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1. Field of the Invention
The present invention relates to a method and system for radio data communication,
etc., whereby circuit-switched communication and packet-switched communication are
intermingled according to a TDMA mode.

2. Related Art

First, characteristics of the circuit-switched cofnmunication and the packet-switched
communication will be briefly explained below. When a circuit-switched communication is
cgrried out between a radio base station and a radio terminal, a radio link is established using
a radio channel and the link continues to be held whether there is data to be sent or received
or not. Therefore, the circuit-switched communication is not suitable to effectively use the
radio channel although it is always possible to send and receive data without delay while the
radio link is held.

On the other hand, in the packet-switched communication, a radio link is only
established at a necessary period (when sending and receiving data) and the radio link never
continues wastefully to be held. In the packet-switched communication, data is transmitted in
the form of a packet (dividing into a constant capacity unit) with adding an address of a
receiving side to the data, and during the communication, it is not necessary to always hold
the radio link. Therefore, radio channel resources can be effectively used in the
packet-switched communication. However, a delay occurs necessarily to use an idle radio
channel.

FIG. 5 is a timing chart to explain a communication method to execute a data
communication call in a circuit switching form (circuit-switched data) and a data
communication call in a packet switching form (packet-switched data) simultaneously by
TDMA (Time Division Multiple Access) using a conventional four-slot-structure. In FIG. 5,
one in four slots is used for a control channel, and the repetition period of this control channel
is set every three TDMA frames. In this figure, the abscissa axis shows elapsed time, and
first TDMA slot group 11-fourth TDMA slot group 14 are arranged lengthwise. Also, each
cell represents one of the TDMA slots, and while a hatched or dottefi cell is a used slot, a
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call is generated in a communication method shown in FIG. 5.

FIG. 6 is a timing chart that explains a case where a circuit-switched data becomes a
call-loss because there is no idle slot in a conventional data communication method. In FIG.
6, the first TDMA slot group 11 is used for control channel 15, and the second TDMA slot
group 12 and the third TDMA slot group 13 are already used for circuit-switched data. In
FIG. 6, a packet-switched data 21 originates at point D. Then, the fourth TDMA slot group
14 that has an idle slot is begun to be used at the point correspondingly to it. Ifa
circuit-switched data 22 is generated at point E immediately after origination of data 21,
because there is no idle slot in the fourth TDMA slot group 14, a call-loss originates at point
E. Moreover, in FIG. 6, immediately after this, the use of packet-switched data 21 ends by
point F and the fourth TDMA slot group 14 changes to have an idle slot. In this way, FIG. 6
shows an example wherein the circuit-switched data 22 has a call-loss due to the small littie
time difference between the origination of packet-switched data 21 and the origination of
circuit-switched data 22.

Here, it is supposed that circuit-switched data 22 originates earlier than
packet-switched data 21. In this case, as may be understood from FIG. 5 or FIG. 6, generally,
the time of use for the circuit-switched data is longer than that for the packet-switched data.
Therefore, not only long stand-by time until transmission of this packet-switched data 21, but
also call-loss when the stand-by time exceeds the permitted delay time, results caused. As
mentioned above, a circuit-switched data in TDMA data communication immediately
becomes a call-loss if there is no idle slot when it is generated. Because a TDMA slot group
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The present invention was made in view of the above situation to provide a method

for data communication for making intermingling of the circuit-switched ¢communication and
the packet-switched communication possible with good efficiency. It is an object of the
present invention to provide a method for data communication that uses a radio link by time
division for the circuit-switched data and the packet-switched data to suppress occurrence of
call-loss when a circuit-switched data newly arrives, and to communicate packet-switched
data efficiently. Moreover, a system for data communication according to the present
invention provides a radio base station and a radio terminal that implement circuit-switched
communication and packet-switched communication between these stations.

According to a first aspect of the present invention, a method for data communication
wherein circuit-switched communication and packet-switched communication is
implemented according to (n+m) multiple TDMA communication mode whereby one frame
consists of n slots for control channel and m slots for traffic channel (n and m are natural
numbers) and a control signal is transmitted intermittently using a slot for control channel
comprises the steps of assigning sequentially a generated circuit-switched data to an idle siot
among slots for traffic channel; and assigning a generated packet-switched data to an idle slot
among slots for control channel, which belong to a frame wherein a control signal is not
transmitted.

According to a second aspect of the present invention, a method for data
communication wherein circuit-switched communication and packet-switched
communication is implemented according to (n+m) multiple TDMA communication mode
whereby one frame consists of n slots for control channel and m slots for traffic channel (n
and m are natural numbers) and a control signal is transmitted intermittently using a siot for
control channel comprises the steps of, if a packet-switched data is generated when an idle
slot does not exist at each slot for traffic channel, assigning the generated packet-switched
data to a slot for control channel, which belongs to a frame wherein a control signal is not
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comprises a portion for broadcasting a radio frequency and a slot number which can be used
for packet switching using a control signal; a portion for assigning a packet-switched data to
the radio frequency (hereinafter, called a "packet channel setting frequency™) except an
exclusive use radio frequency for the control signal (hereinafter called a "control channel
setting frequency"), with giving priority to the data, at a transmission timing of slots for
control channel, based on the radio frequency and the slot number which the broadcasting
portion indicates when the packet-switched data is generated; and a portion for changing a
transmission frequency to the control channel setting frequency from the packet channel
setting frequency just before a transmission timing of a control signal and changing the
transmission frequency to the packet channel setting frequency from the control channel
setting frequency immediately after the transmission timing of the control signal.

According to a fourth aspect of the present invention, a radio base station that
transmits a control signal intermittently using a slot for control channel and implements
circuit-switched communication and packet-switched communication according to (n+m)
multiple TDMA communication mode whereby one frame consists of n slots for control
channel (n is a natural number) and m slots for traffic channel (m is a natural number)

comprises a portion for broadcasting a radio frequency and a slot number which can be used
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for packet switching using a control signal; a portion for assigning a packet-switched data to a
slot for traffic channel, with giving priority to the data, when the packet-switched data is
generated; a portion for changing the assigned slot for the packet-switched data to a slot for
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According to another aspéct of the present invention, a system for data
communication that implements circuit-switched communication and packet-switched
communication comprises a radio base station that transmits a control signal intermittently
using a slot for control channel and implements circuit-switched communication and
packet-switched communication according to (n+m) multiple TDMA communication mode
whereby one frame consists of n slots for control channel (n is a natural number) and m slots
for traffic channel (m is a natural number), which comprises a packet-switched data
processing portion for storing a packet-switched data to input and output; a packet-switched
data separating portion for directly outputting the packet-switched data from the
packet-switched data processing portion and a control signal in transmission, and for
separating the packet-switched data and the control signal and outputting them to input-output
terminals of the packet-switched data processing portion and the control signal in reception; a
slot associating portion, being connected with input-output terminats of the packet-switched
data processing portion and for circuit-switched data, for inputting and outputting calls to
send and receive, and for associating TDMA slots with the calls to send and receive; a time
division processing portion, being connected with the slot associating portion and the
packet-switched data separating portion, for assembling and disassembling the TDMA slots
and TDMA frames; a radio sending and recpiving portion for sending and receiving the calls
to be sent and received with the TDMA frame as an unit, which is connected with the time
division processing portion; and a control portion for having the packet-switched data
processing portion output a packet-switched data which is stored therein to one of the
packet-switched data separating portion and the slot associating portion by indicating a slot
timing which can be used for packet switching and moreover for indicating a radio frequency
to be used to the radio sending and receiving portion if a packet-switched data is generated,
for transmitting the packet-switched data using an idle slot among slots for traffic channel if
outputting the packet-switched data to the slot associating portion, and for transmitting the
packet-switched data using an idle slot among slots for control channel if outputting the
packet-switched data to the packet-switched data separating portion; and a radio terminal that
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the slot associating portion and the packet-switched data separating portion, for assembling
and disassembling the TDMA slots and TDMA frames; a radio sending and receiving portion
for sending and receiving the calls to be sent and received with the TDMA frame as an unit,

which is connected with the time division processing portion; and a control portion for having
the packet-switched data processing portion output a packet-switched data which is stored
therein to one of the packet-switched data separating portion and the slot associating portion
by indicating a slot timing which can be used for packet switching and moreover for
indicating a radio frequency to be used to the radio sending and receiving portion if a
packet-switched data is generated, for transmitting packet-switched data using an idle slot
among slots for traffic channel if outputting the packet-switched data to the slot associating
portion, and for transmitting packet-switched data using an idle slot among slots for control
channel if outputting the packet-switched data to the packet-switched data separating portion.

