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CROSS- REFERENCE TO RELATED APPLI CATI ONS ‘ This is a
continuation-in-part of serial nunber 07/568, 051, filed August 16,
1990. FI ELD OF THE INVENTICN The

pr esent |nvent|on is directed to a
' A METHOD AND APPARATUS FOR ENHANCING SIGNALLING

RELIABILITY IN A CELLULAR MOBILE RADIO TELEPHONE SYSTEM

CROSS—-REFERENCE TO RELATED APPLICATIONS

This is a continuation-in-part of serial

number 07/568,051, filed August 16, 1990.
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The present invention is directed to a
cellular mobile radioc telephone system which enhances
signalling reliability between the base and mobile

5 stations. More particularly, the present invention
relates to a method and apparatus whereby a channel
reuse plan or a dynamic/adaptive channel allocation
rule of the cellular mobile radio telephone system is
temporarily modified to allow adjacent base stations to

10 use particular channels not aésigned to them to enhance
the signalling reliability to the mobile station. The
present may be implemented in systems using FDMA, TDMA.
or CDMA.

BACKGROUND O H NTION

15 In cellular mobile radio telephone systems,
it is fundamental that a mobile station with an
established connection on a radio channel be able to
maintain the established connection when moving from
one cell served by one base station to another cell

20 served by another base station. It is also desirous
that a mobile station within an established connection
on a radio channel be able to maintain the established
connection within the same cell when that radio channel
is subject to increased interference. The process by

25 which a mobile station is able to maintain an
established connection when moving from cell to cell is
the handoff operation. '

According to conventional cellular systenms,

both FDMA (frequency division multiple access) and TDMA

W )
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‘cellular nobile radio tel ephone system whi ch enhances signal l'ing

reliability between the base and nobile 5 stations. More
particularly, the present invention relates to a nethod and
appar at us whereby a channel reuse plan or a dynam c/adaptive channel
al I ocation rule of the cellular nobile radio tel ephone systemis
tenporarily nodified to all ow adj acent base stations to 10 use
particul ar channels not assigned to themto enhance the signalling
reliability to the nobile station. The = 2 - present may be inplenented in
systens using FDVA, TDMA or CDVA

BACKGROUND OF THE | NVENTI QN 1 In cellular nobile radio

t el ephone syst enEime d1V15%qn|@¥y§ﬁﬂiﬁniﬂﬁ%ssﬂh&FlégnBEPFé station with an
est abl i shed conmEsiquendies dridiempligie|fdie pridvddiag mobile BBaAGtiahs t he

est abl i shed con‘pghkoneﬁg coveré&iflfmphe base s%agloglbl§grvegum%eone base

station to anot Her
of communication channels. In CDMA (code division

5 multiple access), one wide radio frequency band that
has no predetermined time slots is shared by all mobile
stations. Within that frequency band, plural mobile
stations may simultaneously transmit over plural
channels by frequency shifting each carrier wave

10 corresponding to a particular mobile station according
to a different code. Accordingly, in FDMA, each
channel is assigned to a different frequency; in TDMA,
each channel is assigned to a corresponding time slot
or time slots for transmission over cne frequency; and

15 in CDMA, each channel is assigned a different code.
Each of these communication channels are typically
unique with respect to adjacent base station coverage
areas.

Cellular mobile radio telephone systems often

20 require some type of channel use or allocation plan for
determining which communication channels are to be used
by mobile stations in a particular cell via a
corresponding base station. For example, FDMA systenms
typically include a frequency reuse plan which places

25 restrictions on the reusing of frequencies allocated to
adjoining cells. The frequency reuse plan precludes
adjacent cells from utilizing the same frequencies in
order to avoid problems due to co-channel interference.
TDMA systems typically include a fregquency/time slot

30 reuse plan which places restrictions on the reusing of
combinations of frequencies and time slots allocated to
adjacent cells. A plan for reuse of time slots on
frequencies in a TDMA system may preclude adjacent
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20 served by another base station. It is also desirous that a
nmobil e station within an established connection on a radi o channel
be able to maintain the established connection within the sane cel
when that radi o channel is subject to increased interference. The
process by 25 which a nobile station is ableto nmaintain an

est abl i shed connection when noving fromcell to cell is t he handof f
oper ati on. Accordi ng to conventional cellular systens,
both FDVA (frequency division nmultiple aec8ss) and TDVA

cells from utilizing the same time slot of the same
frequency in order to avoid problems due to co-channel
interference.
Instead of fixed allocation of channels
5 according to a reuse plan, some cellular systenms
dynamically or adaptively allocate communication
channels. All of the channels become a common resource
for all cells to be allocated in accordance with
prevailing traffic. Nevertheless, the use of the same
10 channels in adjoining or neighbor cells may have to be
precluded in order to avoid problems due to
interference.
Message signalling, such as commanding a
handoff, is usually carried out through communication
15 between the mobile station and the base station with
which the mobile station has an established connection.
In a known analog cellular network, the base station
continuously monitors the signal strength of the call
connection with the mobile station, and if the signal
20 strength is determined to be lower than a particular
threshold, a central switching control unit will
initiate a handoff procedure. A target base station
and an associated channel will be determined for the
mobile station, and the mcbile station will be
25 instructed to tune to the selected channel of the
target base station. However, this instruction is sent
by the original base station, and if the mobile station
has already left the coverage area of this base station
or the message is inhibited by interference, the
30 handoff will be unsuccessful, thus leading to a
disconnection of the call connection.
U.S. Patent No. 4,811,380 issued to Spear on
March 7, 1989, offers a proposed solution to this
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2. (tinme division multiple access) using plura

frequenci es are enpl oyed for providing nobile stations within the
coverage of the base station with a nunber of conmuni cati on
channels. In CDVA (code division 5 mul tipl e access), one wi de radio
frequency band that has no predetermned tine slots is shared by al
nobi | e stations. Wthin that frequency band, plural nobile
stations may sinmultaneously transmt over plural channel s by
frequency shifting each carrier wave 10 - 4 gorresponding to a particul ar
nobi |l e station according to a different code. Accordingly, in FDVA
each

problem by disclosing a cellular radio telephone systenm
with dropped call protection. The disclosed system
operates in such a manner that if a handoff command
sent by a base station is not received by the mobile

5 station, the mobile station determines that the call
connection has been lost. The mobile station scans the
control channels in order to request a connection via a
control channel associated with a base station with the
highest signal strength available. This base station

10 is most likely the target base station for the handoff,
and the switch controller will request a reconnection
of the call. The mobile station thereafter is assigned
a traffic channel on a new frequency from the target
base station. This procedure requires modifications of

15 presently used cellular standards like TACS, IS-3 and
IS-54, before it can be used in such systems.

o (& OF T PRESEN NTIO
It is a general object of the present
20 invention to provide a cellular telephone system which
achieves greater signalling reliability between base
and mobile stations.
Another object of the present invention is to
provide a cellular mobile radio system which achieves
25 greater signalling reliability between base and mobile
stations but is compatible with many presently
installed or systems planned according to applicable
standards.
It is a further object of the present
30 invention to provide a cellular telephone system which
ensures that handoff commands sent by a land system are
received correctly by the mobile station, so that the
handoff of a call connection will be successful.
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channel is assigned to a different frequency; in TDVA each channel

Is assigned to a corresponding tine slot or tinme slots for

transm ssion over one frequency; and 15 in CDVA, each channel is
assigned a different code. Each of these comruni cation channels are
typically uni que with respect to adjacent base station coverage

ar eas. Cellular nobile radi o tel ephone systens often 20
require sonme type of channel use or aIIocgtgon pl an for determ ni ng
whi ch conmmuni cation channels are to be used® ~ by nobile stations in a
particular cell via a correspondi ng base station. For exanple,
FDMA syst ens LYP! Colddlid {0 G dARAUE Shel BlERS AAT NYAET B aCes
25 restrictions on the reusing of frequencies al {0

adj oi ning cells. “id RatpRMAPRAIANE Wikh Fefananee to the fadilewdng cells
fromutilizing thiesarpdidiuaitiate ld?.:companyir@j @awigga\oi d problems due

to co-channel interference. TDVA systens typically include a
frequency/tinme slot 30 reuse plan which places restrictions on the
reusi ng of S OF NTIO

5 It is essential that messages, such as

handoff commands, which are sent by base stations are
received accurately and correctly by mobile stations in
a cellular telephone system. The reception of these
messages is critical in spite of possible bad

10 transmission quality which may be experienced in a
cellular call connection, particularly during a handoff
operation. Handoff signalling, as well as other
message signalling, necéssarily must be transmitted in
a more reliable manner than speech, since the loss of

15 the call connection or other trouble in the handling of
a call connection is less acceptable to cellular
subscribers and operators than casual disturbances to
speech within a call connection.

Accordingly, the present invention is

20 directed to a method and apparatus which achieves
reliable transmission of signalling messages in the
cellular system when the present call connection has
poor radio characteristics associated therewith. 1In a
particular embodiment of the present invention, if

25 messages, such as handoff commands, being communicated
between a base station and a mobile station are not
properly received by the mobile station, an alternate
signalling path will be established to ensure the
reception of these messages. The alternate signalling

30 path is provided by repeating the message through a
communications channel associated with a base station
which has better radio characteristics. For example,
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conbi nati ons of frequencies and tine slots allocated to adj acent

cells. Aplan for reuse of tine slots on frequencies in a TDVA
system may precl ude adjacent .
- 3- -

-6 =

in a FDMA system the channel selected for transmission
of the message by the new base station will be on the
same frequency as that used by the present connection.
In a TDMA system, the channel selected for transmission

5 of the message by the new base station will be in the
same time slot of the same frequency as that used by
the present connection. In a CDMA system, the channel
selected for transmission of the message by the new
base station will be coded in the same way as that

10 used by the present connection. This type of
signalling may violate the original channel allocation
plan of the cellular system, but is acceptable in order
to save the call connection from being disconnected.

A further embodiment of the present invention

15 is directed to specific handoff signalling between the
base and mobile stations. A typical problem
encountered is when a handoff command has been
transmitted by the original base station over a unique
communications channel and the handoff command has been

20 acknowledged, however, no new call connection with the
target base station has been established because the
target base station is too distant or was chosen by
mistake. In this situation, the present invention
operates to allow the original base station to order

25 that mobile station attempting to communicate on a new
channel via the target base to revert to the original
base station. During the reversion, this new channel
used by the mobile station is associated with the
attempted, target base station and not the original

30 base station. Thus, the channel allocation plan of the
cellular system is temporarily violated by allowing the
original base station to send an order via this new
channel.
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cells fromutilizing the sane tine slot of the sanme frequency in
order to avoid problens due to co-channel I nterference.

I nstead of fixed allocation of channels 5 - according to a reuse plan,
sone cellular systens - dynam cally or adaptively allocate

conmmuni cati on channels. Al of the channels becone a conmon resource
for all cells to be allocated in accordance with prevailing traffic.
Nevert hel ess, the use of the sane 10 channel s i n adj oi ni ng or nei ghbor
cells may have to be precluded in order to avoid problens due to

I nterference. Message skgpakling, such as commanding a
handoff, is usually carried out through conmunication 15 bet ween the
nobil e station and the base station with whi ch the nobile station
has an established connecti®dnfurther emho&ixﬂewmwﬁartaieogmaaelnﬂ dnviestodonk

E:QFI base Staz:l)gge.ct | onvevﬁcgﬂtﬁﬂ%%ﬁ e sta rb}nqber%ag%%t e SI gnzilt&h%f the
mobile station from the target base station on the
unique channel normally associated with the original

5 base station of the call connection. This situation
occurs when the mobile station does not receive and
fails to acknowledge a handoff command sent by the
original base station. 1In this situation, it is
advantageous to switch the transmitter of the original

10 base station from the unique channel being utilized to
a temporary off state or to a different channel in
order to avoid disturbing the signalling occurring
between the target base station and the mobile
station. Furthermore, in the situation where a handoff
15 to a new channel is performed but no connection is
established, the handoff command to revert to the
original base station is provided by the original base
station on a new channel not normally associated with
the original base station as described above. In this
20 case, it is an advantage to switch temporarily the
transmission from the target base station from the new
channel normally associated with the target base
station to an off-state or to a unigque channel normally
associated with the original base station in order to
25 avoid disturbing the signalling between the original
base station and the mobile base station.

A further embodiment of the present invention
is directed to handoff signalling in a cellular system
using adaptive channel allocation, sometimes called

30 dynamic channel allocation. In such a system, there is
no fixed channel plan, and communication channels
selected for allocation, i.e., frequencies in an FDMA
system, or frequency/time slot combinations in a TDMA
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20 strength is determned to be |ower than a particul ar

threshold, a central swtching control unit wll Initiate a handoff
procedure. A target base station and.an associ ated channel w Il be
determned for the mobi |l e station, and the nobile station will be
25 instructed to tune to the sel ected.channel of the t ar get
base station. However, this instruction is séent by the origina
base station, and if the nobile station has already left the
coverage area of this base station or the message is inhibited by

I nterference, the 30 handoff wi |l be~ufisliccessful, thus | eading to a

di sconnection of the call connection. U. S. Patent No.

4,811, 380 issueds}giéyﬁaéréwkhose cha&ﬁgfg]ﬂavfggﬂ%héﬁf3W€%ta proposed

solution to this
disturbance level. Conventionally, the handoff order

is given by the original base station in such systems.
According to the present invention, a handoff order is

5 transmitted by the target base station, either after
having sent the order via the original base station
first, or directly, without first sending the order via
the original base station. One reason for transmitting
handoff orders by way of the target base station is

10 that the target base station generally has lower path
loss to the mobile station than the original base

station.
BRIEF DESC OF THE DRAWINGS
Fig. 1 illustrates part of a cellular
15 telephone system with cells, a mobile switching center,

base stations, and mobile stations;

Fig. 2 illustrates a block diagram of a
digital mobile station which is utilized in accordance
with the present invention;

20 Fig. 3 illustrates a block diagram of a
digital TDMA base station which is utilized in
accordance with the present invention; and

Fig. 4 is a flowchart which illustrates a
method for signalling a handoff operation by the mobile

25 switching center according to the present invention.

DE SCR ON_O Q
Fig. 1 illustrates ten cells Cl to C10 in a
cellular mobile radio system. In actual practice, the
method and means according to the present invention are
30 implemented in a cellular mobile radio system
comprising many more cells than ten. However, for the
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- 4- probl em by disclosing a cellular radio tel ephone system

with dropped call protection. The disclosed system operates in such
a manner that if a handoff command sent by a base station is not
received by the nobile 5 station, the nobile station determ nes that

t he call connection has been |ost. The nobile station scans the

control channels in order to request a connection via a

purpose of explaining the present invention, ten cells
is deemed to be sufficient.

For each of these cells Cl1 through Cl10 there
is a base station Bl through B10, respectively, with

5 the same number as the cell. Fig. 1 illustrates base
stations situated in the vicinity of the center of the
cell and having omni-directional antennas. The base
stations of adjacent cells may, however be allocated in
the vicinity of cell borders and have directional

10 antennas as is well known to those of ordinary skill in
the art.

Fig. 1 also illustrates ten mobile stations
M1 through M10 which are movable within a cell and from
one cell to another cell. In actual practice, the

15 method and means according to the present invention are
implemented in a cellular mobile radio system
comprising many more mobile stations than ten. 1In
particular, there are usually many more mobile stations
than there are base stations. However, for the purpose

20 of explaining the present invention, the use of ten
mobile stations is deemed to be sufficient.

