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Background of V

15 Radiotelephone systems are generally well known in the art. A
| particular type of radiotelephone system is a cellular radiotelephone
system. Cellular radiotelephone systems generally include a switch
controller coupled to a public switched telephone network (PSTN) and a
plurality of base stations. Each of the plurality of base stations generally
20 defines a geographic region proximate to the base station to produce
coverage areas. One or more mobile stations communicate with a base
station that facilitates a call between the mobile station and the public
switched telephone network. A detailed description of a cellular
~ radiotelephone system is described in the book “Mobile Cellular
25 Communications Systems” by Dr. William C. Y. Lee, 1989.

A handoff in a cellular radiotelephone system is defined as a
transition between the mobile station communicating with a first base
station supporting a first coverage area and the mobile station
communicating with a second base station supporting a second coverage

30 area. The handoff may be either base controlled, mobile controlled, or base
and mobile controlled. A mobile assisted handoff (MAHO) is defined as a
base controlled handoff that uses information provided by the base station
as well as information provided by the mobile station.

Handoffs are further characterized as being hard handoffs or soft

';“:'f""handoffs Dunng a hard hand(}ff commumcatlon between the mobile
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transm ssions fromthe first base station, If the substantial increase in
signal transm ssions fromthe second base?station occurs over a rel atively
short tinme duration, the signal transm ssions fromthe second base station
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site, and termination is otherwise known as a dropped call. Although mobile
assisted handoffs and soft handoffs have reduced the frequency of dropped
calls, a condition in cellular radiotelephone communication systems exists
15 which still causes calls to be dropped. The condition is when the mobile
station is in an active call in the first coverage area with the first base
station and substantially shadowed from transmissions from the second
. base station in the second coverage area. When the mobile station
suddenly transitions from the first coverage area to the second coverage
20 area, the mobile station experiences a substantial increase in the signal
transmissions from the second base station relative to the signal
transmissions from the first base station. If the substantial increase in
signal transmissions from the second base station occurs over a relatively
short time duration, the signal transmissions from the second base station
25 ‘interfere with the communication between the mobile station and the first
base station thereby preventing handoff messaging and resulting in the
dropped call. |
Prior art provides a cellular radiotelephone system with dropped
call protection in US Patent No. 4,811,380. This reference teaches an
30 improved cellular telephone communication system having operational
steps which prevent a call from being dropped due to a radiotelephone not
receiving a handoff instruction from its host base site. The system
includes a switch controller for determining that the radiotelephone
requires a handoff from a first base site coverage area to a second base site
35 coverage area and for communicating a handoff message to the associated
first and second base site equipment. The first base site equipment then
transmits the handoff message to the radiotelephone. If the .
radiotelephone does not receive the message, it determines that the call




requests, via the second base site a call reconnection by transmtting a
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15 the mobile station.

Accordingly, there is a need for a method, performed by the mobile
station, for preventing the active call from being dropped when the
mobile station suddenly transitions from the first ceverage area to the
second coverage area of the radiotelephone system that overcomes the

20 disadvantages of a dropped call or the time delay resulting from the
recovery of the dropped call. :

a nventi

25 A cellular radiotelephone communication system includes at least
one switch controller, a plurality of base stations, including first and
second base stations, and at least one mobile station. A switch controller is -
coupled to the first and second base stations to provide radiotelephone
communication throughout first and second coverage areas, respectively.

30 A mobile station is in an active call in the first coverage area with the first
base station on a first traffic channel and is substantially shadowed from
transmissions from the second base station in the second coverage area. A
method, performed by the mobile station, prevents the active call from
being dropped when the mobile station suddenly transitions from the first

35 coverage area to the second coverage area. The method comprises the
steps of: determining that the active call is in danger of being dropped
responsive to the mobile station suddenly transitioning from the first
coverage area to the second coverage area; notifying the first base station



second base stations, and at | east one nobile station. A switch controller
S coupled to the first and secorfd base stations to provide
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FIG. 1 illustrates a portion of a cellular radiotelephone system in
accordance with the present invention.

15 FIG. 2 illustrates a block diagram of a mobile station used in the
cellular radiotelephone system of FIG. 1 in accordance with the present
invention. _

FIG. 3 illustrates call processing states for the mobile station of FIG. 2
in accordance with the present invention. _

20 FIG. 4 illustrates details of a the system access state of the call
processing states illustrated in FIG. 3 in accordance with the present
invention. : :

FIG. 5 illustrates details of a traffic channel state of the call
processing states of FIG. 3 in accordance with the present invention.

25 FIG. 6 illustrates a flow chart describing a method for preventing
dropped calls in a radiotelephone system embodied within the
conversation substate of FIG. 5 in accordance with the present' invention.

FIG. 7-1 and FIG. 7-2 illustrates details of the flow chart of FIG. 6 in
accordance with the present invention. _ |

30 . FIG. 8 illustrates a reconnect request message format used in FIGs. 3,
4, 5 and 7-2 in accordance with the present invention.

FIG. 9 illustrates a reconnect grant message format used in FIG. 7-2
in accordance with the present invention.



t'he active call with the first base station is dropped responsive to the

step
station is i
Bri ef Descri

portion of a
present inve
nobi | e stati
I n accordanc
illustrates
in accogdan
details
|IIustrated

of determining that the actirfe call with the first base

n the process of bei ng dropped. 10

ption of thg g . ,lllustratesa

cel | ul ar r stgtajied Yeseription of 3 S Hmentiance with the
ntion. ' FIG 2 |IIustrates a bl ock diagramof a

on usﬁfl}g gr%{égg éw(entlon can Ib|eI Sore ?\gl:l&)h%!%rﬁ;] %wﬁ%’ re elr'gqoc]étgge !

e Wt
CHIGS. Ir9,cwhetein FGal dHubtrateshep orttmi of atcellutar ratlidteléphone

%ég}???&pﬁéﬁ%?cs{‘éﬁ@tﬂs? bl ppenion. y Seiek. *’*n%“ﬂ s

i gerrerally dllustrates ar densecusbianhenvironmenthaving tall closelyspaced .

FIG 5 illustpgids ggqlgfmhq 16¢atéd lat #hd h&eﬁgﬁaﬁbf Etfﬁ%?sﬂéettﬁg & b

pr ocessi ng states

|n ac or.dance resent 1 nvention. 25

FIG 6 illust§eserd %!ifqelté\l?c qng eRperage of ISflmbaarwemmngnt is

dr opped cal |
conversiqlt i on
FIG 7 and

Splfd‘i'lctied by t?bgileﬂﬁmdioﬁle@ﬁc?ﬁ@t@dteﬁtﬂ #0?'[ m'l'lé ééllixlar venti on
aCccC ance W !
RaisteRihoble dysfem A0b belREAl R brites B syfiffoitrgen i B O

accor dance wi fitst bhase stationrifl5) msenmdivase:wahon 116, a third basg station [lllZ,ta ates a

reconnect

accordance wi

Wﬁ%mﬁg& tél@f:ﬁ@ﬁe !‘Eﬁg‘)ﬂf] (P1R) 183, a first mobile statfft119 2 ' N

resent
and a secon mobile statlon 120 The first base station 115 has a first

- radiotelephone coverage area 121 along the first street 113. Likewise the
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35

second base station 116 has a second radiotelephone coverage area 122
generally provided along the second street 112. The third base station 117
has a third coverage area 123 essentially provided within building 111.

The switch controller 114 is coupled to the first base station 115 and
the second base station 116 to provide radiotelephone communication

‘throughout the first coverage area 121 and the second coverage area 122,
respectively. For purposes of explanation, the first mobile station 119 is
initially in an active call in the first coverage area 121 with the first base
station 115 on a first traffic channel and substantially shadowed from
transmissions 126 from the second base station 116 in the second coverage
area 122 by building 111. - The present invention describes a method
performed by the mobile station, the first mobile station 119 for example,
for preventing the active call from being dropped when the mobile station
119 suddenly transitions (as shown by arrow 124) from the first coverage
area 121 to the second coverage area 122.

