
TITLE OF THE INVENTION DATA LINK TRANSMISSION CONTROL METHODS, MOBILE
COMMUNICATION SYSTEMS, BASE STATIONS, MOBILE STATIONS,  5 MOBILE STATION
CONTROL PROGRAMS, AND COMPUTER-READABLE  RECORDING MEDIA BACKGROUND OF THE
INVENTION  Field of the Invention 10 The present invention relates to data
link  transmission control methods, mobile communication  systems, base
stations, mobile stations, mobile station  control programs, and
computer-readable recording media 15 and, more particularly, to data link
transmission control  methods of performing data link transmission control
comprising automatic repeat request control for  transmission/reception of a
packet between a mobile  station and a plurality of base stations, mobile 20
communication systems comprised of a mobile station and  a plurality of base
stations and configured to perform  transmission/reception of information
through a packet,  base stations and mobile stations making up a mobile
communication system, mobile station control programs to 25 be executed by a
computer mounted on a mobile station,  and 1 computer-readable recording
media.  Related Background Art 



Fig. 1 and Fig. 2 are an example of a block diagram  and a flowchart for
illustrating a data link transmission  5 control method comprising automatic
repeat request control in a conventional mobile communication system.  At a
base station 2, a data link transmission control  unit 3 first accepts a
packet from a network 1 at an arrow  T1 in Fig. 2 and executes the data link
transmission 10 control while performing the automatic repeat request
control. The data link transmission control unit 3 adds  a packet number for
enabling identification of the input  packet, to the packet and further adds
to the packet parity  capable of error detection such as CRC (cyclic
redundancy 15 check) or the like in order to detect an error made during
transmission. Thereafter, the packet is stored and is fed  through a
switching unit 4 to a transmitter/receiver 5.  Then the transmitter/receiver
5 modulates the packet into  a transmitting signal and then sends the
transmitting 20 signal through a base station antenna 6 to a mobile station
31 (at an arrow T2 in Fig. 2). On the other hand, at the mobile station 31,
a  transmitter/receiver 33 receives the signal through a  mobile station
antenna 32 and thereafter outputs the 25 received packet to a data link
transmission control unit  34 to execute the data link transmission control
2 comprising the automatic repeat request control. The data  link
transmission control unit 34 performs error  



detection using the parity added to the input packet. When  the error
detection ends in finding an error in the packet, 5 the data link
transmission control unit 34 transmits a  NACK (Negative Acknowledgment)
signal to the base station  2, thereby notifying the data link transmission
control  unit 3 of the base station 2 of a repeat request for
retransmission of the packet (at an arrow T3 in Fig, 2) 10 Then the data
link transmission control unit 3 retransmits  the packet according to the
repeat request (at an arrow  T4 in Fig. 2). When there is no error found in
the packet, the data  link transmission control unit 34 outputs the packet
from  15 a data input/output terminal 35 and transmits an ACK
(Acknowledgment) signal to the base station 2, thereby  notifying the data
link transmission control unit 3 of the  base station 2 of an acknowledgment
of arrival of the  packet (at an arrow T5 in Fig. 2). Then the data link 20
transmission control unit 3 deletes the packet with the  packet number
stored for retransmission. Now, suppose the mobile station 31 has moved so
as  to deteriorate the communication quality with the base  station 2 having
been communicating heretofore with the 25 mobile station 31 and improve the
communication quality  with another base station 12. Then the mobile station
31 3 sends a request for change of the communicating base  station through
the base station 12 to the base station  



2 (at arrows T6 and T7 in Fig. 2). In response to the  request, the data
link transmission control unit 3 of the 5 base station 2 changes the
connection of the switching  unit 4 from the transmitter/receiver 5 to the
network 1  whereby a packet subjected to the automatic repeat request
control can be transferred to the new base station 12 (at  arrows Te and T9
in Fig. 2) Then control is executed so 10 as to output the packet through
the switching unit 14 to  the transmitter/receiver 15 without executing the
automatic repeat request control at the data link  transmission control unit
13 of the base station 12 (at  an arrow T10 in Fig. 2).  15 Since this
method is configured to let the single  data link transmission control unit
3 continuously  execute the automatic repeat request control,  irrespective
of the change of the communicating base  station (at arrows T8 to T16 in
Fig. 2), it is feasible 20 to implement the packet transmission without
reset of the  packet number at every change of the base station as a
communicating station. Even if the communicating station is further changed
to the base station 22 distant from the base station 2,  25 the packet
transmission can be performed under execution of the automatic repeat
request control by the above  4 method.  Concerning the handover in the
conventional mobile 



communication systems, as described in Japanese Patent  Application
Laid-Open Gazette No. Hei.10-136426, a  5 virtual zone control apparatus was
employed to perform changeover between base stations upon handover, so as to
decrease the handover control amount in the small radio  zone scheme and
reduce the hit (instantaneous  interruption) time of communication line. 10
In the data link transmission control method in the  conventional mobile
communication systems as described  above, however, since the data link
transmission control  unit 3 of the base station 2 having started the
sequential  packet transmission intensively performs the data link 15
transmission comprising the automatic repeat request  control, irrespective
of the movement of the mobile  station, the transmission delay time of a
packet increases  with movement of the mobile station because of increase
of transfer of the packet between base stations after the 20 data link
transmission control. This increase of the  transmission delay time posed a
problem of degradation of  throughput. As described above, the data link
transmission  control method in the conventional mobile communication  25
systems was ready for mobility of the mobile station by the configuration
wherein the single base station  5 performed the data link transmission
control comprising  the automatic repeat request control even on the
occasion  



of movement of the mobile station into a cell of another  base station, but
had the problem of degradation of 5 throughput due to the increase of the
transmission delay  time. There is another known technique of providing a
line  control station for control of retransmission separately  from the
base stations in the mobile communication system 10 in order to reduce the
load on exchanges in the network  (e.g., as also described in foregoing
Japanese Patent  Application Laid-Open Gazette No. Hei.i0-136426). In this
technique, however, a packet coning from the  network first arrives at the
line control station, and the  15 line control station produces a copy of
the packet and delivers it to a packet-delivered rase station- The
packet-delivered base station has received a signal  designating a base
station to transmit the packet, from  the mobile station. Then the
packet-delivered base 20 station determines whether the base station itself
should  transmit the packet, based on the mentioned signal. When  the
packet-delivered base station determines that the  base station itself
should transmit the packet, it  transmits the packet to the mobile station.
When at this 25 time there occurs an error, in the packet received by the
mobile station, the mobile station sends a request for  6 retransmission of
the packet via the base station to the  line control station. Since the
packet was not  



retransmitted from the base station, but was  retransmitted from the line
control station as described 5 above, there was the problem that the delay
time increased  for retransmission and the traffic volume increased  between
the line control station and the base station. On the other hand, the system
described in the  foregoing Japanese Patent Application Laid-Open Gazette
10 No. Hei.10-136426 decreased the handover control amount but still
required the time of each handover and  retransmission equivalent to or more
than that before,  thus raising the problem of interruption of
communication. 15 SUMMARY OF THE INVENTION The present invention has been
accomplished in  order to solve the above problems and an object of the
present invention is to provide data link transmission  control methods,
mobile communication systems, base 20 stations, mobile stations, mobile
station control  programs, and computer-readable recording media capable  of
decreasing the transmission delay time of a packet to  increase the
throughput and enhance the performance of  the entire system while adapting
to movement of the mobile  25 station. In order to solve the above problems,
a data link  7 transmission control method according to the present
invention is a data link transmission control method of  



performing data link transmission control comprising  automatic repeat
request control for 5 transmission/reception of a packet between a mobile
station and a plurality of base stations, wherein when  during connection
with a first base station, the mobile  station sends a request for
connection with a second base  station to the first base station, the first
base station 10 transfers data link transmission control information to  the
second base station. A mobile communication system according to the  present
invention is a mobile communication system  comprising a mobile station and
a plurality of base 15 stations and configured to perform
transmission/reception of information through a packet,  wherein the mobile
sLation comprises: mobile station  transmission control means for performing
data link  transmission control comprising automatic repeat request 20
control for transmission/reception of a packet to or from  the base station;
and connection request means for issuing  a request for connection with a
base station as a  communicating station; wherein each the base station
comprises: base station transmission control means for 25 performing data
link transmission control comprising  automatic repeat request control for
II  8 transmission/reception of a packet to or from the mobile  



station; and transferring means for transferring data  link transmission
control information to a second base  station, wherein when the base station
transmission 5 control means receives a request for connection with a
second base station from the mobile station, the base  station transmission
control means makes the transferring  means transfer the data link
transmission control  information to the second base station. 10 A data link
transmission control apparatus  according to the present invention is a data
link  transmission control apparatus mounted on a base station  for
performing transmission/reception of information  through a packet to or
from a mobile station, comprising: i5 transferring means for transferring to
a second base  station, data link transmission control information about
data link transmission control comprising automatic  repeat request control
for transmission/reception of a  packet; and base station transmission
control means for, 20 when receiving a request for connection with the
second  base station from the mobile station, making the  transferring means
transfer the data link transmission  control information to the second base
station. Since the technical idea is common to the invention  25 associated
with these data link transmission control  method, mobile communication
system, and data link  9 transmission control apparatus, the operation and
effect  



will be described below on the basis of the invention  associated with the
data link transmission control  method. 5 The data link transmission control
method according  to the present invention is a method of performing the
data  link transmission control comprising the automatic repeat  request
control for transmission/reception of a packet  between the mobile station
and a plurality of base 10 stations. When the mobile station issues a
request for  connection with a second base station during connection  with a
first base station, the first base station  transfers the data link
transmission control information  about the data link transmission control
comprising the 15 automatic repeat request control for
transmission/reception of the packet, to the second base  station. This
causes the serial data link transmission  control information to be
transferred between the base  stations performing the data link transmission
control in 20 accordance with movement of the mobile station, and the  new
base station succeeds to the data link transmission  control to perform
retransmission of only a packet with  a negative acknowledgment. For this
reason, when compared with the conventional  25 configuration wherein one
base station continuously  performs the data link transmission control, the
method  10 according to the present invention can avoid the increase  



of the transmission delay time of packet due to the  increase of transfer of
packet between base stations and  thus can decrease the transmission delay
time of packet 5 to increase the throughput and enhance the performance of
the entire system while adapting to movement of the mobile  station. In the
data link transmission control method  according to the present invention as
described above, the  10 first base station may transfer the data link
transmission control information to the second base station at the same
timing as the transfer timing of the packet addressed to  the mobile
station, to the second base station or may be  transferred to the second
base station at a timing l5 different from the transfer timing of the packet
addressed  to the mobile station. Namely, the mobile communication system
according  to the present invention can be configured so that the
transferring means provided at the base stations also 20 transfers a packet
addressed to the mobile station to the  second base station and the base
station transmission  control means makes the transferring means transfer
the  data link transmission control information to the second  base station
at the timing identical with or different 25 from the transfer timing of the
packet addressed to the  mobile station to the second base station. The data
link  11 transmission control apparatus according to the present  



invention can also be configured so that the transferring  means also
transfers a packet addressed to the mobile  station to the second base
station and the base station 5 transmission control means makes the
transferring means  transfer the data link transmission control information
to the second base station at the timing identical with  or different from
the transfer timing of the packet  addressed to the mobile station to the
second base  10 station. The data link transmission control method according
Co the present invention is desirably configured so that  when the first
base station as an originating station for  transfer receives a packet
addressed to the mobile station 15 after having transferred to the second
base station the  data link transmission control information about the
mobile station, or the packet addressed to the mobile  station and the data
link transmission control  information on the basis of the request for
connection 20 with the second base station from the mobile station, the
first base station transfers the received packet to the  second base
station. The mobile communication system  according to the present invention
is also desirably  configured so that when the base station transmission 25
control means provided at the base stations receives a  packet addressed to
the mobile station after having made  12 the transferring means transfer the
data link  



transmission control information about the mobile station,  or the packet
addressed to the mobile station and the data  link transmission control
information to the second base 5 station on the basis of the request for
connection with  the second base station from the mobile station, the base
station transmission control means makes the transferring  means transfer
the received packet to the second base  station. The data link transmission
control apparatus 10 according to the present invention is also desirably
configured so that when the base station transmission  control means
receives a packet addressed to the mobile  station after having made the
transferring means transfer  the data link transmission control information.
about the 15 mobile station, or the packet addressed to the mobile  station
and the data link transmission control  information to the second base
station on the basis of the  request for connection with the second base
station from  the mobile station, the base station transmission control 20
means makes the transferring means transfer the received  packet to the
second base station. In this case, when a packet addressed to the mobile
station is received at the first base station (the old base  station) after
the transfer to the second base station, 25 it can be perfectly transferred
to the second base station  and thus the handover of the data link
transmission  13 control can be executed more securely between the base  



stations, which can enhance reliability of the data link  transmission
control. In the data link transmission control method  5 according to the
present invention, desirably, when the  second :base station as a new base
station receives a packet  addressed to the mobile station between a time
immediately  after the request for connection with the second base  station
from the mobile station and a time of reception 10 of the data link
transmission control information about  the mobile station, or the packet
addressed to the mobile  station and the data link transmission control
information from the first base station, the second base  station stores the
received packet in a memory. In the 15 mG ile communication system according
to the present  invention, desirably, when the base station transmission
control means provided at the base stations receives a  packet addressed to
the mobile station between a time  immediately after the request for
connection with the base 20 station from the mobile station and a time of
reception  of the data link transmission control information about  the
mobile station, or the packet addressed to the mobile  station and the data
link transmission control  information from a base station previously
connected with 25 the mobile station, the base station transmission control
means stores the received packet in a memory. In the data  14 link
transmission control apparatus according to the  



present invention, desirably, when the base station  transmission control
means receives a packet addressed to  the mobile station between a time
immediately after the 5 request for connection with the base station
equipped with  the data link transmission control apparatus, from the
mobile station and a time of reception of the data link  transmission
control information about the mobile station,  or the packet addressed to
the mobile station and the data 10 link transmission control information
from a base station  previously connected with the mobile station, the base
station transmission control means stores the received  packet in a memory.
In this case, when the second base station as a new  15 base station
receives a packet addressed to the mobile  station between the time
immediately after the connection  request for connection with the second
base station from  the mobile station and the time of reception of the data
link transmission control information about the mobile 20 station, or the
packet addressed to the mobile station and  the data link transmission
control information from the  first base station, the packet is stored in
the memory  without being discarded at the second base station.  Therefore,
the handover of data link transmission control 25 can be performed more
securely between the base stations,  which can enhance the reliability of
data link  15 transmission control. 