The system of Fig. 1 also includes a mobile
switching center MSC. The mobile switching center is
connected to all ten illustrated base stations by

25 cables. The mobile switching center is also connected,
by cables, to a fixed public switching telephone
network or similar fixed network with ISDN facilities.
All cables from the mobile switching center to the base
stations and cables to the fixed network are not

30 illustrated.

In addition to the mobile switching center
illustrated, there may also be another mobile switching
center connected by cables to other base stations than
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control channel associated with a base station with the hi ghest

signal strength avail able. This base station 10 Is nost likely the
target base station for the handoff, and the switch controller wll
request a reconnection of the call. The nobile station thereafter

I s assigned a traffic channel on a new frequency fromthe target
base station. This procedure requires nodifications of 15 presently
used cel lular standards |ike TACS, 1S3 and | S-54, before it can be
used in such systens. OBJECTS OF THE PRESENT | NVENTI ON
It is a general object of the present 20. 19 -invention to provide a

cel lul ar tel ephone system which achi eves greater signalling
reliability between base and nobil e stations.

Anot her obj ect othbbe pLiastratedebhi Pdgislio Instead ¢f avdlslees, csitet ar
mobi | e radi o systemuhigh BENLEYEE:E] tor nALEAS nALHNE! LA & T ATty
switching center communication, e.g. fixed radio links.
The cellular mobile radio system illustrated
5 in Fig. 1 comprises a plurality of radio channels for
communication. The system is designed both for analog
information, e.g. speech, digitized analog information,
digitized speech, and pure digital information.
According to the system, the term connection is used
10 for a communication channel established between a
mobile station and another mobile station in the same
system or another system, or a fixed telephcne or
terminal in a fixed network connected to the cellular
mobile radio system. Thus, a connection may be defined
15 as a call where two persons are able to talk to each
other, but also may refer to a data communication
channel where computers are exchanging data.
Furthermore, a communications channel, or simply a
channel, is defined as a particular signalling path
20 between a mobile and a base station. A channel may
include, but is not limited to, a specific frequency
in a FDMA system, a specific time slot or set of time
slots in TDMA, and a specific coding in CDMA.
Referring now to Fig. 2, a mobile station of
25 the digital TDMA type which can be used in a cellular
mobile radio system that operates in accordance with
the present invention is illustrated. The mobile
station works according to the IS-54 standard where
control channels are analog but voice/traffic channels
30 are digital. A speech coder 101 is provided for
converting the analog signal generated by a microphone
into a bit data stream. In the preferred embodiment,
the bit data stream is divided into data packages,
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‘stations but is conpatible wth many presently i nstall ed or systens

pl anned according to applicable st andar ds. It is
a further object of the present 30 i nvention to provide a cellular
t el ephone system which ensures that handoff conmands sent by a | and
system are received correctly by the nobile station, so that the
handof f of a call connection will be successful.

..11..

according to the TDMA principle. A fast associated
control channel (FACCH) generator 102 is utilized for
the signalling of control and supervision messages
between the land-based system and the mobile station
5 and messages between the mobile station and the land-
based system. The FACCH message replaces a user frane
(speech/data) whenever it is to be transmitted. A slow
associated control channel (SACCH) generator 103
provides a continuous channel for the exchange of
10 signalling messages between the base station and the
mobile station and vice-versa. A fixed number of bits,
e.g. twelve, is allocated to the SACCH for each time
slot of the message train. Channel coders 104 are
respectively connected to the speech coder 101, FACCH
15 generator 102, and SACCH generator 103 for
manipulating the incoming data in order to carry out
error detection and correction. The techniques used by
the channel coders 104 are convolutional encoding,
which protects important data bits in the speech code,
20 and cyclic redundancy check (CRC), wherein the
perceptually significant bits in the speech coder
frame, e.g. twelve bits, are used for computing a seven
bit check.
A two-burst interleaver 106 is connected to
25 the channel coders 104 associated with the speech coder
101 and the FACCH generaﬁor 102, respectively. The
interleaver 106 is contreclled by the microprocessor
controller 130 so that at appropriate times user
information over a particular speech channel is
30 replaced with system supervision messages over the
FACCH. Data which is to be transmitted by the mobile
station is interleaved over two distinct time slots.
The 260 data bits, which constitute one transmitting

This Sheet Has Been Rep

LT



‘Addi ti onal objects of the present invention wi || becone apparent

with reference to the follow ng description and the acconpanyi ng
dr awi ngs. SUMMARY OF THE | NVENTI ON 5

It is essential that nmessages, such as handof f commands, which are
sent by base stations are recei ved accurat'ely and correctly by
nobil e stations in a cellular tel ephone system The reception of

t hese nmessages is critical in spite of possible bad 10

transm ssion quality which may be experienced in a cel lul ar cal
connection, particularly during a handof# 12 = oper ati on. Handoff

signalling, as well as other

word, are divided into two equal parts and are allotted
two consecutive time slots. The effects of RAYLEIGH
fading will be reduced in this manner. The output of
the two-burst interleaver 106 is provided to the input
5 of a modulo~two-adder 107 so that the transmitted data
is ciphered bit by bit by logical modulo-two-addition
of a pseudo~random bit stream.
The output of the channel coder 104
associated with the SACCH generator 103 is connected to

10 a 22-burst interleaver 108. The 22-burst interleaver
108 is operable for interleaving data transmitted over
SACCH over 22 time slots each consisting of 12 bits of
information.

The mobile station further includes a Sync

15 Word - DVCC generator 109 for providing the appropriate
synchronization word and DVCC which are to be
associated with the mobile station. The
synchronization word is a 28 bit word used for time
slot synchronization and identification. Three

20 different slot identifiers are defined, one for each
time slot. The DVCC (digital verification color code)
is an 8-bit code which is sent by the base station to
the mobile station and vice-versa, for assuring that
the proper channel is being decoded.

25 A burst generator 110 is provided for
generating message bursts which are to be transmitted
by the mobile station. The burst generator 110 is
connected to the outputs of the modulo-two-adder 107,
the 22-burst interleaver 108, the sync word/DVCC

30 generator 109, and an equalizer 114, and the control
channel message generator 132. A message burst
comprising data (260 bits), SACCH (12 bits), sync word
(28 bits), coded DVCC (12 bits), and 12 delimiter bits,

This Sheet Has Been Replaced

AR




message signalling, necessarily nust be transmtted in a nore
reliabl e manner than speech, since the |oss of 15 the call connection
or other trouble in the handling of a call connection is |ess
acceptable to cellular subscri bers and operators than casual

di sturbances to speech within a call connection.

Accordingly, the present invention is 20 “ directed to a nethod and
appar at us whi ch achi eves reliable transm ssion of signalling
nmessages in the cel lul ar system when the present call connection
has poor radi o characteristics associated therewith. In a
particul ar enbodi nent of the present i nVehfion, if 25 nmessages, such as
handof f commands, bei ng conmuni cat ed bet ween a base station and a

nobil e station arenek fPr a g ﬁgpg 4eg ve rQ é@gg |Ie station, an
t €én

alternate S|gnal ng p e es sure t he
reception of t heseomrddinggss. thhetameeshatefergnulSpﬁ918®ed by pheh is

provi ded by TePegbhRErle1AhITA0es-BkQUIbnder the setQEENPECELARSLCHENNC!
associated with a base station
the microprocessor 130, two different types of message
5 bursts are generated by the burst generator 110:
control channel message bursts from the control channel
message generator 132 and voice/traffic message bursts.
The control channel message replaces the SACCH as well
as the speech data normally generated in a
10 voice/traffic burst.

The transmitting of a burst, which is
equivalent to one time slot, is synchronized with the
transmitting of the other two time slots, and is
adjusted according to the timing provided by the

15 equalizer 114. Due to time dispersion, an adaptive
equalization method is provided in order to improve
signal quality. A correlator adjusts to the timing of
the received bit stream. The base station is the
master and the mobile station is the slave with respect

20 to frame timing. The equalizer 114 detects the
incoming timing and synchronizes the burst generator
110. The equalizer 114 is also operable for checking
the sync word and DVCC for identification purposes.

A 20ms frame counter 111 is coupled between

25 the burst generator 110 and the equalizer 114. The
frame counter 111 updates a ciphering code utilized by
the mobile station every 20ms, once for every
transmitted frame. It will be appreciated that in the
disclosed embodiment, three time slots make up one

30 frame. However, the invention is equally applicable to
cellular mobile radio systems which utilize any given
number of time slots per frame. A ciphering unit 112
is provided for generating the ciphering code utilized
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whi ch has better radio characteristics. For exanpl e,

- 6- in a FDVA system the channel selected for transm ssion
of the nmessage by the new base station will be on the
- 14 -

by the mobile station. A pseudc random algorithm is
preferably utilized. The ciphering unit 112 is
controclled by a key 113 which is unique for each
subscriber. The ciphering unit 112 consists of a

5 sequencer which updates the ciphering code.

The burst to be transmitted is produced by

burst generator 110 and forwarded to an RF modulator
122. The RF modulator 122 is operable for modulating a
carrier frequency according to the r/4-DQPSK method

10 . (m/4 shifted, Differentially encoded Quadrature Phase
Shift Keying). The use of this technique implies that
the information is differentially encoded, i.e. 2 bit
symbols are transmitted as four possible changes in
phase; + /4 and + 3r/4. The transmitter carrier

15 frequency supplied to the RF modulator 122 is generated
by a transmitting frequency synthesizer 124 in
accordance with the selected transmitting channel.
Before the carrier frequency is transmitted by an
antenna, the carrier is amplified by power amplifier

20 123 and connected to the antenna via a time switch 134.
The RF power emission level of the carrier frequency is
selected on command by a microprocessor controller 130.
The time switch 134 is operated by the microprocessor
controller 130 in a TDMA system to connect the power

25 amplifier 123 with the mobile station antenna in
synchronization with the transmitting time slot and
the receiver 126 with the antenna in synchronization
with the receiving time slot.

A receiver carrier frequency is generated in

30 accordance with the selected receiving channel by
receiving frequency synthesizer 125. Incoming radio
frequency signals are received by receiver 126, the
strength of which are measured by signal level meter

This Sheet Has Been Repl

i




sane frequency as that used by the present connection. In a TDVA

system the channel selected for transmssion 5 of the nessage by the
new base station will be in the same time slot of the sane
frequency as that used by the present connection. In a CDVA system
t he channel selected for transm ssion of the nmessage by the new
base station will be coded in the same way as that 10 used by the
present connection. This type of signalling may violate the
original channel allocation plan p§ the cellular system but is
acceptabl e in order to save the call connection from being

di sconnect ed. A further enbodi nent of the present

i nvention 15 129is Theeréedivedspignél cstinenigtlh wabuweal is nghéetseen t he
base and nobil e t L, O. ' p engcougtered is when a
handof f connand % H§cr@b£¥9é§$br égg%?gll%éﬂ % or%glnal base station
over a uni que demOdU1é§ﬁﬁuh32athﬂb ERaRHEes afe t rRCLYRBf $aEBh&ENd has

been 20b aCfﬁ@&hﬁﬁaﬁdfrbﬂV\@HS L lreBﬁlgﬁg(; Cﬁféq@&w%y%é\éiﬂai— he2s
target ase Statlgnthgsra gggguehgy651g§gfugrom receiver 126,

demodulates the radio frequency carrier signal, thus
generating an intermediate frequency. The intermediate
frequency signal is then demodulated by an IF
demodulator 128, which restores the original n/4-DQPSK

10 - modulated digital information.

The restored digital information provided by

IF demodulator 128 is supplied to the equalizer 114. A
symbol detector 115 converts the received two bit
symbol format of the digital data from the equalizer

15 114 to a single bit data stream. The symbol detector
115 in turn produces three distinct outputs. Any
speech data/FACCH data is supplied to a modulo-two-
adder 107 and a two-burst deinterleaver 116. The
speech data/FACCH data is reconstructed by these

20 components by assembling and rearranging information
from two consecutive frames of the received data.
Control channel messages are sent to a control message
detector 133 which supplies detected control channel
information to the microprocessor controller 130. The

25 symbol detector 115 supplies SACCH data to a 22-burst
deinterleaver 117. The 22-burst deinterleaver 117
reassembles and rearranges the SACCH data which is
spread over 22 consecutive frames.

The two-burst deinterleaver 116 is coupled to

30 two channel decoders 118 for providing the speech
data/FACCH data thereto. The convolutionally encoded
data is decoded using the reversed principle of coding.
The received cyclic redundancy check (CRC) bits are
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target base station is too distant or was chosen by m st ake.
this situation, the present invention operates to allow the
original base station to order 25 that nobile station attenpting to
comuni cate on a new channel via the target base to revert to the

ori gi nal

base station. During the reversion, this new channel

used by the nobile station is associated with the at t enpt ed,
base station and not the original 30 base station. Thus, the channel
al l ocation plan of the cellul ar. ggstemis tenporarily violated by

all owi ng the
channel .

10

15

20

25

30

original base station to send an order via this

checked to determine if any error has occurred. The
FACCH channel decoder furthermore detects the
distinction between the speech channel and any FACCH
information, and directs the decoders accordingly. A
speech decoder 119 processes the received speech data
from the channel decoder 118 in accordance with a
speech coder algorithm (VSELP), and generates the
received speech signal. The analog signal is finally
enhanced by a filtering technique. Messages on the
fast associated control channel are detected by the
FACCH detector 120, and the information is transferred
to the microprocessor controller 130.

The output of the 22-burst deinterleaver 117
is provided to a separate channel decoder 118.
Messages on the slow associated control channel are
detected by SACCH detector 121, and the information is
transferred to the microprocessor controller 130.

The microprocessor controller 130 controls
the mobile station activity and the base station
communication, and also handles the terminal keyboard
input and display output 131. Decisions by the
microprocessor controller 130 are made in accordance
with received messages and measurements made. The
keyboard and display unit 131 enable an information
exchange between the user and the base station.

Fig. 3 illustrates a base station of the
digital TDMA type that can be employed in a cellular
mobile radio system that operates in accordance with
the present invention. The base station incorporates
numerous component parts which are substantially
identical in construction and function to component
parts of the mobile station illustrated in Fig. 2 and
described in conjunction therewith. Such identical

In
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-7- A further enbodi ment of the present invention

I nvol ves a handoff conmand being transmtted to the nobi | e station
fromthe target base station on the uni que channel nornally
associated with the original 5 base station of the call connection.
This situation occurs when the nobile station does not receive and
fails to acknowl edge a handoff command sent by the ori gi nal base
station. In this situation, it is

- 17 -

component parts are designated in Fig. 3 with the same
reference numerals utilized hereinabove in the
description of the mobile station, but are
differentiated therefrom by means of a prime (')

5 designation.

There are, however, minor distinctions
between the mobile and base stations. For instance,
the base station has two receiving antennas and one
transmitting antenna. Associated with each of these

10 receiving antennas are a receiver 126', an RF
demodulator 127', and an IF demodulator 128°'.
Furthermore, the base station does not include a user
keyboard and display unit 131 as utilized in the mobile
station.

15 An important objective of planning a cellular
system is to achieve a high traffic capacity. In other
words, it is desirable to have a large number of
subscribers per square kilometer to be able to use the
cellular system, while maintaining an acceptable level

20 of service grade and speech quality. Examples of how
different channels are assigned to each cell and how
the use of these channels is restricted will be
described herein.

