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RADIO DATA TRANSMISSION SYST¥

BACKGROUND OF THE INVENTION
1. ..Field of the Invention |

This invention relates to a packet data transmission
system in radio communication systems centering on telephones
such as a digital cellular system and a digital cordless
telephone system.
2. - Description of the Related Art

In a conventional radio communication system con'sisting
of a plurality éf base stations, a switching system, and a
plurality of mobile stations existing in a radio zone formed by
the base stations, to transmit and receive telephone and data
signals between the base and mobile stations, a TCH is -;issigned
between the mobile and base stations using a CCH, then the TCH
is used to execute one-to-one two-;way data communication
between the mobile aﬁd base stations.

For example, as described in Japahese Patent Unexamined
No. Hei 6~77886, when receiving a data communication request
from a mobile station, the base station and switching system
select one or a plurality of TCHs in accordance with the
channel use state and if the requested TCH can be sélected,
assigns the TCH to the mobile station, which then executes data
conununication on the assigned TCH. |

On the other hand, to transmit and receive data between

a plurality of mobile stations and a base station, in the radio
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communication system a common channel 1is provided for
accommodating a plurality of mobile stations and data is
transmitted and received by making random access in the common
chﬁnnel in addition to the above-mentioned method of assigning’
a TCH between mobile and base stations by the line switching
for providing a one-to-one two-way data communication 1line.
The random access method is used for a CCH in the line
switching.

For example, as described in Japanese Patent Unexamined
No. Hei 5-95358, in channel contention control in the random
access system, an up link signal from a mobile station to a
base station and a down link signal are put into slots on a
common channel, the slots of the up and down link signals are
synchronized with each other, and transmission-disable/enablé
information for controlling mobile station transmission is
suffixed to each of the slots making up the down link signal.

In each base station, the up link channel is monitored
in each slot.and:in the slot detecting an up link signal from
a mobile station, the transmission disable/enable information
suffixed to the slot of down link signal’ is changed to
transmission disable for disabling other mobile stétions from
originating calis in the next slot for avoiding signal
collision.

When receiving the transmission diséble/enable
information indicating transmission disable from the base

station, the mobile station where up link information to the
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base station occurs continues to monitor the transmission
disable/enable information until the information is changed to
transmission enable. When the information is chénged to
transmission enable, the mobile station judges transmission
start or standby in the next slot according to the transmission
probability.

In the above-mentioned data communication by the line

switching, one mobile station occupies one TCH and high-speed

data communication can be conducted, but a connection delay

occurs because of the TCH assignment process. 1In the data-

communication by the random access system, the connection delay
is small, but if a plurality of mobile stations access one TCH,
high traffic is handled and the throughput lowers. To use a
plurality of TCHs, management among the TCHs is required;i;-

In the invention, radio physical channels for

transmitting and receiving user information are called

communication channels (TCHs) and those for transmitting and
receiving control information wused for radio channél
establishment and call connection are called control channels
(CCHs). However, to use all or some of TCHs to transmit and
receive the control information, all or some of the TCHs are
logically called TCH attendant control chaﬁnels (ACHs) .
Further, when a TCH is used to transmit and receive a telephone
signal, it is logically called a voice channel (VCH) and when
a TCH is used for data communication using random access, it is

called a random access channel (RACH).

-3 -
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That is, the VCH and RACH represent different channels

in function, but are TCHs as radio physical channels.

SUMMARY OF THE INVENTION
It is an ob_jéct of the invention to solve a pfoblem of
a large connection delay caused by the necessity for assigning
a new TCH whenever data occurs because the TCH is selected from

among TCHs for assignment when a new telephone call occurs

-regardless of telephone or data calls in a conventional

communication system by line switching.

It is another object of the invention to solve a
problem of complicating TCH management when a plurality of TCHs
are operated as RACH in a 'cénvenfiona-l rand_om access data
communication system. | -

It is another object of the invention to solx}e' a
problem of an increase in the packét transmission wait time of
a standby mobile station in the conventional data comﬁnication
system by line switching because when one mobile station is
communicating on a TCH, another mobile station stands by on the
TCH until the communication of that mobile station ends.

It is another object of the invention to solve a
problem of incapability of changing the line transmission speed
in response to data communication line traffic bécause the data
communication line transmission speed is constant in the

conventional system.
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According to a first aspect of the invention, there is
provided a radio data transmission system comprising a
plurality of base stations, a plurality of mobile stations, and

a base station controller and having a channel configuration

_ wherein radio channels between each base station and a

plurality of mobile stations consist of a CCH and a plurality
of TCHs with voice two-way communication as one unit and down
link channels of the TCHs include an attendant CCH wherein each
of the base stations uses a plurality of TCHs as RACHs,
characterized by means for controlling all TCHs unused for
telephone calls as RACHSs.

According to a second aspect of the invenfion, there is
pro&ided a radio data transmission system comprising a
plurality of base stations, a plurality of mobile stétions, and
a base station controller and having a channel configurafion
wherein radio channels between each base station and a
plurality of mobile stations consist of a CCH and a plurality
of TCHs wherein each of the base stations uses a plurality of
TCHs as RACHs, characterized in that each base station
comprises means for notifying TCHs that can be used as RACHs
among the TCHs over the ccﬁ, means for periodically notifying
the channel state on a down line of the RACH, and means for
notifying another RACH to which a shift can be made if the
channel state changes. |

According to a third aspeét of the invention, there is

provided a radio data transmission system comprising a



I7]

10

15

20

25

plurality of base stations, a plurality of mobile stations, and
a base station controller and having a channel configuration

wherein radio channels between each base station and a

. plurality of mobile stations consist of a CCH and a plurality

of TCHs wherein each of the base stations uses a plurality of
TCHs as RACHs, characterized in that a mobile station in a
packet sending stahdby stafe shifts to another RACH specified
with reception of a packet transmission disable information
message and a shift destination RACH sequence notification from
the corresponding base station.as a trigger.

According to a fourth aspect of the invention, there is

provided a radio data transmission system comprising a

.plurality of base stations, a.plurality'of mobile stations, and

a base station controller and having a channel configuration
wherein radio channels between each base statidn and a
plurality of mobile stations consist of a CCHaand a'pluralitj
of TCHs wherein each of the base stations uses a plurality of
TCHs as RACHs, characterized in that each of the mobile
stations comprises means for calculating shifting probability,
means for continuing the RACH shifting based on the calculated
probability, and means for postponing the channel shifting
based on the shifting probability at the RACH shifting time of
the mobile station. '

According to a fifth aspect of the invéntiéﬁ, there is
provided a radio data transmission system comprising a

plurality of base stations, a plurality of mobile stations, and
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a base station controller and having a channel configuration
wherein radio channels between each base station and a
plurality of mobile stations consist of a CCH and a plurality
of TCHs wherein each of the base stations uses a plurality of
TCH§ as RACHs, characterized by means, when é new .telephone
call occurs, for selecting a TCH used for the telephone call -
from among the TCHs operated by the base station accommodating
the telephone call by the base station controller, means for
deleting the TCH from a shift RACH sequence and changing the
shift RACH sequence, means for notifying the changed RACH
sequence on all RACHs in the base station, and means 'for
changing a conversion table contained in the base station
controller.

According to a sixth aspect of the invention, there is-
provided a radio data transmission system comprising a
plurality of base stations, a plurality of mobile stations, and
a base station controller and having a channel éonﬁiguration
wherein radio channels between each base station and a
plurality of mobile stétions~consist.of a CCH and a plurality
of TCHs wherein each of the base stations uses a plurality of
TCHs as RACHs, characterized by means for managing so as to
cyclically specify an RACH to which a shift can be made for
each group of RACHs operated in a singlé base station by the
base station and the base station controller. |

According to a seventh aspect of the_invention, there

is provided a radio data transmission system comprising a
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plurality of base stations, a plurality'of mobile stations, and
a base station controller and having a channel configuration
wherein radio channels between each base station and a
pluralitylof mobile stations consist of a CCH and a plurality
of TCHs wherein each of the base stations uses a plurality of
TCHs as RACHs, characterized by means for calculating shift
probability P at a stage where a mobile station, which has a
send packet and cannot send segments on its acquired RACH, has
shifted one RACH to another in sequence according to a shift
channel sequence notified from the corresponding base station,
means for comparing the probability P with a threshold value
previously stored in the mobile'stétion, means for continuing
the channel shift based on the comparison result, and.means_fo:
postponing the shift for pdsfponement time T préviouslj §tb?éd'5
in the base station. |
According to an eighth aspéct of the inventién, there
is provided a radio data transmission systein comprising a
plurality of base stations, a plurality of mobile stations, aﬁd
a base station controller and having a channel configuration
wherein radio channels between each base station and a
plurality of mobile stations consist of a CCH and a plurality
of TCHs wherein each of the base stations uses a plurality of
TCHs as RACHs, characterized by means for étoring the number of
times an RACH sequence has been cycled at a stége where a
mobile station has shifted from one RACH to another in sequence

in all the RACH sequence managed by a base station based on
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shift channel information notified from the base station, means
for calculating cyclic probability in response to the number of

times, means for comparing the calculated probability with a

- threshold value previously stored in the mobile station and

judging continuation or postponement of the shift, and means
for postponing the channel shift for a predetermined time if
postponement is judged.

According to a ninth aspect of the invention, there is
provided a radio data transmission system‘ comprising a
plurality of base stations, a plurality of mobile stations, and
a base station controller and having a channel configuraﬁion
wherein radio channels between each base station and a
piurality of mobile stations consist 6f a CCH and a plurality
of TCHs wherein each of the base stations uses a plurality.of
TCHs as RACHs, characterized in that each base stétion
comprises means for managing a plurality of RACHs and that the
base station controller comprises means, upon reception of a
new RACH use request from one of the mobile stations, for
assigning different RACHs in sequence to the mobile station.