Brief Description of the Drawings

FIG. 1 is a timing chart that explains a method for data communication according to a
first preferred embodiment of the present invention.

FIG. 2 is a timing chart that explains a method of communication to transmit data
from a radio terminal tb a radio base station according to first preferred embodiment of the

present invention.
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FIG. 6 is a timing chart to explain a case where an idle slot does not exist and a

circuit-switched data becomes a call-loss in a conventional data communication method.

Description of the Preferred Embodiments

Below, preferred embodiments of a method and system for data communication
according to the present invention will be explained referring to the drawings.
First Preferred Embodiment

FIG. 1 is a timing chart to explain a method for data communication of a first
embodiment according to the present invention. In FIG. 1, the abscissa axis shows time
elapsed, and a first TDMA slot group 11 to a fourth TDMA slot group 14 are arranged
lengthwise. A circuit-switched communication and packet-switched communication are
implemented by time division access using the first TDMA slot group 11 to the fourth TDMA
slot group 14. Some other data including an address of a receiving side, etc., is added to each
packet that is transmitted by the packet-switched communication of this preferred
embodiment. Each cell represents one of TDMA slots; a cell which is hatched with thin lines
or is dotted is a used slot, whereas a plain cell is an idle slot. Moreover, the slot hatched with
bold lines (bold right sloping lines or bold left sloping lines) is a slot that is used for the
packet-switched data, and which will be explained later.

In FIG. 1, the first TDMA slot group 11 is used for control channel 15. This control
channel 15 uses the first TDMA slot group 11 every three TDMA periods. The second
TDMA slot group 12 and the third TDMA slot group 13 are already used with
circuit-switched data respectively, and only the fourth TDMA slot 14 has an idle slot, at the
beginning of the time axis. It is supposed that a packet-switched data 31 originates at point G
in FIG. 1. Generally, a packet-switched data does not require being forwarded immediately
when the packet-switched data is generated. Therefore, it is possible to wait until an idle slot
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. slot group 11 is used for control channel 15, and moreover, after this, a second data 31-2 of

the packet-switched data 31 is transmitted using the first TDMA slot group 11. Moreover, it
is supposed that a packet-switched data 33 originates at point J. When the packet-switched
data 33 originates, the first TDMA slot group 11 to which control channel 15 is set is
assigned to each _caIl including data 33 in common. Here, the packet-switched data 33-1 that
is shown by a cell hatched with bold left inclination lines is transmitted using the first TDMA
slot group 11. Therefore, in this case, all of the second TDMA slot group 12 to the fourth
TDMA slot group 14 are used, but a call-loss does not occur.

Also, because an address data of a receiving side is added to the packets 31 and 33
respectively as mentioned above, the packets 31 and 33 do not collide, which are transmitted
using the first TDMA slot group 11, even if they share an identical channel for packet
communication.

In this way, according to the present invention, a packet-switched data is transmitted
using a TDMA frame wherein a control channel is not transmitted of a TDMA slot group that
is set for a control channel.

FIG. 2 is a timing chart to explain a communication method to transmit data from a

radio terminal (a mobile station, i.e., a slave station) to a radio base station (a fixed station,
i.e., a master station) in the same preferred embodiment in FIG. 1. Hereinafter,
communication from a radio terminal to a radio base station is called upward communication,

and communication from the radio base station to the radio terminal is called downward
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axis corresponds to a packet channel setting frequency 42b at a position of the radio terminal.
All cells in FIG. 2 represent the TDMA slot group that a control channel is set, which
corresponds to the first TDMA slot group 11 in FIG. 1. That is, when the radio base station

carries out a contro} signal transmission 45 on the control channel setting frequency 41a, the
corresponding radio terminal carries out a control signal reception 47 on a control channel
setting frequency 41a. In FIG. 2, an upward packet-switched data 31a originates at point K
and ends at point L. In this case, upward packet transmission 48 is carried out from the radio
terminal using the packet channel setting frequency (axes of 42a, 42 b) and upward packet
reception 46 is carried out in the radio base station.

A problem for transmission is not caused in the preferred embodiment shown in FIG.

2, because a certain amount of connection delay is permitted for a packet-switched data, as
mentioned above, although upward packet sending 46 and receiving 48 is stopped temporarily
by control signal sending 45 and receiving 47. That is, a control signal sending and receiving
45 and 47 is possible during packet communication. In this way, as shown in this figure, the
radio base station and the radio terminal change a setting frequency from the control channel
setting frequency (axes of 41a, 41b) to the packet channel setting frequency (axes of 42a,
42b), respectively, immediately after the timing of the control channel, and they take an
operation that prepares for sending and receiving of the packet-switched data in the following
TDMA frame, and they take an operation to change the setting frequency again just before the
timing of the control channel, respectively.

On the other hand, although a downward packet communication is not illustrated in
this figure, it is clear to implement the downward communication by reversing each sending
and receiving radio base station/radio terminal, and with a similar way being explained with
FIG. 2.

Second Preferred Embodiment
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31-4 are transmitted using the first TDMA slot group 11 from point O until these

packet-switched data ends as shown in FIG. 3. Therefore, because the fourth TDMA slot

group 14 has an idle slot, circuit-switched data 51 can be assigned to this fourth TDMA slot

group 14, and the circuit-switched data 51 can be transmitted without occurrence of a

call-loss.

According to this method, packet-switched data can be transmitted faster compared
with the first preferred embodiment. The reason is that, according to this preferred
embodiment, it is possible that the packet-switched data can be immediately transmitted and
it is not necessary to avoid a timing when a control channel is transmitted because
packet-switched data is transmitted using an idle TDMA slot until all TDMA slots are used
by circuit-switched data.

In addition, as a modification example of the above-mentioned method, a method
consisting of the following steps can be contemplated. First, as far as multiple slot groups
exist, which can be used by circuit-switched data when a packet-switched data originates, an
idle slot group is assigned to the packet-switched data in a manner as described above.
Second, if there is only one slot group that can be used for circuit-switched data, the slot
group is secured for a circuit-switched data that may originate later, and the TDMA slot group
to which a control channel is set is assigned to the packet-switched data that has now
originated.
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modification example comprises a step of assigning the packet-switched data to an idle slot

for traffic channel if a packet-switched data cannot be assigned to a slot for control
channel,and a step of changing the destination of the assignment for the packet-switched data
to the slot for control channel from the slot for traffic channel when there is an idle slot for
control channel.

In addition, although the control channel setting frequency (axes of 41a, 41b) and the
packet channel setting frequency (axes of 42a, 42b) which are shown in FIG. 2 are different
from each other in the above-mentioned first preferred embodiment, these frequencies may be
identical to implement the present invention. Also, a number of the TDMA slot, a frame
period of the control channel, etc., are not limited to those which are defined in connection
with the preferred embodiments explained above.

Third Preferred Embodiment

FIG. 4A is a block diagram which shows a structure of a radio base station in a data
communication system according to the present invention and FIG. 4B is a block diagram
which shows a structure of a radio terminal which communicates mutually with the radio base
station in FIG. 4A. The structure of the radio base station in FIG. 4A and the radio terminal
in FIG. 4B is applied to a system wherein a number of divided slots of the TDMA frame is
four and the first slot is set as a control channel. The radio base station 100 that is shown in
FIG. 4A can provide three traffic channels for circuit-switched data at the same time by using
three slot groups, except for one slot group being set as the control channel among the four
slots. Radio base station 100 is equipped with input-output terminals 101-103 for three
circuit-switched data, one input-output terminal 104 for the packet-switched data, and a time
division processing part 120 that assembles the data that is inputted and outputted from each
terminal into 2a TDMA frame and disassembles it. This time division processing part 120 is
composed from the first to fourth slot processing part 109-112 and time division multiple part
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to transmit the packet-switched data. Then, the transmission packet is assigned to the idle
slot for traffic channel and is transmitted as described later in detail. On the other hand, if
there is no idle slot for traffic channel, control part 108 provides packet-switched data
processing part 106 with an indication at a timing that corresponds to an idle slot number of
the first slot (for the control channel) which is determined based on setting conditions of
control signals to output the transmission packet to separation part 150 for the
packet-switched data/control signal. In separation part 150 for the packet-switched
data/control signal, all transmitted data are forwarded to the first slot processing part 109 just
as it is. Therefore, the transmission packet is immediately forwarded to the first slot
processing part 109 and is assigned to the idle slot of the first slot.

