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 MULTIPLE ACCESS HANDLING IN A
CELLULAR COMMUNICATIONS SYSTEM

" FIELD OF THE INVENTION

The present invention relates to cellulat mobile radio systems.
More particularly, the present invention is directed to a method
and apparatus for processing access requests, paging responses,
or registration accesses from mobile stations to base stations in
such a way as to eliminate erroneous processing which may.occur
under certain conditions. Such conditions include the situation
that arises when base stations not intended to handle a par-
ticular access or paging response overhear the particular access
or paging response and report it to the mobile switching center.

BACKGROUND OF THE JINVENTION

A typical cellular mobile radio telephone system consists of at
least one mobile switching center (also known as a mobile
telephone switching office), at least one base station, and at
least one mobile station. The mobile switching center constitu-
tes an interface between the radio system and the public

switching telephone network. The base station transmits

information between the mobile stations and the mobile switching
center. Calls to and from mobile subscribers are switched by the
mobile switching center. The mobile switching center also

‘provides all signalling functions needed to establish the calls.

In order to obtain radio coverage of a geographical area, a
number of base stations are normally required. This number may
range from, in the exceptional case, one base stétion, and up to
one hundred or more base stations in normal systems. The area is
divided into cells, where each cell may either be serviced by a
base station or may share a base station with a number of the
other cells. Each cell has an associated control channel over
which control (non-voice) information is communicated between the

‘mobile units in that cell and the base station. Generally

speaking, the control c¢hannel includes a dedicated channel at a
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These various channels may share the same frequency, or they may
operate at different respective frequencies.

' Each mobile station is assigned to one mobile switching center or
‘home location register. The home location register is a database
10 which contains information about all its assigned subscribers and
where they are in the network. The home location register can be
a stand-alone intelligent processor connected to one or more
mobile switching centers or it can be part of a mobile switching
center, possibly connected to one or more other mobile switching
15 centers. When a mobile station enters a second mobile switching
center service area to which it is not assigned, the new exchange
is regarded as a visited exchange, and the subscriber as a
visiting subscriber. . Calls are now routed to and switched in

this second mobile switching center. |

20 Three types of transmissions normally take place on the control
channels between the mobile stations and the base station,
although other types are possible, such as an audit request and
response, or order confirmation. First, when a mobile station is
or:.glnatlng a call, it sends an access request to the base

25 station the c—c_:;x;:-r.;l channel of.which has the strongest or second
strongest signal. This access request serves to inform the base
station that the requesting mobile needs to be assigned a.voice
channel over which the call can be connected. Second, when a
mobile station is paged by a base station, indicating that the

30 base station has a call to be completed to the mobile subscriber,
the paged mobile station sends back a paging response on the
access channel. Finally, when a mobile station travels from one
cell to another, or for other reasons, the mobile station may
send a registration access to identify itself and its presence to

35 the telephone exchange associated with the cell.
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1997 surrounding base stations and selects the one with the strongest
or second strongest signal over which to make the access. The
5 mobile station then performs the access by sending a transmission
on the reverse control channel to the associated base station.
The associated base station then passes the access or paging.
response to its mobile switching center.

A registration access is performed in cellular systéms as

10 follows. A registration access is an access requested by a

mobile station to identify itself to a base station as being

active in the system at the time the message is sent to the base

station. The registration access may be requested for a number

of reasons, for example: the mobile is switched on; the mobile

15 determines that the time elapsed since the last registration has

' passed a specified 1limit; or the mobile detects a different

system or area identification (SID or AID). The mobile then

scans the control channels of surrounding base stations, and

selects the one with the strongest or second strongest signal on

20 which to complete the registration accéss, as explained above

regarding call origination. The associated base station then
passes the registration access to its mobile switching center.

For simplicity in the following discussion, an access request,
paging response, and registration access of the type described

25 above may be referred to as a mobile generated transmission when
the discussion pertains to all three types.

Due to unfavorable (low) attenuation between remote base stations
and mobile stations, it is -possible that :wo or more base
stations will receive a mobile generated transmission while ohly
30 one base station is actually the intended recipient. 1In other
words, it is possible that a mobile generated transmission which
is intended for a given base station may be overheard by another
base station operating on the same, or an adjacent, frequency.
The risk of this increases as the number 'of. cells, or base
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codes. Therefore, there ‘is a good chance that various base

stations may overhear mobile generated transmissions which are

inténded for other base stations. Conventional base stations are

not capable of reliably determining whether such transmissions

10 are actually intended for themselves or for other base stations.

In such cases, each of the base stations will try to act on the
transmission received from the mobile station and will therefore
notify the mobile switéhing center of a mobile generated
transmission. Because two or more such transmissions are thus
15 sent to the mobile switching center, the mobile switching center
cannot accurately determine which of the mobile generated
transmissions to. accept and further process. Processing the
mobile generated transmission received first in time is not
necessarily correct because the transmission from the base
20 stétion which was not intended to receive the mobile generated
transmission may reach the mobile switching center first.
In one known system described in U.S. Patent No. 4,481,670 to
Freeburg, where more than one channel communication modules CCM
receives an access request from a mobile, a general com-
25 munications controller GCC is called upon to determine which CCM
to use as the primary station. In this system described in this
patent, the area is divided into seven zones, where each zone is
covered by one or more transmitter/receiver pair. Each time a
mobile transmits, signal strength readings are taken by each
30 receiver hearing the transmission. These readings are used to
compute an adjusted signal strength for each zone by multiplying
the measured signal strengths for each zone by preselected
factors associated with the particular =zone. The GCC then
selects the zone which has the largest adjusted signal strength
35 for a particular transmission from the mobile as being the zone
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message signal is received by other CCM's and sent together with
an average signal strength measurement to the GCC. All signals
from other CCM's received within the set time period are used to
10 determine where the mobile is located. Thus, the location of
each mobile is updated each time a message signal is received by
the CCMs. Then, when it is desired to transmit a message signal
for the GCC to a selected mobile, the most recently determined
location is used as a first try for successful connection.

15 According to this patented method, the system described in the
patent appears to be one in which adjacent CCM's operate on the
same frequencies, thus permitting adjacent CCM's to hear the same
message from a mobile. Fui'ther, only the largest adjusted signal
strength is used, with no provision for the possibility that two.

20 signal strengths may be so close as to preclude an accurate
determination. Finally, by multiplying the signal strength
measurements by predetermined factors, inaccurate determinations.
of locations are possible.

In some conventional systems, the mobile switching center
25 automatically starts processing of the first mobile generated
transmission. However, in certain circumstances, this may not be
appropriate and may result in lost calls. For example, consider
the case when a mobile station makes an access in a network where
adjacent base stations operate on different frequencies. Because
30 the receivers in the control channels are not normally receiving
any informative signals, distant control channel picks up a weak
whisper of this access from far away. The base station with
which this distant control channel is associated then sends this
weak access to the mobile switching center. The weak access,
35 = Dbecause it occurs first in time is processed. Thereafter, if the
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In order to overcome the disadvantages noted with conventional
systems, the present invention is directed to a method for use in
a cellular radio telephone system for determining which transmis-
sion, received by a mobile switching center from at least two
base stations receiving a single mobile initiated transmission
should be accepted by the mobile switching center, the method
including the steps of, measuring the signal strength of the
received mobile generated transmission, sending the mobile
generated transmission and the measured signal strength of the
mobile ?;enerated transmission to a processing means from the at
least two base stations, storing in a memory the respective
mobile generated transmissions ‘and measured signal strengths
received from the at least two base stations within a predeter-
mined time period, and determining which of the mobile generated
transmissions to accept based on time of receipt by the proces-
sing means and the stored signal strengths of the mobile
generated transmissions. The step of determining comprises the
steps of adding a stored compensation value to each of the
measured signal strengths received from the at least two base
stations to determine compensated signal strengths, the compen-
sation value being stored relative to each pair of base stations
of the at least two base stations, comparing the compensated
signal strengths to yield a difference value, if the difference
value exceeds a predetermined threshold, accepting the mobile
generated transmission having the strongest relative signal
strength, and if the difference value is below the predetermined
threshold, accepting one of the received mobile generated
transmissions according to a predetermined priority order.

According to another preferred embodiment of the present
invention, a method of selecting one of several access requeéests



The asé00|ated base—s%aPFen—Lhen_passes the access or paging response to
its nmobile SMAtChfﬂ . \ registration access is perfornmed in
cellular systens a en | |strat|on access i s an access regquested
by a nmobile statio self to a base station as being active in
the system at the e is sent to the base station. The

regi stration‘access nay be requested for a nunber of reasons, for exanple:
the nobile is switched on; the nobile determ nes that the time el apsed

since the | aglededied Idiz Bty ife RAEESH @fsaeééilﬂﬂa}:'ﬂbﬁll@rrécﬁ'fo@?bhﬁm for
detects a different systemor area identification bile

SI P The no
then scans tRP¥FOCHRTIT Marhdadite s%W+E%HPﬂgcﬁﬁ'§é si-%t?’é‘?l‘él %‘ﬂd EB‘PeF}?EhOd
the one wit hddn@ﬁtﬁmwmie etepecaﬁobﬁéée@gmq the Wbige hebat@dceﬁahginss-

the registrati,on access, aj.hed above i n i nation

associ at ed b&*®%RETHh eﬁ" %é t§°?h8nﬁe§' %%ﬁ&a&% 'T;'I t§é?r’6b5"3e he
swi t chi iBg cen.mmtlﬂim:ratsmrpl Dfl tghe nbalse fstabiwng ficec valsicin, the apresessed
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of the processed mobile generated transmission, comparing the
signal strength of a subsequent mcbile gsnerated transmission
received from another base station to the signal strength of the
10 processed mbb;i.le generated transmission to yield a difference
value, obtaining a compensated difference value by adding a
. compensation value stored relative to the base stations from
which the processed mobile generated transmission and the
subsequent mobile generated transmission are received, when the
15 compensated difference value is greater than or egqual to a
' predetermined threshold amount, terminating the processed mobile
¢enerated transmission, processing the subsequent mobile
generated transmission having the greater signal strength, and
storing the identification of the base station from which the
20 subsequent processed mobile generated transmission originated and
the éignal strength of the subsequent processed mobile generated
transmission, and repeai:ing the comparing, terminating and
subsequent processing and storing steps for further mobile
generated transmissions received during a set time period.

25 According to another' preferred embodiment of the present
invention, a method is provided for use in a cellular radio.
‘telephone system for determining which mobile generated transmis-
sion, received by a processing means from at least two base
stations receiving a single mobile generated transmission, should

30 be accepted by the processing means, the method comprising the
steps of,

(a) in the mobile station:
(1) scanning a plurality of control channels over
which messages are broadcast by a plurality of base stations to

35 determine relative signal strengths of the messages,

| (2) sending a mobile generated transmission over
a selected one of said plurality of control channels, the mobile-
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(b) in the at least two base stations:

(1) measuring the signal strength of the received
5 ' mobile generated transmission,

(2) sending the mobile generated transmission and
the measured signal strength of the received mobile generated
transmission to the processing means,

(c) in the processing means;
10 ) (1) storing in a memory the respective mobile
| generated transmissions and measured signal strengths received
from the at least two base stations within a predetermined period
of tiine, and |

(2) determining which of the received mobile

i5 generated transmissions to accebt based on the time of receipt in
the processing means and the relative signal strengths of the
mobile generated transmissions.
The step of determining comprises the steps of adding a stored
compensation value to each of the measured signal strengths

20 received from the at least two base stations to determine
compensated signal strengths, the compensation value being stored
relative to each pair of base stations of the at least two base
stations, éomparing the compensated signal strengths to yield a
difference value, if the difference value exceeds a predetermined

25 threshold, accepting the mobile generated transmission having the
strongest relative signal strength, and if the difference value
is below the predetermined threshold, "accepting one of the
received mobile generated transmissions according to a pfedeter-
mined priority order.

30 According to a preferred embodiment of the invention, a systenm is
provided for processing multiple mobile generated transmissions
in a cellular system, the cellular system having at least one
mobile wunit, at least two base stations and at least one

. processing means. The system comprises means provided in the

35 mobile unit for scanning signals transmitted by such base

stations on at least one base to mobile control channel and
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Therefore, there is t hat vari®©us base stations nmay overhear
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sions over a control channel of the selected base station, means
provided in the at least two base stations for receiving the
5 transmitted mobile generated transmission and for sending the
received mobile generated transmissions to the processing means,
‘and means provided in the proceésing means for selecting one of
several mobile generated transmissions received from at least two
base stations for processing based on the time of receipt of the
10 mobile generated transmission and the relative signal strength of
| the mobile to base signal associated with the mobile generated
transmissions, the means for selecting comprising memory means
.~ for storing the mobile generated transmissions which occur within
‘a predetermined time period, identities of the mobile stations
15 sending the mobile generated transmissions, signal strength of
the mobile generated transmissions measured at the time of
receipt of the mobile generated transmission by the respective

base stations.

BRIEF DESCRIPTION OF THE DRAWINGS

20 The present invention will now be described in more detail with

- reference to the preferred embodiments of the device, given only

by way of example, and with reference to the accompanying
drawings, in which:

Fig. 1 is a schematic diagram illustrating an example cellular
25 mobile radio system illustrating the rélationship of the system's

cells, a mobile switching center, base stations and mobile

- stations;

Fig. 2 is a schematic diagram illustrating a number of clusters

of 21 cells each, many cells beinq_connected to the same mobile
30 switching center;

Fig. 3 is a schematic diagram illustrating a number of clusters

of 21 cells each, a number of the cells being connected to one

mebile swifcﬁing.center and another number of the cells being

connected to a second mobile switching center, these two mobile
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Fig. 6 is a block diagram illustrating a mobile switching center
in a cellular mobile radio system according to Fig. 1:
Fig. 7 is a flowchart of a pre-processing stage of the present
10 invention; : '
Fig. 8 is a flowchart illustrating a first embodiment of the
present invention;
Fig. 9 is a flowchart illustrating a second embodiment of the
present invention: ané_l
15 Fig. 10 is a flowchart illustrating a third embodiment of the

present invention.

GENERAL DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention is applicable to the following situations.
During initial setup of a communication between a mobile station

20 and another mobile station or a telephone network, i.e., the
mobile subscriber wants to place a call, the mobile station sends

out an access request over a control channel of the closest base
station. Additionally, when a mobile unit is being paged, i.e.,

the mobile unit is being sought when an incoming call is received

25 by the base station, the mobile unit generates a paging response.
' Further, a mobile station may send a registration access when a
predetermined time period has elapsed since the last registration
access, or may send a registration access when the mobile station

. moves into a new cell. As stated above, the access request,
30 paging response and registratidn access will be termed mobile
generated transmissions for purposes of the following dis_cussion.'

In certain cases, it is possible that thése mobile generated
transmission could be overheard by not only the intended base
station, but by another base station or stations operating on the
35 same or an adjacent channel or frequency. Each of the base
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' stations receiving the mobile generated transmission will

. automatically process the mobile generated transmission by
transmitting it to the mcbile switching center. Additionally, it
is possible that more than one mobile switching center will hear

5 the transmissions from the base stations. In the former
sitﬁation, the mobile switching center must make a choice as to
which mobile generated transmission from the different base
stations should be accepted. In the latter situation, a home
location register must make the choice.

10 The present invention is directed to methods for determining
which of the received mobile generated transmissions is the
proper one.

When a mobile generated transmission appears in more than one
base station, these transmissions will be detected all within a
15 few milliseconds of one another in the various base stations.
Both, or all, base stations will try to act on the transmission
received from the mobile station by immediately notifying the
mobile switching center. In order to make a comparison between
mobile generated transmissions in the different base stations,
20 all the mobile generated transmissions received within a given
relatively short period of time are stored to allow for other
base stations to report their mobile generated transmissions.
The relative sighal strengths of the mobile generated transmis-
‘'sions are compared to determine which of them is to be accepted.

25 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Fig. 1 is a schematic diagram illustrating ten cells, Cl to C10,
in a cellular mobile radio system. Normally the method according
to the present invention would be implemented in a cellular
mobile radio system comprising many more cells than ten. For

30 purposes of this discussion, the system depicted herein is
considered to be an isolated piece of a larger system which has
been fragmented. '
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Fig. 1 also illustrates ten mobile stations, M1 to M10, which are '
movable within a cell and from one cell to another cell. The
method according to the present invention may be implemented in
a cellular mobile radio.system comprising many more mobile

10 stations than ten. 1In particular, there are normally many more
mobile stations than there are base stations.

Also illustrated in Fig. 1 is a mobile switching center. The
mobile switching center MSC illustrated in Fig. 1 is connected to
all ten illustrated base stations by cables. ' The mobile
15 switching center is connected by cables also to a fixed public
switching telephone network or similar fixed network with ISDN
facilities. All cables from the mobile switching center to base
statibns and cables to the fixed network are not illustrated.
Further, other means may be used instead of cables for base to
20 mobile switching center communications, e.g;, fixed radio links.

The cellular mobile radio system illustrated in Fig. 1 includes
a plurality of radio channels for communication. The systiem is
designed both for analog information, e.g., speech, digitized
analog information, e.g., digitized speech, and ‘pure digital
25 information, e.g., pure digital data. 1In the context of the
present invention, the term connection is used for a com-
munication channel between two telephones or terminals where at
least one of the telephones or terminals may be using a radio/
cellular system. Thus a connection may be a call where two
30 peoplé talk to each other, but may also be a data communication
channel where computers exchange data.

Each cellular system is assigned a particular frequency band on
which it can operate. A set of communication channels is
allocated to each cell. For example, between 10 and 30 different
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processed. Ehﬂﬂﬁﬁﬁkﬁﬁnuuﬁ thase co-channel interference in these overlapping
areas.

A group of neighboring cells using all the unique channels
available in the system frequency band is called a cluster of
cells. In other words, there is no frequency reuse in a cluster.

10 Fig. 2 illustrates an example of a cluster pattern which is
commonly used in mobile cellular telephone systems. For example,
in the pattern of Fig. 2, a cluster of 21 cells is shown in thick
lines. For illustration purposes, the letters used in the cell
identification identify cells assigned to a common base station,

15 while the numbers identify the cell number in the cluster and the
frequencies assigned to the cell. Thus, cells in different
clusters with the same numbers and letters transmit over the same
frequencies. In the example shown in Fig. 2, the base stations
10 each serve three cells and are provided with directional

20 antennas. It is also possible that each cell includes its own
base station formed by an omni-directional antenna.

It is not necessary that complete clusters be associated with the
same mobile switching center. Fig. 3 shows an example of several
clusters of 21 cells each. Base stations 10' are connected to
25 mobile switching center MSC Vi, and base stations 10" are
connected to a second mobile switching center MSC V2. These two
mobile switching centers are in turn connected to a home location
register/mobile switching center MSC HOME. The home location
register/mobile switching center MSC HOME stores the record of
30 the location of the mobile stations. |

Each mobile station is identified by a unigue mobile station
number. This mobile station number is sent by the mobile station
to the base station and then to the mobile switching center.
This number is also used by the mobile switching center during
35 the paging.of a mobile station. Each base station can also be
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identified by a digital color code. The digital color code is
transmitted by the mobile station ‘on a radio channel used for
digital radio channels and serves to identify to the base station
which base station transmitter the mobile station is receiving.

Referring now to Fig. 4, an embodiment of a mobile station that |
can be utilized in a cellular telephone system that operates in '
accordance with the present invention is illustrated. This
partxcular example pertains to a mobile station that can be used
in a digital communications system, i.e., one in which digitized
voice information is transmitted between base and mobile
stations. Furthermore, the operation 6f the system is explained
in the context of full-rate transmissions, in which each packet
of digital information is interleaved over two spaced time slots
in a frame of data. It will be readily appreciated, however,
that the invention is equally applicable to other types of
cellular radio systems, such as those in which information is
transmitted in an analog format or transmitted digitally at a
half rate.

In the mobile station depicfed in Fig. 4, a speech coder 101
converts the analog siénal generated by microphone into a binary
data stream. The data stream is then divided into data packets,
according to the TDMA principle. A fast associated control
channel (FACCH) generator 102 generates control and supervision
signalling messages that are transmitted from the mobile station
to the land-based system.. The FACCH message replaces a user
frame (speech/dataj whenever it is to be transmitted. 2 slow
associated control channel (SACCH) generator 103 provides
signalling messages that are transmitted over a continuous
channel for the exchange of information 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 a
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 preferably convolutional encoding, which
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conpensat@gsociated with the speech coder 101 and the FACCH.generator 102,
respectively. The two-burst interleaver 106 is controlled by a
microprocessor controller 130 so that, at appropriate times, user
information over a particular speech channel is replaced with
10 system supervision messages over the FACCH. Data to be transmit-
ted by the mobile station is interleaved over two distinct time
slots. A packet of 260 data bits, which constitute one transmit-~
ting word, are divided into two equal parts and are interleaved
over two different time slots. The effects of RAYLEIGH fading is
15 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 modulo-
two-addition of a pseudo-random bit stream.