In the preferred embodiment of the present invention, the first
coverage area 121 and the second coverage area 122 are shown as macro-
coverage areas, otherwise known as macrocells, that cover a relatively
large geographic area. The third coverage area 123 is shown as a micro-
coverage area, otherwise known as a microcell, that covers a relatively
small geographic area. The coverage areas 121, 122, and 123 of the
respective base stations 115, 116, and 117 may be overlapping partially or
completely. For example, a microcell may be completely embodied within
a macrocell. Therefore, the present invention contemplates that the



FIG 9 illustrates a reconnect grant nmessage format used in FIG 7-2
I n accordance with the present inventi on76- 35
-b5- Det ai | ed Description of a Preferred Enbodi nent

The present invention. c e re,ful.ly described with reference to

Flas 1o wipee sfieh s Farl BrRdot befwsER hacrosell, etyvpeR aficrocelss or
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i nt ersecti on lisnited ftp e configuratioy amshewn. The celldapradintelephone?2.
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the cellul ar diotel e ne em 100. The cellufar 10, .- Tadi ot el ephone
syst em 100 géﬂ&l’ Fvbeg\ﬁﬁ?iceg ré"’é\ﬁletﬁﬁ?% @rea @s i5 welbknown in thejark,

base st ati on Thbcellular eadidtdlopkond system 100 ma#y phovidehadiotelephiope 117, a
public swt cma)d“jhel e hone Q’et wor lt< & S‘I;_l\$ 1%8, abf | rst rrgbl I B station 119
and a second REUPFBIGHOR siversgs torpihar freps of siiben A AORHBAR, o 1) 1 st
r adi ot el ephoreavionenents. dncthe péferredrembodimentsof the present 3nventiami se t he
10 the switch controller 114, the first base station 115, the second base station
116, the third base station 117, and the PSTN 118 are each well known in
the art and thus no further description will be given except to facilitate the
understanding of the present invention.
In the preferred embodiment the cellular radiotelephone
15 communication system 100 is a code division multiple access (CDMA)
cellular radiotelephone communication system as described in TIA/EIA,
IS-95, Mobile Station-Base Station Compatibility Standard for Dual-Mode
Wideband Spread Spectrum Cellular System, published July 1993. CDMA
is a technique for spread-spectrum multiple-access digital communications
20 that creates channels through the use of unique code sequences. In CDMA
signals can be and are received in the presence of high levels of
interference. The practical limit of signal reception depends on the
channel conditions, but CDMA reception in the system described in the
aforementioned IS-95 Standard can take place in the presence of
25 interference that is 18 dB larger than the signal for a static channel.
Typically the system operates with a lower level of interference and
dynamic channel conditions.
The coverage areas of the cellular radiotelephone communication
system 100 may be divided into sectors as is well known in the art. In a
30 CDMA system the frequencies for communication are reused in every
sector of every cell, and most of the interference on a given frequency as
seen by a mobile station is from cells outside that in which the mobile
station resides. The residual interference on a given frequency as seen by a
mobile station is from the user traffic from within the same cell on the
35 same frequency from time delayed (reflected) rays.
A CDMA base station communicates with a mobile station with a
signal having a basic data rate of 9600 bits/s. The signal is then spread to a
transmitted bit rate, or chip rate, of 1.2288 MHz. Spreading consists of
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conpl etel y. at?ﬁ(?%?el a mcrocell may be conpletely enbodied within
a macrocel | . ere the present invention contenplates that the
Alternative dlgxtal cellular radiotelephone communication systems

contemplated to be within the scope of the present invention include:
Global System for Mobile Communications (GSM), Time Division
Multiple Access (TDMA), and Extended TDMA (E-TDMA). GSM has been

20 adopted across Europe and in many countries for the Pacific Rim. It uses
200-kHz channels with eight users per channel using TDMA, and has a
vocoder rate of 13 kbits/s. TDMA uses 30-kHz channels, three users per
channel and has a vocoder rate of 8 kbits/s. E-TDMA also uses 30-kHz
channels, but has six users per channel with a vocoder rate of 4 kbits/s.

25 In the preferred embodiment of the present invention, the mobile
station 119 is a cellular radiotelephone subscriber unit. The mobile station
119 may take many forms that are well known in the art, such as a
vehicular mounted unit, a portable unit, or a transportable unit.
According to the preferred embodiment of the present invention, the

30 mobile station is a CDMA mobile station designed to be compatible with
the CDMA cellular radiotelephone system as described in the
aforementioned IS-95 Standard.

According the preferred embodiment of the present invention, the
. active call may comprise either voice or data communications between the

35 mobile station 119 and a base station. Therefore, the present invention
generally contemplates loss prevention of any type of information being
transferred between the mobile station 119 and a base station.
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FIG. 1 shows two examples of how a mobile station is shadowed
from transmissions from a base station. In a first example, as previously
15 discussed, the first mobile station 119 is shadowed from transmissions
from the second base station by buildihg 111. In a second example, the
second mobile station 120 is in an active call in the third coverage area 123
with the third base station 117 and substantially shadowed from
transmissions from the first base station 115 in the first coverage area 121
20 and the second base station 116 in the second coverage area 122. According
to the first example, when the first mobile station 119 suddenly transitions
from the first coverage area 121 to the second coverage area 122 (as

indicated by arrow 124), the mobile station experiences a substantial
increase in signal transmissions 126 from the second base station 116

25 relative to the signal transmissions 127 from the first base station 115. If
the substantial increase in signal transmissions 126 from the second base
station 116 occurs over relatively short time duration, the signal
transmissions 126 from the second base station 116 interfere with the
communication between the first mobile station 119 and the first base

30 station 115 thereby preventihg handoff messaging and resulting in a
dropped call. Likewise, according to the second example, a similar result
occurs when the mobile station suddenly transitions from the third
coverage area 123 to the first coverage area 121 or the second coverage.area
122. Such sudden transitions between coverage areas are primarily caused

35 by a rapid change in shadowing conditions. For example, such sudden

' transitions may be caused by the speed of travel of the mobile station itself,
the mobile station turning a sharp corner of a building, or the mobile
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to a welbkaownt iedthe artr Jhe regeivenilineugpt 201 génerallp gompisesSur eadi ng
consists of analog CDMA receiver 207, an analog to digital converter (A/D)208, a

digital COMA demodulator 209, a pilot scanner 210 a Viterbi decoder 211, a

voice decoder 212, a digital to analog converter (D/A) 213, a data sink 223

15 and a speaker 214. The transmitter lineup 202 generally comprises an -
voice source, such as microphone 215, or a data source 224, an A/D
converter 216, a voice coder 217, a digital CDMA transmitter 218, a D/A
converter 219, an analog CDMA modulator 220, an analog CDMA
transmitter 221, a power amplifier 222 and a power control system 225.