The extent of the coverage area of a base

25 station is mainly dependent upon the radio transmitter
output, the frequency band used, the height and
location of the antenna tower, the type of antenna
used, the topography of the area, and the radio
receiver sensitivity. In conventional systems, the

30 most efficient coverage is obtained from a high
elevation site combined with a high output power. By
adjusting the output power in the transmitters in the
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advant ageous to switch the transmtter of the original 10 base station
fromthe unique channel being utilized to a tenporary off state or
to a different channel in order to avoid disturbing the signalling
occurring bet ween the target base station and the nobile

station. Furthernore, in the situation where a handoff 15 to a new
channel is perforned but no connection is : est abl i shed, the handoff
command to revert to the original base station is prOV|ded by the
ori gi nal base station on a new chah®et not normally associated with
the original base station as described above. In this 20 case, it is
an advantage to switch sn.ssion ronu%he t ar get

base station fro fﬁesﬁ%§£885a£he 8ﬂgﬁﬁﬁ$enﬁ753??yp r ABPske

target base requsredion to an off-state or to a unique channel normally

associated with the originge?ggggtsﬁgttﬂg éﬂtffgeéeécbfzchann oid

di sturbing the signalling ation and the
nobi | e base statWbilized by a system ispalleeaked ctprBchrebt. t he present

i nventions Different sets of channels must always be allocated to
neighboring cells, since in order to maintain full
radio coverage, cells will often overlap one another.
Furthermore, using these same channels results in co-
channel interference in these overlapping areas.

10 Therefore, a substantial distance between two cells
using the same channel subset must always be kept.
This distance is called a repetition distance, and the
operation of using these same channels by different
cells is called channel reuse. As an example, in FDMA

15 systems, channel reuse would be frequency reuse. The
restrictions on the reusing of channels allocated to
adjoining cells is referred to as the channel reuse
plan.

The selection of the channels to be used by

20 each of the base stations is carried out by the
transmitting frequency synthesizer 124' and the
microprocessor 130'. The microprocessor 130' is
operable for selecting, and if necessary varying, the
channels to be used by the base station.

25 Referring now to Fig. 4, a handoff technique
according to the present invention implemented in a
TDMA system is illustrated in flow chart form from the
perspective of the mobile switching center.

The flowchart begins at step 401 where a call

30 connection is presumed to be in progress between a
mocbile station and an original base station. At step
402, a determination is made as to whether the call
connection by the mobile station should be handed off
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I's directed to handoff signalling in a cellular system usi ng

adaptive channel allocation, sonetimes called 30 dynam c¢ channel

allocation. In such a system there is . no fixed channel plan, and

communi cation channel s selected for allocation, i.e., frequencies

i n an FDVA system or frequency/tine slot conbinations in a TDVA
- 19 -

to a new cell. The determination of whether or not a
handoff is necessary can be performed by using any well
known handoff technique. For example, the
microprocessor controller 130' associated with the
5 original base station could receive information from
the signal level meter 129' indicating that the signal
strength from the call connection between the mobile
station and the original base station is insufficient
for continuing the call connection. The microprocessor
10 controller 130' therefore signals the MSC to indicate
that a handoff is required. If a handoff is not
necessary, the operation returns to step 401.
If a handoff is necessary, the process
proceeds from step 402 to step 403 where a target base
15 station and an associated channel which can receive the
handoff of the call connection are designated. If a
handoff has been requested by the original base
station, the MSC will request the neighboring base
stations to send measurement results of the signal
20 strength received from the mobile station. Because the
signal strength results are always available in each
cell, they will be immediately provided to the MSC,
which determines the optimal result. The criteria for
choosing an optimal target base station is that the
25 signal strength result must be significantly better
than the results received from the original base
station requesting the handoff. The MSC determines the
target base station and searches for an idle voice
channel associated with the target base station. 1If
30 all voice channels are busy at that particular moment,
the next best target base station is used.
The flow proceeds to step 404 where the MSC
instructs the original base station to transmit a
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-8- system are those channels having the | owest

di sturbance | evel. Conventionally, the handoff order IS given by
the original base station in such systens. : According to the present
i nvention, a handoff order is 5 transmtted by the target base
station, either after havi ng sent the order via the original base
station first, or directly, without first sending the order via
the original base station. One reason for~t#@n3nitting handof f
orders by way of the target base station is 10 that the target base

station generally,_h ss to the b|Ie tation than
the origi nal basehaﬁﬁok? %T@??% on the currentf§ use v01ce;% féic

channel. The command will normally be sent on the
voice channel with a call connection in progress. For
purposes of explaining the present invention only, it
5 will be assumed that in the context of a TDMA system,
the channel utilized for the call connection with the
original base station is associated with a unique
frequency Fl and a time slot Tl. Clearly, similar
examples could be described in accordance with other
10 systems, such as FDMA and CDMA.

At step 405, the MSC determines whether the
handoff command has been received by the mobile station
on the voice/traffic channel associated with frequency
Fl/time slot Tl. The mobile station will typically

15 signal the original base station to acknowledge that
the handoff command has been received. If the handoff
command is received by the mobile station, the mobile
station will tune to the new channel on a new frequency
F2 and time slot T2 associated with the target base

20 station. At this point, the MSC determines whether the
handoff of the call connection has been successful at
step 406. Conventionally, the target base station will
inform the MSC that the mobile station is now tuned to
the new channel on the new frequency F2 and time slot

25 T2 associated with the target base station. Upon a
successful handoff of the call connection, the flow
returns to step 401.

If at step 405 the MSC determines that the
handoff command was not received by the mobile station

30 on the original base station channel associated with
the frequency F1 and time slot T1l, the flow proceeds to
step 408. Contrary to the channel reuse plan of the
system, the new channel to be associated with the
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BRI EF DESCRI PTI ON OF THE DRAW NGS Fig. 1 illustrates

part of a cellular 15 tel ephone systemwi th cells, a nmobile sw tching
center, base stations, and nobile stations; Fig.
2 illustrates a block diagramof a digital nobile station which is
utilized in accordance with the present invention; 20 _
Fig. 3 illustrates a block diagramof a - digital TDVA base station
which is utilized in accordance with the present invention; and
Fig. 4 is a flowhart which illustrates a2 - met hod for signalling a
handof f operation by the nobile 25 swi tching center according to the
present invention, DETAI L ED CRI PTI ON OF THE | LLUSTRATED

EMBODI MENTS target base statipn 15 9n fhe (e quancye il a8 tdme0 in a
cel lul ar nobil e skek AT systemalln ratamredrimt iwes Hyhehe originmmat edeand

means accordi ng 4@t {16n Prefefd { MVEY4 Ok B in accordance with
signalling from the MSC to the target base station.

5 The microprocessor controller 130' of the target base
station in turn instructs the transmitting frequency
synthesizer 124' to vary the channel frequency. Using
well-known techniques, the time slot Tl of the target
base station is synchronized to the mobile station just

10 as mobile stations are synchronized to a base station.
Time slots T2 and T3 on the frequency F1 of the target
base station must be muted.

At step 408, the MSC instructs the original
base station to temporarily discontinue the use of the

15 time slot Tl on the frequency Fl. During the time
slot T1l, the transmitting frequency synthesizer 124°
of the original base station is commanded by the
associated microprocessor controller 130' to turn off.
This switch avoids interference with the handoff

20 command to be sent from the target base station on the
channel now associated with the frequency F1 and time
slot Tl which was originally associated with the
original base station. At step 409, the MSC instructs
the target base station to transmit the handoff command

25 to the mobile station on the new channel utilizing the
frequency F1 and time slot Tl. Thus, a violation of
the system's channel reuse plan has occurred. Assuming
that the mobile station receives the handoff command
from the new channel via the frequency Fl1 and time slot

30 Tl, the call connection will be handed off to the
target base station at step 410.

If, at step 406, the MSC determines that the
original handoff attempt is not successful, the flow
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30 ~ inplemented in a cellular nobile radio system conpri sing
many nore cells than ten. However, for the

-0-

10

15

20

25

30

- 22 -

proceeds to step 412. At step 412, the MSC instructs
the target base station determined at step 403 to
discontinue transmissions on its associated frequency
F2 and time slot T2. The transmitting frequency
synthesizer 124' of the target base station will be
temporarily turned off.

The flow proceeds to step 413 where the MSC
instructs the original base station to transmit a
revert command to the mobile station on the new channel
via the frequency F2 and time slot T2. Assuming that
the revert command is received by the mobile station,
the call connection will be reestablished between the
mobile station and the original base station. At this
point of operation, the flow will return to step 401.

‘It will be appreciated by those of ordinary
skill in the art that the present invention should not
be limited to handoff commands, but can be utilized to
ensure the reliable transmission of any number of
messages to a mobile station. The use of the handoff
command has been used herein as a practical example of
a message command, the reception of which by the mobile
station is critical for continuing the call connection.
Therefore, the present invention provides a higher
probability for successful handoff operations, and in
general for more successful signalling between base and
mobile stations, thus resulting in a higher reliable
operation. Another application of the present
invention is to preserve ongoing call connections
between a mobile and a malfunctioning base station. 1In
this situation, the MSC orders neighboring base
stations to preserve ongoing call connections of the
malfunctioning base station by temporarily using
channels allocated to the malfunctioning base station,
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purpoée of explaining the present invention, ten cells I's deened to

be sufficient. For each of these cells Cl1 through C10

t here is a base station Bl through B10, respectively, with 5

the same nunber as the cell. Fig. 1 illustrates base stations
situated in the vicinity of the center of the ‘ cell and having

omi -directional antennas. The base stations of adjacent cells my,
however be allocated in the vicinity of cell borders and have
directional 10 antennas as is well kpoyg Lo those of ordinary skill in
the art. Fig. 1 also illustrates ten nobile stations

ML t hrough MLO which are novable within a cell and from one cell to
anot her cel|. |neagtyatrpyashttes ihealbpMa syﬁeéﬁpduﬁ@ﬂlﬂ£am§n@§§9rékng to

t he present invepjiLo in.a_c npbi l e radio
syst em cg%prQESngenﬁﬁ?tﬁS eggnﬁl %lggBPFbﬂg ??Eﬁ.%ﬁﬁFl?m on
particul ar, therehannelisuallocateg horreiphbbrisgabasesstations ¢dran there
are base stationgccliPWeV8ichf 8 mbASrPHALPSA to the channel allocation

5 plan relates not only to the handoff order but also to
all signalling and traffic.

While a particular embodiment of the present
invention has been described and illustrated, it should
be understood that the invention is not limited thereto

10 since modifications may be made by persons skilled in
the art. 1In particular it should be understood that
the invention may be implemented in analog systems or
digital systems or combined analog/digital systems.

The invention may be implemented in systems using FDMA,

15 TDMA, or CDMA. Thus, depending on the type of system,
a channel between a base station and a mobile station
may occupy/constitute a complete radio frequency, a
time slot of a radio frequency, a code or any part
thereof appropriate for the interstation radio

20 signalling in question. The present disclosure
contemplates any and all modifications that fall within
the sphere and scope of the underlying invention
disclosed and claimed herein.
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20  of expl aining the present invention, the use of ten mobi | e

stations is deened to be sufficient. The systemof Fig. 1
al so includes a nobile switching center MSC. The nobile sw tching
center is connected to all ten illustrated base stations by 25
cables. The nobile switching center is also connected, by cabl es,
to a fixed public swtching tel ephone ~netmogh, NP fixed
network with I SDN facilities. Al'l cables fr Wgﬂnm lﬂgllimcm ng
center to the base stations and cabfeés-to the* fixed netwerk.are not
30 i1l ustrated. In addition to the nobile swtching
center illustrated, there may al so be another nobile sw tching
center connected BHAZaEBcELAGMERhEE: hbase stations than

1 1. A method for achieving a handoff of a

2 call connection between a mobile station and a first

3 base station to a second base station in a cellular

4 radio telephone system, comprising the steps of:

5 transmitting a handoff command from said

6 second base station to said mobile station on a first

7 predetermined channel, and

8 determining whether said mobile station

9 transmits radio signals in accordance with said handoff

command from said second base station.

oy
o

2. A method according to claim 1, wherein
said first channel is normally assigned to said first
base station at the time of said handoff command for
the transmission of signals to mobile stations and not

(S T - S VS B S T ]

normally assigned to said second base station.

3. A method according to claim 2, further
comprising the step of inhibiting transmission of
signals from said first base station on said first
predetermined channel while said handoff command is
being transmitted from said second base station on said
first predetermined channel.

O U & W N

4. A method according to claim 2, further
comprising the step of handing off said call connection
from said first base station to said second base
station in response to an acknowledgement from said
mobile station that said handoff command has been

[+ )N ¢ - S VOB VR

received.
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- 10 - ~ those illustrated in Fig. 1. Instead of cables, other
nmeans may be utilized for base to nmpbile station swi tching center
comuni cation, e.g. fixed radio |inks. The cel I ul ar

nobile radio systemillustrated 5 in Fig. 1 co 'Bgﬁ a plurality of
Ul

radi o channel s for conmmuni cation. The syste ,' ﬂ for
anal og o " Iﬁﬂ"f
S *

- 25 -

5. A method according to claim 2, further
comprising the step of transmitting a revert command
from said first base station to said mobile station on
a second channel which is different from said first
channel and is normally assigned to said second base
station at the time of said handoff command, said
revert command instructing said mobile station to
reestablish said call connection between said mobile

W 0 N 0 e W

station and said first base station, in response to

=
Qo

said mobile station receiving said handoff command on

H
[

said first channel and being unsuccessful in

[
N

establishing said call connection between said mobile
station and said second base station.

(=)
w

6. A method according to claim 3, wherein
said step of inhibiting includes blocking signals from
said first base station on said first channel from

&> W

being transmitted by a radio transmitter.

7. A method according to claim 3, wherein
said step of inhibiting transmission of signals from
said first base station on said first channel involves
switching a radio transmitter associated with said
first base station to a channel different than said

O U W N

first channel.

8. A method for achieving a handoff of a
call connection between a mobile station and a first
base station associated with a first cellular radio
coverage area to a second base station associated with
a second cellular radio coverage area in a cellular
mobile radio communication system, comprising the steps
of:

S U e W N R
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i'nformati on, e.g. speech, digitized analog information, digitized
speech, and pure digital information. According to the system the
term connection is used 10 for a communi cation tabl i shed

bet ween a nobi |l e stati on and anot her nobile s,mﬂmﬁg:l ltru ”ﬁfﬂfre
system or another system or a fixed tel ephone or "¢ i a

fi xed network connected to the cellular - nmobil e radi o system Thus, a
connection may be defined 15 as a call where two persons are able to
talk to each ot her, but also may.reger to a data communi cation
channel where conputers are exchangi ng dat a. Furthernore, a

communi cations channel, or sinply a channel, is defined as a
pﬁrticrlam signal I'i ng path 20 deteteftindan ahemhelresadd eabaseoshattbon A
channe y ;i 2 @a ci.fi C

in a FDNK%systenPegwgﬁ - %Sd %%%ll %?Egﬁog‘%ﬁ E?id ¢i2R% bgsg %%SQESH y
TDMA, andOa speciwiild cediwige @ Bpmdoff to said Second bﬂgﬁeﬁtahgonam/to
Fig. 2, g,mbile station of 25 ranshietdng halei FRMAnhnagsehelinaal be used

in a ceIIuIar
12 from said first base station to said mobile station on

13 a first channel normally assigned to said first base

14 station at the time of said first handoff command; and
15 transmitting a second handoff command

16 from said second base station to said mobile station on
17 said first channel normally assigned to said first

18 base station in response to said mobile station not
19 receiving said first handoff command on said first
20 channel from said first base station.