The output of the channel coder 104 associated with the SACCH

20 generator 103 is connected to a 22-burst interleaver 108. The
22-burst interleaver 108 interleaves data transmitted over the
SACCH over 22 time slots each consisting of 12 bits of infor-
mation. '

- The mobile station further includes a Sync Word/DVCC generator

25 109 for providing the appropriate syhchronization word (Sync
Word) and DVCC (digital verification color code) which are to be
associated with a particular connection. The Sync Word is a 28-
bit word used for time slot synchronization and identification.
The DVCC is an 8-bit code which is sent by the base station to

30 the mobile station and viée-versé, for assuring that the proper
channel is being decoded.

A burst generator 110 generates message bursts for transmission
by the mobile station. The burst generator 110 is connected to
the outputs of the modulo-two-adder 107, the 22-burst interleaver



S

transm ssi on havi
di f ference value

I gnal

strengths toyield a dlfference value, if the difference val ue

‘relative signal strength, and if the

exceeds a predeﬂb$ﬁwnéh83hmﬁaﬂm accepting the nobile generated

redetern1nedsthreshold accepting one of the

recei ved nobile generated transm ssions according to a predeterm ned
priority order. According to another preferred enbodi nent of the present

i nvention,

7

10

15

20

25

30

3s

a nmethod of selecting one of several access requests
108, the Sync Word/DVCC generator 109, an equalizer 114, and a

control channel message generator 132, to integrate the various
pieces of information from these respective units into a single
message burst. For example, according to the published U.S.
standard EIA/TIA 15-54, a message burst comprises data (260
bits), SACCH (12 bits), Sync Word (28 bits), coded DVCC (12

' bits), and 12 delimiter bits, combined for a total of 324 bits.

Under the control of the microprocessor 130, two different types
of message 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 replaced the SACCH as well as the speech data
normally generated in a voice/traffic burst.

The transmission of a burst, which is equivalent to one time
slot, is synchronized with the transmission of other time slots,
which together make up a frame of information. For example,
under the U.S. standard, a frame comprises three full-rate time
slots. The transmission of each burst is adjusted according to
timing control provided by the equalizer 114. Due to time
dispersion, an adaptive equalization method is provided in order
to improve signal quality. For further information regarding
adaptive equalization techniques, reference is made to U.S.
Patent Application Serial No. 315,561, filed February 27, 1989,
and assigned to the same assignee. Briefly, the base station
functions as the master and the mobile station is the slave with
respect to frame timing. The equalizer 114 detects the timing of
an incoming bit stream from the base station and synchronizes the
burst generator 110. The equalizer 114 is also operable for
checking the Sync Word and DVCC for identification purposes.

A frame counter 111 is coupled to the burst generator 110 and the
equalizer 114. The frame counter 111 updates a ciphering code
utilized by the mobile station for each transmitted frame, e.qg.,
once every 20 ms. A ciphering unit 112 is provided for gene-
rating the ciphering code utilized 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
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processsng mbaulatiaequent isr’rodwétable for modulating a carrier frequency

according to the n/4- DQPSK method (r/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
10 phase: +w/4 and +37/4. The transmitter carrier frequency
supplied to the RF modulator 122 is generated by a transmitting
frequency synthesizer 124 in accordance with the selected

transmitting channel. Before the modulated carrier is transmit-
ted by an antenna, the carrier is amplified by a power amplifier

15 123. The RF power emission level of the amplifier is selected on
command by a microprocessor controller 130. The amplified signal
is passed through a time switch 134 before it reaches the
antenna. The timing J.S synchronized to the transmitting sequence
by the microprocessor controller 130.

20 A receiver carrier frequency signal is generated in accordance
with the selected receiving channel by a receiving frequency
synthesizer 125. Incoming radio frequency signals are received
by a receiver 126, after passing through the time switch 134,

_ The timing is synchronized to the receiving sequence by the

25 . microprocessor controller 130. The strength of the received
signals are measured by a signal level meter 129. The received
signal strength value is then sent to the microprocessor
controller 130.° An RF demodulator 127, which receives the
receiver carrier frequency signal from the receiving frequency

30 synthesizer 125 and the radio frequency signal from the 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 7/4-DQPSK - modulated digital information.
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'Control channel messages are sent to a control message detector

133 which supplies detected control channel information to the

microprocessor controller 130. Any speech data/FACCH data is

. supplied to a modulo~two adder 107 and a two-burst deinterleaver

10 11s6. The speech data/FACCH data is reconstructed by these

components by .assembling and rearranging information from two

time slots of the received data. The symbol detector 115

supplies SACCH data to a 22-burst deinterleaver 117. -The 22-

burst deinterleaver 117 reassembles and rearranges the SACCH

15 data, which is spread over 22 consecutive frames.

The two-burst deinterleaver 116 provides the speech data/FACCH
data to two channel decoders 118. The convolutionally encoded
data is decoded using the reverse of the above-mentioned coding
principle. The received cyclic redundancy check (CRC) bits are

20 checked to determine if any .error has occurred. The FACCH
channel coder 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

25 with a speech coder algorithm (e.q., VSELP)', and generates the
received speech signal. The analog signal is finallf enhanced by
a filtering technique. Messages on the fast associated control
channel are detected by a FACCH detector 120, and the information
is transferred to the microprocessor controller 130.

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

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

Fig. 5 illustrates an embodiment of a base station that can be
utilized in a cellular telephone system that operates in
accordance with the present invention. The base station
incorporates numerous component parts which are substantialiy
identical in construction and function to component parts of the

' mobile station illustrated in Fig. 4 and described in conjunction

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

There are, howe?er, some distinctions between the mobile and base
stations. For instance, the base station has two receiving
antennas. Associated with each of these receiving antennas are
a receiver 126', an RF demcdulator 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.
Finally, there can be a plurality of channels, represented in
Fig. 5 by the boxes~1abeled 1, 2 and 3, with corresponding inputs
IN1l, IN2, and IN3, and outputs OUT1l, OUT2 and OUT3. Although the
system is shown here with three éhannels, the number used would
be dependent upon system requirements as determined by the system
designers.

When power is applied to the mobile station, the microprocessor
controller 130 executes an initialization procedure. Initially,
the serving system parameters are retrieved, meaning that the
preferred system, e.g., A or B (wireline or non-wireline), is
selected. Depending on the choice made, scanning is carried out
over the dedicated control channels belonging to the preferred
systemn.
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base s first control channel number into the frequency generator in a
known manner. The control channel with the /strongest signal
strength is chosen by the mobile to receive the call or other
transmission.

Fig. 6 is a block diagram of an example of a mobile switching
10  center which can be used to impiement the method according to the
present invention. The mobile switching center shown in Fig. 6
is a simplified block diagram of some of the functional units in
a mobile switching center. Fig. 6 shows but one example of a
mobile switching center. Other systems may also be used.

15 The mobile switching center 70 is a highly modular system which
includes a central proceséor 72 and a mobile telephone subsystem
74 for the cellular system which is integrated with the other
subsystems. A group switching subsystem 76, a common channel
signalling subsystem 78, and a trunk and signalling subsystem 80
20 afe connected to the central processor 72. The mobile telephone
subsystem 74 includes a regional processor 82, a mobile telephone
base station line terminal 84 and a signalling terminal 86. The
remaining subsystems also each include a regional processor 82.

The mobile telephone subsystem 74 handles all specific mobile
25 subscriber functions, cellular network functions, as well as the
signalling with the mobile stations. Subsystem 74 also provides
the common channel signalling subsystem 78 with the necessary
data from the mobile switching center signalling. The operation
and maintenance functions specific for the cellular system are
30 also implemented in the mobile telephone subsystem 74. The
mobile telephone subsystem 74 includes the mobile telephone base
station line terminals 84 which connect the mobile telephone
subsystem 74 to the various base stations within the system and
to the public switching telephone network.' The signalling
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channel andsubsystems stores and executes the regiocnal software for the

5 switching system, handling simple, routine and high capacity
tasks. '

The group switching subsystem 76 is controlled by a traffic
control subsystem (not shown). The group switching subsystem 76
sets up, supervises and clears connections through the group
10 switch (not shown). The common channel signalling subsystem 78
contains functions for s'ignélling, routing, supervision and
correction of messages sent in accordance with a predetermined
standard. The trunk and signalling subsystem 80 supervises the
state of the trunk lines to the public switching telephcne
15 network and to the other mobile switching centers.

The central processor 72. stores and executes the central
pProcessor software for the switching system, handling the more
complex functions. These functions include, but are not limited .
to, job administration, store handling, loading and changing of

20 programs, etc. Further, to the extent that the methods according
to the 'preferred embodiments of the present invention are
implemented by software routines operating in the mobile
'switching center, they are implemented in the central processor
72. |

25 One of the primary tasks performed in the system access mode of
the mobile station is the generation of an access message in the
mobile station and preparation of a suitable traffic channel for
information exchange. The access channels available to the
mobile, which were updated during an idle mode, are examined in

30 2 manner siImilar to the measuring of the dedicated control
channels as previously described. . A ranking of the signal
strength of each is made, and the channel associated with the
strongest s3ignal is chosen. The transmitting frequency syn-
thesizer 12£ and the receiving frequency synthesizer 125 are

35 tuned accorcingly, and a service request message is sent over the
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type of access wanted, e.g., call origination, page response, or

registration access. After completion of this message, the
amplifier 123 of the mobile station is turned off and the mobile

S station may wait for further control messages. Depending on the
access type, the mobile station may then receive a reply message
from the base station. | '

According to a first embodiment of the present invention, a "wait
and compare" method is used. This method is most épplicable to
10 the setting up of calls, both mobile originated calls and calls
directed to mobile stations, although it can be used to process
other types of mobile generated transmissions such as registra-
tions. For the purposes of explanation of this embodiment, the
following discussion, feferring to Fig. 2, relates to an example
15 wherein a mobile station 12 travels from cell C8 to the nearby
cell F16. In this example, the intended near base station 10a
(at the borders of nearby cells F16, F17 and F18) and the
6vefhearing relatively faraway base station 10c (at the borders
of remote cells Fi6, Fl17, and F18) are connected to the same
20 mobile switching center.

The "wait and compare" method of the présent invention involves
waiting until the time has elapsed for all possible mobile
generated transmissions originating from one mobile station (in
this example 2 requests) to have come to the mobile switching

25 center (i.e., using a time period which is approximated to be the
worst-case time required for signalling), and to make a decision
then as to which transmission to serve, rejecting all others.
This decision is based on the signal strength if the difference
therebetween is significant. 1If this difference is not signi-

30 ficant, the determination as to which transmission to use as made
based on some other predefined priority order, such as the first
transmission to be received. One possible threshold value for
the difference could be about 10dB, but this threshold could be
differently specified for each system or each cell or even each

35 cell-cell combination. According to a preferred embodiment, the
threshold is between +10dB.



the mobiie to b&se—si—gna,l_assecj_aled wi th the nobil e generated

t ransm ssi ons, ans for selecting conprising menory means for storing
t he nobile genera ¢¢d whi ch occur within a predeternined tine
period, identities I stations gendi ng the nobil e generated
transni ssi ons, sig f the nobile generated transm ssions
nmeasured at ‘t he tinme of recei pt of the nobile generated transm ssion by the
respecti ve base stations. BRI EF DESCRI PTI ON OF THE DRAWNGS The present
i nvention vActordinge tiesar pred ernredbrentiplindnty tbefeter ¢heec dampgdirison is
referred nt W C % y i e ]
Iroeference ?@Q ‘?%én:acc%oﬁge}‘ggtqg’r avm@?]l‘gé gg \Cﬂqu J) tﬁ’ae % é?g@ é’c c?e#’éQ
di agram i | | signal sgr@mmp(reompenamion values bemg an 1nd1v1dual cell

parameter) to make it possible to change the odds for some cells
5 to win the comparison competition. The value of the compensation
parameter could be initially set to 0. It can later be changed
if ex‘perien¢e, simulations, etc. show that some cells fail in
comparisons when they should win. This situation could occur,

for example if the faraway base station has very good receiving

10 conditions, e.g., is situated in a high tower on a mountain. The
compensation values are determined based on each particular cell-
cell combination and can be altered as experience dictates. Of
course, instead of adding the compensation value to the in-
dividual signal strengths, the compensation could be accomplished

15 after the difference is determined by addlng a value to the
difference between the signal strengths.

The "wait and compare" method will now be described with
reference to Figs. 7 and 8. According to a preferred embodiment,
as shown in Fig. 7, the mobile station scans the control channels
20 from neérby base stations and selects the strongest signal
strength, at step 200. The mobile station then waits for some
control signal over the selected control channel (step 202).  If
nothing intended for the mobile station is heard, when it is
again time to rescan the control channels to determine which is
25 the strongest (step' 204), the mobile station returns to step 200.

A number of possible functlons are avallable to the mobile
station, some of which are shown in F:Lg. 7. For example, the
mobile may determine: it is time to register (step 206); it wants
to make a call (step 208); it has received a page and wants to
30 i'espond (step 210); or it received an audit message and wants to
answer (step 212). Other functions are possible, as is known to
technical people working in cellular technology, but are not
described herein because they are not relevant to the present

invention.
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performs a system access by scanning and selecting the strongest
control channel at step 214. At step 216, the mobile sends the
mobile generated transmission to the selected control channel.

As represented by the dashed line, both the intended base station
and any other base stations operating on the same or adjacent
frequencies which overhear the mobile generated transmission
(called "transmission" in the drawings for simplicity) measure
the signal strength of the received mobile generated transmission
at step 218. That transmission is then transmitted along with
the measured signal strength, to the mobile switching center at
step 220. At this poirit,. control is passed to step 300, shown in
Fig. 8.

All mobile generated transmissions reported to the mobile
switching center with the same mobile station number and/or
serial number within the given time period are stored in the
mobile switching center at step 300. The identity of the
appropriate mobile station and base station or an area associated
with the base station, the signal strength of the received
signal, and the time of receipt‘; of the mobile generated transmis-
sion by the mobile switching center are also stored. At step
302, it is determined whether a compensation value has been
stored for the particular cell-cell combination in question. 1If
it has, at step 304, the stored comper_zéation value is added to
the stored signal strengths and the sums are stored as the
compensated signal strengths. '

At step‘ 306, the compensated signal strengths stored for the
stored transmissions are compared to one another. At step 308,
it is determined whether the difference between the stored signal
strengths is below the predetermined threshold or whether only

‘one mobile generated transmission has been received. If the

difference is not below the threshold, the mobile generated
transmission with the strongest signal strength is taken as the
mobile generated transmission received by the intended base
station, and is processed by the mobile switching center, at step
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5 At very small differences in signal strength between two mobile
generated trarismissions, i.e., the differences between the signal
strength is below the threshold at step 308, and more than one
mobile generated transmission is received (step 309) instead of
merely selecting the highest signal strength, the mobile

10 generated transmission to be chosen as the correct transmission
is determined accofding to a second priority order, at step 310.
In a preferred embodiment, the first mobile generated transmis-
sion to be received is processed. Step 311 is executed if only
_ one mobile generated transmission is received (yes, at step 309)
15 so that the only received transmission is processed.

In the embodiment shown in Figs. 7 and 8, the decision concerning
which mobile generated transmission to process is made in the
mobile switching center. However, it is also possible that the
two (or more) base stations which overhear the mobile generated

20 transmission are connected to different mobile switching centers.
In this case, both mobile switching centers may attempt to send
the mobile generated transmission to a home location register or
home mobile switching center. The home location register or home
mobile switching center then makes the decision at to which based

25 station is the intended recipient of the message. In this case,
the software routines illustrated in Fig. 8 would be executed in
a processor connected to the home location register, either a
. stand~alone processor or one which also serves as a mobile
switching center processor.

30 The time period of Fig. 8 is measured by a clock. This clock may
be for example, an internal clock (not shown) in the mobile
switching center or home location register. The time period
begins upon the océurrence of the first event, i.e., when the

. first transmission from a given mobile unit is received, through

35 the base station; by the mobile switching center. The time
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the range of up to about 2 seconds or less, dependlng on, among

" other things, the signalling used (protocol, transmission speed,
load, etc.) between the mobile switching centers.

According to another embodiment of the present invention, a
10 nstore and compare" method is used. This method is most
applicable to the registering of a mobile unit in a new cell,
although it can be used for processing other mobile generated
transmissions, such as access requests or paging responses.
Referring to Fig. 2, the following discussion relates to an
15  example where the mobile unit travels from cell C8 to the nearby
cell F16. Also, though this is not necessary, the location (or
area) border passes between these two cells. The mobile unit
recognizes the need to register when reading the SID (the digitail
- system identification associated with ‘a cellular system; each
20 system being assigned a wunique number) or the REGID (the
'registration identification) in the overhead message train (in
cellular systems), and makes an access for registration. The
access is reported to the respective mobile switching center by
the nearby Fl16 base station 10a and by the faraway F16 base
25 station 10c, connected to the same mobile switching center. It
is assumed that all mobile generated transmissions received by |
the mobile switching center within a predetermined time after the
first received transmission relate to the same request, overheard
by more than one base station. ‘

30 The "store and compare" method will now be described with
reference to Figs. 7 and 9. The processing carried out by the
mobile station engaged in registration and by the receiving base
stations is the same as shown in Fig. 7 and described above with
respect to the "wait and compare™ method. However, once control

3s passes to the mobile switching center, the mobile switching
center records the first incoming mobile generated transmission



transn155|on could be overheard by not only the intended base station, but

by anot her base as lafedns operating on the sane or an adjacent
channel or freque i the base Stations receiving
t he nobil e genera on will auBdmatically process the nobile
generated transm ssi on by

together with the signal strength measured by the nearby base
station 10a during the access at step 400 of Fig. 9. When the
next mobile generated transmission arrives, it is first deter-
mined whether the next transmission arrived within a specified

5 time limit at step 402. The time used for the specified time
limit is typically less than 2 seconds, as discussed above with
respect to the "wait and compare" method. With other possible
system configurations, the time limit may range up to about 10
seconds or more.

10 If the transmission is within the time limit, the signal strength
measured by the faraway F16 base station 10c is compared to the
previously recorded signal strength to calculate a difference
therebetween (step 404). At step 406, it is determined whether
a compensation value has been stored for the particular cell-cell

i5 combination involved. If so, the compensation value is added to
the difference at step 408, where the compensation value is a
function of the respective locations of the two cells which have
received the transmissions. Of course, compensation values may
be added to the signal strengths themselves, before the dif-

20 ference is calculated, as descfibed above with respect to Fig. 8.

It is determined at step 410 whether the difference between the
two signal strengths is above a specified limit. If the
difference is above the 1limit,- that is, the difference is
significant, the previously received mobile generated transmis-
25 sion is replaced by the new transmission at step 412. Further, .
if the next transmission is not within the specified time limit
at step 402, the new transmission is processed at step 412. 1In
either case, the base station is then informed of the outcome of
" the mobile generated transmission processing (step 414).

30 When the signal strengths of two reports of the same mobile
generated transmission regarding'a registration do not differ
significantly, for example, less than 104B, and one report'is
from the base station with the old registration, no new registra-
tion is made and a negative acknowledgement is sent (step 416).
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number and/or serial number is received w:.thJ.n a short time from
the first access, a comparison is made between the accesses,
after the aforementioned compensation value has been added to the
received signal strength. If the second access is lower in
10 signal strength, it is rejected. Otherwise, it is acted upon,
replacing the first access. The processing of the first base
station's access in the case of a second higher signal strength
will be terminated. A negative acknowledgement may also be sent
to the mobiler station via the base station in question.
15 Successive mobile station accesses within a short time frame from
the first access will be likewise compared relative to their
signal strength. Upon rejection of an access, a negative
acknowledgement signal may be sent back to the mobile station via
the base station in question and may be counted for statistical
20 ° purposes.

As discussed above with respect to the "wait and compare" method,

the overhearing base stations may be assigned to different mobile

switching centers. In this case, the processing of Fig. 9 can

occur in a home location register or a home mobile switching
25 center to.which both mobile switching centers are connected.

'~ Another embodiment of the present invention, illustrated in the
flowcharts of 'Figs. 7 and 10, the "competing stations" method, is
most applicable to the setting up of calls, _althc;ugh it may be
used to process other types of mobile generated transmissions.

30 When two base stations report a mobile generated transmission to
the mobile switching center or to two respective mobile switching
centers, it is not appropriate to automatically serve the first
received transmission and to reject later reports, as discussed
above. But instead of deciding the issue of which of several.

35 transmission to accept, it is possible to authorize the as-
signment of voice/traffic channels in all base stations having



nobi | e generated fransmssi ons—+n—the different base stations, all the

mobi I'e gener at ed t riARSAdB3ds BAS, He lgc%?ved within a given relatively short
period of tinme are s (Imia or other base stations to report their
nobi | e generat ed trat,mgmgwnj e relati¢@ signal strengths of the nobile
generated transm's- ared to determ ne which of themis to be
accepted. DETAILED DESCRI PTI'ON OF THF PREFERRED EMBODI MENTS Fig. 1 is a
schematic diagramiJ|lustrating.ten cell Cl t 10, in_a.cellular bil e
adi o syst cKEBREERG! Fh%: FEhERAERIaBcor Thel 2 Tariaten, Ao mAns RYL Kip APELLE
woul d be i nphéneoifedhiicha vedldetana £ £ i iHannelli to ssarirentc anpd | acknowiedge,

nore cell's ten. o Eor ' ' '
Gopi cred nevaeRa; 8% tplkostrdhOVRE Y dnliindt MChufllnt eddzaé iron the
whi ch has néazhyf bageestation.

