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BACKGROUND OF THE | NVENTI ON 5 1. Field of the Invention

The invention generally relates to wirel ess tel ephone systens and in

particul ar pAYPHONBIWVIETERING 1N A WIRELESS SEELERHONE S¥STEM 10
. Description of the Related Art Wreless tel ephone

systens including, for BQGKGRGUN FTH$ nms and wirel ess
|l ocal |oop systens, have becone qui tetyo popu gr or private, individual
use. Recently, wireless tel ephone systens 15 are being extended to include

public payphones. Wrel ess payphones nay be configured |i ke payphones
connected to conventional land |ines, such as the _public swtched
t el ephofie rdet worKieldofithe Inventian vi r el ess payphone transmits

tel ephone call signals to a renpte base station rather than directly
ont o hardwi red |'Ehe invensionTigenerallyt celatest twirgless telepbone gystemsnang, i120 -

a . | . ez pre Y
ayphones. Pavticjar (e ppbE paplioft orgiedied s yibleh Rikbibne VEHESS |

i nclude conventional land lines, including renote portions of the
Uni t ed 18t atBs asDescriptienl oftheRelatedArdf devel opi ng countries. Wreless
- payphones may al so be advant ageously enpl oyed even within areas having

conventional | anyigdless i Nefepliord | @yseans Uihtiudingfoifo bexample, t heellular

tel ephone Ct%m)pq{yheOpseyrs?etxlnggand wireless local loop systems, have become quite

popular for private, individual use. Recently, wireless telephone systems

15 are being extended to include public payphones. Wireless payphones may be

configured like payphones connected to conventional land lines, such as the

public switched telephone network (PSTN), but the wireless payphone

transmits telephone call signals to a remote base station rather than directly

onto hardwired land lines. The remote system may include, for example,

20 space based satellites, cellular base stations, or the like. Wireless payphones

are particularly desirable for use within areas that do not include

conventional land lines, including remote portions of the United States as

well as portions of developing countries. Wireless payphones may also be

advantageously empldyed even within areas having conventional land

25 lines to allow consumers a choice between the telephone company operating

the land lines and telephone companies offering wireless service in the area.

Wireless payphones are also ideal for use within commercial airliners,

trains, buses, ships, or the like, wherein conventional land lines are not
available. '

30 However, problems arise in implementing wireless payphones

insofar as metering the charges incurred by the user of the payphone. With

a conventional payphone connected to a land line, metering is typically

achieved by transmitting metering pulses to the payphone - from "the

: network. The metering pulses are typically brief tones set at, for eXaniple,

35 4,000 hertz (Hz). The payphone may include a filter for filtering out the tone

so that the user does not hear the tones during the telephone call. Usually,

the payphone is preprogrammed with some monetary value associated with

each metering pulse to allow the actual charges incurred during a telephone

call to be calculated from the total number of metering  pulses received’
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' : debit cards may alternatively be employed wherein the debit card is
preprogrammed with some quantity of money. Alternatively, the charges of
the telephone call may be billed to the receiving party or perhaps to a credit
20 card account, calling card account or the like. Indeed, many state of the art
payphones do not accept cash whatsoever but operate only using debit cards
or some other cashless method.
Although the above-described metering technique works effectively
- for payphones connected to land lines, problems arise in attempting to
25 implement the same technique for wireless payphones. With most wireless
systems there is a need to minimize the amount of information transmitted
from base stations to remote wireless telephones in order to maximize the
capacity of the system. Avoiding transmission of redundant or uneccessary
signaling information is one way of reducing the overall bandwidth
30 consumed per call, and thereby maximizing system capacity. Dozens of
wireless payphone calls may need to be transmitted more or less
simultaneously within a wireless telephone system. The transmission of
periodic metering pulses within each payphone call, particularly during
peak hours, consumes a significant amount of bandwidth, which impacts
35 the total number of calls that can be placed simultanéously. The problem is
| of particular concern within wireless systems. employing digital
transmission techniques such as code division multiple access (CDMA). For
CDMA, the manner by which voice signals are processed makes it difficult to
transmit voice signals with high frequency tones superimposed thereon.
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20 - Accordingly, it would be desirable to provide an improved method

and apparatus for performing payphone metering within a wireless
telephone system incorporating one or more wireless payphones and it is to
that end that aspects of the invention are primarily drawn.

25 SUMMARY OF THE INVENTION

In accordance with one aspect of the invention, an apparatus is

provided for use with a wireless telephone system. The apparatus includes a

means for receiving metering signals from an external system

- 30 representative of billing charges for a particular telephone call carried

between the wireless teléphone and the external system. The apparatus also

includes a means for determining a steady state billing rate for the telephone

call from the metering signals and a means for transmitting a signal to the

wireless telephone representative of the determined steady state billing rate.

35 The apparatus may additionally include a means for detecting a change in

the steady state billing rate for the telephone call and for determining and
transmitting a new steady state billing rate.

With this apparatus, metering signals from the external system need

- not be forwarded to the wireless telephone. Rather, only a singlé signal
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I'n accor dgpequent Perdb@icAieB¢idiuil heferin}y SipriAA9 is pArdANALS! désitable within
wireless cellular systems or wireless local loop systems, because significantly
less bandwidth may be consumed by the few steady state signals rather than
~the many frequent periodic metering signals. Accordingly, more bandwidth
20 is available for other signals. The additional bandwidth may be used to
process additional telephone calls or for allowing greater amounts of data to
be transmitted during for telephone call. Hence, depending upon the
implementation, the additional bandwidth may allow for an improvement
in voice quality over systems requiring transmission of periodic metering

25 pulses, or an increase in overall system capacity. :

In the ‘exemplary embodiment having the wireless payphone
employing CDMA, the only metering signals received by the wireless
payphone are billing rate signals which indicates a particular stead state rate
of billing. A first billing rate signal is received at the beginning of a

30 telephone call. Additional billing rate signals are received only if the billing
rate changes. In an alternative embodiment, the wireless payphone initially
receives digitized signals corresponding to individual metering pulses until
the steady state billing rate has been determined. The wireless payphone
then receives a single steady state billing rate signal and no longer receives

35 the periodic metering signals. In other arrangements, additional or
alternative signals may be provided, consistent with the principles of the
invention, for minimizing or eliminating the number of metering pulse
signals required for transmission to the wireless telephone.