1 9. A method according to claim 8, further

2 comprising the step of handing off said call connection
3 between said mobile station and said first base station
4 to said second base station in response to said mobile
5 "station receiving said second handoff command on said

6 first channel.

1 10. A method according to claim 8, wherein

2 said mobile station receives said first handoff

3 command on said first channel and is unsuccessful in

4 establishing said call connection between said mobile

5 station and said second base station, further

6 comprising the steps of:

7 deactivating transmissions from said

8 second base station on a second channel normally

9 associated with said second base station:

10 transmitting a revert command from said
11 first base station to said mobile station on said

12 second channel instructing said mobile station to

Sheet Has Been Replaced

T



nobil e radi o systemthat operates in accordance with t he present

i nvention is illustrated. The nobile station works according to the
| S-54 standard where control channels are anal og but voice/traffic
channel s 30 are digital. A speech coder 101 is Hrovided for

converting the anal og signal generated by a m crophon u'"“umul, mgm bi t

data stream In the preferred enbodi nent, . t he
di vided into data packages,

- 27 -

reestablish said call connection between said mobile
station and said first base station.

11. A method according to claim 8, further
comprising the step of switching off a radio
transmitter associated with said second base station,
which provides said second channel, in order to avoid
the use of said second channel by said second base
station from disturbing the use of said second channel

N OO e W

by said first base station, in response to said mobile
station being unsuccessful in establishing said call
connection between said mobile station and said second
base station.

12. A method for enhancing the reliability
of message transmissions in a cellular radio telephone
system which includes at least a mobile station, a
first base station, and a second base station,
comprising the steps of:

transmitting messages from said first
base station to said mobile station via a communication
connection on a first channel associated with said

O ® 3 60 O & W N

first base station:
determining whether the signal strength
or quality of said communication connection on said

=
o

first channel between said mobile station and said

o
w N

first base station is suitable for maintaining said

=
>

communication connection on said first channel;

Lo
(8]

utilizing a second channel associated

-
O

with said second base station in response to a

[}
~J

determination that the signal strength or quality of

said communication connection on said first channel is

&)
(/]
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11 | according to the TDVA principle. A fast associ ated

control channel (FACCH) generator 102 is utilized for the signalling
of control and supervision nessages bet ween the | and-based system
and the nobile station 5 and nessages between t b|Ie statlon and
t he | and- based system The FACCH nessage rep
(speech/data) whenever it is to be transmtted. A slo ‘?
control channel (SACCH) generator 103 provi des a coﬁt|WUous annel
for the exchange of 10 signal I'i ng meSsd8es between the base station
and the nobil e station and vice-versa. A fixed nunber of bits,
e.g. twelvg, is al %pgbﬂiaiﬁ Q%:SQEEHtLQBlgécgaEd communication

2 connection; and

3 transmitting said messages from said

4 second base station to said mobile station via said

5 communication connection on said second channel.

13. A method according to claim 12 in a FDMA
system comprising the further step of providing said
first and second channels on identical frequencies.

1 14. A method according to claim 12 in a TDMA
2 system comprising the further step of providing said

3 first and second channels on identical time slots of

4 the same frequency.

1 15. A cellular radio telephone system having
2 at least one mobile station, a first base station

3 associated with a first cellular radio coverage area, a
4 second base station associated with a second cellular

5 radio coverage area, and a mobile switching center,

6 said system comprising:

7 determining means for determining

8 whether an active call connection between said mobile

9 station and said first base station will require a

10 handoff to said second base station;

11 first transmitting means for

12 transmitting a handoff command from said first base

13 station to said mobile station on a first channel

14 associated with said first base station in response to

15 said determining means determining that a handoff is

16 required; and

17 second transmitting means for

18 transmitting a handoff command from a
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sl ot of the nessage train. Channel coders 104 are respectively

connected to the speech coder 101, FACCH 15 generator 102, and SACCH
generator 103 for mani pul ating the incomng data in order to carry
out error detection and correction. The techni used by

t he channel coders 104 are convol utional encoding, ”ﬂi’pﬂwmp/ cts

| nportant data bits in the speech code, 20 - and- cy€liyg ! M’l@l’zmeck
(CRC), wherein the perceptual ly significant bits in th®& spe

coder frame, e.g. twelve bits, arg used for conputing a seven

bit check. A two-burst 1 nterleaver 106 is connected to 25
t he channel coders 104 associated wth the speech coder 101 and the

FACCH ?mgrgtorsé&&;d nesPecitaeion thesaid mobilie}ntse.-raltgjgﬂeronl%&ﬂds

contro y the micr.oprocessor contr.oller . Q.,t.hat at
appropr#cgte ti netF Heefhannel "1n;1esponsg P c?\FeJT'C1 go&#ltel %aa"'?m%é‘é’cth channel
is 30 21 repleeceiving syid duandptf Gonmandrefsay e id diindte base

FACCH. pata whighhi foh GoResd {@NEIE4L &chihhdNe mobile

16. A system according to claim 15, further
comprising handoff means for handing off said call
connection between said mobile station and said first
base station to said second base station in response to
said mobile station receiving said handoff command
transmitted from said second base station on said

S 0 O R W

first channel.

17. A system according to claim 15, further
comprising switching means for switching off a radio
transmitter associated with said second base station,
which provides said second channel, in order to avoid
the use of said second channel by said second base
station from disturbing the use of said second channel

N U B W R

by said first base station while the first base station
sends a revert order to said mobile station.

18. A cellular radio telephone system which
includes at least a mobile station, a first base '
station, a second base station and a mobile switching
center, said system comprising:

transmitting means for transmitting
messages from said first base station to said mobile
station over a communication connection on a first
channel associated with said first base station;

W 0~ OGS W N

determining means for determining
whether the signal strength or quality of said

o
o

communication connection on said first channel between

o]
]
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statibn S

i nterl eaved over two distinct tine slots. The 260 data

bits, which constitute one transmtting

- 12 -

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

T

- 30 =

said mobile station and said first base station is
suitable for maintaining said communication connection
on said first channel;

utilizing means for utilizing a second
channel associated with the said second base station in
response to a determination that the signal strength or
quality of said communication connection on said first
channel between said mobile station and said first base
station is not suitable for maintaining said
communication connection; and

transmitting means for transmitting said
messages from said second base station to said mobile
station over said communication connection on said
second channel, said first channel and said second
channel being provided by said first and second base
stations, respectively, on the same frequency.
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word, are divided into two equal parts and are allotted t wo

consecutive tine slots. The effects of RAYLElI GH fading wll be
reduced in this manner. The out put of “the two-burst interleaver 106
is provided to the input 5 of a nodul o-two-adder 107 so that the
transmtted data I's ciphered bit by hit by |ogical

nodul o-twe- addi tion of xB -OR

XBITFATD O MTHEN D SC LOSUREM
The out put, of the channel c¢ode socliated w
generator2103 IS connectedxt %Bog and aggaﬁﬁﬁgf #ﬂfe??%éﬁ%+nq0§e C%%%
22-burst Bnterl eavensmission v@8signepdingl messagent inl @avehiuliara
transmttgd over

sKPtem 1 nSREEENOYRE %%ehhgﬁc§|ﬁi§neaEPe§9 é?}tﬂﬂeoélég
bits of ormat | on. e station further
i ncl udes & Sync E§l°°at%BPdPlaDVCE°S§n€FéFBF116@1?6?tb?BvPH?ﬂg ?Fe
appropri atke dynamagbaaptaehl ehanned anlloE¥€fonhitaheane tihvebsystem

associated with the g '%dSLa“%chIns adjacent SYREE" QPLEREAO N YOLLLS 2
d used Fo? P

28 bit wo
particular frequencies/time slots/channels for

9 signalling a particular mobile station. In situations
10 where signalling messages, such as handoff commands,
11 which are communicated between a base station and a
12 mobile station are not properly received by the mobile
13 station, an alternate communications channel will be
14 established to ensure the reception of these messages.
15 The alternate channel is provided by repeating the
16 message through a channel associated with a base
17 station which has better radio characteristics. The
18 channel selected for transmission of the message by the
19 new base station will be on the same frequency/time
20 slot/code as used by the established connection.
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sl ot éynchronization and identification. Three 20 di fferent slot

Identifiers are defined, one for each time slot. The DVCC (digital
verification color code) is an 8-bit code which is sent by the base
station to t he nobil e stationerdizvesseaver sa, for assuring that

t he proper channel is being decoded. 25 A burst generator
110 is provided for generati ng nessage bursts which are to be
transmtted by the nobile station. The burst generator 110 is
connected to the outputs of the nodul o-two-adder 107, t he 22-bur st

i nterl eaver 108, the sync word/ DVCC 30 or 109, and an equali zer

114, and the control channel ssage generator 132. A nessage burst
conprising data (260 bits), SACCH (1% bits),, sync d (28 bits),
coded DVCC (12 bits), and 12 delim tfr bits\,}//
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- 13 -

conbine for a total of 324 bits are integrated

according to the tine slot format specified by the standard EIA/ TIA
| S-54. Under the selective control of the m croprocessor 130, two
different types of nessage 5 bur stpreo 4yt @segener at ed by the burst

generator 110:
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control channel nmessage bursts fromthe control channel nmessage

generator 132 and voice/traffic nessage bursts. The control channel
nmessage replaces the SACCH as wel | as the speech data normally
generated in a 10 voi ce/traffic blfdt471656A2 The
transmtting of a burst, which is equivalent to one tinme slot, is
synchroni zed with the transmtting of the other two tine slots, and
S adj usted according to the timng provided by the 15

equal i zer 114. Due to tipe dispersion, an adaptive equal I zation
method is provided in or%er [to | mprove si grat I|ty. el at or
adjusts to the timng of thereceiveMJ_s L ation
is the Rest er, and gem)blle station”is the%l Ct 20
tofranetirringngh%eq-uag | 1 det&ts the ng| and
synchroni zes t hgburst _gen | so

oS st OI‘ 10. e t;'ﬂua [ zef;‘ 1 '
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25 the burst generator 110 and the equalizer 114. The frame

counter 111 updates a ciphering code utilized by the nbbile station
every 20, once for every #ransmtted frane. It mnll‘%e *
appreciated that in the di scl osed enbodi ment, three ti'fre slots fake
up one 30/ frane. Hewever, the invention s equally appli®able to ~
cellular nobile radio systens which utiljze any given nunber of
tinme slots per frane. A ciphering unit 142 i s provided i#ron

generating the C|pher|a% code utilized
THOD AND APPARATUS FOR ENHANCING SIGNALLING

RELIABILITY IN A CELLULAR MOBILE RADIO TELEPHONE SYSTEM

CROSS—REFERENCE TO REILATED APPLICATIONS
This is a continuation-in-part of serial

number 07/568,051, filed August 16, 1990.
FIELD OF THE INVENTION
The present invention is directed to a
cellular mobile radio telephone system which enhances
signalling reliability between the base and mobile
5 stations. More particularly, the present invention
relates to a method and apparatus whereby a channel
reuse plan or a dynamic/adaptive channel allocatioﬁ
rule of the cellular mobile radio telephone system is
temporarily medified to allow adjacent base stations to
10 use particular channels not aésigned to them to¢ enhance
the signalling reliability to the mobile station. The
present may be implemented in systems using FDMA, TDMA.
or CDMA.

BACRGROUND O NTION

15 In cellular mobile radio telephone systens,
it is fundamental that a mcbile station with an
established connection on a radio channel be able to
maintain the established connection when moving from
one cell served by one base station to another cell

20 served by another base station. It 1s also desirous
that a mobile station within an established connection
on a radio channel be able to maintain the established
connection within the same cell when that radio channel
is subject to increased interference. The process by

25 which a mobile station is able to maintain an
established connection when moving from cell to cell is
the handoff operation.

~ According to conventional cellular systenms,

both FDMA (frequency division multiple accesﬁl_and TDMA

|




- 14 - by the nobile station. A pseudo random algorithmis

preferably utilized. The ciphering unit 112 is controlled by a key
113 which is unique for each subscri ber. The ciphering unit 112
consists of a 5 sequencer whi ch updates the ciphering code.

The burst to be transmtted is produced by burst generator 110 and
forwarded to an RF nodul at or 122. The RF nodul ator 122 is operable
for nodul ating a carrier frequency according to the [err]/4- DQPSK
met hod 10 ([err]/4 shifted, Differentially encoded Quadrature Phase

Shift Keying). The use of this technique inpgies t hat

(time division multiple access) using plural
frequencies are employed for providing mobile stations
within the coverage of the base station with a number
of communication channels. In CDMA (code division

5 multiple access), one wide radio fregquency band that
has no predetermined time slots is shared by all mobile
stations. Within that frequency band, plural mobile
stations may simultanecusly transmit over plural
channels by frequency shifting each carrier wave

10 corresponding to a particular mobile station according
to a different code. Accordingly, in FDMA, each
channel is assigned to a different frequency; in TDMA,
each channel is assigned to a corresponding time slot
or time slots for transmission over one frequency:; and

15 in CDMA, each channel is assigned a different code.
Each of these communication channels are typically
unique with respect to adjacent base station coverage
areas.

| Cellular mobile radio telephone systems often

20 require some type of channel use or allocation plan for
determining which communication channels are to be used
by mobile stations in a particular cell via a
corresponding base station. For example, FDMA systems
typically include a frequency reuse plan which places

25 restrictions on the reusing of frequencies allocated to
adjoining cells. The frequency reuse plan precludes
adjacent cells from utilizing the same frequencies in
order to avoid problems due to co-channel interference.
TDMA systems typically include a frequency/time slot

30 reuse plan which places restrictions on the reusing of
combinations of frequencies and time slots allocated to
adjacent cells. A plan for reuse of tima slots on
frequencies in a TDMA system may preclude adjacent

—
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the information is differentially encoded, i.e. 2 bit synbol s are
transmtted as four possible changes in phase; J[err]/4 and
3[err]/4. The transmtter carrier 15 frequency supplied to the RF
nmodul ator 122 i s generated by a transmtting frequency synthesizer
124 in accordance wth the selected transmtting channel .

Before the carrier frequency is transmtted by an antenna, the
carrier is anplified by power anmplifier 20 123 and connected to the
antenna via a tine switch 134. The RF power emi ssion |evel of the
carrier frequency is sel ected on conmand by a m croprocessor
control l er 130. The time switch I33 Ts operated by the

m croprocessor controller 130 in a TDVA systemto connect the power
25 anplifie ' {Phi | e i

synchroni zati on c\%\?%ﬁgtﬁg&?r%@ngm ttliglﬁ ?réed%]c?%taengagt ot t.'h{ehga’rngcei ver
126 with the ant ERPEUPRCE VIR RIS %G AVoid problgmshduge tpecerehagneime

sl ot . _ interferéhégpeiver parrier frequency is generated in 30
accordance wi th the sel ect it eopidd neh LIAMYodson of channers
5 according to a reuse plan, some cellular systems

dynamically or adaptively allocate communication
channels. All ¢of the channels become a common resource
for all cells to be allocated in accordance with
prevailing traffic. Nevertheless, the use of the same

10 channels in adjoining or neighbor cells may have to be
precluded in order to avoid problems due to
interference.

Message signalling, such as commanding a

handoff, is usually carried out through communication

15 between the mobile station and the base station with
which the mobile station has an .established connection.
In a known analog cellular network, the base station
continuously monitors the signal strength of the call
connection with the mobile station, and if the signal

20 strength is determined to be lower than a particular
threshold, a central switching control unit will
initiate a handoff procedure. A target base station
and an associated channel will be determined for the
mobile station, and the mobile station will be

25 instructed to tune to the selected channel of the
target base station. However, this instruction is sent
by the original base station, and if the mobile station
has already left the coverage area of this base station
or the message is inhibited by interference, the

30 handoff will be unsuccegsful, thus leading to a
disconnection of the call connection.