S This method would be used according to a preferred embodiment to
‘solve the problem that occurs, for example, when three bése
stations 10a, 10b, and 10c (each associated with cell F16 in Fig.
2) receive a mobile generated transmission from mobile station
12. 2all base stations assign a voice channel and send a request

10 to the mobile station to tune to the assigned voice channel. 1In

- this example, all three cells use the same frequency and

identification code -~ digital color code (DCC). The voice

channels chosen need not use the same frequency, nor do they have

to have the same supervisory audio tone (SAT) identification.

15 The SAT is a continuous tone added to the transmitted speech by

the voice channel unit in the base station, received by the
mobile station and returned to the base station.

The mobile station 12 will only hear the order from nearby base

station 10a, which is much stronger than the signals from faraway
20 base stations 10b and 10c. No one will listen for the orders

sent by base stations 10b and 10c, hence the voice channels

assigned in these base stations will most often not detect any

mobile stations tuning to their voice channels, i.e., will not

detect a correct SAT or other verification signal such as a
25 digital channel code (DVCC).

Of course, a situation may arise that the voice channels chosen

by base stations 10b and/or 10c have the same frequency and SAT

as that chosen by base station 10a. Additionally, any voice

channel can occasionally receive interference on the voice
30 channel, where the interference has the expected SAT.

In this case, all cells think that the mobile station responded
because of their voice channel assignment, and therefore, the
mobile switching center or home location register cannot
accurately determine in which cell the mobile is located, and
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hence does not know which base station to use for the call. 1In

" such a case, the beginning procedure is the same as that shown in

10

Fig. 7 and described above. After the transmission and measured
signal strength is transmitted to the mobile switching center or
home location register at step 220, control passes to the mobile
switching center or home location register, as shown in Fig. 10.
At step 500, the mobile switching center or home location
register authorizes all base stations from which it receives a
transmission originating from the same mobile station within a
predetermined time interval to assign a wvoice channel to the
requesting mobile. The time interval is determined in the same
manner as for the two preceding embodiments. Control the_n passes
to the base stations, as represented by the dashed lines leading

. to steps 502. In a preferred embodiment, steps 502 through 504

15

20

are performed in the base stations authorized by the mobile
switching center or home location register to assign a voice
channel. However, it is also possible that step 502 be performed
by the mobile switching center or home location register. The
voice channel assignments along with the verification signal,
such as a SAT or DVCC, are transmitted to the requesting mobile.
The base station, when it receives a response back from the
mobile station, determines whether the correct verification
signal, i.e., the same verification signal that was originally

' transmitted to the mobile station', is detected on the voice

25

30

35

channel (step 503). For each base station, if the correct
verification signal is not detected on the voice channel, the
routine in that base. station ends. If the correct SAT is
detected, the base station then measures the signal strength of
the signal' from the mobile station on the voice channel (step
504). '

Control is then passed back to the mobile switching center as
represented by the dashed lines, and if a compensation value is
stored for thé respective base stations (step 506), the compen-
sation value is added to the signal strengths (step 508).
Although not shown, the compensation value may be added to the
difference between the signal strengths, rather than to the
signal strength values themselves. At step 510, the strongest or
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The ceIIuIar e radio systemillustrated in Fig. "1 includes a plurality
of radi o channels for conmunication. The systemis designed both for anal og
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speech, and pur.e .gltal |nforn%h|on g ure éyteﬂ dat.a. In the

conteﬁt of Stgtions™ methods so that the eie tion is primarily performed by
the mobile unit, but the mobile sw1tch1ng center may contribute

to the selection process by rejecting a faraway base station.

It is understood that mobile station access refers to any type of
system access a mobile station'may make when contacting a base

10 station. Although the invention has been described with
reference to a system including a mobile ewitching center, this
is not intended to be limited to such applications. If no mobile
switching center is present, the process described above for
determining which of several accesses is correct would be carried

15 out in the base stations. Likewise, the process could be
modified to accommodate more than one mobile switching center as
may occur in systems such as that shown in Fig. 3 and discussed
above.

It is possible that a Home Location Register database (HLR) can

20 be used to determine to which base station various mobiles are
assigned. In this case, the inventive "store and compare® method
for treating registrations, i.e., non-call related accesses, may
also be performed using the HLR.

It is understood that the methods pf the present invention can be
25 used in a cellular mobile radio system which transmits analog
signals, digital signals, or a combination of both.

The foregoing description of the specific embodiments will so
fully reveal the general nature of the invention that others can,
by applying current knowledge, readily modify and/or adapt for
30 various applications such specific embodiments without departing
from the generic concept, and, therefore, such adaptations and
modifications should and are intended to be comprehended within
the meaning and range of equivalents of the disclosed em-
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cells assi 0 a %%gnnn base station, while the nunbers identify the
cel | nunbe SERPScCts$ter and the
S measuring the signal strength of the received mobile generated
transmission; )

sending the mobile generated transmission and the measured.signal
strength of the mobile generated transmission to a processing
- means from the at _least two base stations;

10 storing in a memory tﬁe—respectlve mobile generated transmissions
. and measured signal strengths received from the at least two base

stations within a predetermined time period; and |
determining which of the mobile generated transmissions to accept
based on time of receipt by the processing means and the stored

15 signal strengths of the mobile generated transmissions.

2. The method of claim 1, wherein the step of determining
comprises the steps of:

adding a stored compensation value to each of the measured signal
strengths received from the at 1least two base stations .to .

5 determine compensated signal strengths, the compenéation value
being stored relative to each pair of base stations of the at
least two base stations;
comparing the compensated signal strengths to yield a difference
value; .

Jd if the difference value exceeds a predetermined threshold,
accepting the mobile generated transmission having the strongest
relative signal strength; and
if the difference value is below the predetermined threshold,
accepting one of the received mobile generated transmissions

15 according to a predetermined priority order.

3. The method of claim 2, further comprising after the step of
determining, the step of processing the accepted mobile generated
transmission.
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mined threshold, accepting the mobile generated transmission
having the highest relative signal strength; and .
if the difference value is below the predetermined threshold,

accepting one of the received mobile generated transmissions

3 according to a predetermined priority order.

‘5. The method of claim 4, further comprising after the step of
determining, the step of processing the accepted mobile generated
transmission.

6. The method of claim 1, further comprising:

"prior to the step of storing, the step of processipg a first
received mobile generated transmission from one of the at least
two base stations;

5 wherein the step of storing comprises storing the received mobile
generated transmission and the identity of the mobile station,
the signal strength, and the time of receipt of the mobile
generated transmission by the processing means; and
wherein the step of determining comprises the steps of:

v - comparing the signal strength of a subsequent mobile generated
transmission received from a second one of the at least two base
stations within the predetermined time period with the stored
transmission signal strength and determining a difference value;

if the difference value is greater than or equal to a predeter-
15 mined threshold and the signal strength of the subsequent

transmission is greater than the stored signal strength, then

~terminating the processing of the processed mobile generated

transmission, and storing the identity of the mobile station,

signal strength, and time of receipt of the subsequent mobile
20 generated transmission.



nunber. Thi s nobrte—station number ;s sent by the nobile station to the
base station and tTAR RhdePds BEenfRPde@ :SW t ching center. This nunmber is also

lé:gg Bgséhgt g?ghecﬁmﬂﬂmwmlﬂmuer duri ng the pagi n ||ﬂ“|ﬂl|fﬂ“" "m lmﬂt i on.

identified by a dig e. The dlgltal col or ceodeL| s trsansmi t
- by the nDbire sfatlon on a radi o channel used for digital radio channeIS'

and Serves 4o AENALIAR SPCRORE &1 HLARLID SInbACE R N et TS

comparing, the step of adding a compensation value to the
difference value based on which two of the at least two base
stations have sent the first received mobile generated transmis-

5 sion and the subsequent mobile generated transmission to yield a
compensated diffefence value and wherein the compensated
difference value is used as the difference value.

8. The method of claim 7, further comprising, after the step of

determining, repeating the previous steps for subsequent mobile

generated transmissions received from the same mobile station or

a different base station as the stored transmission for the
& predetermined time period.

9. The method of claim 7, further comprising the step of, if the
difference value is below the predetermined threshold, accepting
one of the received mobile generated transmissions according to
a predetermined priority order.

10. The method of claim 6, further comprising, after the step of
determining, repeating the previous steps for subsequent mobile
generated transmissions received from the same mobile station as
the stored tranémission_for the predetermined time period.

11. The method of claim 6, further comprising the step of, if
the difference value is below the predetermined threshold,
accepting one of the received mobile generated transmissions
according to a predetermined priority order.

12. A method of operating a cellular system, wherein a mobile
station transmits a mobile generated transmissioh which is
received by at least two base stations, said method comprising
the steps of:

5 processing the mobile generated transmission received first from

' one of the base stations;

storing the identification of the base station from which the
processed mobile generated transmission originated and the signal
strength of the processed mobile generated transmission;



Referring now to Fig. 4, an enbodinment of a nobile station that can be _
uti Fized in a cel | ul Bris Shedt HpyBRaERHGMSHEM t hat oper at es—Tmaccor dance with
the present invention

a nobil e station that ﬁrﬁ

one in which digitized-voice "~ mation is transm et weedm base
and nobil e 'stat’ions. Furthernore, the operation of the systemis explained
in the context of full-rate transm ssions, in which each packet of digital
i nf3? mat i occmpaning | thecgignal siFengibe@ft S WNIAIIERE MPPAke gengrabed

It will be grogdn ik S egbabdded B randtitir {B&sé N¥eatiioh ito eethel 5¥gnal

| i cabl h f | | ul ' ' ' '
Tl or a1 P HESNGEI S (K REPCRF SRS iy GEhesR B e AREPIAann: Rl TPl

a half rate qilfftdténd@®@bvatuetation depicted in Fig. 4, a speech coder 101
comverts {15 3 BBl RIS 510 -HhEh YAPUE AR SEkndEhescion
15 value stored relative to the base stations from which the
processed mobile generated transmission and the subsequent mobile
generated transmission are .received;
when the compensated difference value is greater than or equal to
. a predetermined threshold amount, terminating the processed
20 mobile generated transmission, processing the subsequent mobile
gerierated transmission having the greater signal strength, and
storing the identification of the base station from which the
subsequent processed mobile generated transmission originated and
the signal strength of the subsequent processed mobile generated
25 transmission; and
repeating the comparing, terminating and subsequent processing
and storing steps for further mobile generated transmissions
received during a set time period.

13. The method of claim 12, wherein the step of terminating the

processed mobile generated transmission comprises the step of

sending a negative acknowledgement to the base station from which

the terminated processed mobile generated transmission was
S received.

14. A method for use in a cellular radio telephone system for
determining which mobile generated transmission, received by a
processing means from at least two base stations receiving a
single mobile generated transmission, should be accepted by the
5 - ‘processing meahs, the method comprising the steps of:
(a) in the mobile station:

(1) scanning a plurality of control channels over

which messages are broadcast by a plurality of base stations to
determine relative signal strengths of the messages;

10 ' (2) sending a mobile generated transmission over
a selected one of said plurality of control channels, the mobile

T - oo A



according to the W‘f"ast associ ated—control channel (FACCH)
génerator 102 generffiShed AR Beal RPRELASUPEr Vi Si ON S gnal | ing nmessages t hat

are transmitted from [ ation to helan"m he FACCH
message repl aces a uiE!mlmmngch/ dat a:}‘; whenev ,, cﬁﬂ“ﬂﬂ"ﬁﬂ“m
transmtted. A slow rol channel (SAC(*:H) geherat or 103

provi des signall'ing nessages that are transnmtted over a continuous channel

for the ex i ' et t?_l]% G t d b
station and Vi c.e-tsgedr sg;%gﬁﬁ%%ﬁu%g?’go |ét1's, e.i%.ﬁ ‘%"\F}eﬁ‘g,lf’gg‘érfe??a?é ©
to the SACEEatonsich tine slot of a message train. Channel coders 104 are

respectively connecteghjo inergpegehieader ti8lpas8Cetagiesasat or 102, and
SACCH generator 103 for mani pul ati n%_-,t he .i ncom ngédata i n_order. to carr¥led
S

outl®rror detection and cof}kbcBeRFUring the fighalssteeret) ehfhe Teeet
coders 104 mfishel J¥ Qferidba Yed Otwahshiosdbnencodi ng, which

(2) sending the mobile generated transmission and
the measured signal strength of the received mobile generated
transmission to the processing means;

20 {c) in the processing means;

(1) storing in a memdry the respective mobile

generated transmissions and measured siqnal strengths received
- from the at least two base stations within a predetermined period
of time; and .

25 (2) determining which of the received mobile
generated transmissions to accept based on the time of receipt in
the processing means and the relative signal strengths of the
mobile generated transmissions. '

15. The method of claim 14, wherein the step of determining
comprises the steps of:

adding a stored compensation value to each of the measured signal
'strengths received from the at least two base stations to

5 determine compensated signal strengths, the compensation value
being stored relative to each pair of base stations of the at
least two base stations; | |
comparing the compensated sicjnal strengths to yield a difference
value; | '

i. if the difference value exceeds a predetermined threshold,
accepting the mobile generated transmission having the strongest
relative signal strength; and .
if the difference value is below the prédetermined_ threshold,
accepting one of the received mobile generated transmissions

15 according to a predetermined priority order.

16. The method of claim 15, further comprising after the step of
determining, the step of processing the accepted mocbile generated
transmission. ' '



15Li Fi prot ects Tnpmtam—d-at—a—bﬁ?l n the speech code, and c
redundancy check (Clﬁggs}le ﬁ} percept ually stgnificant bits in the

speech coder frane, | Sagg g?eao[ (mnm ““'m“m‘rmlﬁn bllt04

check. A two-burst i
associated with the 1 and the FACCH generator® 102,
respectivel y. The two- burst |nterI eaver 106 is controlled by a

m cr opr oceSf.pr nt roI {:ﬁgdlsgfs # 4 aw&o&éﬁt Pt,.}é n%%ﬂ%er generated

i nformation ov ul ar speec chanhel
transm.sszton is of a type selected from one of the following: an

access request for originating a ‘call, a registration request, a
paging response and an audit response.

18. The method of claim 14, wherein the step of determining

" comprises the steps of: ' _

comparing the signal strengths of the stored transmissions to

yield a difference value;

if the difference value is greater than or equal to a predeter-

mined threshold, accepting the mobile generated transmission

having the highest ‘relative signal strength; and

if the difference value is below the predetermined threshold,

accepting one of the received mobile generated transmissions
10 according to a predetermined priority order. |

19. The method of claim 18, further comprising after the step of
determining, the step of processing the accepted mobile generated
transmission.

20. The method of claim 14, further comprising:

prior to the step of storing, the step of processing a first
received mobile generated transmission from one of the at least
two base stations:; _ :

5 - wherein the step of storing comprises storing the received mobile
generated transmission and the identity of the mobile 'station,
the signal strength, and the time of receipt of the mobile
generated transmission by ‘the processing means; and
wherein the step of determining comprises the steps of:

10 comparing the signal strength of a subsequent mobile generated
transmission received from a second one of the at least two base
stations within the predetermined time period with the stored
transmission signal strength and determining a difference value;

if the difference value is greater than or equal to a predeter-
15 mined threshold and the signal strength of the subsequent
" transmission is greater than the stored signal strength, then
terminating the processing of the processed mobile generated



system superV|S|on rressages over the FACCH Data to be transmt- ted by the:
nobil e station isTh B@dR ed two distinct ti of 260
data bits, which cj ransm't -3ding V‘Dr:ﬂlmnﬂmuﬂlﬁlﬂmm“

equal parts and ar ver two different tifre slotsh The effects
of RAYLEIGH fading is reduced i'n this manner. The out put of the two-burst

interl eaver 106" is provided-to the input,of a nodulo-two adder 107 so that
t he transtidareshidet bon s ahphesm:big blyebii.debyihygbfalthmdnbbiltevusmdjdri,on

of a pseu do re p f: pleh Qﬁ.{we 4

associ at e%q'\glﬁ} %Eepgé\ggh éadnlnera 185 %c%cj)'ﬁne?tfg 0 %uggggﬁ?ét@ mobile
i#@erl eavaenmtemetmnmlgslpm erI eaver 108 interleaves data transmtted
over the SACCH over 22 tine slots each consisting of 12 bits of infor-

“mation. The mohile station further includes a Sync VWrd/ DVCC erator 109
for provi &llng The ReFRedi afcCLaABNRlnmi fHFFBﬁr\ABPBpFSﬁﬁBgV‘ng)t Gtep
(digital oFid¢ompat9fig;oltte Cotep’ WE Audimy t@ Rempensation value to the

difference value based on which two of the at least two base
stations have sent the first received mobile generated transmis-
5 sion and the subsequent mobile generated transmission to yield a
compensated difference value and wherein the compensated
difference value is used as the difference value. '

22. The method of claim 21, further comprising the step of, if
the difference value is below the predetermlned threshold,
accepting one of the received mobile generated transmissions
according to a predetermined priority order. '

23. The method of claim 21, further comprising, after the step

of determining, repeating the previous steps for subsequent

mobile generated transmissions received from the same mobile

station as the stored transmission for the predetermined time
5 period.

24. The method of claim 20, further comprising, after the step

of determining, repeating the previous steps for subsequent

mobile generated transmissions received from the same mobile

.station or a different base station as the stored transmission
. for the predetermined time period.

25. The method of claim 24, further comprising, after the step
of terminating, the step of sending a negative acknowledgement to
the base station from which the terminated transmission was
received.

26. The method of claim 20, further comprising, after the step
of terminating, the step of sending a negative acknowledgement_ to
the base station from which the terminated transmission was
received.



associ at ed with a partlcul ar connection. The Sync Wrd is a 28- bit word
used ‘for time slot syhe eﬁeﬁrdirphwd i dentification. The L)VL,L I'S an 8-bit
code ‘which is sent by on to thg.mobile sta

Vi ce-ver sa,
gener at or
station.

oper channel is bei né mg “)I“
110 generates nessage bursts for transmission oobe [ es
The burst generator 11C is connected to the outputs of the

for assuri

MU

nodul o- t wo- gider Y, méfitod 20buElhimnRer,| €ateher comprising the step of, if

10

15

20

25

30

the difference value is below the predetermined threshold,
accepting one of the received mobile generated transmissions
according to a predetermined priority order.

28. A method for use in a cellular radio telephone system for
determinihg which mobile generated transmission, received by
processing means from at least two base stations receiving a
single mobile generated transmission, should be accepted by the
processing means, said method comprising the steps of:

(a) in the mobile station: '

_ ( 1)' scanning a plurality of control channels over
which messages are broadcast by a plurality of base stations to
determine relative signal strengths of the messages;

_ (2) sending a mobile generated transmission over
a selected one of said plurality of contrel channels, said mobile
generated transmission being received by the at least two base
stations; -
{b) 1in the at least two base stations:.
(1) measuring the signal strength of the received

mobile generated transmission:

(2) sending the mobile generated transmission and
the measured signal strength of the received mobile generated
transmission to the processing means:;

(c) in the processing means:

(1) authorizing the at least two base stations
from which mobile generated transmissions are received initiated
by the same mobile station within a predetermined time interval
to assign a voice channel to the mobile station;

~ (d) in the at least two base stations:

(1) assigning a voice channel to the mobile
station ‘and transmitting a verification signal to the mobile
station;

' (2) receiving a signal from the mobile station on
the assigned voice channel, the signal cdmprising a verification
signal; o

(3) if the verification signal on the assigned

voice channel is the same as that transmitted to the mobile



16 _° 108, the Sync Wrd/ DVCC generator 109, an equalizer 114, and a
control channel rremgmeegamreampla&az to integrate the various pieces of

inforrrationfromthe units in a single mes ‘J
exanpl e, according t ‘wﬂglﬂ g J Ed u. S s‘%gndard EIATIA uﬂmmmmmﬁ

burst conprises data ACCH (12 bits), Sync Wrd (28 bith),® '
coded DVCC (12 bits), and 12 delimter bits, conbined for a total of 324

bits. Underg#dei &Rt m@lasirilide tRET SPGREES S¥rehdth 100 thd f 1gAALT HaRS i¥ed
maiéage bursts are generated b¥ he burst generataqr 0: control channel

mesRage burK¥Rf (iR ¢ MO r 2 H&Hne‘?“neé%%\gésééﬁé‘ﬁét of°13% ghpnnel and
voi ce/ tr af firanenitgtnguithes sighad e rthe chbaumiel sesengehrthepeod tbethe

Sﬁ?gj as We;ix!‘océsé:hﬁgs eecg data normal |y generated in a voice/traffic

(e) in the processing means:
(1) adding a compensation value to the signal
40 strength of the received signals, based on which two of the at
least two base stations have transmitted; and ‘
(2) accepting the mobile generated transmission
from the base station whose signal on the voice channel has the
strongest or second strongest compz=nsated signal strength.