With the invention, the general objective set forth above is achieved.
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' FIG. 5 is a flowchart illustrating a method for processing steady state
billing rate signals of the type illustrated in FIG. 3. |
FIG. 6 is a flowchart illusftating a method for processing steady state
20 billing rate signals of the type illustrated in FIG. 4.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS
OF THE INVENTION

25 - With reference to the figures, exemplary embodiments of the
invention will now be described. The exemplary embodiments are described
primarily with reference to block diagrams. and flowcharts. As to the
flowcharts, each block within the flowchart represents both a method step
and an apparatus element for performing the method step. Herein, the

30 apparatus element may be referred to as a means for, an element for, or a
unit for performing the method step. As to the block diagrams, it should be
appreciated that not all components necessary for complete implementation
of a practical system are always illustrated or described in detail. Rather, "
only those components necessary for a thorough understanding of the

35 invention are illustrated and described. Furthermore, components which
are either conventional or may be readily designed and fabricated in
accordance with the teachings provided herein are not described in detail.

- ' FIG. 1 illustrates a wireless telephone system 10 e_mp]oyingﬂ one or
more wireless payphones 12, one or more base stations 14 and ‘a mobile

40  switching center 16. The wireless payphones may be mounted at fixed
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invention are applicable to other types of wireless transmission systems and
20 to non-wireless transmission systems as well.

Signals transmitted by wireless payphone 12 :are-received by base
station 14 and forwarded to mobile switching center 16 for interfacing with
external system 18. To this end, mobile switching center 16 may convert
wireless telephonic signals received from base station 14 to conventional

25 tone signals for use with PSTN systems. The tone signals are forwarded to
- external system 18 for interconnection with other telephones within the
overall PSTN system for ultimate connection with the telephone specified

by the telephone number entered by the user of wireless payphone 12. Once

the telephone call has been established, external system 18 begins to transmit

30 periodic metering pulses to mobile switching center 16 for use in identifying
the amount of charges incurred during the telephone call using external
system 18. The metering pulses are brief tones set to, for example, 4,000 kHz.

As noted above, each pulse is representative of a predetermined amount of
‘money. Each pulse may represent, for example, two cents worth of calling

35 time. '

FIG. 2 illustrates an exemplary set of metering pulses 50. An initial
portion of pulses are repeated at a first periodic rate during time period 52.
A second portion are repeated at a second and somewhat faster periodic rate
during time period 54. The difference in metering pulse rates occurs, for
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° en‘entlsf Orwhlch is illustrated in FIG. 3. More specifically, FIG. 3 illustrates a sequence
60 having a single steady state billing rate pulse 62 associated with time
period 52 and a second steady state billing rate pulse 64 associated with time
period 54. Pulses 62 and 64 are configured, for example, as digital sequences
of bits containing a binary representation of the billing rate of the

20 corresponding time period. For example, if metering pulses of time period
52 of FIG. 2 each represent two cents worth of calling time and are
transmitted one second apart, then signal 62 contains a bit pattern |
representative of a billing rate of two cents per second or $1.20 per minute.
Likewise, if the metering pulses of time period 54 of FIG. 2 are transmitted at

25 1.2 pulses per second, then signal 64 contains a bit pattern representative of a
billing rate of 2.4 cents per second or $1.44 per minute.

Any of a wide variety of encoding techniques may be employed for
encoding the assoaaﬁed metering rate within the steady state billing rate
signals. The billing rate itself may be calculated by mobile switching center

30 16 merely by counting the number of metering pulses received during a
predetermined period of time, such as 10 seconds, then averaging over the
time period. Alternatively, the mobile switching center may merely
calculate the time period elapsed between center points of any two
successive pulses. The former technique has the advantage that a more

35 precise, time-averaged billing rate can be calculated which is relatively free
of noise of other statistical errors. The latter technique has the advantage of
allowing the billing rate to be calculated more promptly and recalculated
with each successive pulse. In either case, mobile switching center 16
transmits a steady state billing rate signal once the billing rate has been
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preferably mcludes a clock or other timing device. - Initially, wireless
payphone 12 calculates the total amount of charges incurred from the
20  initiation of the telephone call and deducts that amount from the amount of
money, or other monetary credit, initially received by the ‘pahyphone.
Display 22 is updated to reflect the remaining amount of money. As the
telephone call proceeds, wireless payphone 12 periodically deducts.amounts
‘of money from the remaining amount of money in accordance with the
25 amount of time spent and the steady state billing rate. The amount of
monetary credit displayed in the alpha-numeric display is - updated:
accordingly. Wireless payphone 12 also monitors received signals to
determine if a new steady state signal is received representative of a new
steady state billing rate. If so, wireless payphone 12 thereafter calculates
30 additional charges using the new steady state billing rate value. If the new
rate is higher than the old rate, then the display will reveal to the user that
charges are being incurred more quickly. As the amount of remaining
money or credit is depleted, wireless payphone 12 may notify the user that
the telephone call is about to be automatically terminated. This may be
35 performed by, for example, superimposing an audio tone over the voice
conversation or by providing a special alpha-numeric string within display
'22. In any case, either the user ends the telephbne call, adds additional
money or monetary credit, or allows the telephone call to be automatically
terminated.
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pCT] Usoyr 10234 | B Hhe iizdrpenieilt thus far dephiéd *Hectile switching center 16
cal i ng chedefermines e@\eoft%@dy state gﬁﬁng rate %efore transmltgng an %1ﬁmg
information signals to wireless payphone 12. In an alternative arrangement,
mobile switching center 16 initially transmits metering pulse signals to
20 wireless payphone 12 until the steady state rate can be determined. Then,
mobile switching center 16 transmits the steady state signal and terminates
transmission of metering pulse signals. An exemplary resulting pulse
sequence 70 is illustrated in FIG. 4. Initially, a few periodic metering pulse
signals 72 are forwarded to wireless payphone 12. Then, once the billing rate
25 has been determined, a single steady state billing rate signal 74 of the type
described above is transmitted. Following a transition point 76 to a new
billing rate, mobile switching center 16 again transmits some periodic
metering pulse signals 72 until the new billing rate is reliably determined,
then mobile switching center 16 transmits another steady state billing rate
30 signal 76. '

