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Field of the Invention 5 The present invention is generally
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for operating a wreless comunication system having nmultiple base
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Previ ously, wreless WQPCEQ%QP%&@&MW@W nmuni cat i on

bet ween one or nore r VSTEMHAMNGMURTIPLE BASEISTATIONSenot e base
stations included a controller to regulate t he communi cati on between a

renote device and the base
Field of the Invention

5 .

The present invention is generally related to
communication systems, and more particularly to a method for
operating a wireless communication system having multiple base
stations.

10

Previously, wireless communication systems providing
communication between one or more remote devices and a
15 plurality of remote base stations inciuded a controller to regulate
the communication between a remote device and the base
stations. The controller would generally provide the hand-off
between the base stations when necessary. One example of a
wireless communication system having a number of base stations
20 is a cellular telephone system. Generally, the base stations of the
cellular telephone system are controlled by a cellular control
station. _
A cordless telephone system is another example of
wireless communication system.which could operate with a
25 plurality of base stations. Typically, cordless telephone systems
include one or more wireless remote devices or handsets which
are associated with a single base station. Each of the handsets
may communicate with the base station on a different frequency. .
Therefore, communication between the multiple handsets and the- -~ . R
30 single base station can be accommodated. S )
In a cordless telephone system having multiple basg <
stations, it is necessary to allow the handset to communicat&yi

communicating with the base stations. Accordingly, there is aX/|
35 need to assign security codes to each handset and maintain a list
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statiofs. The controller would general ly provide the hand-off bet ween

thé& base stations when necessary. One exanple of a W rel ess
comuni cati on system having a nunber of base stations 20 is a cellular
t el ephone system Generally, the base st&trons of the cel lular

t el ephone system are controlled by a cellular control station.
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10 Also, because the strength of the RF communication
signals between the handset and the base stations may vary with
the relative location of the handset to the base stations when the
handset is communicating with a base station, it is useful to
provide an RF communication link between each handset and a

16 base station which has the strongest RF communication link.
Accordingly, there is a need to transfer the communication signals
between base stations in a wireless communication system
having muttiple base station.

As in any wireless communication system having multiple

20 base stations, there is a need to regulate the communication
between a handset and the base stations. In particular, there is a
need for regulating which base station will communicate with a
particular handset. It is beneficial to regulate communication
between a handset and the base stations without employing a

25 separate controller of the base stations. Eliminating any
requirement for separate controller will reduce both the cost and
complexity of the system. Accordingly, there is a need for a
method for operating a wireless communication system having
multiple base stations such as a cordless telephone system which

30 eliminates any requirement for a separate controller of the base
stations.

35



-2-. - of the security codes of all active handsets allowed to operate

in® the system Further, when a handset is waiting to communi cate
with a base station, the handset should be on the sane channel as a
base station within range to reduce the-&mwunt of tine 5 necessary to
provi de a radi o frequency (RF) conmmuni cation |ink between the handset
and a base station. Accordingly, there is a need to align the channel
of the handset to a base station which is wi thin range even when the
handset is not communicating w $Omnary of thBdAgestigi i on. 10 Al so,
because the strength of the RF communi cati on si gnal s between the
handset and the base stations nay vary with the relative | ocation of

the handset to the bd%e ptesenbirvention énvempassesh@nsisthbdifer communi cati ng

it 2 base 51 akbblhichind Snif3Filalbig commRHdT I3 hosaTun cat on 1k
conmmuni cati on | teiekphone systame adapteyi {0 opérate with a phaemalityt of basesfer the
conmuni cati on SRS and at least one handset on a plurality of channels. The
method generally includes steps of assigning a security code to
the handset(s) operating in the portable communication system to
10  enable RF communication between the handset(s) and the
plurality of base stations; communicating the security code
assigned to the handset(s) to the plurality of base stations to
maintain within each of the piurality of base stations the security
code(s) of the handset(s) operating in the system; and aligning
15 the channel of the handset(s) with a channel of a base station to
allow for communication between each handset and one of the
plurality of base stations.
In another aspect, the present invention discloses a
method for assigning security codes for a portable communication
20 system adapted to operate with a plurality of handsets and at
least one base station. The method comprises the steps of
providing the current security code of each of the handsets to the
base station; assigning a new security code to each of the
~handsets; and placing each new security code on the master list
25  of security codes in the base station.
The present invention further discloses a method for
maintaining communication between a handset and one of a
plurality of base stations when the handset is not actively
communicating with a base station. In one aspect of the
30 invention, a method comprises, for each handset, the steps of
periodically sending a handshake request from the handset to the
plurality of base stations; waiting for a return handshake from a
base station; and changing the channel of the handset to
correspond with the channel of the base station which returned
35 the hanhdshake.



bet weeh base stations in a wi reless comunication system havi ng

mutti pl e base station. As in any wreless communi cation system
having nultiple 20 base stations, there is a need to regulate the
comuni cati on bet ween a handset and the base stations. In particular,
there is a need for regul ating which base station will conmunicate

wth a parti cular handset ficial  to regul ate conmuni cation
bet ween a handset anh’a'ﬁ{ Hh@@og‘ﬁéﬁsﬂﬁgpﬁf jpveRtion, cﬁ/mﬁjg‘ﬁ d¥or separate
control l er of tmaimtaling tcommuanicationrintap bﬂ&b@dommumcétﬁwsz%ﬁ‘t for
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BEBt i ng a
W rel ess conmun etss/actuelyumrmgumcatmgmdftaﬂﬂasemtaorsﬁsatlons such as a

cordl ess telgeph EIo%é telﬁ‘ eﬁ%’tlﬁﬂla?otheeljnpfﬂd?&tgﬁmaé&ystgﬁg%f SRt 2

separate contro
the RSSI level of a signal received at a base station from a

handset; instructing remaining base stations to report an RSS|
level and an operating channel; selecting the base station
reporting the strongest RSSI signal; instructing the handset to

10 switch to the operating channel; and providing a handshake
between the handset and the base station reporting the strongest
RSSI signal.

In an alternate embodiment of a method for maintaining

communication in a portable communication system having a

16 plurality of base stations and at feast one handset when a
handset is actively communicating with a base station, the
method comprises the steps of evaluating the RSS! level of the
signal received at a base station from a handset; placing the base
station on hold; the handset requesting to make a connection to

20 the base station reporting the strongest RSSI signal; providing a
handshake between the handset and the base station reporting
the strongest RSS! signal.



-3- ¢ Summary of the Invention The
preesent invention enconpasses a nethod for 5 establishing and nmai ntai ni ng

comuni cation in a portable t el ephone system adapted to operate with
a plurality of base stations and-al 1east one handset on a plurality
of channels. The met hod generally includes steps of assigning a
security code to the handset(s) operating in the portable

comuni cation systemto 10 enabl e RF comuni cation between the handset(s)
and the plurality of [BriefDRsd R eridrgwingsng t he security code
assigned to the handset(s) to the pI urallty of base stations to

mai ntain within each of the plurality of base stations the security
code(s) of the handdetdescribing the pesent innendips; seference is mgdet§ 15 t he

channel of ghe thardfewing diiwiRgs wiereitgl of a base station to

FIG. 1 is a plan view of a conventional wireless
communication system having multiple base stations and multipie
wireless handsets employing the method of the present invention;

FIG. 2 is a flow chart of the method for operating a

10 communication system having multiple base stations according to
the present invention;

FIG. 3 is a flow chart of a method for transferring security
codes between base stations according to the present invention;

FIG. 4 is a flow chart of a method for maintaining a channel

15 alignment between base stations and handsets according to the
present invention;

FIG. 5 is a flow chart of a method for establishing an offhook
condition of a handset according to the present invention;

FIG. 6 is a flow chart of a method for executing a handoff

20 between base stations according to the present invention; and

FIG. 7 is a flow chart of an alternate method for executing a
handoff between base stations according to the present invention.

FIG. 8 is a block diagram of the preferred circuit for
operating a wireless communication system according to the

25 present invention.

FIG. 9 is a circuit diagram of the preferred signal transceiver

circuit shown in the block diagram of FIG. 8.




al | ow ftor conmuni cati on between each handset and one of the plurality

of *base stations. I n anot her aspect, the present invention

di scl oses a met hod for assigning sgfurity codes for a portable
comuni cation 20 system adapted to opefaté with a plurality of handsets
and at | east one base station. The nmethod conprises the steps of
providing the current security code of each of the handsets to the

base station; assigning a nem/securlty code to each of the handset s;
and pl aci ng each new seculd £ § il WIMERL of security codes

I n the base statlon The present i nvention further discloses a

nmet hod for n ni cati on bet vveer] a handset and one of a
plurality of base st %9@5@“&%%@% dRianswew of a wireless vel y

CO[T’Q' cating vvnddmmuhmmtswaﬂ 10 having @pmaﬁtycéf By a%nghavalqntlon da
met hod conpri ses or | SAG odi ca sendi ng
a handshake reqtﬁk‘{afﬂlw ngﬁﬁ%?@?t"?oemﬁ&%‘ng h%Pﬁ?‘#F?P? ﬁl%iséf

stations; waiti rtbefpvesminaVemtmmmvak.e Basenstations 11ereccoupiéd &y, a and
ChangLng e o ok'4 R aThe! f of o pfE GRMAR tetiphdni™e channe! of
network (PSTN) 18, although the method of the present invention

10 could be employed on a system of base stations coupled to
multiple phone lines. While any number of handsets 12 could be
incorporated in the wireless communication system, only one
handset is required. Handsets 12 could include any device
capable of RF communication with base stations 11. An example

15 of a base station and an associated handset includes a cordless
telephone. A cordless telephone which could employ the method
of the present invention is disclosed in US Patent No. 5,140,635,
assigned to Motorola, Inc., the entire patent of which is
incorporated by reference.