29. A system for processing multiple mobile generated transmis-
sions in a cellular system, said cellular system having at least
one mobile unit, at least two base stations and at least one
processing means, said system comprising: -
5 means provided in said mobile unit for scanning signals transmit-
ted by such base stations on at least one base to mobile control
channel and selecting one of said base stations for éccess;
means provided in said mobile unit for transmitting said mobile
- generated transmissions over a control channel of the selected
10 - base station:
means provided in said at least two base stations for receiving
said transmitted mobile generated transmission and for sending
said received mobile generated transmissions to said processing
means; and ' |
15 means provided in said processing means' for selecting one of
several mobile g’enerated transmissions received from at least two
base stations for processing based on the time of receipt of the
mobile generated transmission and the relative signal strength of
the mobile to base signal associated with the mobile generated
20 transmissions, said means comprising memory means for storing the
mobile generated transmissions which occur within a predetermined
time period, identities of the mobile stations sending the mobile
generated transmissions, signal strength of the mobile generated
transmissions measured at the time of receipt of the mobile
25 generated transmission by the respective base stations.




The transmi ssi-onm of ~a burst,” Which is equivalent to ane time slot, is
synchroni zed MA h §Q§}$§§g§ﬁ} ion of other tinme slots, which togethér“nake
up a frame of exanpl e, under the U S

conprises thr ee fmuﬂmal [} sl ot s. Tﬁ@ transm ssi oJ’mﬂﬂwmiHE K
adj usted accordi ntrol provided by the edqual¢ zer

to tine dlsperS|on an adaptive equalization nethod is provided in order to

i mprove n u r rtheg | [ v

cqual ) 3atPan FadeyEtin B8 cLUIMS0, BREEER: A4 SHBLH WrdPaRk (fn sata
Serial Nerogessisg, mﬁangjﬁuyﬁhﬁr;pqmprmsﬁg and assigned to the same
assi gneemeaﬁél QEEVmeEQﬁrQ?@etﬁbaﬁheﬂa?.ugﬁi-éﬁééhésof RIS fkfeq ampile
station # l ave with respect to frame ti e equal i ze

det ect's Fénﬁpﬁﬁﬁé°@ﬁ'aﬁqquxnnng bi t strean1fron1the base station and

| sgnchroncangah:lingbuéahsgtaer gbhpatifg the etivvéd Zigridy dtrén§ehsPst AL
for checf& g t he ¢ Word and DVCC for |dent|f|cat|on pur poses. A frane
counter iy F?léﬁﬁﬁpgh to the burst generator 110 and the

31. The system of claim 30, wherein said means provided in said
processing means further comprises:
means for storing a compensation value relating to at least one
pair of base stations in said cellular system; and

5 means for adding a stored compensation value corresponding to the
base stations sending the mobile generated transmissions to the
processing means to the stored signal strengths of the mobile
generated transmissions. |



equalizer 114. The frame counter 111 upq tes a cipherinEf‘i Beep icggly
the nobile station for each transmtt #éﬁgﬁle.g., onci ﬂ A
ci phering unit 112 is provided for gen€- T’hg the ciph i zed

by the nobile station. - A pseudo random algorithmis preferably utilized.:

17° CLERSARabien A eSO ) S0 13 ALyl Y Ot
telephone system for determining which of one of several mobile
generated transmissions received in a mobile switching center,
sent from the same mobile station via more than one base statioﬁ,
should be accepted. A determination is made based on the
relative signal strengths of the signals received by the base
stations and by the relative time of occurrence of the mobile

generated transmissions.




nroduced by the burst generator
fled to an RF nodul ator 122.

updates t he ci phering code. |
110, which is to be transn1tteu
The RF nodul ator 122 is operabLe

ing a carrier Trequency———
according to the [err]/4- DQPSK (. shifted, Tid $He8HEE e coded
Quadrature Phase Shift Keying). The use of this tec
the information is differentially encoded, i.e., 2- blgm&ﬂu;ﬂﬁ
transmtted as four possible changes in phase: r/4 an :
transmtter carrier frequency supplied to the RF nodul ator 122 is generated
by a transmtting frequency synthesizer 124 in accordance with the sel ected
transmtting channel. Before the nodulated carrier is transmt- ted by an
antenna, the carrier i.s anplified by a pomer anplifier 123. The RF power
em ssion | evel of the anplifier i aZon command by a m croprocessor

S

controller 130.' The anplified si ed through a tine swtch 134
before it reaches the antenna. The tlnlng I s synchroni zed to the :

transnitting sequence
I%é;::>




by the m croprocessor controller 130. A receiver carrier freé;;;E;~§T§ﬁHf-~_h

IS generated in accordance with the sel ected receiving channel by a

recei ving frequency synthesizer 125. Incomng radio frequency signals are

recei ved by a receiver 126, after passing through the tinme switch 134. The
timng is synchronized to the receiving sequence by the m cropﬁ?essm\
controller 130. The strength of the received signals are rreasurqglgsg)ey a

signal level neter 129. The received signal strength value is t Béef p, la
the m croprocessor controller 130. An RF denodul at or 127, whi WI ced
the receiver carrier frequency signal fromthe receiving freque I/II/
synt hesi zer 125 and the radi o frequency signal from.the receiver 126,

denodul ates the radi o frequency carri er s t hus generating an .

i ntermedi ate frequency. The internedi aye g?n signal is then
denodul ated by an I F denodul ator 128 which rest

[err]/4-DQPSK - nodul ated digital information.

ore¥ the original




Ed

The restored digital information provided by the |IF denodul ator 128 is
supplied to the equalizer 114. A synbol detector 115 converts the received’
two-bit synbol format of the digital data fromthe equalizer 114 to a
single-bit data stream The synbol detector 115 in turn produces three

di stinct output -signals. Control channel nessages armisSastHisBeéh Rephded Ol
nmessage detector 133 which supplies detected control tion to
the m croprocessor controller 130. Any speech dat al'FA ppli ed

to a nodul o-two adder 107 and a two-bur st deinterl?av

VT Ik 4

HOME




116: The speech data/ FACCH data is reconstructed by these conponents by
"assenbling and rearranging information fromtwo tine slots of the received
dat a. ‘The synbol detector 115 supplies SACCH data to a 22-burst

dei nterl eaver 117. The 22- burst deinterleaver 117 Wmaﬂeaﬁhknénn ced
rearranges the SACCH data, which is spread over 22 c

two- burst deinterl eaver 116 provi des the speech data/

channel decoders 118. The convol utionally encoded data 1I's eco S|ng t he
reverse of the above- nent?v codigpg principle. The received cycllc
redundancy check (CRC) bits 3 sneaked to deternmine if any error has

occurred. The FACCH channel . fa: urthernore detects the d| stinction
between the sf@ecr—canmet gin

FACCH 1 nformati on, and rects the
decoder s accorg Ry . A spé ecoder 119 processes t ei ved speech
data fromtfge 1 decodg& 18 in accordance with #Qsdegth r

e
al gorithm (&.g. LP) gggegbtes the recei ved speedhSsi pnal Trhe
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* 19 term nal keyboard input and di splay output 131. Decisions by the
m croprocessor controller 130 are made in accordance with recei-vedmESSages
and nmeasurenents that are made. The keyboard and display unit 13¥h§§&Q laced
information to be exchanged between the user and the base

illustrates, an enbodi nrent of a base station that can be uti Im’m&%ﬂ‘ﬁ“\

cel lul ar telephone systemthat operates in accordance with t

invention. The base station incorporates numerous conmponent parts which
are substantially identical in construction and function to conponent parts
of the nobile station illustrated in Fig. 4 and described in conjunction

therewi th. Such identical conponent parts are designated in Fig. 5-with the
sane reference nunerals utilized hereinabove in the
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description of the nobile station, but are differentiated therefrom by

means of a prinme (') designation. There are, however, some distinctions
bet ween the nobil e and base stations. For instance, the base station has

two receiving antennas. Associated with each of the SheﬁcHas\Beé}g{eamge@nnas
are a receiver 126', an RF denodul ator 127', and an 128’
Furthernore, the base station does not incl ude a use ”dl spl ay
unit 131 as utilized in the nobile station. Finally, there can a

plurality of channels, represented iny t he boxes | abel ed 1, 2 and
3. with corresponding |w&€5% I N2 \and LN8, and outputs OUTL, QUT2 and
QUT3. Al though the syst %n here fth three channels, the nunber
used woul d be dependent upon system reqU| enents as determ ped by the

syst em-desi gners. When power is gppti e%cj,yv t1ey nobi | e st a'j on, the
m croprocessor 200— conrRal CHAMMELS, 204
SELECT STRONGEST

TIHE T
CHECK OUT BEST
CONTROL CHANNEL

T AGAN?

SOMETHING
70007

202

IR ! R

- 206 208 210
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c_ont‘roI' ler 130 executes an initialization procédure. Initially, the serving
system paraneters are retrieved, neaning that the preferred system e.g., A
~or B(wireline or non-wireline), is selected. Depending on the choice rrade,

scanning is carried out over the dedicated control ﬂf@n&ehgsﬂzg{@rg&a

the preferred system III""’“I I n order

to tune the "best" control channel t he nobil e statl III‘
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nmust :Search through the existing contro
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EIELD OF THE INVENTION :

The present invention relates to cellulatr mobile radio systems.
More particularly, the present invention ‘is directed to a method
and apparatus for processing access requests, paging responses,
or registration accesses from mobile stations to base stations in
such a way as to eliminate erroneous processing which may occur
under certain conditions. Such conditions include the situation
that arises when base stations not intended to handle a par-
ticular access or paging response overhear the particular access
or paging response and report it to the mobile switching center.
. INVE ON
A typical cellular mobile radio telephone systenm consists of at
least one mobile switching center (also known as a mobile
telephone switching office), at least one base station, and at
least one mobile station. The mobile switching center constitu-
tes an interface between the radio system and the public
switching telephone network. The base station transmits
information between the mobile stations and the mobile’ switching
center. Calls to and from mobile subscribers are switched by the
mobile switching center. The mobile switching center also
'erides all signalling functions needed to establish the calls.

In order to obtain radio coverage of a geographical area, a
nunber of base stations are normally required. This nunber may
~range from, in the exceptional case, one base stétion-, and up to
one hundred or more base stations in normal systeﬁs. The area is
divided into cells, where each cell may either be serviced by a
base station or may share a base station with a number of the
other cells. Each cell has an associated control channel over
which control (non-voice) information is communicated between the
mobile units in that cell and the base station. Generally
speaking, the control channel includes a dedi.cated channel at a
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to the mobile stations, and an access channel for bidirectional
communications between the mobile stations and the base station.
These various channels may' share the séme frequency, or they may
operate at different respective frequencies.

Each mobile station is assigned to one mobile switching center or
home location register. The home location register is a database

which contains information about all its assigned subscribers and

where they are in the network. The home location register can be

. a stand-alone intelligent processor connected to one or more

mobile switching centers or it can be part of a mobile switching -
center, possibly connected to one or more other mobile switching
centers. When a mobile station enters a second mobile switching
center service area to which it is not assigned, the new exchange
is regarded as a visited exchange, and the subscriber as a

visiting subscriber. Calls are now routed to and switéhed in
this second pobi.le switching center.

Three types of transmissions normally take place on the control
channels. between the mobile stations and ‘the base station,
although other t_:yi:es are possible, such as an audit request and
response, or order confirmation. First, when a mobile station is -
origimting a call, it sends an access request to the base
station the control channel of which has the strongest ‘or second
strongest siqnal. ‘rhis access request serves to 1n£orm the base
station that the requesting mobile needs to be assigned a voice
channel over which the call can be connected. sécond, when a
mobile station is paged by a base station, indicating that the
base station has a call to be completed to the mobile subscriber,
the paged mobile station sends back a paging response on the
access channel. Finally, when a mobile station travels from one
‘cell to another, or for other reasons, the mobile station may
send a registration access to identify itself and its presence to
the telephone exchange associated with the cell.
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sent overorhsecond strongest signal over which to make the access. The

mobile station then performs the access by sending a transmission

on the reverse control channel to the associated base station.

The associated base station then passes the access. or paging

response to its mobile switching center.

are exanined in

A registration access is performed in cellular systems as
follows. A registration access is an access requested by a
mobile station to identify itself to a base statxon as being
active in the system at the time the message is sent to the base
station. The registration access may be requested for a number
of reasons, for example: the mobile is switched on; the mobile
determines that the time elapsed since the last registration has
passed a specified: limit; or the mobile detects a different
system or area identification (SID or AID). The mobile then
scans the control channels of surrounding base stations, and
selects the one with the strongest or second strongest signal on
which to complete the registration access, as explained above
regarqing call ori.g:lnation._ The associated base station then

passes the registration access to its mobile switching cénter.

For simplicity in the following discussion, an access request,
paging response, and registration access of the type described
above may be referred to as a mobile generated transmission when
the discussion pertains to all three types.

Due to unfavorable (low) attenuation between remote base stations
and mobile stations, it is possible that :wwo or more base
stations will receive ‘a mobile generated transmission while only
one base station is actually the intended recipient. 1In other
words, it is possible that a mobile generated transmission which
is intended for a given base station may be overheard by ancther
-base station operating on the same, or an adjacent, frequency.

The risk of this increases as the number of cells, or base



22 selected channel in order to informthe base:station about the type of
access wanted, e.g., call origination, page rehpB : Teggﬂgﬁ tion
access. After. conpletion of this nmessage, the PL@ - N “ the nobile
station is turned off and the nobile station may vvalt for furtjh contr ol

messages. Depending on the access type, the nopi|e 5?&PRoWI#ay] tjhen receive
a reply nessage fromthe base station. 4Accord n- to a first odi nent of

the present invention, a await and conpare"” nmefhod is used. Thiqg nethod is
nost applicable to

stations, in a given region increases to handle the increasing
number of mobile stations.

Normally, protection codes are used which prevent the second base
station from inadvertently overhearing the mobile generated
transmission. However, there is only a small number of unique
- codés. Therefore, there is a good chance that various base
stations may overhear mobile generated transmissions which are
intended for other base stations. Conventional base stations are
not capable of reliably determining whether such transmissions
are actually intended for themselves or for other base stations.
In such cases, each of the base stations will try to act on the
transmission received from the mobile station-and will therefore
notify the mobile switching center of a mobile generated
transmission. Because two or more such transmissions are thus
sent to the nobile switchir\g center, the mobile switching center
cannot accurately determine which of the mobile generated
transmissions to accept and further process. Processing the
mobile generated trans,mission' received first in time is not
necessarily correct because - the transmission from the base
station which was not intended to receive the mobile generated
transmission may reach the mob:l.le switching center first.

In oné known system described in U.S. Patent No. 4,481,670 to
‘Freeburg, where more than one channel communication modules CCM
receives an access request from a mobile, a general conm~
nunications controller GCC j_.é called upon to determine which cCM
to use as the primary station. In this system described in this
patent, the area is divided into seven zones, where each zone is
covered by one or more transmitter/receiver pair. Each time a
mobile transmits, éii;nal strength readings are taken by each
receiver hearing the transmission. These readings are used to
compute an adjusted signal strength for each zone by multiplying
the measured signal strengths for each zone by preselected
factors associated with the particular zone. The GCC then
selects the zone which has the largest adjusted signal strength
for a particular transmission from the mobile as being the zone
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timer is set to provide a time interval during which the same
message signal is received by other CCM's and sent together with
an average signal strength measurement to the GCC. All signals
from other CCM's received within the set time period are used to
determine where the mobile is located. Thus, the.location of
each mobile is updated each time a message signal is received by
the CCMs. Then, when it is desired to transmit a message signal
for the GCC to a selected mobile, the most recently determined
location is used as a first try for successful connection.

According to this patented method, the system described in. the
patent appears to be one fn which adjacent CCM's operate on the
same frequencies, thus permitting adjacent CClM's to hear the same
message from a mobile. Further, only the largest adjusted signal
strength is used, with no provision for the possibility that two
signal strengths niay be so close as to preclude an accurate
determination. Finally, by multiplying the signal strength

measurements by predetermined factors, inaccurate determinations
of locations are possible.

In some conventional sfséems, the mabne switching center
automatically starts processinq of the first mobile generated
transmission. However, in certain circumstances, this may not be
appropriate and may result in lost calls. For example, consider
the case when a mobile station makes an access in a network where
adjacent base stations operate on different frequencies. Because
the receivers in the control channels are not normally receiving
any informative signals, distant control channel picks up a weak
whisper of this access from far away. The base station with
which this distant control channel is associated then sends this
weak access to the mobile switching center.

The weak access,
because it occurs first in time is processed.

Thereafter, if the
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t herebetween is significant. If this differenceliqg not signi- fycant, the
determ nation as to which transm ssion to use ay radeqbgsgdegm $ofre ot her
predefined priority order, such as the first tr ngqmi ssion to be|r¢ceived.
One possible threshold value for the dif€erence |cutebe—about—t 0¢B, but
this threshold could be differently specified f

r each system or_¢ach cell
or even each cell-cell conbination. According to a preferred enbodi nent,

the threshofgtdelet ¥860 kA% Fon forwards the access request it has

received, the call is lost because the mobile switching center

has reacted to the first received request and therefore ig_n_ores
the second.

SUMMARY OF THE INVENTION

In order to overcome the disadvantages noted with conventional
systems, the present invention is directed to a method for use in
a cellular radio telephone systen for determining which transmis-
sion, received by a mobile switching center from at least two
base stations receiving a single mobile initiated transmission
should be accepted by the mobile. switching center, the method
including the steps of, measuring the signal strength of the
received mobile generated transmission, sending the mobile
generated transmission and the measured signal strength of the
mobile generated transmission to a’ processing means from the at
least two base stations, ,storing in a memory the respective
mobile generated transmissions and measured signal strengths
received from the at least two base stations within a predeter-
mined time period, and determining which of the mobile generated
transmissions to accept based on time of receipt by the proces-
sing means and the stored signal strengths of the mobile
generated transmissions. The step of deternini.ng comprises the
steps of adding a stored compensation value to each of the
measured signal strengths received from the at least two base
stations to determine compensated signal strengths, the compen-
sation value being stored relative to each pair of base stations
of the at least two base stations, comparing the compensated
signal strengths to yield a difference value, .if the difference
value exceeds a predetermined threshold, accepti.ng the mobile
' generated transmission having the strongest relative signal
strength, and if the difference value is below the prede'termined
threshold, aéceétin_g one of the received mobile generated
transmissions according to a predetermined priority order.

According 'to another preferred embodiment of the present
invention, a method of selecting one of several access requests
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mobile generated transmission originated and the signal strength
of the processed mobile generated transmission, comparing the
signal strength of a subsequent mobile generated transmission
received from another base station to the signal strength of the
processed mobile generated transmission to yield a difference
value, obtaining a compensated difference value by adding a
compensation value stored relative to the base stations from
which the processed mobile generated transmission and the
subsequent mobile generated transmission are received, when the
compensated difference value is great'er than or equal to a
predetermined threshold amount, terminating the processed mobile
generated transmission, ‘processi.ng the

subsequent mobile
generated transmission having the greater signal strength, and

- storing the identification of the base station from which the
subsequent processed mobile generated transmission origi.nai:ed and
the signal strength of the subsequent processed mobile generated .
transmission, and repeating the comparing, terminating and
subsequent processing and storing steps for further mobile
‘generated transmissions received during a set time period.

According to- another preferred embodiment of the present
invention, a method is provided for use in a cellular radio.
telephone system for determining which mobile generated transmis-
sion, received by a processing means from at least two base
stations receiving a single mobile generated transmission, should

be accepted by the processing means, the method comprising the
steps of, :

(a) in the mobile station:

- (1) scanning a plurality of control channels over
which messages are broadcast by a plurality of base stations to
deternmine relative signal strengths of the messages,

(2) sending a mobile generated transmission over
a selected one of said plurality of control channels, the mobile
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mobi | e station scans the control channel's from arb4<}3gpg 199'pt|ors and
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waits for some control signal over the sel ected trot blldﬂﬂél (qtep 202).
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Fig. 7. For rrg , the nobile may determ ne: I's time to register (step
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(2) sending. the mobile generated transmission and
the measured signal strength of the received mobile generated
transmission to the processing 'neans,
(c) in the processing means;
(1) storing in a memory the respective mobile -
generated transmissions and measured signal strengths received

from the at least two base stations within a predetermined period
of time, and

(2) determining which of the received mobile
generated transmissions to accept based on the time of receipt in

the processing means and the relative sitjnal strengths of the
mobile generated transmissjons.

The step of determining comprises the s_tepé of 'adding a stored
compensation value to each of the measured signal strehgths
received from the at least .two base stations to determine
compensated signal strengths, the compensation value being stored
relative to each pair of base stations of the at least two base
_ stations, comparing the compensated signal strengths to yield a
difference value, if the difference value exceeds a predetermined -
threshold, accepting the mebile generated transmission having the -
. strongest relative signal strength, and if the difference value
‘is below the predetermined threshold, accepting one of the

received mobile generated transmissions according to a predeter-
"mined priority order.