'~ In the alternative arrangement, wireless payphone 12.is configured to
calculate incurred charges both from periodic pulses and from steady state
signals. Wireless payphone 12 merely switches from one calculation
technique to the other upon detection of the reception of a steady state

35 billing rate signal. Wireless payphone 12 switches to the metering pulse
calculation method once an additional metering pulse signal is received.

The metering pulse signal 72 of FIG. 4need not be tone signals

identical to the tone signals of pulses received from external system 18.

Indeed, depending. upon constraints of the wireless system, it may not be
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transition @EAE2ht point 56. In one exanpige, pul ses of ti mePEYUSSYIBH o1 e
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~.center mymBHiRl ¥witching ¥eAtdred6 bePs! i0Fedetvd MeRhARS PN HBRD SRELEN -
polnt s of g);p{e}r\m?& At step 107, mobile switching center 16 determines the steady
state metering rate from the received pulses and, at step 109, encodes the
steady state metering rate as a digital signal. The digital signal is transmitted
25 to wireless payphone 12 at step 111. Thereafter, mobile switching center 16
continues to receive metering pulses and repeatedly updates the steady state
metering rate from the newly received metering pulses, step 113. If the new
steady state rate differs from the previous rate, step 115, then execution
returns to step 109 where mobile switching center 16 encodes the new steady
30 state rate as a digital signal for transmission to wireless payphone 12. If, at
step 115, the new rate does not differ from the previous rate, then execution
merely returns to step 113 where mobile switching center 16 continues to
monitor newly received metering pulses. Hence, execution proceeds in a
loop including steps 109-115, or only steps 113-115, until the telephone call is
35 terminated. '
As to wireless payphone 12, after step 102, but before wireless
payphone 12 has a chance to receive a steady state signal, wireless payphone
12 sets an internal steady state value to a default value, step 116. The default

value may represent, for example, the steady state billing rate for off-peak
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switching center 16 for the alternative arrangement wherein both steady
state signals and metering pulses are transmitted to wireless payphone 12
20 will now be briefly described. Many of the steps of the method of FIG. 6
correspond with steps described with reference to FIG. 5 and d'escripﬁons of
those steps will not be repeated. As with FIG. 5, an initial amount of
monetary credit is received and a telephone call is initiated by wireless
payphone 12, steps 200 and 262. The telephone call is connected to external
25 system 18 and metering pulses are received by mobile switching center 16,
steps 203 and 205. After step 205, rather than immediately determining the
steady state metering rate, mobile switching center 16 encodes the metering
pulses as individual signals and transmits those signals to wireless
payphone 12, step 207. Then, at steps 209-213, mobile switching center 16
30 determines the steady state metering rate, and encodes that rate as a digital
signal and transmits the digital signal to wireless payphone 12. At steps 215
and 217 mobile switching center 16 continues to process newly received
metering pulses to update the steady state metering rate and to determine
whether the updated rate differs from the previous rate. Steps 215 and 217
35 are performed in a loop until the new rate differs from the previous rate. At
that point, execution returns to step 207 where mobile switching center 16
begins encoding and transmitting the individual metering pulses.
Thereafter, the new steady state metering rate is determined and
transmitted. Hence, steps 207-217 or only 215-217 are performed in the loop




20 initiation of the tel ephone call and deducts that anount
. amount of WO974#8ey  or other nonetary crgdit, initially re(?gT 3w§zsfhe
pahyphone. Display 22 is updated to reflect the remai ni ng anount of
noney. As the t el ephone cal | proceeds, wireless payphone 12
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t er m nat edt ¢ fnitial ampugt, 9 mnetary Ceredit recelve and the remyaining
PCT/ US97/ 19@ofint is displayed to tReuusefluriAg dtbp 0224 eplideless qbéyphdlﬁé eEs
DAY D", AeleBSSRE SpRohier Y spngy s BAS Vel b7 BheR BBl L B,
changdeurexag:lltiw retugpsotee stepl 218.t I somexedution proceeds tmytdp)ﬂ% ¥heid |
recei ve Onjyfrdlesy PlshoHe 18 taRufites Bilitiial @latgsl Wil ¢KY newly received
steady state metering rate. The additional charges are deducted from the
remaining amount of morietary credit and the resulting figure is displayed,
at step 228. At step 230, wireless payphone 12 determines whether an
20 additional metering pulse has been received -indicating a switch to new
- billing rate. If so, execution proéeeds_ from step 230 to step 218 where
wireless payphone 12 again calculates charges using the metering pulses
rather than the steady state rate. If not, execution returns from step 230 to
step 226 where wireless payphone 12 continues to calculate additional
25 charges using the latest steady state metering rate. Thus, steps 218-230 are
-performed in a general loop until the telephone call is terminated. '
What has been described are exemplary embodiments of a payphone
metenng system which substantially reduces the number of metering
signals that need to be transmitted to a wireless payphone. Two specific
30 exemplary implementations have been described herein. Numerous other
implementations may be developed consistent with the principles of the
invention. Although described primarily' with reference to a wireless
system employing CDMA techniques, the invention may be employed in
other wireless systems employing other transmission protocols and in
35 wireline systems as well. Indeed, benefits of the invention may be
advantageously exploited within any signal transmission system wherein
periodic metering pulses or similar periodic signals or pulses need to be
transmitted. - Accordingly, the exemplary embodiment described herein
should not be construed as limiting the scope of the invention. Rather, the