20 As shown in FIG. 1, each base station 11 is in
communication with the other base stations by way of data link 14
(indicated by the solid lines between the base stations).
Preferably, the data link could incorporate the standard ring and
tip lines of the public system telephone network by coupling each

- 25 base station to the same telephone line 16 of the public system
telephone network. Alternatively, the communication between the
base stations could be accomplished by RF communication or
over an AC power line. Finally, each handset 12 communicates
with each base station 11 by way of RF communication signals

30 (shown by the broken lines in FIG. 1).

Turning now to FIG. 2, a flow chart shows the preferred
method for operating a communication system having multiple
base stations according to the present invention. To avoid
interference between base stations in a multibase system, each

.35~ base station is preferably restricted to a certain subset of the total



-4- Finally, in another aspect of the invention, a nethod for
mai‘nt ai ni ng communi cation in a portable conmuni cation system having a
plurality of base stations and at | east one handset when a handset is
actively communicating with a base statidn-is 5 disclosed. In particular,
t he nethod includes steps of eval uating the RSSI level of a si gnalb
recei ved at a bas ation from.a andse I nstrycti.ng renmj ni ng base
stations to rep&’%laﬁe ﬁé%pnefs. nl}?’e%’éqmaﬁd 0, %ﬁ@r’%’?‘% 'Vﬁﬂ%ﬂrﬁ%ﬁ’lt'piﬁsl ecting

the base stati oaccess (FDMA) ¥Srdegakeriz cordiess system,therebire i nstructing the

handset to 10

si gnal .
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channels 6-10. Preferably, the channels assigned to a single
base station are not adjacent frequencies in the spectrum. Base
stations always communicate within their channel domain, except
when asked to report their RSSI level on a specific channel for
handoff purposes, discussed infra.

In assigning the channel domains for the base stations, it is
preferred that no two base stations that could ever be in the RF
range of the same handset may have intersecting channel
domains. That is, while the RF range of the base stations
intersect to provide seamless handoff, it is preferred that the base
stations which have intersecting RF ranges do not have
intersecting RF channel domains. Accordingly, if there are less
base stations than total available channels, it is possible to
ensure that no two domains intersect by exclusively assigning
channels to base stations. Therefore, the base stations may be
placed wherever they are desired. it should be noted that if there
are less base stations than available channels, the base stations
could have overlapping channel domains if the base stations are
carefully placed to avoid channels having overlapping channel
domains being in the same RF range. However, if a system has
more base stations than available channels, care must be taken
as to the positioning of base stations having intersecting channel
domains.

There are a number of ways to implement domain
assignments for the base stations according to the present
invention. The channel assignments could be manually assigned
by using the keypad of the base station to select channels.
Alternatively, the base stations could be preprogrammed at the
time of manufacture. Finally, the base stations may be allowed to
arbitrate with each other to ensure their non-simultaneous use of

ality of



handset is actively conmunicating with a base station, t he et hod

conprises the steps of evaluating the RSSI |evel of the si gnal
received at a base station froma handset; placing the base station
on hold; the handset requesting to nake &-connection to 20 the base
station reporting the strongest RSSI signal; providing a handshake
bet ween the ha e and the bgse, stat| reportin . the.str est RSSI
si gnal . channesw en the base s{a l%ns ave ovgﬂa@pmg ragu otf Fﬂpg .

Brief Descri pticonerigd, sndivheh e bases are within rangdedd specifict he present
|nvention, ref grente deticd® ffhérd ard a Mimbr of Wa)d 3 ABiAS. HaF" &

example, the base stations could arbitrate by RF communication

5 when idle or add a separate RF transceiver for arbitration.

Alternatively, the bases could arbitrate over the AC power line or

the PSTN. Arbitration wouid aliow bases that are servicing a

handset to scan all available (i.e. all 10) RF channels, either

automatically or by user request. If a base required the use of a

10 channel outside of its normal channel domain, and that channel
was not currently in use, it could simply trade with the base station
assigned that channel. This could be done in real time, giving the
user access to all available channels.

To avoid interference from bases outside the multi

15 base system {e.g. a neighbor's phone), bases that are not
servicing a handset periodically check their RSSI levels to see if a
potential interferer exists. If so, the base scans for a clean or
unoccupied channel within its domain. Alternatively, the base
station could trade if necessary to moves to the unoccupied

20 channel. Then when a handset scanning for a base moves into
that bases domain, it is likely that the connection will be
established on an unoccupied channel, without requiring any
communication on a occupied channel.

Having established the base station channel domains,

25 security codes can be assigned to the handsets at a step 24.
Generally, security codes are assigned to ensure that only
handsets which are a part of the system are allowed to
communicate with the base stations of the system. Accordingly, a
handset associated with foreign base station in the proximity of

30 one of the user's base stations will not be aliowed to
communicate with the user's base station. Preferably, the security
code assigned to each handset can be assigned when the
handset is cradled in the base station. The assignment of security
codes can be accomplished by way of a physical connection

35 between the handset and the base station. However, it is



FIG 1l:is a plan view of a conventional wreless conmuni cati on system

having nul tiple base stations and nmultiple W rel ess handsets enpl oyi ng
t he nethod of the present invention; FIG 2 is a flowchart of
the nethod for operating a 10 comuni cat? on system having nultiple base
stations according to the present invention; FIG 3 is a
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flow chart of arS!@iong iRthe systemat W99%m?®éhehandSQEMOff bet ween
base stations acppisiuniate withcaryy 65thel basy SRitiods in the s stem FIG 8 is a

conmuni cat | on oy ELAFERYG 45 FREUTY GafleaSSigned o 76 Rlprtcan be®' °°°
FIG 9 is a cir dransfelired betweén tie basefstaticns by gy ofiaalme:ﬁnk/esuch
circuit shoyg ind fiat iddsdll % YO AppliGatiSh invented by James Mielke
and entitled "CIRCUIT AND METHOD FOR OPERATING A
WIRELESS COMMUNICATION SYSTEM" (attorney docket
number CE00811R), such application being assigned to the
assignee of the present invention and filed on even date
15 herewith. The aforementioned application generally discloses a
method and circuit for transferring security codes as 30 KHz
signal on a datalink coupled to the telco line. The circuit is
described in detail in reference to FIGS. 8 and 9. Alternatively,
the security codes could be preprogrammed at the time of
20 manufacture, manually programmed using the base and/or
handset keypads, or randomly generated once {(or multiple times
via user request) by the handset and then transferred to each
base by a one time physical connection (i.e. through the charge
contacts). This would eliminate the need for base to base
25 communication, thereby reducing the cost and complexity of the
system. '

At a step 28 the base stations maintain a channel
alignment with the handsets to ensure that an RF communication
link can be established between each handset and a base

30 station. Generally, each handset will periodically request for a
handshake with a base station via the RF communication link on
a designated channel. If the handshake request is unsuccessful,
the handset will continue to request a handshake on different
channels until it receives an acknowledge from a base station.

35 Accordingly, in response to a ringing signal or when the handset
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Description of the Preferred Enbodi nent

Réferring to FIG 1, a plan view of a wireless 5 comunication system 10

having a plurality of base stations 1 1 and a plurality of handsets
12 enploying the circuit and nethod of- 10 - the present invention is
shown. Base stations 11 are coupl ed by a data link 14 to a single

lI'ine 16 of a public systemtele
met hod of the glele BT

PST 18, al though the

gﬁ)calbd[]pd'eaé‘gie %chpfbﬁ d’@%ﬂem of base
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4he nanaset, AubRRShHaiinel Algnmant it bEneigalBAd | ncl ude any
system having a single base station, mamtammg channel

alignment is particularly important in system having multiple base

stations. When a handset which is moved within the area

covered by the base stations, the handset will be able to

communicate on an unoccupied channel with one of the base

stations within range.

An offhook request to make communication with a base
station is then made at a step 30. The offhook request could be
made in response to a ringing signal, or when placing an
outgoing call. After a connection is made with a base station, the
RF communication link is maintained with the base station until a
handoff is required at a step 32. A handoff may be necessary
when the user of the handset travels within the region of the base
stations. The user may travel outside the range of one base
station and within the range of another base station, requiring a
handoff to the other base station. At the end of a conversation,
the handset will go onhook at a step 34. After going onhook, the
handset will maintain a channel alignment with the base stations
as described in reference to step 28.