20 In the preférred embodiment of the present invention, the digital
CDMA demodulator 209, the pilot scanner 210, the Viterbi decoder 211 and
digital CDMA transmitter 218 are embodied within an application specific
integrated circuit (ASIC) as described in "CDMA Mobile Station Modem
ASIC", Proceedings of the IEEE 1992 Custom Integrated Circuits

25 Conference, section 10.2, pages 1-5; and "The CDMA Digital Cellular
System an ASIC Overview", Proceedings of the IEEE 1992 Custom

- Integrated Circuits Conference, section 10.1, pages 1-7.
According to the preferred embodiment of the present invention,
the analog CDMA receiver 207 is substantially an analog receiver designed

30 to be compatible with the 1.2288 MHz bandwidth required for CDMA
receiver operation. The digital CDMA transmitter 218, the analog CDMA
modulator 220, the analog CDMA transmitter 221, the power amplifier 222
and the power control system 225 are generally specified in the
aforementioned IS-95 Standard. The controller 203 is a MC68332

35 microcontroller manufactured and available from Motorola, Inc.
Alternatively, other microcontrollers or digital signal processors (DSP)
may also be used. For example, the digital signal processor may be a
MC56156 manufactured and available from Motorola, Inc. The frequency



applying digital codes to the data bits that increase the data rate while
addi ng redundancy to the CDVA system Thd0%hi ps of all the users in that
cell are then added to forma conposite digital signal. The conposite
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r adi ot el ephonnvetmmmml'eame&rod;petfenmed by the mabilestatti riprejentingitha t he
scope t he Mobi | e
Comunthat onSE?%ZCEAI Pfﬁh‘%ﬁg {irbPpedehen the mabifé ftafign 119 BRRY M d
Ext ended TDVATATESitignagr first cpueragecarea 13&69@@ sgeqnsk coverage arem 24
nmany countri §§ efrfodiéd® a?ﬁ%fﬁv?ar@'ﬁ?ogﬁm%&he controller ZOQOKFIGCZIaMﬂhé with

oL 9N user s, meShanch bt LW e Batop, e cSRSSHELAR, L 1,
a vocoder r atreceited signal strength Tifdhrmition (RSSI),3fAdidative of a totak knergyl s, but
has si X5 user g dFecsiVB Ty mt mBbfle YRRRIFI19 &F fnf%26, KiRdd sigRal strength
information at line 227 from the pilot scanner 210, signal strength
information for the active call at line 228 from the digital COMA
demodulator 209, and received system control messages at line 229 from
the Viterbi decoder 211. The controller 203 sends system control messages
20 at line 230 via the digital CDMA transmitter 218. The method steps
performed by the mobile station 119 and embodied within the controller
203 of FIG. 2 are further described with reference to FIGS. 3 through 7-2.

FIG. 3 illustrates call processing states 300 for the mobile station of
25 FIG. 2 in accordance with the present invention. FIG. 3 generally '
illustrates a power-up state 301, a mobile station initialization state 302, a
mobile station idle state 303, a syStem access state 304 and a mobile station
control on the traffic channel state 305. At transition 307 the mobile
station 119 has fully acquired system timing. At transition 308 the mobile
30 station 119 receives a paging channel message, requiring an
acknowledgment or response, originates a call or performs registration. At
transition 309 the mobile station 119 is directed to a traffic channel. At
transition 312 the mobile station 119 ends use of the traffic channel. At
transition 310 the mobile station 119 receives an acknowledgment to an
35 Access Channel fransmission other than an Origination Message or a Page
Mode Response. At transition 311 the mobile station 119 performs an Idle
Handoff Operation with NGHBR_CONFIG equal to '011' or is unable to
receive Paging Channel message. The states 301 through 305 of FIG. 3 an



25 In the preferred enbodi ment_of the present |nvent|on t he
nobi | e station 119 is a cel |l ul ar-Hadi ot el ephone subscriber unit.
The nobile station 119 may take nany forns that are well known in
the art, such,as a cul ar_nount e ortable unit, or a
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~nobile station 11 a a erefore present invention
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transferred bet ween t he_ nobi | e station 119 and a base station.
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messages to a base station on access channels and recexves messages from
the base station on paging channels. FIG. 4 generally includes an update
overhead information substate 401, a page response substate 402, a mobile
station origination attempt substate 403, a registration access substate 404, a
15 ~ mobile station message transmission substate 405 and a mobile station
order/message response substate 406. At transition 407 the mobile station
119 received a message or order requiring an acknowledgment or
response. At transition 408 the mobile station 119 attains registration
access. At transition 409 the mobile station 119 receives a user generated
20 data burst message. At transition 410 the mobile station 119 starts the
process of a user initiated call. At transition 411 the mobile station 119
received a Page Message or Slotted Page Message. At transitions 412 and
413 the mobile station 119 enters the Mobile Station Control on the Traffic
' Channel State 305 of FIG. 3 or goes to analog mode. At transitions 414-416
25 the mobile station 119 enters the Mobile Station Idle state 303 of FIG. 3.
States 401-406 and transitions 407-416 are generally described in the
aforementioned IS-95 Standard, section 6.3 with the exception of the
- transition 306 into the mobile station origination attempt substate 403
| wherein the mobile station initiates a reconnect request message. The
30 transition 306 illustrates the destination of the transition 306 within the
system access state 304 of FIG. 3. The state transition 306 will be descrlbed
in further detail with reference to FIGS. 5-9.

' FIG. 5 illustrates details of the traffic channel state 305 of the call
35 processing states of FIG. 3 in accordance with the present invention. FIG 5
generally includes a traffic channel initialization substate 501, a waiting tor
order substate 502, a waiting for mobile station answer substate 503, a
conversation substate 504 and a release substate 505. At transition 506 the
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FIG. 6 illustrates a flow chart describing a method 605 for preventing
20 dropped calls in the radiotelephone system 100 embodied within the
conversation substate 504 of FIG. 5 in accordance with the present
invention. The method 605, performed by the mobile station 119,
prevents the active call from being dropped when the mobile station 119
suddenly transitions from the first coverage area 121 to the second
25 coverage area 122. At step 600, the method assumes that the mobile
station 119 is initially in the active call with the first base station 115 in the
first coverage area 121 on a first traffic channel. The method 605 of the
present invention generally comprises four steps 601-604. Details of the
four steps 601-604 will be described with reference to FIGs. 7-1 and 7-2. At
30 step 601, the mobile station 119 determines that the active call is in danger
of being dropped responsive to the mobile station 119 suddenly
transitioning from the first coverage area 121 to the second coverage area
122. At step 602, the mobile station 119 notifies the first base station 115
that the active call is in danger of being dropped responsive to the step 601
35 of determining that the active call is in danger of being dropped. At step
603, the mobile station 119 determines that the active call with the first
base station 115 is in the process of being dropped responsive to the step
602 of notifying the first base station 115 that the active call is in danger of



dropped call. Likew se, according to the second exanple, a simlar result
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recei ver i nempdgtgprggqé iperiod @btqne sthe piior art moblle statlon does not
predict the changing RF conditions that are setting up a self-interference

condition in the radiotelephone system that requires a hand-off. Steps 601
and 602 of the present invention, however, efféctively give the mobile

15 - station 119 advance notice of a dropped call. The mobile station 119 can
receive advanced notice while the mobile station is in an active call
because the cellular radiotelephone system 100 is a digital system. The
digital system permits the mobile station 119 to maintain the active call
while anticipating the danger of the active call being dropped. Armed

20 with this'advanced notice, the mobile station 119 can take necessary stéps
in cooperation with the base stations to position itself in the
radiotelephone system 100 before the process of dropping a call has begun.
An advantage of the present invention is that the method of the present
invention can be implemented by configuring the mobile station as

25 described herein; no special changes are needed in the conventional
method performed at the base stations 115, 116, 117 or switch controller
114. The mobile station 119 of the present invention, therefore, monitors
the changing RF conditions thereby preventing either the active call from
being dropped before the handoff messaging can be successfully completed

30 or unacceptable time delay for the recovery of the dropped call.