5 addltlonal %ﬂga is only received if the b|II|ng rate chap §¥&H4as
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can ng a transition from gff - peak to on-peak

Hence, only one or two steady state signals are received during the
tel ephone call. This is in contrast with conventional payphone

syst ens whi nverdior maybelexploited in a wide rpage @fiather embodinpentsdwth to
Accordi ngly, considerable bandwi dth is saved 10 within the transm ssion
system by greatly Iimting the nunber of signals that need to be
transmtted. The reduction in bandw dth consunption is advant ageous
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| e, bandw dth is already |1 mted by other
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const r ai tsaFlN@VEd?diﬁrg M"&ﬁs@ﬁw mmand and control signals as
15 well as the voice signals. In the arrangenent thus far
descri bed, WHAT ISWGULAIMED I&nter 16 determ nes the steady state
billing rate before transmtting any billing i nformation signals
to wirel ess payphone 12. In an alternative arrangenent, nobi | e
switching center 16 initially transmts nmetering pulse signals to 20

W rel ess payphone 12 until the steady state rate can be determ ned. Then,
nobil e swtching center 16 transmts the steady state signal and term nates
transm ssion of metering pulse signals. An exenplary resulting pul se
sequence 70 is illustrated in FIG 4. Initially, a few periodic netering
pul se signals 72 are forwarded to wirel ess payphone 12. Then, once
the billing rate 25 has been determ ned, a single steady state billing
rate signal 74 of the type descri bed above is transmtted.
Followng a transition point 76 to a new billing rate, nobile
switching center 16 again transmts sone periodic metering pul se
signals 72 until the new billing rate is reliably determ ned, t hen
nobil e switching center 16 transmits another steady state billing rate

30 signal 76. In the alternative arrangenent, wreless
payphone 12 is configured. to cal cul ate incurred charges both from
periodi ¢ pul ses and from steady state signals. Wrel ess payphone
12 nmerely switches from one cal culation techni que to the other
upon detection of the reception of a steady state 35 billing rate
signal. Wrel ess payphone 12 switches to the netering pul se _

cal cul ation nethod once an additional netering pulse signal is received.




The nmeteri ng pul se signal 72 of FIG 4 need not be tone si gnal S
. identical WO%M&Aone signals of pulses regeived from ext er nEFT/USE(102841 5.

| ndeed, depending upon constraints of the wreless system it may not be
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possi bl e Hmﬂﬂﬂ'lmm ransmit tone metering pul ses. In the exenplary

i mpl ement MIQ"tcm ng center 16 generates digitally encoded
signals to représeﬁt the* puI ses. The signals are simlar to the digitally
encoded steady state signals but arecqmpmg with a different bit pattern

to entify the signals as d| creei u s rather than as steady state
b1 Tng rdee ' An'appaatis Shireless Fdaphanc sistern ot SpPORAYs, e
t echni. gue%omjynbmg errpl oyed FIGS. 5 and 6 provide
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mobi | e sWidafihérBfh ggé\hgéte fglgnagu apgown. 15 Referring fi rst to FIG
5 W rgl ess payphone eg es,.an | n| tial at[gount none credit
for us® in pl adPRgn%h "Fel@ﬁ“%‘i‘i‘é“&gl sfigpal pdo the 28551 t FE ongo,
the user q@ %s&ntd’tﬁvejeﬁﬂiedte‘admmtémnu@nd the teI ephone caII S
initiated. Signals are transmtted to nobile sw tching center 16
where, at step 103, the tel ephone call is forwarded to external 20 system

18 via | ad | i iBse apparatus Thimabdurtheesomprisingf ter, at step 105,
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telephone call and for determining a new steady state rate of billing.

3. An apparatus for use in a wireless telephone, said apparatus
2 comprising:
means for receiving signals representative of a steady state billing rate
4 for a telephone call catried between the wireless payphone and an external
system; and
6 means for calculating an amount of charges incurred dunng the
telephone call. '

4.  The apparatus of claim 3, further comprising;
-2 means for displaying the amount of charges incurred during the
telephone call.

5. The apparatus of claim 3, further comprising:
2 means for receiving' an amount of monetary credit for a call;
means for displaying a current amount of monetary credit available
4 for the call; and
~ means for deducting charges being incurred during the telephone call
6 from the current amount of monetary credit available.