In the data link transmission control method  according to the present
invention, desirably, when the  second base station as a new base station
receives a repeat 5 request for retransmission of a packet from the mobile
station and has not received the packet addressed to the  mobile station
from the first base station yet, the second  base station transmits a
transfer request for, transfer of  the packet addressed to the mobile
station, to the first 10 base station. In the mobile communication system
according to the present invention, desirably, when the  base station
transmission control means provided at the  base stations receives a repeat
request for  retransmission of a packet from the mobile station and has 1,5
not received the packet addressed to the mobile station  from the previously
connected base station yet, the base  station transmission control means
transmits a transfer  request for transfer of the packet addressed to the
mobile  station, to the previously connected base station. In the 20 data
link transmission control apparatus according to the  present invention,
desirably, when the base station  transmission control means receives a
repeat request for  retransmission of a packet from the mobile station and
has  not received the packet addressed to the mobile station 25 from the
previously connected base station yet, the base  station transmission
control means transmits a transfer  16 request for transfer of the packet
addressed to the mobile  



station, to the previously connected base station. In this case, when the
second base station as a new  base station receives a repeat request for
retransmission  5 of a packet from the mobile station but has not received
the racket addressed to the mobile station from the first  base station as
an old base station yet, the second base  station transmits the transfer
request for transfer of the  packet addressed to the mobile station, to the
first base 10 station, whereby the packet addressed to the mobile  station
can be transferred quicker thereto and the  processing speed for the
handover can be increased,  thereby increasing the throughput. It is noted
herein that the present invention is not  15 limited to the embodiments
wherein the packet addressed  to the mobile station and the data link
transmission  control information are simultaneously transferred in the
handover process of the data link transmission control  from the first base
station to the second base station, 20 but can also be applied to
embodiments of stepwise  transfer as follows- Namely, the data link
transmission  control method according to the present invention may be
arranged so that when the first base station receives the  request for
connection with the second base station from 25 the mobile station, the
first base station transfers only  the data link transmission control
information on the  17 mobile station and so that when the first base
station  



receives the transfer request for transfer of the packet  addressed to the
mobile station, from the second base  station, the first base station
transfers the packet 5 addressed to the mobile station, to the second base
station. The mobile communication system according to the  present invention
may also be configured so that when the  base station transmission control.
means provided at the  base stations receives the request for connection
with the 10 second base station from the mobile station, the base  station
transmission control means makes the transferring  means transfer only the
data link transmission control  information on the mobile station and so
that when the base  station transmission control means receives the transfer
15 request for transfer of the packet addressed to the mobile  station, from
the second base station, the base station  transmission control means makes
the transferring means  transfer the packet addressed to the mobile station,
to  the second base station. The data link transmission 20 control apparatus
according to the present invention may  also be configured so that when the
base station  transmission control means receives the request for
connection with the second base station from the mobile  station, the base
station transmission control means 25 makes the transferring means transfer
only the data link  transmission control information on the mobile station
18 and so that when the base station transmission control  



means receives the transfer request for transfer of the  packet addressed to
the mobile station, from the second  base station, the base station
transmission control means 5 makes the transferring means transfer the
packet  addressed to the mobile station, to the second base  station. When
the packet addressed to the mobile station is  transferred from the first
base station to the second base  10 station on the basis of reception of the
transfer request for transfer of the packet addressed to the mobile station
from the second base station as a new base station through  communication
between the first base station and the  second base station as described
above, the handover of 15 data link transmission control can be executed
more  securely. The packet transfer is desirably carried out either  in
packet units or in block units obtained by dividing each  packet. By
enabling the transfer in block units, it 20 becomes feasible to implement
retransmission of only  blocks with negative acknowledgement between the
base  stations and thus provide the advantage of capability of  reducing the
packet transfer volume. incidentally, in the data link transmission control
25 method of the present invention, desirably, a first base  station
encapsulates the data link transmission control  19 information and the
packets that are transmitted, records  



the total value of the length of the data link transmission  control
information and the length of the packet that is  transmitted, which
expresses the length of the 5 encapsulated packet obtained by encapsulation,
in the.  header of each encapsulated packet, and transmits these
encapsulated packets, and, in cases where the length  obtained by
subtracting the length of the header of the  encapsulated packet from the
length of the encapsulated 10 packet that is recorded in the header of the
transmitted  encapsulated packet is not equal to the length of the
transmitted packet that is recorded in the header of the  transmitted
packet, judges that the encapsulated packets  are constructed containing
data link transmission control  15 information. Furthermore, in the mobile
communication system of  the present invention, desirably, the transmitting
means  comprise encapsulating means for encapsulating the data  link
transmission control information and the packets 20 that are transmitted,
encapsulated packet transmitting  means for recording the total value of the
length of the  data link transmission control information and the length  of
each packet that is transmitted, which expresses the  length of the
encapsulated packet thaL is obtained by 25 encapsulation, in the header of
each encapsulated packet,  and transmitting these encapsulated packets, and
20 construction judging means that judge that the  



encapsulated packets are constructed containing data link  transmission
control information in cases where the  length obtained by subtracting the
length of the header 5 of the encapsulated packet from the length of the
encapsulated packet that is recorded in the header of the  transmitted
encapsulated packet is not equal to the length  of the transmitted packet
that is recorded in the header  of the transmitted packet. 10 Furthermore,
in the data link transmission control  apparatus of the present invention,
desirably, the  transmitting means comprise encapsulating means for
encapsulating the data link transmission control  information and the
packets that are transmitted, 15 encapsulated packet transmitting means for
recording the total value of the length of the data link transmission
control information and the length of each packet that is  transmitted,
which expresses the length of the  encapsulated packet that is obtained by
encapsulation, in 20 the header of each encapsulated packet, and
transmitting  these encapsulated packets, and construction judging  means
that judge that the encapsulated packets are  constructed containing data
link transmission control  information in cases where the length obtained by
25 subtracting the length of the header of the transmitted  encapsulated
packet from the length of the encapsulated  21 packet that is recorded in
the header of the encapsulated  



packet is not equal to the length of the transmitted packet  that is
recorded in the header of the transmitted packet. In these inventions, it
can be reliably judged in  5 the first base station whether or not an
encapsulated  packet that has been transmitted contains data link
transmission control information, so that control can be  smoothly performed
on the basis of the data link  transmission control information. 10
Incidentally, the present invention also permits  employment of embodiments
wherein the base station  performing the data link transmission control
transmits  to the mobile station, control base station  identification
information for identification of the base 15 station performing the data
link transmission control,  instead of the data link transmission control
information. Namely, a data link transmission control method  according to
the present invention is a data link  20 transmission control method of
performing data link transmission control comprising automatic repeat
request  control for transmission/reception of a packet between a  mobile
station and a plurality of base stations, wherein  a base station performing
the data link transmission 25 control transmits to the mobile station,
control, base  station identification information for identification of  22
the base station performing the data link transmission  



control, instead of data link transmission control  information, and wherein
the mobile station identifies  the base station performing the data link
transmission 5 control, based or. 'the control base station identification
information. A mobile communication system according to the  present
invention is a mobile communication system  comprising a mobile station and
a plurality of base l0 stations and configured to perform
transmission/reception of information through a packet,  wherein each the
base station comprises: base station  transmission control means for
performing data link  transmission control comprising automatic repeat
request 15 control for transmissioni reception of a packet to or from  the
me ile station; and transmitting means for  transmitting to the mobile
station, control base station  identification information for identification
of the base  station performing the data link transmission control, 20
instead of data link transmission control information;  and wherein the
mobile station comprises: mobile station  transmission control means for
identifying the base  station performing the data link transmission control,
based on the control base station identification 25 information, and
performing data link transmission  control comprising automatic repeat
request control for  23 transmission/reception. of a packet to or from the
base  



station; and connection request means for issuing a  request for connection
with a base station as a  communicating station. 5 A data link transmission
control apparatus  according to the present invention is a data link
transmission control apparatus mounted on a base station  for performing
transmission/reception of information  through a packet to or from a mobile
station, comprising: 10 base station transmission control means for
performing  data link transmission control comprising automatic  repeat
request control for transmission/reception of a  packet to or from the
mobile station; and transmitting  means for transmitting to the mobile
station, control base 15 station identification information for
identification of  the base staticn performing the data link transmission
control, instead of data link transmission control  information _ In this
case, the base station performing the data  20 link transmission control
transmits to the mobile station  the control base station identification
information for  identification of the base station performing the data
link transmission control, instead of the data link  transmission control
information, whereby the mobile 25 station can identify the base station
performing the data  link transmission control, based on the control base
24 station identification information. This permits the  



mobile station to perform the data link transmission  control comprising the
automatic repeat request control  for transmission/reception of packet
(e.g., a connection 5 request for connection with a new base station or the
like)  with respect to the base station performing the data link
transmission control. When the mobile station and the  base station perform
the data link transmission control  using the control base station
identification information 10 instead of the data link transmission control
information  in this way, the data volume of control information
transmitted and received can be reduced, so as to decrease  the traffic
volume of the network. Incidentally, in the data link transmission control
15 method of the present invention, desirably, the base  station
encapsulates the control base station  identification information and the
packets that are  transmitted, records the total value of the length of the
control base station identification information and the 20 length of each
packet that is transmitted, which expresses  the length of the encapsulated
packet obtained by  encapsulation, in the header of each encapsulated
packet,  and transmits these encapsulated packets, and, in cases  where the
length obtained by subtracting the length of the 25 header of the
encapsulated packet from the length of the  encapsulated packet that is
recorded in the header of the transmitted encapsulated packet is not equal
to the length  of the transmitted packet that is recorded in the header  



of the transmitted packet, judges that the encapsulated  packets are
constructed containing control base station  5 identification information.
Furthermore, in the mobile communication system of  the present invention,
desirably, the transmitting means  comprise encapsulating means for
encapsulating the  control base station identification information and the
10 packet that is transmitted, encapsulated packet  transmitting means for
recording the total value of the  length of the control base station
identification  information and the length of the packet that is
transmitted, which expresses the length of the i5 encapsulated packet that
is obtained by encapsulation, in  the header of each encapsulated packet,
and transmitting  these encapsulated packets, and construction judging
means that judge that the encapsulated packets are  constructed containing
control base station 20 identification information in cases where the length
obtained by subtracting the length of the header of the  encapsulated packet
from the length of the encapsulated  packet that is recorded in the header
of the transmitted  encapsulated packet is not equal to the length of the 25
transmitted packet that is recorded in the header of the  transmitted
packet. 26 Furthermore, in the data link transmission control  apparatus of
the present invention, desirably, the  



transmitting means comprise encapsulating means for  encapsulating the
control base station identification S information and the packet that is
transmitted,  encapsulated packet transmitting means for recording the
total value of the length of the control base station  identification
information and the length of the packet  that is transmitted, which
expresses the length of the 10 encapsulated packet that is obtained by
encapsulation, in  the header of each encapsulated packet, and transmitting
these encapsulated packets, and construction judging  means that judge that
the encapsulated packets are  constructed containing control base station 15
identification information in cases where the length  obtained by
subtracting the length of the header of the  encapsulated packet from the
length of the encapsulated  packet that is recorded in the header of the
transmitted  encapsulated packet is not equal to the length of the 20
transmitted packet that is recorded in the header of the  transmitted
packet. In these inventions, it can be reliably judged in  the base station
whether or not an encapsulated packet  that has been transmitted contains
control base station 25 identification information, so that control can be
smoothly performed on the basis of the control base  27 station
identification information. In order to achieve the abovementioned object,
the  



data link transmission control method of the present  invention is a data
link transmission control method of 5 performing data link transmission
control comprising  automatic repeat request control for
transmission/reception of a packet between a mobile  station and a plurality
of base stations, wherein a first  base station stores and makes a copy of
packet in which 10 identification information specifying the packet has been
added to packet addressed to the mobile station, wherein  the first base
station delivers the packet copy to a second  base station, wherein the
second base station stores the  delivered packet copy, and wherein one or
more base 15 stations comprising the first base station transmit to the
mobile station the packet accompanied by the  identification information, or
the delivered packet copy. Specifically, in this method, a first base
station  out of a plurality of base stations stores and makes a copy  20
packet in which identification information (e. a., tentative numbers,
letters, symbols or combinations of  the) used to specify the packet has
been added to packet  addressed to the mobile station, and delivers the
packet  to the other base stations. Furthermore, in regard to the 25 packet
to which this identification information is added,  the first base station
may also add identification  28 information to the packet itself, and may
also receive the  packet to which identification information has been added



beforehand from other base stations. Furthermore, the other base stations
store the  5 delivered packet. Afterward, one or more base stations
comprising the first base station transmit the packet to  which
identification has been added or the delivered  packet to the mobile
station. Thus, since packet can be  stored in the respective base stations
without providing 10 a circuit control station that performs packet delivery
separately from the base stations; and since one or more  base stations
transmit packet to the mobile station, the  traffic within the network can
be reduced, and  throughput can be increased by shortening the 15
transmission delay time of the packet, so that the  performance of the
overall system can be improved. In order to accomplish the above object, a
data  transmission control method according to the present  invention is a
data link transmission control method of 20 performing data link
transmission control comprising  automatic repeat request control for
transmission/reception of a packet between a mobile  station and a plurality
of base stations, wherein a first  base station adds to a packet addressed
to the mobile 25 station, identification information for specifying the
packet,. wherein the first base station stores the packet  29 accompanied by
the identification information, and makes  a copy of the packet, wherein the
first base station  



delivers the packet copy to a second base station, wherein  the second base
station stores the delivered packet copy, 5 and wherein one or more base
stations comprising the first  base station transmit to the mobile station
the packet  accompanied by the identification information, or the  delivered
packet copy. Namely, in this method, a first base station out of  10 a
plurality of base stations adds to a packet addressed  to the mobile
station, the identification information for  specifying the packet (e.g., a
unique number, character,  symbol, or combination of these), stores the
packet to  which the identification information is added, makes a 15 copy of
the packet, and delivers the packet copy to a  second base station. Then the
second base station stores  the delivered packet copy. After that, one or
more base  stations comprising the first base station transmit the  packet
accompanied by the identification information or 20 the delivered packet
copy to the mobile station. Since  each base station stores the packet and
one or more base  stations transmit the packet to the mobile station without
providing an extra line control station for delivery of  packet separately
from the base stations as described 25 above, the traffic volume can be
reduced in the network  and the transmission delay time of packet can be
reduced,  30 which can increase the throughput and enhance the  performance
of the entire system. 



In the data link transmission control method  according to the present
invention, desirably, the base  5 stations (comprising the first base
station and the second base station) perform: deleting the packet on the
basis  of a timeout of a timer, for the packet; deleting the packet  on the
basis of a notification that a packet identical with  the packet has arrived
at the mobile station; or, on the 10 basis of a notification of
identification information for  specifying a packet to be deleted, deleting
the packet  corresponding to the identification information. This  can
facilitate the process of deleting the packet under  storage at the base
stations. 15 In this case, desirably, when the first base station  notifies
the second base station of the identification  information for specifying
the packet to be deleted, the  first base station employs one or a
combination of two or  more methods selected from a first method of
providing a 20 notification of the identification information every time  a
packet is deleted, a second method of providing a  notification of
identification information of a packet  deleted last in a predetermined
time, and a third method  of, upon deletion of a specific packet determined
based 25 on a predetermined rule, providing a notification of
identification information of the packet. 31 in the data link transmission
control method  according to the present invention, desirably, when the  



first base station receives a request from the mobile  station that a new
base station should be designated as 5 a packet-delivered base station, the
first base station  makes a copy of the packet accompanied by the
identification information under storage at the first  base station, and
delivers the packet copy to the new base  station. This permits the new base
station to acquire the 10 packet with the identification information stored
at the  first base station and thus to operate as a  packet-delivered base
station according to the request  from the mobile station. In the data link
transmission control method  15 according to the present invention,
desirably, when the  second base station receives a request from the mobile
station that the second base station should be excluded  from
packet-delivered base stations, the second base  station deletes the packet
copy addressed to the mobile 20 station under storage at the second base
station. in this  configuration, the base station excluded from the
packet-delivered base stations deletes the packet copy  addressed to the
mobile station under storage, whereby  unnecessary packets can be quickly
discarded. The second 25 base station may be arranged to receive the request
for  the exclusion from the mobile station, directly from the  32 mobile
station or via the firsL base station. In the data link transmission control
method  



according to the present invention, desirably, when the  first base station,
the second base station, or both of 5 these receive and store a packet
addressed to the mobile  station, the base stations send a notification of
storage  of the packet to the mobile station; after reception of  the
notification, the mobile station selects one base  station out of the base
stations having provided the 10 notification and issues a request for
transmission of the  packet to the base station; and the base station
receiving  the request transmits the packet. Namely, not only the  first
base station, but also the second base station store  the packet addressed
to the mobile station and the base 15 stations send the notification of
storage of the packet  to the mobile station, whereby the transmission of
the  packet to the mobile station is implemented from one base  station
selected and requested to transmit the packet by  the mobile station. 20 In
this case, desirably, when the first base station,  the second base station,
or both of these receive the  transmission request from the mobile station
while  storing a plurality of packets addressed to the mobile  station, the
base stations transmit the packets to the 25 mobile station and notify the
mobile station of storage  of the plurality of packets addressed to the
mobile  33 station. This makes it feasible to notify the mobile  station of
storage of packets together and thereby reduce  



the load of the notification process. For example, a  conceivable embodiment
is such that the mobile station is 5 notified of existence of subsequent
packets to a packet  transmitted from the base station in the piggyback
system.  In the data link transmission control method according to the
present invention, desirably, when the  mobile station changes a base
station desired to transmit  10 a packet addressed to the mobile station
itself, the mobile station notifies an original base station before  the
change of discontinuation of subsequent transmission  and sends to a new
base station after the change, a request  for transmission of a packet
addressed to the mobile 15 station itself and identification information of
the  first packet of a transmitted object. In this method, the
communication is interrupted with the old base station  before the change
and the packet transmission from the new  base station after the change to
the mobile station is 20 restarted from the packet corresponding to the
identification information of the first packet of the  transmitted object
according to the request from the  mobile station, whereby the old base
station can be  smoothly changed to the new base station desired to 25
transmit the packet addressed to the mobile station.  In the data link
transmission control method  34 according to the present invention,
desirably, the mobile  station measures receiving qualities of signals  



transmitted from a plurality of base stations; the mobile  station selects a
first base station desired to transmit 5 a packet addressed to the mobile
station itself, based on  the receiving qualities for the respective base
stations;  and the mobile station sends a request for transmission  of the
packet addressed to the mobile station itself, to  the first base station
thus selected. This makes it 10 feasible, for example, to select a base
station with the  highest receiving quality as the first base station and
thus implement the transmission of packet from the  selected base station to
the mobile station in a good  condition. 15 In the data link transmission
control method  according to the present invention, desirably, the mobile
station measures receiving qualities of signals  transmitted from a
plurality of base stations, the mobile  station selects a first base station
desired to transmit 20 a packet addressed to the mobile station itself,
based on  the receiving qualities for the respective base stations;  the
mobile station notifies the first base station thus  selected, of the
receiving qualities for the respective  base stations; based on the
receiving qualities for the 25 respective base stations, the first base
station  determines for each of the other base stations whether a  35 packet
to be delivered from the first base station is to  be transmitted to the
mobile station; and the first base  