FIGs. 7-1 and 7-2 illustrates details of the flow chart of FIG. 6 in
accordance with the present invention. The steps 601-604 of FIG. 6 are
outlined for reference. Step 601 of FIG. 6 generally comprises four steps

35 701-704. At step 701, the mobile station 119 monitors a total energy

' received by the mobile station 119. Referring briefly to FIG. 2, the total
energy is received by the controller at line 226. At step 702, the mobile
station 119 measures a signal energy for the active call received by the



anal og CDMA receiver 207, an analog to digital converter (A/D) 208, a
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of the total energy by a predetermined amount. At step 706,sthe mobile
station 119 stores the current sample of the total energy at step 718 and
returns to step 705, if the mobile station 119 determines that the current
sample of the total energy is less than the at least one previous sample of

20 the total énergy by a predetermined amount. At step 707, the mobile
station 119 integrates the current sample of total energy with the at least
one previous sample of the total energy to produce an integrated total
energy. At step 708, the mobile station 119 stores the integrated total
energy to produce a stored total energy. Referring briefly to FIG. 2, the

25 integrated total energy is stored in memory resident in the controller 203.

The step 602 of FIG. 6 of notifying the first base station that the
active call is in danger of being dropped is generally performed by the
mobile station 119 sending a pilot signal strength message to the first base
station 115 indicative of signal strengths of a plurality of pilot signals 127,

30 126, 128 transmitted by the plurality of base stations 115, 116, 117,
respectively. Referring briefly to FIG. 2, the mobile station 119 sends a
pilot signal strength message from the controller 203 to the digital CDMA
transmitter 218 via line 230.

According to the preferred embodiment of the present invention,

35 - the active call includes a plurality of sequential frames. The step 603 of
FIG. 6 of determining that the active call with the first base station is in the

~ process of being dropped generally comprises two steps 709 and 710. At
step 709, the mobile station 119 determines if a predetermined number of




may also be used. For exanple, the digital signal processor may be a
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at 1ine 226 frames of the plurality of sequential frames are acceptable, the flow returns

to step 705. If, at step 710, the mobile station 119 determines, within a
predetermined amount of time, that no two sequential frames of the
plurality of sequential frames are acceptable, the flow continues to step 716.

15 The step 604 of establishing the active call with the second base
station 116 in the second coverage area 122 generally comprises four steps
712-715. At step 712, the mobile station 119 identifies the second base
station 116. At step 713, the mobile station 119 sends a reconnect request
message to the second base station 116 responsive to the step 712 of

20 identifying the second base station 116. Referring briefly to FIG. 2, the
mobile station 119 sends the reconnect request message to the second base
station 116 via the digital CDMA transmitter via line 230. Referring briefly
to FIGs. 3, 4 and 5, the mobile station 119 sends the reconnect request
message to the second base 116 as indicated by transition 306. The format

25 of the reconnect request message will be described in more detail with
reference to FIG. 8. At step 714, the mobile station 119 determines if a_
reconnect grant message was received from the second base station 116
within a predetermined amount of time responsive to the step 713 of
sending a reconnect request message to the second base station. If, at step

30 - 714, the mobile station 119 determines that a reconnect grant message was
received from the second base station 116 within a predetermined amount
of time, the flow continues to step 715, otherwise, the flow returns to the
Mobile Station Initialization State 302. Referring briefly to FIG. 2, the
mobile station 119 receives the reconnect grant message from the second

35 base station 116 via the Viterbi decoder 211 at line 229. The format of the
reconnect grant message will be described in more detail with reference to
FIG. 9. According the preferred embodiment , the step 714 of receiving a
reconnect request message is accomplished by the mobile station 119




information at line 227 fromthe pilot scanner 210, signal strength
information for the active call at line 2¥® fromthe digital CDVA
denodul at or 209, and received systemcontrol nessages at line 229 from
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15 corresponds to the pilot signal transmitted by the second base station 116.

FIG. 8 illustrates the reconnect request message format used in FIGs.

3,4, 5 and 7-2 in accordance with the present invention.. Mobile station
message formats are generally described in the aforementioned IS-95

20 Standard, section 6.7. The reconnect request message is similar to the
Origination Message as described in the aforementioned IS-95 Standard.
The message type field 801 (MSG_TYPE) has 8 bits and has a binary value
of “‘00000111’. Fields 802 through 821 are exactly the same as an Origination
Message as described in the aforementioned I5-95 Standard. The time

25 reference PN sequence offset field 822 (REF_PN) is 9 bits long and
designates the pilot phase that the mobile station 119 is currently using for
its time reference. The pilot strength field 823 (PILOT_STRENGTH) is 6
bits long and gives the pilot strength of the pilot that the mobile station is
currently using for its time reference. The traffic channel reference field

30 824 (TCH_REF) is 6 bits long and designates the traffic channel that is in
use for communications with the first base station 115. The pilot |
measured phase field 825 (PILOT_PN_PHASE) is 15 bits long and reports
the phase of a detected pilot referred to the zero offset PN pilot. The pilot
strength field 826 (PILOT_STRENGTH) is 6 bits long and gives the pilot

35 strength of the pilot referenced in field 825. Fields 825 and 826 are repeated
until all the detected pilots have been reported.



the transitions therebetween are generally described in the

af orenentioned |1 S-95 Standard, section 6-87-with the exception of a
transition 306 fromthe nobile station control on the traffic channel state
305 to the system access _state 304. ‘At transition 306 the nobile statlon 5
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The-bass stat CHRRDR AabEiRelIRERE? & RERFRd N e gor P ERed 6 35, L e
over head i nf oBtextdard. bubist sinplifietd by. thegemowvahohseme fieldssinicédhe a nobi | e
station origi “A%E@NaMGﬁﬁ" ﬁ‘i&ﬁ?v@ﬁ%@ﬁms@aéy tﬁél Ml@@lg?gn adt €

404, a 15 e-statjon nessage tr | state . a nobil e
station has grhinanngalugpf ‘P LYY SQIHF’@C]@DG the mesgags ﬁ?’&ﬁ 94137 t he

m)llzl l \?\A sgat I OtEhrough 15 ¥ a&@ﬁ%&%‘i’t% t ett Oar{ﬂfxg@sfst gqﬁ%g‘hl e sfatd on
acknow edgnent, or | i

110 attH o r dgeribed fnythe CRARRET Rssighmieri Message;alithy algesiorns Ghido "
station 119 r 05 &tardard. UFkesefields qirevllcw)the mobile atdtiors119medttaght thét
transition 41g 4,06 WA Mt %Réé&gr&oléc%tﬁfea& tw Bffic channel with the second

base station 116.

15 Thus, the present invention provides a method, performed by the
mobile station, for preventing the active call from being dropped when
the mobile station suddenly transitions from the first coverage area to the
second coverage area. The present invention advantageously provides the
mobile station 119 with advanced notice of the changing RF conditions

20 ‘before the call starts the process of being dropped. This advantage
generally is provided by the mobile station performing the steps of
determining 601 that the active call is in danger of being dropped
responsive to the mobile station 119 suddenly transitioning from the first
coverage area 121 to the second coverage area 122, and notifying 602 the

25 first base station 115 that the active call is in danger of being dropped
responsive to the step of determining 601 that the active call is in danger
of being dropped. With the present invention the problems of either
dropped calls before the handoff messaging can be successfully completed
or the unacceptable time delay for the recovery of a dropped call of the

30 prior art are substantially resolved.