6. The apparatus of claim 3 further comprising:
2 means for receiving a plurality of individual metering signals each
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system 18. S 07 g center 16 determnes the stead
state rreterﬁyé)’?’z&éz “mmmmlmmumu] sesignd, at step 109, REEHELYe
steady state metering rate‘as-a™idital signal. The digital signal is
transmtted 25 to wireless payphone 12 at step 111. Thereafter, nobile
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rate as a digital signal for transmssion to wirel ess payphone 12. If, at
step 115, the new rate does not differ fromthe previous rate, then
execution 7. ma'[‘hbw ;ﬁmmoﬁ@la&&ﬁ@fﬁi&m .e switching center 16
conti nues to noni t(} ?/ .Lecej ved t% ggﬁg Hence, executi on
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payphone 12, after step 102, but before wreless payphone 12 has a
chance to receive_a steady state signal, w reI ess payphone 12 sets an
internal stehdy sTheeapparatus ofaclaimad whereire, thet epternisl systercibaal public
val ue mag r SRed - RPN ady state billing rate for

of f - peak2 Wit tefegih/ 48221 i (FS’PN?

PCT/ US97/ 1024 hours. At step 118, wi rel ess payphone 12 cal cul ates
charges incu@.red ']Jhermp aratus bf cHifed impléendéd cwithint 8iwireds lWCileiCE(?

payphones12 psed time and nmultiplies that tinme by t
st eady stat et'éfe%ﬁ@ Qﬁﬂg larges are then deducted, step 120, fromthe

initial anmpunt of nonetary credit and the 5 remaining anount is

di spl ayed. #y st r t

st eady s&ate si gna ejégp%fgtet?lsebgc%z“}l\%?m?%&%gt?d wiftif Q‘&?ﬁ,ﬁhetep ¢phohe
ystem.

11.  The apparatus of claim 10 wherein the cellular telephone system
2  employs code division multiple access (CDMA) data transmission protocols.

12.  The apparatus of claim 3 implemented within a publicly accessible
2 payphone system.

13.  The apparatus of claim 12 wherein the wireless payphone is at a fixed
2  location.

14.  The apparatus of claim 12 wherein the payphone is mobile.

15, The apparatus of claim 14 where the mobile payphone is mounted
2  within a means for transportation.

16. A method for determining charges incurred during a telephone call
2  connected to a wireless payphone, said method comprising the steps of:
| receiving a signal representative of a steady state billing rate for the
4 telephone call; and
. calculating charges incurred during the telephone call by multiplying
6 the steady state billing rate by a duration of the telephone call.
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SW tch| ng_center 16. returns to step 118 wher e wirel ess
‘payphone J‘fﬁoemﬁzlzﬁueS“IMBM“Jmﬁuu ““Ergesi@ased upon the or PGINEY/MRMau t
steady state value rate. 9f} atl step* 122, a-steady state digital signal is
received, 10 then executlon proceeds to step 124 where the i nternal steady -

state val 3& | s A methnd foo determiniogy ehiangesuincufiewt chfrirgg a Rlgshénorcall
retur te \Wﬁ'ges t S are C at ed _using the
new s'[feady st a \1/% ue sgaﬁggﬂb éﬁaaélfﬁgﬁ:gg 3}‘ p unti |

t he tel ephone @All |r§ceemgnmcbul {12} gxet_emng pulses, each mpmsemamleyofa
per f orgredcuhifflon, NBreduteARiingd Aafdldd 1 8F Hidniaty Lredif SERARE 4° @ o

above, for hone calls only a single st y S Wi ||
be recei vigle Hﬁﬁ" aﬁﬁe t el ephone cal | . Referring to FIG 6, the

oper atg ons of br eI Eﬁiaﬂaﬁﬁigomwthl?aﬁﬁﬂum%r es m&!&‘r&ﬂfl{j‘ ﬂféi{ talt§ for
‘the alternpa #Igée arr, ngerrent wherein ?éste t 5| ghal s an

metering P g“%r r SRENY L gameunt H%Wéd‘i 2mewng npulsge
briefl8 deemmivedd. Many of the steps of the nethod of FIG 6

correspond withyste 0 nce.to Fl and..descr i p I ons
of those g epsq'\'/%\nc“ gt %gnrepe}gfge%ﬁaﬁg \ﬂfﬁhﬂﬁ% gafegﬂﬂmg F?tSI O%punt
of 10 P? hengtall;iand ecej ved and a tel ephone call is initiated by

wirel ess yph

conn ed to e%aer nﬁakﬂatm sg‘gﬂlﬁgﬁaﬁpﬁgerllﬁgﬁ gghglﬁgltr? éJé‘l‘ée&hB
nobi | sWFtFEﬂY tectate by gn’ additional jamey od tsince regeivieg that her
tha? l m"reshead | stadet billingi flﬁtdh ?l andt Qﬂmingt ﬁ-liee f&h&iﬁ%gvé ﬁo I
SWi ng e nmetering pul ses as individua S|gnas
and %ansﬁ?&gﬁﬁygaﬁu& SYR-wi r el ess payphone 12, step 207. Then,

at .steps 209-213, nobile switching center 16 30 determ nes the steady

state netgg| ngmtﬁlem& Qﬁlﬁqutﬂﬁ.}héaé&ngﬁﬁﬂ}éh%gékf signal and

transrgts the digital signal, to.wreless steps 215 and
217 nobi | e swi PRIV Rgnalimdicating that the prodeys sieady state billiog rate
netering sighakbis ho longei ealitiptitdrepepeatingt stepBhpLid)g rate and to deternine
whet her the updated rgte differs fromthe p?gvro:?s) rate. Steps 215 and 217
35 are perforned in a loop until the newrate differs fromthe previous
rate. At 19. Thet methad eofelaim olB neherein ltbessxgmaPOH\dibaﬂmgrrfl’fatl ¢the