station provides instructions of transmission operation  based on the result
of the determination, to the other base 5 stations. This permits the other
base stations to  properly perform the transmission operation or
transmission avoidance operation in accordance with the  operation
instructions to each of the other base stations  according to the result of
the determination based on the 10 receiving qualities for the respective
base stations.  In the data link transmission control method  according to
the present invention, desirably, when the  mobile station receives
identical packets from respective  base stations, the mobile station
performs diversity 15 reception of the packets, which can enhance the
receiving  quality. In the data link transmission control method  according
to the present invention, desirably, the mobile  station measures receiving
qualities of signals 20 transmitted from a plurality of base stations; and,
based  on the receiving qualities for the respective base  stations, the
mobile station or each base station sends  a request for a transition of a
communication state to a  base station desired to make the transition of the
25 communication state into another communication state. In  this case, the
mobile station issues a transition request  36 for a transition into an
appropriate communication state  according to a time-average receiving
quality, whereby  



the base station can be transitioned into the appropriate  communication
state. 5 Desirably, the communication states comprise: a  first state in
which no packet transmission/reception is  carried out to or from the mobile
station; a second state  in which a packet addressed to the mobile station
is  provided with identification information for specifying 10 the packet
and in which the packet accompanied by the  identification information can
be transmitted to the  mobile station; a third state in which a packet
addressed  to the mobile station is provided with identification
information for specifying the packet, a copy is made from 15 the packet
accompanied by the identification information,  the packet copy is
delivered, and the packet accompanied  by the identification information can
be transmitted; and  a fourth state in which the packet copy is received
from  a base station working in the third state and in which the 20 packet
copy can be transmitted to the mobile station.  Furthermore, in the data
link transmission control  method of the present invention, desirably, a
first base  station encapsulates the identification information and  the
packets that are delivered, records the total value 25 of the length of the
identification information and the  length of the delivered packet, which
expresses the length  37 of the encapsulated packet obtained by
encapsulation, in  the header of each encapsulated packet, and delivers
these  



encapsulated packets, and, in cases where the length  obtained by
subtracting the length of the header of the 5 encapsulated packet from the
length of the encapsulated  packet that is recorded in the header of the
delivered  encapsulated packet is not equal to the length of the  delivered
packet that is recorded in the header of the  delivered packet, judges that
the encapsulated packets 10 are constructed containing identification
information.  In this case, it can be reliably judged in the base station
whether or not an encapsulated packet that has been  delivered contains
identification information, so that  control can be smoothly performed on
the basis of the  15 identification information. Incidentally, the invention
associated with the  above-stated data link transmission control can also be
captured as the invention of the mobile communication  systems described
below. Since the technical idea is 20 common to the invention of these, the
operation and effect  are substantially the same. Specifically, the mobile
communication system of  the present invention is a mobile communication
system  comprising a mobile station and a plurality of base 25 stations and
configured to perform  transmission/reception of information through a
packet  38 and perform data link transmission control comprising  automatic
repeat request control, wherein each the base  



station comprises: copying means for making a copy of  packet in which
identification information specifying the 5 packet has been added to packet
addressed to the mobile  station; delivering means for delivering the packet
copy  to another base station; storing means for storing the  packet
accompanied by the identification information at  the base station of its
own or a packet delivered from 10 another base station; and transmitting
means for  transmitting the packet accompanied by the identification
information or the delivered packet to the mobile station. Namely, a mobile
communication system according to  the present invention is a mobile
communication system  15 comprising a mobile station and a plurality of base
stations and configured to perform  transmission/reception of information
through a packet  and perform data link transmission control comprising
automatic repeat request control, wherein each the base 20 station
comprises: identification information adding  means for adding to a packet
addressed to the mobile  station, identification information for specifying
the  packet; copying means for making a copy of the packet  accompanied by
the identification information; 25 delivering means for delivering the
packet copy to another  base station; storing means for storing the packet
39 accompanied by the identification information at the base  station of its
own or a packet delivered from another base  



station; and transmitting means for transmitting the  packet accompanied by
the identification information or  5 the delivered packet to the mobile
station. In this mobile communication system according to the  present
invention, desirably, the base station further  comprises; deleting means
for deleting the packet stored  by the storing means. 10 in this method,
desirably, the base station further  comprises; deleted packet notifying
means for notifying  another base station of the identification information
of  the packet to be deleted, by either one method or a  combination of two
or more methods selected from a first 1 method of, every time the base
station deletes a packet,  providing a notification of the identification
information of the deleted packet, a second method of  providing a
notification of identification information of  a packet deleted last in a
predetermined time, and a third 20 method of, upon deletion of a specific
packet determined  based on a predetermined rule, providing a notification
of identification information of the packet. In the mobile communication
system according to the  present invention, desirably, the base station
further  25 comprises: packet retransmitting means for, upon reception of a
request for retransmission of a packet from  40 the mobile station,
retransmitting the packet in response  to the request. 



In the mobile communication system according to the  present invention,
desirably, the base station further  5 comprises storage notifying means
for, upon reception and storage of a packet addressed to the mobile station,
sending a notification of the storage of the packet to the  mobile station;
the transmitting means transmits the  packet to the mobile station in
response to a request from 10 the mobile station; and the mobile station
further  comprises: selecting means for, upon reception of the
notification, selecting one base station out of base  stations sending the
notification; and transmission  request means for sending a request for
transmission of  15 the packet to the base station selected. In this system,
desirably, the base station further  comprises: notification control means
performing such  control that, when receiving a transmission request from
the mobile station while storing a plurality of packets 20 addressed to the
mobile station, the notification control  means makes the transmitting means
transmit the packets  to the mobile station and makes the storage notifying
means send a notification of storage of the plurality of  packets addressed
to the mobile station, thereto. 25 In the mobile communication system
according to the  present invention, desirably, the mobile station further
41 comprises: change occasion notifying means for, when the  mobile station
changes a base station desired to transmit  



a packet addressed to the mobile station itself, to  another base station,
sending a notification of 5 discontinuation of subsequent transmission to
the  original base station before the change and sending to the  new base
station after the change, a request for  transmission of a packet addressed
to the mobile station  of its own and identification information of the
first  10 packet of a transmitted object. In the mobile communication system
according to the  present invention, desirably, the mobile station further
comprises: measuring means for measuring receiving  qualities of signals
transmitted from a plurality of base 15 stations; selecting means for
selecting a first base  station desired to transmit a packet addressed to
the  mobile station of its own, based on the receiving  qualities for the
respective base stations; and  transmission requesting means for sending a
request for 20 transmission of a packet addressed to the mobile station  of
its own to the first base station selected. In the mobile communication
system according to the  present invention, desirably, the mobile station
further  comprises: measuring means for measuring receiving 25 qualities of
signals transmitted from a plurality of base  stations; selecting means for
selecting a first base  42 station desired to transmit a packet addressed to
the  mobile station of its own, based on the receiving  



qualities for the respective base stations; and receiving  quality notifying
means for notifying the first base 5 station selected of the receiving
qualities for the  respective base stations; and the base station further
comprises: determining means for, when the base station  of its own is
selected as the first base station,  determining for each of other base
stations whether a 10 packet to be delivered from the base station of its
own  is to be transmitted to the mobile station, based on the  receiving
qualities for the respective base stations; and  instructing means for
providing instructions of  transmission operation based on the result of the
15 determination, to the other base stations. In the mobile communication
system according to the  present invention, desirably, the mobile station
further  comprises: diversity reception means for, upon reception  of
identical packets from respective base stations,  20 performing diversity
reception of the packets. In the mobile communication system according to
the  present invention, desirably, the mobile station further  comprises:
measuring means for measuring receiving  qualities of signals transmitted
from a plurality of base 25 stations; decision means for making a decision
about in  which communication state each base station is out of a  43
plurality of predetermined communication states, based on  the receiving
qualities for the respective base stations;  



and state transition request means for sending a request  for a transition
of a communication state to a base station 5 desired to make the transition
of the communication state  into another state, based on the result of the
decision.  In this sysLein, desirably, the plurality of predetermined
communication states comprise: a first  state in which no packet
transmission/reception is  10 carried out to or from the mobile station; a
second state in which a packet addressed to the mobile station is  provided
with identification information for specifying  the packet and in which the
packet accompanied by the  identification information can be transmitted to
the 15 mobile station; a third state in which a packet addressed  to the
mobile station is provided with identification  information for specifying
the packet, a copy is made from  the packet accompanied by the
identification information,  the packet copy is delivered, and the packet
accompanied 20 by the identification information can be transmitted; and  a
fourth state in which the packet copy is received from  a base station
working in the third state and in which the  packet copy can be transmitted
to the mobile station. Furthermore, in the mobile communication system of
25 the present invention, desirably, the delivering means  comprise
encapsulating means for encapsulating the  44 identification information and
the packets that are  delivered, encapsulated packet delivering means for  



recording the total value of the length of the  identification information
and the length of the packet 5 that is delivered, which expresses the length
of the  encapsulated packet obtained by encapsulation, in the  header of
each encapsulated packet, and delivering these  encapsulated packets, and
construction judging means that  judge that the encapsulated packets are
constructed 10 containing identification information in cases where the
length obtained by subtracting the length of the header  of the encapsulated
packet from the length of the  encapsulated packet that is recorded in the
header of the  delivered encapsulated packet is not equal to the length 15
of the delivered packet; that is recorded in the header of  the delivered
packet. Incidentally, the essence of the invention  associated with the
above-stated data link transmission  control and mobile communication
systems can also be 20 captured as the invention of the base stations and
mobile  stations described below. Since the technical idea is  common to the
invention of these, the operation and effect  are substantially the same.
Specifically, the base station of the present  25 invention is A base
station, together with a mobile  station, making up a mobile communication
system  45 configured to perform transmission/reception of  information
through a packet and perform data link  



transmission control comprising automatic repeat request  control, the mobile
communication system comprising a 5 plurality of base stations, the base
station comprising:  copying means for making a copy of packet in which
identification information specifying the packet has been  added to packet
addressed to the mobile station;  delivering means for delivering the packet
copy to another 10 base station; storing means for storing the packet
accompanied by the identification information at the base  station of its own
and a packet delivered from another base  station; and transmitting means for
transmitting the  stored packets to the mobile station. 15 Namely, a base
station according to the present  invention is a base station, together with
a mobile  station, making up a mobile communication system  configured to
perform transmission/reception of  information through a packet and perform
data link 20 transmission control comprising automatic repeat request
control, the mobile communication system comprising a  plurality of base
stations, the base station comprising:  identification information adding
means for adding to a  packet addressed to the mobile station, identification
25 information for specifying the packet; copying means for  making a copy of
the packet accompanied by the  46 identification information; delivering
means for  delivering the packet copy to another base station;  



storing neans for storing the packet accompanied by the  identification
information at the base station of its own 5 and a packet delivered from
another base station; and  transmitting means for transmitting the stored
packets to  the mobile station. In this case, desirably, the base station is
configured to further comprise: determining means for,  10 when the mobile
station configured to select a first base station desired to transmit a
packet addressed to the  mobile station, based on receiving qualities of
signals  transmitted from a plurality of base stations, and notify  the first
base station of the receiving qualities for the 15 respective base stations,
selects the base station of its  own as the first base station, determining
for each of  other base stations whether a packet to be delivered from  the
base station of its own is to be transmitted to the  mobile station, based on
the receiving qualities for the 20 respective base stations; and instructing
means for  providing instructions of transmission operation based on  the
result of the determination, to the other base  stations. Furthermore, in the
base station of the present  25 invention, desirably, the delivering means
comprise  encapsulating means for, encapsulating the identification  47
information and the packets that are delivered,  encapsulated packet
delivering means for recording the  



total value of the length of the identification  information and the length
of the packet that is delivered, 5 which expresses the length of the
encapsulated packet  obtained by encapsulation, in the header of each
encapsulated packet, and delivering these encapsulated  packets, and
construction judging means that judge that  the encapsulated packets are
constructed containing  identification information in cases where the length
obtained by subtracting the length of the header of the  encapsulated packet
from the length of the encapsulated  packet that is recorded in the header of
the delivered  encapsulated packet is not equal to the length of the
delivered packet that is recorded in the header of the  delivered packet. A
mobile station according to the present invention  is a mobile station,
together with a plurality of base  stations, making up a mobile communication
system 20 configured to perform transmission/reception of  information
through a packet and perform data link  transmission control comprising
automatic repeat request  control, the mobile station comprising: measuring
means  for measuring receiving qualities of signals transmitted 25 from a
plurality of base stations; selecting means for  selecting a first base
station desired to transmit a  48 packet addressed to the mobile station of
its own, based  on the receiving qualities for the respective base  



stations; and transmission request means for sending a  request for
transmission of the packet addressed to the 5 mobile station of its own to
the first base station  selected. Another mobile station according to the
present  invention is a mobile station, together with a plurality  of base
stations, making up a mobile communication system l0 configured to perform
transmission/reception of  information through a packet and perform data link
transmission control comprising automatic repeat request  control, the mobile
station comprising: measuring means  for measuring receiving qualities of
signals transmitted 15 from a plurality of base stations having a function of
determining for each of other base stations whether a  packet to be delivered
from the base station of its own  is to be transmitted to the mobile station,
based on the  receiving qualities for the respective base stations, and 20
providing instructions of transmission operation based on  the result of the
determination, to the other base  stations; selecting means for selecting a
first base  station desired to transmit a packet addressed to the  mobile
station of its own, based on the receiving 25 qualities for the respective
base stations; and receiving  quality notifying means for notifying the first
base  49 station selected, of the receiving qualities for the  respective
base stations. 



Another mobile station according to the present  invention is a mobile
station, together with a plurality  5 of base stations, making up a mobile
communication system configured to perform transmission/reception of
information through a packet and perform data link  transmission control
comprising automatic repeat request  control, the mobile station comprising:
measuring means 10 for measuring receiving qualities of signals transmitted
from a plurality of base stations; decision means for  making a decision
about in which communication state each  base station is out of a plurality
of predetermined  communication states, based on the receiving qualities  for
the respective base stations; and state transition  request means for sending
a request for a transition of  a communication state to a base station
desired to make  the transition of the communication state into another
state, based on the result of the decision. 20 In this case, desirably, the
plurality o  predetermined communication states comprise: a first  state in
which no packet transmission/reception is  carried out to or from the mobile
station; a second state  in which a packet addressed to the mobile station is
25 provided with identification information for specifying  the packet and in
which the packet accompanied by the  50 identification information can be
transmitted to the  mobile station; a third state in which a packet addressed



to the mobile station is provided with identification  information for
specifying the packet, a copy is made from 5 the packet accompanied by the
identification information,  the packet copy is delivered, and the packet
accompanied  by the identification information can be transmitted; and  a
fourth state in which the packet copy is received from  a base station
working in the third state and in which the 10 packet copy can be transmitted
to the mobile station.  The above-stated each mobile station is desirably
configured to further comprise diversity reception means  for, upon reception
of identical packets from respective  base stations, performing diversity
reception of the  15 packets. Incidentally, the invention associated with the
above-stated mobile stations can also be described as  mobile station control
programs to be executed by a  computer mounted on the mobile stations, which
will be  20 described below. Namely, a mobile station control program
according  to the present invention is a mobile station control  program to
be executed by a computer mounted on a mobile  station, together with a
plurality of base stations, 25 making up a mobile communication system
configured to  perform transmission/reception of information through a  51
packet and perform data link transmission control  comprising automatic
repeat request control, as shown in  



Fi.g, 3, the computer being configured to execute: a  measuring step 5441 of
measuring receiving qualities of 5 signals transmitted from a plurality of
base stations; a  selecting step S442 of selecting a first base station
desired to transmit a packet addressed to the mobile  station of its own,
based on the receiving qualities for  the respective base stations; and a
transmission request 10 step S443 of sending a request for transmission of
the  packet addressed to the mobile station of its own to the  first base
station selected. Another mobile station control program according to  the
present invention is a mobile station control program  15 to be executed by a
computer mounted on a mobile station, together with a plurality of base
stations, making up a  mobile communication system configured to perform
transmission/reception of information through a packet  and perform data link
transmission control comprising 20 automatic repeat request control, as shown
in Fig. 4, the  computer being configured to execute: a measuring step  S451
of measuring receiving qualities of signals  transmitted from a plurality of
base stations having a  function of determining for each of other base
stations 25 whether a packet to be delivered from the base station of  its
own is to be transmitted to the mobile station, based  52 on the receiving
qualities for the respective base  stations, and providing instructions of
transmission  



operation based on the result of the determination, to the  other base
stations; a selecting step S452 of selecting S a first base station desired
to transmit a packet  addressed to the mobile station of its own, based on
the  receiving qualities for the respective base stations; and  a receiving
quality notifying step 5453 of notifying the  first base station selected, of
the receiving qualities  for the respective base stations. Another mobile
station control program according to  the present invention is a mobile
station control program  to be executed by a computer mounted on a mobile
station,  together with a plurality of base stations, making up a ii Mobile
communication system configured to perform  transmission/reception of
information through a packet  and perform data link transmission control
comprising  automatic repeat request control, as shown in Fig. 5, the
computer being configured to execute: a measuring step 20 5461 of measuring
receiving qualities of signals  transmitted from a plurality of base
stations; a decision  step S462 of making a decision about in which
communication state each base station is out of a  plurality of predetermined
communication states, based on 25 the receiving qualities for the respective
base stations;  and a transition request step 5453 of sending a request  53
for a transition of a communication state to a base station  desired to make
the transition of the communication state  



into another state, based on the result of the decision. Computer-readable
recording media according to the  5 present invention are characterized in
that either one of  the above-stated mobile station control programs is
recorded therein. As shown in Fig. 6, the mobile station  control program
recorded in the recording medium 62 is  readable by reading part 61A of
computer 61 mounted on a  20 mobile station 60. BRIEF DESCRIPTION OF THE
DRAWINGS Fig. 1 is a system block diagram of the conventional  mobile
communication system. Fig. 2 is a time chart for illustrating the operation
15 of the data link transmission control method in the  conventional mobile
communication system. Fig. 3 is a flowchart showing a first embodiment of
the mobile station control program according to the  present invention. 20
Fig. 4 is a flowchart showing a second embodiment  of the mobile station
control program according to the  present invention. Fig. 5 is a flowchart
showing a third embodiment of  the mobile station control program according
to the  25 present invention. Fig. 6 is a block diagram of a recording medium
54 storing the mobile station control program and a  peripheral device
thereof. 