While the present invention has been described with reference to
illustrative embodiments thereof, it is not intended that the invention be
limited to these specific embodiments. Those skilled in the art will

35 recognize that variations and modifications can be made without

departing from the spirit and scope of the invention as set forth in the
appended claims.



process of a user initiated call. At tra%é'_tion 411 the nobile station 119
recei ved a Page Message or Slotted Page Ssage. At transitions 412 and

413 the nobile station 119 enters the Mbile Station Control on the Traffic
Channél State 305 El G li&l{@é-ﬁ)es to anal og node. At transitions 414-416
25 the nobile 35 15,F % ‘ers the Mobile Station Idle state 303 of
FIG 3. States 401-406 and transitions 407-416 are generally
described in the aforenentioned | S-95 Standard, section 6.3 with

t he exception of the . transition 306 into the nobile station
origination attenpt substate 403 wherein the nobile station
initiates a reconnect request nessage. The 30 transition._306
illustrates the destination of the transition 306 within the- - . system
access state 304 of FIG 3. The state transition 306 will be described

in further detail with reference to FIGS. 5-9. FIG 5
illustrates details of the traffic channel state 305 of the call 35
processing states of FIG 3 in accordance with the present invention. FIG5
generally includes a traffic channel initialization substate 501, a waiting
for order substate 502, a waiting for nobile station answer
substate 503, a conversation substate 504 and a rel ease substate
505. At transition 506 the : '

- 12- .



nobil e station 119 term nates the active ¢gall and receives a Base Station
Acknow edgnent Order on the Forward Tr af'f’c Channel . At traﬂmnnmnm"ml”“l
507 the npbile station 119 receives a Mii ntenance Order or

| nf or mati on Message. ‘At transition 508 the nobile station 119 uUser

answers the call. At transition 509 th | e station 119 receives a
Mai nt enance Order. At transition 510 the nobile station 119 user initiates

Station 119 fecer dae: SRE rfagfebighe 0 "%“‘B‘%‘%essaﬁvﬁ IRRRR 2

512 and 513 teast omeiswitch contzellar; 9 plusditycef baseatations inchudingAfirst andsi t i on

é? t $l4 t*&ecd‘ﬂwbh@e ﬁbh@naﬂdlat lelirabggﬁétrﬁébﬂ’e mhbn%@e&i@igea Cﬁtﬁgl Ba?ﬁe
ation

SO 1. controlisr Suasg b ¢br el S Setmsh hash statibne fo Brovideocr | bed i n

t he afor errenfradim?ééhone conilﬁuﬁicaﬁoanﬂ&bdghaactﬁrmaﬁd @edond tddveragept i on of

state transitj ?ﬂ@éﬁ} %ﬁ}éerflrthnm{’l OnE@g{ sﬁé%%{ Setive éliﬁie ﬁp;f

reconnect re(?
origi nation @overasetaraaasmh@he fiost haselstatiamen rapfirst draffic channeltmd on contr ol

on they raf fisghelanRaRy sHaflbfred0ftof tfahgamgm%@&oan e second basd §Agh! | On

306 w escrib urt her detail refer gce to

FIG 6 .||ustméh@§e<ép EQVerAge Aref Acmeth p.erfﬁarm&é ¥ efna? é&?@m ng 20
dropped cal | ifot;; Q&ﬁ %ﬁitﬁwﬂ G'éﬁllefri)m béﬁiglgﬁbppéapd&ﬁdt thiet fobile h?atlon
conversation_s 0 L n, accordance esen

i nventi on. Ao hiviong &?%r%é“ﬁ&c?%?aﬁﬁﬁf?ae%%‘ﬁ ‘IcP"efage

prevents the azea,ithe methbdfcmnpnsmggtl'@rsiq&df when the nobile station 119
cuddenly L1 ans1 L) ebfehifi e et 1085 St kit Bppgcord
responsive to the mobile station suddenly transitioning from the first
coverage area to the second coverage area;
notifying the first base station that the active call is in danger of
being dropped responsive to the step of determining that the active call is
20 in danger of being dropped;
determining that the active call with the first base station is in the
process of being dropped responsive to the step of notifying the first base
station that the active call is in danger of being dropped;
- and
25 establishing the active call with the second base station in the
second coverage area before the active call with the first base station is
dropped responsive to the step of determining that the active call with the
first base station is in the process of being dropped. |

30 2. A method for preventing the active call from being dropped
according to claim 1 wherein the step of determining the active call is in
danger of being dropped further comprises the step of:

monitoring a total energy received by the mobile station;
~ measuring a signal energy for the active call received by the mobile
35 station; _ |
calculating a ratio of the signal energy to the total energy; and
determining that the ratio is unfavorable to indicate that active call
is in danger of being dropped.



station 119 is initially in the active call with the firstJMHﬁMﬂ ﬂm"m,

in the first coverage area 121 om0 first traffic y i

met hod 605 of the present invention generally conprises four steps

601-604. Details of the four steps 601-604 will be_ described with

reference to ¥l Gs. Arethodifor preventipg the activegall from; beingudsoppedt at i on 119

"~ determnes t ' hetd&in! Stor: | ped
h@écgie'&'ﬁnégﬁ ¢l whetein!the Bge‘&?ﬁgﬁf monitoring the Rﬁhl‘%&rﬁp

responsi ve to thg e statjon 119 s nl ] .~ transitioning from
the first covecaijed:he the mobils stAGon Surher covrisgs the steps oF 125 A
step 602, the nobieasinhgthe 13td] enéigy rReeived By tiid nivbile statién ab sélédted -

that the active call . .is [n_danger of Dei dropped responsive tg the step
601 35 5 of POESIHHmE tp Prodice sa ._P\?gqbﬁlt?*oair‘) §nﬁ¥87d§}$8%¢m§rafﬂsﬁt}g°ne
dropped. At spmvious samplé@id at herrentisanepletaft thertofal engegyr ni nes that the
active call wth t il ' [+S1 J s of
bei ng dropped res @%‘gh\l‘}iﬁ l%‘§ tpﬁ'ét%? ggﬁaﬁt géﬁbl&%@&%‘%ﬁ%&#&#ﬂgsgﬁg&ﬁrst
base station thes theat leass aneprevions sample; of thetgtal epergy by a

- 13- %ré&it&gng{éapgﬁ{bmﬁ; step 604, the nobile station 119
establishes the active call with the second basg tatjon 116 in the
second Bover age arBdegratingghg qurrent SamPr]‘Frﬂ? tataﬁ iCRETER W! a{ f?@s'f P8t base
station 115 ipredicppsamphsobtitd totaltenergy to produce ah dntegbatedftottdtemengysi ng
that the active,call with the first base station 115 is 5 in the

process of be?rr‘i% dr opped.
storing the integrated total energy to produce a stored total energy.

15 4. A method for preventing the active call from being dropped
according to claim 1 wherein the step of notifying the first base station that
the active call is in danger of being dropped further comprises the step of:

sending a pilot signal strength message to the first base station
indicative of signal strengths of a plurality of pilot signals transmitted by
20 the plurality of base stations, respectively.

5. A method for preventing the active call from being dropped
according to claim 1, wherein the active call includes a plurality of
sequential frames, wherein the step of determining that the active call
25 with the first base station is in the process of being dropped further
comprises the step of:
determining that a predetermined number of the plurality of
sequential frames are unacceptable; and
determining, within a predetermined amount of time, that no two
30 sequential frames of the plurality of sequential frames are acceptable.



In contrast to the aforenentioned prior art U S. Patent No. Hw w ,ul "I’”“",
380, the present invention advantageousl y2}mproves the state

taught by the.prior art by adding steps 601 and 602. As stated herein

above, t he .mobil e tatlon f the prjor ta esa ion to

recover a cal f aftér""‘)‘?ﬁhod of peeventing.the Actiyeg 'P fromthe
base station au®rding to claim Dn&d@émruhﬂeﬁpéestaﬂhshutgﬂeacﬁve qall withar t
o

o e =Lt 5 8o g A8l o ROEORA i St b *°

setting up a
system t hat retgpsiofs a hand-off. Steps 601 ' and 602 of the present

I nventi gn, however 4 t{ffﬁ{grﬂ.@ éécgh?leb %tm le 15 station 119 advance

notice of a droppe e station 119rﬂc1 receive
advanced not i ce vhPERAING: FRSBRRECtequPs)Messags ta the secand base station

because the cgddpensivel tocihet bh@d& £theltond basdisation; syst em The
digital system permts .Lhe | e st ve cal |
while anticipati ngr?ct‘?év‘ﬂgr‘?g’é‘?coﬂpe‘ftr@ H‘?ﬁéagﬁho%nﬁ‘%ﬁemgﬁf S ﬂﬂd 20
with this adwithinch prédetermiried amlouhe of tithe sespoiBivento thek stepeafeseraling st eps
in coo ratio t faddd the

radi ot e ephong rg%/cssxp‘éetﬁ?fffg?%?@ésgﬁéﬁ{bsﬂ{reo%egggagaggs{:éhiﬂ a call has begun.
An advant age of theeq@mmﬂleummqaéhm ﬂ\etse&pndm@vmmeefmthethsr esent

i nvention Ca“sé&dd”ﬁis@@ﬂﬁ&@oh)/a EéHUddg&hff{&cHéi‘E\elfPéﬁ oe.sﬁwdﬂ»@ stép &F
descri bed herein; .no speci al chan?es are eedgﬁe conventlonal .