.According to a tenth aspect of the invention, there is

provided a radio data transmission system comprising a

plurality of base stations, a plurality of mobile stations, and

a base station controller and - having a channel configuration
wherein radio channels between each base station and a
plurality of mobile stations consist of a CCH and a plurality

of TCHs wherein each of the base stations uses a plurality of
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TCHs as RACHs when a time division mnltiplé access (TDMA)
system is used as a radio access system, characterized in that
each of the mobile stations comprises means for generating a
segment with a synchronization bit and the mobile station
number of the mobile station and sending the Segment to an RACH
aquired by the mobile station, that each of the base stations
comprises means, upon normal reception of the segment, for
notifying the mobile station of the use right of the RACH on
the down channel of the RACH and providing information
indicating that other mobile stations acquirihg_the RACH are
disabled from transmitting a packet, and means for establishing
up synchronization by using the éegment, that each of the
mobile stations comprises means for adding numbers for
identifying the segments, and that the base station cb_ntroll‘ef
or each of the base stations comprises means for releasing the
use right upon reception of the last segment according to the
segment identification numbers.

According to an eleventh aspect of the invention, there
is provided a radio data transmission system comprising a
plurality of base stations, a plurality of mobile stations, and
a base station controller and having a channel configuration
whereip radio channels between each base station and a
plurality of mobile stafions consist of a CCH'and a plurality
of TCHs wherein each of the base stations uses a piurality of
TCHs as RACHs, characterized in that the base station

controller comprises a conversion table for representing

- 10 -
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correspondence among mobile station numbérs identifying the
mobile stations, addresses identifying the mobile stations in
a LAN, and channel numbers CNs identifying RACHs, means for
searching the conversion table and changing data described in
the table upon reception of an RACH use requeét from one of the
mobile stations or a new segment, and means for rewriting the
conversion table if data does not exist.

According to a twelfth aspect of the invention, there
is provided a radio data transmission system comprising a
plurality of base stations, a plurality of mobile stations, and
a base station controller and having a channel configuration

wherein radio channels between each base station and a

‘plurality of mobile stations consist of a CCH and a plurality

of TCHs wherein each of the.basé stations use$ a plurality of
TCHs as RACHs, characterized in that +the Dbase stétion
controller comprises means, upon reception of a packet from a
LAN, for searching a conversion table for the RACH number of
the RACH acquired by the mobile station for which the packet is
destined and sending a packet incoming notification to the base
station managing the RACH, that the base station comprises
means for passing on the packet incoming notification on all
RACHslmanaged by the base station when receiving the packet
incoming notification, that the mobile stafion comprises means,
if the mobile station is shifting from one RACH to a-nother, for
stopping the channel shifting and returning:to the channel

shifting start RACH upon reception of the call incoming

- 11 -
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notification, and that the base station controller comprises
means for transmitting the packet on the RACH corresponding to
the mobile station number of the mobile station stored in the
conversion table after sending the pgcket incoming
notification.’ |

According to a thirteenth aspect of the invention,
there is provided a radio data transmission system compriéing
a plurality of base stations, a plurality of mobile statioms,
and a base station controller and having a channel
configuration wherein radio channels between each base station
and a plurality of mobile stations consist of a CCH and a
plurality of TCHs wherein each of the base stations uses a
plurality of TCHs as RACHs, characterized in that each of the
base stations and the base station controller have meahs:fot

handling all or some of TCHs previously specified in a radio

!
-

zone as one integrated RACH and controlling.

According to a fourteenth aépect of the invention,
there is provided a radio data transmission system comprising
a plurality of base stations, a plurality of mobile statioms,
and a base station controller and having a channel
configuration wherein radio channels between each base station
and a plurality of mobile stations consist of a CCH and a
plurality of TCHs wherein each of the Eaée stations uses a
plurality of TCHs as RACHs, characterized in that éach of the
base stations and the base station controller comprise means

for handling any desired TCHs as one - integrated RACH and
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controlling, means for dividing a part or all of the integrated
RACH into a plurality of RACHs for operation, and means for
managing a plurality of RACHs different in speed.

According to a fifteenth aspect of the in#ention, there
is provided a radio data transmission system comprising a
plurality of base stations, a plurality of mobile stations, and
a base station controller and having a channel configuration
wherein radio channels between each base station and a
plurality of mobile stations consist of a CCH and a'plurality
of TCHs wherein each of the base stations uses a plurality of
TCHs as RACHs, characterized by means for assembling segments
received on different RACHs into a packet.

According.to a sixteenth aspect of the invention, there
is provided a radio data transmission system .coméri.'si'né a
plurality of base stations, a plurality of mobile stations,.and
é base station controller and having a channel configuration
wherein radio channels between each base : station and a
plurality of mobile stations consist of a CCH and a plurality
of TCHs wherein each of the base stations uses a plurality of
TCHs as RACHs, characterized by means, if the base station
controller does not receive a packet within a predetermined
time on an RACH from the mobile station having the use right of
the RACH, for'releasing the use right of the RACH, means for
holding for a predetermined time, segments receivéd from ﬁhe
ﬁobile station by the time the RACH is released, means for

storing segments that cannot be transmitted on the RACH by the

- 13 -
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mobile station, and means, wheh the mobile station again sends
the reﬁaining segments, for assembling the held segments and
newly received segments into a packet.

According to a seventeenth aspect of the invention,
there is provided a radio data transmission system comprising
a plurality of base stations, a plurality of mobile Stations,
and a base station controller and having a channel
configuration wherein radio channels between e;ch base station
and a plurality of mobile stations consist of a CCH and a
plurality of TCHs wherein each of the bﬁse stations uses a
plurality of TCHs as RACHs, characterized in that when a
plurality of RACHs are operated in a radio zone, each of the
base stations or the base station controller comprises means
for prbviding TCHs iﬁhibited from being assigned to telephone
calls and means for determining the number of channels

inhibited from being assigned to telephone calls in response to

-the number of mobile stations issuing an RACH use request.

According.to an eighteenth aspect of the invention,
there is provided a radio data transmission sfstem comprising
a plurality of base stations, a plurality of mobile statioms,
and a base station controller and having a channel
configuration wherein radio channels between each base station
and a plurality of mobile stations consist of a CCH and a
plurality of TCHs wherein each of the base stations uses a
plurality of TCHs as RACHs, characterized by means for

measuring channel use efficiency of each RACH managed by one

- 14 -
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base station, means for selecting an RACH having low channel
use efficiency based on the measured channel use efficiency of
each RACH, and means for deleting the selected RACH from the
RACH group.

In the radio packet data communication system, the base
station and the base station controller control all radio and
wire lines unassigned t§ telephone calls as RACHs and when a
telephone call occurs, select a channel from among the channels
used as the RACHs and assign it to the.telephone call.

in the radio packet data communicationféystem, the base
station or the base station controllér.notifies on the down
channel of the line used as an RACH, channel information
concernihg the RACH and information concerning other RACHs
periodically or at thé state ﬁransition time, and each mbbiie“
station judges packet transmission, channel shift, .and
detachment from RACH based on the information. )

In the radio packet data communication system, the base
station or the base station controller notifies information
containing another RACH sequence to which a shift can be made
periodically or at the state transition time on the down link
of RACH, and each mobile station transmitting ho packet starts
a channel shift process upon reception of the information.

In the radio packet data communication system, whether
channel-shift is continued or postponed is determiﬁed based on

the shift probability calculated in the channel shift

- 15 -
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probability calculation section of the mobile station starting
the channel shift process.

In the radio packet data communication system, when a
new telephone call occurs, the CN of the RACH using the TCH
assigned to the telephone call is deleted from the shift
channel sequence, operation of the TCH as RACH is stopped, and
information is sent to the mobile station acquiring the RACH
for prompting the mobile station to shift from the RACH to
another according to the shift channel sequence. The base

station controller changes registration of the mobile station

registered as acquisition of the RACH.

In the radio packet data communication system, the base
station or the-base statioﬁ controlier specifies so as to_?
cyclically shift the shift channel sequence notified on thé;
down line of each RACH managed by the base station.

In the radio packet data communication system, when a
mobile station waiting for sending a packet has shifted from
one RACH to another oﬁce completely according to the shift
channel sequence, the probability calculated in the cyclic
probability calculation section in the mobile station is
compared with the threshold wvalue previously stored in the
mobile station, thereby determining whether or not the channel
shift is to be continued or stopped.

In the radio packet data communication éystem, the
cyclic probability calculation section has a cyclic probability

calculation algorithm for changing the calculated probability

- 16 -
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in response to the number of times the shift channel sequence
has been cycled, and the mobile station determines whether or
not the channel shift is to be continued or stopped based on -
the probability calculated by the algorithm when the mobile
station has once cycled the shift channel sequence.
| In the radio packet data communicétion system, if the
base station controller accepts an RACH use request from a
mobile station and a plurality of RACHs are opérated in the
radio zone where the mobile station exists, an RACH different
from the RACHs assigned to different mobile stations previously
existing in the radio zoﬁe is assigned to that mobile station.
In the radio packet d;ta communication system, when a
mobile station waiting for sending a packet re?ognizes that an
up link is unassigned according to the channel information from -
the base station or the base station controller on the dowp
link of the RACH acquired by the mobile station, it sends the’
first segment containing a synchronization bit on the up link
of the RACH. If the segment is normally received and ﬁp
synchronization is set, the mobile station can acquire the RACH
and then sends segments consecutively on the RACH. The base
station controller assembles the segments sent from the mobile
station into a packet and sends the packet to the LAN.
In the radio packet data communication system, the base
station controller uses a conversion table to :manage the
correspondence among the terminal identifier; of the mobile

stations acquiring RACHs, the identifiers of the RACHs, and the
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identifiers of the mobile stations on the LAN, and changes the
conversion table according to the route of the packet received
when each mobile station makes an RACH use request or makes a
channel shift.