Fig. 7 is a system block diagram of the mobile  communication system
associated with the first and second  5 embodiments. Fig. 9 is a time chart
for illustrating the operation  of the first embodiment. Fig. 9 is an
operation correlation chart- for  specifically illustrating the operation in
the first  ~.C embodiment. Fig. 10A is a diagram showing a packet
configuration  at the data link transmission control unit in the first
embodimen Fig. 10B is a diagram showing packet and block  15 configurations
at the data link transmission control unit  in the second embodiment. Fig. 11
is a system block diagram Of the mobile  communication system associated with
the third  embod'ment. 20 Fig. 12 is a diagram showing functional blocks
constituting the data link transmission control unit in  the base stations in
the third embodiment. Fig. 13 is a diagram showing functional blocks
constituting the data link transmission control unit in  25 the mobile
station in the third embodiment. Fig. 14A is a state transition diagram for
r, r, illustrating the method of transmission control  associated with the
third embodiment. 



Fig. l4 is a table showing state transitions at  respective events 5 Fig. 15
is a diagram for illustrating positions of  the mobile station in the third
embodiment. Fig. 16 is a diagram for illustrating the processing  carried out
when a packet arrives at a base station in a  packet transmissible state. 10
Fig. 17 is a diagram for illustrating the processing  carried out when a
packet arrives at a base station in an  idle state. Fig. 18 is a diagram for
illustrating the processing  carried out when a packet arrives at a base
station in a  15 packet ccpying and transmissible state. Fig. 19A is a
drawing for illustrating a first method  of providing a notification of a
packet number of a deleted  object every time the base station 202 deletes a
packet. Fig. 19B is a drawing for illustrating a second  20 method of
providing a notification of a number of a packet  deleted last in a
predetermined time. Fig. 19C is a drawing for illustrating a third method  of
providing a notification of a number of a packet deleted  last every time ten
packets are deleted. 25 Fig. 20 is a diacram for illustrating an example
adopting a timer as a trigger for deleting a packet stored  56 at each base
station in the processing of Fig. 18. Fig. 21 is a diagram for illustrating
an example  



wherein the base stations 202, 212 transmit identical  packets to the mobile
station in Fig. 18. 5 Fig. 22 is a diagram for illustrating the operation  of
the object base stations and the mobile station in Event  A. Fig. 23 is a
diagram for illustrating the operation  of the object base stations and the
mobile station in Event  10 B. Fig. 24 is a diagram for illustrating the
operation  of the object base stations and the mobile station in Event  C.
Fig. 25 is a diagran for illustrating the operation  15 of the object base
stations and the mobile station in Event  D. Fig. 26 is a diagram for
illustrating the operation  of the object base stations and the mobile
station in 'Event  E. 20 Fig. 27 is a table for illustrating the operation
of handover transmission control in packet transmission  in the fourth
embodiment. Fig. 28 is a system block diagram of the mobile  communication
system associated with the fifth  25 embodiment. Fig. 29 is a diagram for
illustrating the operation  57 in the initia]. state in the fifth embodiment.
Fig. 30 is a diagram for explaining the operation  



carried out when packets are transmitted from a plurality  of base stations
to the mobile station in a transition  5 state in the fifth embodiment. Fig.
31 is a diagram for explaining the operation  carried out when packets are
transmitted from a single  base station to the mobile station in the
transition state  in the fifth embodiment. Fig. 32 is a system structural
diagram of a mobile  communication system embodying the first method of the
sixth embodiment. Fig. 33A is a functional block diagram of the
encapsulating and transmitting part. Fig. 333 is a functional block diagram
of the  encapsulating and delivering part. Fig. 32 is a diagram showing the
construction of the  IP packet in the first method of the sixth embodiment.
Fig. 35 is a flow chart showing the processing 20 procedures in the first and
second methods of the sixth  embodiment. Fig. 36 is a system structural
diagram of a mobile  communication system embodying the second method of the
sixth embodiment. 25 Fig. 37 is a diagram showing the construction of the  IP
packet in the second method of the sixth embodiment- 58 DESCRIPTION OF THE
PREFERRED EMBODIMENTS Various embodiments will be described below as to  



the data link transmission control methods and mobile  communication systems
according to the present invention.  5 [First Embodiment] First, the first
embodiment of the present invention  will be described referring to Fig. 7
and Fig. 8. At the  start, the configuration of the mobile communication
system in the first embodiment will be described on the 10 basis of Fig. 7.
The present mobile communication system  of the first embodiment is comprised
of a mobile station  131 and a plurality of base stations 102, 112, 122, each
base station being communicable with other base stations  through a network
1. 15 The mobile station 131 is composed of a  transmitter/ receiver 33
configured to receive data from  the radio network and transmit data to the
radio network  through a mobile station antenna 32; a data link  transmission
control unit 34 configured to perform the 20 data link transmission control
comprising the automatic  repeat request control described hereinafter; and a
data  input/output terminal 35 as an input/output terminal of  packet data.
Among these components, the data link  transmission control unit 34 is
composed of a mobile 25 station transmission control unit 34A configured to
perform the data link transmission control comprising the  59 automatic
repeat request control for  transmission/reception of packets to or from the
base  



station; and a connection request unit 34B configured to  issue a request for
connection with the base station as  5 a ccmmunicat_ing station. The base
station 102 is comprised of a  transmitter/receiver 5 configured to receive
data from  the radio network and transmit data to the radio network  through
a base station antenna 6; a data link transmission l0 control unit 103
configured to perform the data link  transmission control comprising the
automatic repeat  request control described hereinafter and control each of
the constitutive units in the base station 102; a transfer  unit 105
configured to transmit data link transmission 15 control information to a
base station as a new station  after change, e.g., when receiving a request
for change  of the base station; and a storage unit 104 functioning  as a
temporary storage area of packet data and others for  the data link
transmission control unit 103. The ether 20 base stations 112, 122 are also
constructed in similar  structure to that of the base station 102. Next, the
operation in the first embodiment will be  described. Let us suppose herein
that the mobile station  monitors communication qualities with one or more 25
neighboring base stations and the mobile station issues  a request for change
of the base station if it determines  F,D that it can perform communication
with better  con-munication quality with another base station than with  



the base station currently under communication. Let us  also assume that the
mobile station 131 is first 5 communicating with good communication quality
with the  base station 102 and is in a communicable state only with  the base
station 102. At the base station 102, the data link transmission  control
unit 103 accepts a packet from the network 1 at  10 an arrow Si in Fig. 8 and
performs the data link transmission control comprising the automatic repeat
request control. The data link transmission control unit  103 first adds a
packet number for enabling identification  of the packet, thereafter stores
the packet, and then  15 outputs the packet to the transmiLter/receiver 5. If
the packet can be identified by a packet number  described at the header of
the packet fed into the data  link transmission control unit 103, the control
unit 103  stores the packet as it is and outputs it to the 20
transmitter/receiver 5, without adding the new packet  number as described
above. Then the transmitter/receiver  5 modulates the input packet into a
transmitting signal  and thereafter transmits the transmitting signal through
the base station antenna 6 to the mobile station 131 (at  25 an arrow S2 in
Fig. 8). On the other hand, at the mobile station 131, the  61
transmitter/receiver 33 receives the signal through the  mobile station
antenna 32 and thereafter the data link  



transmission control unit 34 accepts the received packet  to perform the data
link transmission control comprising 5 the automatic repeat request control.
The data link  transmission control unit 34 performs the error detection
using the parity added to the input packet. When the  detection results in
finding an error in the packet, the  data link transmission control unit 34
sends a NACK 10 (Negative Acknowledgment) signal to the base station 102,
thereby notifying the data link transmission control unit  103 of a repeat
request for retransmission of the packet  (a- an arrow S3 in Fig. 8) . Then
the data link transmission  control unit 103 retransmits the packet with the
packet  l number stored (at an arrow 54 in Fig. 8) When there is no error
found in the packet, the data  link transmission control unit 34 outputs the
packet  through the data input/output terminal 35 and transmits  an ACK
(Acknowledgment) signal to the base station 102, 20 thereby notifying the
data link transmission control unit  103 of the base station 102 of an
acknowledgment of arrival  of the packet (at an arrow 55 in Fig. 8). Then the
data  link transmission control unit 103 deletes the packet with  the packet
number stored for retransmission. 25 When movement of the mobile station 131
results in  deteriorating the communication quality with the base  62 station
102 having been communicating heretofore with the  mobile station 131 and
making that with another adjacent  



base station 112 better, the mobile station 131 first  transmits a request
for change of the base station through 5 the base station 112 to the data
link transmission control  unit 103 of the base station 102 (at arrows S6 and
57 in  Fie. 8) The present embodiment employs a method of  notifying the base
station of a number of the new base  station after the change along with the
request for the  10 change of the base station. Receiving the request for
change of the base station,  the data link transmission control unit 103 of
the base  station 102 transmits the data link transmission control
information through the transfer unit 105 to the base 15 station 112
designated as a new base station (at an arrow  58 in Fig. 8). The present
embodiment will describe a  method of using a packet number without an
acknowledgment  of arrival and the latest packet number as the data link
transmission control information. Then the data link 20 transmission control
unit 103 deletes all the stored  packets `or the mobile station 131 and
terminates the  packet transmission. When a packet addressed to the  mobile
station 131 arrives thereafter a- the data link  transmission control unit
103 as at an arrow S9 in Fig. 25 8, the control unit makes the transferring
unit 105  transfer the packet to the base station 112 as it is, as 63
indicated by an arrow 510. If the data link transmission control unit 113 of



the base station 112 designated as a new base station  receives a packet
addressed to the mobile station 131 5 before the reception of the data link
transmission control  information from the base station. 102, the storage
unit  114 temporarily stores the packet until input of the data  link
transmission control information. After receiving  the data link transmission
control information, the 10 control unit 113 adds a number subsequent to the
latest'  packet number as the data link transmission control  information to
the packet stored in the storage uni.t 114  and thereafter performs the
processing described  heretofore to transmit the packet (at arrows 511, S12,
S13,  15 514) . When the mobile station further moves into a cell  of another
base station, the data link transmission  control method of the present
invention can also be  implemented according to the above operation. 20 Since
the method according to the present invention  does not have to execute the
procedure of resetting the  packet number and permits use of the data link
transmission control unit of the base station directly  communicating with
the mobile station as described above, 25 the data link transmission control
can be always carried  out through the shortest path, irrespective of
movement  64 of the mobile station, and the transfer delay time of  packet
can be shorter than before. 



The above operation will be described in further  detail with reference to
Fig. 9. 5 Let us first suppose that the mobile station 131 is  in a good
state of communication quality with the base  station 102 as an old base
station before the change. When  the base station 112 as a new base station
after the change  is a base station adjacent to the base station 102 10
performing the data link transmission control,  retransmission causes little
influence on increase of  traffic or increase of delay time. Thus the
operation will  be described as an embodiment wherein in that case the old
base station 102 continues to perform the data link 15 transmission control
comprising the automatic repeat  request control and wherein when the new
base station is  the base station 122 distant from the base station 102
performing the data link transmission control, the packet  addressed to the
mobile station and the data link 20 transmission control information are
transferred to the  new base station 122 and the new base station 122
performs  the data link transmission control comprising the  automatic repeat
request control. At the point (1) of Fig. 9, the base station 102  25
receives a packet addressed to the mobile station from the  network. The base
station 102 adds a packet number 1 and  G5 the CRC code to the input packet,
stores the packet, and  thereafter transmits the packet to the mobile station
131.  



Since the mobile station 131 detects no error in the  received packet, the
mobile station 131 transmits an 5 acknowledgment of arrival to the base
station 102. Then  the base station 102, receiving the acknowledgment of
arrival of the packet number 1, deletes the packet of the  packet number 1
stored. At the next point (2) of Fig. 9, a packet addressed  i0 to the mobile
station is fed into the base station 102.  The base station 102 adds a packet
number 2 and the CRC  code to the packet, stores the packet, and thereafter
transmits the packet to the mobile station 131. Since the  mobile station 131
detects an error in the received packet 15 this time, the mobile station 131
transmits a NACK  (Negative Acknowledgment) signal to the base station 102,
thereby requesting the base station 102 to retransmit the  packet of the
packet number 2. The base station 102  retransmits the packet of the packet
number 2 in response 20 to the repeat request. However, since the mobile
station  131 again detects an error in the packet thus received,  the mobile
station 131 again transmits a repeat request  for retransmission of the
packet number 2 to the base  station 102. At this point, the communication
quality 25 with the base station 112 becomes better than that with  the base
station 102, and thus the mobile station 131 sends  66 a request for change
of the base station through the base  station 112 to the base station 102.
Since the base  



station 112 is a base station adjacent to the base station  102, the base
station 102 continues to perform the data 5 link transmission control
comprising the automatic repeat  request control and controls the base
station 112 to  transmit a packet as it is. Then the base station 102
transmits the packet of the packet number 2 as the  retransmitted packet
through the base station 112 to the  mobile station 131. Since the mobile
station 131 detects  no error in the received packet, the mobile station 131
transmits an ACK (Ac know-' edgment) signal through the base  station 112 to
the base station 102, thereby transmitting  an acknowledgment of arrival to
the base station 102. i.rr Since the base station 102 receives the
acknowledgment of  arrival of the packet of, the packet number 2, the base
station 102 deletes the packet of the packet number 2  stored. A next packet
is fed into the base station 102 at  20 the point (3) of Fig. 9. The base
station 102 adds a packet  number 3 and the CRC code to the packet, stores
the packet,  and thereafter transmits the packet through the base  station
112 to the mobile station 131. Since the mobile  station 131 detects no error
in the received packet, the 25 mobile station 131 transmits an acknowledgment
of arrival  through the base station 112 to the base station 102.  67 After
the base station 102 receives the acknowledgment of  arrival of the packet
number 3, the base station 102  



deletes the packet of the packet number 3 stored. A next packet is fed into
the base station 102 at  5 a point (4) in Fig. 9. Just as described above,
the base  station 102 adds a packet number 4 and the CRC code to the  packet,
stores the packet, and thereafter transmits it  through the base station 112
to the mobile station 131.  Since the mobile station 131 detects an error in
the 10 received packet herein, the Mobile station 131 issues a  request for
retransmission of the packet number 9 through  the base station 112 to the
base station 102. At this point  the communication quality with the base
station 122  becomes better than that with the base station 112, and 15 thus
the mobile station 131 issues a request for change  of the base station
through the base station 122 to the  base station 102. Since the new base
station is not a base  station adjacent to the base station 102, the base
station  102 notifies the base station 122 of handover of the data 20 link
transmission control comprising the automatic repeat  request control. If the
mobile station 131 is configured to notify  the base station 122 of the base
station number of the base  station currently performing the data link
transmission 25 control, the base station 122 can recognize that it has  to
succeed to the data link transmission control over, the  58 mobile station
131 since then. In this case, the base  station 102 does not have to provide
the notification.  