‘method per f or FREEIUINg & EecoRREC GeSs3ge from b%% $t8HOoBont rol | er

114. The nobile station 119 of the present invention, therefore, nonitors

bei ng dPoppea’ber ofometiod S BRFALE %J*Q%nce i BB L™
or unaccept abhecarding ttetla;mfﬁ)whemnrtbc@np of id ondlbase station

further comprises the steps of:

searching for a plurality of pilot signals transmitted by the plurality
| of base stations, respectively; and
20 selecting a pilot signal having the strongest signal strength from

among the plurality of pilot signals, wherein the pilot signal having the

strongest signal strength corresponds to the pilot 51gnal transmitted by the

second base station. :

25 8. A method for preventing the active call from being dropped
according to claim 6 wherein the step of receiving a reconnect request
message further comprises the step of:

receiving the reconnect request message on a paging code channel.



FEGs. 7-1 and 7-2 illustrates details of the flow chart of EﬁgghtﬁHASB;E,\,

accordance with the present invention. The2steps 601-604 of KRS ED

outlined for reference. Step 601 of FIG 6 generally conprilses=teur—steps

?gcei vegoéjtoﬁé ﬁ;b?fg%bﬁfgi{)m&&b%& rs a TOE ﬁla_ tegte;?y

energy is received DURmozArHANmeFFanmmzﬁrnmpmmmme mobi | e

station 119 neasures a signal energy for the active call received by the

- 14- nobil e-station. Referring briefly to FIG 2, the signa
energy for the active call is received by the controller at |ine
228. At gtep 703, the nobil e staty £ th o&ﬁkculates a ratio of the
signal energy to the total energ t he. hobil e station
119 deternines if the ratio is unfavorabl e. If at step 704, 5 - t he

mobi | e station 119 mﬁ@thaungérfbhi\bdt a'mAbbile bt%tiéﬂf @xvyy, %ié@entbriﬁ'i &@ived
that active cal éﬁmggldan f pg %@§5§§§F t.he $#ii%¢nues to step
602. If, at stB ¢1Hg BPF@‘@ e estation;( e ratio is
f ﬁvor abl e, i ndramimm; front a dirst coverage aten (121) Wt a sedopel cover aﬂaachmlmloed,
t he 0 ener
conpri Q0o 1.8"% é%%&g%s§Whﬁpl§ T es}ogCDMQ) cellular i Btei e sysetemy
(100). The active call is determmed (601) to be in danger of bemg dropped
“ responsive to the mobile station (119) suddenly transitioning from the
first coverage area (121) to the second coverage area (122). The first base
station (115) is notified (602) that the active call is in danger of being
15 dropped responsive to the step of determining (601). The active call with
the first base station (115) is determined (603) to be in the process of being
dropped responsive to the step of notifying (602). The active-call is
established (604) with the second base station (116) in the second coverage
area _(122) before the active call with the first base station (115) is dropped
20 responsive to the step of determining (603).
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mobi | e station 119 nmeasures the total energy received by the nobile
station 119 at selected points in tinme to produce sanples of the total

ener gy i ncludi ng at -l.east one previous sanple and a current sanple
of the total energy. At step 706, the nobile station 119 determ nes
that the current 15 sanpl e of the tﬁﬁol energy is greater than the at

| east one preylLous. S | e of the total energy by a predeterm ned
amount. At st 7P6 he bile station 119 storesl@he current
sanple of the total energy at step 718 and -returns Lto\step 705, if
the nobile statio 19 determ nes| that th

total energy is | than the at
total energy by a predeterm ned ajpount.
station 119 integrates the cgp?e sarrplel
one previous sanple of the t

energy. 08, the nobile sftation 1
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FIG 6 of determ
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station 116 in the second coverage area 122 generally conprises four steps
712-715. At step 712, the nobile station 119 identifies the second base
station 116. At step 713, the nobile station 119 sends a reconnect request
nmessage to the second base station 116 responsive to the step 712 of 20

I dentifying the second base station 11 I/ ferring briefly to FIG 2, the
nobi |l e station 119 sends the reconnect fequest nessage to the second base
station 116 via the digital CDVA transn1tter via line 230. Referring
briefly to FIGs. 3, &m0 =Qobil e station 119 sends the
reconnect request : ﬁgﬁase 116 as indicated by
transition 306. The fornat g t request nessage will be
described in nore detail wt erence to FIG 8. At step 714, the
nobile station 119 determnes if a reconnect grant nessage was
received fromthe second base statigpn 116 wi thin a predeterm ned
anount of tine responsive to phestep X sendi ng a reconnect
request message to the secopf badidBitati o . 308 step 30 714, the
mobi |l e station 119 deterni ifes t h§TATd0N econn¥Ct grant nessage was

received fromthe second b3se mml_m'rmm thin a predeterm ned anount

of time, the Nb \ erw se, the flowreturns to the
Mobile Statio = Jing briefly to FIG 2, the
nobile statio

base station 0
reconnect grant
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- *16- receiving the reconnect request nessage on a pagi ng code

channel . At step 715, the nobile station 119 resunes the active
call in the second coverage - area 122 with the second base station
116 on a second traffic channel : responsive to the step 714 of
receiving a reconnect grant nessage fron1%2%gi second base stationzl16.
The step 712 of identifying the second ba ation 116 generally S
conprises two steps 716 and 717. At step 716, the nobile station 119 8™
searches for a plurality of pilot signals 127, 126, 128 transnmitted by=SiHe
plurality of base‘ﬁhations 115, 116, 117, sggpectively. Referring bri BET
to 10 FIG 2, the nobile statiag 11 seargpes for a plﬁ?ality of pil ot
signal s rec® ved by the pi I@t gcanper R0 and sent {o the Se=E
control l er 203 at ne 227. \fstgb 71 t he- nobi Le atigQn E=E o
sel ects a pilot sighal ®p having the £t s@rangest signal stZegutd S
from anong the pl lity_pf pilot sig als“’b; wherein the gitlo q&ggég
126 having the stpongest signal strendth correspon@ t@ {h | | o
si gnal transm’tteﬂgy the second bage %h 1)6. - -~ /=5 EE°
Il lustrates the recdnnect request nessyg orngt used in Cs S ol
4, 5 and 7-2 in accordance wth the \pr# i fwention. Mobi[ e'Sleps o2
nmessage formats are generally described | e aforenentio ed'&l;g% A
Standard, section 6.7. The rekspnest/ requedt nmesdage is si R =324 =
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Originati on Message as described in the aforenmentioned |S-95 Standard.
The nmessage type field 801 (MSG TYPE) has 8 bits and has a binary val ue
of '00000111'. Fields 802 through 821 are exactly the sane as an
Origination Message as described in the aforenenti oned |S-95