According to a preferred embodiment of the invention, a systenm is
_ pfo'iided for processing multiple mobile generated transmissions
in a cellular system, the cellular systeni having at least one
mobile unit, at least two base stations and at least one
processing means. The systen' comprises means provided in the
‘mobile unit for scanning signals transmitted by such base
stations on at least one base to mobile control channel and
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selecting one of the base stations for access, means provided in
the mobile unit for transmitting the mobile generated transmis-
sions over a control channel of the selected base station, means
provided in the at least two base stations for receiving the
transmitted mobile generated transmission and for sending the
received mobile generated transniss:lons to the processing means,
and means provided in the processing means for selecting one of
several mobile generated transmissions received from at least two
base stations for processing based on the time of receipt of the
mobile generated transmission and the relative signal st'rength of
the mobile to base signal associated with the mobile generated
transmissions, the means for selecting comprising memory means
for storing the mobile generated transmissions which occur within
a predetermined time period, identities of the mobile stations
sending the mobile generated transmissions, signal strength of
the mobile generated transmissions measured at the time of

receipt of the mobile generated transmission by the respective
base stations.

E S ON O RAWINGS

The present invention will now be described in more detail with
reference to the preferred embodiments of the device, given only

by way of ‘example, and with “reference to the accompanying
. drawings, in which: : ' : '

Fig. 1 is a schematic diagram fllustrating an example cellular
mobile radio system illustrating the.relationship of the system's
cells, a mobile switching center, base stations and mobile
stations; . '

Fig. 2 is a schematic diagram illustrating a number of clusters
of 21 cells each, many cells being connected to the same mobile
switching center;

Fig. 3 is a schematic diagram illustrating a number of clusters
of 21 cells each, a number of the cells being connected to one
mobile switching center and another number of the cells being
connected to a second mobile switching center, these two mobile
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‘Fig. S :I.s a block d:l.agram lllustratinq a base station in a
cellular mobile rad:lc system according to Fig. 1:

Fig. 6 is a block diagran illustrating a mobile switching center
in a cellular mobile radio system according to Fig. 1;

Fig. 7 is a flowchart of a pre-processing stage of the present
invention;

Fig. 8 is a flowchart illustrating a first enbodiment of the
present invention:;

Fig. 9 is a flowchart illustrating a second embodiment of the
present invention; and :

Fig. 10 is a flowchart illustrating a third embodiment of the
present invention.

L DES o ' 0

The present invention is applicable to the following situations.
During initial setup of a communication between a mobile station
and another mobile station or a telephone network, i.e., the
mobile subscriber wants to place a call, the mobile station sends
out an access request over a control channel of. the closest base
station. addit.ionauy, vwhen a mobile unit is being paged, i.e.,’
the mobile unit is being sbught when an incoming call is received
by the base station, the mobile unit generates a paging response.
Further, a mobile _'station may send a registration access when a
predetermined time period has elapsed since the last registration
access, or may send a registration access when the mobile station
moves into a new cell. As stated above, the access request,
paging response and registration access will be termed mobile
generated transmissions for purposes of the following discussion.

In certain cases, it is possible that these mobile generated
transmission could be overheard by not only the intended base
station, but by another base station or stations operating on the
same or an adjacent channel or frequency. Each of the base



302, it is determ ned whether a conpensation value has been stored for the
particular cell-cell conbination in question. °t 304, the
stored conpensation value is added to the stor EL%WE and the
surms are stored as the conpensated signal strepgfhs. At STT 3 6, the
conpensated signal strengths stored for the stprgd 14 B gng are
conpared to one another. At step 308, it is determ ne% Rhﬁg?i tihe
di fference between the stored signal st¥engths|i

threshol d or whether only one nobile generate
recei ved.

bet-eow-the—pdedet er m ned

transm ssi on has |been
| f the difference is not below the threshord,TheTobil e

gener at ed gth 0GR st&swltnt} téﬁestﬂmest g%h@?ﬁte&t r&rw-rsmgéw@k%'hils t he
nobi | e gen sm ssion_r

processed B%a%lﬁgi% Y o PXRCLER ng‘ ceﬁ?gfi/e atgegtl[e% ngectransm.ssﬁ;r{ OE and i's

transmitting it to the mobile switctung center. Additionally, it
is possible that more than one mobile switching center will hear
the transmissions from the base stations. In the former
situation, the mobile switching center must make a choice as to
_ which mobile generated transmission from the different base

stations should be accepted. In the latter situation, a home
location register must make the choice.

The present invention is directed to methods for determining

which of the received mobile generated transmissions is ‘the
proper one.

When a mobile generated transmission appears in more than one
‘base station, these transmissions will be detected all within a
few milliseconds of one ampther in the various. base stations.
Both, or all, base stations will try to act on the transmission
received from the mobile station by immediately notifying the
"mobile switching center. In order to make a comparison between
mobile generated transmissions in the different base stations, .
all the mobile generated transmissions received within a given
relati.vely short period of time are stored to allow for other
base stations to report their mobile generated transmissions.
The relative signal strengths of the mobile generated transmis-t
sions are compared to determine which of then :I.s to be accepted.

Fig. 1 is a schematic diagram illustrating ten cells, Cl to C10,
in a cellular mobile radio system. Normally the method according
to the present invention would be implemented in a cellular
mobile radio system comprising many more cells than ten. For
purposes of this discussion, the system depicted herein is

considered to be an isolated piece of a larger system which has
been fragmented.
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TZ . I
génerated transm ssions which are rejected are pr _ IMENT 114t i cal
purposes and are acknow edged with a negative response~berng sent] tjo t he
appropriate base station at step 314. At very s Cilé the@ﬁfs il signal,
strength between two nobile generated transm ssiops, i.%e.., the dgifif erences
bet ween the signal strength is bel ow the threshol —angd nore
than one mobile generated transmission *8 receivef (step 309) instdad of

nmerely sel ecting the highest signal strength, the TTODITE

For each cell Cl to C10, there is a respective base station B1 to
B10. Fig. 1 illustrates base stations situated in the vicinity
of cell center and having omni-directional antennas. The base
stations of adjacent cells may however be collocated in the
vicinity of cell borders and have directional antennas. ‘

Fig. 1 also illustrates ten mobile stations, M1 to M10, which are
.movable within a cell and from one cell to another cell. The
method according to the present invention may be implemented in
a cellular mobile radio system comprising many more- mobile

stations than ten. 1In particular, there are normally many more
mobile stations than there are base stations. *

Also illustrated in Fig. 1 is a mobile switching center. The
mobile switching center MSC illustrated in Fig. 1 is connected to
all ten illustrated base stations by <&ables. The mobile
switching center is connected by cables also to a fixed public
switching telephone network or similar fixed network with ISDN
facilities. all cables from the mobile switching center to base
stations and cables to the fixed network are not illustrated.
Further, other means may be tised instead of cables for base to
mobile switching center communications, e.g., fixed radio links.

The cellular mobile r'ad.ft: éysten illustrated in Fig. 1 includes
a plurality of radioc channels for communication. The system is
designed both £or analog information, e.g:, ‘speech, digitized
analog information, e.g., digitized speech, and pure digital
information, e.q., pure digital data. 1In the context of the
present invention, the term connection is used for a com-
munication channel between two telephones or terminals where at
least one of the telephones or terminals may be using a radio/
cellular system. Thus a connection may be a call where two

people talk to each other, but may also be a data communication
channel where computers exchange data.

Each cellular system is assigned a particular frequency band on
which it can operate. A set of communication channels is
allocated to each cell. For example, between 10 and 30 different



generated transm ssion to be chosen_ as_the corred GRS & "
det erm ned according to a second priority order, gEPLR Nﬁ\ g BEd

preferred enbodiment, the first nobile generatedftdansnis- sion {ofbe
received is processed. Step 311 is executed if only oh@ ARRMYT gener at ed
transm ssion is received (yes, at step 309) so thaf the only receiyed
transmssion is processed. In the enbdd ment sh wn TN FgsT 7 and| 8, the
deci si on concerni ng which nobile generated transmission to_processjis nade
in the nobile swtching center. However, it is also possible that the two
(or nore) vobee schannels wenidcHl ocwmthwedr éthmnmb'mhg penalabestdd S NaAHFi ON
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nessage. |p.Lhis case, the software routines illustrated
executed in a processor connected to the home |ocation register, either a

B N group of neighboring cells using all the unique channels

~ available in the system frequency band is called a cluster of
cells. In other words, there is no frequency reuse in a cluster.:
Fig. 2 illustrates an example of a cluster pattern which is
comnonly used in mobile cellular telephone systems. For example,
in the pattern of Fig. 2, a cluster of 21 cells is shown in thick
lines. For illustration purposes, the letters used in the cell
identification identify cells assigned to a. common base station,
while the numbers identify ‘the cell number in the cluster and the
frequencies assigned to the: cell. Thus, , cells in different
clusters with the same numbers and letters transmit over the same
frequencies. In the example shown in Fig. 2, the base stations
10 each serve three cells and are provided with directional
antennas. It is also possible that each cell includes its own

. base station formed by an omni-directional antenna.

It is not necessary that complete clusters be associated with the
sane mobile switching center. Fig. 3 shows an exaumple of several
- clusters of 21 cells each. Base stations 10' are connected to
mobile switching center MsC Vi, and base stations 10" are
connected to a second mobile switching center Msc V2. These two
_ mobile switching centers are in turn connected to a home location
register/mobile swi.tching center MSC HOME. The home location

register/mobile switching center MSC HOME stores the record of
the location of the mobile stations.

Each mobile station is identified by a unique mobile station
number. This mobile station number is sent by the mobile station
to the base station and then to the mobile switching center.
This number is also used by the mobile switching center during
the paging of a mobile station. Each base station can also be



stand- al one processor or one which al so serves Ey l_ri ng center
processor. The tinme period of Fig. 8 is nmeasurqgd; : r$ clock
may be for exanple, an internal clock (not showt) [in the nobile}sWtching .
center or home location register. The tinme perijod b&§ ABRIFDh th ‘
occurrence of the first event, i.e., whgp the |(fijrst transm ssijoh froma

given nobile unit is received, thrbhgh the bage station, by thejnobile
switching center. The tine
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identified by a digital color code. The digital color code is
transmitted by the mobile station on a radio channel used for
digital radio channels and serves to identify to the base station
which base station transmitter the mobile station is receiving.

Referring now to Fig. 4, an embodiment of a mobile station that °
can be utilized in a cellul'ar telephone system that operates in '
accordance with the present invention is illustrated. This
particular example pertains to a mobile station that can be used
in a digital communications system, i.e., one in which digitized
voice information is transmitted .between base and mobile
-stations. Furthermore, the operation of the system is explained
in the context of full-rate transmissions, in which each packet
of digital information is interleaved over two spacéd time slots
in a frame of data. It will be readily appreciated, however,
that the invention is equally applicable to other types of
cellular radio systems, such as those in which information is

transmitted in an analog format oxf transmitted digitally' at a
half rate. '

In the mobile station depicted in Fig. 4, a speech coder 101
converts the analog signal generated by microphone into a binary
data stream. The data stream is then divided into data packets,
according to the TDMA principle. A fast asscciated control
channel (FACCH) generator 102 generates control and supervision
signalling messages that are transmitted from the mobile station
to the land-based system.. Thé FACCH message replaces a user
frame (speech/data) whenever it is to be transmitted. A slow
associated control channel (SACCH) generator 103 provides
isiqnaili.ng messages that are transmitted over a continuous
channel for the exchange of information 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 a
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 preferably convolutional encoding, which



26 - period during which the transm ssions are stored may be in the range
of 100 ns or |ess, depending on, anong other thii _ AR RD used

(protocol, transm ssion speed, |oad, etc) bet merﬁ%@@wgﬂ and t he
mobil e switching center. |f several nobile swtg¢hiing centers arg¢ |nvol ved,
the tine period may be in the range of up to aboyt |2 s9xpRiw9gr | eps,
dependi ng on, anong other things, the signalling{ugsed (protocol,
transm ssion speed, |oad, etc.) betwe®®m the nobille L e} s.

According to anot her enbodi nent of the present ifvention, a "storefand
conpare” nethod is used. This method is nost applicable to the
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cyc
rocessi ra
P Q'gdun ancy eclec (%Rc? wherein the perceptually significant bits

in the speech coder frame, e.g. twelve bits,
computing a seven-bit check.

L

are used for'

A two-burst interleaver 106 is connected to the channel coder 104
associated with the speech coder 101 and the FACCHE generator 102,
respectively. The two-burst interleaver 106 is controlled by a
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 to be trar-\smit-
ted by the mobile station is interleaved over two distinct time
slots. A packet of 260 data bits, which constitute one transmit-
ting word, are divided into two equal parts and are interleaved
over two different time slots. The effects of RAYLEIGH fading is
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 modulo-
two-addition of a pseudo-random bit stream.

The outpui: of the c_hannél coder 104 associated with the SACCH
generator 103 is connected to a 22-burst interleaver 108. The
22-burst interleaver 108 interleaves data transmitted over the

SACCH over 22 time slots each consisting of 12 bits of infor-
mation.

The mobile station further includes a Sync Word/DVCC generator
109 for providing the appropriate synchronization word (Sync
Word) and DVCC (digital verification color code) which are to be
associated with a particular connection. The Sync Word is a 28-
bit word used for time slot synchronization and identification.
The DVCC 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 decodead.

A burst generator 110 generates message bursts for transmission
by the mobile station. The burst generator 11¢ is connected to
the outputs of the modulo-two-adder 107, the 22-turst interleaver



transm ssi ons, such as access requests or paging responses. Referring to

Fig. 2, the follow ng discussion relates to an ex

ere e ile
unit travels fromcell C38 to the nearby cell F16. MMEN@I‘SLMS i s not
necessary, the location (or area) border passes bgt /veen these twol cel | s.
The nobile unit recognizes the need to regi ster whep % e SIID (the
digital systemidentification associated with a cel} uI ar gi‘g‘!d‘? eaich’
system bei ng assi gned a uni que number) o¥6 t he REF D-the—+egi-st+eatijn
identification) in the overhead nessage train (injcell uI ar systens)} and

makes an access for registration. The access is repor 0 € respective

mobi I e sw t‘iBh“Qtﬁé“&fﬂc hvoztmvaeaaaue&l&éoqm Stat eaﬁaiﬂﬁezafl(hb)’aﬁ@ea
faraway F16 base
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sslons re
the nobile Pieresiaf infamatiophfrom fﬁ!ﬁ?&eF&Fa‘FﬂW‘E jundtgr Lato @ singley

recei ved traiesehgei Barsel at Foro exampliejeatedgrihig v etiegpublighedr g.5han
one base st %tt:'agxaard EIA/TIA 15-54, a message burst comprises' data (260
' bits), SACCH (12 bits), Sync Word ‘(28 bits), coded DVCC (12
bits), and 12 delimiter bits, combined for a total of 324 bits.
Under the control of the microprocessor 130, two different types
of message 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 replaced the SACCH as well as the speech data
normally generated in a voice/traffic burst.

The transmission of a burst, which is equivalent to one time
slot, is synchronized with the transmission of other time slots,
vhich together make up a frame of information. For example,
under the U.S. standard, a frame comprises three full-rate time
slots. The transmission of each burst is adjusted according to
timing control provided by the _equalizer 114. Due to time
dispersion, an adaptive equalization method is provided in order
to improve signal quality. For further information regarding
‘adaptive equalization techniques, reference is made to U.S.
Patent Appli.cation Serial No. 315,561, filed February 27, 1989,
and assigned to the same ass:lgnee. Bri.efly, the base station
functions as the master and the mobile station is the slave with
respect to frame timing. The equalizer 114 detects the timing of
an incoming bit stream from the base station and synchronizes the
burst geherator 110. The equalizer 114 is also operable for
checking the Sync Word and DVCC for identification purposes.

A frame counter 111 is coupled to the burst generator 110 and the
equalizer 114. The frame counter 111 updates a ciphering code
utilized by the mobile station for each transmitted frame, e.qg.,
once every 20 ms. A ciphering unit 112 is provided for gene-
rating the ciphering code utilized 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



The "store and conpare” method will now be descri &EPEAOEMEN’ESch to
Figs. 7 and 9. The processing carried out by the | [mobrtre st -éngaged

in registration and by the receiving base statiqng i g s {shown
in"Fig. 7 and described above with respect to the w;gtkgﬁa&?a afe"

nmet hod. However, once contr ol passes to t he nobill é- ter, the

nobi |l e swi tching center records the frst incoming nobil e generat ¢d
transm ssion 27

subscriber. The ciphering unit 112 consists of a seé.luenéex: which
updates the ciphering code.

The burst produced by the burst generator 110, which is to be
transmitted, is forwarded to an RF modulator 122. The RF
modulator 122 is operéble -for modulating a carrier frequency
according to the x/4- DQPSK method (x/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: #x/4 and +3ix/4. The transmitter carrier frequency
supplied to the RF modniator 122 is generated by a transmitting
frequency synthesizer 124 in accordance with the selected
transmitting channel. Before the modulated carrier is transmit-
ted by an antenna, the carrier is amplified by a power amplifier
123. The RF power emission level of the amplifier is selected on
command by a. mi.croprocessor controller 130. The amplified signal
is passed through a time‘ switch 134 before it reaches the

antenna. The ti_ming is synchronized to the transmitting sequence
by the microprocessor controller 130.

A receiver carrier frequency signal is generated in accordance
: with the selected receiving channel by a receiving frequency
'synthesizer 125. Incoming radio frequency signals are received
by a receiver 126, after passing through the time switch 134.
The timing is synchronized to the receiving sequence by the
- microprocessor controller 130. The strength of the repeived
signals are measured by a signal level meter 129. The received
signal strength value is then sent to the microprocessor
controller 130. An RF demodulator 127, which receives the
receiver carrier frequency signal from the receiving frequency
synthesizer 125 and the radio frequency signal from the 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 r/4-DQPSK - modulated digital information.



together with the signal strength neasured by the neBB
during the access at step 400 of Fig. 9. ‘Wen the ne
transm ssion arrives, it is first deter-

transmission arrived within a specified time linit af $teh9HAPR 19e
used for the specified tine limt is typ*gally | ess
di scussed above with respect to the '

possi bl e system configurations, the tine limt my r
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celI's which tpon \t¥ol channel messages are sent to a control message detector

133 which supplies detected control channel information to the
microprocessor controller 130. 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
components by assembling and rearranging information from two
time slots of the received data. The symbol detector 115
supplies SACCH data to a 22-burst deinterleaver 117. The 22-
bui'st deinterleaver 117 reassembles and rearranges the SACCH
data, which is spread over 22 consecutive frames.

The two-burst deinterleaver 116 provides the speech data/FACCH
data to two channel decoders 118. The convolutionally encoded
data is decoded using the reverse of the above-mentioned coding
principle. The received cyclic redundancy check (CRC) bits are
checked to determine if any error has occurred. The FACCH
channel coder 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 (e.g., VSELP), and generates the
received speech signal. The analog signal is fihany enhanced by

a filtering tééhnique. ﬁessages on the fast associated control
channel are detected by a FACCH detector 120, and the information
is transferred to the microprocessor controller 130.

The 6utput of the 22-burst deinterleaver 117 is provided to a
separate channel decoder 118. 'He"ssages' on the slow associated
control channel are detected by a SACCH detector 121, and that
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



received the transm ssions. -Of course, conpensati
the signal strengths thensel ves, before the dif-
descri bed above with respect to Fig. 8. It is d
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difference is significant, the previougy received
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rthﬂer,
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made and &hmeyser\anddieohhsagetabions sent (step 416).

Fig. 5 illustrates an embodiment of a base station that can be
utilized in a cellular telephone system that operates in
accordance with the present invention. The base station
incorporates numerous component parts which are substantial'ly
identical in construction and function to component parts of the
mobile station illustrated in Fig. 4 and described in conjunction
therewith. Such identical component parts are designated in Fig.
S with the same reference numerals utilized hereinabove in the
description of the mobile station, but are differentiated
therefrom by means of a prime (') designation.

There are, howe\ier, some dis.f:incti.ons between the mobile and base
stations. For instance, the base station has two receiving
antennas. Associated with each of these 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.
Finally, there can be a plurality of channels, represented in
Fig. S by the boxes labeled 1, 2 and 3, with cortesponding inputs
IN1, IN2, and IN3, and outputs OUT1, OUT2 and OUT3. Although the
- system is shown here with three channels, the number used would

be dependent upon system requirements as determined by the system
designers. o '

When power is applied to the mobile station, the microprocessor
controller 130 executes an initialization procedure. Initially,
the serving system parameters are retrieved, meaning that the
preferred system, e.g., A or B (wireline or non-wireline), is
selected. bepending on the choice made, scanning is carz:igd out

over the dedicated control channels belonging to the pr_e'i!erred
system. ’



28- In an application of this second enbodi nent te—eat—set—up—the

nmobi | e
switching center acts on the first access that iREPEA@EN@IT ZHBE$q or es
the identification of the nobile and base stationg, | emgt h of
the access request and the time it was received. Iff anitqhvg'_r,R romthe
sanme nobile station nunber and/or serial nunber i9 rjecei‘ved short
time from ' 20

called scanning of control channels.