Swi t I NOpRAAbAE dfdady staitetlimﬁxlge%&db AN ﬁay&gagtm mgpgeg gyal

net eri ng st ead els
det erm n eﬁn‘ﬁa};ﬁfual metermg pu se s1gna
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transnltted "Hence, steps 207-217 or only 215-217 are perforne 0
WO 97/ 48221 WOk 12 P PCT/’E@?%%‘?% P
until the telephone call is termnated. During this time, nobile swtching
center 16 alternately transmts signals representative of netering pul ses
or signals representative of steady state billing rates. For each
change in billing rate, nobile switdBng center 16 transmits netering
pul ses until the new 5 billing rate can be determ ned then transnmts only
a single new steady state billing rate signal. In typica
i npl ementations no nore than five or ten i ndi vi dual period netering
pul ses are transmtted before the steady state rate i s determ ned.
As to wirel ess payphone 12 operations, followi ng step 202, wireless 10
payphone 12 receives the individual netering pul ses, step 218, and
cal cul ates charges therefrom gf-steps 220 and 222, the charges are
deduct ed fromthe |n|t|al:hnnun6 of noneflary credit received and the
remai ni ng anount is displ : At step 224, wirel ess
payphone 12 determ nes whe her gt at e digital signal has been
received. If not, 15 p 218. If so, execution
proceeds to step 226 where i yphone 12 cal cul ates additi ona
charges using the ne } y dt ate netering rate. The
addi tional charges-ar “Jremai ni ng anount of nonetary
at step 228. At step
230, wireless payphpn ngﬁd@t gn 20 additional netering
pul se has been recel
so, execution proceed
payphone 12 again cal
than the steady state

g dating a switch to new . blllNl.qrateT.\f
S ep 230 to step 218 rel ess
€$ har ges usi ng the net g pul se;s r af her
. not , execut|0n5§etur fromstgp 230 to
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step 226 where wrel ess payphone 12 continues to cal cul ate addi t
char ges usi ngW 482315t steady state netering rate. Thus," steptgbg.yl@-g%%“

are performed in a general loop until t t el ephone call is

t er m nat ed. What has been describ are exenpl ary enbodi ments of
a payphone nmetering system. which substantially reduces the nunber of
net eri ng sig _ smtteg T '-. TSN o
Two specific 30 %xe%Y%QNE@PERAﬂ'ﬁQNSonE have JEEPERRT

Nunmer ous ot her ' Pri+ e devel O S

principles of the I nventfon. Although described primarilly with
reference to a W r gress systenrenptpyi ng COMA t echni que$, the

i nvention may be efRECEIVE INITIAL AMOUNT N rel ess systens enployi ng ot her
transmni ssi on prot o¢olGF MONEPARY CREDIE] i systens as well. {lndeed,
benefits of the in ' vapt ageousl y expl oi fed within any
signal transm ssion system periodic nmetering pukses or simlar

periodi ¢ signals ol t r ansnpttees tH=ep-y—the

exenpl ary enbodi nef ' '_ shoul d{ n (1.1 %E

limting the scope qu‘ﬁ‘gﬁg%ﬁﬁﬁe%'r er, € CALL 3 A

13 PCT/11SQ7/10284 | ntion XS FINES INde
103

range of other enbodi nents bolh to achi ¥e the sbecifi.c' al s and
obj ectives describg ' tp achi eve-e»—hﬁ?mé: gt
obj ectives as wel || &%ﬁ?ﬁ%}é@gﬁg \ ' G EIVING
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CLAIM 1. A method for deternini ng charges incurred during a t
cal | connect eWQ¥/482%} r el ess payphone, said nethod conprising t?ﬁ@%&@%

a) receiving at a nobile switching center individual nmetering pulses from
an external system each pul se represent atipz‘gof a comon predet erm ned
anount of nonetary charge to be charged to e tel ephone call; b)

transmtting fropra base St atl nay repre LE SWITCRHNG CENTERNuA
nmet eri ng pul se tEiaPM?Ep&FsQﬁ%m&ﬁég )) cal cul ati ng OPERATIONSI | €
swi t chi ng cent er Na—steady—stjte b HTTg T at e cor MESPON
~which the individual netering pulses are received; d) termifnating the
transni ssion fronfThe base staitlon ol {he signals representative of
i ndi vi dual net er i (REGEIVEENHTIAL AMQUNET ¢ss payphone when a vlid st eady
state billing raté MRNETARY| GRERITang \si nui t aneously transnitting a
signal representatd e200lling rate to the wirel ess
payphone; e) receiving withgn the wirel ess payphone the transmtted
si gnal s represent pttve—of—tte CONNECT TELEPHONE
INITIATE TELEPHONE CALL}——p CALL TO EXTERNAL
' \ SYSTEM VIA LAND LINES A
202 . 203
BEGIN RECEIVING
METERING PULSES FROM N
EXTERNAL SYSTEM
205
4
.’ RECEIVE INDIVIDUAL ENCORE %Eg&mgg
”| METERING PULSE DIGITAL ' PULSES AL
PISIGNALS AND CALCULATE N DIGITAL SIGNALS AND [
CHARGES THEREFROM \ TRANSMIT TO PAYPHONE N\
218
v ) 207
DEDUCT CHARGES FROM _ DETERMINE STEADY
INITIAL AMOUNT o STATE BILLING RATE
- N - oo
v_ 220 v
: ENCODE STEADY STATE
R N BILLING RATE AS DIGITAL [\_
_ SIGNAL 211

= Y
TRANSMIT STEADY STATE
DIGITAL SIGNAL TO \

RECEIVE STEADY
STATE DIGITAL

NO IGNAL? PAYPHONE .
GN S24 —y 213
. CONINUE TO RECEIVE
CALCULATE ADDITIONAL | METERING PULSES AND
~——{ CHARGES USING STEADY - DETERMINE NEW STEADY |}g——
STATE BILLING RATE |\ STATE BILLING RATE
\ A 26 . THEREFROM N\
DEDUCT ADDITIONAL 215
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AND DISPLAY AN DOES NEW RATE
228 DIFFER FROM
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J{)QT cal cul at{,pg

iPru ) Bt RS AvBGRNONE 2

state billing rate for
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(57) Abstract

The wireless system includes one or more pay-

( PAYPHONE orsuno.vsJ

(MOBILE SWITCHING CENTER
OPERATIONS

phones (12) from which users may initiate payphone calls.