In addition, in separation part 150 for the packet-switched data/control signal, if the
inputted data is a received data, depending on whether it is packet-switched data or a control
signal, it is separated and outputted to either of packet-switched data processing part 106 or
input-output terminal 105 for the control signal. Also, if using different frequencies
depending on the case to send and receive a control signal with the first slot of each TDMA
frame and the case to send and receive packet-switched data, control part 108 specifies the
frequency which radio part 114 should use. That is, when using different frequencies, control
part 108 outputs an indication to radio part 114 to change a frequency to the frequency for the
control signal immediately before the timing to transmit a control signal, and to change the
frequency to the frequency for the packet communication that is different from the frequency

for the control signal immediately after transmitting a control signal.



Brjef Description of the Draw ngs FIG 1is atimng chart that
explains a nethod for data comruni cationljaccordi ng to a first preferred
enbodi ment of the present invention. FIG 2 is atimng chart that
expl ains a method of conmunication to transnmit data froma radio termnal

to a radi o base station according to first preferred enbodi ment of the
present inventi Jat associating part 107 has a switching function, which switches input/output of datg

FIG 3 is atimpng chart ft. e ajns._a.second preferred enbodi nent

accor di ng e}ngats%x% Secrs&e W‘%?@ﬂtcégh&w@pm£ﬁ@“tﬁﬁd§£@ug? H%Pk‘ga?tg'étr am whi ch
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i nvention, and FIG 4B is a bl ock diagram whi ch shows a structure of a

radi o t er nsenténdreceived avgordingtth themoptrelrigriahfremtcontrol part 108. In first to fourth slot
processing parts 109-112, processing such as assembling/disassembling slots is implemented.

Then, in time division multiple part 113, processing such as assembling/disassembling
TDMA frames is accomplished. Therefore, each communication call that is inputted to slot
associating part 107 is arranged to a data form which corresponds to each slot in the second to
fourth slot processing parts 110-112 and moreover is assembled into a form of a TDMA
frame in time division multiple part 113. Then, the TDMA frame that is assembled in time
division multiple part 113 is changed into a radio signal in radio part 114 and is transmitted
from antenna part 115. _

On the other hand, the radio signal that is received by antenna part 115 is inputted to
time division multiple part 113 after being demodulated to data in radio part 114, and is
disassembled to data for every slot, after that, the following processes trace the course
contrary to the above mentioned one for transmission and the data is finally outputted to each
of input-output terminals 101-105.

On the other hand, the radio terminal 200 that is shown in FIG. 4B has the function
which is approximately the same as that implemented by each element of the radio base
station 100 of FIG. 4A. The radio terminal 200 is equipped with input-output terminal 201
for circuit-switched data, input-output terminal 204 for packet-switched data, control signal
input-output terminal 205, packet-switched data processing part 206, slot associating part
207, control part 208, separation part 250 for packet-switched data/control signal, time
division processing part 220 that comprises first to fourth slot processing parts 209, 210, 211,
and 212 and the time division multiple part 213, radio part 214, and antenna part 215. Radio
terminal 200 receives the control signal that is transmitted from radio base station 100, and
confirms the packet channel to which packet-switched data is set based on the control signal,
and then implements packet communication. If using two different frequencies for
transmitting both of the control signal and the packet-switched data with the slot for control
channel for the control, radio terminal 200 changes a reception frequency in radio part 214
according to the reception timing of the control signal. In other words, radio part 214 changes
a reception frequency to the setting frequency of the control channel from the setting
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As explained above, according to this preferred embodiment, if the second to fourth
slots that are slots for traffic channel have idle slots, these slots can be used for
packet-switched communication, if there is no idle slot or necessity to change an assignment
of a slot to a circuit-switched communication originates, the packet-switched communication
can be implemented with a slot for the controt channel at once.

Furthermore, although the second to fourth slots that are slots for traffic channet are
assigned primarily for the packet-switched data if there is an idle slot for traffic channel to
implement packet switching type communication in this preferred embodiment, by changing
the contents of control of the control part 108 and 208 and using a similar structure with this
embodiment, it is possible to assign packet-switched data primarily to the first slot that is a
slot for control channel. Although the structure of the above-mentioned embodiment is
designed for a communication system of the four-channel multiple TDMA communication
mode using three traffic channels and one control channel, the number of each channel is not
necessarily limited to this example, e.g., the number of the control channels can be set to
equal to or more than two.

In addition, the correspondence relation of each structure that is explained in the third
preferred embodiment and each element that will be described in claims is as follows.

Packet-switched data processing means: packet-switched data processing part 106,
206

Packet-switched data separating means: Separation part 150 for packet-switched
data/control signal, Separation part 250 for packet-switched data/control signal

Slot associating means: slot associating part 107, 207



packet*sw tched data, and which will be explained |ater. In FIG 1,
the first TDVA slot group 11 is used for,scontrol channel 15. This control
channel 15 uses the first TDVA slot group 11 every three TDVA periods. The
second TDVA sl ot group 12 and the third TDVA sl ot group 13 are already used
with circuit-swtched data respectively, and only the fourth TDVA sl ot 14
has an idl e s| dime divisionpioeepsingimeans time divisionpresessing part 120,.2@posed t hat a

packet - swi tche t h Ql .p ' G, 1 rall
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packet - swiahd h@tenithyiaet 115, Eer ated. Therefore, it is possible to wait until
an idle slot Is found within a range of a perm ssible connection

del ay tine, ev&entrol mpansecanirohpartihdR08 ot group that can be used when the
packet-swi tched data originates. Al so, the packet-switched data is not
hi ndered from comruni cating, even if an interruption is generated before

the data According to the present invention as explained above, a packet-switched data that is
generated is assigned to an idle slot among slots for control channel in order. Therefore, in
data communication wherein circuit-switched data and packet-switched data are set via a time
division radio link, the probability of occurrence of call-loss at the time when a
circuit-switched data is newly generated can be reduced. Moreover, the packet-switched data
can be efficiently set, and it is possible to be realized for a data communications method and
system for circuit-switched communication and packet-switched communication to be
efficiently intermingled.



ends, and a waiting tinme occurs on the TDVA sl ot on which the packet data
Is transmtted because the data is handl ed by a packet unit. Wen a
packet -swi tched data 31 origi nates at poi‘ﬁt G the first TDVA slot group 11
whi ch control channel 15 is set is used for the data, and the vacant fourth
TDVA slot group 14 is secured as it is for a future circuit-swtched data.
That is, aWhatisplailediswi tched data 31 originates, first, the _
packet-switched data 31-1 is transmtted using the first TDVA sl ot group 11
(hatched with bold right sloping Iines). It is supposed that a
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all of the seco slot group 12 to the fourth TDVA slot group 14 are
used, but a caldssighing adRAsated ﬂ&ﬁbﬁtchedd&atoéﬁﬁﬁesl@%h?%l&?f&@ﬁﬁ@&s data

of a receiving side I's added to the packets 31 and 33 respectively as
nent i oned ¢hennel, whinh belong tor afrane whereBta chmtnobsignad i nod eransaitted ar e
transmtted using the first TDVA slot group 11, even if they share an
I dentical channel for packet

2. A method for data communication wherein circuit-switched communication and

packet-switched communication is implemented according to (n+m) multipie TDMA
communication mode whereby one frame consists of n slots for control channel and m slots
for traffic channel, n and m being natural numbers, and a control signal is transmitted
intermittently using a slot for control channel, which comprises the steps of:

if a packet-switched data is generated when an idle slot does not exist at each slot for
traffic channel, assigning said generated packet-switched data to a slot for control channel,
which belongs to a frame wherein a control signal is not transmitted;

if an idle slot exists at each slot for traffic channel, assigning said generated
packet-switched data and a generated circuit-switched data to the idle slot; and

if a circuit-switched data is generated when a packet-switched data is assigned to a
slot for traffic channel and moreover an idle slot does not exist at each slot for traffic channel,
after again assigning the packet-switched data that is assigned to the slot for traffic channel to
a slot for control channel of a frame wherein a control signal is not transmitted, assigning the
circuit-switched data to an idle slot of each slot for traffic channel.

3. A method for data communication according to claim 2, wherein

after assigning a generated packet-switched data to an idle slot when an idle slot exists

at each slot for traffic channel, if another packet-switched data is generated, assigning the

N




conmum cat i on. In this way, according to the present invention,
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for traffic channel to a slot for control channel of a frame wherein a control signal is not
transmitted, assigning the circuit-switched data to an idle slot of each slot for traffic channel.