Turning now to FIG. 3, a detailed fiow chart showing the
preferred operation of assigning security codes to the handsets
(as shown in block 24 of FIG. 2) is described. Initially, the handset
detects that it has been placed in the base charging cradie and
send a request for a security code to the base station via RF or
through the charge contact at a step 40. Preferably, the request
includes a copy of the handset's current (i.e. original) security
code. The base station then checks a list of all known handset
security codes to determine if it has previously communicated
with the handset at a step 42. The base station generates a new
random security code at a step 44 and sends it to the handset.
The base station then waits to receive an acknowledge signal



capabl e of RF communi cation with base stations 11. An exanple 15 of a base
station and an associ ated handset includes a cordl ess t el ephone. A
cordl ess tel ephone which could enploy the method of the present

i nvention is disclosed in US Patent No- 5¥IHO,635, assigned to
Motorola, Inc., the entire patent of which is I ncor porated by

reference. 20 V ,Aﬁ Jﬂﬁwll 1 a6 ' lisin

comuni cati on V\Iﬁ 4 ed?? € i%%’%ﬁ f"’é’#‘?%{@ @g%?h%%hm 14
(indicated by t g iascoeaemeacdiee@veen t he base stations). Preferably,
the data link could i n A a"ﬁﬁ(? ' I nes of
the public systemyte feg’%ggéﬁgfa\}o‘d?ﬁég%/éﬁgﬁfﬁ%%éggg gwl%%%%@{ﬂ ation to
the sane tel ephmﬁa}‘aﬁ“?ﬁeti@%b@%éiaé@ﬁlﬂ"@n egnines if the bargsesis shilt wor k.

Al ternatively, npetsuse'stativhiRa StebUBNIfthe handset 83Athé bakeons coul d be
acconpl i shed by RE r.line. Finally,

each handset 12S@HHﬁgﬂ{%Q%‘\%%%{a%noéw%’ﬁ*%%g\r@eéyﬁg&@?ﬁfﬁ%ﬁM% e@hy of RF
conmuni cati on ssigpad4 and seredsdtito the hdrdsetoHowevers i tha Handset js
urnL g now Lo B, Be Al SAREh, MG BRgBh LA Ym0, 1T hod "
accor di ng to thAlteratively, ifithersecarity dadexisosent by wayialtRff,fthedase bet ween
Paet e 1D LSRR dicIERS & HEp R Sgpfin e Bl iy Pref e ably
shown by the dotted line if no acknowledge is returned form the
handset at step 46.
If the base station receives an acknowledge back from the
handset indicating that the new security code has been received
15 from the base station at step 46, the base station checks a list of
security codes assigned to handsets in the system to determine if
the original security code of the handset is in the fist at a step 52.
If the original security code is in the list, the base station replaces
the original security code with the newly assigned security code
20 at astep 54 and exits at a step 50. However, if the original
security code is not in the list, the base station determines if their
are any empty slots in the list at a step 56. If there is an empty
slot, the base station replaces the empty slot with the new security
code at a step 58. However, if there are no remaining empty siots
25 in the base station, the base station replaces the least recently
used security code with the new security code on the list at a step
60. Accordingly, the base station will maintain a list of all active
handsets within the system. As stated earlier, an identical list of
security code is maintained in each of the base stations to allow
30 for communication between each handset and any of the base
stations.
Turning now to FIG. 4, the preferred method of maintaining
the channel alignment (shown in block 28 of FIG. 2) is described.
After having assigned the security codes to the handsets, the
35 method of the present invention maintains a channel alignment




-7- : avai |l abl e channels. For exanple, in a frequency division

mul tiple access (FDMA) 49 Megahertz cordl ess system there are
presently a total of ten channels avail e for use. In a system

having two base stations, a first base” tion may be assigned 5 channels
1-5 and a second base station nmay be assi gned channel s 6-10.

Pref erably, theb&%?é@??éégﬂﬁ%h&&&faﬁ@a@%ﬁ@a%e stati?n.b?ﬁﬁaﬁi 403 are not
adj acent frequencies I n € spectrum ‘Base Statiohs always
communi cat e wi t Befodigdimerexpires initiating,a chanael alignmenhpeecedinedtt o r eport

their RSSI |eveh sigh Z0SPRfe hhﬁdgéﬁnaﬁlrahabrrwseiéwgfdha%bpegsn%h di scussed

I nfra. | n signing .th hannel ‘dqmai ns for the_base stations,
it is pr eP%??@ow&ﬁé’l" %‘@r%,“ﬁt'%&&@ns?fa‘hﬁdﬁ@m% atastep éderTh® in the
RF rafge rdndone distributiom &$ ehanngishis\werigficial 98 & covantiicawdn

system having multiple handsets. In particular, it is a simple
method of collision avoidance, should more than one handset be
searching simultaneously for a base station for alignment or off
hook purposes.

10 The handset sets the operating channel onto the first
channel N in the pattern. Preferably, the first channel in the
pattern is set to the channel on which the handset was previously
aligned to a base station. This may decrease the time the
channel is occupied for this procedure in the event that the

15 handset is still aligned. The handset then sends a request for a
handshake to the base via the RF link on channel N at a step 74.
The method then determines if there is a base on channel N
which is in range at a step 76. If there is a base on channel N
which is within range, the handset is aligned with the base.

20 Accordingly, the base sends an acknowledge at step 78. If the
handset sees the acknowledge at a step 78, the handset returns
to step 70 to wait for the periodic timer to expire to complete
another channel alignment.

if there is no base on channel N which is in range at step

25 76 or the handset does not see the acknowledge from the base at
step 80 within a predetermined amount of time, the handset
advances the channel number to the next channel in the pattern
at a step 82. The handset then determines if all channels in the
pattern have been used at a step 84. If all the channels have not

30 been used, the handset sends a request for a handshake to the
base via the RF link on a new channel N at a step 74. However, if
all the channels in the pattern have been used, the handset
retums to step 72 to randomly select a new channel search

) pattern and begin the channel alignment procedure again. The



dormains. That is, while the RF range of the base stations 15 intersect to

provi de seam ess handoff, it is preferred that the base stations

whi ch have intersecting RF ranges do not gave i ntersecting RF channel
domai ns. Accordingly, if there are |ess base stations than total
avai l abl e channels, it is possible to ensure that no two donmai ns

I ntersect by ex Ndse

Therefore, the Ellaaggggﬁg??lgﬁ?t%dng %n to'the aced%tet?ge“gﬁé%egsgrle desi red.
I't shoul d be not@elt hat i f there are Iess base stations than

gval | abl ef c{\ﬁnngl S, t;?g;dmﬁgj)pttﬁélm@and ahgnmlglnt ﬁr@@gdgl .@v@é@mydnd ,ghchanlnel

omai ns i e base sta refu ac voi,d channel s

havi ng over| appif ﬁé i&ﬁésg r@l@ﬁiﬁ"%a lﬁ¥9ﬁ g%m@%@ﬁ &l However,

Ib f a Eystem $as with a baser sy pesdedically lsends@amamﬁshhablre aéstm@edzs care must
e taken ot he t i ntersecting

channel d %%ﬁ QC&%% Chgnhggﬁgpe'ggﬁnéhﬂ@rﬁgé Cﬁsxhgﬁé L npl ement

domain 30 assi gatmnmnﬂshakees tecaived fromothe baser dheghandsdtavipr esent

i nvention. The Sbsééénﬁ? I by

usi ng the keypa?‘gﬁwhjeabase B?ﬁgﬁl% k‘ oﬂggﬁtﬁ?ngﬁ&& i%sfﬁbgaﬁ‘?rom

Al ternatively, tone lpgstionteansihercithia the rangeof hasersiations while time

of manufactyge. dnhddkly, the base stations nmay be all ovved to 35 arbitrate

with each other to ensure their - Si t aneous, use
rllsummg now to rﬁ& % glﬂow chart descnbes the preferred

operation of an offhook request (as shown in block 30 of FIG. 2)
according to the method of the present invention. In particular,
the user initiates a connection at the handset at a step 90. The

15 handset then randomly selects a channel search pattern with an
even distribution of channels at a step 92. The handset sets the
channel of the handset equal to the first channel N in the pattern.
Preferably, the first channel in the pattern is set to the channel
which was previously determined during the channel alignment

20 procedure (described in detail in reference to FIG. 4) to reduce
the time required to make an offhook connection.

The handset then sends a request to go offhook to the
base via the RF link on channei N at a step 94. The handset then
determines if there is a base on channel N which is in range at a

25 step 96. If there is a base on channel N which is in range, the
handset determines whether the base is already servicing a
handset at a step 98. If the base is not already servicing the
handset, the base sends an acknowledge signal and goes
offhook on channel N at a step 100. If the handset sees an

30 acknowledge at a step 102, the connection is made on channel N
at a step 104.

If the base is already servicing a handset, the base ignores
the handset request at step 106. Similarly, if there is no base on
channel N which is in range at step 96, or the handset does not

35 see an acknowledge at step 102, the handset advances the



- 8- : RF channel s when the base stations have overlapping radii of RF
coverage, and when the bases are within range of a specific r enot e
device. There are a nunber of ways to arbitrate. For exanpl e, the base
stations could arbitrate by RF comunitdd on 5 when idle or add a
separate RF transceiver for arbitration. Al ternatively, the bases
could arbitrate_over the AC r lLine or t he PSTN. I tyasion wuld
al | ow bases tha‘fhaoﬂn?l g@mﬁ%itﬁgﬁ\g next onﬁérhgg%pa{ttgngggﬂ sg?q ﬁ\geailf Qﬁ)l e (i.e.
all 10) RF chanthel charmel$ v the patternthave natbhégn asedyatastep ttdetie I1f a
base required t aichéq g@&p ' | aannel
domai n, and thaﬁg%%%ﬁr?%%dg u%s nogbgwtf)e%h'?ﬁtﬂlé#qtﬁéeﬁgiﬁé@gﬁwy npl y

trade with the @athe sextchannel in thaslistpiaistep94.c Howaster, ifalldheoul d be done
in real timg ofnariels If the pattéfPhads BBEA Usedthe HupbsePtehddmpne! s-

selects a new channel search pattern with an even distribution at

a step 92 to begin an offhook request again.