U.S. Patent No. 4,811,380 issued to Spear on

March 7, 1989, offers a propoesed solution to this

— .
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recei ving frequency synthesizer 125. Incom ng radio frequency

signals are received by receiver 126, the strength of which are
nmeasured by signal |evel neter
- 15 -

-4—

problem by disclosing a cellular radio telephone system
with dropped call protection. The disclosed system
operates in such a manner that if a handoff command
sent by a base station is not received by the mobile

5 station, the mobile station determines that the call
connection has been lost. The mobile station scans the
control channels in order to request a connection via a
control channel associated with a base station with the
highest signal strength available. This base station

10 is most likely the target base station for the handoff,
and the switch controller will request a reconnection
of the call. The mobile station thereafter is assigned
a traffic channel on a new frequency from the target
base station. This procedure requires modifications of

1s presently used cellular standards like TACS, IS-3 and
IS~54, before it can be used in such systems.

OBJECTS OF T 0)
It is a general object of the present
20 invention to provide a cellular telephone system which

achieves greater signalling reliability between base
and mobile stations.
Another object of the present invention is to
provide a cellular mobile radio system which achieves
25 greater signalling reliability between base and mobile
stations but is compatible with many presently
installed or systems planned according to applicable
standards.
It is a further object of the present
30 invention to provide a cellular telephone system which
ensures that handoff commands sent by a land system are
received correctly by ﬁhe mobile station, so that the
handoff of a call connection will be successful.
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129. The received signal strength value is then sent to the

m cr oprocessor controller 130. An RF denodul ator 127 which receives
the receiver carrier frequency fromthe receiving frequency

synt hesi zer 125 5 and the radio frequency signal fromreceiver 126,
denodul ates the radio frequency carrier signal, thus generating an
I nternmedi ate frequency. The internediate frequency signal is then
denodul ated by an I F denodul ator 128, which restores the original
[err]/4-DQPSK 10 - nodul ated digital information. The
restored digital information provided by . § . |F denodulator 128 is
supplied to the equalizer 114. A synbol detector 115 converts the
received two bit synbol format of the digital data fromthe
equal i zer 15 114 to aAﬁHﬁgﬁenthodabatstbeaﬁhe pheésenvbbhveéet Be or

115 in turn prodyass Wces disbcheOUsRH! S slBince to endPESEIl UG/ FACCH

data is supplied to a and a two
dei nterl eaver l1l1Gesprdption and the accompanylng drawings.

s (0] NTIO

5 It is essential that messages, such as
handoff commands, which are sent by base stations are
received accurately and correctly by mobile stations in
a cellular telephone system. The reception of these
messagaes 1s critical in spite of possible bad

10 transmission quality which may be experienced in a
cellular call connection, particularly during a handoff
operation. Handoff signalling, as well as other
message signalling, necéssarily must be transmitted in
a more reliable manner than speech, since the loss of

15 the call connection or other trouble in the handling of
a call connection is less acceptable to cellular
subscribers and operators than casual disturbances to
speech within a call connection.

Accordingly, the present invention is

20 directed to a method and apparatus which achieves
reliable transmission of signalling messages in the
cellular system when the present call connection has
poor radio characteristics associated therewith. In a
particular embodiment of the present invention, ir

25 messages, such as handoff commands, being communicated
between a base station and a mobile station are not
properly received by the mobile station, an alternate
signalling path will be established to ensure the
reception of these messages. The alternate signalling

30 path is provided by repeating the message through a
communications channel associated with a base station
which has better radio characteristics. For example,
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speech data/ FACCH data is reconstructed by these 20 conponent s by

assenbling and rearranging i nformation fromtwo consecutive franes
of the received data. Control channel nessages are sent to a
control nessage detector 133 which supplies detected control

channel i nformation to the m croprocessor controller 130. The 25
synbol detector 115 supplies SACCH data to a 22-burst dei nterl eaver
117. The 22-burst deinterleaver 117 reassenbl es and rearranges the
SACCH data which is spread over 22 consecutive franes.

The two-burst deinterleaver 116 is coupled to 30 two channel decoders
118 for providing the speech dat & BACCH data thereto. The

convol utionally encoded data i s decoded using the reversed

principle of codipga rpMa systBf ERECLMEANEY CLé Lol NERN Q¥ £{1666 {iRO

bits are of the message by the new base station will be on the
same frequency as that used by the present connection.
In a TDMA systam, the channel selected for transmission
5 of the message by the new base station will be in the
same time slcot of the same frequency as that used by
the present connection. 1In a CDMA system, the channel
selected for transmission of the message by the new
base station will be coded in the same way as that
10 used by the present connection. This type of
signalling may violate the original channel allocation
plan of the cellular system, but is acceptable in order
to save the call connection from being disconnected.
A further empodiment of the present invention
15 is directed to specific handoff signalling between the
base and mobile stations. & typical problem
encountered is when a handoff command has been
transmitted by the original base station over a unique
communications channel and the handoff command has been
20 acknowledged, however, no new call connection with the
target base station has been established because the
target base station is too distant or was chosen by
mistake. In this situation, the present invention
operétes to allow the original base station to order
25 that mobile station attenpting'to communicate on a new
channel via the target base to revert to the original
base station. During the reversion, this new channel
used by the mobile station is associated with the
attempted, target base station and not the original
30 base station. Thus, the channel allocation plan of the
cellular system is temporarily vioclated by allowing the

original base station to send an order via this new
channel.
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-16 - checked to determne if any error has occurred. The

FACCH channel decoder furthernore detects the di stinction between
t he speech channel and any FACCH i nformati on, and directs the
decoders accordingly. A5 speech decoder 119 processes the received

speech data

A further embodiment of the present invention
involves a handoff command being transmitted to the
mobile station from the target bage station on the
unique channel normally associated with the original

5 base station of the call connection. This situation
occcurs when the mobile station does not receive and
fails to acknowledge a handoff command sent by the
original base station. In this situation, it is
advantageous to switch the transmitter of the original

10 base station from the unique channel being utilized to
a temporary off state or to a different channel in
order to avoid disturbing the signalling occurring
between the target base station and the mobile
station. Furthermore, in the situation where a handoff
15 to a new channel is performed but no connection is
established, the handoff command to revert to the
" original base station is provided by the original base
station on a new channel not normally associated with
the original base station as described above. In this
20 case, it is an advantage to switch temporarily the
transmission from the target base station from the new
channel normally associated with the target bhase
station to an off-state or to a unique channel normally
associated with the original base station in order to
25 avoid disturbing the signalling between the original
base station and the mobile base station,
A further embodiment of the present invention
is directed to handoff signalling in a cellular systen
using adaptive channel allocation, sometimes called
30 dynamic channel allocation. In such a system, there is

no fixed channel plan, and communication channels

selected for allocation, i.e., frequencies in an FDMA

system, or frequency/time slot combinations in a TDMA .
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fromthe channel decoder 118 in accordance with a speech coder

al gorithm (VSELP), and generates the recei ved speech signal. The
anal og signal is finally enhanced by a filtering technique.
Messages on the 10 fast associated control channel are detected by the
FACCH detector 120, and the information is transferred to the

m cr oprocessor controller 130. , The output of the 22-burst
dei nterl eaver 117 is provided to a separate channel decoder 118. 15
Messages on the sl ow associated control channel are detected by
SACCH detector 121, and the information is transferred to the

m cr opr ocessor controller 130. The m croprocessor
controller 130 controls t he nobi | e-=sBation activity and t he base
station 20 comuni cation, and al so handl es the term nal keyboard

I nput and di splay output 131. Decisions by the m cr opr ocessor

control l er 130 ar SHRHER *EE cHreSRhcEhannels haying theeilpestessages and
measur enent s nmade.dideurbance l&eybparcomvehthcrndiay Uide h3hagrebbeaap

i nformation is given by the original base station in such systems.
According to the present invention, a handoff order is
5 transmitted by the target base station, either after
having sent the order via the original base station
first, or directly, without first sending the order via
the original base station. One reason for transmitting
handoff orders by way of the target base station is

10 that the target base station generally has lower path
loss to the mobile station than the original base
station.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 illustrates part of a cellular

15 telephone system with cells, a mobile switching center,
base stations, and mobile stations:

Fig. 2 illustrates a block diagram of a’
digital mobile station which is utilized in accordance
with the present invention;

20 ' Fig. 3 illustrates a block diagram of a
digital TDMA base station which is utilized in
accordance with the present invention; and

Fig. 4 is a flowchart which illustrates a
method for signalling a handoff operation by the mobile

25 switching center according to the present invention.

A DES ON_OF Q
Fig. 1 illustrates ten cells Cl to C10 in a
cellular mobile radio system. 1In actual practice, the
method and means according to the present invention are
30 implemented in a cellular mobile radio systen

comprising many more cells than ten. However, for the. ...
REPLAGEMENT SHEET
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25 | exchange between the user and the base station.

Fig. 3illustrates a base station of the digital TDVA type that can
be enployed in a cellular nobil e radi o systemthat operates in
accordance with the present invention. The base station

I ncor porates 30 nuner ous conponent parts which are substantially

I dentical in construction and function to conponent parts of the
nobile station illustrated in Fig. 2 and described in conjunction

therewith. Such identical

purpose of explaining the present invention, ten cells
is deemed to be sufficient.

For each of these cells Cl1l through C10 there
is a base station Bl through B10, respectively, with

5 the same number as the cell. Fig. 1 illustrates base
stations situated in the vicinity of the center of the
cell and having omni-directional antennas. The base
stations of adjacent cells may, however be allocated in
the vicinity of cell borders and have directional

10 antennas as is well known to those of ordinary skill in
the art.

Fig. 1 also illustrates ten mobile stations
M1 through M10 which are movable within a cell and from
one cell to another cell. In actual practice, the

15 method and means according to the present invention are
implemented in a cellular mobile radio system
comprising many more mobile stations than ten. In
particular, there are usually many more mobile stations
than there are base stations. However, for the purpose

20 of explaining the present invention, the use of ten
mobile stations is deemed to be sufficient.

The system of Fig. 1 dalso includes a mobile
switching center MSC. The mobile switching center is
connected to all ten illustrated base stations by

25 cables. The mobile switching center is also connected,
by cables, to a fixed public switching telephone
network or similar fixed network with ISDN facilities.
All cables from the mobile switching center to the base
stations and cables to the fixed network are not

30 illustrated. .

In addition to the mobile switching center
illustrated, there may alsoc be another mobile switching

center connected by cables to other base stations than e
REPLAGEMENT §HEET
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- 17- conmponent parts are designated in Fig. 3 with the sane

reference nunerals utilized hereinabove in the description of the
nobil e station, but are differentiated therefromby nmeans of a prine
(') 5 desi gnati on. There are, however, m nor

di stinctions bet ween the nobil e and base stations. For instance,

the base station has two receiving antennas and one transmtting
antenna. Associated with each of these 10 recei ving antennas are a
receiver 126', an RF denodul ator 127', and an | F denodul ator 128'.

Furthernore, the base station does not include a user

- 10 =~

those illustrated in Fig. 1. Instead of cables, other
means may be utilized for base to mobile station
switching center communication, e.g. fixed radie links.
The cellular mobile radio system illustrated
5 in Fig. 1 comprises a plurality of radio channels for
communication. The system is designed both for analog
information, e.g. speech, digitized analog information,
digitized speech, and pure digital information.
According to the system, the term connection is used
10 for a communication channel established between a
mobile station and anocther mobile station in the same
system or another system, or a fixed telephone or
terminal in a fixed network connected to the cellular
mobile radio system. Thus, a connection may be defined
15 as a call where two persons are able to talk to each
other, but alsoc may refer to a data communication
channel where computers are exchanging data.
Furtherﬁore, a communications channel, or simply a
channel, is defined as a particular signalling path
20 between a mobile and a base station. A channel may
include, but is not limited to,.a specific frequency
in a FDMA system, a specific time slot or set of time
slots in TDMA, and a specific coding in CDMA.
Referring now to Fig. 2, a mobile station of
25 the digital TDMA type which can be used in a cellular
mobile radio system that.operates in accordance with
the present invention is illustrated. The mobile
station works according to the IS-54 standard where
control channels are analog but voice/traffic channels
30 are digital. A speech coder 101 is provided for
converting the analeg signal generated by a microphone.
into a bit data stream. In the preferred embodiment,

the bit data stream is divided inte data packages,
st O

‘_____“__—-—4-’"‘"—'-—-.: ;
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keyboard and display unit 131 as utilized in the nobile station.

An_ inportant objective of planning a cellular ~sSYystem.is. to.achi eve
a high traffic capacity. In other words, it |i SEBeditvellest ol hpve a
| ar ge nunber of subscri bers per square kil oqetrer—teo~be-abte]to use
t he cellular system while maintaining an adcqg ptflglfut% 20

of service grade and speech quality. Exanples of hqm/ el ept
channel s are assigned to each cell and how tthd_yse .of these
channels is restricted wll be descri bed herlei n. !

The extent of the coverage area of a base 25 St dt-oRwi-s—rarnty
dependent upon the radio transmtter out put, the frequency band
used, the height and | ocation of THe dhtenna tower, the type of

ant enna used, the topography of the area, and the radio

receiver sensitivi 0, Copyepd | i he ,3 t.effi,cient
coverage is obtai%é§°¥égﬁ§a9ﬁigﬁéoﬁﬁﬁaspgzéﬁgkh%ﬁanA%%thbgs ?ﬁéatﬁfth a

hi gh out put powerSoRyrol channel (FACCH) generator 102 is utilized for

10

15

20

25

30

the signalling of control and supervision messages
between the land~based system and the mokile station
and messages between the mobile station and the land-
based system. The FACCH message replacesg a user frame
(speech/data) whenever it is to be transmitted. A slow
associated control channel (SACCH) generator 103
provides a continuous channel for the exchange of
signalling messages between the base station and the
mobile station and vice~versa. A fixed number of bits,
e.g. twelve, is allocated to the SACCH for each time
slot of the message train. Channel coders 104 are
respectively connected to the speech coder 101, FACCH
generator 102, and SACCH generator 103 for
manipulating the incoming data in order to carry out
error detection and correction. The techniques used by
the channel coders 104 are convolutional encoeding,
which protects important data bits in the speech code,
and cyclic redundancy check (CRC), wherein the
perceptually significant bits in the speech coder
frame, e.g. twelve bits, are used for computing a seven
bit check.

A two-burst interleaver 106 is connected to
the channel coders 104 associated with the speech coder
101 and the FACCH generator 102, respectively. The
interleaver 106 is controlled by the microprocessor
controller 130 so that at appropriate times user
information over a particular speech channel is
replaced with system supervision messages over the
FACCH. Data which is to be transmitted by the mchile
station is interleaved over two distinct time slots.
The 260 data bits, which constitute one transmitting



adj usting the output power in the transmtters in the
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word, are divided into two equal parts and are allotted
two consecutive time slots. The effects of RAYLEIGH
fading will be reduced in this manner. The output of
the two-burst interleaver 106 is provided to the input
of a modulo~two-adder 107 so that the transmitted data
is ciphered bit by bit by logical mecdulo-two~addition
of a pseudo-random bit stream.