In the radio packet data communication system, the base
station controller searches the conversion table based oﬁ the
destination of a packet received from the LAN or a mobile
station. If a mobile station corresponding to the destination
exists, the base station controller sends a packet reception
notification to all RACHs controlled 'by the base station
managing the RACH acquired by the mobile station, then
transfers the packet to the RACH corresponding to the mobile
station stored in the conversion table. If the mobile station
receives the packet reception notification while_shifting.from-
one channel to another, it returns to the shift source RACH and
receives the transferred packet. | )

In the radio packet data communication system, the base
station controller and the base station combine predetermined
TCHs to form a high-speed RACH and control the RACH in the same
base station.

In the radio packet data communication system, the base
station controller and the base station manage and control a
plurality of integrated RACHs different iﬁ speed and divide and
integrate the RACHs and control them.

In the radio packet data communication system, the base

station controller reconstructs a data packet from segments

- 18 -



10

5

20

transferred consecutively from different TCHs making up an
integrated RACH, disassembles a call incoming data packet to a
mobile station acquiring the integrated RACH into segments, and
distributes them to the CCHs making up the integrated RACH for
transfer.

In the radio packet data communication system, if the
base station contrdller does not receive a néw segment for a
predetermined time before receiving a segment to which an end
flag is added, it places the RACH in the unassigned state and
releases the use right of the RACH. The base station
controller holds segments received from the.mobile station for
a predetermined time. _

In the radio packet data communication system, the base
station controller does not assign a telephone call to at least -
one of all TCHs in each radio zone. |

In the radio packet data communication system, an RACH
having lower channel use efficiency than other RACHs managed by
one base station has a high possibility of interfering with
RACH of anothet base station, and use of that RACH as RACH is

stopped.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects and features of the present

- invention will be more apparent from the following description

taken in conjunction with the accompanying drawings.
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Figure 1 is a flowchart of TCH assignment in a
conventional example;

Figure 2 is a schematic diagram of RACH contention
control in a conventional example;

Figure 3 is a schematic drawing of a radio
communication system in the invention;

Figure 4 is a carrier configuration diagram to use a
TDMA system for a radio line between base and mobile stations;

Figure 5 is a flowchart showing one embodiment of call
setting;

Figure 6 is_a diagram showing one embodiment of the
RACH state transition;

Figure 7 is a sequence chart showing one embodiment of
access right acquisition on an RACH between mobiie énd base -
stations; o

Figure 8 is a sequence chart showing the channel shift
timing of moﬁile stations;

Figure 9 is a flowchart showing the channel shift of
mobile stations;

.Figure 10 is a block diagram showing ohe embodiment of
the configuration of a mobile station;

Figure 11 is a diagram showing one embodiment of a
channel shift in the invention; .

Figure 12 is a flowchart of calculating £he channel

shift probability in the mobile station;
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Figure 13 is a table showing one example rerpesenting
the correspondence between RACH and moble station numbers
registered in a base station controller in the invention and a
diagram showing one embodiment of the RACH transition state;

Figure 14 is a flowchart showing one embodiment of an
RACH management system in the base station contioller;

Figure 15 is a flowchart showing one embodiment of a
mobile station channel shift method in a mobile station;

Figure 16 is a flowchart showing one embodiment of a
channel shift method;

Figure 17 is a flowchart showing one ‘embodiment of a
channel assignment system in the base station controller;

Figure 18 is an illustration showing one embodiment of
a segment construction method in a mobile station; |

Figuie 19 is a sequence chart showing one embodimen£ of
a line contention method; i

Figure 20 is a block diagram showing one embodiment of
the configuration of the base station controller and is a table
showing one example of entries of a conversion table registered
in the base station controller;

Figure 21 is a flowchart showing one embodiment of a

conversion table management method in the base station

. controller;

Figure 22 is a flowchart showing one embodiment of a

packet incoming process in the base station controller;
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- Figure 23 is a flowchart showing one embodiment of a
packet incoming process in a mobile station;
Figure 24 is a sequence chart beﬁween mobile stations
and the base station controller showing one embodiment of a
packet incoming system;
Figure 25 is an RACH state transition diagram when a
TDMA system is used as a radio acéess system;

Figure 26 is a flowchart showing one embodiment of RACH

~ management in the base station controller;

Figure 27 is a diagram showing one embodiment of the
RACH state transmision when the TDMA system is used as a radio
access system; |

Figure 28 is a f;owchart showing one embodiment of RACH
management in the base station controller; o

Figﬁre 29 is.a flowchart showing,ope embodiment bf a
packet assembling method in the base station controller;

Figure 30 is a block diagram showing one embodiment of
the configuration of the base station controller;

Figure 31 is a flowchart showing one embodiment of a
packet assembling method in the base station controller;

Figure 32 is a flowchart showing one embodiment of a
channel assignment method;

Figure 33 is a block diagram showing one-embodiment of
the configuration of the base station control;er; And

Figure 34 is a flowchart showing one embodiment of

deleting an RACH causing interference.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring now to the accompanying drawings, there are
shown preferred embodiments of the invention.
Embodiment 1: '

Figure 3 is an illustration showing one embodiment of
a radio commﬁnication system for executing communication
between base stations and mobile stations in the invention.
Figure 4 is a diagram showing one embodiment showing __the
carrier configuration to use a TDMA (time division multiple
access) system for a radio line between base and mobile
stations in the invention. Figure 5 is a flowchart showing one
embodiment of call setting in the invention.

A base station controller is .connected to base
stations, each of which forms a radio zone for provid;hg TCHs
for mobile stations. The base stations and the_base station
controller always control TCHs unused for teiephoné calls as
RACHs . From a mobile station, an RACH use request is
transmitted to the base station over a control channel on the
radio channel. The base station transfers the RACH use request
to the base.station controller. Upon reception of the RACH use
request at step S0114, the base station controller determines
whether or not RACHs controlled by the base station exist at
step S0115. If they exist, the base statién controller selects
one of the RACHs and assigns it to the mobile station at step
S0116. If no RACHs are controlled by the base station, a call

loss results.
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If a mobile station transmits a TCH use request for a
telephone call, the TCH use request is transmitted to the base
station over a control channel on the radio channel. The base
station transfers the TCH use request to the base station
controller. Upon reception of the TCH use request at step
S0101, the base station controller determines whether or not
TCHs unused for a telephone call exist iﬁ the:TCHs managed by
the base station at step S0102. If there are TCHs that can be
assigned to the mobile station, the TCHs are operated as RACHs.
Then,. the controller selects one of the RACHs at step A0104,
releases the RACH at step A0105, and assigns it to the mobile
station at step S0106. A call connection process for line
switching of the TCH assigned from the base station controller
is executed fqr line setting at step S0107 and talking.is
started at step S0108. When the.talking ends at step 30109,
the base station controller performs a call end process on the
wire side at step S0110, releases the radio TCH at step S0111,
sets the TCH to an RACH at step S0112, and starts control of
the TCH as an RACH at step S0113.

.However, in the steps executed by the base station
controller, TCH selection, assignment, and release (steps
S0101, s0102, S0104, S0105, S0106, S0112, and a part of S0113)
may be performed in the base station. '

In this method, all TCHs managed in the bage stations
or the base station controller can be used as RACHs at the

normal time and only when a telephone call occurs, one of the
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TCHs used as the RACHs can be used as a VCH, so that the
channel use efficiency can be increased.
Embodiment 2:

Figure 6 is a diagram showing one embodiment of the
RACH state transition in the invention. Figure 7 is a sequence
chart showing one embodiment of access right acquisition on an
RACH between mobile and base stations.

A mobile station sends an RACH use request on an up CCH
at 0201. When receiving the RACH use request, the base station
selects one of RACHs and notifies the mobile station of the
number of the selected RACH at 0202. The mobile station shifts
to the RACH selected by the base station and receives channel
information sent from the base station on the RACH at 0203.
The channel information represents the channel stéte'of’the:
RACH by a message. The channel state is an unaséighed,-
occupied, departure, inhibition, or idle state. 'Whén an RACH
is in the unassigned state, mobile stations sending a segment
on the RACH do not exist and every mobile station acquiring the
RACH can send a packet. The occupied state is a state in which
a mobile station is sending a packet on the RACH and other
mobile stations than the mobile station are inhibited from
transmitting a packet. The departure state is a state in which
all mobile stations acquiring the-RACH for use for a telephone
call are prompted to make a channel shift. The.inhibition.

state is a state in which all mobile stations acquiring the
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RACH are inhibited from emitting a radio wave.  The idle state
is a state in which the RACH is being set.

When determining that the éhannel state is an
unassigned state from the received channel information, the
mobile station sends a segment consisting of synchronization

bits and the identification code of the'mobile station to the

base station on the TCH if the radio access system is TDMA.

The base station receives the segment normally, sets the
channel state to the occupied state, and notifies the mobile
station of channel information with the identification code of
the mobile station on the down link channel, thereby granting
permission of access to the TCH to the mobile.station.

According to the method, if.anothér'mobile station uses
the RACH specified by the base station, one mobile station -
having a transmission packet can omit the process of shiffing
to CCH and receiving assignment of another RACH from the base
station and can autonomously shift from one RACH £o another and
detect an unassigned RACH for sending a packet.

Embodiment 3:

Figure 8 is a chart showing one embodiment of the
channel shift timing of mobile stations in the invention.
Figure 9 is a flowchart showing one embodiment of the channel
transition of mobile stations in the invention.