4. A radio base station that transmits a control signal intermittently using a slot for control
channel and implements circuit-switched communication and packet-switched
communication according to (n+m) multiple TDMA communication mode whereby one
frame consists of n slots for control channel, n being a natural number, and m slots for traffic
channel, m being a natural number, comprising:

means for broadcasting a radio frequency and a slot number which can be used for
packet switching using a control signal;

means for assigning a packet-switched data to the radio frequency to determine a
packet channel setting frequency, except an exclusive use radio frequency for said control
signal to determine a control channel setting frequency, and giving priority to the data, at a
transmission timing of slots for control channel, based on the radio frequency and the slot
number which said broadcasting means indicates when the packet-switched data is generated;
and |

means for changing a transmission frequency to said control channel setting frequency
from said packet channel setting frequency just before a transmission timing of a control
signal and changing the transmission frequency to said packet channel setting frequency from
said control channel setting frequency immediately after the transmission timing of said
control signal.

5. A radio base station according to claim 4, further comprising a means for transmitting a
plurality of packet-switched data by multiplex transmission using idle slots for control

channel.
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means for assigning a packet-switched data to a slot for traffic channel, with giving
priority to the data, when the packet-switched data is generated;

means for changing the assigned slot for the packet-switched data to a slot for control
channel from the slot for traffic channel and assigning a circuit-switched data to an idle slot
for traffic channel based on the radio frequency and the slot number that are indicated by said
broadcasting means if there is no idle slot among slots for traffic channel when the

circuit-switched data is generated.

8. A radio terminal for implementing circuit-switched communication and packet-switched
communication with a radio base station defined in one of claims 4, 5, 6, and 7, comprising:

means for implementing packet-switched communication using a radio frequency and
a slot number by confirming the radio frequency and the slot number which can be used for
packet switching which are assigned based on a control signal which is intermittently
transmitted from the radio base station; and

means for changing a receiving frequency to said control channel setting frequency
from said packet channel setting frequency just before a receiving timing of a control signal
and changing the receiving frequency to said packet channel setting frequency from said
control channel setting frequency immediately after a receiving timing of said control signal.



42p), vespectively, imediately after the timng of the c
and they take an operation that preparesefor sending and "!ﬂmﬁﬂwmmﬂ'
packet -swi tched data in the foll ow ng TDK/A frame, and they

operation to change the setting frequency again just before the timng of
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% pl ai ned W t hnfehss fo? implefentippack & iseitchell doramnehicatioh using a radio frequency and

(@)

a slot number by confirming the radio frequency and the slot number which can be used for
packet switching which are assigned based on a control signal which is intermittently
transmitted from the radio base station;

' means for changing a receiving frequency to said control channel setting frequency
from said packet channel setting frequency just before a receiving timing of a control signal
and changing the receiving frequency to said packet channel setting frequency from said
control channel setting frequency immediately after a receiving timing of said control signal;
and

means for indicating a condition that a packet-switched data cannot be assigned, by
means of one of a monitor display or a sound device, if the packet-switched data cannot be
assigned within a predetermined period of time.

10. A system for data communication that implements circuit-switched communication and
packet-switched communication, comprising:
a radio base station defined in one ofclmms4 5, 6, and 7; and
a radio terminal that comprising:

means for implementing packet-switched communication using a radio
frequency and a slot number by confirming the radio frequency and the slot number which
can be used for packet switching which are as&gned based on a control signal which is
intermittently transmitted from said radio base station; and

means for changing a receiving frequency to said control channel setting
frequency from said packet channel setting frequency just before a receiving timing of a
control signal and changing the receiving frequency to said packet channel setting frequency
from said control channel setting frequency immediately after a receiving timing of said
control signal.

11. A system for data communication that implements circuit-switched communication and
packet-switched communication, comprising:
a radio base station defined in one of claims 4, 5, 6, and 7; and



FIG 3is atimng chart to explain a second preferred enbhodinent of the
present invention. In this figure, the abscissa axis reiresents the tinme

el apsed, and the first TDVA slot group 120to t il 'HII ’ muﬂ Iot group 14
are arranged lengthwise. In FIG 3, the first TIHAR ApREL is used
for control channel 15, and the second TDVA slot group 12 and the third
TDMA sl ot groupaﬂﬁi@(eﬁnﬁhrﬁmucbﬁgﬁgiﬁgr circuit-switched data at the

begi nning. Al so, control channel 15 uses the first TDVA slot group every

t hree TDVA peri ods. means for itnpleroé¢nting pasket-switch¢d compiunipation wsingaragdio poi nt M
in FIG 3. _.In this preferred enbodi nent, fits transni,ssi,on of, the.
packet - swi TEmeacY A o uuntiss BY AOREIE bR QPSRN 66 JoUBPAReS M ay
has an i dl g 3leQlseq g t%&sﬂt&@%%ﬁwﬁ S8 aRePdn HEdiHONSRA viHicHRI Nt N

where transm ssion o e pac -swtched data 31-1 and the packet-sw tched
data 31-2 intermittently trehemitted ifromi said radiolbase statidnghed data 31 is transmitted

using the slot group 11 to I ch a control channel ..s set. That is,

packet - swi t ched dat amgansfoy &é?cpgﬂm&%%'anﬁ'éf’éméf%‘f%hc Lmﬁted
using the Ej %sﬁ{ﬁgc H%%]g WE& L 5 ' StioRagkehs sWi t ched
data ends %g‘i‘%k%%n I'n &%Q el:sg ore, e@d@é%&?%&?ﬁ%wfgit gr oup
14 has an tdfiteel signal and changirg thereiceilving febauiency o said piketchanng] settihg freduiency
fourth TDVA sl ot group 14, and the ci rcuité@witc ed data, 51, c_anoi)e,

t ransni t t effom seidrontrobehannel seting frequeagy jmmediately after a recojvingtiming of said ; 5

nmet hod, pa L Lyched data can be transmitted faster conpared with the
first prefé?l}&%%a%b%fﬁent. The reason is that, according to this preferred
enbodi ment, it is pomeiddfor indivhtingwcdhditionlthat\a facketdwitohied daticahfotibenedi at el y
transmtted and

assigned, by means of one of a monitor display or a sound device, if the packet-switched data

cannot be assigned within a predetermined period of time.

12. A radio base station that transmits a control signal intermittently using a slot for control
channel and implements circuit-switched communication and packet-switched
communication according to (n+m) multiple TDMA communication mode whereby one
frame consists of n slots for control channel, n being a natural number, and m slots for traffic
channel, m being a natural number, comprising:

a packet-switched data processing means for storing a packet-switched data to input
and output;

a packet-switched data separating means for directly outputting the packet-switched
data from said packet-switched data processing means and a control signal in transmission,
and for separatmg the packet-switched data and the control signal and outputting them to
input-output terminals of said packet-switched data processing means and the control signal
in reception;

a slot associating means, being connected with input-output terminals of said
packet-switched data processing means and for circuit-switched data, for inputting and
outputting calls to send and receive, and for associating TDMA slots with the calls to send

and receive;



It.1s hot nec ar to avoid a timng when a control channel is transmtted
because pack j Iﬂ ,ﬂl s transmtted using an idle TDVA slot until
all TDVA sl ot CUIt swi t cl?dd dat a. In addition, as a
nmodi fication exarrpl e o] e "above- mentioned method, a method consisting of
the foll ow ng steps can be contenplated. First, as far as nmultiple slot

groups exist, Wkt &RioRSroESinghest]s! Béil'lé CM&EJ‘%% 42l A0ta&Bci gtm%me%ns

packet - switched data ori ginates, an i1dle slot group i s assigne
packet - swi endhsad nmkat-mtdleddmsepmngems,ﬂ'ethssmniﬂmg and disaskembling tier e i s

aroup 15 souYBatEmdTOMA Brmes: tched data that may originate |ater, and

ngk'el'f)l_vgw_s![ 8}1635 %?%Et @hs ng‘q&or I g I:fgf%g&ilng'aﬁd %EMH% B EIRG Be bén %&?
received with the TDMA frame as an unit, which is connected with said time division
processing means; and

| a control means for having said packet-switched data processing means output a

packet-switched data which is stored therein to one of said packet-switched data separating
means and said slot associating means by indicating a slot timing which can be used for
packet switching and moreover for indicating a radio frequency to be used to said radio
sending and receiving means if a packet-switched data is generated, for transmitting the
packet-switched data using an idle slot among slots for traffic channel if outputting the
packet-switched data to said slot associating means, and for transmitting the packet-switched
data using an idle slot among slots for control channel if outputting the packet-switched data
to said packet-switched data separating means,