Turning now to FIG. 6, one method for implementing the

function of block 32 of FIG. 2 is shown. Having established a

10 connection with a base station, the original base station (i.e. the
base station having a connection before any handoff to a new
base station) will periodically determine whether a handoff is
required by establishing a time-out period at step 120. The
original base station will determine if the original base station or

15 handset RSSI has fallen below a certain threshold at a step 122.
If the original base station and/or the handset RSSI has fallen
below the threshold, the original base station instructs all base
stations which are not currently serving a handset to go to its
channel at a step 124. The original base station also instructs

20 each base station not currently serving a handset to report (i) the
RSSi level of the handset and (ii) the channel which it will be
operating on a step 126. All base stations are then instructed to
go back to their original channels, and the original base station
selects the base station having the highest RSSI signal at a step

25 128. The original base station also send a "go to channel X" to

' the handset.

The handset then initiates a handshake with the new base
and waits for a return handshake at a step 130. [f there is no
return handshake, the handset retums to the original base at a

30 step 132. If upon returning, the handset can not re-establish
communication with the original base station, the handset will
search for a new base station using the same search pattern as
described in detail in reference to FIG. 5 for going offhook.
However, if there is a return handshake, the new base station

35 sends a hangup command to the original base station at a step




To avoid interference frombases outside the nulti 15 base system(e.g. a
nei ghbor's phone), bases that are not servicing a handset periodically
check their RSSI levels to see if a otential interferer exists. If
so, the base scans for a clean or 'uﬁgc‘cupi ed channel within its
domain. Alternatively, the base station could trade if necessary to

h ' P anning for a
base.moves | nto % PAEGorShalf, 1PHSge 1s 4S8 (SRR AR AR O nect  on
will be esPERYideddy e HRLGRYIna @ineACdlinenaesepatate®ff requiring any
communi cation ogomaAicaltis, R iEPBSLible to complete thERERBIERIRRMLRSET ! he

CO e assi gne

base station chanpel. dqnains,. 2 security es can to the
handsets at a st“ég‘ &‘H?’ "r{%"“pt'@ér@rtaﬁlﬁﬂm@é‘@mtw-codes are assigned to

ensure that ®nly Turhimgoisew 3o WIGS R, a:!i@llt@,\rrlix?tratmé{hddﬁﬁwfnystA g(r:nofalena: ! owgd
onaset acomn BB ipshie bR I R St T abiaimhA P’ Jne”o
the user's base fatbanding off in a systelrehavingwai separate bas?cwahéﬁ@ﬁég }[Niot Qatcﬂe
raniet o be- ORI IO ool Eibiehte 0.6 2 ToBGHGRT nuce
station. The asbageratalionestablishes q certain timees periodoat @astaprpadsied by way
of a physicy C@efigitil bse afidIFBBidrfindS M HheNihihAFbASS Statichl ' ON-
However, it 1Is
and/or handset RSS! level falls below a certain threshold at a
step 142, the original base station goes on hold and the handset
begins an offhook request at a step 144. The offhook request is
identical to the offhook request described in reference to FIG. 5
15  and will not be repeated again here in detail. If the handset is
unable to find another base station at a step 146, the handset
returns to the original base station and takes itself off hold with a
data message at a step 148. However, if the original base station
sees the new base station go off hook by sensing a change in the
20 telco line impedance at a step 150, the original base station
hangs itself up.
Turning now to FIG. 8, a preferred circuit for communicating
between base stations is shown. A block diagram for base station
10 shows the relevant portions of the base station for providing
25 information signals between the base stations by way of the data
link. Each base station generally includes a radio transceiver
220 for transmitting RF communication signals to and receiving RF
communication signals from each remote device 12. Radio
transceivers well known in the art could be employed in the
30 present invention. Preferably, the radio transceiver circuit
disclosed in the aforementioned US Patent 5,140,635 is
employed. The RF communication signals include the frequency
or channel which the remote device occupies, a security code
assigned to the remote device to allow the remote device to
35 operate in the wireless communication system 10, and any



-9- ‘ possi ble to assign security codes by way of RF conmmunication
signal s. For additional security, an access code nmay be required by

t he user before a security code can be aﬁéigned to a handset

The security code assigned to any given ndset by a 5 base station nust

be communi cated to the remaini ng base stations in the systemat a step
26 to allow the t?gﬁals Thé’ 3 ,9 éfstrha Hepgeind 6§ these stations
in the system ra Tﬁ e securl d to the handsets
can be t ar@mele davise: bubroviHdngkde \aide %yaﬁagm dataigta | i nk,

such 10 as thabofh pgg@ ina US. Appl [ catlon |nvent ed by Janmes M el ke
and entitled "Cl RCUI DtI\/ETHCD J §
COMMUNI CATI ON SYSTEM P EHES “’&6 P"°"' e%amwa@%%afisi}aswch

appl i cati on $ei adirs222 which is tdwpled to a signal transceiver circuit 224.
Signal transceiver circuit 224 includes a standard telephone
company interface (Telco) circuit 226 for transmitting
communication signals. Standard Telco circuits are well known in
the art and provide communication signals to the standard tip and

10 ring lines of the public system telephone network (PSTN).

Radio transceiver 220 also generates an information signal
on aline 222, The information signal could include a receiver
signal strength indicator (RSSI) signal and an associated security
code for the remote device. The RSSI signal indicates the

15 strength of RF communication signals received from remote
device 12. In a system having multiple remote devices, an RSS!
signal is generated for each remote device 12 and is identified by
the security code associated with the remote device. The RSSI
signal could be an on/off indicator or could represent a discrete

20 level within a predetermined range of levels representing the
signal strength. Information signals including an RSSI signal are
provided to a microprocessor 228.

Microprocessor 228 in each base station 10 maintains an
RSSI signal indicating the signal strength of the RF

25 communication signal received from each remote device 12.
Microprocessor 228 also communicates with signal transceiver
circuit 224 to transmit the RSSI signals to the other base stations
and receive RSSI signals from the other base stations by way of
data link 14. As will be described in detail in reference to the

30 operation of the circuit of the present invention, microprocessor
228 of each active base station compares the RSS! signals
associated with a given remote device from the base stations to
determine if another base station is receiving a stronger RF
communication signal.



assignee of the present invention and filed on even date 15 herewith. The

aforenenti oned application generally discloses a nmet hod and circuit
for transferring security codes as 30 KHz signal on a datalink coupled
to the telco line. The circuit is -db%cribed in detail in reference to
FIGS. 8 and 9. Alternatively, the security codes could be
preprogrammed at the 4.ing 0of 20. nmanufac e, manyal | r ogr ammed usi ng the
base and/ or hanc%gPaleM‘,’ero?' aﬂ]ég%q?n&gﬂ 5}%‘6&% e (or multiple
times vi a traasmittqueiscyit 230 and dreckivér circlit 2820 Mierogrocessbrt o each

contacts). Thi s 2B t3Eleson BRSO Hipfal fihEehen ARAiC208 %or
conmmuni cat i on, Coupling signale tothe tip andginglines ofithee RSN by wane of system

AL a Step 28 LG 15 ichiSoliPiairingr GRAIISa0 yanshsgnTent with the

handsets to ensure ] [ nicati on ] can be established
bet ween each harfeENatian signals at gdreauencyHf apprasimately 3@ ddiz-nAndset wi | |

periodically requgpientyiof 80 KHz i938betak o vpiifize thtsRasémidsith ¥f thd he RF
comuni cation | Iir%rr(r)lgti i a deﬁ ggﬁt efl ch?&&_‘ | f tE,e hatggishti’ke request
i s unsuccessful | PRSIgNARS fQulafe A Z YoPyiFRyIsigeR®dshake on
di fferent awdiblerangetand will notthersforeabe adand byettigcusarahthebase
station. 350AcGer4i0%ebice! " 56902 Wirld ety S 2587 iGkedfren the
frequency outside the audible range and, therefore, allows largest
signal amplitude on the Telco line. Finally, a 30 KHz signal will be
filtered by the public system telephone network. While a 30 KHz
signal is preferred, any other frequency which is outside the
15 audible range and which will be filtered by the public system
telephone network could be used.
Signal transceiver circuit 224 also includes a receiver
circuit 232 for receiving information signals from other base
stations by way of data link 14 Preferably, receiver circuit 232
20 includes a bandpass filter for passing 30 KHZ signals transmitted
on the data link by transmitter circuits of other base stations. The
information signals are coupled to the microprocessor where they
are stored. Because each base station will receive the
information signals from the other base stations, any one of the
25 Dbase stations will be able to function as an active base station and
determine which base station is receiving the strongest RF
communication signal from a particular remote device.
Finally, an answering machine 233 may be incorporated in
one of the base stations. Preferably, the answering machine will
30 be a digital answering machine.
Turning now to FIG. 9, the preferred signal transceiver
circuit 224 (shown in block form in FIG. 8) found in each base
station 11 is shown in detail. Transmitter circuit 230 includes an
AND gate 234 having a first input 236 coupled to receive a 30
35 KHz square wave and a second input 238 coupled to receive



-10- . goes offhook to initiate a call, the handset will be on an

unused channel

t he handset. Al
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associated with a base station which is within range of

t hough channel alignnment is beneficial in a system
having a single base station, maintaining channel 5 alignment is

When a
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one of the baseremote devicedhe charimieh or fireguenty of operatiom, arid theok request to

coul sponse

aleneyoiThe data will ket tsansmitiedas aj
ANDING the data with the 30 KHz square wave signal.
Alternatively, the data could be provided by the microprocessor as
a 30 KHz signal. The output 240 of AND gate 234 is coupled by a
capacitor 242 to the TIP line. Preferably, capacitor 242 is
approximately 200 picofarads. Output 240 of AND gate 234 is

also coupled to an inverter 244. The output 246 of inverter 244 is
coupled by a capacitor 248 to the RING line. Capacitor 248 is

also preferably 200 picofarads.