The output of the channel coder 104
associated with the SACCH generator 103 is connected to
a 22-burst interleaver 108. The 22-burst interleaver
108 is operable for interleaving data transmitted over
SACCH over 22 time slots each consisting of 12 bits of
information.

The mobile station further includes a Sync
Word - DVCC generator 109 for providing the appropriate
synchronization word and DVCC which are to be
associated with the mobile station. The
synchronization word is a 28 bit word used for time
slot synchronization and identification. Three
different slot identifiers are defined, one for each
time slot. Thae DVCC (digital verification coler code)
is an 8~-bit code which is sent by the base station to
the mobile station and vice-versa, for assuring that
the proper channel is being decoded.

A burst generator 110 is provided for
generating message bursts which are to be transmitted
by the mobile station. The burst generator 110 is
connected to the outputs of the modulo-two-adder 107,
the 22-burst interleaver 108, the sync word/DVCCeC
generator 109, and an equalizer 114, and tha contrel
channel nessage genarater 132. A message burst
comprising data (260 bits), SACCH (12 bits), sync word
(28 bits), coded DVCC (12 bits), and 12 delimiter bits,



required. A subset of the entire set of channels

utilized by a systemis allocated to each cell. 5 D fferent sets of
channel s nmust al ways be allocated to nei ghboring cells, since in
order to maintain full radio coverage, cells will often overlap one
anot her . Furthernore, using these sane channel s.tesults 6o
channel interference in these overl apping areas. 10 RHHM@EMEﬁTEﬁWLT
substanti al di stance between two cells using the BT
subset nust al ways be kept. This distance is cal lled aehgg él n}

di stance, and the operation of using these sang hah §@¢ ']

di fferent cells is called channel reuse. As ani{e e ‘5
systens, channel reuse would be frequency rause. The ; restrlctlols
on the reusing of channels allocated to adj oi nilag- ~rerers ed
to as the channel reuse pl an. The sel ection of

the channel s to beaEheERD a totadadt @24 hd thaseeStiatiegRatd carried out
by the according to the time slot format specified by the
standard EIA/TIA IS-54. Under the selective control of
the microprocessor 130, two different types of message
5 bursts are generated by the burst generator 110:
control channel message bursts from the control channel
nessage generator 132 and voice/traffic message bursts.
The control channel message replaces the SACCH as well
as the speech data normally generated in a
10 voice/traffic burst.

The transmitting of a burst, which is
equivalent to one time slot, is synchronized with the
transmitting of the other two time slots, and is
adjusted according to the timing provided by the

15 equalizer 114. Due to time dispersion, an adaptive
equalization method is provided in order to improve
signal quality. A correlator adjusts to the timing of
the received bit stream. The base station is the
master and the mobile station is the slave with respect

20 to frame timing. The equalizer 114 detects the
incoming timing and synchronizes the burst generator
110. The equalizer 114 is also operable for checking
the sync word and DVCC for identification purposes.

A 20ms frame countaer 111 is coupled between

25 the burst generator 110 and the equalizer 114. The

- frame counter 111 updates a ciphering code utilized by
the mobile station every 20ms, once for every
transmitted frame. It will be appreciated that in the
disclosed embodiment, three time slots make up one

30 frame. However, the invention is equally applicable to
cellular mobile radioc systems which utilize any given
nunber of time slots per frame. A ciphering unit 112
is provided for generating the ciphering code utilized



transmtting frequency synthesizer 124" and the m cr opr ocessor

130'. The m croprocessor 130" is operable for selecting, and if
necessary varying, the channels to be used by the base station. 25
Referring now to Fig. 4, a handoff technique 2] F el A
present invention inplenented in a TDVA Systenﬁﬁgmgwﬁ nfgqgg'in
flow chart formfromthe perspective of the npbyle sw tching
center. The flowchart begins at step poloMibitensscal I} 30
connection is presuned to be in progress between a nobi | e st dtifon
and an original base station. At step 402, a [determ nati 'S rpade
as to whether the call connection by, the nobile station shouldjbe

handed off

by the mobile station. A pseudo random algorithm is
preferably utilized. The ciphering unit 112 is
controlled by a key 113 which is unique for each
subscriber. The ciphering unit 112 consists of a

5 sequencer which updates the ciphering code.

The burst to be transmitted is produced by

burst generator 110 and forwarded to an RF modulator
122. The RF modulator 122 is operable for modulating a
carrier frequency according to the 7/4-DQPSK method

10 (/4 shifted, Differentially encoded Quadrature Fhase
Shift Keying). The use of this technique implies. that
the information is differentially encoded, i.e. 2 bit
symbols are transmitted as four possible changes in
phase; * n/4 and % 37n/4. The transmitter carrier

15 frequency supplied to the RF modulator 122 is generated
by a transmitting frequency synthesizer 124 in
accordance with the selected transmitting channel.
Before the carrier frequency is transmitted by an
antenna, the carrier is amplified by power amplifier

20 123 and connected to the antenna via a time gwitch 134.
The RF power emission level of the carrier frequency is
selected on command by a microprocessor controller 130.
The time switch 134 is operated by the microprocessor
controller 130 in a TDMA system to connect the power

2s amplifier 123 with the mobile station antenna in
synchronization with the transmitting time slot and
the receiver 126 with the antenna in synchronization
with the receiving time slot.

A receiver carrier frequency is generated in

30 accordance with the selected receiving channel by
receiving frequency synthesizer 125. Incoming radio
frequency signals are received by receiver 126, the
strangth of which are measured by signal level meter



to a new cell. The determ nati on of whether or not a handoff is

necessary can be perfornmed by using any well known handof f

techni que. For exanple, the m croprocessor controller. 130

associated with the 5 original base station cou dREmg@EMQNTdﬁﬁEhailon
from the signal level neter 129' indicating tha re—st-gmat

strength fromthe call connection between the nobile at anﬂ t he
original base station is insufficient 156 jﬁL,ﬂﬁ%p

- 15 -

129. The received signal strength value is then sent
to the microprocessor controller 130. An RF
demodulator 127 which receives the receiver carrier
frequency from the receiving frequency synthesizer 125

5 and the radio frequency signal from receiver 126,
demodulates the radio freguency carrier signal, thus
generating an intermediate frequency. The intermediate
frequency signal is then demodulated by an IF
demodulator 128, which restores the original r/4-DQPSK

10 - modulated digital information.

The restored digital information provided by

IF¥ demodulator 128 is supplied to the equalizer 114. A
symbol detector 115 converts the received two bit
symbol format of the digital data from the equalizer

15 114 to a single bit data stream. The symbol detector
115 in turn produces three distinct outputs. Any
speech data/FACCH data is supplied to a modulo~two-
adder 107 and a two-burst deinterleaver 116. The
speech data/FACCH data is reconstructed by these

20 components by assembling and rearranging information
from two consecutive frames of the received data.
Control channel messages are sent to a control message
detector 133 which supplies détected control channel
information to the microprecessor controller 130. The

25 symbol detector 115 supplies SACCH data to a 22-burst
deinterleaver 117. The 22-burst deinterleaver 117
reassembles and rearranges the SACCH data which is
spread over 22 consecutive frames. '

The two-burst deinterleaver 116 is coupled to

30 two channel decoeders 118 for providing the speech
data/FACCH data thereto. The convolutionally encoded
data is decoded using the reverxsed principle of coding.
The received cyclic redundancy check (CRC) bits are



for continuing the call connection. The m croprocessor 10 controller
130' therefore signals the MSC to indicate that a handoff is
required. If a handoff is not necessary, the'UEeraf+£mp¢eLuLn§ to
step 401. | f a handoff is necessa y,E%H@EMEmteﬁﬁ§7
proceeds fromstep 402 to step 403 where a target bas statj on and
an associ ated channel which can receive the nahd f dﬁ? 4§z I
connection are designated. If a handof f has pefn re és o
original base station, the MSC will request } he—reighbaring
stations to send neasurenment results of the signal 20 strength
received fromthe nobile station. Because iLée- ST gnat--streagt h
results are always available in each cell, they will be imediately
provided to the MSC, whi ch determnes the optinmal result. The
criteria for checkp@osPndehArBHREmAE BRY gRErPmsRasteedwrred. t Miite t he 25

signal strength rm@tk HH&hnEE aéeaaéfcaﬂirtuei@@éir@raetects tidan the

clal Il
y |t he
bgse

results received t e,ori ase station reguesting the
handoff. The NS pﬁthg gﬁgween he speech channel and any FACCH

1nformatxon, and directs the decoders accordingly. A

5 speech decoder 119 processes the received speech data

from the channel decoder 118 in accordance with a
speech coder algorithm (VSELP), and generates the
received speech signal. The analog signal is finally
enhanced by a filtering'technique. Messages on the

10 fast associated control channel are detected by the
FACCH detector 120, and the information is transferred
to the microprocessor controller 130.

The output of the 22-burst deinterleaver 117
is provided to a separate channel decoder 118.

15 Messages on the slow associated control channel are
detected by SACCH detector 121, and the information is
transferred to the microprocessor controeller 130.

The microprocessor controller 130 controls
the mobile station activity and the base station

20 communication, and alsc handles the tefminal keyboard
input and display output 131. Decisions by the
microprocessor controller 130 are made in accordance
with received messages and measurements made. The
keyboard and display unit 131 enable an information

25 exchange between the user and the base station.

Fig. 3 illustrates a base station of the
digital TDMA type that can be employed in a cellular
mobile radio system that operates in accordance with
the present invention. The base station incorporates

30 numerous component parts which are substantially
identical in construction and function to component
parts of the mobile station illustrated in Fig. 2 and
described in conjunction therewith. Such identical



target base station and searches for an idle voice channel

associated with the target base station. If 30 all _voice channels are
busy at that particul ar nmonment, t he next bes} gEmgetimb@seustatd on
I s used. The fl ow proceeds to step| 4pé-—where—i-he~M5(

I nstructs the original base station to transmt a

16 JUL 1996
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component parts are designated in Fig. 3 with the same
reference numerals utilized hereinabove in the
description of the mobile station, but are
differentiated therefrom by means of a prime (')

5 designation.

There are, however, minor distinctions
between the mobile and base stations. For instance,
the base station has two receiving antennas and one
transmitting antenna. Associated with each of these

10 receiving antennas are a receiver 126°, an RF
demodulator 127', and an IF demodulator 128°.
Furthermore, the base station does not include a user
keyboard and display unit 131 as utilized in the mobile
station.

15 An important objective of planning a cellular
system is to achieve a high traffic capacity. 1In other
words, it is desirable to have a large number of
subscribers per square Kilometer to be able to use the
cellular system, while maintaining an acceptable level

20 of service grade and speech quality. Examples of how
different channels are assigned to each cell and how
the use of thesa channels is restricted will be
described herein.

The extent of the coverage area of a base

25 station is mainly dependent upon the radio transmitter
output, the frequency band used, the height and
location of the antenna tower, the type of antenna
used, the topography of the area, and the radio
receiver sensitivity. In conventional systems, the

30 most efficient coverage is obtained from a high
elevation site combined with & high output power. By
adjusting the output power in the transmitters in the
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handof f command on the currently used voice/traffic

channel. The command will normally be sent on the voi ce channel wth
a call connection in progress. For pur poses ph-at-Ai-ng-t-he
present invention only, it 5 will be assumed t aﬁﬂﬂmbfﬂéﬁﬁ tkt{ of a
TDVA system the channel utilized for the ca&l lfF connecti on w th the
original base station is associated with a unique 16 fJUfl FHL and a
time slot T1. Cearly, simlar exanpl es coulidibe descrl n
accordance with other 10 systens, such as F :

At step 405, the MSC determ nes whether the handof f connand has
been received by the nobile station - Q@ t-he VO nne

associated with frequency
typically 15 si gha

F1/time slot T1l. The nobile station wll

the original base station to acknow edge t hat

t he handoff commuandases tediomcdiheedoverfagehecamabegoffirther adjusted as

10

15

20

25

30

required.

A subset of the entire set of channels
utilized by a system is allocated to each cell.
Different sets of channels must always be allocated to
neighboring cells, since in order to maintain full
radio coverage, cells will often overlap one another.
Furthermore, using these same channels results in co-
channel interference in these overlapping areas.
Therefore, a substantial distance between two cells
using the same channel subset must always be kept.
This distance is called a repetition distance, and the
operation of using these same channels by different
cells is called channel reuse. As an example, in FDMA
systems, channel reuse would be frequency reuse. The
restrictions on the reusing of channels allocated to
adjoining cells is referred to as the channel reuse
pian.

The selection of the channels to be used by
each of the base stations is carried out by the
transmitting frequency synthesizer 124' and the
nicroprocesgor 130'. The microprocessor 130' is
operable for selecting, and if necessary varying, the
channels to be used by the base station.

Referring now to Fig. 4, a handoff technlque
according to the present invention implemented in a .
TOMA system is illustrated in flow chart form from the
perspective of the mobile switching center.

The flowchart begins at step 401 where a call
connection is presumed to be in progress between a
mobile statjion and an original base station. At step
402, a determination is wmade as to whether the call
connection by the mobile station should be handed off



comand is received by the nobile station, the nobile station wll

tune to the new channel on a new frequency rf-2..and tine slot T2
associated with the target base 20 stati on. s Q0rNts.Lhe MSC
det er mi nes whet her the handof f of the call Sl “"‘“%@ékn
successful at step 406. Conventionally, tHe atfi on
wi || informthe MSC that the nobile stati

t he new channel on the new frequency F2 and tine oci at ed
with the target base station. Upon a successf ul t he
call connection, the flow returns to step | f
at step 405 the MSC determ nes that the - 19 "handoff co $ not
recei ved by the nobile station 30 on the original base station channel

associated with he f que Rl.and.ti sIo T1, the flow
proceeds to SO 8 n%X §El nt?%%deEQFHénéﬁgﬁﬁeF r%ﬁ%@h%YQ%Fcﬂ°Yh%

system the nem/ch&ﬁﬁépfﬁo1§en@§§§§ﬂaweGam be performed by using any well
known handoff technique. For example, the
microprocessor controller 130' associated with the
5 original base station could receive information from
the signal level meter 129' indicating that the signal
"strength from the call connection between the mobile
station and the original base station is insufficient
for continuing the call connection. The microprocessor
10 controller 130' therefore signals the MSC tao indicate
that a handoff is required. If a handoff is not
necessary, the operation returns to step 401.
' If a handoff is necessary, the process
proceeds from step 402 to step 403 where a target base
15 station and an associated channel which can receive the
handoff of the call connection are designated. If a
handoff has been requested by the original base
station, the MSC will request the neighboring base
stations to send measurement results of the signal
20 strength received from the mobile station. Because the
signal strength results are always available in each
cell, they will be immediately provided to the Msc,
which determines the optimal result. The criteria for
choosing an optimal targét bage station is that the
25 signal strength result must be significantly better
than the results received from the original base
station requesting the handoff. The MSC determines the
targat base station and searches for an idle voice
channel associated with the target base station. If
30 all voice channels are busy at that particular moment,
the next best target baze station is used.

The flow proceeds to step 404 where the MSC
instructs the original base station to transmit a



- 21 - target base station is on the frequency F1 and tine

slot T1 normally reserved for use by the original base station. This
is carried out in accordance wth signalling fr ~tre~-M8C..La_t he
target base station. REPLACEMENT SHggt
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handoff command on the currently used voice/traffic
channel. The command will normally be sent on the
voice channel with a call connection in progress. For
purposes of explaining the present invention only, it
5 will be assumed that in the context of a TDMA systenm,
the channel utilized for the call connection with the
original base station is associated with a unique
frequency F1 and a time slot Tl. Clearly, similar
examples could be described in accordance with other
10 systems, such as FDMA and CDMA.