Then an apparatus for switching between packet receiving  stations in the
network is requested to supply a 5 subsequent packet addressed to the mobile
station  hereinafter to the base station 122. This apparatus has  a function
capable of switching between the packet  receiving stations by the use of
location registration  information or the like of the mobile station 131.
Since iU the timina of receiving the request for the base station  change at
the base station 102 is immediately after  transmission of the retransmitting
packet of the packet  number 4, the base station 102 has not received an
acknowledgment of arrival or a request for retransmission 15 of the packet of
the packet number 4 from the mobile  station 131 yet. Accordingly, the base
station 102 does  not send the data link transmission control information  to
the base station 122 until it receives a notification  of an acknowledgment
of arrival or a repeat request of the 20 retransmitting packet. Therefore,
the base station 122  at this point keeps storing a packet addressed to the
mobile station, fed at the point (5) in Fig. 9. Let us suppose that the
mobile station 131 detects  no error in the retransmitted packet. Thus the
mobile  i5 station 131 sends an acknowledgment of arrival of the packet
number 4 through the base station 122 to the base  69 station 102. The base
station 102 recognizes the arrival  of the packet number 4 of the
retransmitted packet, and  



then the base station 102 notifies the base station 122  as a new base
station only that the latest packet number 5 is 4 as the data link
transmission control information.  If there is a packet without an
acknowledgment of arrival  at this point, the base station 102 notifies the
base  station 122 of a packet number of the packet without an  acknowledgment
of arrival and the latest packet number. 10 Since there is no packet
addressed to the mobile station,  to be transmitted or received through the
base station 1.12  hereinafter, the base station 102 notifies the base
station 112 of this tact. This allows the base station  112 to release the
resources of the base station 112  15 allocated to the mobile station 131. On
the basis of the latest packet number being 4 as  the data link transmission
control information from the  base station 102, the base station 122 adds a
packet number  5 to the packet fed and stored at the point (5) in Fig. 20 9,
adds the CRC code thereto, stores the packet, and  transmits it to the mobile
station 131. Since the mobile  station 131 detects no error in the received
packet, the  mobile station 131 transmits an acknowledgment of arrival  to
the base station 122. Receiving the acknowledgment of 25 arrival of the
packet number 5, the base station 122  deletes the packet of the packet
number 5 stored. 70 As described above, repetition of the foregoing
operation enables the data link transmission control  



method of the present invention, regardless of movement  of the mobile
station 131. 5 Since the first embodiment as described above does  not have
to execute the procedure of resetting the packet  number and allows use of
the data link transmission  control unit of Lhe base station directly
communicating  with the mobile station 131, the data link transmission 10
control call be always performed through the shortest path,  regardless of
the movement of the mobile station 131, and  the transmission delay time of
packet can be shorter than  before, so as to increase the throughput of the
system.  [Second Embodiment] 15 The following will describe the second
embodiment  of the present invention with reference to Fig. 7 and Fig.  IOH.
Suppose the mobile station 131 is first in a good  state of communication
quality with the base station 102.  Namely, the mobile station 131 is in a
communicable state  20 only with the base station 102. At the base station
102, the data link transmission  control unit 103 accepts a packet from, the
network 1 and  performs the data link transmission control comprising  the
automatic repeat request control. The present 25 embodiment will describe a
case wherein a packet is sent  as divided into a plurality of blocks Lo match
radio frames.  71 As expressly shown in Fig. 1013, the data link transmission
control unit 103 divides an input packet into plural  



blocks, adds to the blocks, respective block numbers for  maintaining the
sequence of the split blocks and a packet 5 number for identification of the
packet before divided,  thereafter adds error-detectable parity such as the
CRC  code or the like to allow detection of an error occurring  during
transmission, and then outputs the blocks to the  transmitter/receiver 5. The
transmitter/receiver 5  modulates each input block into a transmitting signal
and  thereafter transmits the transmitting signal through the  base station
antenna 6 to the mobile station 131. Fig.  10A shows a packet configuration
at the data link  transmission control unit in the first embodiment. lb On
the other hand, at the mobile station 131, the  transmitter/receiver 33
receives the signal through the  mobile station antenna 32 and thereafter
outputs the  received block to the data link transmission control unit  34.
Then the data link transmission control unit 34 20 performs the error
detection using the parity added to the  input block. When the detection
results in finding no  error in the block, the data link transmission control
unit 34 notifies the data link transmission control unit  103 of the base
station 102 of an acknowledgment of arrival 25 of the block. When there is an
error in the block, the  data link transmission control unit 34 notifies the
data  %2 link transmission control unit 103 of the base station 102  of a
repeat request for retransmission of the block. Then  



the data link transmission control unit 103 retransmits  the block stored-
After all the blocks for one packet have 5 been received with no error in
this way, the data link  transmission control unit 34 combines the blocks
into one  packet by the operation reverse to the division operation  into the
blocks at the data link transmission control unit  103, and thereafter
outputs the packet from the data  i0 input output terminal 35. The following
will describe a case where movement  of the mobile station 131 raises a need
for change of the  base station. In the present embodiment, there is no limit
to the number of base stations simultaneously i5 communicating with the
mobile station and the mobile  station can receive packets simultaneously
from a  plurality of base stations. It is a matter of course that  the
present embodiment can also be applied to the case  where the number of
simultaneously communicating base 20 stations with the mobile station is one,
as described in  the first embodiment. Suppose the communication quality with
the base  station 102 having been communicating heretofore with the  mobile
station 131 becomes a little deteriorated and that 25 of the adjacent base
station 112 is improved to enable  communications with two base stations, the
base station  73 102 and the base station 112. In this case, the mobile
station 131 issues a request for connection with the base  



station to the data link transmission control unit 103 of  the base station
102. Since the communication quality is  only slightly deteriorated, the
mobile station 131 is in  a state communicating with the two stations of the
base  station 102 and the base station 112, different from the  first
embodiment. The data link transmission control unit  103 of the base station
102, receiving the connection  request, notifies the base station 112 of the
request for  the connection from the mobile station 131. Then the data  link
transmission control unit 103 makes correspondence  of part of subsequently
fed packets addressed to the  mobile station 131 to packet numbers and then
sends them -S through the transfer unit 105 to the base station 112, The
data link transmission control unit 113 performs the  automatic repeat
request control for each block, while the  data link transmission control
unit at either of the base  stations performs the correspondence to packet
numbers 20 for maintaining the sequence of packets received at the  mobile
station. In the present embodiment the data link- transmission control unit
103 of the base station 102 is  assumed to perform the correspondence to the
packet  numbers. The data link transmission control unit 113 of 25 the base
station 112 divides each packet from the base  station 102 into blocks,
thereafter adds to the blocks,  74 block numbers and a packet number before
the division, as  provided with the correspondence at the data link  



transmission control unit 103, further adds the parity  thereto, and then
transmits the blocks to the mobile  5 station 131. Suppose the communication
quality between the  mobile station 7.31 and the base station 102 is further
deteriorated and the mobile station 131 becomes capable  of communication
only with the base station 112. In this 10 case, the mobile station 131
issues a request for  discontinuation of packet transmission from the base
station 102 through the base station 112 with good  corraunication quality to
the data link transmission  control unit 103 of the base station 102.
Receiving the 15 request, the data link transmission control unit 103 of  the
base station 102 transmits a packet including a block  without an
acknowledgment of arrival, a packet number of  the pertinent packet, a block
number of the block without  an acknowledgment of arrival, and the latest
packet number 20 as the data link transmission control information through
the transfer unit 105 to the data link transmission  control unit 113 of the
base station 112. Then the blocks  or packets addressed to the mobile station
131 are stored  as they are, until the base station 102 receives a request 25
for transfer of the blocks or packets addressed to the  mobile station 131,
from the base station 112. Further,  7-. the base station 102 also stores a
packet addressed to the  mobile station from the network 1 as it is, before
it  



receives the transfer request. At a certain timing the base station 112 sends
a  5 request for transfer of the packets or blocks addressed  to the mobile
station, to the base station 102 that has  sent the data link transmission
control information. This  timing may be a time when the base station 112
receives  a signal to hasten the data transmission from the mobile 10
station. Receiving the transfer request, the data link  transmission control
unit 103 of the base station 102  transfers the stored blocks or packets
addressed to the  mobile station 131 to the base station 112 and thereafter
deletes all the blocks or packets. When a packet addressed 15 to the mobile
station 131 arrives thereafter at the base  station 102, it is transferred to
the base station 112 as  it is. The data link transmission control unit 113
of the  base station 112 divides the packet including the block  without an
acknowledgment of arrival, which was 20 transferred from the base station
102, into blocks and  thereafter retransmits only the block under the request
for retransmission to the mobile station 131. Since the  blocks are
fixed-length blocks, it is possi.bl.e to  retransmit only a necessary block
if an input packet, a 25 packet number thereof, and a block number of the
block are  given. When a new packet addressed to the mobile station  76 131.
is supplied thereafter to the base station 112, it is  provided with a packet
number based on the latest packet  



number notified of. The data link transmission control  unit 103 can also
transfer only necessary blocks. 5 The operation as described above makes it
feasible  to implement the data link transmission control method of  the
present invention. since the data link transmission control unit of the  base
station communicating with the mobile station can be  used without reset of
the packet- number as described above,  the data link transfer control can be
always performed  through the shortest path, regardless of movement of the
mobile station, and the transfer delay time of packet can  be shorter than
before, so as to increase the throughput  of the system. The aforementioned
data link transmission control  information can be items described below,
either of which  can be adopted. Namely, it is possible to employ either  of
the following items: (1) a packet number without an 20 acknowledgment of
arrival, (2) a packet number with an  acknowledgment of arrival, (3) a packet
number under a  repeat request, (4) the latest packet number, (5) a block
number without an acknowledgment of arrival, (6) a block  number with an
acknowledgment of arrival, (7) a block 25 number under a repeat request, (8)
the latest block number,  and (9) combination of the foregoing items (1) to
(8)  77 [Third Embodimenn] The third embodiment of the present invention will



he described below- The configuration of the mobile  communication system in
the third embodiment will be first 5 described or the basis of Figs. 11, 12,
and 13. The mobile  communication system of the third embodiment is comprised
of a mobile station 231 and a plurality of base stations  202, 212, 222, as
shown in Fig. 11, each base station being  communicable with other base
stations through the network  10 1. The mobile station 231 is composed of a
transmitter/receiver 233 configured to receive data from  the radio network
and transmit data to the radio network  through a mobile station antenna 232;
a data link 15 transmission control unit 234 configured to perform the  data
link transmission control comprising the automatic  repeat request control,
described hereinafter; and a data  input/output terminal 235 as an
input/output terminal of  packet data. 20 Among these components, the data
link transmission  control unit 234 is functionally composed of functional
blocks shown in Fic. 13. Namely, the data link  transmission control unit 234
is composed of a selection  block 234A configured to select one base station
out of 25 the base stations upon reception of packet sLorage  notification
from base stations and select one base  78 station desired to transmit a
packet addressed to the  mobile station of its own, based on receiving
qualities  



for the respective base stations; a transmission request  block 234B
configured to issue a request for transmission 5 of a packet to the base
station selected; a change occasion  notification block 234C configured to,
on the occasion of  change of the base station designated as a base station
for transmuting the packet addressed to the mobile  station of its own,
notify an old base station of ; discontinuation of transmission and notify a
new base  station of a transmission request and an initial packet  number of
an object; a measurement block 234D configured  to measure receiving
qualities of signals transmitted  from a plurality of base stations; a
receiving quality -5 notification block 234E configured to notify a base
station at a location selected based on the receiving  qualities, of the
receiving qualities for the respective  base stations; a judging block 234F
which judges whether  or not each base station is in one of a plurality of 20
specified communication states on the basis of the  reception quality for
each base station; and a state  transition request' block 234G which sends a
request for  transition of the communication state to base stations for
which a transition of the communication state is desired, 25 on the basis of
the results of the abovementioned  judgement- The transmitter/receiver 233
incorporates a  i9 diversity reception unit 233A configured to perform the
diversity reception of packets upon reception of  



identical packets from respective base stations. On the other hand, the base
station 202, as shown  5 in Fig. 11, is composed of a transmitter/receiver
207  configured to receive data from the radio network and  transmit data to
the radio network through a base station  antenna 208; a data link
transmission control unit 203  configured to perform the data link
Lransmission control 10 comprising the automatic repeat request control,
e.g., a  process of adding a unique number as identification  information to
each packet for execution of automatic  repeat control described hereinafter,
and to control each  of the components in the base station 202; a packet
copying is unit 206 configured to copy a packet; a delivery unit 205
configured to deliver the packet copy to another base  station; and a storage
unit 204 functioning as a temporary  storage area of packet data and others
for the data link  transmission control unit 203. 20 Among these units, the
data link transmission  control unit 203 is functionally composed of the
functional blocks shown in Fig. 12. Namely, the data link  transmission
control unit 203 is comprised of an  identification information addition
block 203A 25 configured to add to a packet addressed to the mobile  station,
identification information for specifying the  80 packet; a first deletion,
block 203B configured to delete  a packet on the basis of a timeout of a
timer or a packet  



arrival notification from the mobile station; a second  deletion block 203C
configured to delete a packet on the 5 basis of a timeout of a timer or a
notification of a number  of a deleted packet from another base station; a
third  deletion block 2031) configured to delete a packet  addressed to the
mobile station under storage at its own  base. station on the basis of a
request from the mobile 10 station that the base station of its own is
excluded from  packet-delivered base stations; a deleted packet  notification
block 203E configured to notify another base  station of a number of a packet
to be deleted; a delivery  control block 203F configured to deliver a packet
to a base 15 station designated as a new packet-delivered base  station; a
packet retransmission block 203G configured to  retransmit a packet according
to a repeat request from the  mobile station; a storage notification block
203H  configured to, upon reception and storage of a packet 20 addressed to
the mobile station, notify the mobile station  of the storage of the packet;
a notification, control block,  2031 configured to perform such control that
when a  transmission request is received from the mobile station  during
storage of a plurality of packets addressed to the 25 mobile station, the
packets are transmitted to the mobile  station and the mobile station is
notified of the storage  81 of the plurality of packets; a determination
block 203J  configured to determine for each of other base stations  



whether a packet to be delivered from its own base station  is to be
transmitted to the mobile station, based on the 5 receiving qualities for the
respective base stations; and  an instruction block 203K configured to
provide  instructions of transmission operation based on the  result of the
determination to the other base stations.  The other base stations 212, 222
are also constructed in  similar structure to that of the base station 202.
Incidentally, each of the base stations stays in  either of the four states
shown in Fig. 14A, relative to  the mobile station 231, and makes a
transition into either  state according to a request from the mobile station
231.  10 These four states will be described below. The 'first state is an
idle state. This state is a  state in which the base station transmits or
receives no  packet to or from the mobile station 231. The second state is a
packet transmissible state.  2D This state is a state in which when the base
station  receives a packet from the network 1, the base station can  transmit
the packet to the mobile station after addition  of a unique number to the
packet. This state is a state  that can be assumed by only either one base
station at a 25 certain time (i.e., a plurality of base stations cannot
stand simultaneously in this state), and the other base  82 stations are in
the idle state. The third state is a packet copying and  



transmissible state. This state is a state in which a base  station performs
sequential operation as follows. Namely, 5 when the base station receives a
packet from the network  1, it adds a unique number to the packet, thereafter
makes  a copy of the packet including the number, and delivers  the copy of
the packet (hereinafter referred to as a  "Packet copy") to another base
station according to a 10 request from the mobile station 231. When the base
station  then receives a request for packet transmission from the  mobile
station 231, the base station transmits the packet  to the mobile station
231. This sequential operation is  carried out in the third state. This state
is also a state 15 that can be assumed by only either one base station at a
certain time (i.e., a plurality of base stations cannot  stand simultaneously
in this state), and the other base  stations are in a packet copy
transmissible state  described below, or in the idle state. 20 The fourth
state is a packet copy transmissible  state. This state is a state in which
when a base station  receives a packet copy from a base station in the packet
copying and transmissible state and receives a request for  packet
transmission from the mobile station 231, the base 25 station can transmit
the packet copy to the mobile station.  This state is a state into which, in
the case of a certain  83 base station making a transition into the packet
copying  and transmissible state, another base station goes. 