13. A radio terminal that receives a control signal being sent intermittently using a slot for
control channel and implements circuit-switched communication and packet-switched
communication according to (n+m) multiple TDMA communication mode whereby one
frame consists of n slots for control channel, n being a natural number, and m slots for traffic
channel, m being a natural number, comprising:

a packet-switched data processing means for storing a packet-switched data to input
and output;

~ a packet-switched data separating means for directly outputting the packet-switched

data from said packet-switched data processing means and a control signal in transmission
time, and for separating the packet-switched data and the control signal and outputting them
to input-output terminals of said packet-switched data processing means and the control
signal in reception time; _

a slot associating méans, being connected with input-output terminals of said
packet-switched data processing means and for circuit-switched data, for inputting and
outputting calls to send émd receive, and for associating TDMA slots with the calls to send

and receive;



Mor eover, ot her nethods may be contenpl ated accordi ng tomm\

I nvention, to control assignnent adaptively to traffic ofHMHWm
data, when a packet-switched data is genétated, by way of ol | [ y
group that can be used for the circuit-swtched data for the L s
packet-switched data if there is only one idle slot as explained with FIG
3 or by way of aEmegiNisign arotENdhgahedns Heirigitohfectdd with sid S16f 4sSbciftiRRGIns| S
al ways set for, ackeh- wi tched data as explained with FIG 1, or by a

he . a
conbi nat i o?Pdo?‘dtl??G% ~SWeched dap SRIRALInG eans fsiasseablipg paddisessemblingthe
assi gni ng Tﬁﬁﬂgg@ys%d% h@%ngata to an idle slot for traffic channel if a
e

packet-switc ata canno e assigned to a slot for control channel,and a
step of changiiogending dadtdcaivinganesns forRendisEidTe®&MNing fe chllerolRGAE maWi t ched
data to the slot for control channel fromthe slot Tor traffic channel when
there is agcsygdwith the TRMA: Game as anynits mbich is connected with saiditimediyvisint hough

the contr 8E jng frequency (axes of 41 a, 41b) and the packet
channel sgér ?‘%%H ?Aequétr?é&)l/ (axes of 42a, 42b) which are shown in FIG 2 are

di fferent fromsamirobinesss, fot Hatitig 8418 YAckERNitaHR8 dath ipkctessiiSh %@g;uta

s
enbodi ment, these frequencies may be identical to inplement the resent
i nvent i on.Paskefiswitshed,date whisch is sterefithateinito one of shidpackgtawitohiedodatd separating r ol

croel . ShirarBE s b B0 S BB el

Embodi mentpacket switching and moreover for indicating a radio frequency to be used to said radio
sending and receiving means if a packet-switched data is generated, for transmitting
packet-switched data using an idle siot among slots for traffic channel if outputting the
packet-switched data to said slot associating means, for transmitting packet-switched data
using an idle slot among slots for control channel if outputting the packet-switched data to
said packet-switched data separating means.

14. A system for data communication that implements circuit-switched communication and
packet-switched communication, comprising:

a radio base station according to claim 12;

a radio terminal that receives a control signal being sent intermittently from said radio
base station using a slot for control channel and implements circuit-switched communication
and packet-switched communication according to said {n+m) multiple TDMA
communication mode, comprising:

a packet-switched data processing means for storing a packet-switched data to
input and output;

a packet-switched data separating means for directly outputting the
packet-switched data from said packet-switched data processing means and a control signal in
transmission time, and for separating the packet-switched data and the control signal and
outputting them to input-output terminals of said packet-switched data processing means and
the control signal in reception time;

a slot associating means, being connected with input-output terminals of said

packet-switched data processing means and for circuit-switched data, for inputting and



FIG 4A is a block diagramwhich shows a structure of a radi o base station
I n a data conmuni cati on system accordi ng }Eo the present invention and FI G
4B is a bl ock di agram which shows a structure of a radio term nal which
comuni cates nutually with the radio base station in FIG 4A. The structure
of the radio base station in FIG 4A and the radio termnal in FIG 4B is
applied to %MMMﬁmdmmandcﬂ)r adsodiating TOMAslaié with eheTdallb\td sende i s
four and the,fir >t,slot is set as a control channel. The radi o base station
100 t hat |§ng %’\%ﬁ’?ﬂ FIG 4A.can provi de three traffic channels for
circuit-sw tched dat pt
for one slot group bglt%eglgglas the c ntroslfjﬁé: nne rr%tg%?lﬁeﬁ#our ﬁ
Radi 0 base means M&-m@dﬂampﬂamammm&ﬁmw&ﬁ&%bﬁ@méor
three ci r eyl &i,gﬂ one i nput -out put term nal 104 for the
packet-swl fEMES di vi sion proce55| ng part 120 t hat

assenbl es the data tla S ﬂdﬁﬁ&’i&ﬁ%ﬁlﬂ%ﬂéﬁfﬁ% diﬁmg nto a
TDMA frane and di sassgé%f,e% It I's ti I VI sIon roceSS| § pa?@gﬂb"

conposed f rsent\an&eecblvedtmﬂnhéWmfmhmtaspnm&ﬂnﬂgml@aﬁﬁecﬂeﬁ%ﬂﬂs%@ﬂﬂet I e
di vi si on miﬁtlgl e part
12 n processing means; and

a control means for having said packet-switched data processing means output
a packet-switched data which is stored therein to one of said packet-switched data separating
means and said slot associating means by indicating a slot timing which can be used for
packet switching and moreover for indicating a radio frequency to be used to said radio
sending and receiving means if a packet-switched data is generated, for transmitting
packet-switched data using an idle slot among slots for traffic channel if outputting the
packet-switched data to said slot associating means, and for transmitting packet-switched data
using an idle slot among slots for control channel if outputting the packet-switched data to
said packet-switched data separating means,

AR



113. The transm ssion packet that is inputted frominput-output term nal
104 is stored in packet-swi tched data processing part 106 until an
indication is provided fromcontrol part24108. The control signal to be
transmtted is inputted to separation part 150 for the packet-sw tched
data/control signal fromcontrol signal input-output termnal 105 at the

setting peNysReet@f thdBisQgit 0! channel and noreover is supplied to the first
sl ot processing part 109 through separation part 150 for the

packet -swi tched data/control signal. If there is a transm ssion packet that
is stored in packet-sw tched dat [ ocessi art 106, control part 108
first deterni nésgmmmwmw@ogmw Yothe pessent inyeption foF SAMVINE outAy

when thereg ks an. : : . Moyt al] L t 108 s an
i ndi cati o%a‘lthg pac ?ﬂkcﬁgé\nﬂ %ﬁgﬁﬁgyﬁyfgﬁlﬁsa ngh*ﬁ%@%%g&?gﬁ@&a‘put sgﬁ%}?or ed

t ransm ssicomnidation using thet TRMIACGNahiri¢atida Modt Gétwaden 4 radiorbi@ stdtidh and
corresponds to a timng of an idle slot for traffic channel, with which it

i s possi bimaultipleradip tqrminals, A isiie dot amgng slatsifon traffic channel isassgneddasai ssi on

Be descr BeaPEREHolfoliel Bl bt o gl I bCriciB NS 1R ] chlfipffg
for traff ilongam elramé aheteitl a ¢ntrol sigfal iy sot tdfsmiRad fo? a-peiérhied packeéttwitched

processing part 106 with_an indicatjon at a tinmng that corresponds to an

i dl e sl ot datanbpthivmethnd. By essigningan idleslotiameong slots for carriehekanpehpr ch i s
L ansm o POFCrREERed Bt S e oo it ol RIS TR 1

dat a/ cont r@byitkeiated comhnfifiRAkiah HRTHhE Phdkel-SRitHRA chidfruBRakeH, - SW t ched
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data/control signal, all transmtted data are forwarded to the first slot
processing part 109 just as it is. Therefore, the transm ssion packet is
i medi ately forwarded to the first slot processing part 109 and is assigned

to the idle slot of the first slot. In addition, in separation part
150 for the packet-sw tched data/control signal, if the inputted data is a
recei ved data, depending on whether it is packet-switched data or a control
signal, it is separated and outputted to either of packet-sw tched data

processing part 106 or input-output termnal 105 for the control signal.
Also, if using different frequencies depending on the case to send and
receive a control signal with the first slot of each TDVA franme and the
case to send and receive packet-switched data, control part 384 specifies
the frequency which radio part 114 should use. That is, when]|#sing
different frequencies, contrgol part 8 out putk an |nd|Aat|on to radio part
114 to change a frequency to the frequenc t he contnol sijgnal

i mredi ately before the timng to sm t htrol signal, and to change
the frequency to the freguen f e packet fommuni catjion fhat is
different fromthe freq Eﬁﬁﬁ for the fcontrol s|gnal inmediate¢ly after

transnmtting a control sign
.
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13. >