In order to tune the "best" control channel, the mobile station

must search through the existing control channels. This is

Scanning can be started
because the mobile station logic unit automatically inserts the

first control channel number .into the frequency generator in a
known manner. The control- channel with the sstrongest signal

strength is chosen by the mobile to receive the call or other
transmission.

Fig. 6 is a block diagram of an example of a mobile switching
center which can be used to implement the method according to the
present invention. The mobile switching center shown in Fig. 6
is a simplified block diagram of some of the functional units in
a mobile switching center. Fig. 6 shows but one example of a
_mobi.lé switching center. Other systems may also be used.

The mobile switching centex 70 is a highly modular system which

includes a central processor 72 and a mobile {:elephone subsysten
74 for the cellular system. which is integrated with the other
subsystems. A group switching subsystem' 76, a common channel
signalling subsystem 78, and a trunk and signalling subsystem 80
are connected to the central processor 72. The mobile telephone

subsystem 74 includes a regional processor 82, a mobile telephone -

base station line terminal 84 and a signalling terminal 86. Tiie |

remaining subsystems also each include a regional processor 82.

The mobile telephone subsystem 74. handles all specific mobile
subscriber functions, cellular network functions, as well as the
signalling with the mobile stations. Subsystem 74 also provides
the common channel signalling subsystem 78 with the necessary
data from the mobile switching center signalling. The operation
and maintenance functions specific for the cellular system are
also implemented in the mobile telephone subsystem 74. The
mobile telephone subsystem 74 includes the mobile telephone base
station line terminals 84 which connect the mobile telephone
subsystem 74 to the various base stations within the system and

to the public switching telephone network. The signalling
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The group switching subsystem 76 is controlled by a traffic
control subsystem (not shown). The group .switching subsysten 76
sets up, supervises and clears connections through the group
switch (not shown). The common channel signalling subsystem 78
contains functions for signalling, routing, supervision and
correction of messages sent in accordance with a predetermined
standard. The trunk and signalling subsystem 80 supervises the
state of the trunk lines to the public switching telephone
network and to the other mobile switching centers.

The central processor 72 ' stores and executes the central
~ processor software for the switching system, handling the more
complex functions. These functions inclt'xde, but are not limited
to, job ‘administration, store handling, loading and changing of
' programs, etc. Further, to the extent that the methods according
to the preferred embodiments of the present invention are
implemented by software routines operating in the mobile

switching center, they are implemented in the central processor .
72. ' ' |

One of the prﬁmry tasks performed in the system access mode of
the mobile station is the generation of an access message in the
mobile station and preparation of a suitable traffic channel for
information exchangé. The access channels available to the
mobile, which were updated during an idle mode, are examined in
a manner similar to the measuring of the dedicated control
channels as previously described. A ranking of the slfnal
strength of each is made, and the channel associated gith. the
strongest signal is chosen. The transmitting trequ%ﬁcy sYn-
thesizer 124 and the receiving frequency synthesize‘tv' 125 are
tuned accor=ingly, and a service request message is sent over the



center to which both nobile switching centers are co
enbodi nent. of the present invention, illustrated in t
7 and 10, the "conpeting stations"” nmethod, is nost appl
setting up of calls, although it may be used to procgsg
nmobi | e generated transm ssions. \Wen two base stations
generated transm ssion to the nobile sw4 ching centen or—totworespetc|ive

nobil e switching centers, it is not appropriate to aytonmatically servejthe
first received transmssion and to reject later reports, as discussed

above. But instead of deciding_the iSfue of which of several transm ssion
to accept, spleskedchanned ip QUARE, F9cipfym the basg aEaticn ahsuterhearfic
channel s i rypel ot aczessavanred havwigng call origination, page response, or

registration access. After completion of this message, the
- amplifier 123 of the mobile station is turned off and the mobile
station may wait for further control messages. Depending on the

access type, the mobile sta}iion may then receive a reply’ message
from the base station. ’

J
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According to a first embodiment of the present invention, a "wait
and compare" method is used. This method is most applicable to
the setting up of calls, both mobile originated calls and calls
directed to mobile stations, although it can be.used to process
other types of mobile generated transmissions such as registra-
tions. For the purposes of explanation of this embodiment, the
following discussion, referring to Fig. 2, relates to an example
wherein a mobile station 12 travels from cell C8 to the nearby
cell F16. In this example, the intended near base station 10a
(at the borders of nea.rby' cells F16, Fl17 and F18) and the
o'verhearihg relatively faraway base station 10c (at the borders

of remote cells F1l6, Fl17, and F18) are connected to the same
mobile switching center.

The “wait and compare" method of the present invention involves
waiting until the time has elapsed for all possible mobile
generated transmissions originating from one mobile station (in
this example 2 requests) to have come to the mobile switching
center (i.e., using a time period which is approximated to be the
worst-case time required for signalling), and to make a decision
then as to which transmission to serve, rejectini; all others.
This decision is based on the signal strength if the difference
therebetween is significant. If this difference is not signi-
ficant, the determination as to which transmission to use as made
based on some other predefined priority order, such as the first
transmission to be received. One possible threshold value for
the difference could be about 10dB, but this threshold could be
differently specified for each system or each cell or even each

cell-cell combination. According to a preferred embodiment, the
threshold is between +10dB.



29 reported the transmission. Then a decision is
of which voice/traffic channel to connect and ackno}f
stronger voi ce channel assignnment nessage fromthe hej
This met hod woul d be used according to a preferred gnp
probl em that occurs, for exanple, when three base sfa
| Oc (each aSSOCIated with cell F16 in Fig. 2) receiye
transm ssion fromnobile station 12. APl base stati
channel and send a request to the nobile station to

voi ce channel. In this exanple, all three cells use the sane frequengy and

i dentificRéddraindto -a dhok ftire@Oletbod Pién€ Pid forel ehe/ UdiParison is
made, a compensation value is added to each of the received
signal strengths (compensation values being an individual cell
parameter) to make it possible to change the odds for some cells
to win the comparison competition. The value of the compensation
parameter could be initially set to 0. It can later be changed
if experience, simulations, etc. show that some cells fail in
comparisons when they should win. This situation could occur,
for example if the faraway base station has very goocd receiving
conditions, e.g., is situated in a high tower on a mountain. The
compensation values are determined based on each particular cell-

cell combination and can be altered as experience dictates.
course,
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of
instead of adding the compensation value to the in-

dividual signal strengths, the compensation could be accomplished
after the difference is determined by adding a value to the
difference between the signal strengths. '

The "wait and compare®™ method will now be described with

reference to Figs. 7 and 8. According to a preferred embodiment, .

as shown in Fig. 7, the mobile station scans the control channels
from nearby base stations and selects the st:rongest signal
strength, at step 200. The mobile station then waits for some
control signal over the selected control channel (step 202). -iIf
- nothing intended for the niobile station is heard, when it is
again time to rescan the control channels to determine which is
the strongest (step 204), the mobile station returns to step 200.

A number of possible functions are available to the mobile
station, some of which are shown in Fig. 7. For example, the
mobile may determine: it is time to register (step 206); it wants
to . make a call (step 208): it has received a page and wants to
respond (step 210); or it received an audit message and wants to
answer (step 212). oOther functions are possible, as is known to
technical people working in cellular technology, but are not

described herein because they are not relevant to the present
invention.



channel s chosen need not use the sane frequency, nor
t he same supervisory audio tone (SAT) identification.

continuous tone added to the transmitted speech by tHe jvoi ce channel

i n-the base station, received by the nobile station 3
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As represented by the dashed line, both the intended base station
and any other base stations operating on the same or adjacent
frequencies which overhear the mobile generated transmission
(called “transmission" in the drawings for simplicity) measure
the signal strength of the received mobile generated transmission
at step 218. That transmission is then transmitted along with
the measured signal strength, to the mobile switching center at

step 220. At this point, control is passed to step 300, shown in
Fig. 8.

All mobile generated transmissions reported to the mobile
switching center 'with the same mobile station number and/or
serial number within the ':;iven time period are stored in the
mobile switching center at step 300. The identity of the
appropriate mobile station and base station or an area associated
with the base station, the -signal strength of the received
signal, and the time of receipt of the mobile generated transmis-
sion by the mobile switching center are also stored. At step
302, it is determined whether a compensation value has been
stored for the particular cell-cell combination in question. If
it has, at step 304, the stored. compensation value is added to

the stored signal strengths and the sums are stored as the
compensated signal strengths.

At step 306, the compensated signal strengths stored for the
stored transmissions are compared to one another. At step 308,
it is determined whether the difference between the stored si.gnal
strengths is below the predetermined threshold or whether only
one mobile qenerated transmission has been received. If the
difference is not below the threshold, the mobile generated
transmission with the strongest signal strength is taken as the
mobile generated transmission received by the intended base
station, and is processed by the mobile sﬁitchi.ng center, at step



channel can occasionally receive interference on the voice channel, where

the interference has the expected SAT. In this c

that the nobile station responded . because of thei &EMEEIME&
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312. Mobile generated transmissions which are rejected are
processed for statistical purposes and are acknowledged with a

negative response being sent to the appropriate base station at
step 314. '

At very small’ differences in signal strength between two mobile
generated traftsnissions, i.e., the differences between the signal
strength is below the threshold at step 308, and more than one
mobile generated transmission is received (step 309) instead of
merely selecting the highest signal strength, the mobile
generated transmission to be chosen as the correct transmission
is determined according to a second priority drder, at step 310.

In a preferred embodiment, the first mobile generated transmis-

sion to be received is processed. Step 311 is executed if only

one mobile generated transmission is received (yes, at step 309)
so that the only received transmission is processed.

In the embodiment shown in Figs. 7 and 8, the decision concerning
which mobile generated transmission to process is made in the
mobile switching center. However, it is also possible that the

_two (or more) base stations which overhear the mobile generated

transmission are connected to different mobile switching centers.
In this case, both mobile switching centers may attempt to send
the mobile generated transmission to a home location register or
home mobile switching center. The home location register or home
mobile 'sw'.ttching center then makes the decision at to which based
station is the intended recipient of the message. In this case,
the software routines illustrated in Fig. 8 wov:ild be executed in
a processor connected to the home location regisi:er, either a

stand-alone processor or one which also serves as a mobile
switching center processor.

The time period of Fig. 8 is measured by a clock. This clock may
be for example, an internal clock (not shown) in the mobile
switching center or home location register. The time period

begins upon the occurrence of the first event, i.e., when the

first transmission from a given mobile unit is received, through
the base station, by the mnobile switching center. The time



hence does not know which base station to use for_ the call.
t He begi nning procedure is the same as that sho
above. After the transm ssion and neasured signa]™y
to. the nobile switching center or home | ocation r [
control passes to the nobile switching center or
showmn in Fig. 10. At step 500, the nobile swtcli
regi ster authorizes all base stations from whi-c
originating fromthe same nobile stati & withinla
interval to assign a voice channel to the requesting nobrie
interval is determned in the same nmanner as for the two precedl ng
eLTbOSI mﬁntﬁermtdﬁiﬂdmmmassas trandiisgisassane i storedapayeche etientird by
the dashed % exg&d %t&ateges 38Bend ihe? oW, ChBbA doemodahrm ps 502
t hrough 504 a‘?g g&d séestat?ons aut gr {? E é’[)elel e _
S Loni ng EaaRartio HORE (RABHACA: rORTSRLPELE spbedn Loars; S0 RatReR
However, i thesbaseostatiomland Hthe mqilsoswbsclpm ofenter. If several

mobile switching centers are involved, the time period may be in

the range of up to about 2 seconds or less, depending on, among

other things, the signalling used (protocol, transmission speed,

load, etc.) between the mobile switching centers.

In such a case,
and descrlbed

According to another embodiment of the present invention, a
®“store and compare" method is used. This method is most
applicable to the registering of a mobile unit in a new cell,
although it can be used for processing other mobile generated
transmissions, such as access requests or paging responses.
Referring to Fig. 2, the following discussion relates to an
example where the mobile unit travels from cell C8 to the nearby
cell Fi6. Also, though this. is not necessary, the location (or
area) border passes between these two cells. The mobile unit
' recognizes the need to register when reading the SID (the digital
system jdentification associated with a cellular system; each
system being assigned a uniqﬁe nunber) or the REGID (the
registration identification) in the overhead message train (in
cellular systems), and makes an access for registration. The
"access is reported to the respective mobile switching center by
the nearby F16 base station 10a and by the faraway F16 base
station 10c, connected to the same mobile switching center. It.
is assumed that all mobile generated transmissions received by
the mobile switching center within a predetermined time after the

first received transmission relate to the same request, overheard
by more than one base station.

The "store and compare" method will now be described with

reference to Figs. 7 and 9.  The processing carried out by the

mobile station engaged in registration and by the receiving base
stations i{s the same as shown in Fig. 7 and described above with
respect to the "wait and compare®" method. However, once control
passes to the mobile switching center, the mobile switching
center records the first incoming mobile generated transmission



by the nobile switching center or hone |ocation register.

The voi ce channel
assignnments along with the verification signal, s

ct a—SA—er—DMCC, are
transmtted to the requesting nobile The base stajiEJRLAGEMBNTtSHml ves a
response back from-the nobile station, determ nes]whethér tThe CTory gct
verification signal, i.e., the sane verification Fi g”"‘i"?ft\ggt‘l ﬁz orfiginally.
transmtted to the m)blle station, is detected onj the vO 8 nel} (step
503). For each base station, if thé'correct verf feation—s grall ils not
detected on the voice channel, the routine in that base statlon ends. | f

the correct SAT is detected, the base station then nmeasures thestgnal
st r engt tafetthler siigihaltHer (mhqdad. ratirehgtls t Béasureshn n}hetha)lmrbhanseé (step

504) . Coid¢Qn iral faem ?%ﬁd B8Eksd el 12ReBPRObCoEVFIGNI 610 GRERCERES
repr esent %\%bo’gs she | i,n ind_ifoa con}zensa#og Vgcﬁf%vl s stored for
the respd® e%e['b afsd ?‘§?8§ gﬁ%ﬁ BRELYBRnAT &3¢ SeberTs added
to the seiped whethen Hﬁie( next Trapsm ngﬁrﬁb’sdsﬁéminthesmiﬁéeéat i on
val ue meyike RikiPEl 4© $€ép 402. The time used for the specified time
limit is typically less than 2 seconds, as discussed above with
respect to the "wait and compare® method. With other possible

system configurations, the time limit may range up to about 10
seconds or more.

If the transmission is within the time limit, the signdl strength
measured by the faraway F16 base station 10c is compared to the
previously recorded signal strength to calculate a difference
therebetween (step 404). At step 406, it is determined whether
a compensation value has been stored for the particular cell-cell
combination involved. If so, the compensation value is added to
the difference at step 408, where the compensation value is a
function of the respective locations of the two cells which have
received the transmissions. Of course, cdmpensation_ values may
be added to the signal strengths themselves, before the dif-
ference is calculated, as described above with respect to Fig. 8.

It is determined at step 410 whether the difference between the
two signal strengths is above a specified limit. If the
difference is above the 1limit,- that is, the difference is
significant, the previously received mobile generated transmis-
sion is replaced by the new transmission at step 412. Further, .
if the next transmission is not within the specified time limit
at step 402, the new transmission is proéessed at step 412. 1In
either case, the base station is then informed of the outcome of
" the mobile generated transmission processing (step 414).

When the signal strengths of two reports of the same mobile
generated transmission regarding a registration do not differ
significantly, for example, less than 10d4B, and one report is
from the base station with the old registration, no new registra-
tion is made and a negative acknowledgement is sent (step 416).



difference between the signal strengths, rather_than to the si gnal
strength val ues thensel ves. At step 510, the 4f e o

311 second strongest signal strength is i derBﬁ.ﬂ.}g‘ Emmsjb,g | is
connected through and acknow edged to the assqcijated base sta
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In an application of this second embodiment to call set-up, the
mobile switching center acts on the first access that it
receives, and stores the identification of the mobile and base
stations, the signal strength of the access request and the tine
it was received. If another .access from the same mobile station
number and/or serial number is received within a short time from
the first access, a comparison is made between the accesses,
after the aforementioned compensation value has been added to the
received signal strength. If the second access is lower in
signal strength, it is rejected. Otherwise, it is acted upon,
replacing the first access. The processing of the first base
station's access in the case of a second higher §igna1 strength

will be terminated. A negative acknowledgement may also be sent

to the mobile station via the base station in question.
Successive mobile station accesses within a short time frame from
~the first access will be likewise compared relative to their
signal strength. Upon rejection of an access, a negative
acknowiedgement signal may be sent back to the mobile station via

the base station in question and may be counted for statistical
purposes. ' '

As discussed above with respéct to the "wait and compare" method,
the overhearing base stations may be assigned to different mobile
switching centers. 1In this case, the processing of Fig. 9 can
occur in a home location register or a home mobile switching
center to which both mobile switching centers are connected.

Another embodiment of the present invention, illustrated in the
flowcharts of Figs. 7 and 10, the "competing stations" method, is
most applicable- to the setting up of calls, although it may be
used to process other types of mobile generated transmissions.
When two base stations report a mobile generated transmission to
the mobile switching center or to two respective mobile switching
centers, it is not appropriate to automatically serve the first
received transmission and to reject later reports, as discussed
above. But instead of deciding the issue of which of several
transmission to accept, it is possible to authorize the as-
signment of voice/traffic channels in all base stations having



It,is possible to conbine the "wait and store" an

G—t-he-—conpeting..stations”
met hods so that the selection is primarily perfor {REPRACEMENTOSHEET bini t

but the nobile switching center may contribute tojt ' rofpess by
rejecting a faraway base station. It is -undersfjogd ation
access refers to any type of system access a nobiljejst e when
contacting a base station. Al t hough 2%e inventifo bed
with reference to a systemincluding a nobile sw §ching center, th| 5 IS not
intended to be-limted to such applications. If n ' '
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center as bagedcCon!the stronge® sobde ashdnnel absiynment-mgssidgenfrak Thessed
above. nearby base station.

This method would be used according to a preferred embodiment to
‘solve the problem that occurs, for example, when three base
stations 10a, 10b, and 10c (each associated with cell F16 in Fig.
2) receive a mobile generated transmission from mobile station
12. All base stations assign a voice channel and send a request

to the mobile station to tune to the assigned voice channel.

In
this example,

all three cells use the same frequency and
identification code -~ digital color code (DCC). The voice
channels chosen need not use the same frequency, nor do they have
to have the same supervisory audio tone (SAT) identification.
The SAT is a continuous tone added to the transmitted speech by
the voice channel unit in the base station, received by the
nobile station and returned to the base station.

The mobile station 12 will only hear the order from nearby base
station 10a, which is much stronger than the signals from faraway
base stations 10b and 10c. No one will listen for the orders
sent by base stations 10b and 10c, hence the voice channels
assigned in these base stations will most often not detect any
mobile stations tuning to their voice channels, i.e., will not

detect a correct SAT or other verification signal such as a
digital channel code (DVCC). .

- Of course, a situation may arise that the voice channels chosen
by base stations 10b and/or 10c have the same frequency and SAT
as that chosen by base station 10a. Additionally, any voice
channel can occasionally receive interference on the voice
channel, where the interference has the expected SAT.

In this case, 2ll cells think that the mobile station responded
because of their voice channel assignment, and therefore, the
mobile switching center or home location register cannot

accurately determine in which cell the mobile is located, and



It |s possible that a Hone Location Regi ster database (HLR) can be used to
deternm ne to which base station various nobiles af

S i s case,
the inventive "store and conpare” nethod for trea aF Ai@ﬂgﬁl’zﬁf d i.e

non:call related accesses, may also be perfornmed psjng the HLR. |t} is '
understood that the nethods of the present invent]op qappAPR ¥eRd jin a
cellular nobile radio systemwhich transmts -anal pg] si gnals, digift3l
signals, or a conbination of both. The foregoing] deEScrTptrtomof—tHe-
specific enbodinments will so fully reveal the genkral nature of the .
i nvention that others can, by applying current know edge, readily nodify
and/ or adapt for various applications such specific enbodi nents w t hout
departing héncenddes geotcknewcéntelptbasgndtatien dfonse farhtheixgaldti ons and
nodi fi cati oggcs o dhdepNthébrgliRhgng eskdcediee COSRMRNSaRE hs\hat showhNEn

meani ng andrig.n g,e a?\]:i sggéx\:lfllaee&' ta%o e.t hfféielrsghgsegar?srﬁission and measured
signal strength is transmitted to the mobile switching center or

home location register at step 220, control passes to the mobile

switching center or home location register, as shown in Fig. 1o0.
At step 500,

the mobile ‘switching center or home location
register authorizes all base stations from which it receives a
transmission originating from the same mobile station within a
predetermined time interval to assign a voice channel to the
::"equesting mobile. The time interval is determined in the same
manner as for the two preceding embodiments. Control then passes
to the base stations, as represented by the dashed _lines leading
to steps 502. In a preferred embodiment, steps 502 through 504
are performed in the base stations authorized by the mobile
switching center or home location register to assign a voice
channel. However, it is also possible that step 502 be performed
by the mobile switching cehter or home location register. The
voice channel assigﬁménts along with the verification signal,
such as a SAT or DVCC, are transmitted to the requesting mobile.
The base station, when it receives a response back from the
mobile station, determines whether the correct verification
signal, i.e., the same verification signal that was originaliy
" transmitted to the mobile station, is detected on the voice
channel (step 503). .~ For each base station, if the correct
verification signal is not detected on the voice channel, the
routine in that base. station ends. If the correct SAT is
detected, the base station then measures the signal strength of

the signal from the mobile station on the voice channel (step
504). o -

Control is then passed back to the mobile switching center as
represented by the dashed lines, and if a compensation value is
stored for the respective base stations (step 506), the compen-
sation value is added to the signal strengths (step 508).
Although not shown, the compensation value may be added to the
difference between the signal strengths,' rather than to the
signal strength values themselves. At step 510, the strohgest or
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second strongest signal strength is identified and the call is

connected through and acknowledged to the associated base
station.