A mobile switching center (16) connects telephone calls
initiated from wireless payphones to external telephone

systems (18) such as the publlic switch telephone net-

work (PSTN). To meter charges incurred during the tele-
phone call within an extemal system, the external system
transmits periodic metering pulses (52, 54) to the mobile

switching center, Each pulse is representative of a prede-

termined amount of money associated with the telephone
call. The rate at which the periodic pulses are transmitted

to the mobile switching center depends upon the cument

billing rate and may be affected by, for example, the time
of day. Rather than the forwarding all of the metering

pulses to the wireless payphone, therefore consuming a

portion of the bandwidth available for wireless telephone
calls, the: mobile switching center (16) calculates a steady
state billing rate from the metering pulses, then transmits

only the steady state billing ratc to the wireless payphone

(12).
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R asTel 1T <
i4. A wirel ess payphone system sai d system conprising: neans for recer?\ﬁn‘g"wﬁ*
. froman external systema pturality: of *indi vi dual neteri h& gﬁt
..representaty ual amount of ponetary char @épp &“Pém S‘dEET
atel ephom“"mm "'"um '”I calculating,a steady state billing rate
correspondi g €o & rmte att which the i ndi'vi dual netering pul ses are

received, neans for transmtting to a wireless payphone signals
represenm of each individual netering pulse and a signal

representative of the steady state billing rate; rreans for receiving from
the transm tting neans the signals represent atrvei\‘;r ch i nd vi dual
net er i nglpémsthed:for detegrining charges dnruged eCleRl9R of

nmonet arywmhsgwphnwrsaddn@bodmmm%hmpeoﬁal | ;  neans for receiving
fromthe transmtting nmeans signals representative of the steady state

bi | 1'ing ppdeBeivinGak &%bﬂﬂérsmhﬁglcdnt&ﬁnﬁwmmﬁﬂdng palses froman exienral

cal cul at éu%b!ﬁb@&ﬁmeﬁ redl afrldantdFenduBry r ed during

thetelegﬁIh cﬁf&s AHER al culating utilizing said individual
S (%Iaf%ac}urr ngﬁgortﬁrmﬂ’

nmet ering Si gntﬁ ons of the tel ephone call when no valid

si gnal resent atrve of a stead .State bil ei ved, and
utilizi n§5) a‘;\‘ L‘b ?8{1 ﬁéﬁ‘cﬁﬁg@ﬁﬁ% E"%O'f charges
when a: v&P‘sﬁt‘sTE’é}lﬂF‘%P B‘?I I i ng rate has been received. 5. The
apparatus of claim3, further conprising: means for receiving an
amount o) ealerdatingincheniobilé switching benter a steady stabillngrrate camepPRdina L &

current aateanwhich thoindividual meeating palses belreeeivedor t he cal | ; and '

d) terminating the transtnission from the base station of the signals representative of
individual metering pulses to the wireless payphone when a valid steady state billing rate
can be calculated and simultaneously transmitting a signal representative of the steady
state billing rate to the wireless payphone;

¢) receiving within the wireless payphone the transmitted signals representative of the .
individual metering pulses and the steady state billing rate for the telephone call;

f) calculating within the wireless payphone a total amount of charges incuired by
incrementally summing the common amount for each individual metcrmg pulse received;
and _

g) calculating within the wireless payphone additional charges incurred by multxplymg
the steady state billing rate by an additional time period elapsed since receiving the :

- steady state billing rate signal and adding the resulting value to the previously calcutated
total amount of charges.

2. The method of claim 1 further oomprising the steps of:

determining at the mobile mtclung center the rate of metermg pulses recexved from the
external system has changed;

\ransmlu:mg from the base station a signal indicating that the previous steady state bﬂlmg
rate signal is no longer valid, then repeating steps a)-d);

receiving in the wireless payphone the signal indicating thzt the previous sieady suate -
billing rate signal is no longer valid, then repeating steps ¢)-g)-

3. The method of claim 2 wherein the signal indicating that the previous steady state
billing rate signal is no longer valid comprises an individual metering pulse signal.
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neans for de charges being incurred during th r
j‘m ﬂﬂﬁt‘ wa m)get ary c?edlt avai | abl e. ) Réﬂ’—#@ﬁ@lﬁﬁﬁ&lﬁ <)

. rising: nmeans for receiving a plurality of
i nd| Vi dcual metering signals each repli®sentati ve of an individual, anount
of nonetary credit incurred during the tel ephone call, said neans for

recei ving individual netering signals operative only during portions of
the tel ephone call wherein no valid signal .representative of a steady

st at e bi 4 Anyirelassepalyploniscsystemesaid yystbm comprising:6- 7. The
apparatus of claim6 further conprising: means for receiving
a signal meiadFiriideiéing fdin 4 dXiRHAIQYStedl Dplatality of individuslaii widsve of a
steady stegt gﬁg&&ﬂ%é&ﬁﬁxhﬁvmd%by&bh&arychum mcums%dunn he apparat us

of claim, the external systemis a public sW t ched
tel ephone (PSTN) 9. The apparatus of claim3

ST e 135 o et R DR

syst-em dual metering are received;

means for transmitting to 2 wireless payphone signals r_epxesénmive of each individual
metering pulse and a signal rcpresentative of the steady state billing rate;

- means for receiving from the transmitting means the signals representative of each
individual metering pulse each signal representative of an individual amount of monetary
charges incurred during 2 telephone call;

means for receiving from the transmitting means signals representative of the steady state
billing rate incurred during said telephone call; and

means for ca!culanng in said wireless payphone an amount of charges incurred during the
telephone call, said means for calculating utilizing said individual metering signals only
during portions of the telephone call when no valid signal representative of a steady state
billing rate has been received, and utilizing said steady state billing rate to calculate the
- amount of charges when a valid steady state billing rate has been received.