Telco circuit 226 is also shown in detail in FIG. 9. Teico
circuit 226 includes a transformer 252 for transmitting and
receiving audio signals from the radio transceiver. The
transformer is coupled to a relay 254. Relay 254 is controlled by a
transistor 256 which is turned on or off by a voltage at a control
electrode 258 coupled to an input resistor 260. Relay 254 is
coupled to a bridge circuit 262 at a node 264. Nodes 266 and
268 of bridge circuit 262 are coupled to the TIP and RING lines.
Bridge circuit 262 aiso receives signals from the TIP and RING
lines at nodes 266 and 268. Finally, node 270 is coupled to
transformer 252 for transmitting signals from the TIP and RING
lines to the radio transceiver.

Finally, signal transceiver circuit 224 includes a receiver
circuit 270. The receiver circuit acts as a bandpass filter to pass
the information signals from the other base stations, and block
signals from the public system telephone network. Preferably,
receiver circuit 270 will pass 30 KHz information signals which are .
transmitted by the transmitter circuits 230 of the other base
stations.

Receiver circuit 270 includes a differential amplifier circuit
272 having a positive input 274 and a negative input 276.
Positive input 274 is coupled to the RING line by a capacitor 278
and resistor 280 which form a low pass filter. Préferably capacitor

i'ng signal,

or when

RS by 1 P g fstindy L 0, T
IhKHz squerewave bhybase



RF communication link is maintained with the base station until a 15
handoff is required at a step 32. A handoff may be necessary when t he
user of the handset travels within the r(fgi on of the base stations.
The user may travel outside the range 6f *0ne base station and within
the range of another base station, requiring a handoff to the other

b [ . A ] I hook
eS¢ SUaUI O Arls BRI GIRtFRROHAD KED ik TSRl pleg onnec

at a step 34. A . I mal ntarn a channel
alignnent with tad parsdesB&t network comprising aceapraitor 282-anrd aresister st ep 28.

Turning now to | ek W S LG i eferred
oper ation of asgBQ ntloﬁfonge%m?f\t c??i{(}aﬂésr No th'tea%nd BitoF 982 js 20§ﬁown I n
bl ock 24 of FI Ganghr t%%é‘ﬁ%é%@ i fyegatiye ipput %ﬁ

s 25 s sh
éd@é’ﬂe dsf?efeﬂ@@'ect s that
it has been gl acgrplifierid algeocsuploa it ia\Capacittr 2861 series withch a request for

e O el iRt oW s T Preterably ARG Sefhar 9°
handset's currerg20(pf andaesistor288 isc220 K. 20so,cagaraliBheohfigeratioat i on t hen
O e oues U R VRS b resinq B304 B BREBARAITHGSAE |1
st ati on gener at ésput 2#&6vand the outpldr@Skofithe diffeventialtaraplifiarp 44 and sends it
ts?gtngf handsgt - preferablf cfasitor 280 K20 BFAntFebistd g2 i£o¥6 1. acknow edge
The detailed signal transceiver circuit 224 shown FIG. 9 is
one example of a circuit which could be employed. However, it
will be understood that other signal transceiver circuits for
transmitting and receiving approximately 30 KHz information
16 signals on the data link could be empioyed within the scope of the
| present invention.
In summary, the present invention establishes and
maintains communication in a portable telephone system
adapted to operate with a plurality of base stations and at least
20 one handset on a plurality of channels. The method generally
assigns security codes to the handset(s) operating in the portable
communication system, and provides copies of the security codes
to each of the base stations to enable RF communication between
the handset(s) and the base stations. The method also aligns the
25 channel of the handset(s) with a channel of a base station to
allow for communication between each handset and one of the
plurality of base stations. In particular, when a particular handset
is not in use, the method mainitains a channel alignment with a
base station within range. Further, during RF communication with
30 ahandset, a base station will handoff between base stations to
maintain communication. Such a handoff could be provided by
communication between the bases.




fromthe handset at a step 46 indicating that the new security code

has been recei ved. If the base station does not receive an
acknow edge from t heandset, the base station then determnes if the
handset is still 5 in the base statior2tt- a step ™28 —tf—the-handset is in
t he base station, the base station generates a

r ecurity
code at step 44 and sends it to the.handset. I—icl;ﬁﬁﬁilﬂﬂiﬂirﬂi"umtdset
IS not still in the base station, base st at s ¥ atg Sti€p 50.
Alternatively, if the security code is sent by way of RF, the base 10
el or, 6T oL A b 6K BAaB b e PREPh EBpifuiation jn 7D, ° o,
46. portableaadics telepbone systemiinaludiag avphuralitycofgpasmck fromthe
handset i ndiscat 4agoh83abisd 15 Borffutithte GAYE phRSIY S Tl Bhififels

with at least one remote device, said method comprising the steps
of
assigning a security code to the at least one remote device
to enable communication between the at least one remote device
10 and the plurality of base stations;
communicating the security code assigned to the at least
one remote device to the plurality of base stations to maintain
within each of the plurality of base stations the security code of
the at least one remote device operating in the system; and
15 aligning the radio channel of the at least one remote
-device with the radio channel of one of the plurality of base
stations to atlow for communication between the at least one
remote device and at least one of the plurality of base stations.

20 2. The method for establishing and maintaining communication
in a portable radio communication system of Claim 1 adapted to
operate with a plurality of remote devices, wherein the step of
assigning a security code includes assigning a distinct security
code to each of the plurality of remote devices.

25
3. The method for establishing and maintaining communication
in a portable radio communication system of Claim 1 adapted to
operate with a plurality of remote devices, wherein the step of
communicating the security code includes generating a fist of

30 security codes for the plurality of remote devices in each of the
plurality of base stations.

4. The method for establishing and maintaining communication
in a portable radio communication system of Claim 1 wherein the
35 step of assigning a security code includes the steps of:

...‘
Rt



15 fromthe base station at step 46,

security codes assigned to handsets in the systemt

original security code of the handset is

the original security code is in the |ist5

t he ori gi nal

code is

base station repl acesgddignid

ase station determ nes

e base gtati ok replsaces

t he base station checks a list of

AEOR] T

security code with the newy assigned security code 20 at a
step 54 and exits at grovidiRg e creRY Skeufity ¢ el fefhote devi urity
not in the Ii@:{, tﬁ% @e ¥ ltg ai of ’@@t%eqerw(:é% ar
enpty slots in thBapestali@nia step 56. If there is an enpty

B e Scutity RobiBRoRRY réRiote idevice; and code at a

e any

slot, the

step 58. However, if there are no renmmjhning e slots.25 . i1n the base
: bi Gartk R,

station,

the base st dPIRGIRG 1S N SeCHH

code with ths nesodascurity code on the list at a step 60.

Accordi ngly,

the base station will maintain a list of all active

handsets within the system As stated earlier, an identical |ist of

security code i sb.ndihetmethat] for establisifing lamdomaintaining comruanicatiow 30
conmmuni cation b
Turning now to
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6. A method for assigning security codes for a portable radio
communication system including a plurality of remote devices
adapted to communicate via at least one radio channel with at
least one base station comprising the steps of:

providing the current security code of each of the plurality
of remote devices;

assigning a new security code to each of the plurality of
remote devices; and

placing each new security code on the master list of
security codes in the at least one base station.