On each RACH controlled .by a base stafioﬁ; a message
indicating the channel state of the RACH is sent. The mobile

station acquiring the RACH receives the message at step S0301
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and determines whether or not sending a segment is enabled in
response to the channel state. When the channel state is an
unassigned state, the mobile station having send data sends the
first segment; When receiving the segment normally, the base
station sets the channel state to an oCcuéied state and sends
a message with a code representing the occupied state, the
number of the mobile station sending the normally received
segment, and a shift RACH sequence as a channel state
notification message. If the mobile station receifing the
message 1is the segment sending mobile station, the mobile
station can acquire- the access right to the RACH. Of the
mobile stations other than that mobile station, a mobile
station having send data shifts from one RACH to another based
on the shift RACH sequence contained in the message at steé.
S0303 with reception of the message as a]triggef at step S0302."
According to the method, while the state of the
acquired RACH does not change, the mobile station can know the
state of the RACH periodically, and at the RACH state change
timing, can know the next transition state of the RACH; if a
shift is made from another RACH, the shift'destination RACﬁ can
also be known from a shift destination RACH notificafion given
periodically, or if another mobile station'acquires the use
right, immediately the shift destination RACH can be known.
Therefore, the mobile station having a trgnsmissioﬁ packet can
immediately enter the RACH shift process in response to the

RACH state.
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Embodiment 4:

Figure 10 is a block diagram showing one embodiment of
the configuration of a mobile station in the invention. Figure
11 is a diagram showing one embodiment of a channel shift in
the invention. Figure 12 is a flowchart showing one embodiment
of calculating the channel shift probabilitf in the mobile
station in the invention.

When a mobile station havin§ send data detects the
state of the acquired RACH being the occupied state based on
the channel information from a base étation, it calculates the
shift probability Pa by a probability calculation section of
the mobile station at step S0401 and compares the probability
Pa with a threshold value stored in a storage section of_the
mobilé station at step S0402. If Pa is greater than'ﬁhéz
threshold value, the mobile station enters an RACH sﬁift
process, If Pa is less than the threshold valué,-ﬁhe mobilé
station waits for postponement time Tl stored in the storage
section, then again receives notification information provided
from the base station and checks the channel information
contained in the information.

According to the method, the mobile station starts the
channel shift process at the channel shift timing according to
the probability calculated for each mobile station and the
channel shift timings of mobile stations chahge, thus not all
mobile stations enter the RACH shift process at the timing of

receiving a packet transmission disable notification or shift
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destination RACH notification, and the mobile stations
contending with each other at the same timing of the same RACH
can be reduced, enhancing the channel use efficiency.
Embodiment 5:

Figure 13 is a table (Table 1) showing one embodiment
representing the correspondence between RACH and mobile station

numbers registered in the base station controller in ﬁhe

invention and a diagram showing one embodiment of the RACH

transition state in the invention. Figure 14 is a flowchart
showing one embodiment of an RACH:manaQement system in the base
station controller in the.invention.

A base station or the base station controller
determinés shift destination RACHs cyclically for the RACHs
managed by the base station, for example, aé a SHEEE
desfination RACH sequence of RACH1 -> RACH2 -> RACH3 -> RACHI

if the base station manages three RACHSs.

As the shift destination RACH sequénce, all RACHs can

‘be cycled regularly in such a manner that one cyclic sequence

is made of two cycles such as RACH1 -> RACH2 -> RACH3 -> RACH1
-> RACH2 -> RACH3 -> RACH1 or that a cyclic ‘sequence is made
while a return is made to the shift source RACH altérnately
such as RACH1 -> RACH2 -> RACH1l -> RACH3 -> RACHl, or some of
the RACHs are used to make a regularly cyélic sequence such as
RACH1 -> RACH2 -> RACHI. |

When a mobile station originates a telephone call in

the radio zone formed by the base station, the base station
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controller accepts the call originated from the mobile station
at step S0101, deﬁermines whei:her or not TCHs that can be
assigned to the mobile station exist in the base station at
step S0102, and selects an available TCH at step S0104. If Athe
TCH is operated as an RACH, the base station controller deletes
the RACH operated in the TCH to be allocated to the mobile'
station from the shift destination RACH sequence and creates a
new shift destination RACH sequence at step S0501.

That is, assuming that as in the example, the base
station manages three TCHs, operates all TCHs as RACHs,
notifies the shift_ destination RACH sequence as 1, 2, 3, and
assigns TCH-3 (RACH-3) to the mobile station for the telephone
call, a new created shift destination RACH sequence becomes .1,

2. The shift destination RACH sequence from which' 'TCH%-B'

assigned to the mobile station is deleted is notified as the

new shift destination RACH sequence on all RACHs managed by the
base station (in the example, RACH-1, RACH-Z, and RACH-3) at
step S0502. However, the shift destination RACH sequence is
added to a message to the effect that the channel information
is changed to a departure state on RACH-3. .

The base.station controller holds a conversion table
indicating the correspondence between the RACH number of the
identification number of the RACH acqﬁired by the mobile
station and the mobile station number, and rewrités the RACH
number corresponding to the mobile station number of the mobile

station acquiring the RACH deleted from the shift destination
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RACH sequence according to the shift destination RACH sequence
at step S0503. PFurther, when the mobile station ends talking
at step S0110, the base station controller releases the TCH at
step S0111, sets ﬁhe TCH used by the mobile station for the
talking to RACH to operate the TCH as RACH at step S0112, édds
the RACH to the shift destination RACH sequence at step S0504,
and notifies the shift destination RACH sequence on all RACHs
operated by the base station at step S0505.

According to the methéd, a TCH used for an RACH cén be
assigned to a telephone call and the mobile station using the
RACH can be shifted to another RACH, so that the channel use
efficiency of the TCHs managed by the base.station can be

enhanced. In addition, if a shift destination channel among

RACHs operated in a single base station is, specified in a

cyclic sequence and a telephone call is assigned to a TCH used
for an RACH, the mobile station acquiring the "RACH can
autonomously shift to the shift destination RACH notified from
the base station for transmitting and receiving a packet.
Further, when the mobile station makes a channel shift, if it
cannot receive the RACH, the mobile station can also shift to
the next RACH in the cyclic sequence for trying packet
transmission.
Embodiment 6:

Figure 15 is a flowchart showing one embodimént of a
mobile station channel shift method in a mobile station in the

invention.

- 31 -

-



10

15

20

25

When almobile station has a transmission packet at step
S80601, it determines whether or not the packet can be
transmitted on the acquired RACH at step 80602.. If it cannot
be transmitted on the RACH (No at step S0602), a channel shift

process is executed at step S0603 according to the cyclic

sequence notified from the corresponding base station. After

the channel shift, again whether or not the packet can be

transmitted using the shift destination RACH is determined at

step S0604.

If the packet cannot be transmitted (No at step S0604),
whether or not the cyclic sequence notified from the base
station has been once cycled is determined at step S50605. 1If
it is not once cycled (No at step S0605), again the channel
shift process is eﬁecuted at step S0603. If the cyclid
sequence has been once cycled (Yes at step S0605), whethei or
not channel shift is immediately again repeated is determined
at step 50606. To make this determination, for example, random
numbers are generated, probability' Pb is calculated, and
whether or not it exceeds a threshold value is determined.
Channel shift is immediately executed at probability Pb (Yes at
step S0606) or is delayed only for predetermined time Tb at
probability 1-Pb (No at step S0606). While the shift is
postponed, the mobile station waits for pécket transmission on
the first acquired RACH. The threshold value may'bé changed in

response to the state of each mobile station.
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According to the method, since registration of mobile
stations managed by the base station or the base station
controller is the first RACH at which the mobile station starts
channel shift, the time acquiring the shift start channel by
the mobile station is prolonged, thereby raising the call

incoming success possibility and decreasing the probability

that mobile stations will execute an RACH sh;ft at the same -

time. Thus, the probability that they will send a segment at
the same timing on the shift destination RACH is also
decreased, reducing the segment collision probability,
resulting in an increase in the channel use efficiency.
Embodiment 7:

Figure 16 is a flowchart showing one embodiment of a
channel shift method in the invention. When a mobile statibﬁ
attempting to transmit a packet cannot transmit it and exeéﬁtes

a channel shift according to the cyclic sequence notified from

the corresponding base station and then once cycles the cyclic

sequence, the probability for immediately executing channel
shift and the postponement time when the shift is postponed are
changed in response to the number of times the cyclic sequence
has been cycled. For example, when the cyclic sequence has
been once cycled (Yes at step S0705), the number of times the
cyclic sequende has been cycled is incremented by one at step
50706 and the shift probability is changed from thé resulting
number of times at step S0707. Then, whether or not the shift

is immediately continued is determined at step S§0708 by using
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the shift probability found at step S0707. If the channel
shift is not executed (No at step S0708), the shift
postponement time is found from the number of times the cyclic
sequence has been cycled at step S0710, and the channel shift
is postponed for the postponement time at step S0711. While
the channel shift is postponed, the mobile station waits for
packet transmission on the first acquired RACH.

Accprding to the method, since registration of mobile
stations managed by the base station or the base station
controller is the first RACH at which the mobile station starté
channel shift, the time acquiring the shift start channel by
fhe mobile station is prolonged, thereby raising the call

incoming success possibility and decreasing unnecessary channel

‘ shift of the mobile stations.

