bed above for steps 102-110, the total bandw d RQﬁﬁ%%wﬁNT SHE@%d for

t he conmuni cation or call is updated in step 112 : and set equdl |to

the previous total (T) up to the |ast time ingefval4 aPRSEYYE fngxi num -
I nterval bandwi dth (Trmax) 20 used during the curfent time intervalj. A
determ nation Is then made in step 1gl4 as to Ther the

comuni cati on or call being nonitored has terjnnated. | f no, ] .the

process return
18 or air inte

NOS S capyls APV 24U~ -

ace 26, to neasure I nst ant aneous bandw dt h usage,

and to determ nen t&mabandw1dﬁh»@nnﬂ&mam®rvaﬁmhamdmaﬂﬁmnmsddxﬂy dre air
comuni cati on or cal | durin%na next one of the predeternm ned tine

i nterval s

inm@rief-‘eaéafit isé‘ﬂ‘“'@

nmade

mul tiplyi By thechatgé PAGEWEENFdd)trkad Q‘Edﬂrﬁlﬁﬁcation is then determined

10

15

20

25

30

by multiplying the total amount of bandwidth used by a

charging rate multiplier.

BRIEF DESCRIPTION OF THE DRAWINGS

A more complete understanding of the method and
apparatus 6f 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
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 foi'ward oxr %kdirection for a portion of a
typical communication on the sYétems of FIGURES 1 and 2;

FIGURE 3B is a gr.aph illustrating the bandwidth used
in a reverse or dé%%%%%k direction for a portion of a
typical communication on the systéms of FIGURES 1 and 2;
and

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
shown a block diagram of a bandwidth-on-demand type

communications system 10 including at least a first node

” AMENDED SHEET

P8 248ied 02 rdlbibriBiid rd ifade of LIRITHMA g&hongeh' nk

tg denivy 3R ?ﬁ’éi‘ﬂ?’é%i ofisthecsptatat ed
summed total bandwy g{:h cg g?fld‘%g?ﬁen sceaé C%o%t I&pe ottr'nualf%gl Char Q'%e( Ch)

for the connunlca?Pon or
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- 14- in step 112 by a charging rate (CR). In pt TI8, any
addi ti onal charges for the conmmunication or call are adjegt krR‘wﬂ9° t He
charge (Ch) to give a total charge for the communi c ﬁcwlor calj .} 5
It should be noted that the nethod illustrated in ELGJRE—4—coutd be
simplified if the chosen value for [err]t ~é- were $nmall enough (i.e.
having a frequency of nore than tw ce the nmaxi mda+ate O change of

t he bandwi dt h dtork 32, thesescepiular tedephopg sadlsioriedratest bye

needed. The 10
st eps, however,

O L ENREETAouF o THOPRApPERESERF B and it

associ ated data storpge ehafeiSak{Ghs SH)18 and air intAdfAeIReAnave

preferred enbodi nent of the method and apparatus of the present

i nventi on has beentcdhmsttibondléss”

described_ in

under st oofl t hat“connectipn{lgasit iidn iSsmgapt| FhArk el

di scl osed,

10

15

20

25

30

t he foregoing Detail ed Descriﬁtion, it will bel’ K
€ CPRIE AR iR L 1N

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
between the fixrst 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
between Sgglmobile stationg 28 and the base station 24
without using a fixed amount of the communications
resoufce. The communications link 18 or air interface 26
may accoxrdingly comprise a spread spectrum communications
link of the type provided through the use of a code
division multiple access (CDMA) communications protocol.

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
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. 1In FIGURE 3A, the bandwidth used 34u is presented
with respect to the reverse or uplink portion of the

communication or call over the communications link 18

| AMENDED SHEET |
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but i s capabte—of nunerous rearrangenents, nodifications and
substitutions without departing fromthe spirit of thej e} '
i REPLACEMENT SHEET

set fort] t he fol |l ow ng cl ai ns.
15 WHAT _ 18 1. In a cellular tel ephpné Sys |
bandw dt h-on-demand air interface carryi ngscomruni cati pn CQWP&?ES
and packet transm ssions, and using a mnimum bandw dth foir ma I Ni
subscri ber coOMHAT (SICLHIMED &t hod for determ ning a chal '

use of the air interface bandwidth to carry the subscr) ber comunicatio
conprising the steps of: estimating a total amount of arr e
bandw dt'’h used ovey the, _cour of .the subse¢riher.c i L Ol .