7. A method of maintaining communication with a remote device
in a radio communication system including at least one base
station adapted to communicate on a plurality of radio channels
with at least one remote device, said method comprising the steps
of:

periodically sending a handshake request from the at least
one remote device to the at least one base station;

waiting for a return handshake from the at least one base
station; and

changing the channel of the at least one remote device to
correspond to the channel of the at least one base station which
returned the handshake.

as Been Reﬁaced
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- 12 - - between each handset and a given base-stati-en—tn particul ar,
a periodic tinmer expires initiating a channel ﬁl i ﬁnment procedure at

WL =

a step 70. The handset then randomy selgcts a chan
with an even distribution of the channel $2at a step

* C

di stribution of channels is beneficial in a communication

col 119 on avoi adhc T Shaies ol eaimiedyon Fhca

to the channel dlifferentichanselsandset was previously

then sends a redliedd M for maintaining communication in a p

L

dystem

remotd'et hod of
-sear chi ng

ii)rrul t ane_(l)_ﬁsl K fdevice bbEtaist Atdaptédito aperatenwith arpliaraity of basesok pur poses.
e ha ; I 2l : i 43l channel
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: : _ aligned to a base
station. Thig may decrease the tine the channel is occupied for this

rocedure in the event that the.15. .handset i til.l ali d. T h
p Q#loa S | cl)lganbel he handset

e radio

communication system including a plurality of base stations

adapted to communicate on a plurality of radio channels with at

least one remote device, said at least one remote device being in
10 active communication with one base stations of said plurality of

base stations, said method comprising the steps of:

evaluating the receiver signal strength indicator level of
said signal received at said one base station from said at least

one remote device;

15 said one base station instructing remaining base stations
to report receiver signal strength indicator level and an operating

channel;

selecting the base station reporting the strongest receiver

signal strength indicator signal;

20 instructing said remote device to switch to said operating

channel; and

providing a handshake between the remote device and the
base station reporting the strongest receiver signal strength

indicator signal.
25

10. A method for maintaining communication in a portable radio
communication system including a plurality of base stations
adapted to communicate via a plurality of radio communication
channels with at least one remote device, said at least one

30 remote device being in active communication with one base
stations of said plurality of base stations, said method comprising

the steps of:

evaluating the receiver signal strength indicator level of
said signal received at said one base station from said at least

35 one remote device;
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handshake to the base via the RF Iink on channel N at a step 74. The

met hod then determnes if there is a base on channel N which is in
range at a step 76. If there is a base opn_channel N V\nliul S wi—thiﬂ
range, the handset is aligned with the-bd3e: 20 Accor
sends an acknow edge at step 78. If the handset ﬂ Im E

d| c

?;[ ngrst gpe>7<|18)| réh?ohggﬁéﬁghpr&'&l naal?ﬁ)ster@%?eﬁt(ﬁﬂgg%al i gnnent

there is no base on d’aque@ﬂmg\lsarlduatﬂeast one remote devicedp dake# or the

handset does no 80 within a
pr edet er m ned atr(r;ooﬁﬁtgc% 'g Wg&@é bRﬁ]d)ﬂ?ﬁﬁé@%%‘h@éﬁ%ﬁnel nunber
to the next chastghali qngéhpjzﬁle@tpnmgnal, at a step 82. The handset then
deternmines i§ all chap ae;*dmljea HeltRishake M&Bﬁ%&?ﬁ‘é%léﬁ‘ﬁrb %in g d Step 84.

If all the chann Is havg {)agen used andset sen a request for
a handshake to 58 b%%s IONHEPOrting Hie strargestreseiierN at a step
74. However, lfS!gnal stiengtthdndicatoredignaln the pattern have been used, the
handset returns to step 72 to randomy sel ect a new channel search
pattern and begin the channel alignment procedure again. The

“isﬁ*iﬁli’iilﬂili“li‘ﬁn



- 13 - handset could optionally align to the base with the hi ghest

RSSI | evel . Accordi ngly, the channel alignnment procedure
described in reference to FIG 4 nmintains a channel alignnment of the
handset 5 with a base by periodi cal |4y2dendi ng a handshake request to a
base on a certain channel, and increnenting the channel if no return

handshake i s receive S | ign with a
base station even vvh&w(hﬁﬁ:o@éﬁ?g%&?gf@whh'gﬁ‘g-’q)sﬂcat|on to

anot her within the rarg§eSTEMMAVINGMULTIPIUE BASE STATIONS.

Turning nowto FIG 5, a flow chart describes the preferred operation
of an of fhook request (as shown in block 30 of FIG. 2) according to

t he net hod of the present inve@bsia (53 Nosure, the user initiates
a connect|o§ at the handset at a step 90. The 15 handset then randomy

sel ects a channel search pattern with an even distribution of channels
at a step 92. The harldepresent investion encompassesoa metboddatiset equal to the

first channel NodtBplidiingHrid>Maintaining communication in a portable

telephone system adapted to operate with a plurality of base
stations and at least one handset on a plurality of channels. The

10 method generally includes steps of assigning a security code to
the handset(s) operating in the portable communication system to
enable RF communication between the handset(s) and the
plurality of base stations (24); communicating the security code
assigned to-the handset(s) to the plurality of base stations to

15 maintain within each of the plurality of base stations the security
code(s) of the handset(s) operating in the system (26); and
aligning the channel of the handset(s) with a channel of a base
station to allow for communication between each handset and
one of the plurality of base stations (28).

20
FIG. 1 accompanies this abstract.

25
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Preferably, the first channel in the pattern is set to the channel
whi ch was previously determ ned during the channel alignnment 20 procedure

(described in detail in reference to FIG 4) to reduce the tine

required to make an of f hook connecti on. The handset then sends
a request to go offhook to the base via the RF link on channel N at a
step 94. The handset then determpes if there is a base on channel N

which is in range at a 25 step 96. If there is a base on channel N which
is inrange, the handset determ nes whether the base is already.
servicing a happdset at a step 934 If the base is not already
servicing the €/#ends an acknow edge signal and goes
of f hook on chagrel— # the handset sees an 30 acknow edge
at a step 102, .the € on channel N at a step 104.
| f the base is§lreg & &fhandset, the base ignores t he
handset request\ﬁt\ G685 arly, If there is no base on channel
N which is in ragndgnat step 96, or the handset does not 35 see an
acknow edge at S\teb\\}QZ, t he handset advances the

\ \ O\
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-14- : channel nunber to the next one in the pattern at a step 108. If
all” the channels in the pattern have not been used at a step 110, the
handset sends a request to go of fhook to the base via the RF |ink on
the -next channel in the list at a step 94. However, if all the 5 channels
in the pattern have been used, the handset randomy sel ects a new
channel search pattern with an even distribution at a step 92 to
begi n an of f hook request again. Turning nowto FIG 6, one

met hod for inplenmenting the function ef ,bgock 32 of FIG 2 is shown.
Havi ng established a 10 connection with a baSe station, the original base
station (i.e. the base station having a connection before any handoff
to a new base station) will periodically determ ne whether a handoff
IS requi red by establishing a tine-out period at step 120. The
original base station will determne if the original base station or 15
handset RSSI has fallen below a certain threshold at a step 122. | f
the original base station and/or the handset RSSI hagpfallen bel ow
the threshold, the original base station fngyimcty all base

X
TRANSFER SECURITY
; CODETO
BASE STATIONS
28

MAINTAIN CHANNEL

i

OFF-HOOK REQUEST
MAKE CONNECTION
TOBASE

IF NECESSARY

ON HOOK

|

FIG2
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stations which are not currently serving a handset to go to its
channel at a step 124. The original base station also instructs 20 each

base station not currently serving a handset to report (i) the RSSI
| evel of the handset and (ii) the channel which it will be operating
on a step 126. Al base stations are then instructed to go back to
their original channels, and the original base station sel ects the

base station having the highest RSSI signal at @ §F§p 25 - 128. The
original base station also send a "go to channel t he handset.
The handset then initiates a ha x 1 s 20 and waits
for a return handshake at a ste % %% return -
el 30 stop 132, 1%

handshake, the handset returns t
VIARF nmuni cation with

upon returning, the handset can
the original base station, the Y for a new base
station using the sane search p SRt qagée# in detail in
reference to FIG 5 for going of QE&B#ﬁ&anT there is a return
handshake, the new base station d to the original
base station at a step

DETERMINE {F IT HAS TALKED TO
THIS HANDSET BEFORE.

REPLACE ORIGINAL SECURITY CODE
WITH THE NEW ONE IN THE LIST.
60
SECURITY OCODE WITH THE NEW
ONE IN THE LIST.

FIG 3 This Sheet Has Been RTlaced
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- 15 -. 134. Accordingly, if there is base to base comunication

provided by the TELCO |ine, an AC |line or separate RF conmuni cati on,
it is possible to conplete the handoff procedure with little
interruption of the comunication. 5 Turning now to FIG 7, an
alternate nethod for I mpl ementing block 32 of FIG 2 is shown. In
particul ar, a nethod for handing off in 9l system havi ng no separate
base to base conmuni cation is descrlbéd in reference to FIG 7. The
ori gi nal base station establishes a certain tineout period at a step
140. If 10 the original base station determ nes that ghe original se

station and/ or handset R e\ 0 Mg certain thbé’_ d at
a step 142, the original ‘
begi ns an of f hook request 3t & i s

i dentical to the of fhook rd G 515 and
w Il not be repeated again here in detall & Is unabl e
to find another base statiaqn g returns to

the original base station gt v'th a dat a
message at a step 148. Howéversempmmwgﬂnaumm station
DISTRIBUTION (EG. 24,9,1,35.86,10,7)
AND SETS N EQUAL TO THE AIRST

CHANNEL IN THE PATTERN (LE, N=2)