Embodiment 8:

Figure 17 is a flowchart showing one embodiment of a
channel assignment system in the base station controller in the
invention. For example, assume that a base étation manages
three RACHs #1, #2, and #3 and that the base station controller
sets the assignment order of RACHs to ﬁobile stations as #1
followed by #2 followed by #3 followed by #1. The base station
controller receives an RACH use request from a mobile station
at step S0801. If the base station contrdller assigned RACH#2
in the preceding request, it selects RACH#3 followiﬁg RACH#2 at
step S0802 and notifies the requesting mobile station of use of

RACH#3 at step S0803. When receiving another RACH use request
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from another mobile station, the base station controller
assigns RACH#1. |

According to the method, since the RACH assigned from
the base station to the mobile station at the RACH use time

varies from one mobile station to another, the mobile stations

can be distributed to all RACHs managed by the base station and

the number of mobile stations contending with each other on the
same RACH can be decreased, shortening the wait time for
sending.a packet.
Embodiment 9:

Figure 18 is an illustration showing one embodimeﬁt of
a segment construction method in a mobile station in the
invention. Figuré 19 is a sequence chart showing one
embod.;’.ment of a line contention method in the invention. |

Figure 18 shows an example in which a packet contaihing
IP header 0901, TCP header 0902, and user data 0903 sent to a
LAN is divided in a size that can be sent by TDMA in a radio
zone. Each division to which an identification code 0906 for
identifying the division order, etc., is added is called a
segment. A synchronization bit 0904 for synchfonizing up link
of RACH and a mobile station number 0905 for identifying a
mobile station also make up a segment, which 0907 is created in
the mobile station at the packet transmission t:.me. The
segment 0907 made up of the synchronization bits and the mobile
station number is first transmitted before packet transmission

and therefore is called the first segment, which is followed by
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the second segment 0908, ..., last segment 0909 in the
transmission order.

Next, the packet transmission operation will be
discussed. Assume that mobile station #2 uses one RACH to
transmit a packet in Figure 19. First, the mobile station #2
transmits the.first segment containing the synchronization bits
and the mobile station number for identifying the mobile
station #2 to a base station at 0911.

The base station, which normally receives the first
segment, synchronizes up RACH between the mobile station and
the base statioﬁ, and determines that the use right of the RACH
is granted to the mobile station #2. Then, the base staﬁion
uses the down 1link of RACH attendant control channel

corresponding to the RACH to notify, with use right settihglaf

0912, the mobile station #2 that the mobile station #2 is. =

granted the use right of the RACH and the mobile stations
acquiring the RACH other than the mobile station #2 (mobile
stations #1 and #3) that the mobile stations #1 and #3 are
disabled from transmiﬁting a packet, and transmits the first
packet to the base station controller at 0913.

The mobile station #2 recognizes that the use right of
the RACH is granted, and transmits the second and later
segments in which the packet information is set to the base
station, which then transmits the received segments.to the base
station controller. When the base station receives the last

segment from the mobile station #2 at 0918, it notifies the
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mobile stations that the right use of the RACH granted to the
mobile station #2 is released with use right release at 0920.
The mobile stations acquiring the RACH other than the mobile
station #2 cannot transmit segments between reception of the
use right setting at 0912 and reception of the use right
release at 0920.

According to the method, since the segment containing
the synchronization bits is used for contention control, the
mébile station need not take up synchronization at the RACH
assignment time and at the shift time. Since each mobile
station can acquiie the RACH use right in units of packets that
can be sent onto the LAN, the base station controller can
assemble segments consecutively sent from the mobile station in
the reception order for reconstructing a packet that can be

sent to the LAN, simplifying the packet reconstruction process..

Embodiment 10:

Figure 20 is a block diagram showing one embodiment of
the configuration of the base station controller 'in the
invention and also provides a table (Table 2) showing one
embodiment of entries of a conversion table registered in the
base station controller in the invention. Figure 21 is a
flbwchart showing one embodiment of a conversion table
management method in the base station controller in the
invention. |

Move management of mobile stations for transmitting

and receiving a packet between the mobile stations and a LAN
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will be discussed. As shown in Figure 20, the base station
controller 1001 has a LAN interface function 1008 for
connecting to the LAN, a packet reception/transmission function
1007 for receiving a packet from the LAN and transmitting a
packet to the LAN, a base station interface function 1005 for
connecting to base stations, a segment reception/transmission
function 1004 for receiving segments via base stations from
mobile stations and transmitting segments fia base stations to
mobile stétions, a packet assembly/segmentation function 1003
for assembling-segments'destined for the LAN from a mobile
station into a packet and dividing a packet destined for a

mobile station from the LAN into segments, and the conversion

table 1002 for holding information for managing a move of the

mobile stations. For example, as listed in Table 2,'thé

conversion table 1002 sets mobile station numbers TNs 1011 for

'uniquely identifying the mobile stations, addresses TAs 1012

for identifying the mobile stations in the LAN, and RACH
channel numbers CNs 1013 indicating RACHs acquired by the
mobile stations.

.Updating the conversion table 1002 will be discussed
with reference to Figure 21. The conversion table 1002 is
updated upon reception of an RACH use request from a mobile
station or a packet transmitted from a mobile station to the
LAN. When receiving an RACH use request from a moﬁile station

at step S1002, the base station controller 1001 searches the
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conversion table 1002 for information concerning the mobile
station transmitting the use request at step S51003.

For example, if the mobile station TN2 transmits an
RACH CN3 use request, the base station controller 1001
determines whether or not the mobile station TN2 is registered
in the conversion table 1002 at step 81004.' In this case,
since the mobile station TN2 is registered in the conversion
table 1002 as listed in Table 2 (Yes at step S1004), the base
station controller 1001 checks to see if the entry of the CN
1013 in the converéion table corresponding to the mobile
station TN2 is CN3 at step S1005. Since the CN corresponding
to the TN2 is CN2 in Table 2, the base station.contrdller 1001
changes the CN in the copversion table to CN3-at step S1007.
If an RACH use request is received from a mobile station nof
registered in the‘éonve;sion table, the TN and TA of the mobile
station and the CN requested by the mobile station are set in
the conversion table at step S1006.

Next, when receiving a packet destined for the LAN over
the RACH channel CN2 from the mobile station TQI at step S1008,
the base statioﬁ. controller 1001 compares the CN used to
transmit the packet with the CN corresponding to the mobile
station TN1 in the conversion table at step S1005. 1In the
example listed in Table 2, since the CNs do not match as a
resuit_of the comparison, the CN in the conversiéh table is
changed to CN2 at step S1007. The conversion table for

position management of the mobile stations is thus updated.
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According to the method, the base station controller
converts and manages the terminal identifiers used in the LAN
and those used in the radio communication system, thus
processing can be performed in the LAN without being concerned
with a move of the mobile stations and the baée- station
controller needs only to assemble segments consecutively sent
from a mobile station in the seéuence number into a packet that
can be sent to the LAN, simplifying the packet reconstruction
process.

Embodiment 11:

Figure 22 is a flowchart showing one embodiment of a
packet incoming process to a mobile station which autonomously
shifts from one RACH to another, in the base station controlleri
in the invention. Figure 23 is a flowchart showing':pné“
embodiment of a packet incoming process in a mobile stafioh
which autonomously shifts from one RACH to another in the
invention. Figure 24 is a sequence chart between mobile
stations and the base station controller shdwing one embodiment
of a packet incoming system in the invention. -

‘A process performed when the base station controller
receives a packet destined for a mobile station from the LAN
will be discussed. When the base station conﬁroller receives
é packet from the LAN at step S1101 in Figﬁre 22, it searches
the conversion table (1062 in Figure 20) contained in the base
station controller for information concerning the mobile

station for which the packet is destined and finds the mobile
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station number TN of the mobile station and the RACH channel
number CN acquired by the mobile station at step S1102. The
base station controller transmits a ©packet incoming
notification via the base station managing the found CN to the
mobile station for which the packet is destined at step S1103.
Here, the packet incoming notification is sent to the base
station at 1102 in Figure 24, which then passes on the received
notification for each RACH over the down attendant control
channels of all managed RACHs at 1103-1105. For example,
assume that the mobile station TN2 is the packet‘destination
and is shifting from RACH channel CN2 to CN1l. After receiving
the packing incoming notification on CNl1 .at step S1111 in
Figure 23, the mobile station TN2 is shifting:from CN2 to CN1
(Yes at step S1112) and therefore stops the éhanhel shifting at
step S1113 and returns to CN2 of the channel shifting start
RACH at step S1114. i

After transmitting the packet incoming notification to
the base station, to wait for the packet incoming notification
transmission procéss from the base station to the mobile
stations, the channel shifting stop process of the mobile
station, and the return process of the mobile station to the
channel shifting start RACH, the base station controller starts
a timer at 1106 and waits for the timer to time out at 1107,
thereby executing a delay process for transmiéting'the packet

at step S1104. After the delay process, the base station

controller transmits the packet to the mobile station TN2 at
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stép S1105. To transmit the packet, the base station
controller divides the packet into segments, specifies the RACH
channel number CN2 for the base station, and transmits thé
segments to the base station at 1108-1110. The base station
passes on the received segments to the mobile station over CN2
at 1111-1113.

According to the method, since move management is
executed without explicitly registering positions from mobile
stations, the traffic for registering the positions is
decreased. Also, since the RACHs acquired by the mobile
stations are managed with the TCH channel numbers CNs, an
incoming packet can also be transmitted on the TCH having the
corresponding CN to a mobile station which autonomously shifts |
from one RACH to another, thereby enabling a packet incominé' '
call. | |
Embodiment 12:

Figure 25 is a diagram showing one embodiment of the
RACH state transition when thé TDMA system is used as a radio
access system in the invention. Figure 26 is a flowchart
showing one embodiment of RACH management in the base station
controller in the invention. _

Base stations and the base station controller handle
different TCHs unused for telephone calls among predetermined
TCHs logically as one RACH. If a mobile station ha&ing a data
transmission request sends the first segment on each TCH and

the corresponding base station can receive it normally, the
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mobile station has access to all TCHs making up the RACH and
can send the second and later segments on all the TCHs making
up the RACH. One RACH is set for each base station.