The operation of the third embodiment will be  described below. First
described are operations of the  v base stations and the mobile station 231
in each of the  above states (1) Operation of mobile station and base
stations in  packet transmissible state When Eq (1) below holds, the i-th
base station of  4r. = 1 is in the packet transmissible state with respect
to the mobile station 231 and the other base stations of  Tj = 0 (i j) are in
the idle state. [Eq. 1]  N ~, =1 (1) 1 (Pm d ma. - ]t d (') ~ Th, i _ 1 ...
N) -{0 (P -P (1)>7-71,[-1,... jV) need M=,: Hied > tcd Max (P.? (1),. r led
(N)) In the equation herein, Pmed(i) represents a  time-average received
power (e.g., a median of received  power in a short -interval or the like) or
a ratio of the  time-average received power to interference power 20
(hereinafter referred to as "time-average received power  to interference
power ratio") about a broadcast signal or  a common pilot signal or the lake
transmitted from the i-th  base station. Pmed max represents a maximum
time-average  84 received power or a maximum time-average received power  



to interference power ratio among those of the first to  the N-th base
stations. 191. represents either of binary  numbers (1 or 0) which are
results of comparison of a 5 difference between Pmed max and Pmed(i) with a
predetermined threshold Th. The present embodiment will  describe a case of N
= 3 and the base station 202, base  station 212, and base station 222 in Fig.
11 will be  described as the first base station, the second base 10 station,
and the third base station, respectively. Eq (1) above holds when only one
measurement is large  among time-average received powers or received power to
interference power ratios of broadcast signals, common  pilot signals, or the
like transmitted from a plurality 15 of base stations (the base station 202
to the base station  222 it the present embodiment) , which are measured at
the  mobile station 231, e.g., when the mobile station 231 is  located at a
site A in Fig. 15. This occurs, for example,  in the case of L, = 1, T2 = 0,
and W,i = 0, wherein the 20 base station 202 is in the packet transmissible
state with  respect to the mobile station 231 and wherein the base  station
212 and the base station 222 are in the idle state. The following will
describe processing carried cut  when a packet arrives at the base station in
the packet  25 transmissible state, referring to Fig. 16. At the base station
202, the data link transmission control unit 203  85 adds a unique number to
the packet coming from the network  



1, adds the CRC code or the like for the error detection  of the received
packet at the mobile station, and stores  the packet (5301 and 5302 in Fig.
16) Then the data link 5 transmission control unit 203 controls the packet
copying  unit 206 so as to output the packet to the  transmitter/receiver 207
as it is, thereby transmitting  the packet to the mobile station 231 (5303).
The mobile  station 231 performs an error detection process of the 10
received packet (5304). When no error is detected, the  mobile station 231
notifies the base station 202 of an  acknowledgment of arrival of the packet
(5305 and S306).  When an error is detected, the mobile station 231 notifies
the base station 202 of a repeat request for 15 retransmission of the packet
(5305 and 5307). Men the  notification from the mobile station 231 is an
acknowledgment of arrival, the base station 202 deletes  the stored packet
corresponding to the unique number (5308  and 5310). When the notification
from the mobile station 20 231 is the repeat request, the base station 202
retransmits the packet corresponding to the unique number  (5308 and S309)
(2) operation of mobile station and base stations in idle.  state 25 As
described previously, the j-th base station of  ZP' - 0 is in the idle state
with respect to the mobile  86 station..  



The following will describe processing carried out when a packet arrives at
the base station in the idle state,  referring to Fig. 17. Let us suppose
herein that the base  5 station 212 and the base station 222 are in the idle
state. At the base station 212 in the idle state, the data link  transmission
control unit 213 controls the delivery unit  215 so as to transfer the packet
addressed to the mobile  station 231 directly to another base station or to
the base  station 202 in the packet transmissible state as it is.  Therefore,
when the packet arrives at the base station 212,  the base station 212
transfers the packet to another base  station or the base station 202 as a
receiver base station  (5311 and 5312 in Fig. 17). 5 Since the base stations
212, 222 are constructed in  much the same structure, the same operation as
above will  be carried out when the packet arrives at the base station  222.
(3) Operation of mobile station and base stations in  20 packet copying and
transmissible state and in packet copy  transmiss.-i.ble state When Eq (2)
below holds, either one base station out  of a plurality of base stations of
V, = 1 goes into the  packet copying and transmissible state with respect to
the 25 mobile station 231, and each base station demonstrating  1F , = 1 and
not being in the packet copying and  87 !transmissible state goes into the
packet copy  



transmissible state. tEq. 2]  N (2)  1 (P m d =mn~ - P d (!) = 7 h, j = 1, N)
lfl ( mad -'nmad(I)> Ph,L 1 .. N)  Y ned mu - max(1'mee (1) ' P ~Pd (N)) 5
The symbols used herein are the same as in Eq (1) Eq (2) holds when two or
more time-average received  powers or time-average received power to
interference  power ratios measured at the mobile station 231 are large,  as
in the case where the mobile station 231 is located at 10 a site B in Fig.
15; for example, it occurs in the case  of 1Ir1 = 1, 2 = 1, and 3 - 0 as in
the present embodiment,  wherein either one base station, the base station
202 or  the base station 212, is in the packet copying and  transmissible
state. This either one base station can be  a base station in the packet
transmissible state or a base  station with a large time-average received
power or  time-average received power to interference power ratio  before the
transition. The present embodiment will be  further described on the
assumption that the base station 20 202 is in the packet copying and
transmissible state and  the base station 212 in the packet copy
transmissible  state. The following will describe processing carried out  88 



Iii when a packet arrives at the base station 202 in the packet  copying and
transmissible state, referring to Fig. 18.  The base station 202 adds a
unique number to the packet  coming from the network 1, adds the CRC code or
the like 5 for the error detection of the received packet at the  mobile
station, thereafter stores the packet, and makes  a copy of the packet
including the number (5321 and S322  in Fig. 18) . Then the base station 202
delivers the packet  copy to the base station 212 in the packet copy
transmissible state (5323), and the base station 212  stores the delivered
packet (5324). Further, the base  station 202 notifies the mobile station 231
of the storage  of the packet addressed to the mobile station 231 (S325b) The
mobile station 231 requests the base station  with the maximum time-average
received power or  time-average received power to interference power ratio
to make a state transition into the packet copying and  transmissible state,
as described previously. This can  limit the number of base stations
providing a notification 20 of a new packet to the mobile station 231, to
one. This  can be implemented by making the base station with the  maximum
time-average receiving quality provide the  notification. In this case, it
becomes feasible to reduce  extra power for the notification and suppress  25
interference. However, if influence of the interference is weak,  



89 it is also possible to employ a method of making each  packet receiving
base station (the base station in the  packet copying and transmissible state
or the base station  in the packet copy transmissible state) notify the
mobile 5 station 231, as indicated at S325b and S325a in Fig. 18.  The mobile
station 231 receiving the notification  selects a base station with a maximum
instantaneous  received power or instantaneous received power to
interference power ratio among signals of broadcast i0 signals, common pilot
signals, or the like transmitted  from a plurality of base stations at that
point (two  stations of the base station 202 and base station 212 in  the
present embodiment) (5326) , and requests the selected  base station to
transmit the packet to the mobile station 15 231 (5327). AL specific method
of this request can be a  method of sending a request to the base station by
sending  a base station. number for specifying the base station and  a number
of the packet notified. For the method of the request, it is possible to  20
employ a method of sending the request directly to the  selected base station
through an uplink or a method of  notifying the selected base station of the
request  received at a base station. not selected, through the  network
between the base stations. The reason for it is 25 that an uplink and a
downlink exhibit different  instantaneous receiving qualities between the
mobile  



90 station and each base station and that while the maximum  receiving
quality is yielded. through the downlink between  the selected base station
and the mobile station, the  maximum receiving quality can be yielded through
the 5 uplink between another base station and the mobile  station. Then the
base station receiving the request (the  base station 202 in the present
embodiment) transmits the  packet to the mobile station 231 (S328) At this
time, i0 the base station 202 nay notify the mobile station 231 of  storage
of two or more packets addressed to the mobile  station 231. The reason is
that this can obviate a need  for further notification of subsequent packets
under  storage from the base station. 15 The mobile station 231 performs the
error detection  process of the received packet (S329) . When no error is
detected, the mobile station 231 notifies the base station  202 in the packet
copying and transmissible state of an  acknowledgment of arrival of the
packet (S330 and S331) 20 This notification may be performed directly to the
base  station 202 or through the base station 212. When an error  is
detected, the mobile station 231 selects a base station  with a maximum
instantaneous or time-average receiving  quality at that point (S332) and
notifies the base station 25 of a repeat request for retransmission of the
packet  (S333). 



a' Receiving the acknowledgment of arrival, the base  station 202 deletes the
stored packet corresponding to the  unique number (5334 and 5337). The base
station 202  notifies the base station 212 in the packet copy 5 transmissible
state of the number of the packet (S336).  Receiving the notification, the
base station 212 deletes  the packet copy stored according to the
notification  (S338). on the other hand, when the base station 202 receives
a repeat request, it retransmits the packet corresponding  to the unique
number (5333, 5334, and S335). Since the system is configured so that each
base  station stores a packet and one or more base stations send  the packet
to the mobile station without providing the 15 line control station for
delivery of packet separately  from the base stations, as described above,
the traffic  volume can be reduced in the network and the transmission  delay
time of packet can be decreased, so as to increase  the throughput and
enhance the performance of the entire  20 system. For the notification of
deletion Of the packet copy  at 5336 from the base station 202 to the base
station 212  in Fig. 18, it is possible to employ either of three  methods
shown in Fig. 19A, 19B, and 19C. 25 Namely, in the first method, as shown in
Fig. 19A,  every time the base station 202 receives an acknowledgment  



92 of arrival from the mobile station at S331, the base  station 202 notifies
the base station 212 of a unique  packet number of a packet to be deleted
(Al) . At this time,  the pertinent packet stored in the base station 202 may
5 be deleted at the same time as the notification. In the second method, the
base station 202 notifies  the base station 212 of the latest packet number
in a  prescribed time. Namely, the base station 202 starts the  processing
shown in Fig. 19B upon reception of the arrival 10 acknowledgment from the
mobile station at 5331, starts a  deletion timer in which a time of a
prescribed deletion  interval is set (B1), and stores a packet number
corresponding to the foregoing arrival acknowledgment  (B2) At this time, the
base station 202 may delete the 15 pertinent packet stored therein at the
same time. When  the base station 202 receives a new arrival acknowledgment
thereafter (yes at B3), the base station stores a packet  number
corresponding to the arrival acknowledgment (B2).  When a timeout occurs at
the deletion timer (yes at B4), 20 the base station 202 notifies the base
station 21.2 of the  latest packet number out of packet numbers stored at
that  point, i.e., a number of the latest packet out of packets
corresponding to received arrival acknowledgments within  the prescribed time
counted at the timer (B5). 25 Further, in the third method, the base station
202  performs notification on the basis of deletion of a  



93 specific packet (e.g., every ter, packets deleted). Namely,  the base
station 202 starts the processing shown in Fig.  19C upon reception of the
arrival acknowledgment from the  mobile station at S331, resets a counter to
n = 1 (Cl), 5 and stores a packet number corresponding to the foregoing
arrival acknowledgment (C2). The base station 202 may  delete the pertinent
packet stored therein at the same  time as the storage (the same will also
apply to C5) . When  the base station 202 receives a new arrival
acknowledgment  thereafter (yes at C3) , the counter n is counted up by one
(C4) and a packet number corresponding to the arrival  acknowledgment is
stored (C5) . At the time when the  counter n reaches 10, i.e., when the base
station 202  receives arrival acknowledgments for ten packets, C6  results in
yes, and the base station 202 notifies the base  station 212 of the latest
packet number out of packet  numbers stored at that point (C7). Among the
above methods, the first method has the  disadvantage of high traffic volume
for the notification  20 because of high notification frequency but the
advantage of easy buffer management. The second method generally  has the
disadvantage of complicated buffer management  because of low notification
frequency but the advantage  of low traffic volume for the notification. The
third 25 method is generally placed at an intermediate position  between the
first and second methods in terms of the  



94 traffic volume and buffer management. The present embodiment permits the
traffic volume  and buffer management both to be controlled in a good
balance by properly employing the three methods described  5 above.
Incidentally, a timer may be adopted as a trigger  for deleting the packet
stored at the base stations 202,  212 in F'ig. 18. This example will be
described below on  the basis of Fig. 20. 10 Namely, as shown in Fig. 20, the
base station 202  adds a unique number to a packet coming from the network
1, adds the CRC code or the like for the error detection  of the received
packet at the mobile station, thereafter  stores the packet, and makes a copy
of the packet including 15 the number (5321 and 5322X in Fig. 20) . At this
time the  base station 202 starts a deletion timer for counting a  deletion
timing for the stored packet, using the input of  the packet at the base
station 202 as a trigger. The base  station 202 may start the deletion timer
at the time when  20 it first sends the objective packet. Then the base
station 202 delivers the packet copy  to the base station 212 in the packet
copy transmissible  state (3323) . The base station 212 stores the delivered
packet and starts the deletion timer for counting the 25 deletion timing for
the stored packet, using the input of  the packet at the base station 212 as
a trigger (5329X).  



o,c Further, the base station 202 notifies the mobile station  231 of the
storage of the packet addressed to the mobile  station 231 (5325b). The
mobile station 231 requests a base station with  5 a maximum time-average
received power or time-average  received power to interference power ratio to
make a state  transition into the packet copying and transmissible  state, as
described above, whereby the number of base  stations providing the
notification of a new packet to the 10 mobile station can be limited to one.
This becomes  feasible, because the notification is performed from the  base
station with the maximum time-average receiving  quality. In this case, the
extra power for the  notification can be reduced and interference can be  15
suppressed. However, if influence of the interference is week,  it is also
possible to employ such a method that each  packet receiving base station
(the base station in the  packet copying and transmissible state, or the base
20 station in the packet copy transmissible state) notifies  the mobile
station 231, as indicated at 5325b and S325a  in Fig. 18. Receiving the
notification, the mobile staticn 231  selects a base station with a maximum
instantaneous  25 received power or instantaneous received power to
interference power ratio amcng the signals of broadcast  



96 signals, common pilot signals, or the like transmitted  from two or more
base stations (two stations of the base  station 202 and base station 212
herein) at that point  (S326), and the mobile station 231 issues a request
for 5 transmission of the packet to the selected base station  (S327) . A
specific method of this request can be a method  of requesting the base
station by sending a base station  number for specifying the base station and
a packet number  notified of. For the method of the request, it is possible
to  employ a method of sending the request directly to the  selected base
station through an uplink or a method of  notifying the selected base station
of the request  received at a base station not selected, through the 15
network between the base stations. The reason for it is  that an uplink and a
downlink exhibit different  instantaneous receiving qualities between the
mobile  station and each base station and that while the maximum  receiving
quality is yielded through the downlink between 20 the selected base station
and the mobile station, the  maximum receiving quality can be yielded through
the  uplink between another base station and the mobile  station. Then the
base station receiving the request (the  25 base station 202 herein)
transmits the packet to the  mobile station 231 (S328) . At this time, the
base station  



97 202 may notify the mobile station 231 of the storage of  two or more
packets addressed to the mobile station 231. The mobile station 231 performs
the error detection  process of the received packet (S329). When no error is
5 detected, the mobile station 231 notifies the base station 202 in the
packet copying and transmissible state of an  acknowledgment of arrival of
the packet (5330 and 5331).  This notification may be performed directly to
the base  station 202 or through the base station 212. When an error 10 is
detected, the mobile station 231 selects a base station  with a maximum
instantaneous or time-average receiving  quality at that point (S332) and
notifies the base station  of a repeat request for retransmission of. the
packet  (S33--). 15 When the base station 202 thereafter receives a  repeat
request from the mobile station 231, it retransmits  the packet corresponding
to the unique number (5333, 5334,  and 5335). In the example of Fig. 20, when
a timeout occurs at  20 the deletion timer started at 5322X, the base station
202  deletes the stored packet corresponding to the timer  (5336X and S33"/).
The base station 212 also deletes the  stored packet corresponding to the
timer when a timeout  occurs at the deletion timer started at S324X (S336Y
and  25 5338). Since the processing of Fig. 20 as described above  



98 obviates the need for deletion notification (S336 in Fig.  18) , it can
suppress increase of the traffic in the network  between the base stations
due to control packets for the  deletion notification. Since the
acknowledgment of 5 arrival of the packet from the mobile station (S331 in
Fig.  20) is not always necessary, the traffic volume can be  further
reduced. The timeout value of the deletion timer  in Fig. 20 is assumed to be
set at a time conceivably enough  to accept of the repeat request for
retransmission of the  packet. Incidentally, the present embodiment described
the  cases of one base staticn transmitting the packet (Fig.  18 and Fig.
20), but it is also possible to employ a  configuration wherein the base
station 202 and the base 15 station 212 both transmit identical packets if
interference or the like is not so significant or if the  receiving quality
can be enhanced by the diversity  reception at the mobile station receiving
the identical  packets from two or more base stations. This example will 20
be specifically described below referring to Fig. 21.  The base station 202
adds a unique number to the  packet coming from the network 1, adds the CRC
code or the  like for the error detection of the received packet at the
mobile staticn, thereafter stores the packet, and makes 25 a copy of the
packet including the number (S341 and ;392  in Fig. 21) . Then the base
station 202 delivers the packet  