At step 405, the MSC determines whether the
handoff command has been received by the mobile station
on the voice/traffic channel associated with frequency
Fl/time slot T1i. The mobile station will typically

15 signal the original base station to acknowledge that
the handoff command has been received. If the handoff
command is received by the mobile station, the mobile
station will tune to the new channel on a new frequency
F2 and time slot T2 associated with the target base

20 station. At this point, the MSC determines whether the
handoff of the call connection has been successful at
step 406. Conventionally, the target base station will
inform the MSC that the mobile station is now tuned to
.the new channel on the new frequency F2 and time slot

25 T2 associated with the target base station. Upon a
succegsful handeff of the call connection, the flow
returns to step 401.

If at step 405 the MSC determines that the
handoff command was not received by the mobile station

30 on the original bage station channel assoclated with
the frequency F1 and time slot T1, the flow proceeds to
step 408. Contrary to the channel rause plan of the
gsystem, the new channel to be associated with the



5 The m croprocessor controller 130" of the target base station
in.turn instructs the transmtting frequency synt hesi zer 124' to
vary the channel frequency. Using wel | - known techni ques, the tine
slot Tl of the target base station is synchronized to the nobile
station just 10 as nobile stations are synchronized to a base station.
Time slots T2 and T3 on the frequency F1 of the target . base station
nmust be mut ed. At step 408, the MSC instructs the

ori gi nal base station to tenporarily discontinue the use of the 15
time slot T1 on the frequency F1. During-tde 4ine slot T1, the
transmtting frequency synthesizer 124 of the original base
station is cormmanded by the associ ated m croprocessor controller
130' to turn off.target bagdistatiemhisivan dshe nimrdusmencd wianid thaeehandof f

20 command tg be 'ﬁfnﬂ%{—,ﬁm# hfedBE&l A3SE, déséa&i %eo%rtl@qnal . base .

channel now associated wt requency_ F1 an

was originally assR%ieRd wirtsthe carrida S g’r%a’fc%“ﬁeat"”&ﬁ At step
409, the MSC instsighslling from the MSC to the target base station.

5 The microprocessor controller 130' of the target base
station in turn instructs the transmitting frequency
synthesizer 124' to vary the channel frequency. Using
well+~known techniques, the time slot Tl of the target
base station is synchronized to the mobile station just

10 as mobile stations are synchronized to a base station.
Time slots T2 and T3 on the frequency Fl of the target
base station must be nuted.

At step 408, the MSC instructs the original
base station to temporarily discontinue the use of the

15 time slot T1 on the frequency Fl. During the time
slot T1, the transmitting frequency synthesizer 124°
of the original base station is commanded by the
associated microprocessor controller 130' to turn off.
This switch avoids interference with the handoff

20 command to be sent from the target base station on the
channel now associated with the frequency Fl and time
slot T1 which was orzgxnally associated with the
original base station. At step-409, the MSC instructs
the target base station to transmit the handoff command

25 to the mobile station on the new channel utilizing the
frequency Fl and time slot Tl. Thus, a violation of
the system's channel reuse plan has occurred. Assuming
that the mobile station receives the handoff command
from the new channel via the frequency F1 and time slot

30 71, the call connection will be handed off to the
target base station at step 410.

If, at step 406, the MSC determines that the
original handoff attempt is not successful, the flow

REPLACEMEN -
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t he térget base station to transmt the handoff command 25 to the

nmohi |l e station on the new channel utilizing the frequency Fl1 and
time slot T1. Thus, a violation of the system s channel reuse plan
has occurred. Assum ng that the nobile station receives the handoff
conmmand fromthe new channel via the frequency F1 and tine slot 30
T1, the call connection will be handed off to the target base
station at step 410. If, at step 406, the MSC determ nes
that the original handoff attenpt is not successful, the flow
-~ 22 -

proceeds to step 412. At step 412, the MSC instructs
the target base station determined at step 403 to
discontinue transmissions on its asseciated frequency
F2 and time slot T2. The transmitting frequency
5 synthesizer 124' of the target base station will be
temporarily turned off.
The flow proceeds to step 413 where the MSC
instructs the original base station to transmit a
revert command to the mobile gtation on the new channel
10 via the frequency F2 and time slot T2. Assuming that
the revert command is received by the mobile station,
the call connection will be reestablished betweern the
mobile station and the original base station. At this
point of operation, the flow will return to step 401.
15 It will be appreciated by those of ordinary
skill in the art that the present invention should not
be limited to handoff commands, but can be utilized to
ensure the reliable transmission of any number of
messages to a mobile station. The use of the handoff
20 command has been used herein as a practical example of
a message command, the reception of which by the mobile
station is critical for continuing the call connection.
Therefore, the present invention provides a highgf
proSahility for successful handoff operations, and in
25 general for more successful signalling between base and
mobile stations, thus resulting in a higher reliable
operation. Another application of the present
invention is to preserve ongoing call connections
between a mobile and a malfunctioning base station. In
30 . this situation, the MSC orders neighboring base
stations to preserve ongoing call connections ¢f the
mal functioning base station by temporarily using
channels allocated to the malfunctioning base station,

o v
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- 22 - proceeds to step 412. At step 412, the MSC instructs

the target base station determ ned at step 403 to di sconti nue
transm ssions on its associ ated frequency F2 and tine slot T2. The
transmtting frequency 5 synt hesi zer 124" of the target base station
wll be tenmporarily turned off. The fl ow proceeds
to step 413 where the MSC I nstructs the original base station to
transmt a revert command to the nobile station on the new channel
10 via the frequency F2 and time slot T2. Assuni ng that t he
revert command is received by the nobile station, t he call
connection will be reestablished between thes3 -

e.qg., frequencies in a FDMA system, until a handoff of
the mobile station to a neighboring base station on
channels allocated to neighboring base stations can
occur. Such a modification to the channel allocation

5 plan relates not only to the handoff order but alsoc to
all signalling and traffic.

While a particular embodiment of the present
invention has been described and illustrated, it should
be understood that the invention is not limited thereto

10 since modifications may be made by persons skilled in
the art. 'In particular it should be understood that
the invention may be implemented in analog systems or
digital systems or combined analog/digital systems.
The invention may be implemented in systems using FDMA,

is TDMA, or CDMA. Thus, depending on the type of systen,
a channel between a base station and a mobile station
may occupy/constitute a complete radioc frequency, a
time slot of a radio frequency, a cocde or any part
thereof appropriate for the interstation radio

20 signalling in question. The present disclosure
contemplates any and all modifications that fall within
the sphere and scope of the underlying invention
disclosed and claimed herein.

I .16 JUL 1998
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mobi |l e station and the original base station. At this poi nt of
operation, the floww | return to step 401. 15 It will be
appreci ated by those of ordinary skill in the art that the present
i nventi on shoul d not be limted to handoff commands, but can be
utilized to ensure the reliable transm ssion of any nunber of

nmessages to a nobile station. The use of the handoff onmand has
been used herein as a practical exanple of %CH&E’G"GHWM t he
reception of which by the nobile station is c¥l I nui ng
the call connection. Ther ef or e, @ﬁ present invention provides a

hi gher probability for successde tndof f operations, and in 25

general for nore successful signalling between base and nobi | e
stations, thus r@ggﬁtiggc%g;ﬂgﬁ gher reliable operation. Anot her
application of the presén I nvention is to preserve ongoi ng cal
connecti ons between a nobile and a mal functioni ng base station. In
30 this situation, the, MSQ onéletisd Ned® e i sV P Se handoff o @afions to
preserve 0n90|ngc§filcgggggg£ég Seé@eén a mobile station and a first
base station to a secend base station in a cellular
radio telephone system, comprising the steps of:
transmitting a handeff command from said
second base station to said mobile station on a first
predetermined channel, and
determining whether said mobile station
transmits radio signals in accerdance with said handoff
command from said second base station.

2. A method according to claim 1, wherein
said first channel is normally assigned to said first
base station at the time of said handoff command for
tha transmission of signals to mobile stations and not
normally assigned to said second base station.

3. A method according to claim 2, further
comprising the step of inhibiting transmission of
signals from said first base station on said first
predetermined channel while said handoff command is
being transmitted from said second base station on said
first predetermined channel.

4. A method according to claim 2, further .
comprising the step of handing off said call cennection
from s8aid first base station to said second base
station in response to an acknowledgement from said
mobile station that said handoff command has been
recaived.
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mal f uncti oni ng base station by tenporarily using channel s al | ocat ed
to . the mal functioning base station,
- 23 -

NN R
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5. A method according to claim 2, further
comprising the step of transmitting a revert command
from said first base station to said mobile station on
a second channel which is different from said first
channel and is normally assigned to said second base
station at the time of said handoff command, said
revert command instructing said mobile station to
reestablish said call connection between said mobile
station and said first base station, in response to
said mobile station receiving said handoff command on
said first channel and being unsuccessful in
establishing said call connection between said mobile
station and said second base station.

6. A methoed according to claim 3, wherein
said step of inhibiting includes blocking signals from
said first base station on said first channel from
being transmitted by a radio transmitter.

7. A method according to claim 3, wherein
said step of inhibiting transmission of signals from
said first base station on said first channel involves
switching a radio transmitter associated with said
first base station to a channel different than said
first channel. ' '

8. A methoed for achieving a handoff of a
call connection between a mobile station and a first
base station associated with a first cellular radio
coverage area to a second base station associated with
a second cellular radio coverage area in a cellular
mebile radio communication system, comprising the steps
of:
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e.g., frequencies in a FDVA system until a handoff of t he nobil e
station to a neighboring base station on channel s allocated to
nei ghbori ng base stations can occur. Such a nodification to the
channel allocation 5 plan relates not only to the handoff order but
also to all signalling and traffic. VWiile a

particul ar enbodi nent of the present |nve cri bed

and illustrated, it should be understood t !] ’ﬂgnmﬂﬁﬂmiﬁ i's not
limted thereto 10 since nodifications may be*na skilled
I n the art. In particular it should be understood that t he
I nvention may be inplenented in anal og sys€emrs or digital systens

or conbi ned anal og/ digital systens. The invention may be

i npl emented in systens using FDVA 15 TDVA, or CDVA. Thus, depending

on the type of system detarannEing stheatders sedde caddt iconnert ian

nmobi |l e station between F@/ldJQxCdmé@t?atﬁitdﬂ %n@ %%ma' ‘itﬁ-s&a%gef E%g%%ﬁy a
time slot of a rlﬁ@P frequ her eo

enc
appropriate for % ﬁﬁae‘f %ld}?'}dg&ﬁdi €8 <34 Bcona base Statl""'

transmitting a first handoff command
from said first base station to said mohiie station on
a first channel normally assigned to said first base
station at the time of sald first handeoff command: and

transmitting a second handoff command
from said sacond base station to said mobile station on
said first channel normally assigned to said first
base station in response to said mobile station not
receiving said first handoff command on said first
channel from said first base station.

9. A method according to claim 8, further
comprising the step of handing off said call connection
between said mobile station and said first base station
to said second base station in response to said mobile

"station receiving said second handoff command on said
first channel.

10. A method according to claim 8, wherein
said mobile station receives said first handoff.
command en said first channel and is unsuccessful in
establishing said call connection between said mobile
station and said second base station, further
comprising the steps of:

deactivating transmissions from said
second base station on a second channel normally
associated with said second base station;

transmitting a revert command from said
first base station to said mobile station on said
second channel instructing said mobile station to

-t
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20 signalling in question. The present disclosure

contenpl ates any and all nodifications that fall within ~the sphere
and scope of the underlying invention di scl osed and cl ai med herein.
-24 - What is clained is:
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reestablish said call connection between said mobile
station and said first base station.

11. A method according to claim 8, further
comprising the step of switching off a radio
transmitter associated with said second base station,
which provides said second channel, in order to avoid
the use of said second channel by said second base
station from disturbing the use of said second channel
by said first base station, in response to said mobile
station being unsuccessful in establishing said call
connection between said mobile station and said second
base station.

12. A method for enhancing the reliability
of message transmissions in a cellular radio telephone
system which includes at least a mobile station, a
first base station, and a second base station,
comprising the steps of:
| transmitting messages from said first
base station to said mobile station via a communication
connection on a first channel associated with said
first base station; ’

determining whether the sighal strength
or gquality of said communication connection on said
first channel between said mobile station and said
first base station is suitable for maintaining said
communication connection on said first channel:

utilizing a second channel associated
with said second base station in response to a
datermination that the signal strength or quality of
said communication connection on said first channel is

R
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1. A nmethod for achieving a handoff of a call connection between a
nobile station and a first base station to a second base station in a
cellular radio t el ephone system having a nobile switching center for
communicating with said 5 first and second base station and having a
predeterm ned frequency plan in which t he frequenci es and channel s of

the first base station in a first cell are different "H! ‘“Eﬁﬂ“ﬂnﬁﬁﬂ“Of

t he second base station in a neighboring cell, conprl I
of : transmtting a handoff command from sal dcsecond base
station to said 10 nobil e station on a-f28s¢ predeterm ned channel which
viol ates the predeterm ned frequency plan, wherein said first
predeterm ned channel is normally assigned to said first base station
at the time of saPf EuAlaPRecépramainbainied tsaid temiwrnicestion signal s
to nobil e stati ogsnagdeieh;nargul |y assigned to said second base station in
accordance with the predeterm ned freq t he handof f conmand
originating 15 fromsaid firsgrﬁﬁ§E1gFé?¥OgaﬁﬁmpﬁﬁﬁQQfQXﬁﬁﬂﬁnﬁﬁ%qed to
sai d second basesetandohaseastationt he sabd|molilda drtateidrervianchid

determ ni ng whet Bghn§as g, E98h! soﬁga&wantmném& diflfes) gnal s to
sai d second base station in accordance with said (f?f command from
said second base station.

13. A method according to claim 12 in a FDMA
system comprising the further step of providing said
first and second channels on identical frequencies.

14. A method according to claim 12 in a TDMA
system comprising the further step of providing said
first and second channels on identicai time slots of
the same frequency.

15. A cellular radio telephone system having
at least one mobile station, a first base station
associated with a first cellular radio coverage area, a
second base station associated with a second cellular
radio coverage area, and a mobile switching center,
said system comprising:

determining means for determining
whether an active call connection between said mobile
station and said first base station will require a
handoff to said second base station:;

first transmitting means for
transmitting a handoff command from said first base
station to said mobile station on a first channel
associated with said first bage station in response to
sald determining means determining that a handof? is
required; and

second transmitting means for
transmitting a handoff command from a
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2. A met hod according to claim 1, further conprising the step of 20

i nhabi ting transmission of signals fron1 said first base station on said
first predet ermi ned channel while said handoff comand is being
transmtted fromsaid second base station on said first predeterm ned

channel . 3. A met hod accordi ng further
conprising the step of handi ng of f said cal I”"mmuﬂlu&mm ,tl] sai d
first base station to said second base 25 station ent 0 an
acknow edgnment fromsaid nobile station to the said first base

station that said handof f comrand has beeg recei ved.

second base station to said mobile station on said
first channel in response to said mobile station not
receiving said handoff command from said first base
station on said first channel.

16. A system according to claim 15, further
comprising handoff means for handing off said call
connection between said mobile station and said first
base station to said second base station in response to
said mobile station receiving said handoff command
transmitted from said second base station on said
first channel.