74

HANDSET SENDS REQUEST FOR
r—>1 HANDSHAKE TO A BASE VIA THE RF LINK

WITHIN X AMOUNT OF TIME SO
IT ADVANCES ITS CHANNEL NUMBER TO
THE NEXT ONE IN THE PATTERN

IN THIS PATTERN BEEN

Has Been Reﬁaced
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Rl

sees the new base station go off hook by sensing a change in the 20 telco

| i rfie i npedance at a step 150, the original base station hangs itself
up. Turning nowto FIG 8, a preferred circuit for

conmuni cat i ng bet ween base stations is shown. A block diagram for
base station 10 shows the relevant portions of the base station for
providing 25 information signals hetween the base stations by way of the
dat a | i nk. Each base stationqbéhé*ally i ncludes a radi o transceiver
220 for transmtting RF comunication signals to gnd receiving RF

comuni cation signals frameach remte device £2.” Radi o transceivers

0 present invention.
isclosed inthe _ 3

yed. The RF conﬁﬁaication
' t he renote device
enote device to allow the
ni cati on system 10, and

well known in the art COQk@Rh@nEﬁﬁb@M@ﬁﬁkﬂAﬁhe
It

Preferably, the radi oftranscel
af orenenti oned US Pat
signals include the frequency or channe

occupi es, a security %ﬁﬁgb&&%

renote device to 35

any DISTRIBUTION (EG. 2.4.9,1,35,86.10,7)
AND SETS N EQUAL TO THE FAIRST

CHANNEL INTHE PATTERN(LE,N=2)

HANDSET SENDS REQUEST TO
GO OFF HOOK TO THE BASE
VIA THE RF LINK ON CHANNEL N

WITHIN X AMOUNT OF TIME SO
> [T ADVANCES ITS CHANNEL NUMBER TO
THE NEXT ONE IN THE PATTERN
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- 16 - - nmessage signals. The nmessage signals nmay depend on the

renote device, but could include voice sighals, facsimle data or

conput er dat a. Radi o transcei ver 220 provi des conmuni cati on
signals on 5 a line 222 which is coupled to a signal transceiver circuit
224. Signal transceiver circuit 224 includes a standard tel ephone
conpany interface (Telco) circuit 226 for transmtting conmuni cati on
signals. Standard Telco circuits are well known in the art and provide
communi cation signals to the standard tip and 10 ring lines of the public
systemt el ephone network (PSTN). 6 / Badi o transceiver 220 al so
generates an information signal on a line 222. The information signal
could include a receiver signal strength indicator (RSSI) signal and- 32
an associ ated security code for the renote device. The RSSI signal

i ndicates the 15 strength of RF conmuni cation signals received fromrenote
device 12. In a systemhaving nultiple renote devices, an RSSI si gnal
is generated for each renote device 12 and I's |dent|f|ed by 20 t he
security code associated with t hetenn C 2 signal could
be an on/off indicatof or c ‘

HANDSET TO REPORT RSS! LEVELS AND
WHAT CHANNEL [T WILL BE ON

BASES GO BACK TO THEIR ORIGINAL
CHANNELS AND ORIGINAL BASE SHECTS
HIGHEST RSS! BASE AND SENDS
A*GO TO CHANNEL X" TO ITS HANDSET

//ﬁﬁ
I HANDSET RETURNS TO ORIGINAL BASE I

J,—ﬁ%

NEW BASE SENDS A HANGUP
COMMAND TO ORIGINAL BASE

This Sheet Has Been R,

AEUA AT ill
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20 level within a predeterm ned range of |evels representing the

signal strength. Information signals including an RSSI signal are

provided to a m croprocessor 228. M croprocessor 228 in each
base station 10 mai ntains an RSSI signal indicating the signal
strength of the RF 25 conmunication signal received fromeach renote
device 12. M cr oprocessor 228 al so communi cates wi th signal

transcei ver circuit 224 to transmt the RSSI signals to the other base
stations and receive RSSI signals fromthe other base stations by way
of data link 14. As wll be described in detail in reference to the 30
operation of the circuit of the present invention, mcroprocessor 228
of each active base station conpares the RSSI signals associated with
a given renote device fromthe base JtdtB%ons to determne if another 32
base station is receiving a stronger RF conmmuni cati on signal .

ANDT!KESH'CFFP(lD

ORIGINAL BASE SEES EXTENSION GO OFF
HOOK AND ORIGINAL BASE GOES ON HOOK

FIG.7

- _ This Sheet Has Been
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- 17 -, Signal transceiver circuit 224 generally includes a

transmtter circuit 230 and a receiver circuit 232. M croprocessor 228
provi des an RSSI signal to signal transceiver circuit 224 for coupl i ng
signals to the tip and ring lines of the PSTN by way of 5 data |link 14.
Preferably, transmtter circuit 230 transmts i nformation signals at
a frequency of approximately 30 KHz. A frequency of 30 KHz is
selected to optim ze the transm ssion of the information signals. In
particular, a 30 KHz signal is out ghgeft he audi bl e range and wi Il not
t herefore be heard by the user of t 0 renote device. A 30 KHz si gnal
frequency is also the | owest frequency outside the audi ble range and,
therefore, allows |argest signal anplitude on the Telco line. Finally,
a 30 KHz signal will be fil

network. Wiile a 30 KHz sig
is outside the 15 audible range
system t el ephone network coldg Si gnal transceiver
circuit 224 also includes a receivgr circuit 232 for receiving
information signals from other base © stations by way of data link 14
Preferably, receiver circuit 232 Z.Qgi ncl udes a bandpass filter for passing

sy the public systemtel ephone
al=i g preferred, any other frequency which
areg ich will be filtered by the public
d—bd used.

This Sheet Has Been Replaced

[l

30 KHZ signals transmtted - *
Q0
k [ X X J
[ \ o o9
r"-L—'-""' —————— .
| - - TT==T=1 | !
=3
o % pred | I
1R \ | I
S
= |
I" o = !
TS A B (
[ sSz| |32} 82 }
I "< == o I
= a | 1 7
I w | o o
d | - A
) = l
IL—-‘—-T-‘—-- g |
1 X :
| N ©
| A [
| |
S |
=4
i ‘g‘ | .
} o
| g | O
| § ~ | \
h
| ~ « | R‘
| S !
pron I
| S |
! o |25 |
i STI2LA
™ |ac= ‘
-
| o
- |
1
|
|

L

U




on the data link by transmtter circuits of other base stations. The

I Af ormati on signals are coupled to the m croprocessor where they are
stored. Because each base station will receive the i nformation
signals fromthe other base stations, any one of the 25 base stations wll
be able to function as an active base station and det erm ne which
base station is receiving the strongest RF communi cation signal from
a particular renote device. Finally, an answering nachi ne-233
may be incorporated in ' one & 41t base stations. Preferably, the
answering machine will 30 be a digital answering machine.

Turning nowto FIG 9, the preferred signal transceiver circuit 224
(shown in block formin FIG 8) found in each base station 11 is

shown in detail. Transmitter circuit 230 includes aglrlgr D éRte 234
fe Wave and a

having a first input 236 coupled to receive a 30 35
second i nput 238 coupled to receive
- 18 -

30 KHz !
souaRe L 236 234 _ ___ _ _ _ _ .
WE £ ST S E R

|
|
252

AUDIO !
DRIVER | ||

30 KHz
I.IIIITER
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dat aJ The data should,incfude.infor

re e device, the channel or frequ
signal generated by the radio trans
data wl|l

with the 30 KHz square wave signal

oW Lo-5
mation signal.s describing the
ency of operdtion, and the
ceiver as descri bed above.

RSSI
The

be transmitted as a 30 KHz square wave by 5 ANDING the data

Alternatively, the data could be

0.

provi ded by the nicroprocessor1a7 9 a 30 KHz-signal._.The ou ~24Q...0f
AND gate 234 is coupled by a capaci t or { 242REACRMENP IHERES  SC
Preferably, capacitor 242 is appr oxi maj elyaotptgincaiegedids. o Quepdt. - 24
of AND gate 234 is 10 also couplLgd to an inyertidniaddn. Theedut.potpa@dd. of
inverter 244 is /A capacit or | M tiovingle Riakl |H.ne. paged 2.
Capaci tor 248 i # //3rably 200 py ciofsg-adst  : paged ..... to paged co
circuit 2% ggail in FIG 9. Telco circuit 226

I ncludes & trd My transmtting angd .3s £6 ey j 0 signalis
fromthe Migi o he transf-;—ggéif—%e%eﬁ%b o Pt —
254. Relay 284 is controlled by a transi stor 256 which is turned on

or off by é\Qﬂ{age at a control

resi stor 280. hqy 254 is co

264. Nodes 266 \aRd R0 268 of bridg

\
\

RI NG | i nes.

M\ \Brihdge circuit 26
RI NG W

~

el ectrode 258 coupled to an input
upled to a bridge circuit 262 at a node
e circuit 262 are coupled to the TIP and
2 al so receives signals fromthe TIP and
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| i nes at nodes 266 and -268. Finally, node 270 is coupled to

trandformer 252 for trarsmitti ng signals fromthe' TIP and RI NG l i nes

to the radio transceiver. 25 Finally, signal transceiver circuit 224

i ncl udes a receiver circuit 270. The receiver circuit acts as a

bandpass filter to pass the information signals fromthe other base

stations, and bl ock signals fromthe public systemtel ephone networKk.