99 copy to the base station 212 in the packet copy  transmissible state
(S343) and the base station 212  stores the delivered packet (S344). Next,
each of the base station 202 and the base  5 station 212 notifies the mobile
station of the presence  of the stored packet (S345) If the mobile station is
in  a packet receivable state, the notification at S345 can  be omitted. Then
each of the base station 202 and the base  station 212 transmits the stored
packet to the mobile  11) station (S346). The mobile station 231 performs the
error detection  process (S347) for the received packets. At this time,  the
mobile station can also perform the diversity  reception of identical packets
sent from two or more base 15 stations. A method of the diversity reception
can be  selected from a first method of combining identical bits  of the
received identical packets bit by bit as they are,  a second method of
combining the received packets weighted  by received powers or received power
to interference power 20 ratios bit by bit, and a third method of selecting a
packet  with no error detected out of packets after the error  detection.
When no error is detected, the mobile station  231 sends an acknowledgment of
arrival of the packet to  the base station 202 in the packet copying and  25
transmissible state (5343 and 5349). Receiving the arrival acknowledgment,
the base  



100 station 202 deletes the stored packet corresponding to the  uniaue number
(3351 and 5355) The base station 202 also  notifies the base station 212 in
the packet copy  transmissible state of the number of the packet (5354). 5
Receiving the notification, the base station 212 deletes  the stored packet
copy according to the notification  (5356). It is possible to omit the
notification at 5354  if the system employs the aforementioned method using
the  timer as shown in Fig. 20. 10 When an error is detected at 5348 on the
other hand,  the mobile station sends a repeat request for  retransmission of
the packet to either the base station  202 or the base station 212 (5350). If
the base station  202 receives the repeat request, the base station 202 15
redelivers the retransmitting packet to the base station  212, or notifies
the base station 212 of the number of the  retransmitting packet (5352). Then
each of the base  station 202 and the base station 212 retransmits the
requested packet (5353). 20 Further, when the mobile station 231 moves to
near  a site C in Fig. 15 and gains a large time-average received  power or
time-average received power to interference  power ratio in addition, e.g.,
in the case of IT, = 1, 'Ur  2 = 1, and ldr,= 1, the base station 202
similarly delivers 25 a copy of a packet arriving at the base station 202 to
the  base station 212 and the base station 222. 



iCl III The following will describe the operation of the  base stations and
the mobile station in a variety of events  of transition from a certain state
to another state as  shown in Fig. 14.2. 5 (4) Description of Event A The
event A is defined so that at the mobile station  a transition occurs from
the aforementioned Eq (1) holding  state to the Eq (2) holding state and the
:mobile station  231 requests the base station in the packet transmissible
state (the i-th base station of 1v = 1) to make a transition  into the packet
copying and transmissible state and  requests the base station in the idle
state, newly having  turned to T, = 1, to make a transition into the packet
copy  transmissible state (of. Fig. 14A and Fiq. 14B). 15 The event A will be
specifically described below  with reference to Fig. 22 on the assumption
that the base  station 202 is the base station making the transition from
the packet transmissible state into the packet copying and  transmissible
state and the base station 212 is the base 20 station making the transition
from the idle state into the  packet copy transmissible state. When the
mobile station 231 moves from the Eq (1)  holding state into the Eq (2)
holding state, the mobile  station 231 sends a request for a transition into
the 25 packet copying and transmissible state to the base station  



202 and notifies the base station 202 of a base station  102 number for
specifying the base station 212 newly having  turned to 'F = 1 (S361 and 5362
in Fig. 22) Receiving the notification, the base station 202  requests the
base station 212 to make a transition into  5 the packet copy transmissible
state (5363), makes a copy of a packet addressed to the mobile station 231,
stored  at that point (5364), and delivers the packet copy to the  base
station 212 (S366) . Then the base staLion 202 makes  a transition into the
packet copying and transmissible  10 state (5367). In response to the
transition request from the base  station 202, the base station 212 makes a
transition into  the packet copy transmissible state (5365). The base
station 212 stores the packet copy delivered (2368). This 15 permits the base
station 212 to retransmit the packet- copy  instantly even if the base
station 212 receives a request  for retransmission of the packet. Then a
packet arriving thereafter at the base  station 202 is copied by the base
station 202 and the  20 packet copy is delivered to the base station 212, as
described above. (5) Description of Event B The event B is defined so that at
the mobile station  a transition occurs from the Eq (2) holding state to the
25 Eq (1) holding state where the base station in the packet 



copy transmissible state has turned to 11f = 0 and only the  103 base station
in the packet copying and transmissible state  stays in the state of W; = 1
(the other base stations with  1F, = 0) and that the mobile station 231
requests the base  station in the packet copying and transmissible state to 5
make a transition into the packet transmissible state and  requests the base
station in the packet copy transmissible  state to make a transition into the
idle state (ci. Fig.  14A and Fig. 14Th)a The event B will be specifically
described below  10 with reference to Fig. 23 on the assumption that the base
station 202 is the base station making the transition from  the packet
copying and transmissible state into the packet  transmissible state and the
base station 212 is the base  station making the transition from the packet
copy  15 transmissible state into the idle state. When the mobile station 231
moves from the Ea (2)  holding state into the Eq (1) holding state, the
mobile  station 231 sends a request for a transition into the  packet
transmissible state to the base station 202 and 20 notifies the base station
202 of a base station number for  specifying the base station 212 with 'F, =
0, i.e., the base  station to make a transition into the idle state (5371 and
S372 in Fig. 23) . Since the two base stations are handling  packets
addressed to the mobile station, it is also 25 possible to employ a method of
sending the request to the  



base station 21.2. This method can be implemented in such  ),04 a manner that
the mobile station sends the request for the  transition into the idle state
to the base station 212 and  notifies the base station 212 of the number of
the base  station (base station 202) to make the transition into the 5 packet
transmissible state. The present embodiment will  be further described
assuming the former method.  Receiving the notification, the base station 202
sends a request for a transition into the idle state to  the base station 212
(S373) and makes a transition into  10 the packet transmissible state (S379).
The base station 212 makes a transition into the idle  state and deletes the
packet stored (5375). The base  station 202 does not perform the copying
operation of a  packet arriving thereafter and does not perform the 15
celivery of the copy thereof to another base station,  either. (6)
Description of Event C The event C is defined so that at the mobile station
a transition occurs from the Eq (2) holding state to the  20 Eq (1) holding
state to yield W1 = 0 for the base station in the packet copying and
transmissible state and T1 = 1  for the base station in the packet copy
transmissible  state and that the mobile station 231 requests the base
station in the packet copying and transmissible state to 25 make a transition
into the idle state and requests the base  



station in the packet copy transmissible state to make a  105 transition into
the packet transmissible state. The event C will be specifically described
below  with reference to Fig- 24 on the assumption that the base  station 202
is the base station making the transition .f,rom 5 the packet copying and
transmissible state into the idle  state and the base station 212 is the base
station making  the transition from the packet copy transmissible state  into
the packet transmissible state. When the mobile station 231 moves from the Eq
(2)  10 holding state into the Eq (1) holding state, the mobile  ;ration 231
sends a request for the transition into the  idle state to the base station
202 and notifies the base  station 202 of the base station number for
specifying the  base station 212 to make the transition into the packet  15
transmissible state (5381 and 5382 in Fig. 24). Receiving the notification,
the base station 202  sends a request for the transition into the packet
transmissible state to the base station 212. Since the  base station for
adding the unique number is switched over. 20 to another, the base station
202 further notifies the base  station 212 of a number of a packet currently
stored (a  packet without an acknowledgment of arrival) and the  latest
unique number to be added to the packet (S383a),  as expressly described in
the first embodiment. Since the 25 base station 212 also stores packets at
the time of  



occurrence of this event, it is also feasible to employ  106 a method of
referring to the base station 212 and  transmitting only a different packet
between those stored  at the two base stations (5383b). Therefore, either
method S383a or S383b is carried out. 5 Then the base station 202 transitions
into the idle  state and deletes the stored packet (5394) . When the base
station 202 in the idle state receives a packet addressed  to the mobile
station 231, it performs the control to  transfer the packet to the base
station 212 as it is, as 1C described in the foregoing section "(2) Operation
of  mobile station and base stations in idle state." On the other hand, the
base station 212 transitions  into the packet transmissible state according
to the  transition request from the base station 202 (S385). 5 (7)
Description of Event U The event D is defined so that at the mobile station
a transition occurs from the Eq (1) holding state to the  Eq (2) holding
state and, for example, a base station newly  having turned into T = 1 gives
a maximum time-average 20 received power or time-average received poteer to
interference power ratio whereby the mobile station 231  requests the base
station in the packet transmissible  state (the i-th base station with Wj = 1
heretofore) to  make a transition into the packet copy transmissible state 25
and also requests the base station in the idle state, newly  



having turned into Vj = 1, to make a transition into the  107 packet copying
and transmissible state. The event D will he specifically described below
with reference to rig. 25 on the assumption that the base  station 202 is the
base station making the transition from 5 the packet transmissible state into
the packet copy  transmissible state and the base station 212 is the base
station making the transition from the idle state into the  packet copying
and transmissible state. When the mobile station 231 moves from the Eq (1)
10 holding state into the Eq (2) holding state, the mobile  station 231 sends
a request for the transition into the  packet copy transmissible state to the
base station 202  and notifies the base station 202 of a base station number
for specifying the base station newly making the 15 transition into the
packet copying and transmissible  state (S391 and S392 in Fig. 25). Receiving
the notification, the base station 202  sends a request for the transition
into the packet copying  and transmissible state to the base station 212.
Since 20 the base station for adding the unique number is switched  over to
another, the base station 202 further notifies the  base station 212 of a
number of a packet currently stored  at the base station 202 (a packet
without an  acknowledgment of arrival) and the latest unique number, 25 to be
added to the packet (5393), as expressly described  



in the first embodiment. This is because the base station  108 212 makes a
transition from the idle state without storage  of any packet addressed to
the mobile station. Then the  base station 202 makes a transition into the
packet copy  transmissible state (5394), 5 Based on the notification of
these, the base station  212 makes a transition into the packet copying and
transmissible state and stores the packet sent from the  base station 202
(S395) Then the base station 212  performs such control as to make a copy of
a packet newly 10 arriving at the base station 212 and deliver the packet
copy to the base station 202. (2) Description of Event E The event E is
defined so that at the mobile station  Eq (2) holds and, for example, the
base station with the  15 maximum time-average received power or time-average
received power to interference power ratio is changed over  to another
whereby the mobile station 231 requests the  base station in the packet
copying and transmissible state  to make a transition into the packet copy
transmissible 20 state and requests the base station in the packet copy
transmissible state to make a transition into the packet  copying and
transmissible state. The event E will be specifically described below  with
reference to Fig. 26 on the assumption that the base  25 station 202 is the
base station making the transition from 



the packet copying and transmissible state into the packet  109 copy
transmissible state and the base station 212 is the  base station making the
transition from the packet copy  transmissible state into the packet copying
and  transmissible state. 5 When the base station with the maximum
time-average  received power or tine-average received power to  interference
power ratio is changed over from the base  station 202 to the base station
212, the mobile station  231 sends a request for the transition into the
packet copy 10 transmissible state to the base station 202 and a request  for
the transition into the packet copying and  transmissible state to the base
station 212 (S401 and S902  in FiQ. 26). Receiving the notification, the base
station 202  15 makes the transiLion into the packet copy transmissible
state (5904) . Since the base station for adding the unique  number is
changed over to another, the base station 202  notifies the base station 212
of a number of a packet  currently stored (a packet without an acknowledgment
of 20 arrival) and the latest unique number to be added to the  packet, as
expressly described in the first embodiment.  Since the base station 212 also
stores packets, it is also  implemented by such a method that the base
station 202  refers to the base station 212 and transmits only a 25 different
packet between those stored at the two base  



stations (5903). The packets stored at the base station  110 202 are
continuously stored as they are, but in the case  of the deleting method
based on the timeout, the deletion  timer is started at this point for all
the packets stored. Based on the notification of these, the base station  5
212 makes the transition into the packet copying and  transmissible state
(3405). Then the base station 212  parforms such control as to make a copy of
a packet newly  arriving at the base station 212 and deliver the packet  copy
to the base station 202. 10 Since the third embodiment as described above is
configured to store packets at respective base stations  and transmit packets
from one or more base stations to the  mobile station without provision of
the line control  station for delivery of packets separately from the base 15
stations, the traffic volume can be reduced in the network  and the
transmission delay time of packet can be shorter,  so as to increase the
throughput and enhance the  performance of the entire system. [Fourth
Embodiment] 20 The following will describe the operation  concerning handover
transmission control with reference  to Fig. 27. The configuration of the
mobile communication  system is the same as the configuration of Fig. 11 as
in  the third e_bodiment. 25 The mobile station receives broadcast signals,  



common pilot signa.l.s, or the like transmitted from a  ii plurality of base
stations to determine time-average  receiving qualities (e.g., propagation
losses herein)  between the mobile station and the base stations. Then  the
mobile station notifies the base station in the packet 5 copying and
transmissible state to add the unique number,  of the time-average receiving
qualities thus determined.  Based on the plurality of time-average receiving
qualities thus notified of, the base station in the packet  copying and
transmissible state instructs each of the base  stations in the packet copy
transmissible state to perform  transmission in packet units. Each base
station. transmits  a new packet according to the instructions. When
retransmission is requested, only the base station  receiving the repeat
request from the mobile station  retransmits the packet. The instructions for
the transmission in packet  units are carried out specifically as follows at
the base  station to add the unique number. The base station to add  the
unique number calculates Si (j) based on Eq (3) below, 20 using the plurality
of time-average propagation losses  and adds an "identifier for instructions
of transmission"  to each base station in the ascending order of the base
stations from the smallest S;(j) for the packets sent to  its own station.
When there are two base stations with 25 the same S; (j) , the base station
to add the unique number  



adds the "identifier for instructions of transmission" to  112 the base
station with a smaller tine-average propagation  loss. The propagation loss
in Eq (3) below can be replaced  by either of a desired signal to
interference power ratio  (d R), a received signal to interference power
ratio (SIR), 5 a desired signal to noise power ratio (CNR) , and a received
signal to noise power ratio (SNR), which are indexes  indicating the
receiving quality. [Eq. 3] s1w- i- (3)  LA 1D In the equation, 9 represents a
number of each base  station and j the number of packets received after an
update of L1. As an example, the following will describe the  operation
carried out after an update of the time-average  15 propagation losses in a
state in which there exist three base stations (i = 1-3) capable of
transmitting packets  to the mobile station. Let us also suppose that i - 1
indicates a base station in the packet copying and  transmissible state, i =
2 and 3 base stations in the 20 packet copy transmissible state, and the
time-average  propagation losses of the respective stations are as  follows.
The propagation loss between the first base station  (i = 1) and the mobile
station: L, = 1 



25 The propagation loss between the second base station  113 (i = 2) and the
mobile station: L2 = 2 The propagation loss between the third base station
(i = 3) and the mobile station: L3 = 3 The first packet after the update of
the  5 time-average propagation losses is assumed to be the K-th  packet.
Since S, (j) is zero for all the stations at this  point, the base station to
add the unique number adds the  identifiers so as to transmit the packet from
the first  base station with the smallest propagation loss. The identifiers
can be of one-bit length. Namely,  instructions with one-bit identifiers can
be given by  making the base stations operate so as to transmit a packet
with an identifier of "1" but to store a packet with an  identifier of "0,"
without sending it. Values of S (j) 75 after the addition of the identifiers
are as follows.  [Eq. 4] sl(y)= 6 s2(o)= o s;(o)= o Then the (K+1) th packet
is fed. Since at this point  51 ( 0 ) and 5:1 ( 0 ) are zero, the base
station to add the unique  20 number adds the identifiers so as to send the
packet from the second base station with the smaller propagation- loss.
Values of Sj(j) at this point are as follows. [Eq. 5] r SM(()= 6 Ss\1)= 2
s3(0)= 0 114 