When accepting a telephone call originated from a
mobile station at step S1201, if an unassigned TCH other than
the TCHs predetermined to be used for the integrated RACH,
namely, an RACH operated with one TCH does not exist, the baée'
station controller selects a TCH assigned to the mobile station
from the TCHs making up the integrated RACH at step 51202,
places the selected TCH in the departure state, and notifies on
a down channel at step S1204. Next, the base station
controller places the TCHs making up the integrated RACH except
the selected TCH in the inhibition state for limiting segment
sending on the integrated RACH at step S1205. Next, it'assigns'

the TCH to the mobile station at step S1206 and executes a call

-.connection process, and starts talking at step S$1211. The base

station and the base station controller notify a TCH sequence
making up a new RACH on the TCHs making up the old RACH except
the TCH assigned to the teiephone call at step S1207. Next,
the base station controller places the TCHs making up the TCH
sequence in the unassigned state at step S1208 and operates the
new RACH at step S1209.

Next, when the telephone call ends and the base station
and the base station controller accept the call énd at step
S1213, the base station controller releases the TCH at step

S1214, forms a new RACH to which the released TCH is added,
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notifies the mobile station of the TCH seéuence on the down
link, and plaées the added TCH in the unassigned state.

According to the method, since a plurality of TCHs are
handled as one RACH, a high-speed RACH can be formed. Also,
since the high-speed RACH is formed using predetermined TCHs,
processing of segments transmitted from the high-~speed RACH can
be simplified in the base station and the base station
controller. |
Embodiment 13:

Figure 27 is a diagram showing one embodiment of the
RACH state transmission when the TDMA system is used as a radio
access system in the invention. Figure 28 is a flowchart
showing one embodiment of RACH management in the basg station
controller in the invention. |

If an unassigned TCH accompanying the telephone call
end exists at step 51302, the base station and the base station
controller judge the .number of RACHs managed by- i:he base
station at step S1302. If more than one RACH exists, the
possibility of integrating/dividing the RACHs is judged. To
integrate the RACHs, the mobile station side must be able to
access both of the integrated RACHs. Thus, if the radio access
system is the TDMA/TDD system, RACH on the same time slot
cannot be integrated unless the mobile stétion has a plurality
of transmitters/receivers. If the frequency switch .performance
of the mobile station is the time for one time slot, it is

impossible to integrate RACHs different in £frequency on
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consecutive time slots. Based on this condition, RACH may be
divided.

Thus, the base station controller or the base station

‘selects RACH that can be integrated/divided based on the

condition on the fadio access system or the performance of the
mobile station a£ step S1302. Next, the base station checks
the channel state of the RACHs used as integration/division
candidates at step S1303. 1If both are in the unassigned state,
they are placed in the inhibition state for inhibiting access
right acquisition to the RACH from the mobile station at step
S1306. If both or either is in the occupied state, a wait is
made for transmission of the data being transmitted on the RACH

to end at step S1305. When both RACHs are placed in the

"inhibition state, the base station controller notifies the RACH

numbers of the RACHs to be integrated/divided on all RACHs
managed by the base station at step S1307 and changes the
intégrated.RACH channel state from the inhibition to unassigned
state for starting access right agquisition on the integrated
RACH. The mobile station transmits data on the
integrated/divided RACH. If a telephone call is originated,
the process of embodiment 12 described above is executed.
According to the method, a plurality of high-speed
RACHs can be formed in one base station and a high-speed RACH
can be divided into a plurality of RACHs. -Also, the
transmission speed of the RACH can be changed with the mobile

station performance and telephone call traffic. Thus, flexible
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high-speed data communication channels less affécting telephone
calls can be provided.
Embodiment 14:

Figure 29 is a flowchart showing one embodiment of a
packet assembling method in the base station controller in the
invention. Figure 30 is a block diagram showing one embodiment
of the configuration of the base station controller in the
invention.

To transmit data on an integrated RACH, a mobile
station transmits segments ‘over a pluraiity of TCHs. Thé
traﬁsmitted segments are sent via a base station to the base .
station controller on wire lines. Even if the ='segment: order is
maintained in the radio lines, it is not always lensured in
sending the segments to the wire lines in the base _station
That is, the segment oxrder is not always maintained betweeﬁ the
base station and the base station controller. Thus, the base
station controller needs to reconstruct a packet from the
segments sent randomly on the wire lines corresponding to TCHs
making up the integrated RACH. |

~Then, in the embodiment, each mobile station transmits
each segment with its order number, and the base station
controller 1401 comprises a control section 1402 for managing
which TCHs an integrated RACH is made uﬁ of, segment storage
sections 8a-8e for storing segments sent on TCH, se.gment order
number read sections %9a-9e in a one-to-one éorrespondence with

the segment storage sections 8a-8e, and a segment assembly
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section 1403. The segment transmitted on each TCH is stored in
the segment storage section corresponding to the segment
transmission TCH. Each of the segment order number read
sections reads the segment from the corresponding segment
storage section, extracts the segment number, and passes the
segment to the segment assembly-section in the segment number
order as instructed from the control section. The segment
assembly section assembles the segments into a packet.
Alternatively, to ensure tﬁe order of segments
transmitted from a mobile station between a base station and
the base station controller, the base station can also once
hold the segments transmitted over TCHs, then place the
segments .on wire lines on which the segment order is ensured.
To use such a transmission system, the control'section manages
the line numbers of the lines on which the segments are
transmitted and the received segments are assembled in order,

whereby the segment storage sections and the segment number

- read sections can also be omitted.

According to the method, since a mobile station
transmits segments over an RACH made up of TCHs, the base
station or the baée station controller can manage the order of
segments consecutively transmitted on all the TQHs and assemble
the segments into a packet.

Embodiment 15:
Figure 31 is a flowchart showing one :embodiment of a

packet assembling method in the base station controller in the
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invention. An example wherein a mobile station which is
transmitting a packet transmits subsequent segments on a
different RACH because of a move across radio zones, a channel
shift in a single radio zone, etc., before transmitting all
segments of the packet will be discussed.

When receiving the first segment of one packet from a
mobile station at step S1501, the base station controller or
base station sets a timer waiting for the next segment at step
S1502.

If the next segmént is received before the timer times
out (Yes at step S1503), the timer is stopped at step S1504 and
whether or not all.segments of the packet have been received is
determined at step S1505. h |

If not all ségments are received (No at step 815055;'-
again the timer is set at step $1502. If the mobile stéfion
attempts to transmit a subsequent segment 6ver a different RACH
and the.timer times out (Né at step S1503), the base station
controller or the base station holds the segments received so
far at step S1507.

. After this, a wait is made for réception of the
subsequent segment on the different RACH and if the subsequent
segment is received at step S1508, again the timer is started
at step S1502,

After all segments of the packet have been,?eceived at

step S1505 by repeating the steps, the base station controller
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or the base station assembles all the segments including the
held segments into a packet at step S1506.

According to the method, if a mobile station moves
across radio zones, data transmission from the mobile station
moving across the radio zones can also be ensﬁred because the
base station controller holds a part of the packet transmitted
via the move source base station.

Embodiment 16:

Figure 32 is a flowchart showing one embodiment of a
channel assignﬁent method in the invention. |

An example wherein a certain number of RACHs in a radio
zone afe not used for telephone calls and are reserved for data
communication will be discussed. If a given number of RACHs
are reserved, for example, in Figure 5, when a telephone call
originated from a mobile station is accepted at step SOlOlland
whether or not a TCH can be assigned to the mobile station is
determined at step S0102, whether or not there aﬁe RACHS more
than the given number is determined. If RACHs exist more than
the given number (Yes at step S0102), a TCH is assigned to the
originated telephone call at step S0104 and later steps. If
RACHs exist as many as the given number (No at step S0102), the
originated call is handled as a call loss at step S0103.

To determine the number of RACHs to be reserved in
response to the number of mobile stations using.RACHs, for
example, the operation shown in Figure 32 is performéd. When

a telephone call originated from a mobile station is accepted
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at step S1601, the number of RACHs to be reserved is calculated
from the number of mobile stations using RACHs at the time at
step S1602. If RACHs exist more than the calculated number of
RACHs (Yes at step S1603), a TCH is assigned to the telephone
call at step S1604 corresponding to steps S0104 to S0108 in
Figure 5. When the call ends, the TCH is returned to the RACH
at step S1605 corresponding to steps S0109 to S0113 in Figure
5. If RACH remain not more than the number of RACHs calculated

at step S1602 (No at'step 51603), the telephone call is handled

as a call loss at step S1606.

According to the method, channels inhibited from being
assigned to telephone calls are providéd in the radio zone
formed by a base staiion, whereby RACHs can always bé.opera#ed '
in all or some radio zones. Thus, if a ﬁobile statiOanQVéé
across the radio zones or the telephone call traffic is high;
data communication can be executed. ) |
Embodiment 17:

Figure 33 is a block diagram showing one embodiment of
the configuration of the base station controller in the
invention. Figure 34 is a flowchart showing one embodiﬁent of
deleting an RACH causing interference. |

In the embodiment, the base station controller 1401
comprises thrbughput measurement sectioﬂs for measuring the .
number of segments sent on each TCH, thereby meésuring the

throughput of the TCH, a control section 1402 for comparing the

throughput of one TCH with that of another, selecting a TCH
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causing interference, placing the RACH using the TCH in the
inhibition state, and stopping use of the TCH, segment storage
sections Ba-ee, segment order'number read sections 9%a-9e, and
a segment aésembly section 1403.