Standard. The tine 25 f et field 822 F PN
Is 9 bits long and (EN{EEe@pgngﬁga\lt@E% B&e"'-p e that the rré(b‘?li

station 119 is currently using for its t .@ I i | ot
strength field 823 (PILOT_STRENGITH) _id eﬁ 8 t he
pilot strength of the pllgtmth ' [ tati D ntly

using for its tine reference. YIThERAFFIEf CHANNEIhaxnel
824 ?TCHREF) is 6 bits long aid GREIMTZATRON he traAGKNQWkEﬂﬁMNT QRBER is in

use for conmunications v§§ te firey ¥ 108, THEh EORWARDt

measur ed p@gﬁg L
t he phase 2 E%gt E@%ﬂ

i | ot

the pil ot SRECEIVES d BASESTA

and 826 ar e ACKNOWEEDGEMENT ORDER
report ed. ON THE FORWARD
FIG 9 illust rmEHCt(tilaNNEbconne

e zero of’Nget PN pilot. The
B26 (PI LOT STRENGTH) is 6 Pls Iorbl? and gives
tields 825
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are generally described in the aforenentioned aforenentioned |S-95
Standard, section 7.7. The reconnect grant nessage is simlar to the 5
Channel Assignnent Message as described in the aforenentioned | S-95
Standard. but is sinplified by the renoval of some fields since the

"ASSI GN_MODE" is known. The nessage typ leld 901 is 8 bits |long and

has a binary value of '00001111'. The Pnder of the nmessage fields 902
t hrough 915 that are used in the reconnect grant nmessage are fully 10
described in the Channel Assignment Message of the aforenentioned |S-

95 Standard. These fields provide the nobile station 119 with all the
information that it needs to acquire a new traffic channel with the second

base station 116. 15 "~ Thus, the present invention provides a
met hod, perforned by the ' nobil e station, for preventing the active
call from bei ng dropped when the nobile station suddenly
transitions fromthe flirst INOMATENGe AN rACIIVEO CAKle WITH A FIRS§econd cqver age
area. The present invgntion agASENSTATEON'INYA IFIRST COVERACE 680i 1 e
station 119 with advarjced not 'ARPA Q)N t]qu'th IFFI0 CRANRRNdi ti ong 20

before the call start el { 20
general ly is prqwget—by—the—rebite—statin perforntng the st eps of
determ ni ng 601 |t hat the actlve caII i s i g danger of being dropped

responsive to the nobi -." TVr Vil % om the first

coverage area 141 to t . ihg 602 the 25
first base statijon 11UW§ % ﬁ% y{o‘ #fl'g

g0§r opped
responsive to tHe sted o "‘ "”’

: @call i s 1 n danger
of being dropped. WtHh the p 8t n OYERS bW nms of € ther

AGA

NOTIFYING THE FIRST BASE STATION THAT THE R-602
ACTIVE CALL IS IN DANGER OF BEING DROPPED

DETERMINING THAT THE ACTIVE CALL WITH THE 603
FIRST BASE STATION IS IN THE PROCESS

ESTABLISHING THE ACTIVE CALL WITH THE
SECOND BASE STATION IN THE SECOND COVERAGE
AREA BEFORE THE ACTIVE CALL WITH THE
~ FIRST BASE STATION IS DROPPED

604




drbppea calls before the handoff nessagi ng can be éuccessfully conpl et ed
or the unacceptable tine delay for the recovery of a dropped call of the 30

prior art are substantially resol ved. Wil e the present

i nvention has been described with reference to illustrative

enbodi nent s thereof |t IS not |ntended that the invention be

limted to 95€ ed——n the art \&’/’035

recogni ze fhat vari at i ons and m)dl fn'ca't__l-u;nr_'_ca;n -ge':_ma:_d :Wliho_-ut—-_—_-_— .

departing fromthe spirit and scopg bf the Tnven 0 h in th@l

appended ¢} ai ns. Wat is cl 3 [red i MEASURE A TOTAL ENERGY(Io RECEIVED |
| AT SELECTED POINTS IN TIME TO 'I
lI PRODUCE SAMPLES OF. Io I |
:l 705 ||
T IS THERE A 706 |

. SHARP INCREASE OF ||
NO THE CURRENT SAMPLE OF Io

X OVER A PREVIOUSLY STORED Il

¥ SMPLE OF o l

Y H

[__STORE_THE CURRENT To | |, e 707 |l

718 | INTERGATE THE CURRENT SAMPLE OF | '
? [ TIo WITH THE PREVIOUS SAMPLE OF Io ||
| STORE THE INTERGRATED Io | |
I L /_ ____________ - I
1791 | WEASURE A SIGNAL ENERGY(Ec) FOR |
| THE ACTIVE CALL |
| | 702

I
601 — CALCULATE Ec/To |
| 705 |
| - |
) 1> |
N . Ec/To UNFAVORABLE |
| ’ |
L e e e e e e o TVIC = — = —— o — <
NOTIFY THE FIRST BASE STATION THAT
502 | THE ACTIVE CALL IS IN DANGER OF BEING
~| OROPPED BY SENDING A PILOT SIGNAL
STRENGTH MESSAGE TO THE FIRST
. BASE_STATION
- -"-"\3]-"—"—-"—--"—-— - A
603
~
L NO SEQUENTIAL BAD FRAMES

F THE ACTIVE‘, CALL RECEIVE



Clai nms 1. In a cellular radiotel ephone conmuni cati on system

I ncl udi ng at | east one switch controller, a plurality of base
stations including first and 5 second base stations, and at |east one
nobil e station, wherein a switch controller is coupled to the first
and secopeélbase stations to provide, 8/70 radi ot el gplone conmuni cation ,

t hr ougho I rst and second coveragf ar eas, ectivel y, wherein,a
nobile st@tion is in an active calllin the first cover ﬁareavvilh
the first|base station on a first tf|affic—channel and¥i0 ubhstantiall

shadowed {romtransnissions fr t he spcond bDESABIE FHE JRANSMITTER in tfe |

second coyerage area, a rrethooé,)d%Rfor sjemmuyy SERIIVIm ) —

for prevepting the active call fror’r] bei ng dropped wheX t he nobile station|

suddenly {ransitions fromthe first'!coverage area :

area, the|nmethod conprising the steps of: 15

the active call is in danger of bei EgNé:Irop S
0

o the

ﬁouzmm FRRIESNOE VSN

mobi |l e st §kion suddenlyv transitioni d h .

to the se®ond coverage area,; ! rmt T:&?&'ﬁl E}r@[}p

station that the active call is in Hanger of |
responsiveé to the step of determ’nipgthat t he "¢ i% | g in |
danger of |bei ng dropped; - det er mi ni no~ Wz e active call
with the {irst base stationis in the process JOyggei ng dropped |
responsivg to the step of notifyingtthe +i +st—base— - | - — statd eh that- t-he
active call is in danger of being dro ;, —_— _— —ang 25_—::_—_—:_'1

establishing the active call with tpl second base st ay

| SEARCH FOR PILOT SIGNALS TRANSMITTED
|I BY THE BASE STATIONS |:
| 717~ 716 |

A SELECT A PILOT SIGNAL HAVING THE
STRONGEST STRENGTH

713

| SEND A RECONNECT REQUEST MESSAGE TO
THE SECOND BASE STATION

714

WAS A RECONNECT
GRANT MESSAGE RECEIVED
FROM THE SECOND BASE STATION

WITHIN A PREDETERMINED
AMOUNT ,,OF TIME

NO

YES (715
RESUME THE ACTIVE CALL IN THE SECOND
COVERAGE AREA WITH THE SECOND BASE
STATION ON A SECOND TRAFFIC CHANNEL

-

FIG.7-2



second coverage area before the active call with the first base station is

dropped responsive to the step of determning that the active call with the
first base station is in the process of being dropped. 30 2. A

met hod for preventing the active call from being dropped accordi ng

to claim1 wherein the step of deternigyyhﬁhe active call is in

danger of being dropped further conpri he step of:

nonitoring a total energy received by the nobile station;

measuring a signal energy for the active call received by the nobile 35

station; calculating a ratio of the S|gnal _energy to the
total energy; and et ef-rpae q i s unfavorabl e
to indicate that acti eFHﬂDI is |EEu£NBHK)of belng dr opped.