It is possible to congbiné the "wait and store" and the "competing
. stations® methods so ‘that the selection is primarily performed by

the mobile unit, but the mobile ;switchi.ng center may contribute

to the selection process by rejecting a faraway base station.

It is-understood that mobile station access refers to any type of
system access a mobile station may make when contacting a base
station. Although the invention has been described with
reference to a system including a mobile switching center, this
is not intended to be limited to such applications. If no mobile
switching center is present, the process described above for
determining which of several accesses is correct would be carried
out in the base stations.. Likewise, the process could be
modified to accommodate more than one mobile switching center as

may occur in systems such as that shown in Fig. 3 and discussed
above.

It is possible that a Home Location Register database (HLR) can
be used to determine to which base station _various mobiles are
assigned. In this case, the inventive "store and compare® method

for tréati.ng registrations, i.e., non-call related accesses, may
also be performed using the HIR.

It is understood that the meth;:ds of the present invention can be
used in a cellular mobile radio system which transmits analog
signals, digital signals, or a combination of both.

The foregoing description of the specific embodiments will so
fully reveal the general nature of the invention that others can,
by applying current Xknowledge, readily modify and/or adapt for
various applications such specific embodiments without departing
from the generic concept, and, therefore, such adaptations and
modifications should and are intended to be comprehended within
the meaning and. range of equivalents of the disclosed enm-



1. . A method of operating a cellular system whereff—a—+obte—stat+an
transmts a nobile generated transm ssion which i s| REMACEMENY SHEHTHast two
base stations, said nethod conprising the steps of nmeasuaring |t He
signal strength of the received nobile generated t}ahs ]?EEPHQ 7 sendi ng
the nobil e generated transm ssion and the neasuredj sy gna r %gth f the
nobi | e generated transm ssion to a procgssing neang H-em-the—at—-eagt two
base stations; storing in a nenory the respecftive nobil e generdgted.
transm ssions and nmeasured signal strengths recei véd fromtne at
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| east two base stations within a predetermned tinme period; and
determ ni ng which of the nobile generated transni ssions to accept based on
time of receipt by the processing neans and the stored signal strengths of
t he nobil e generated transm ssions, wherein the step of determ ning
conpri.ses the steps of: conparing signal strengths to yield a

di fference val ue; If the differencedvalue is greater than or equal to

a predeterm ned threshold, accepting the *nobile generated transm ssion
havi ng the strongest relative signal strength; and ence

value is bew ned threshold, accept| umwmmmﬂme' ved
nobi | e generate

ransmssions according to a predetermecned p¥iotitty order.
2. The nmethod of claim1l, wherein the step of determ ning further

conprises tRe sthemethod of opetRting asterldylasnpesten orhergilneat noletldh of
the neasur egtatgsal t'i:tarn%ﬂﬂtbs a efebiPsl Geperdted atrksa&isstwa baﬁ%nstfé I ons
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the steps of s
measuring the signal strength of the received mobile generated
transmission:
sending the mobile generated transmission and the measured siqnal
strength of the mobile generated transmission to a processing
means from the at Jleast two base stations,
storing in a memory the respective mobile generated transmissions
and measured signal strengths received from the at least two base
stations within a predetermined time period; and
determining which of the mobile generated transmissions to accept
based on time of receipt by the processing means and the stored
signal strengths of the mobile generated transmissions.

2. The method of claim 1, wherein the step of 'determining
conprises the steps of:

adding a stored compensation value to each of the measured siqnal
strengths received from the at least two base stations to
determine compensated signal strengths, the compensation value
being stored relative to each pair of base stations of the at'
least two base stations;

conmparing the compensated signal strengths to yield a difference
value;

if <the ditferepce value exceeds a predetermined threshold,
accepting the mobile generated transmission having the strongest
relative signal strength; and

if the difference value is below the predetermined threshold,
accepting one of the received mobile generated transmissions
according to a predetermined priority order.

3. The method of claim 2, further comprising after the step of

determining, the step of processing the accepted mobile generated
transmission.

REPLACEMENT SHEET . This Sheet Has Been Rep
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| east two base stations; wherein the step of conparing conprises
“conparing the conpensated signal strengths to yield the difference val ue.
3. The nethod of claim?2, further conprising after the step of

determ ning, the step of processing the accepted nobil e generated

transm ssion. 4. The nmethod of claim1l, further conprising after the step

of *C L M5 *34 o |
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4. The method of claim 1, wherein the step of determining
comprises the steps of:

comparing the signal strengths of the stored transmissions to
yield a difference value;

if the difference value is greater than or equal to a predeter-
mined threshold, accepting the mobile generated transmissiox{
having the highest relative signal strength; and

if the difference value is below the predetermined threshold,
accepting one of the received mobile generated transmissions
according to a predetermined priority order.

S. The method of claim 4, further comprising after the step of

determining, the step of processing the accepted mobile generated
transmission.

6. The method of claim 1, .further comprising:

prior to the step of storing, the step of processing a first
received mobile generated ‘transmission from one of the at least
two base stations:

wherein the step of storing comprises storing the received mobile
generated transmission and the identity of the mobile station,
the signal' strength, and the time of receipt of the mobile
generated transmission by the prbcessing means; and '
vherein the step of determining comprises the steps of:
comparing the signai strength of a.subsequent mobile generated
transmission received from a second one of the at least two base
stations within the predetermined time period with the stored
transmission signal strength and deﬁermining a difference value;

if the difference value .is greater than or equal to a predeter-
mined threshold and the signal strength of the subsequent
transmission is greater than the stored signal strength, then
terminating the processing of the processed mobile generated
transmission, and storing the identity of the mobile station,

signal strength, and time of receipt of the subsequent mobile

generated transmission. -

s (I (11
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‘determining, the step of processing the accepted nobile generated
transm ssion.:

: W thqd of operating a cellular system wherein a
nobi |l e station t t's ¥ troiBET generated transm ssion which is received
by- at | east tMo bdse stati ons;

aijd nmet hod conprising the steps of:
measuri ng the sifgnal 1% b‘ﬁﬁqﬁ? 0 he received nobile generated
transm ssi on; sendi ng the

il e generated tra
nmeasured si gnal st . pbi | e _generated tran
processi ng nmeang fromthe at |eas t wo 3Base stations; Imﬁj &m UHI
first received nobile generated tfansm ssion from one t wo
base stations,

the processing conprising the steps of: storing in a
menory theyg esmﬂchle\‘.aoawf Il ad@ne| afwarthieratopeis ing; abtermeUsesh Yegnal
strengths é&ﬁﬁéf/ﬁ%fr%t Q@eat of adding a compensation value to the

difference value based on which two of the at least two base
stations have sent the first received mobile generated transmis-’
sion and the subsequent mobile generated transmission to yield a
compensated difference value and wherein the compensated
difference value is used as the difference value.

8. The method of claim 7, further comprising, after the step of
determining, repeating the previous steps for subsequent mobile
generated transmissions received from the same mobile station or

a different base station as the stored transmission for the
predetermined time period.

9. The method of claim 7, further comprising the step of, if the

difference value is below the predetermined threshold, accepting

one of the received mobi.lelgenerated' transmissions according to
a predetermined priority otder.

10. The method of claim 6, further comprising, after the step of
determining, repeating the previous steps for subsequent mobile
generated transmissions received from the same mobile station as
the stored transmission for the predetermined time period.

11. The method of claim 6, further comprising the step of, if
the difference value is below the predetermined threshold,
accepting one of the received mobile generated transmissions
according to a predetermined priority order.

12. A method of coperating a cellular system, wherein a mobile
station transmits a mobile generated transmissjon which is
received by at least two base stations, said method comprising
the steps ‘ofs .

orocessing the mobile generated transmission received first from
one of the base stations:

storing the identification of the base station from which the
processed mobile generated transmission originated and the signal
strength of the processed mobile generated transmission:
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| east two base stations within a predetermned tine period, wherein the
step of storing conprises storing the received nobile tod

transnission and the identity of the nobile station, REPLACEM@NTSSHEE@ h,

and the tinme of receipt of the nobile generated trangm
processing neans; and ____ determ ning which of the rfohil
transmi ssions to accept based on time of receipt by tlhd p

and the stored s flthe m)blle ‘gener atleo i .
wherein the stepm“mm,ummm,monprl ses 3fhe steps df: compari ng the.
signal strength ¢6f & sub3feqyent nobil e generated tramrsArssromTecel ved
froma second one of the at |east two base stations within the

predet er m nedconger 1wy ithe Wighalhetsengtd der mm&q&anelmhes §éRdiidLqand

determ ning acgdddy ‘Rldidvea frohla i&&.ﬂl e SI%?; u?reab%;%tﬂerhe

t han or equal redeterm ne reshojd and t
subsequen? tr§ §?ﬁ‘% g‘Qeg?’t‘e“éf'?"’tﬁsef’hﬁﬁ"nb Yo 9epsrated; saissiongtn yieldn

term nating thedpfmmgracmet:he processed nobil e generated transm ssion,

and storing tRgthfRind &Y cOhpéhfatdd il LréieticeOPalue by adding a compensation
value stored relative to the base stations from which the
processed mobile generated transmission and the subsequent mobjile
generated transmission are received;
when the compensated difference value is greater than or equal to
a predetermined threshold amount, terminating the processed
mobile generated transmission, processing the subsequent mobile
generated transmission having the greater signal strength, and
storing the identification of the base station from which the
subsequent processed mobile generated transmission originated and
the signal strength of the subsequent processed mobile genefated
transmission; and . |
repeating the comparing, terminating and subsequent processing

and storing steps for fuither mobile generated transmissions
received during a set time period.

=

13. The method of claim 12, wherein the step of 'teminating the
processed mobile generated transmission comprises the step of
sending a negative acknowledgement to the base station from which

the terminated processed mobile generated transmission was
received. .

14. A method for use in a cellular radio telephone system for
determining which mobile generated transmission, received by a
processing means from at least two base stations receiving a
single mobile generated transmission, should be accepted by the
processing means, the method comprising the steps of:
(a) in the mobile station: ’

(1) scanning a plurality of comtrol channels over
which messages are broadcast by a plurality of base stations to
determine relative signal strengths of the messages:

(2) sending a mobile generated transmission over
a selected one of said plurality of control chamnels, the mobile
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si gnal

step of

] T \
the difference val ue based on which two of the at MﬁAmm
have sent the first [

ations

strength, and tinme of
t ransm ssi on. 6. The nmethod of claimb5, further

conparing, the step of adding

recei pt of the subsequent nobile generated
conprising, after the

recei ved nobil e generated

LTI
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ue to

generated transmission being received by the at least two base
stations;

(b) in the at least two base stations:

(1) measuring the signal strength of the received
mobile generated transmission;

(2) sending the mobile generated tran'smission and
the measured signal strength of the received mobile generated
transmission to the processing means;

(c) in the processing weans;

(1) storing in a nemery the respective mobile

generated transmissions and measured signal strengths received

from the at least two base stations within a predetermined period
of time; and

(2) determlning which of the received mobile
generated transmissions to accept based on the time of receipt in

the processing means and the relative signal strengths of the
mobile generated transmissions.

L ]
15. The method of claim 14,

wherein the step of determining
comprises the steps of:

add_ing a stored compensation vaiue to each of the measured signal
strengths received from the at least two base "stations to

deternine compensated signal strengths‘ the compensation value

: bei.nq stored relative to each pair of base stations of the at

least two base stations;

eomparing the compensated signal strengths to yield a difference
value;

‘if the ditference value . exceeds a predetermined threshold,.
accepting the mobile generated t:ransmi.ss_i.on having the strongest

relative si.gnal strength; and

if the. difference value is below the predetemlned threshold,
accepting one of the received mobile generated transmissions
according to a predetermined priority order.

16. The method of claim 15, further comprising after the step of

determining, the step of processing the accepted mobile generated
transmission.

This Sheet Has Been Re’pl aced
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transm ssion and the subsequent nobile generated trfgj ‘
conpensated difference val ue and wherein the conpen MNETMT aI ue
is used as the difference val ue. 7. The met hod Jof} claim 6, tuUr

conprising, after the step of determning, repeatirg thqqupw.]gy;s
subsequent rmbi |l e generat ed transm ssions received [frjom the sane

station or t|on as the stored tjra t he
pr edet er m ned l Im ' ﬁl "The metfod of claiim 6, further conpfising
the step of, erence val ue is bel ow the predeterm ned thnreshol d,

accepting one of the recei ved nobil e generated transm ssions according to a
predefined prioThéy mthend. of O.clalme I hetterkinl| athm Smobike h@enedatsd si ng,

after the sk@Rn@hission is of a type selected from one of the following: an

access request for originating a call, a registration request, a
paging response and an audit response.

18. The method of claim 14, wherein the step of determining
compri.ses the steps of:

- comparing the signal strengths of the stored transmissions to
yield a difference value;
if the difference value is greater than or equal t:o a predeter-
mined threshold, accepting the mobile generated transmission
having the highest relative signal strength; and
if the difference value is below the predetermined threshold,
accepting one of the received mobile generated transmissions
according to a predetermined priority order.

'19. The method of claim 18, further conprising after the step of

determining, the step of prdcessing the accepted mobile generated
transmission. '

20. The method of claim 14, further conprising:

prior to the step of storing, the step of processing a first
received mobile generated transmission from one of the at least
two base stations; |

wherein the step of storing comprises storing the received mobile
generated transmission and the’ jdentity of the mobile station,
the signal strength, and the time of receipt of the mobile
generated transmission by the processing means; and

wherein the step ‘of determining compri.ses the steps of:
comparing the signal .strength of a subsequent mobile generated
transmission received from a second one of the at least two base
stations within the predetermined time period with the stored
transmission signél strength and determining a difference value;

if the difference value is greater than or equal to a predeter-~
mined threshold and the signal strength of the subsequent
transmission is greater than the stored signal strength, then
terminating the processing of the processed mobile generated

This Sheet Has Been Re
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determining, repeating the previous steps for subsequ, =
transmi ssions received fromthe sanme nobile station a

transmi ssion for the predetermnined tinme period. 10.
5, further conprising the step of, if the difference
predeterm ned threshold, accepting one of the receivef
transm ssi ons ac ' fined peiority ordef.
operating a cell amnmm,nmllmm in a nobile stationltt |
generated transm ssi dn whi th s freceived by at | east two base statlons
sai d net hod g th t Si_ng e | e rated
transm ssi ongraggéli%%gg?f g?& gngc'}'tnge u?e %1&"%&%3 s??até‘gng%?i g YHg t he
i denti fi cat SHY"3E Fﬁé’eﬂ%év sfaf| bime r e F\M’%W"c R gihsc subseauent | mobile

gener at ed t gemeratedohranswissiand and the signal strength of the processed
nobi | e generated transm ssion; :

NP SHEET ¢

ud 9 APBPBIY tihe

pbi | e gener at

21. The method of claim 20, further comprising, after the step
of comparing, the step’ of adding a compensation value to the
difference value based on which two of the at least two base
stations have sent the first received mobile generated transmis-
sion and the subsequent mobile generated transmission to yield a
compensated difference value and’ wherein ' the compensated
difference value is used as the difference value.
'22. The method of claim 21, further comprising the step of, if
- the difference value is below the predetermined threshold,
accepting one of the received mobile generated transmissions
according to a predetermined priority order.
23. The method of claim 21, further compr:.s:.ng, after the step
of determining, repeating the previous steps for subsequent
mobile generated transmissions received from the same mobile

station as the stored transmission for the predetermined time
pericd.

24. The method of claim 20, further comprising, after the step
of determining, repeating the previous steps for subsequent
mobile ge_nereted transmissions received from the same mobile
.station or a different base station as the stored transmission
for the predetermined time period.

25. The method of claim 24, further comprising, after the step

of terminating, the step of sending a negative acknowledgement to

the base station from which the terminated transmission was
received.

26. The method of claim 20, further comprising, after the step

of terminating, the step of sending a negative acknowledgement to

the base station from which the terminated transmission was
received.

. 'This Sheet Has Been Replaced




conparing the signal strength of a subsequent nobil e generated. iraasm ssion

received from another base station to the signal styEEpt ,"p h§-I{T‘eq:esse.d
nobi | e generated transm ssion to 36 | | RERL erce
val ue; obt ai ning a conpensat ed di fference val up by addlng o |t He

difference value, a conpensation value stored relatfvg tlf ARR ‘B%e stlat i ons
from whi ch the processed nobi Te generated transm ssjop_and the subdeduent

mobi | e génerat ﬁ!lmj m'[f"!lﬁmsﬂ”mre réce.l vgcb .

27. The method of claim 20, further comprising the step of, if
the difference value is below the predetermined threshold,
accepting one of the received mobile generated transmissions
according to a predetermined priority order.

<

28. A wmethod for use in a cellular radio telephone system for
determining which mobile generated transmission, received by
processing means from at least two base stations receiving a
single mobile generated transmission, should be accepted by the
processing means, said method comprising the steps of:

(a) in the mobile station:

(1) scanning a plurality of control channels over
which messages are broadcast by a plurality of base stations to
determine relative signal strengths of the messages:;

(2) sending a wobile generated transmission over
a selected one of said plurality of control channels, said mobile
generated transmission being received by the at least two base
stations;

(b) in the at least two base stations:

- (1) measnring the signal strenqth of the received
mobile generated transmission:

(2) sending the mobile generated transmission and
the measured signal strength of the received mobi.].e generated
transmissi.on to the processing means:

(c) in the processing means: .

(1) authorizing the at least two base stations
from which mobile generated transmissions are received initiated
by the same mobile station within a predetermined time interval
to assign a voice channel to the mobile station;

(d) in the at least two base stations:

- (1) assigning a voice channel to the mobile

station ‘and transmitting a verification signal to the mobile
station;

(2) receiving a signal from the mobile station on

the aséigned voice channel, the signal comprising a verification
‘signal;

(3) 4if the verification signal on the assigned
voice channel . 1; the same as that transmitted to the mobile
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when the conpensated difference value is greater than or equal to
predet erni ned threshol d amobunt, termnating the processed mobites;
transm ssi on, processing the subsequent .nobile ge mj}ﬁ_&t‘@mams- .
havi ng the greater signal strength, and storing the ruentl'rlcatl
base station from which the subsequent . processed

transm ssion originated and the signal strength o 2%?Kque

n

a

ener at ed
on ‘
of the

py ocessed

nobi | e gener and repeati ng t £GP a1,
term nating ;‘m MWM'WOCGSS' ng aftd stori ng |st eps for furtherjnobile

generated tramsnessions rsecelved during a set ti

eT T ou: 12. The net hod

of claim1l, wherein the step of term nati ng the processed nobil e generated

transni ssi ostatoigy,i semsuiréngt the obigealli sigrengdgaiti Wwheaslkigoal etgeaprdd t o

Ehe base staldipneheompdiliieh dditildn Nhakhd HAQGHAd viikl! Crleenal &b
ransm ssi Ogrg\xlxassm{tting %ﬂe signal and the signal strength thereof to the

processing means;

(e) in the processing means:

(1) adding a compensation value to the ~signal
strength of the received signals, based on which two of the at

least two base stations have transmitted; and

(2) accepting the mobile generated transmission
from the base station whose signal on the voice channel has the

strongest or second strongest comp=nsated signal strength.

29.