mul tiplying the estinat Ié'aa PS&"@?" ﬁﬁ%‘ﬂ?ﬂ"eoﬁysgéﬂﬂwvchi%f“ﬁ@‘ha&&ﬂ%P’&’Wga'F ate
to identify tifgurfdedl JRaimiiy ' @Oriminitafors URGMIMBAY CRIBXSEHES! i 40d  packet

2. The nmethod as in claim1 wherein the step of estimating the total
anount of baridavsiissionsd andnpsing e miniuwndpandwidth for maindaining agsubsanibenum

t of bandwidth. used on t jr jnterf for the subscrib :
Conmni cat 1 orERIRISREn Sanelag i AeteHIBRG,# cBarde VRS ot doe vl

the course Ofip{sé}%fcﬁggaggm&vgm @gﬁ%ﬁ?itﬁ@.t L385criBBF communitdiiBh " Sohipfisif the ed

maxi mum anmoun erm ne
steps of:

estimating a total amount of air interface bandwidth used over the
course of the subscriber corhmunication; 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.

AMENDED ~SHEET |




t he ‘'estimatedtotar anount of bandwi dth used by the subscriber

conmuni cat i on. ' The nmethod as in claim2 wherein the step of
measur i rla mﬂﬂwamteps of : maki ng i nstant aneous measur enents
of the b L ing each tine interval; and selecting a

| argest one of the neasurenents as the ma@ num anount of bandw dth used
during the tinme interval. 16

4, The nmet hod a4. i n Theimethodhas iai claih ¢ wWiverdin thietbandwidimeontdeyanddype
interface operates_in accordance with a code divisjon, nulti g_luiﬁccess

(CDMVA) commufir cigteriiee aperategcinr aeeordance withoa codg, divigipRo ¢ rACeEPm 1
wherein the @5@9‘ fco?ﬁhhﬁﬁ:takiﬁﬂs%ﬂqmeirﬁgé.the step of netering the use of
y

air interfac andw dth e sSubscriber communi cati on. 6. A
cellular tel ephone system conpri sing: a base station; a
plurality of subscriber nobile stations; a bandw dt h- on-demand air

interface intercofinect iThg methpduaal int clajm 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: l

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 _—
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" subscriber nobile stations with the base station to sinultaneously carry a
pl ur ples j ber conmuni cati ons between the nobile stations and the
baseﬂ"’m"m""!lmdwi dt h-on-demand air interface carryi ng communi cation
comahd fressa sangpacket transm ssions and using a m ni rum bandwi dth for
mai nt ai ni ng a subscri ber communi cation; apd nmeans for determning a
charge incurred for use of the air interface bandw dth by each of the
subscri ber commuphéaid ofe¥. nidipigng’ S_achN O IR dsteRdinedl aotalt athdumtedoPn an
estimation of a total anmpunt of” bandw dth used by each subscri ber

communi cat i dandwidth useddy a chaeging saterto sleterminentide whargssincuksed-domsse of
determ ni ng conprises:. .. . nmeans for, maki ng instantaneous neasurenents of
bandwi dt h L35 CBsRu R Rations At Bach ShoSthet BoBuruRBafiih: cat i on

means for summ ng the. periodic bandw dth nmeasurenents to determ ne an
estimate of the total amount of bandw dth used for each subscri ber

conmmuni cati on; ar®d The system of claim 6 wherein the bandwidth-on-defmand air
means for mul tig;a)l ying each of the determ ned total anounts of bandw dth

used by a clirtelfre@ apgratesdn @scerdanse with acgadeydivision multile agcess éCHBMANe

yatom o commmiiGalns AR RBHEERIL Gt n”on demand a1 7 s

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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N . . N _ PO copy |
interfack operates in accordance with a code division nultiple accesg
(Cbk&}_eg;mmq-s—m—r—l—n.t-e-r-iaee O- The system ot.-cla.i-mggifm"q'
wherein the means for determ ning conprises: a bandwi dth neter for
measuring the total anmpbunt of bandw dth used for each subscri beggms

conmuni cati on; and nmeans for nultiplying the metered anugsigebf

bandwi dth for ea?cq:bscri b e rwoROyRHEIEE AL AHOPERYY GRoMRENTG NG T at R
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