Each throughput measurement section measures the number
of segments arriving at 'the. corresponding éeément storage
section.within.predetermined time TP at step S$1701 and notifies
the control section of the number of segments at step S1703.
The control section calculates the mean value of throughput
transmitted in TCH units every time TP at step S1704 and finds
a difference between the mean value and each throughput at step
S1705. If the difference is greater than a threshold value
stored in the control section at step S1706, the contro.l'
section assumes that the TCH having the throughput undergoes

interference from another base station at step S1707, places

the RACH using the TCH in the inhibition state at step 51708,

and measures the electric field of the TCH at step S1709., If
the control section judges that the TCH undergoes interference
at step S1710, it stops use of the TCH. If the RACH is an
integrated RACH at step S1711, the contrbl section makes up the
integrated RACH of TCHs other than the TCH undergoing
interference at step S1712. If the RACH is not an integrated
RACH, the control section stops use of the TCH for the RACH for
a given time at step S1713. |

According to the method, at each base station, the

channel use efficiency of TCHs making up all RACHs managed by
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the base station is measured, whereby the base station or base
station controller only can detect the TCH causing
interference. Therefore, the interference channel can be
specified without transferring any signal to and from a mobile
station and use of the TCH undergoing interference as RACH can
be stopped for reducing interference avoidance signals.

Thus, the invention produces the following effects:

All channels unused for telephone calls in a radio

communication system centering on telephones can be used as

"RACHs and a plurality of line switch channels for telephone

calls can be used as one RACH to form a high-speed data

communication channel and can also be operated each as a random

access channel. Thus, the invention has the .first effect of

enabling data communication with a plurality of mobile iét"a'tién's' -

simultaneously without transferring signéls of call setting,
etc. i

In an RACH, information concerning the RACH and
information concerning another RACH are notified. Thus, the
invention has the second effect of enabling efficient and rapid
RACH contention control and RACH shift in mobile stations.

Since information on RACHs to which a shift can be made
is periodically notified at the RACH occupation timing and in
the occupied state, the invention has the third .- effect of

enabling mobile stations to shorten the wait time for packet

transmission.
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Mobile stations make a channel shift at the channel
shift timing according to the pfobability calculated for each
mobile station and differ in channel shift timing. Thus, the
invention has the fourth effect of reducing the number of
mobile stations contending with each other at the same timing
on the same RACH and enhancing the channel use efficiency.

Since a TCH used for an RACH is assigned to a telephone
call and the mobile station using the RACH can be shifted to
another RACH, the invention has the fifth effect of enhancing
the channel use efficiency of TCHs managed bj the base station.

Since shift destination channels among RACHs operated
in a single base station is specified in a cyclic sequence, the
invention has the sixth effect of enabling a mébile stétion.to
shift to another channel in the cyclic sequence if the mbbilé'
station cannot receive on one RACH when making a channel shift. '

Since registration of mobile stations managed by the
base station or the base station-éontroller is the first RACH
at which each mobiie station starts a channel shift, the time
of acquiring the shift start channel by the mobile station is
prolonged, . thereby increasing the possibility of success in
call incoming and decreasing the probability that mobile
stations may make a channel shift at the same time. Thus, ﬁhe
invention has the seventh effect of élso. decreasing the
probability that the mobile station may send Segménts at the
same timing on the shift destination RACH and decreasing the

segment collision probability.
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Since registration of mobile stations managed by the
base station or the base station controller is the first RACH
at which each mobile station starts a channel shift, the time
of acquiring the shift start channel by the mobile station is
prolonged, thereby increasing the possibility of success in
call incoming and decreasing unnecessary channel shift of the
mobile stations. This is the eighth effect of the invention.

When mobile stations use RACHs, the RACH specified from
the corresponding base station varies from one mobile station
to another, the invention has the ninth effect of distributing
the mobile stations aquiring ﬁhe same ﬁACH, decreasing the
number of mobile stations contending with each other, and
shortening the wait time for sending a packet.

Since the segment confaining a synchronization bit is .
used for contention control, each mobile station;ﬁeédinot
establish up synchronizatidn af the RACH assignmenthﬁime or the
shift time. Since each mobile station.can acquire the RACH use
right in units of packets that can be sent to the LAN, the
invention has the tenth effect of enabling the base station
controller to assemble segments sent from a mobile station into
a packet that can be sent to the LAN.

Since the base station controller converts and manages
terminal identifiers used with the LAN and those used with the
radio communication system, processing can be perférmed on the
LAN without being concerned with a move of mobile stations.

Since RACHs acquired by mobile stations are managed with the
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channel numbers CN of TCHs, an incoming packet can be
transmitted on the TCH having the corresponding CN. This is
the eleventh effect of the invention.

Since move management is executed without position
registration from mobile stations, the invention has the
.twelfth effect of reducing position registration traffic and
facilitating transmission of an incoming packet to the mobile
station for which the packet is destined. |

Since a plurality of TCHs are handled as one RACH, a
high-speed RACH can be formed. Since a high-speed RACH is made
up of predetermined TCHs, processing of segments transmitted
from the high-speed RACH can be simplified in the base stations
and the base station controller. This is the thirteenth effect
of the invention. |

A plurality of high-speed RACHs can be formed in one

‘base station, one high-speed RACH can be dividéd into a

plurality of RACHs, and the transmission speed of the RACH can
be varied depending on the performance of each mobile station
and telephone call traffic. Thus, the invention has the
fourteenth effect of providing £flexible high-speed data
communication channels less affecting telephone calls.

Since each mobile station transmits segments over RACH
made up of TCHs, the base station and the base station
controller can manage the order of the segments fransmitted
consecutively over all the TCHs and assemble the segments into

a packet. This is the fifteenth effect of the invention.
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If a mobile station moves across radio zones, data
transmission from the mobile station moving across the radio
zones can also be ensured because the base station controller
holds a part of the packet transmitted via the move source base
station. This is the sixteenth effect of the invention.

RACHs can always be operated by providing channels
inhibited from being assigned to telephone calls in all or some
of radio zones. Thus, when a mobile station moves across the
radio zones or the telephone call traffic is high, data'
communication can also be executed. This is the seventeenth
effect of the invention.

Since a TCH causing interference can be detected by
measuring the channel use efficiency in each base station, the
invention has the eighteenth effect of being capableu.df:
specifying the interference channel without_trénsfering any
signal to and from a mobile station. - il |

The foregoing description of a preferred embodiment of
the invention has been presented for purposes of illustration
and description. It is not intended to be exhaustive or to
limit the invention to the precise form disclosed, and
modifications and variations are possible in light of the above
teachings or may be acquired from practice of the invention.
The embodiment was chosen and described in order to explain the
principles of the invention and its practical appiication to
enable one skilled in the art to utilize the invention in

various embodiments and with various modifications as are
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suited to the particular use contemplated. It is intended that
the scope of the invention be defined by the claims appended

hereto, and their equivalents.
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WHAT IS CLAIMED IS:

1. A radio data transmission system, comprising:
a pluraiity of base stations;
a plurality of mobile stations; and
a base station controller;
wherein radio channels between each base station and a
plurality of mobile stations consist of a control channel (CCH)
and a plurality of communication channels (TCHs) with voice
two-way communication as one unit and down channels of the TCHs
include an attendant CCH; and
wherein all channels of the TCHs on which no telephone
voice signal is transmitted are used as daté communication
channels using a random access method (RACHs) and that said
mobile stations use all the RACHs to transmit and receive é '
data packet.
2. A radio data transmission system, comﬁrising:
a plurality of base stations;
a plurality of mobile stations; and
a base station controllef;
 wherein radio channels between each base station and a
plurality of mobile stations consist of a control channel (CCH)
and a plurality of communication channels. (TCHs); and
wherein each base station comprisés meahs for notifying
channels that can be used as data communication chAnnels using
a random access method (RACHs) among the TCHs over the CCH,

means for notifying channel information concerning each RACH on

-
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the RACH, and means for notifying another RACH to which a shift
can be made.

3. A radio data transmission system, comprising:

a plurality of base stations;

a plurality_of mobile stations; and

a base station controller;

wherein radio channels between each base station and a
plurality of mobile stations includes a control channel (CCH)
and a plurality of communicatioﬁ channels (TCHs);

wherein each base station comprises means fdr'notifying
channel information concerning each RACH on the RACH;

wherein a base station using a plurality of TCHs as
data communication channels using a random access method
(RACHs) transmits a packet transmission disable nétification

and a shift destination RACH notification on one of the RACHs .

:by said channel information notifying means; and

wherein said mobile station receiving the notification
on the RACH shifts from the RACH to another RACH specified in
the shift destination RACH notification with the notification
reception as a trigger.

4. A radio data communication system as claimed in
claim 3, wherein each mobile station comprises means for
calculating RACH shifting probability Pa; means for comparing
the probability Pa with a threshold value stored in'said mobile
station, means for executing RACH shifting if the probability
is greater than the threshold value, and means for postponing

_
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RACH shifting for time Tl if the probability is less than the
threshold value.

5. A radio data transmissioh system, domprising:

.a plurality of base stations;

a plurality of mobile stations;

a base station controller, in which radio channels
between each base station and a plurality of mobile stations
consist of a control channel (CCH) and a plurality of
communication channels (TCHs) wherein each of said base
stations uses a plurality of TCHs as data communication
channels uéing a random access method (RACHs);

means for deleting the RACH assigned to a telephone

call from a managed RACH group when one of said base stations

using a plurality of TCHs as RACHs and said base station o

controller for controlling said base station require a TCH.as
a new telephone call océurs; )

means for notifying channel information concerning each
RACH on the RACH;

means for sending a departure instruction notification
of the RACH from said base étation to mobile stations acquiring
the RACH through said notification mean and éending a message
to the effect that the RACH becomes unavailable as an RACH on
all other RACHs managed by said base étation through said

notification means; and
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means for changing régistration of the mobile stations
registered in the RACH to a shift destination RACH specified on
the RACH by said base station controller.