Sl ot associating part 107 has a switching function,
swi tches input/output of data and associ ates comruni cati on cal

whi ch

that is

i nputted and out putted through input-output termnals 101-103 and
packet -swi tched data processing part 106 with each TDVA sl ot to be sent and

recei ved according to the control

fourth slot processing parts 109-112, processing such as

assenbl i ng/ di sassenbling slots is i

mul tiple part 113, processi
I s acconpl i shed. Therafore,
sl ot associating part 107 i
each slot in the secon

nor eover is assenbl ed

part 113. Then, the T r
part 113 is changed into a

transnitted from antenna papt 11BS&ED

signal that is receiv by
mul tiple part 113 aftew bei
di sassenbled to data f ev
trace the course contr
the data is finally out
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signal fromcontrol part 108. In first to
pl emented. Then, in time di $&dion

g such a® asserddl i ng¥di sassemd i BWA franes
eachps cat¥on cpll t NS-déd1plitted to
t‘G"a‘c{z:taform cOrr ésponds to
Fourth st ¢t pr ocexsiy _parts T10- 112 |and
a form of |a TDVAERFSRE In tine di vi sifon mul tiple
She~that_ ils assenﬁfed‘?wh$+n£ di vési on nul tiple
rad|0n~3'J-hd n radio| part R I $

: On t he} ot hek g theSadio
ant en grt 115 is ipputted i @ vi sion
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On.the* ot her hand, the radio termnal 200 that is shown in FIG 4B has the
function which is approximately the sanme as that inplenented by each

el ement of the radio base station 100 of FIG 4A. The radio termnal 200 is
equi pped with input-output termnal 201 for circuit-sw tched data,

i nput - out put term nal 204 for packet-sw tched data, control signal

i nput -out put term nal 205, packet-sw tched data processing part 206, sl ot
associ ating part 207, control part 208, separation part 250 for

packet-sw tched data/control signal, time division processing 220 that
conprises first to fourth slot processing parts 209, 210, 211, 212 and
the tine division multiple party 213, radfo part 244, and antenn part 215.

Radi o term nal 200 receives thel control kignal that is trapsmtted from
radi o base station 100, l%nd confirnms thel pack hannel tofwhic
packet-switched data is et basjed on cont 51 gnal , apd then

i npl ement s packet communi Tl | f | two different frequencies for
transmtting both of the ccﬁﬁggl signal jand the packet-sw tched] data with
the slot for control channel for the control, rad|lo tef#iiapl 200 changes a
reception frequency in radio part 214 accordlggzz) the reception timng of
the control signal. In other 0 par 1 changes|a recgption
frequency to the sett|ﬁo . cont rol | channel o & setting
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14, frequency of the packet channel inmmedi ately before the reception
timng of the control signal according to the indication fromcontrol part
208, and changes the reception frequency to the packet channel setting
frequency fromthe control channel setting frequency inmediately after the
reception timng of the control signal. Radio term nal 200 al so has a
function to informa user about a condition of comunication by displ aying
at a nonitor or outputting a warnipg sound frgg caution part 260 by the

i ndi cation of control part 108, ifkgt is not g?ssible to assign the
packet - switched datg<that is inputt®d from input-output ternminal 204 for
packet-swi tched datgZto a slot foregsontrol chdnnel or a slot for traffic
channel within a predeternined ceniant time. zN ternatively, caution part
260 may be el i m nat ed. A8expl ai ned gbove, according to this
preferred enbodi nentds i f the sec%%%%to fourth=lots that are slots for
traffic channel havdSidle slots, se slots Eﬁn be used for

her<e isrunﬁdle sl ot necessity to

packet - swi t ched comggni cﬁtﬁ N,
change an assi gnnent_ of sljot to Cis-cui.t-swi tched co ni cation
originates, the packet-swiitghe i cation |[can be inplenented wth a
slot for the controﬁg hnel onge ' -8
= N 0 o /"8 —
— d <C
O I o —
O
= o
s = o
@ i
L \
. SES '
<t S =
. NJ__\_ — 0 o=z
(:) o =2, Ws
i =L5L=2 9
b — e A —
& o 0o =D -
~— Ll <C <C = <C S
wna.a. N
L‘ y ﬁ _
=)
P~ [a
=N 1YYd QNI.LVIOBg_SIg =
8=
A A ]
y y v Y
5 5 )
- | B2 |52 |Be |52
N~_] = —1r— N =
=2 fef |28 =8
= Eo=]|EE e
22 |1 22Z|S0= =2
EQ.CL oo %53‘_ L. Q.0
:kfz' IL: t\s Ik%
m aa—
——7114Vd JTdILTNW NOISIAIQ FWIL
i
q-
= L4Vd OIQVY (=

|

‘<;5‘115

This Sheet Has Been Replaced

AR RN




Furt hernore, although the second to fourth slots that are slots for traffic
channel are assigned primarily for the packet-switched data if there is an
idle slot for traffic channel to inplenment packet sw tching type

conmmuni cation in this preferred enbodi nent, by changing the contents of
control of the control part 108 and 208 and using a simlar structure with
this enbodinment, it is pghsible to assign packet-switched data primarily to
the first slot that is aaslot for control channel. Al though the structure
of the above-nenti oned eéodi rrentf_:i s desi gné for a conmuni cati on system of
the four-channel nultipl& TDVA cqBnuni cati orf2node using three traffic
channel s and one control “Channel ,~t he nunber“f each channel is not

necessarily limted to this ex , €.g., tge nunber of the control
channel s can be set to egual ta.n.r:'n_a nor e t haraet wo. In addition, the
correspondence rel ation achcHLructure tHgt is explained in the third
preferred embodi ment and3&h efegient that | be described in clains is
as foll ows. Packetg- swi t chgd data procgssi ng neans: 3 cket - swi t ched
data processing part 106, 206 E;;gacket- wi t ched dat a“Separating neans:
Separation part 150 for pgack —ehed datajcontrol signal, Separation
part 250 for packet-sw tghed|dat a/lgo%trol Si 8 Sl ot associ ati ng
means: sl ot associating part |17, a20f ~N
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15. iy Ti me division processing nmeans: time division processing part

120, 220 Radi o sending and receiving neans: a respective conbination
of radio part 114,214 and antenna part 115, 215 Control neans:
control part 108, 208 According to the present invention as

expl ai ned above, a packet-switched data that is generated is assigned to an
idle sl ot anong slots for control channel in order. Therefore, in data
comuni cation wherein circuit-switched data and packet-sw tched data are
set via a tine division radio link, the probability of occurrence of
call-loss at the tine when a circuit-switched data is newy geR rated can
be reduced. Moreover, the packet-switched data can be efficien E§ set, and
it is possible to be realized for a data communi cati ons met hod|&dd systen1
for circuit-sw tched communi cati on and packet-sw tched comruni ¢ation to be

efficiently interm ngled. A A
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16 YWat is clained is: 1. A nethod for data comruni cati on wherein
circuit-swi tched communi cati on and packet-sw tched communi cation is

i npl emented according to (n+m nultiple TDVMA comruni cati on node whereby one
frame consists of n slots for control channel and mslots for traffic
channel, n and m being natural nunbers, and a control signal is transmtted
intermttently using a slot for control channel, which conprises the steps

of : assigning sequentially a generated circuit-switched data to an
idle slot anong slots for traffic channel; and assigning a
generated packet-switched data to an idle slot anong slots for fgmtrol
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channel , which belong tofa frame wherein a‘control signal is %hbttooo%-4"
transm-t ed. 2. A nethod for data communication wherein circuit-sw.tched
conmuni cation and packet-sw tched conmmunication is inplemented according to
(n+m nultiple TDVA comuni cati on node whereby one frame consists of n
slots for control channel and mslots for traffic channel, n and m bei ng
nat ural nunbers, and a control signal ,i,s transmtted intermttently using a
slot for control channel, which conprises the steps of: if a
packet-swi tched data is generated when an idle slot does not exist at each
slot for traffic channel, assigning said generated packet-swtched data to
a slot for control channel, which belongs to a frane wherein a control

signal is not transmttefithop anp SvbTRM 'F%'Regilrﬂt cBithBlEcAr1GRCh sl ot Tor
traffic channel, assigning sai d generate nd a

gener at ed CIrCUIt switched data to the |dIe slot; and I f a
circuit-switched data is generated when a packet-smﬁtched data i s assigned
to a slot for traffic channel and noreover an idle slot. does not exist at
each slot for traffic channel, after again assigning the packet-sw tched
data t hat AbstErstehthe Pisclospree slot for traffic channel to a slot for control
channel of a frame wherein a control signal is not transmtted, assigning
the circuit-switched data to an idle slot of each slot for traffic channel