A system for processing multiple mobile generated transmis-

sions in a cellular system, said cellular system having at least

one mobile unit, at least two base stations and at least
processing means, said system comprising-

one

means provided in said mobi.le unit for scanning signals transmit-—
ted by such base stations on at least one base to mobile control

channel and selecting one of _ said base stations for access:

means provided in said mobile unit for transmitting said mobile
generated transmissions over a control channel of the selected

base station:

means provided in said at least ‘two base stations for receiving
sald transmitted mobile generated transmission and for sending
said received mobile generated transmissions to said processinq

means; and

means provided in said processing means: for selecting one
several mobile generated transmissions received from at least
base stations for processing based on the time of receipt of

of
two
the

mobile generated transmission and the relative signal strength of
the mobile to base signal associated with the mobile generated

transmissions, said means comprising memory means for storing

the

mobile generated transmissions which occur within a predetermined
‘time period, identities of the mobile stations sending the mobile
generated transmissions, signal strength of the mobile generated
transmissions measured at the time of receipt of the mobile

generated transmission by the respective base stations.
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13. A nethod for use in a cellular radio tel ephone %@E@ﬁ?@égvgeugud ini ng
whi ch nobile generated transm ssion, received by a 3 ‘?‘A fiom at
| east two base stations receiving a single nobile ge 4sijon,
shoul d be accepted by the processing neans, the neth e steps
of : (a) i the mobile station; (1) scpnhing a Lt y} of
roadcast by al
rel

cont ol hamel lllmﬂﬂ!l I o 5" 5255

strengths of th (2) sending a nobile generated

transm ssi on over sel ected one of said plurality of control
channel s, 3the Mbki kgsgmewamdimraslsmmdm dxdidngeans provided inrefii ved by

the at le ioééggiQ%Sﬁeaﬁgtfﬁfﬁher compkPied N the at |east two base stat
éél),] erg? Zgrllgl?%h% %eogspgﬁsurfxggr %.h%t D 8xf1a]t. hs?:rfarexg q;' the mobile genetatlzjedl
transmissions; and

comparing means for comparing the stored signal strengths of the
transmissions.

31. The system of claim 30, wherein said means provided in said
processing means further comprises:

means for storing a compensation value relating to at least one
pair of base stations in said cellular system; and’

means for adding a stored compensation value corresponding to the
base stations sending the mobile generated transmissions to the

_processing means to the stored signal strengths of the mobile
generated transmissions.’

i on S,
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(2) sending the nobile generate transmission and the
nmeasured signal strength of the received nobile e+ —e.. Qener.ated.
jtransm ssion to the processing neans; (c) inthe p REF§E¢EKﬁ§ﬁﬁ$ﬁEET_
(1) storing in a nenory- the respective nobile :

generated transm ssions and measured signal

strenth9§
received fromthe at | east two base stat ifofhs Wt 1957
predet erm ned period of tineg;

43
ABSTRACT

MULTIPLE ACCESS HANDLING IN A

CELLULAR COMMUNICATIONS SYSTEM

A method and apparatus for use in a cellular mobile radio
telephone system for determining which of one of several mobile
generated transmissions received in a mobile switching center,
sent from the same mobile station via more than one base station,
should be accepted. A determination is made based on the
relative signal strengths of the signals received by the base

. stations and by the relative time of occurrence of the mobile
generated transmissions.

(No appropriate figure)




and (2) determning which of the received nobil e generated

transm.ssions to accept based on the tinme of receipt in the
processi ng neans and the relative signal strengths of the
nobi |l e generated , transm ssions, and wherein e_step of
determ ni ng conprises the steps of: TN

signal strengths of the stored transm ssions to yield ~ Q_m_E,ET
val ue; if the difference value islgi@ater than orjequal to a

predet ermi ned threshol d, accepting the nobile generated r ahS NPRS 1997
havi ng the highest relative signal strength; and iLf the
difference value is bel ow the predet Z@ ] t hreshol d, { accepti ng one
t he recei ved nobil e generated transm sgi ons accordi hg “e—a

predeterm ned priority order. 14. The method of claim 13, wherein the
step of determ ning :

8t
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conprises the step of: addi ng a stored conpensation value to each of

t he measured signal strengths received fromthe at | east two base stations
to determ ne conpensated signal strengths, the conpensation val ue bei ng
stored relative to each pair of base stations of the at |east tw base
stations; wherein the step of conparing conprises conparing the
conpensated signal strengths to yield the difference val ue. .

nmet hod of claim 14, further conprising after e step of det
step of processing the accepted nobile generated transm ssi
met hod of claim 13, wherein the nobi I%t&

TS
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request, a paging response and an audit

processi ng the accepted nobil e generated transm ssion.
use in a cellular radio tel ephone system fagr, get erm ni ng whi
generated transm ssion, received by a processing neans from
base stati.ons receiving a singlée nobile generated transm ssi

accepted by the

g

transmssion is of a type selected fromone of the

foll ow-ng: an access request for originating a call,
response.

13, further conprising after the step of determ ning,

a registration .
17. The nethod of claim
the step of .

18. A nmethod for

HSENT SHEET
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processi ng neans, the nethod conprising the steps of: (a)

in the
nobi | e station: (1) scanning a plurality of gent+el—ehannet-s—over
whi eh nessages are broadcast by a plurality of REPLACEMENT<SHEEbins
to determine rel ative signal strengths o {tEe TESSAJES,

(2) sending a nobile generated transm ssion over a

' ecfe
one of said plurality of control channel §, thlegrﬁ?tﬁ ?}2
generated transm ssi on being 4/10 recei ved byt he—at—-east—iw

base stati ons; (b) in the at | east two base stati ¢ns: (1)
measuring the signal st reng-t—h—-r)f tv_he recei ved oD Te
generated transm ssi on; ' ~ o1 2) sending the nobile generated
transm ssion ang‘ t he w8 I neasured signal _strength of the received
nobi | e o [ generat 5‘, ansmi ssion to the prodessing neans;
(c) in the proc §'@ nmeans: (1) processigng @a fjirst received
nobi | e genera =X S JtEansni ssion from o % ek, | east two
S 8 9
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generated transm ssion by the processi ng neans, and

(i1) determ ning which of the received nobil e generated

transm ssions to accept based on the time of receipt in the

processing neans and the relative si gnal . strengths-.--ef——the
mobi | e generated t ransni ssi ons; REBEACHVENT SHEET

of determ ning conprises the steps of: conpari ng trhe-srgmaf

strength of a subsequent nobile
second one of the at

generated transm ssijoh r §§ﬁﬁf§%&{oh}a
| east two base stations within}the ﬁ i ngd

st r endtla..and

time period. with the stored transm ssion signal
determ ning a difference val ue; if the difiference value is
greater than or equal to a predet erm ned t hreshol d ang=t+he~stgma
strength of the subsequent transnigzhgn is greater than the stored

si gnal strength, then termnating the processing of the processed
nobi | e generated transm ssion, and storing the identity of

78
w7

I |
(LA




the nobile station, signal strength, and tine of receipt of t he
subsequent nobil e generated transm ssion. 19. The nethOLREﬁ S48
t

o 18,
further conprising, after the step of comparing, the step bﬂ@Ehﬁ%E‘SHEET
conpensation value to the difference val ue based on which of théat
| east two base stations have sent the first received nobife gefguﬁggﬁ 7
transm ssion and the subsequent nobile geﬂgﬂﬁted transm sgi pn 10 Vi 8 a
conpensat ed di fference val ue and wherein t'he conpensat ed Hi Hererce-yalu
is used as the difference val ue. 20. The nethod of claijm 19, further
conprising the step of, if the diffe(e@ggerIue i s bel ow t he predeternnred
t hreshol d, accepting onegfishaos ecel il e generated transm ssi ons
according to a predefined priority ordeﬁrg
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21.” The nethod of claim 19,
det er m ni ng,

further

conpri si ng,
repeating the previous steps for subseque
transm ssions received fromthe sane nobile station as

transm ssion for the predeterm ned time period.
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a different base station as the stored transnission for the pr edet er m ned

tipe period.

23. The nmethod of claim?22,

further conprising,

after the

step of terminating, the step of sending a negative acknow edgenent to the

base station fromwhich the term nated transmn ssion wag C . .
after the step mmm ENrng' :

met hod of claim 18 further conprising,

step of sending a negative acknomﬁedgeq; oto the basejsfation from
the termnated transm ssion was recei ved.
further conprising the step of,
predeterm ned threshol d, accepting ong of the receivedf m
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26" A method for use in a cellular radio tel ephone systemfor determ ning
whi ch nobile generated transm ssion, received by processing neans from at
| east two base stations receiving a single nobile gener

at-ed—t r-anReH-55+0h
sholifd_be accepted by the processing means, said nethodE&ﬂ&ﬁKﬂﬂﬂEﬁﬂHSﬁﬁET
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>

(2) sending the nobile generat/éﬂug’r drgft{ ssi ¢n AREFLACEMENT SHEBTS  SG
‘rreasured—smﬁal——s’c—ﬁeﬁgt—h—e% the r cel ved nobi {eiisscription : paged ... OeNgsatied”
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1. A method of operating a cellular system, wherein a mobile
‘- station transmits a mobile generated transmission which is

received by at least two base stations, said method comprising the
steps of:

measuring the signal strength of the received mobile
generated transmission;

sending the mobile generated transmission and the measured
signal strength of the mobile generated transmission to a
processing means from the at least two base stations;

storing in a memory the respective mobile generated
transmissions and measured signal strengths received from the at
least two base stations within a predetermined time period; and

determining which of the mobile generated transmissions to
accept based on time of receipt by the processing means and the
stored signal strengths of the mobile generated transmissions,
wherein the step of determining comprises the steps of:

comparing signal strengths to yileld a difference value;

if the difference value is greater than or equal to a
predetermined threshold, accepting the mobile generated
transmission having the strongest relative signal strength; and

if the difference value is below the predetermined threshold,
accepting one of the received mobile generated transmissions
according to a predetermined priority order.

2. The method of claim 1, wherein the step of determining
further comprises the step of:

adding a stored compensation value to each of the measured
signal strengths received from the at least two base stations to
determine compensated signal strengths, the compensation value
being stored relative to each pair of base stations of the at
least two base statioms;

wherein the step of comparing comprises comparing the
compensated signal strengths to yield the difference value.

3. The method of claim 2, further comprising after the step of

determining, the step of processing the accepted mobile generated
transmission.

4, The method of claim 1, further comprising after the step of



(d) in the at least tw base stations: il Mice

" channel toThe m)bl [e station ', and 'E )Rmﬁpgﬂgﬂﬂ§ﬁfﬁ’
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least two base stations, said method comprising the steps of:

measuring the signal strength of the received mobile
generated transmission;

sending the mobile generated transmission and the measured
signal strength of the mobile generated transmission to a
processing means from the at least two base stations;

processing a first received mobile generated transmission
from one of the at least two base stations, the processing
comprising the steps of:

storing in a memory the respective mobile generated
transmissions and measured signal strengths received from the at
least two base stations within a predetermined time period,
wherein the step of storing comprises storing the received mobile
generated transmission and the identity of the mobile station, the
signal strength, and the time of receipt of the mobile generated
transmission by the process:i.hg means; and

determining which of the mobile generated transmissions to
accept based on time of receipt by the processing means and the
stored signal strengths of the mobile generated transmissions,
wherein the step of determining comprises the steps of:

comparing the signal strength of a subsequent mobile
generated transmission received from a second one of the at least
two base stations within the predetermined time period with the
stored transmission signal strength and determining a differenée
value;

if the difference value is greater than or equal to a
predetermined threshold and the signal strength of the subsequent
transmission is greater than the stored signal strength, then
terminating the processing of the processed mobile generated
transmission, and storing the identity of the mobile station,
signal strength, and time of receipt of the subsequent mobile
generated transmission.

6. The method of claim 5, further comprising, after the step of
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transmission and the subsequent mobile generated transmission to
yield a compensated difference value and wherein the compensated
difference value is used as the difference value.

7. The method of claim 6, further comprising, after the step of
determining, repeating the previous steps for subsequent mobile
generated transmissions received from the same mobile station or
a different base station as the stored transmission for the
predetermined time period.

8. The method of claim 6, further comprising the step of, if the
difference value is below the predetermined threshold, accepting
one of the received mobile generated transmissions according to
a predefined priority order.

9. The method of claim 5, further comprising, after the step of
determining, repeating the previous steps for subsequent mobile
generated transmissions received from the same mobile station as
the stored transmission for the predetermined time period.

10. The method of claim 5, further comprising the step of, if the
difference value is below the predetermined threshold, accepting
one of the received mobile generated transmissions according to
a predefined priority order.

11. A method of operating a cellular system, wherein a mobile
station transmits a mobile generated transmission which is
received by at least two base stations, said method comprising the
steps of:

processing the mobile generated transmission received first
from one of the base stations;

storing the identification of the base station from which the
processed mobile generated transmission originated and the signal
strength of the processed mobile generated transmission:;

comparing the signal strength of a subsequent mobile
generated transmission received f£rom another base station to the
signal strength of the processed mobile generated transmission to
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obtaining a compensated difference value by adding, to the
difference value, a compensation value stored relative to the base
stations from which the processed mobile generated transmission
and the subsequent mobile generated transmission are received;

I gnal
} si ng:

when the compensated difference value is greater than or
equal to a predetermined threshold amount, terminating the
processed mobile generated transmission, processing the subsequent
mobile generated transmission having the greater signal strength,
and storing the identification of the base station from which the
subsequent processed mobile generated transmission originated and
the signal strength of the subsequent processed mobile generated
transmission; and

repeating the comparing, terminating and subsequent
processing and storing steps for further mobile generated
transmissions received during a set time period.

12. The method of claim 11, wherein the step of terminating the
processed mobile generated transmission comprises the step of
sending a negative acknowledgement to the base station from which
the terminated processed mobile generated transmission was
received.

13. A method for use in a cellular radio telephone system for
determining which mobile generated transmission, received by a
processing means from at least two base stations receiving a
single mobile generated transmission, should be accepted by the
processing means, the method comprising the steps of:

(a) 4in the mobile station;

(1) scanning a plurality of control channels over
which messages are broadcast by a plurality of
base stations to determine relative signal
strengths of the messages;

(2) sending a mobile generated transmission over a
selected one of said plurality of control
channels, the mobile generated transmission being

' received by the at least two base stationms;
(b) in the at least two base stations;

(1) measuring the signal strength of the received

mobile generated transmission;
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strengths received from the at least two base
stations within a predetermined period of time;
and
(2) determining which of the received mobile generated
transmissions to accept based on the time of
receipt in the processing means and the relative
signal strengths of the mobile generated
transmissions, and wherein the step of determining
comprises the steps of:
comparing the signal strengths of the stored
transmissions to yield a difference value;
if the difference value is greater than or equal to a
predetermined threshold, accepting the mobile generated
transmission having the highest relative signal strength;
and
if the difference value 1is below the predetermined
threshold, accepting one of the received mobile generated
transmissions according to a predetermined priority order.

14. The method of claim 13, wherein the step of determining
comprises the step of: '

adding a stored compensation value to each of the measured
signal strengths received from the at least two base stations to
determine compensated signal strengths, the compensation value
being stored relative to each pair of base stations of the at
least two base stations;

wherein the step of comparing comprises comparing the
compensated signal strengths to yield the difference value.

15. The method of claim 14, further comprising after the step of

determining, the step of processing the accepted mobile generated
transmission.

16. The method of claim 13, wherein the mobile generated
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transmission is of a type selected from one of the following: an
- access request for originating a call, a registration request, a
paging response and an audit response.

17. The method of claim 13, further comprising after the step of
determining, the step of processing the accepted mobile generated
transmission. '

18. A method for use in a cellular radio telephone system for
determining which mobile generated transmission, received by a
processing means from at least two base stations receiving a
single mobile generated transmission, should be accepted by the
processing means, the method comprising the steps of:

(a) in the mobile station:

(1) scanning a plurality of control channels over
which messages are broadcast by a plurality of
base stations to determine relative signal
strengths of the messages;

(2) sending a mobile generated transmission over a
selected one of said plurality of control
channels, the mobile generated transmission being
received by the at least two base stations;

(b) in the at least two base stations:

(1) measuring the signal strength of the received
mobille generated transmission;

(2) sending the mobile generated transmission and the

" measured signal strength of the received mobile
generated transmission to the processing means;
(c) din the processing means:

(1) processing a first received mobile generated
transmission from one of the at least two base
stations, the processing comprising the steps of:

(1) storing in a memory the respective mobile
generated transmission and measured signal
strengths received from the at least two base
stations within the predetermined period of time,
the step of storing comprising storing the
received mobile generated transmission and the
identity of the mobile station, the signal
strength, and the time of receipt of the mobile
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generated transmission by the processing means,
and
(ii) determining which of the received mobile generated
transmissions to accept based on the time of
receipt in the processing means and the relative
signal strengths of the mobile generated
transmissions;
wherein the step of determining comprises the steps of:
comparing the signal strength of a subsequent mobile
generated transmission received from a second one of the at
least two base stations within the predetermined time period
with the stored transmission signal strength and determining
a difference value;
if the difference value is greater than or equal to a
predetermined threshold and the signal strength of the
subsequent transmission is greater than the stored signal
strength, then terminating the processing of the processed
mobile generated transmission, and storing the identity of
the mobile station, signal strength, and time of receipt of
the subsequent mobile generated transmission.

19. The method of claim 18, further comprising, after the step
of comparing, the step of adding a compensation value to the
difference value based on which two of the at least two base
stations have sent the £first received mobile generated
- transmission and the subsequent mobile generated transmission to
yield a compensated difference value and wherein the compensated
difference value is used as the difference value.

20. The method of claim 19, further comprising the step of, if
the difference value is below the predetermined threshold,
accepting one of the received mobile generated transmissions
according to a predefined priority order.

21. The method of claim 19, further comprising, after the step
of determining, repeating the previous steps for subsequent mobile
generated transmissions received from the same mobile station as
the stored transmission for the predetermined time period.

22. The method of claim 18, further comprising, after the step
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of determining, repeating the previous steps for subsequent mobile
generated transmissions received from the same mobile station or
a different base station as the stored transmission for the
predetermined time period.

23. The method of claim 22, further comprising, after the step
of terminating, the step of sending a negative acknowledgement to
the base station from which the terminated transmission was
received.

24, The method of claim 18 further comprising, after the step of
terminating, the step of sending a negative acknowledgement to the
base station from which the terminated transmission was received.

25. The method of claim 18, further comprising the step of, if
the difference value is below the predetermined threshold,
accepting one of the received mobile generated transmissions
according to a predefined priority order.

26. A method for use in a cellular radio telephone system for
determining which mobile generated transmission, received by
processing means from at least two base stations receiving a
single mobile generated 'transmission, should be accepted by the
processing means, said method comprising the steps of:

(a) in the mobile station:

(1) scanning a plurality of control channels over
which messages are broadcast by a plurality of
base stations to determine relative signal
strengths of the messages;

(2) sending a mobile generated transmission over a
selected one of said plurality of control
channels, said mobile generated transmission being
received by the at least two base stations;

(b) in the at least two base stations:

(1) measuring the signal strength of the received
mobile generated transmission;

(2) sending the mobile generated transmission and the
measured signal strength of the received mobile
generated transmission to the processing means;

(c) in the processing means;
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(1) authorizing the at least two base stations from
which mobile generated transmissions are received
initiated by the same mobile station within a
predetermined time interval to assign a voice
channel to the mobile station;

(d) in the at least two base stations:

(1) assigning a voice channel to the mobile station
and transmitting a verification signal to the
mobile station;

(2) receiving a signal from the mobile station on the
assigned voice channel, the signal comprising a
verification signal; _

(3) if the verification signal on the assigned voice
channel is the same as that transmitted to the
mobile station, measuring the signal strength of
the signal received from the mobile station on the
assigned voice channel and transmitting the signal
and the signal strength thereof to the processing
means; :

(e) 4in the processing means:

(1) adding a compensation value to the signal strength
of the received signals, based on which two of the
at least two base stations have transmitted; and

(2) accepting the mobile generated transmission from
the base station whose signal on the voice channel
has the strongest or second strongest compensated
signal strength.

27. A system for processing multiple mobile generated
transmissions in a cellular system, said cellular system having
at least one mobile unit, at least two base stations and at least
one processing means, said system comprising:

means, provided in said mobile unit, for scanning signals
transmitted by such base stations on at least one base to mobile
control channel and selecting one of said base stations for
access;

means, provided in said mobile unit, for transmitting said
mobile generated transmissions over a control channel of the
selected base station;

means, provided in said at least two base stations, for
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receiving said transmitted mobile genez:ated transmission and for

sending said received mobile generated transmissions to said
processing means; and

means, provided in said processing means, for selecting one
of several mobile generated transmissions received from at least
two base stations for processing based on the time of receipt of
the mobile generated transmission and the relative signal strength
of the mobile to base signal associated with the mobile generated
transmissions, said means comprising:

memory means for storing the mobile generated transmissions
which occur within a predetermined time period, identities of the
mobile stations sending the mobile generated transmissions, signal
strength of the mobile generated transmissions measured at the
time of receipt of the mobile generated transmission by the
respective base stations;

means for measuring the signal strengths of the mobile
generated transmissions;

first comparing means for comparing the stored signal
strengths of the transmissions to yield a difference value;

second comparing means for comparing the difference value to
a predetermined threshold;

wherein said means for selecting is responsive to said second
comparing means to select a mobile generated transmission having
the strongest relative signal strength when the difference value
is greater than or equal to the predetermined threshold and accept
another one of the received mobile generated transmissions
according to a predetermined priority order when the difference
value ig below the predetermined threshold.

28. The system of claim 27, wherein said means provided in said
processing means further comprises:

means for storing a compensation value relating to at least
one pair of base stations in said cellular system; and

means for adding a stored. compensation value, corresponding
to the base stations sending the mobile generated transmissions
to the processing means, to the stored signal strengths of the
mobile generated transmissions. '