-20 - et ROt or—PFCverf 2 from bei ng
dr opped aé@l) ol M§G t YPE[000061H ) wher 8 n t he step of mghitoring the
steps of . B02LFWCRR Y T TR A eneray recei ved by e mobile
station at sel ect®g3 S~ MSGFSED”tS in ting tp produce sanpleq of the total
energy including at | gast—ohe

804 — ACK_REQ 1

805 — VALID_ACK 1

806 — ACK_TYPE 3
807 ~ NSID_TYPE 3

808 —~ MSID_LEN 4
809 — WNSID 8 x MSID_LEN
810 — AUTH_MODE 2

811 — AUTHR 0 OR 18
812 ~ RANDC . OO0RB
813 —~ COUNT 0 OR 6
814 — MOB_TERM 1

815 — SLOT_CYCLE_INDEX J

816 —{ MOB_P_REV 8

817 — SCM 8

818 — REQUEST_MODE 3

819 —| SPECIAL_SERVICE 1

820 — SERVICE_OPTION 0 OR 16
821 — PN 1
822 —~| REF PN g

823 ~ PILOT_STRENGTH b

824 —~| TCH_REF 6

825 —| PILOT_PN:PHASE 15

826 — PILOT_STRENGTH b

FIG.8



s

prfevi ous sanple and a current sanple of the total
determ ning that the current sanple of the tota
| east one previous sanple of the total

than the at

pr edet er mi ned anount ;

energy with the at

produce an integrated total

energy;
energy i s greater

energy by a

integrating the current sanple of total

gmeyygus sanple of the total energy to
storing the

10
| east one
energy;

integrated total energy to produce a stored total energy. 15 4. A
met hod for preventing the active call from being dropped accordi ng
to claim1 wherein the s %T motTryrng iﬂlﬁfﬁ ase stattpn that

the active call is in da of being dropp 1 r _conprisgs the step

of : S i n gt nmessage to jhe first base
station i ndie@g*i e‘i@f.lr | Q@ogﬁﬂen ﬁrs] of a pluralitylof pilot

signals transm tted by

5. A net hod for
according to claim 8
sequential franes,

with the first base

conprises the step

nunber of the plurality
wi t hi n 05+

det erm ni ng,
sequenti al

franmes of_ the

E OR MORE OCCURRENCESY OP' THECFOLLOWING' RECORD ' especti vely.
preve ed
=rkﬂKnSE01e actlve cal B |ncI udes a pI ur@lity of
TIITDLC of—deternTn fret—ttre—eagti ve call 25
%‘F OM'SGI_SQI’I tphe proc bsé of g;ng droppeg further
deferim i ng that a predeferm ned
-?ﬂAGQFEQ seguent a[|1 f?anes aLapunac ept abl e; and
pOPALEp MCKed anount Joff time, that no t 30
' Pt cept abl e.
906 — "ADD_TYPE 3
907~ ADD_LEN 4
908 — ADDRESS 8 x ADD_LEN
9097 ADD_RECORD_LEN 3
910~ FREQ_INCL 1
911~ CODE_CHAN 8
912 — CDMA_FREQ 0 OR 11
913 —~ .FRAME_OFFSET 4
914 ENCRYPT_MODE 2
915~ RESERVED 0-7(AS NEEDED) I

FIG.9




¥

121- 6. A method for preventing the active=calF=freormbeiT
-dropped according to claim1 wherein the steﬁ ofa“b%(txabh‘sﬁﬁhﬁ't e
active call wth the second base station in tihe sec@fl j¢ qgﬁg '
area further conprises the - : steps of: 5 rD?te +deﬂt1?y1 gt fe
second base station;. sendi ng a reconneé‘F—reqcrest"TTE‘S'SHg—-fo
the second base:station . respo e to the step of identifying the
second base station; ' recei ving a reconnect grant nessage from
t he second base station ~within a predetermi ned amount of tine

responsive to the step o ' o
second base .station; waﬂﬁgﬁl“f"?‘é‘?ﬁh'?ﬁ? R Me Carr:es;sztg?hgo the

“second cover age ar PURING AMANDOFFINSACKADMEEEPHQNES)?SE%COM

traffic -channel responsive to the step of - receiving a reconnect
grant nessage-fromthe second base station. 15 ' 7. A et hod for
preventing the ‘active call from being dropped according to claim®6

wher ei nt he step of identifyi ng tﬂgmlﬁm@at i on further
conprises the steps of: searching tor a pl urality of pil ot
Si gnal s transmtted by the plurality

The present invention relates generally to rad1ote1ephone systems

and, more particularly, to a method, performed by a mobile station, for
‘preventing an active call from being dropped when the mobile station

10 suddenly transitions from a first coverage area toa second coverage area of
a radlotelephone system.

Egg]sgmd_eﬂhﬂmmmn

15 Radiotelephone systems are generaily well known in the art. A
~ particular type of radiotelephone system is a cellular radiotelephone
syét'em. ‘Cellular radiotelephorie‘systems- generally include a switch _
controller coupled to a public switched telephone network (PSTN) and a
plurality of base stations. Each of the plurality of base stations generally |
20 defines a geographlc region proximate to the base station to produce _
coverage areas. One or more mobile stations communicate with a base
station that facilitates a call between the mobile station and the public
. switched telephone network. A detailed description'of a cellular
: radiotelephone system is described in the book “Mobile Cellular
25 Communications Systems” by Dr. William C. Y. Lee, 1989.
| _ ‘A handoff in a cellular radlotelephone system is defined as a
transition between the mobile station communicating with a first base
station supporting a first coverage area and the mobile station
_ communicating with a second base station supporting a second coverage
30  area. The handoff may .be either base control_led mobile controlled, or base
' and mobile controlled. A mobile assisted handoff (MAHO) is defined as a .
base controlled handoff that uses information provided by the base statlon _
as well as information prov1ded by the mobile station.
Handoffs are further characterized as being hard handoffs or soft
35 _haridoffs. During a hard handoff communication between the mobile



‘of base statlons respectively; and 20 -
havi ng the strongest signal strength froff2"
pllot signals, wherein the pilot signal having the

sel ecting
anong t he

 REPHOCEVEYT SHEET

:):Dg {% al )Qt‘,'y MAR 008

base Station o5 AMETHULROR SEVENTING A ROB¥ED AL ffﬁﬁ?”d :

bei ng dr opped DUHNGLMH]@NDDBF&NMWOEIELEBHONF&BYSH‘EMCQ Vi ng a
‘reconnect request ' nmessage further conprises the step of:
receiving the reconnect request nessage on a pagi'ng code channeL

5 , - g

A method, performed by a mobile station (119), prevents an active
call from being dropped when the mobile station (119) suddenly
transitions from a first coverage area (121) to a second coverage area (122)

10  ina code division multiple access (CDMA) cellular radiotelephone system
(100). - The active call is determined (601) to be in danger of being dropped
responsive to the mobile station (119) suddenly transitioning from the
first coverage area (121) to the second coverage area (122). The first base
station (115) is notified (602) that the aétive call is in dangér of being

15 dropped responswe to the step of determining (601). The active call with
the first base station (115) is determined (603) to be in the process of bemg
‘dropped responsive to the step of notifying (602). The active call is
established (604) with the second base station (116) in the seéond_"coverage
area (122) before the active call with the first base station (115) is dropped

20 responsive to the step of determining (603).