A data communication method is provided by the present invention for carrying out a
nmﬁoconunmﬁaﬂhn:byﬁMeuﬂhgﬁngcﬁc&ﬁ4wﬁtmedcmﬁnmmkmﬁonandpmﬂmmsv&mmcd
communication using the TDMA communication mode between a radio base station and
multiple radio terminals. An idle slot among slots for traffic channel is assigned for a
generated circuit-switched data in order, and an idle slot among slots for control channel that
belongs to a frame wherein a control signal is not transmitted for a generated packet-switched
data, by this method. By assigning an idle slot among slots for control channel for _
packet-switched data, this method allows intermingling with the good efficiency of the

circuit-switched communication and the packet-switched communication,




3. A nethod for data conttuni cation according to claim2, wherein

after assigning a generated packet-switched data to an idle slot when an
idle slot exists at each slot for traffic channel,
packet-swi tched data is generated, assigning the
17 packet-sw tched data of the latter to a conmon slot for traffic
channel which is assigned for the packet-sw tched data of the forner; and
if a circuit-switched data is generated when a packet-switched data is

assigned for each slot for traffic channel
not exist at each slot for traffic channel,

i f anot her

and noreover an idle slot does
after again assigning al

packet-switched data that is identically assigned to each slot for traffic
channel to a slot for control channel of a frame wherein a control signa
is not transmtted, assigning the circuit-switched data to a

each slot for traffic channel
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4. A radio base station that transmits a cont rol—signal intermttently

using a slot for control channel and inplenents circuit-swtched

comuni cati on and packet-swi tched comuni cat i on Tais Skeetdag agedm) nul tiple
TDVA communi cati on node whereby one frane consi st or contr ol
channel, n being a natural nunber, and m sl ots fo nel , m being
a natural nunber, conpri sing: —Aeans for broadcasti ng a radi o
frequency and a sl ot nunber which can be used for packet switching using a
control signal; - means for assigning a packet-switched data to the
radio frequency to deternmne a packet channel setting frequencyjuexcept an
excl usi ve use radi o frequengcy for sa d contr ol s&'gnal to determ & a
control channel settin frequencv i vipg priiority tojthe dpka, at a
transmission timng ok slot|s forfEgh channel|, bas| Fe fadio
frequency and the sl ot‘kI nunter’y\mm aid bryadcgsting S i nd| cates when

t he packet-sw tched da - :_'-.;;-:"'rreans fer chapging a

transm ssi on frequency C ehiglab t i ng frequency fromsaid
packet channel setting freduencyJj before a tfransni-sst b)a-ﬁl nng of a
aid

control signal and changing the [EF&ibwigsi on frequenc backet
channel setting frequency flrom sai d tontrol channel serti —frefiency
i medi ately after theﬁransm SSIEI'I:‘ m ng ei saild conEf:si ghajf .
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5. A radio base station dccording to claim4, further conprising a neans
for transmtting a plurality of packet-svm'tﬁed data by nmuttipl ex
transmission using idle slots for control chagps héetHasBe 6 A radi o base

station according to claim5, further conprisi %SSI gning a
packet-switched data to an idle slot for traff Umﬂﬂ fla slot for
control channel cannot be assigned fofthe pac ata, and for
changi ng the assigned slot for the packet- svvltched data to a slot for
control channel fromthe slot for traffic channel at the tinme when the slot
for control channel becones idle. 7. Aradio base station that transmts
a control signal intermttently using a slot for control i
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channel and inpl ements ci'rcuit-swtched comunication and packet swi t ched

comunication according to (n+n) multiple TDMA conmuni cati on node—wher eby
one-frame consists of n slots for control channel, nTResRg raI
nunber, and mslots for traffic channel, m being a na ! :

conpri si ng: means for broadcasting a radio fre%m ﬁ"ﬂl ot
nunber which can be used for packet s¥itching using a

nmeans for assigning a packet-switched data to a slot for traffic channel,
with giving priority to the data, when the packet-swi tched data is

gener at ed,; means for changing the assigned slot for the
packet-switched data to a slot for control channel fromthe slot for
traffic channel and assigning a cigeuit-switcigbd data to an idle slot for
traffic channel based on the radi o requency gwd t he sl ot nunber that are
I ndi cated by said br8adcasting nea®s if ther s no idle slot anong slots
for traffic channel é,hen the circug-sw tched data i s generated. 8. A
radio termnal for iRplenenting gtiruit-sw t cged communi cation and

packet - swi t ched comni cation wi Eh&h radio ba@e station defined in one of
claims 4, 5, 6, and conprisi n23 meag for inplenenting

packet - swi t ched corrﬁnl cation usPngPa radi o f&equency and a sl ot nunber by
confirm ng the radi &fr dgde cy an & sl ot ndmber whi ct8tan be used for
packet sw tching wh|,_c;h re assigngd based on g control stgnal which is
intermttently
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transmitted fromthe radi'o base station; and means for changing a

receivi'ng frequency to said control channel setting fregueneyfromsaid _
packet channel setting frequency just before a receivi ng ti m ng of a

control signal and changing the receiving frequency to s H Hxaemnhﬁml
setting frequency fromsaid control channel setting frequ Loigit [

after a receiving timng of said contBal signal. '

19 9. Aradio terminalghat inplenents circuit-swi tched com‘rum and
packet - swi t ched comuni cgtion with a radio base station defined in one of
clains 4, 5, 6, and 7, cghprisings rr%nsfor I mpl enenti ng

packet - swi t ched comruni cetion usicng a radi o &requency and a slot nunber by
confirmng the radio fre%ency arffd the sl ot Gaunber which can be used for
packet swi tching which age assigfgd based on_a control signal which is
intermttently transmttgzl frormtae radi o bdge station;
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means for changing a receiving frequency to said control channel setting

frequency from sai d packet channel setting freguency just—before a
receiving timng of a control signal and changi '~E e re e|V| g frequency

to said packet channel setting frequency fro : f nnel setting
frequency imedi ately after a receiving timng E.- signal ; and
means for indicating a condition that6a packet cannot be

assi gned, by means of one of a nonitor display or a sound device, if the
packet -swi tched data cannot be assigned within a predeterm ned period of

tinme. 10. A systemfor data communication that inplenents
circuit-switched communi cati on and packet-sw tched conmuni cati on
conpri si ng: a radi o base station defined in one of clains 4, 5, 6,

and 7; and a radio termnal that conprising: Y neans
for inplenmenting packet-sw tched comunication using a radi o ffequency and
a slot nunber by confirmng the radio frequency and the slot nunber which
can be used for packet smﬁtchlng whi chiare a53|qped based on al contr ol
signal which is intermttently transnlited Ezzzzsald radifo basge station;
and means for ,@gnq ng rec g frequency to} said control
channel setting frequency frofpssaijd pagket chanrlel setting frepguency just
before a receiadng timn 2 l,#

.
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FIG.5 (PRIOR ART
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control signal and changi'ng t he receiving frequency to said packet channel
setting frequency fromsaid control channel setting frequency i mredi ately

aftér a rece|V|ng tTmng—ef—said control signal. 11. A,system f'or data-
comuni cat i onyt | enents circuit-swtched connunlcatlon and

placed
packet - swi t chegmig , conpr|5|ng a radi o base station
defined in one f‘ ¥ ¥4 5 6, and.Z; and : a radio
term nal which (i 18 means for inplenenting.