6. A radio data transmission system, comprising:

means for notifying channel information concerning each
RACH on the RACH;

means for cyclically determining data communication
channels using a random access method (RACHs) managed by one -
base station to which mobile stations can shift among the RACHs
managed by said management means; |

means for notifying mobile stations of a cyclic RACH
sequence determined by said determination means through said
notification means by said base station; and

means for éhifting channels in sequence in response to
the notification. |

7. A radio data communication system, comprising:

means for calculating probability Pb of continuing RACH
shift for each mobile station when a mobile station having a
send packet makes an RACH shift in sequence according to shift
destination RACHs notified from a base station if an RACH
acquired by the mobile station is used for packet transmission
of another mobile station, and all RACHs are used for other
mobile stations a£ a stage where all RACHS managed by the base
station have been cycled in RACH shift based on éyclic RACH

specification;
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means for comparing the calculated probabilify Pb with
a threshold value stored in the mobile station; and '

means being responsive to the comparison result of said
comparison means for again starting RACH shifting based on the
cyclic RACH specification if the probability Pb is greater than
the threshold value and for postponing RACH shifting for time
T if the prébability Pb is less than the threshold value.

8. A radio data communication system having a
plurality of mobile stations, each of said mobile stations
comprising: '

means for storing the number of times a shift channel
cyclic sequence has been cycled in RACH shift based on cyclic
RACH specification; ..

means being responsive to the number of times it has
been cycled for calculating cyclic probability Pc at a étage
where the mobile station shifts on the shift channel cYclic
sequence based on shift channel information notified from a
base station and has shifted all RACHs managed by the base
station; |

means for comparing the calculated probability Pc with
a threshold value previously stored in the mobile station and
judging continuation or postponement of the shifting; and

means for changing postponement fime T in response to
the number of times if postponement is judged. .

9. A radio data:transmission system, -comprising:

a plurality of base stations;
. This Sheet Has Been R
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a plural;ty of mobile stations; and

a base station controller, in which radio channels
between each base station and a pluraliiy of mobile stations
consist of a control .channel (CCH) and a plurality of
communication channels (TCHs) wherein each of said base
stations uses a plurality of ‘TCHs as data communication
channels using a random access method (RACHS);

wherein each base station comprises means for managing
a plurality of RACHs and that said base .station controller
comprises means, when one of said mobile stations requests use
of a new RACH over a CCH, for specifying an RACH to be used for
said mobile station and means for assigning different RACHs in
sequence to mobile stations making use requests in sequence.

10. A radio data transmission system, comprising:

a plurality of base stations;

a plurality of mobile stations; and

a base station controller in which radio channels
between each base station and a plurality of mobile stations
consist of a control channel (CCH) and a plurality of
communication channels (TCHs) and down channels of the TCHs
include an attendant CCH using a time division multiple access
(TDMA) as a radio access between said base stations and said
mobile stations;

wherein each of said mobile stations comp?ises means
for generating a packet in a format that can be sent to a local

area network (LAN), means for dividing the packet into
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segments, and means for adding a synchronization bit and a
number identifying the mobile station to a first segment for
generating segments, that each of said base stations comprises
means; when one of said mobile statidns sends the first segment
to a transmittable RACH and said base station nbrmally receives
the segment, for notifying the mobile station number of said
mobile station and information indicating that the mobile
stations other than said mobile station are disabled from
transmitting on the RACH on the down attendant CCH of the RACH,
thereby notifying said mobile station of use right of the RACH
and inhibiting other mobile stations acquiring the RACH from
transmitting a packeﬁ and means for establishing up
synchronization by using the first segment, that each of said
mobile stations comprises means for adding numbers for
identifying the segments, and that said base station controller
or each of said base stations comprises means for refeasing the
use right of the RACH upon reception of the last segment
according to the segxﬁent identification numbers. |
11. A radio data transmission system, comprising:
. a plurality of base stations;
a plurality of mobile stations; and
a base station controller connected to a local area
network (LAN) and having a channel configﬁration in whiéh radio
channels between each base station and a plur.alitir of mobile
stations consist of a control channel (CCH) and a plurality of
communication chaﬁnels (TCHs) wherein each of said base
[ —
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stations uses a plurality of TCHs as déta communication
channels using a random access method (RACHs);

wherein said base station controller comprises means
for assembling segments sent from one.of said mobile stations
into a packet in a format that can be sent to the LAN, means
for sending the packet to the LAN, a conversion table for
representing correspondence among mobile station numbers TNs
identifying said mobile stations, addresses TAs identifying
said mobile stations in the LAﬁ, and channel numbers CNs
identifying RACHs, means for searching said conversion table
upon reception of an RACH use request from one of said mobile
stations, meané, if the TN of said mobile station does not
exist in said conversion table, for registering the TN and the -
CN of an RACH specified by the channél assignment system as
claimed in claim 9 in said conversion table, meahs, if the TN
of said mobile station is registered, for changiﬁg the CN
corresponding to the registered TN to the CN of RACH specified
by the channel assignment system, and means for changing said
conversion table if upon reception of a packet over RACH from
the mobile station identified by TN, the CN of the RACH differs
from the CN stored in said conversion table.

12. A radio data transmission system, comprising:

a plurality of base stations;

a plurality of mobile stations; and

a base station controller connected to a local area

network (LAN) and having a channel configuration wherein radio
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channels between each base station and a plurality of mobile
stations consist of a control channei (CCH) and a plurality of
communication channels (TCHs) wherein each of said base
stations uses a plurality of TCHs as data communication
channels using a random access method (RACHs);

wherein said base station controller comprises means,
upon reception of a packet destined for one of said mobile
stations from the LAN, for searching the conversion table for
channel number TN of an RACH acquifed by said mobile station
and sending a call incoming notification with the TN of the
packet destined for said mobile station to said base station
manéging the RACH, that said base station comprises means for
passing on the packet incoming notification over down CCHs

corresponding to all RACHs managed by said base station when

receiving the packet incoming notification from said base

station controller, that said mobile station éompriées means,
if said mobile station is shifting from one RACH to énother for
sending a packet, for stopping the channel 'shifting and
returning to the channel shifting start RACH upon reception of
the call incoming notification, that said base station
controller comprises means for transmitting the packet to the
RACH corresponding to the mobile station number of said mobile
station stored in the conversion table'in-time Tp after sending
the packet incoming notification, and that said bése station
comprises means for passing on the packet received from said

base station controller on a radio channel.
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a plurality of base stations;

a plurality of mobile stations;

a base station controller, wherein radio channels
between each base station and a plurality of mobile stations
congist of a control channel (CCH) and a plurality of
communication channels (TCHs);

means for handling two or more of TCHs managed by one
base station fixedly as one integrated RACH, means, when a
telephone call occurs, for assigning one TCH in the integrated
RACH to the telephone call; and

means for integrating the remaihing TCHs determined to
be the integrated RACH other than the TCH assigned to the
telephone call and handling them as one RACH, wherein said.baSé' :
station and said base station controller comprise means.fbr
combining the TCH released from the telephone call upon the end
of the call and the RACH into one RACH for operation.

14. A radio data transmission system, comprising:

a plurality of base stations;

a plurality of mobile stations; and

a base station controller wherein a channel
configuration wherein radio channels between each base station
and a plurality of mobile stations consisf of 'a control channel
(CCH) and a plurality of communication channels (TéHs) wherein
each of said base stations uses a plurality of TCHs as data

communication channels using a random access method (RACHS);
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wherein, when said base station uses two or more TCHs
for RACH, said base station and said base station controller
comprise means for assembling some of the TCHs into one RACH,
means for dividing the RACH into a plurality of RACHs for
bperation, and means for operating a plurality of RACHé
different ‘in speed.

15. A radio data transmission system, comprising:

means for identifying the order of segments transmitted

- consecutively on a plurality of TCHs making up integrated RACH

from one mobile station and means for assembling the segments
ordered by said identification means into a packet that can be
transmitted to a local area network (LAN).

16. A radio data transmission system, comprising:

a plurality of base stations;

a plurality of mobile stations;

a base station controller, wherein radio channels
between each base station and a plutality of mobile stations
consist of a control channel (CCH) and a plurality of
communication channels (TCﬁs)_wherein all or some of said base
stations use one or more TCHs as data communication channel
using a random access (RACH);

means, if said base station ox said base station
controller does not receive a segment from a mobile sﬁation
having use right of RACH during time TT, for aséuming that
packet transmission on the RACH has abnormally ended and

releasing the RACH;

is Sheet Has Been Replaced

TR




15

16

17

18

19

20

21

22 .

23

10

11

12

13

14

e ——

e

means for holding segments recéived so far from the
mobile station, means for storing segments that cannot be
transmitted on the RACH by the mobile station;

means, when the mobile station newly gets use right of
RACH, for again transmitting on the RACH the segments that
cannot be transmitted; and

means for assembling the segments held by one of said
base station and said base station controller and newly
received segments into a packet.

17. A radio data transmission system, comprising

a plurality of base statioms; |

a plurality of mobile stations;

a base station controller, wherein radio channels
between each base station and a plurality of mobile stations.
consist of a control channel (CCH) and a plurality of
communication channels (TCHs) wherein each of said base
stations uses a plurality of TCHs as data communication -
channels using a random access method (RACHs);

means for inhibiting the TCHs used as the RACHs from
being used as VCHs used for telephone.calls; and

means for determining the number of channels of the
TCHs inhibited from being aséigned to the VCHs in response to
the number of mobile stations using fhe ﬁACHs.

18. A radio data transmission system, coﬁprising;

a plurality of base stations;

a plurality of mobile stations;

-
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a base 'station controller, in which radio channels

/\' THIG SHEE? “AS BEEN ]

between each base station and a plurality of mobile stations
include a control channel (CCH) and a plurality of
communication channels (TCHs) wherein each of said base
stations uses a plurality of TCHs as data communication
channels using a random access method (RACHs) :

means for measuring line use efficiency of each RACH
managed by one base station;

means for comparing the measured line use efficiency of
one RACH with that of another RACH;

means for selecting an RACH having lower line use
efficiency than other RACHs based on the comparison result; and

means for deleting the selected RACH from the RACH
group, inhibiting use of the RACH, and deleting the RACH from

shift destination RACHs.
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