5. The apparatus of daim 3, further comprising: i

means for receiving an amount of monetary credit for a call;

means for displaying a current amount of monetéry credit available
for the call; and

means for deducting charges bexng incurred during the telephone call
from the current amount of monetary credit available.

6.  The apparatus of claim 3 further comprising:
means for receiving a plurality of individual metering signals each

representative of an individual amount of monetary credit incurred during

 the telephone call, said means for receiving individual metering signals
operative only during portions of the telephone call wherein no valid signal
representative of a steady state billing rate has been received.
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11, Theapparatus—of_clai m 10 wherein the cel |l ul arR&?EAﬁ}}EM&%T%EET
e i vision nmultiple access (CDVA) data'tranSm ssi on protocols.
1r2rr’mmmm IH"IOf claim3 inplertted within a publicly accessible
payphone s by 13. The apparatus of claim 12 wherein the

W rel ess .payphone is at a fixed | ocati on. 14. The
apparatus of claim 12 wherein the payphone is nobile. 15. The
apparatus ot, cl akin 14 where t Johi | e .payphone .i.s, nount ed Wi t hin
a neans forytran?ggﬁp&aitﬁiﬁ‘s °fh§a‘mgg‘ml%.‘%“ﬂ’%{‘ﬁ'od for deternining

charges incurredmeansndon teekivigyna sighhl identifying thabnaeptevibus sigmilr el ess

payphone, s LS . : : receiving a
- si gnal reprgé rﬁ%@ge§%5%§%g?%tﬁg@e\§%?f€€s%o lrogllggr ?(a)lrld't he

t el ephone call; and cal cul ating charges incurred during
the tel ephoge cal'lfhebh*) Htudldfi d8im 3 wherein fHeeeftetid]lYsystaheisba | piblg: rat e
by a duratian., t.he | ephone cal 17. A net hod for

determ ni ngsl*ﬂﬁ:k\jést# H&?ﬂﬂr n@’sgl\nel ephone call connected to a

wi rel ess payphone, said nethod conprising the steps of:

9. The apparatus of claim 3 implemented within a wireless local loop
telephone system. '

10.  The apparatus of claim 3 implemented within a cellular telephone
system.

11.  The apparatus of claim 10 wherein the cellular telephone system.
employs code division multiple access (CDMA) data transmission protocols.

12. The apparatus of claim 3 implemented within a publicly accessible
* payphone system. -

13.  The apparatus of claim 12 wherein the wireless 'pajfhone is at a fixed
location.

14.  The apparatus of claim 12 wherein the payphone is mobile.

15. The apparatus of claim 14 where the mobile payphone is mounted
within a means for transportation.

16. A method for determining charges incurred during a telephone call
connected to a wireless payphone, said method comprising the steps of:
- Teceiving a signal representative of a steady state billing rate for the
telephone call; and ' |
calculating charges incurred during the telephone call by multiplying -
the steady state billing rate by a duration of the telephone call.
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recei ving individual nmetering pul ses each regieﬁg EW§T§CO
emmmlmmm lmm' of monetary credit charged t t el ephone call;
total anount of -dﬂarges i ncurred by increnmentally

_sumﬂ ng the"cotmonh anobunt for each individual netering pul se received;

c) receiving a signal representative of a steady state billing rate for
the tel ephone call; and d) cal cul ati ng additional charges incurred

by nul tiplylng thmwmsmmmeﬁ Rhiangesiituitedndurin mgmeta hade Icanurred

since recei h bi nal d -
resulting v éﬁlﬁ% L0 F‘?ﬁé%‘é\?ﬁ%&éﬁhﬂﬁ C‘ﬂﬁaaf‘%gh%{ﬁ&npfg tlt% & d of claim
tlz Iu”]her conpr ki ngrtddewmgepsltl;oﬂual mete:'mgepulsmslrﬂg':h nggcgﬂmt\tam gj:al ng

a e pr NS S opuq‘? 8 I vV Sdiad
t hen repeatlee{%\ step?Pré & g; < ?LgJ hed?neqxtlﬂﬁ%tg% o |drﬂrl1 1ggﬁe$°e| Nt he
signal i ndi FP the previ ous steady state billing rate signal is no
l'onger valid conbyl segakilatiripta Yotal @inolnt of chargey ifiemTed B incrementally

summing the common amount for each individual metering pulse
received; | |

<) receiving a signal repmesentauve of a steady state bﬂh.ng rate for
the telephone call; and

d) calculating additional charges incurred by multiplying the
steady state rate by an additional time period incurred since receiving the

- steady state billing rate signal and adding the resulting value to the
previously calculated sum. . :

18.  The method of claim 17 further comprising the steps of:
receiving a signal indicating that the previous steady state billing rate
signal is no longer valid, then repeating steps a) - d).

19. The method of claim 18 wherein the signal indicating that the
previous steady state billing rate signal is no longer valid compnses an
individual metering pulse signal
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