packet - swi t ched connunlcatlon using a radio frequency and a s¥&t - ‘Humber by
confirmng the radio frequency and the sl ot nunber which
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can bé used for packet swi tching which are assigned based onxg ontrd%
sirgnal which is intermttently transmtted fromsaid radi o base station;
nmeans for changing a receiving frequency to said control channel setting
frequency from sai d packet channel sett#hg frequency just before a
receiving timng of a control signal and changing the receiving frequency
to said mﬂ!@@ m@nsmmmtmmg)mpemmmmbmﬂosal d control channel setting
f r equencyAbstaet ‘ i g of said control signal; and
means for |nd|cat|ng a condltlon t hat a packet - swi t ched data cannot be
assi gned, by means of one of a nonitor display or a sound device, if the

Pime. 12, A PR OpaRRghioR Foll AR bl e SR ER i B

intermttgaid dbnﬁﬁllltﬁ@m@n%'Qﬁteﬁlﬁﬁglﬁ%ﬁﬁ:ﬁﬂt—sﬁh&wd@onﬁﬂﬂndaﬁbh andpdcket-switched
circuit-swi tched communi cati on and packet-sw tched conmmuni cati on accordi ng

to (n+m mmmuwp@twnmmgdbﬁm mepgnigeinn mpds bebyeenfaadiobase ddtiesiands of n

raftic TR Adgtaaiags aAﬁé@g‘fféPatﬁa\%"S%&s?%W@#ﬂﬁaﬁ%’aﬂﬁ@@%ﬁ 2
packet - Swpdrehesl GHthA-siteREINEh 18 oRba ndl=ardIE kot AMBngsIoR Shelontyl dhiahed dskat a t o
i nput and out put ; a packet-sw tched data separating neans for

direct!|y belopgsito a@mehrdlepan Reonteolisignalds not transmitted for a generated packet-switched
data, by this method. By assigning an idle slot among slots for control channel for

packet-switched data, this method allows intermingling with the good efficiency of the

circuit-switched communication and the packet-switched communication.

Fig 1

REPLACEMENT SHEET
0 1 APR 1997




data from sai d packet-sw tched data processing neans and a control signa
in transnission, and for separating the packet-sw tched data and the
control signal and outputting themto input-output termnals of said
packet -swi tched data processing neans and the control signal in reception;
a slot associating neans, being conneetked-wth input-output term nals of
sai d packet-sw tched data processing neans and for circuit-sw tched data,
for inputting and outputting calls to send and receive, and for associating
TDVA slots with the calls to send and receive; atine

di vi si on processing neans, being connected with said slot associating nmeans
and sai d packet-switched data separating neans, for assenbling and

di sassenbling the TDVA sl ots and TDMA franes;
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a radio sending and receiving neans for sending and receiving the calls to
be sent and received with the TDVA frame as an unit, which is connected
with said time division processing neans; and a control neans for
havi ng sai d packet-sw tched data processi ng neans out put a packet-sw tched
data which is stored therein to one of 8atd packet-sw tched data separating
nmeans and said slot associating nmeans by indicating a slot timng which can
be used for packet switching and noreover for indicating a radi,o frequency
to be used to said radio sending and receiving ans if pack&t=sw t ched
data is generated, for tr#hsnitting he packet-fw tched ta ugimlg an idle

slot anmong slots for rafflic chEpmeE o oufputt|ng t & - gwi t ched data
to said slot associaty ng ans,“:"fcﬁ*trﬁfsnitting paE?et-smﬁtched
data using an idle slégggggngfsrbts for condrallchanmel iff outputting the
packet - swi t ched data i d packet {swi t cheds¥at a separat|i ng neans. 13. A
radi o term nal that receivé?“a~sonL[ol si gnal bé?hg~senL~i ermttently
using a slot for control channe rrL:gplenents circe® i Tched
conmmuni cation and packet-sw t che ni cati on| accoken _La4ﬁﬁ&@ mul tiple
TDMVA comuni cation npde wher eby~onedfranme consipts ofn gl ots & contro
channel , n being a nafural| nun : for traffijc chanpnel, m being

a natural nunber, compyisijng.--==~ v t chee—tt a prgcessi ng
means for storing a p -swi tched Ut
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and out put; a packet-swi tched data separating neans for directly
out putting the packet-swi tched data from said packet-sw tched data

processi ng neans and a control signal in transm ssion tine, and for

separating the packet-switched data and the control
themto input-output termnals of said paeket-sw tched data processing
nmeans and the control signal in receptioh tineg;
means, being connected with input-output term nals of said packet-sw tched
data processing nmeans and for circuit-switched data, for inputting and

outputting calls to send and receive, and for associating T Hots with
atime divisio ;processing

the calls to send and receive;

means, being connected with sg d slot gssociating means
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and sai d packet-sw tched data separating neans, for assenbling and
disassenbling the TDWVA slots and TDVA franes; a radio sending and

recei ving means for sending and receiving the calls to be sent and

received with the TDVA frame as an unit, which is connected with said tine
di vision processing neans; and - 4a-control neans, for having said
packet - swi t ched data processi ng neans out put a packet-sw tched data which
is stored therein to one of said packet-sw tched data separating nmeans and
sai d sl ot associating means by indgkcating a sfot tining which can be used
for packet switching and noreover Efor i ndi caggng a radio frequency to be
used to said radioigbnding and re&®iving .nea I f a packet-switched data is
generated, for tranSmtting packetaswi tched géta using an idle slot anong
slots for traffic ghannel if ou&phﬁting t'he g@cket-swi tched data to said

sl ot associ ating ns, for tragfPtting packet-switched data using an idle
sl ot anong slots fabd control chégggl i f outp@ting the packet-swi tched data
to said packet-smﬁﬁﬁhed dat a segarati ng neans? 14. A system for data

communi cati on that FEnpl r*ts ci rieuitswi t chefl communi ¢ C]i on and
packet - swi t ched conmuni tatijon, c ri«si ng: a radio base station
according to clai m%Z; araoarg term na t‘_gat recei ves a control
si gnal being sent i ifttlenfly from said raphr@
N |8 BRI
(3 T a
(&)
= o
= =
T 2 2
—_ ~
2 l ¥ K
258
< 3 aca =
— = o
NN oS 88
— a2 WwoOX< =
— <L =X <C= =
LL( o aO——O
— LU <C <C == <C
noansSy S
Y Y * —
o
5] 18Vd ONILVIOOSSY | =
- 1018 ==
Oas
4 L} K]
¥ Yy _ ¥ vy
= =
o | 192 |52 |z |52
S~ 125 33 (|25 |93
=43 Had 128 -
e Oh— “QPH%OP LI
== bt k= ==
CEZ||Faa | B waa
t(ﬁ II:: I\S IL%’
e
——1114¥d F1dI1INW NOISIAIQ 3IWIL
4
o Y
— <t
= = L4vd 0IGYY fe R
> : T

01 APR 1997



base station using a slot for control channel and inplenents
circuit-switched communi cati on and packet-sw tched conmuni cati on accordi ng
to said (ntm nultiple TDMA conmuni cati on node, conpri sing:
a packet-swi tched data processing neans for storing a packet-sw tched data
to i nput and output; a-packet - swi tched data separating neans
for directly outputting _the packet-sw tthed data from sai d packet-sw tched
data processi ng neans afffl a control si gnal in transm ssion tine, and for
separating the packet-s@tched dgta and t heztontrol signal and outputting
themto input-output tefgnals dfz sai d pack® -switched data processing
nmeans and the control s@nal I N eception ty-ne; a sl ot
associ ati ng neans, being connected with i np‘ﬁ-out put term nals of said
packet -sw t ched data prg:.;cessi ng.%eans and fgf circuit-switched data, for
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outputting calls to send and receive, and for associating TDVA slots with
the calls to send and receive; a time division processing
nmeans, being connected with said slot associating neans and said
packet -swi tched data separati ng neans, for assenbling and di sassenbling the
TDVA sl ots and TDVA franes; - 6 - aradio sending and receiving
means for sending and receiving the calls to be sent and received with the
TDVA frane as an unit, which is connected with said tinme division
processi ng neans; and a control neans for having said
packet-swi tched data processi ng neans output a packet-sw tched data which
is stored therein to one of said packet-sw tched data separat i nmeans and
said slot associating means by indicating a slot timng which n be used
for packet switching and noreover for indicating a radio freqydmncy to be
used to said radio sending and receivijng neans Lf a packet-swijtched data is
generated, for transmtting gacket-smﬁ ched _dat® using aE idl g slot anong
slots for traffic channel if |outputting th Ket-switclhed data to said-
sl ot associ ati ng neans, and f|& t 'tti ng patket-swit¢hed data using an
idle slot among slots foERgyr ol nel if outputting fhe packet-sw tched
data to sai dEp.qcket-svx,it Hed-dat a separating megans. -
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