17. A system according to claim 15, further
comprising switching means for switching off a radio
transmitter associated with said second base station,
which provides said second channel, in order to avoid
the use of said second channel by said second base
station from disturbing the use of said second channel
by said first base station while the first base station
sends a revert order to said mobile station.

18. A cellular radio télephone system which
includes at least a mobile station, a first base '
‘'station, a second base station and a mobile switching
center, said system comprising:

transmitting means for transmitting
messatjes from said first base station to said mobile
gstation over a communication connection on a first
channel associated with said first base station;

' determining means for determining
whether the signal strength or guality of said
communication connection on said first channel between

w
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- 25 - 4. A nmet hod according to claim 1, further
conprising the step of transmtting a revert command fromsaid first
base station to said nobile station on a second channel which is
different fromsaid first channel and is normally assigned to said
second base station at the tinme of said handoff nnand said revert 5

command instructing said nobile station to reest connecti on
bet ween said nobile station and said fir W l’ﬁi! n response
to said nobile station receiving said handoff cohnﬂhdson a|d first
channel and bei ng unsuccessful in establ i shing said call connection
bet ween said nobile station and said seeoyl base station. 10

5. A nmet hod according to claim2, wherein said step of inhibiting

i ncl udes bl ocking signals fromsaid first base station on said first

channel from be$agd mobilerahahienecandysaid afixst rkamaristatian dsnid first

base station. guitable for maintaining said communication connection

on said first channel;

utilizing means for utilizing a second
channel associated with the said second base station in
response to a determination that the signal strength or
quality of said communication connection on said first
channel between said mobile station and said first base
station is not suitable for maintaining said
communication connection; and

transmitting means for transmitting said
messages from said second base station to said mobile
station over said communication connection on said
second channel, said first channel and said second
channel being provided by said first and second base
stations, respectively, on the same frequency.

This Sheet Has Been
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6. ; A nmet hod according to claim?2, wherein said step of inhibiting
transm ssion of signals fromsaid first base station on said first channel

i nvol ves 15 switching a radio transnmtter associated with said first
base station to a channel different than said first channel.

7. A method for achieving a handoff of a call connection between a
nobile station and a first base station agfociated with a first cellular
radi o coverage area to a second base Station associated with a second
cellular radio coverage area 20 in a cellular nobile radi o comunication
system havi ng a predeterm ned frequency plan in which the frequencies

and channels of the firef MESRHSHND APpRiraE T e I o
coverage area are HELIRBentTY¢r omn AhGSELGIAR h‘i‘oé%ﬁ%%%gﬁ ﬁg E'Fili?lsg'r}:-:m
t he second cellular radi o coverage area, conprising the steps of:

determ ne whether said call connection between said nobile station and said
25 first base station wll require a handoff to said second base
station; transmtting a first handoff comand fromsaid first

base station to said mobile station on a first channel normally
assigned to said first base s9%§$¥#§fh9£~zﬂ§—ﬂl§§L9§§B§
A method and apparatus for achieving reliable

transmission of signalling messages in a cellular
system in which the frequency plan, frequency/time slot
allocation plan, code channel allocation plan, or
dynamic/adaptive channel allocation rule of the system
is violated by allowing adjacent base stations to reuse
particular frequencieg/time slots/channels for
signalling a particular mobile station. In situations
where signalling messages, such as handoff commands,
which are communicated between a base station and a
mobile station are not properly received by the mobile
station, an alternate communications channel will be
established to ensure the reception of these messages.
The alternate channel is provided by repeating the
message through a channel associated with a base
station which has better radio characteristics. The
channel selected for transmission of the message by the
new base station will be on the same frequency/time
slot/code as used by the established connection.

Figure 4
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- 26 - accordance with the predeterm ned frequency plan at the
time of said first handoff command; and transmtting a
second handoff command from sai d second base station to said nobi | e
station on said first channel in violation of the predeterm ned frequency
plan 5 when said nobile station does not receive said first handoff
command on said first channel fronygaid first base station.
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8. A nmet hod according to claim7, further conpr|5|ng€Lhe step of

handi ng off said call connection betmeen said nobile stati Sadd f | I st

base station to said second base station in respons MTN&Q{Q'@!
first

station receiving said 10 second handoff comrmand on sdi Trarmred, .
9. A method for achieving a handoff of a call connectign, J@E%
nobile station and a first base station aggociated withja flrst_

radi o coverage area to a second base station assofi atedt ycgnd
cellular radi o coverage area in a cellular nobil Lai&_cﬁojrlsm;i catijon
system conprising the steps of: 15 determ ni ng whet he ' al |

connection between said nobile station and said first base station

will require a handoff to said seeQnd base st@tiom,
transmtting a first handoff com‘r%—f_ﬂomg‘a d first base stjat iper—tq sqi d

mobi | e station on &first—ghannel ndrTaTTjy-asisi gned tg gse
station at the Li §f said filrst=Hahdof f cofmms

transmtting a segg}nd- ré%( COo daogo sai d rseq éng Ee | [ tol said
mobi |l e station on~sai d *ig4t_channel{ n y agsi gneg | d Eiys¥ bpse

stati on when sai |‘.!e stati es not

command on said first el W
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fromsaid first base station; wherein said nobile station
receives said first handoff conmmand on said first 25fughanpel..and..i.s-
unsuccessful in establishing said call connection bet vvaem_ps“,@MquHE@

station and said second base station on a second chafjngt-neriatty
associated with sai d second base station, furthern ﬁﬁpﬂ Si Eﬂ t he
steps of: deactivating. tramsm ssions foh s P tde pbase
station on said second

- 27 -
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channel normally associated with said second base stati
transmtting a revert command fromsaid first base statifop pgwﬁﬁ
station on said second channel instructing said nobile $t o)

reestablish said call connection between said nobjl g station an i d
first base station. 5 10. A net hod accofd] nd& du;_l ﬁg@ ,
further conprising the step of swigghping off ar |b transmtter
associated with said second base station, which econd
channel, in order to avoid said second base station fr
said first base station while using said second channel I n response
sai d nobi | e station bei ng unsuccessful_izr zai d cal
connection between said 10 nobi | e st a9 3 base station.
11. A cellular radio tel ephone system havi ng~sa 2 nobile station,
a first base [staiion associated with a Tirst_ceft r ea,
a second base station associ ated beh s radi o
coverage areg, and a nobile switching ~ a
pr edet er mi ned frequency pl an f 1 channel|s of
the first base station of t Ar ealare
di fferent 402
N
DETERMINE TARGET 403
BASE STATION AND |
CHANNEL FOR HANDOFF
]
INSTRUCT ORIGINAL 406
BASE STATION T0 404
TRANSMIT HAKDOFF HANDOFF Y
COMMAND ON FIRST SUCCESSFUL
CHARNEL ON F1/T1
N
INSTRUCT TARGET | 2
BASE STATION TO P_//
SWITCH FREQUENCY
TRARSMITIER FROM
F2/T2 TO OfF
"&sg su%ou T0 INSTRUCT ORIGINAL
SWITCH FREQUENCY BASE STATION TO
TRANSMITTER FROM TRANSWIT REVERT
FI/TL TO OFF COMMAND TO MOBILE | 413
STATION ON THE NEW | .
1 CHANNEL F2/12
INSTRUCT TARGET 409
BASE STATON YO | _/ ]
COMMAND TO MOBILE REESTABLISH
STATION OK F1/Tt CALL CONNELTION | 44
BETWEEN MOBILE /,’
Y 0 STATION AND
HANDOFF THE | ORIGINAL
CALL CONNECTION BASE STATION
T0 THE -
TARGET BASE STATION
- FIG.4




fromthose of the second base station in the second cellular radi o c&#ratfe
area, said ' system conp determ ni ng neans for

det er m ni ng wh mr““a B“anl | connection bet ween sai d nobile
station and saﬂ tion will require a handoff to said 20
second base statﬂoh - first transmfting neans for .,
transmtting a handoff command from sai d-f2dr-st base station to said¥
mobil e station on a first channel associated wth said first base

station in accordance with the predeterm ned frequency plan and in resporse

to said det er (it 3¢ clBRAaES jdet erm ning that a handoff is required; and
25 second transmtting neans for transmtting a handof/#mcommnd
froma second base station to said nobile station on said first

channel in violati o

predet er guenc en said
mobi | e station does not é‘e’E‘E‘WQ for Eih‘ﬁ“alﬂﬂ&fn]f‘aned(’ﬁf of g &ﬂﬁé)t‘/?ﬁg GG RELVEETY B st
base station oRopad Gafibk ghd & TR se station to a second base station in a cellular radio

telephone system having a mobile switching center for communicating with said
5  first and second base station and having a predetermined frequency plan in which
the frequencies and channels of the first base station in a first cell are different
from those of the second base station in a neighboring cell, comprising the steps
of:
transmitting a handoff command from said second base station to said
10  mobile station on a first predetermined channel which violates the predetermined
frequency plan, wherein said first predetermined channel is normally assigned to
said first base station at the time of said handoff command for the transmission of
signals to mobile stations and not normally assigned to said second base station in
accordance with the predetermined frequency plan, the handoff command originating
15  from said first base station and being communicated to said second base station via
the mobile switch center, and determining whether said mobile station transmits
radio signals to said second base station in accordance with said handoff command

from said second base station.

2. A method according to claim 1, further comprising the step of
20  inhabiting transmission of signals from said first base station on said first
predetermined channel while said handoff command is being transmitted from said

second base station on said first predetermined channel.

3. A method according to claim 1, further comprising the step of
handing off said call connection from said first base station to said second base
25  station in response to an acknowledgment from said mobile station to the said first

base station that said handoff command has been received.
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-28 - (dBeean ASySt em according to claim 11, further

conpri si ng handof f aREPLACEMENDfSHE pdl ng of f said call connection between
said nobile station an ' ' S station to said second base
station in response {o Sallég bile s ion receiving said handof f
rpm

come rars ey bR ] e PN

swi t chi ng neans for switching offf a radio tratsnftter "asSociated with
sai d second base st alt Y-eh provi des said second channel, in

order to avoid the yse o% sai,d second channel ai d _secpnd S
station from disturbBing fhé”%oéisa?c%%f]ﬁh@e@Smb%hMgf %Vpglgﬁng &Fr%‘?g of
base station Wihhgnitthfy £ levekt copmeandtfed QRidTaBdsase staiie td s2id #dbilk Statidh n
nmobi |l e station, 10 in order to reestablish communi cati on between t he

nmobi | e st at i ona aesdnd jgbarre} whichds different from saig digst channel and is normally assigned
to said second base station at the time of said handoff command, said revert

5 command instructing said mobile station to reestablish said call connection between
said mobile station-and said first base station, in response to said mobile station
receiving said handoff command on said first channel and being unsuccessful in
establishing said call connection between said mobile station and said second base

station.

10 5. A method according to claim 2, wherein said step of inhibiting
includes blocking signals from said first base station on said first channel from being

transmitted by a radio transmitter of said first base station.

6. A method according to claim 2, wherein said step of inhibiting
transmission of signals from said first base station on said first channel involves
15  switching a radio transmitter associated with said first base station to a channel

different than said first channel.

7. A method for achieving a handoff of a call connection between a
mobile station and a first base station associated with a first cellular radio coverage
area to a second base station associated with a second cellular radio coverage area

20 in a cellular mobile radio communication system having a predetermined frequency
plan in which the frequencies and channels of the first base station of the first
cellular radio coverage area are different from those of the second base station in
the second cellular radio coverage area, comprising the steps of:

determine whether said call connection between said mobile station and said

25  first base station will require a handoff to said second base station;

transmitting a first handoff command from said first base station to said

mobile station on a first channel normally assigned to said first base station in
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accord the predetermined frequency plan at the time of said first handoff
command; and

transmitting a second handoff command from said second base station to said
mobile station on said first channel in violation of the predetermined frequency plan
when said mobile station does not receive said first handoff command on said first

channel from said first base station.

8. A method according to claim 7, further comprising the step of
handing off said call connection between said mobile station and said first base
station to said second base station in response to said mobile station receiving said

second handoff command on said first channel.

9. A method for achieving a handoff of a call connection between a
mobile station and a first base station associated with a first cellular radio coverage
area to a second base station associated with a second cellular radio coverage area
in a cellular mobile radio communication system, comprising the steps of:

determining whether said call connection between said mobile station and
said first base station will require a handoff to said second base station;

transmitting a first handoff command from said first base station to said
mobile station on a first channel normally assigned to said first base station at the
time of said first handoff command; and

transmitting a second handoff command from said second base station to said
mobile station on said first channel normally assigned to said first base station when
said mobile station does not receive said first handoff command on said first channel
from said first base station;

wherein said mobile station receives said first handoff command on said first
channel and is unsuccessful in establishing said call connection between said mobile
station and said second base station on a second channel normally associated with
said second base station, further comprising the steps of:

deactivating transmissions from said second base station on said second
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channel normally associated with said second base station;
transmitting a revert command from said first base station to said mobile
station on said second channel instructing said mobile station to reestablish said call

connection between said mobile station and said first base station.

10. A method according to claim 7, further comprising the step of
switching off a radio transmitter associated with said second base station, which
provides said second channel, in order to avoid said second base station from
disturbing said first base station while using said second channel, in response to said
mobile station being unsuccessful in establish said call connection between said

moebile station and said second base station.

11. A cellular radio telephone system having at least one mobile station,
a first base station associated with a first cellular radio coverage area, a second base
station associated with a second cellular radio coverage area, and a mobile switching
center, and having a predetermined frequency plan in which the frequencies and
channels of the first base station of the first cellular radio coverage area are different
from those of the second base station in the second cellular radio coverage area, said
system comprising:

determining means for determining whether and active call connection
between said mobile station and said first base station will require a handoff to said
second base station;

first transmitting means for transmitting a handoff command from said first
base station to said mobile station on a first channel associated with said first base
station in accordance with the predetermined frequency plan and in response to said
determining means determining that a handoff is required; and

second transmitting means for transmitting a handoff command from a
second base station to said mobile station on said first channel in violation of the
predetermined frequency plan when said mobile station does not receive said handoff

command from said first base station on said first channel.
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12. A system according to claim 11, further comprising handoff means
of handing off said call connection between said mobile station and said first base
station to said second base station in response to said mobile station receiving said

handoff command transmitted from said second base station on said first channel.

13. A system according to claim 11, further comprising switching means
for switching off a radio transmitter associated with said second base station, which
provides said second channel, in order to avoid the use of said second channel by
said second base station from disturbing the use of said second channel by said first
base station while the first base station sends a revert order to said mobile station,
in order to reestablish communication between the mobile station and the first base

station.
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A METHOD AND APPARATUS FOR ENHANCING SIGNALLING
RELIABILITY IN A CELLULAR MOBILE RADIO TELEPHONE SYSTEM

BST OF THE SCIQS

A method and apparatus for achieving ieliable
transmission of signalling messages in a cellular
system in which the frequency plan, freéuency/time slot
allocation plan, code channel allocation plan, or
dynamic/adaptive channel allocation rule of the system
is violated by allowing adjacent base stations to reuse
particular frequencies/time slots/channels for _
signalling a particular mobile station. In situations
where signalling messages, such as handoff commands,
which are communicated between a base station and a
mobile station are not properly received by the mobile
station, an alternate communications channel will be
established to ensure the reception of these messages.
The alternate channel is provided by repeating the
message through a channel associated with a base
station which has better radio characteristics. The
channel selected for transmission of the message by the
new base station will be on the same frequency/time
slot/code as used by the established connection.

Figure 4
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