Preferably, receiver circuit 270 will_pass 30 KHz information signals

which are 30 transnitted by the transnittet £i%cuits 230 of the other base |

stati ons. Receiver circuit 270 includes a differential

anplifier circuit - 272 haHANDSET DETESTS THAT M HABUt 40and a tive

i nput 276. Positive in PIACED 1 TeiD BASEOHARGING §e Rl NG Ifi/nggg;/{&“}

capacitor 278 35 and resi st pCRADBDANDSENDS A BEQUEST FRwvgpass filter. Preferably

capaci tor SECURITY CODETOTHEBASEVIARF § 19 - '
OR THRU THE CHARGE CONTACTS. THIS

REQUEST INCLUDES A COPY OF THE
HANDSETS CURRENT SECURITY CODE.

HANDSET SECURITY CODES TO
DETERMINE IF IT HAS TALKED TO
THIS HANDSET BEFORE.

REPLACEMENT SHEET

02 JuL 1996
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REPLACE ORIGINAL SECURITY CODE
WITH THE NEW ONE IN THE LIST.

60
M oenneus |
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278 is 620 pf and resistor 280 is 10 [err] Input 274 is al so coupl ed

to a parallel RC network conprising a capacitor 282 and a resistor 284
to forma high pass filter. Preferably, capacitor 282 is 20 pf and
resistor 284 is 220 [err] Negative input 276 to the differential 5

anplifier is also coupled to a capacitor 286 in series with a resi stor
283 to forma low pass filter. Preferably, capacitor 286 is 620 pf and
resistor 288 is 220 [err] Also5 a parallel configuration of a

capacitor 290 and a resistor 292 is coupl ed hetween negative i nput 276

and the output 294 of the differential anptiffer. 10 Preferably, capacitor

290 is 20 pf-and fesistor 292 1s 220 err] The détailed signa

transceiver circujt é@ﬁﬂgﬂyﬂﬁ;§g§§9 one exanpl e of ircuit which
However THE Wi ll b

transceiver circu nd2r ecei vi ng approxi mately 30

KHz information 1f coul d be enployed within the

scope of the In summary, the present

t el ephone §ystenr| DISTREFEN(EG 249.19586 ith a plurality of base stations

and at |eagt 20 neﬁﬂaﬂa§éﬂa¥#F19" of channel s. . The net hod

general |y ashi £ INTHE PAT TERRN

portabl e communi cat1 on syjstem ana

coul d be enpl oyed under st ood that;/otaﬁer si gnal
T RANDOMY SELEGTS A :

i nvention establl>he§E§KMFWHEHN“WMAdWQVH§ donmuni cation in a portable

codes

provi des copies of the security

X

HANDSET SENDS REQUEST TO
> GO OFF HOOK TO THE BASE
VIA THE RF LINK ON CHANNEL N

REPLACEMENT SHEET
02 JuL 1996
/,—KU
BASE SENDS ACKNOWLEDGE AND
o5 GOES OFF HOOK ON CHANNEL N
e
BASE IGNORES HANDSETS REQUEST
//—KB

WITHIN X AMOUNT OF TIMESO
T ADVANCES ITS CHANNEL NUMBER TO
THE NEXT ONE IN THE PATTERN

ALL THE CHANNEL
INTHIS PATTERN BEEN




to each of the base stations to enable RF communication between t he
handset (s) and the base stations. The nethod also aligns the 25 channel of
t he handset(s) with a channel of a base station to al l ow for

comuni cati on between each handset and one of the plurality of base
stations. In particular, when a particul ar handset Is not in use, the
nmet hod mai nitains a channel alignnent with a base station within
range. Further, during RF communication with 30 a handset, a base station
wi | | handoff between base stations to mai nt ai n comuni cation. Such a
handof f coul d be provi ded by ®umdni cati on between the bases.

- 20- C ai s 1. A nethod for
establ i shing and mai ntai ning cormunication in a portabl e rad}£r32

t el ephone systemincluding a plurality of base

(ORIGINAL BASE INSTRUCTS ALL BASES
CURRENTLY SERVICING A HANDSET TO GO
TOTTS CHANNEL

ORIGINAL BASE INSTRUCTS 126

ALL BASES NOT CURRENTLY SERVICING A
HANDSET TO REPORT RSS! LEVELS AND
WHAT CHANNEL T WILL BE ON

BASES GO BACK TO THEIR ORIGINAL
CHANNELS AND ORIGINAL BASE SELECTS REPLACEMENT SHEET
HIGHEST RSSI BASE AND SENDS
A"GOTO CHANNEL X" TO ITS HANDSET 02 JUL 199
132

134
y

NEW BASE SENDS A HANGUP
COMMAND TO ORIGINAL BASE

FIG.6



5 stations adapted to conmunicate via a plurality of radio channels

with at | east one renpte device, said nethod conprising the steps of :
assigning a security code to the at | east one renote device to enabl e
communi cati on between the at | east one renote device 10 and the plurality
of base stations; comuni cating the security code assigned to
the at | east one renote device to the plurality of base stations to
mai nt ai n wi thin each of the plurality of base stations the security
code of the at | east one renote device operating in the system and 15
aligning the radio channel of the at |east one renote device with the
radi o channel of one of the plurality of base stations to allow for
conmruni cati on between the at | east one renote device and at | east one
of the plurality of base stations7 /29 2. The nethod for establishin z@nd
mai nt ai ni ng comuni cati on in a portable radi o conmuni cati on sy&tem of
Claim1l adapted to operate with a plurality of renote devices, wherein
the step of assigning a security code includes assigning a distinct
security code to each of the plurality of renote devices. 25 3.

The met hod for establishing and mai ntai ni ng comuni cati on

ORIGINAL BASE GOES ON HOLD. HANDSET
BEGINS OFF HOOK REQUEST SCAN

REPLACEMENT SHEET

02 JUL 1996

ANDTAKES IT. OFF HOLD
WITH A DATA MESSAGE.

ORIGINAL BASE SEES EXTENSION GO OFF
HOOK AND ORIGINAL BASE GOES ON HOOK

FIG.7



%
g
I n-a portable radi o conmuni cation-systemof Caim1l adapted to operat e

with a plurality of renote devices, wherein the step of conmuni cati ng
the security code includes generating a list of 30 security codes for the
plurality of renote devices in each of the plurality of base
stations. 4. The nethod for establishing and nai ntaini ng

comruni cati on In a portable radi o communi cation systemof Caiml
wherein the 35 step of assigning a security code includes the steps of:.
providing the current security 2ogdesof the renote device to a base
station; assigning a new security code to the renote device;
and pl aci ng the new sécurity code on the naster |ist of

security 5 codes.

FIG.9
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- fhoibso-5 Tres
5. The nethod for establishing and naintaini ng conmunitation in a
portabl e radi o comunication systemof Caim4 wherein the steps of
provi.ding the current security code and §§SI gning a new 10 security code
are acconplished by RF conmunication. 6. A method for assigning
security codes for a portable radio conmmuni cation systemincluding a

plural ity of rere! PheRuen of maiSRRE CofnGAEEHEN Wea Yol | east one

radi o channel with,at g@ east, one e station conprlsSing the steps of:

provi ding the cf&§YsR© M { \rdapted ta operate yyith aplyraity0f bases of

remote devi ces; stations whereinah@imardlity of nsse%eawnst dreRidthmpen of the
plurality of rem)rh deill ces; and’ 20 pl aci ng eac new security
code on the mastdé erqn;tc gpne security codes in the at | east one base

station. 5
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8. The met hod of rmaintaining cormu”' ' ' a renote
device of Claim7 adapted to operate with a plu m’m% iU"L
eoN

Foliip-5 Fa Y d

stations wherein the plurality of base~ s¢hti ons are nai
di fferent channels.

5
REPLACEMENT SHEET  Trd\iiing'the citten®’setlrity codfor fitdmote device to

10

15

20

a base station;

assigning a new security code to the remote device; and

placing the new security code on the master list of security
codes.

5. The method for establishing and maintaining communication
in a portable radio communication system of Claim 4 wherein the
steps of providing the current security code and assigning a new
security code are accomplished by RF communication.

6. A method for assigning security codes for a portable radio
communication system including a plurality of remote devices
adapted to communicate via at least one radio channel with at
least one base station comprising the steps of:

providing the current security code of each of the plurality
of remote devices;

assigning a new security code to each of the plurality of
remote devices; and

placing each new security code on the master list of
security codes in the at least one base station.
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,placing said one base station on hold; requesting said at |east
one renote device to nmake a connection to said base station reporting

t he strongest

receiver si gnal streﬁﬁ%h'indicator signal; 5

provi di ng a handshake between said at | east one renote device and said

base station report iAnI%IELﬁ?OBtFEBE(%aédAeﬁﬁdS{COMM?JI\?I&%[TEE)N engt h indi cator

si gnal .

10

156

20

25

SYSTEM HAVING MULTIPLE BASE STATIONS
Abstract of the Disclosure

The present invention encompasses a method for
establishing and maintaining communication in a portable
telephone system adapted to operate with a plurality of base
stations and at least one handset on a plurality of channels. The
method generally includes steps of assigning a security code to
the handset(s) operating in the portable communication system to
enable RF communication between the handset(s) and the
plurality of base stations (24); communicating the security code
assigned to the handset(s) to the plurality of base stations to
maintain within each of the plurality of base stations the security
code(s) of the handset(s) operating in the system (26); and
aligning the channel of the handset(s) with a channel of a base
station to allow for communication between each handset and
one of the plurality of base stations (28). '

FIG. 1 accompanies this abstract.
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