At a time of input of the (K+2) th packet, only S:; (0)  is zero and minimum,
and thus the base station to add the  unique number adds the identifiers so
as to send the packet  from the third base station. Values of S, (j) at this
point  5 are as follows. [Eq. 6] sl(O)= S,(1)= 6 S,(1)- 6 As described above,
the base station to add the  unique number makes a copy of an input packet
and enables  10 the identifier of permitting transmission of the packet, for
a certain base station, based on Eq (3) above, in  delivery of the packet
copy. Fig. 2-1 presents the  calculation results of Eq (3) and the identifier
states  for the (X+3)th to (K+10)th packets thereafter. 15 As shown in Fig.
27, at the time of input of the  (K+3)th packet thereafter, S_ (1) is minimum
as described  above, and thus the base station to add the unique number  adds
the identifiers so as to send the packet from the  first base station. 20 At
the time of input of the (K+4) th packet, 51(2)  and S2(i) are equal, "2/6,"
and thus the base station to  add the unique number adds the identifiers so
as to send  the packet from the first base station with the smaller
propagation loss. 25 At the time of input of the (K+5)th packet, 52(1)  115
is minimum, and thus the base station to add the unique  



number adds the identifiers so as to transmit the packet  from the second
base station. At the time of input of the (K+6)th packet, S1(3)  5 and S:3(1)
are equal, "3/6," and thus the base station to  add the unique number adds
the identifiers so as to  transmit the packet from the first base station
with the  smaller propagation loss. At the time of input of the (K+7)th
packet, S3(1)  10 is minimum, and thus the base station to add the unique
number adds the identifiers so as to transmit the packet  from the third base
station. Ar the time of input of the (K+e)th packet, S1(4)  and SZ(2) are
equal, "4/6," and thus the base station to  15 add the unique number adds the
identifiers so as to transmit the packet from the first base station with the
smaller propagation loss. At the time of input of the (K+9)th packet, S2(2)
is minimum, and thus the base station to add the unique  20 number adds the
identifiers so as to transmit the packet  from the second base station. At
the tine of input of the (K+10)th packet, S1(5)  is minimum, and thus the
base station to add the unique  number adds the identifiers so an to transmit
the packet  25 from the first base station. Then each base station transmits
only the packet  116 with the identifier of 1 to the mobile station. 



when the time-average propagation losses are  updated, the base station to
add the unique number resets  to j = 0 to clear S (j) and thereafter
continues the  5 execution of the above processing. When the mobile station
sends a request fo  retransmission, the mobile station selects a base station
with the smallest propagation loss at that time and  requests the selected
base station to retransmit the  packet. The reason why an arbitrary base
station selected  by the mobile station can execute retransmission of the
packet is that each base station stores a packet copy  delivered. By the
structure and operation as described above,  !5 each base station can perform
appropriate packet  transmission based on the time-average propagation
losses,  without executing the procedure of notification of packet  arrival
from the mobile station, and a retransmitting  packet can be instantly
transmitted from the base station 20 with the smallest propagation loss at
that point, whereby  it becomes feasible to perform quick retransmission
while  reducing the interference with other cells or other mobile  stations.
[Fifth Embodiment] 25 The fifth embodiment of the present invention will  be
described below with reference to Figs. 28 to 31. As  117 shown in Fig. 28,
the mobile communication system in the  



fifth embodiment is comprised of a mobile station 1131 and  a plurality of
base stations 1102, 1112, as the  aforementioned mobile communication system
of the first 5 embodiment (Fig. 7) was, wherein the base stations are
communicable with each other through the network 1.  Among these, the
configuration of the mobile station 1131 is the same as that of the mobile
station 131 in the  first embodiment. The configuration of the base station
10 1102 is different from that of the base station 102 in the first
embodiment in that a packet copying unit 1107 for  copying a packet is added
and the transfer unit 105 of Fig.  7 is replaced by a transfer/delivery unit
1105 for  delivering a packet copy to another base station and 15
transferring a packet to another base station performing  the data link
transmission control. The data link  transmission control unit 1103 is
different from that in  the first embodiment in that it performs the data
link  transmission control comprising the automatic repeat 20 request control
for transmission/reception of a packet to  or from the mobile station and
transmits to the mobile  station, control base station identification
information  for identification of the base station performing the data  link
transmission control, instead of the data link 25 transmission control
information. The base station 1112  has the same structure as the base
station 1102. 11 The following will describe the operation in the  



fifth embodiment. Let us suppose herein that at the  initial stage the radio
communication quality is good  between the mobile station 1131 and the base
station 1102, 5 the radio communication quality is not good between the
mobile station 1131 and the bass station 1112, and thus  the mobile station
1131 is in an initial state of being  communicable only with the base station
1102_ The  operation in this initial state will be described along  i0 Fig.
29. At the base station 1102, the data link transmission  control unit 1103
accepts a packet from the network 1 at  S41 in Fig. 29, and the data link
transmission control unit  1103 performs the data link transmission control
15 comprising the automatic repeat request control. At this  point the data
link transmission control unit 1103 adds  identification information to each
packet (S42). The  identification information used in the present embodiment
consists of packet identification information for 20 enabling identification
of the packet fed into the data  link transmission control unit 1103 and
control base  station identification information for enabling  identification
of the control base station performing, the  data link transmission control
(i.e., the base station 25 performing the addition of identification
information).  The data link transmission control unit 1103 adds the CRC
1.1.9 code or the like for the error detection of the received  



packet, to the packet, stores the packet after the  addition (i.e., the
packet accompanied by the  identification information) in the storage unit
104 (S42), 5 and outputs the packet to the transmitter/receiver 5. The
transmitter/receiver 5 modulates the packet into a  transmitting signal and
thereafter transmits the  transmitting signal through the base station
antenna 6 to  the mobile station 1131 (S43) 10 On the other hand, at the
mobile station 1131, the  transmitter/receiver 33 receives and demodulates
the  signal through the mobile station antenna 32 and feeds The  packet
obtained by the demodulation to the data link  transmission control unit
1034. The data link 15 transmission control unit 1034 performs the data link
transmission control comprising the auLomatic repeat  request control and
also performs the error detection  using the CRC code added to the packet,
for the input  packet (544). When the detection results in finding an 20
error in the packet, the data link transmission control  unit 1034 identifies
the number of the packet for a repeat  request and the base station 1102 as
the control base  station, based on the identification information added,
and then transmits a NACK signal to the base station 1102 25 on the basis of
the result of the identification (545).  This results in notifying the data
link transmission  120 control unit 1103 of the repeat request for
retransmission  



of the packet. This notification can be implemented by  either one selected
from the method of directly notifying  the base station 1102, the method of
notifying the base 5 station 1102 through another base station, and so on.
Then  the data link transmission control unit 1103 determines  that the input
signal is not an ACK signal (S47) , and  retransmits Lhie packet stored (S43)
When the error detection results in finding no error  10 in the packet on the
other hand, the data link transmission  control unit 1034 identifies the base
station 1102 as the  control base station, based on the identification
information added, and then transmits an P_CK signal to the  base station
1102 on the basis of the result of the 15 identification (S46). This results
in notifying the data  link transmission control unit 1103 of an
acknowledgment  of arrival of the packet. Then the data link transmission
control unit 1103 determines that the input signal is ACK  signal (S47), and
then deletes the packet stored for  20 retransmission (S48) When movement of
the mobile station 1131 leads to  deterioration of the communication quality
with the base  station 1102 having been communicating heretofore with  the
mobile station 1131, to the level equivalent to the 25 communication quality
with the adjacent base station 1102,  the mobile station 1131 sends to the
base. station 1102,  121 a request for transmission of identical packets from
the  



base station 1102 and the base station 1112 (549), as  described in the
aforementioned embodiment. In response  to the request, with supply of a
packet into the base 5 station 1102 after that time (550), the data link
transmission control unit 1103 of the base station 1102  performs the same
processing as at S42, for the packet  (S51), transmits the packet through the
transmitter/receiver S to the mobile station 17.31 (S52),  makes a copy of
the packet at the packet copying unit 1107  (953), and delivers the packet
copy through the  Lransler/delivery unit 1105 to the data link transmission
control unit 1113 of the base station 1112 (S54). Since the data link
transmission control unit 1113  is controlled so as to output the delivered
packet to the  transmitter/'receiver 15 as it is, by the data link
transmission control unit. 1103, identical packets are  transmitted from the
base station 1102 and from the base  station 1112 (S52). 20 At this step the
data link transmission control unit  1113 can determine whether it should
output the arriving  packet as it is or perform the data link transmission
control comprising the automatic repeat request control  as described above,
by detecting whether the arriving 25 packet is accompanied by the
identification information.  Specifically, when the data link transmission
control.  122 unit 1113 detects addition of the identification  



information to the input packet, it outputs the arriving  packet to the
transmitter/receiver 15 as it is. On the  other hand, when the data link
transmission control unit 5 1113 detects no identification information added
to the  input packet, it performs the data link transmission  control
comprising the automatic repeat request control_ The mobile station 1131
performs the error detection  for the received packet in the same manner as
described  10 before (555) and outputs a NACK or ACK signal to the base
station 1102 (556 and 557). The base station 1102  determines whether the
input signal is ACK (S58),  similarly as above, retransmits the packet in the
case of  NACK (S52), and deletes the stored packet in the case of  15 ACK
(S59). Next, let us suppose that the communication quality  becomes
deteriorated between the mobile station 1131 and  the base station 17.02 and
the communication quality with  the base station 1112 becomes better. The
operation 20 carried out upon transmission of packets from a plurality  of
base stations to the mobile station in this transition  state will be
described along Fig. 30. The mobile station 1131 sends a notification of a
request for changeover of the base station performing the  25 data link
transmission control, to the data link transmission control unit 1103 of the
base station 1102  123 (561 in F' g. 30) . The notification can also be
implemented  



by either of the method of directly notifying the base  station 1102, the
method of notifying the base station  1102 through another base station, and
so on, as described  5 previously. Receiving the request for the chance of
the base  station, the data link transmission control unit 1103  sends a
request for a start of the data link transmission  control over the mobile
station 1131 through the 10' transfer/delivery unit 1105 to the base station
1112 as  a new base station (S62). Further, the system is set so  that a
packet fed to the data link transmission control  unit 1103 after this point
is transferred through the  transfer/delivery unit 1105 to the base station
1112 as 15 it is. Therefore, when the data link transmission control  1103
receives a packet (S63), the packet is transferred  to the base station 1112
by the transfer/delivery unit  1105 as it is (564) The data link transmission
control unit 1103 of the  20 old base station continues to perform the data
link  transmission control only over the packets stored for  retransmission,
in much the same manner as the operation  from S52 to S59 in Fig. 29. Namely,
for these packets,  the data link transmission control unit 1103 of the old
25 base station continues to perform the retransmission  control before
completion of the arrival acknowledgment  124 thereof. In this operation,
identical packets are also  



transmitted from the base station 1102 and the base  station 1112 to the
mobile station 1131 in much the same  manner as described before. 5 On the
other hand, the data link transmission  control unit 1113 of the base station
1112 as a new base  station performs the data link transmission control
comprising the automatic repeat request control over an  arriving packet
without identification information (a 10 packet arriving through 564 or S65)
At this stage the  data link transmission control unit 1113 adds
identification information to each packet, adds to the  packet the CRC code
or the like for the error detection  of the received packet, stores the
packet after the 15 addition (i.e., the packet accompanied by the
identification information) in the storage unit 1_4 (566),  and outputs the
packet to the transmitter/receiver 15.  The transmitter/receiver 15 modulates
the packet into a  transmitting signal and transmits the transmitting signal
20 through the base station antenna 16 to the mobile station  1131 (S67). The
copying unit 1117 makes a copy of the packet  accompanied by the
identification information (S68), and  the packet copy is delivered through
the 25 transfer/delivery unit 1115 to Lhe data link transmission  control
unit 1103 of the base station 1102 (S69). Since  125 the packet is
accompanied by the identification  



information, the data link transmission control unit 1103  controls the
transmitter/receiver 5 so as to output the  packet as it is, and thus
identical packets are 5 transmitted from the base station 1102 and from the
base  station 1112 (S67). The mobile station 1131 performs the error
detection  for the received packet in much the same manner as  described
before (S70), identifies the base station 1112, 10 and outputs a NACK or ACK
signal to the base station 1112  (571 and S72). The base station 1112
determines whether  the input signal is ACM (573), retransmits the packet in
the case of NACK (S67), and deletes the stored packet in  the case of ACK
(S74). 15 The following will describe the operation carried  out when a singe
base station transmits a packet to the  mobile station in a transition state
in which the  comimur!ication quality becomes deteriorated between the
mobile station 1131 and the base station 1102 and the 20 communication
quality becomes better with the base  station 1112, similar to the above,
along Fiq. 31. As described in the foregoing embodiment, the data  link
transmission control ,-,nit 1113 of the base station  1112 receives a request
for transmission of packet only 25 from the base station 1112, from the
mobile station 1131  (5^01 in Fig. 31) and thus performs such control as not
to  126 perform copying of the packet. For this reason, when a  



packet is fed to the base station 1102 after that point  (582), the packet is
transferred to the base station 1112  (583) and the aforementioned processing
is executed only  5 at the base station 1112 (S84 to S90)_ Namely, the data
link transmission control unit 1113  of the base station 1112 adds
identification information  to each packet, adds to the packet the CRC code
or the like  For the error detection of the received packet, stores the 10
packet after the addition (i.e., the packet accompanied  by the
identification information) in the storage unit 114  (584), and outputs the
packet to the transmitter/receiver  15. The transmitter./receiver 15
modulates the packet into  a transmitting signal and thereafter transmits the
15 transmitting signal through the base station antenna 16  to the mobile
station 1131 (S85). The mobile station 1131 performs the error detection  for
the received packet in much the same manner as  described above (386),
identifies the base station 1112, 20 and outputs a NACK or ACK signal to the
base station 1112  (587 and S88). The base station 1112 determines whether
the input signal is ACK (589), retransmits the packet in  the case of NACK
(585), and deletes the stored packet in  the case of ACK (E,90) 25 As
described above, the control base station  performing the data link
transmission control- transmits  127 to the mobile station the control base
station  



identification information for identification of the  control base station
instead of the data link transmission  control information whereby the mobile
station can 5 identify the control base station on the basis of the  control
base station identification information and  whereby the mobile station can
perform the data link  transmission control comprising the automatic repeat
request control (e.g., a request for connection with a new 10 base station or
the like) with respect to the control base  station. When the mobile station
and the base station  perform the data link transmission control using the
control base station identification information instead  of the data link
transmission control information as 15 described above, it is feasible to
reduce the data volume  of the control information transmitted and received
and  decrease the traffic volume of the network. The present embodiment
described the configuration  wherein the identification information always
consisted  20 of the information for identification of the base station and
the information for discrimination of the packet, but  the present invention
can also be substantiated without  increasing the number of bits of the
identification  information too much, by a configuration wherein the 25
identification information consists of only the  information for
identification of the packet in a state  128 in which only the data link
transmission control unit of  



one base station executes the data link transmission  control comprising the
automatic repeat request control  and wherein the identification information
consists of 5 the information for identification of the packet and the
information for identification of the base station in a  state in which the
data link transmission control units  of two or more base stations execute
the data link  transmission control comprising the automatic repeat  13
request control. [Sixth Embodiment] Next, the sixth embodiment of the present
invention.  will be described. In this sixth embodiment, a first  method in
which only data link transmission control. 15 information is transmitted from
the first base station to  the other base stations, and a second method in
which data  link transmission control information and packets are
transmitted at the same time, or in which packets to which  identification
information has been added are transmitted, 20 will be described in order.
Furthermore, in the present  embodiment, a case in which IP (Internet
Protocol) packets  are used will be described; however, the present
embodiment can be used with any packets having a packet  construction similar
to that of these IP packets. 25 First, the first method will be described.
Fig. 32  shows an example of the construction of the apparatus used  129 to
perform this first method. In the mobile communication  



system shown in Fig. 32, a plurality of base stations 2102,  2112 are
arranged to allow mutual coimnunications via a  network 1. 5 The base station
2102 comprises a  transmitter/receiver 5 which receives data from a  wireless
network and transmits data to this wireless  network Via a base station
antenna 6, a data link  transmission control unit 2103 which performs data
link 10 transmission control including the automatic repeat  request control
described in the first embodiment, and  which controls the respective
constituent units inside  the base station 2102, an encapsulating and
transmitting  unit 2105 which transmits data link transmission control 15
information to base stations of altered destinations in  cases where a
request for alteration of the base station  is received, and which performs
the encapsulation  described below, a storage unit 2104 which functions as  a
temporary memory region for packet data or the like of 20 the data link
transmission control unit 2103, and a  decapsulating unit 2106 which performs
decapsulation  (opening of the capsules) of the received encapsulated
packets. Among these units, the encapsulating and  25 transmitting unit 2105
is constructed from the functional  blocks shown in functional terms in Fig.
33A.  130 Specifically, the encapsulating and transmitting unit  



2105 comprises an encapsulating unit 2105A which  encapsulates the data link
transmission control  information and the packets that are transmitted, an 5
encapsulated packet transmitting unit 2105B which records  the total value of
the length of the data link transmission  control information and the length
of the packet that is  transmitted, which expresses the length of the
encapsulated packet obtained by encapsulation, in the 10 header of each
encapsulated packet, and transmits these  encapsulated packets, and a
construction judging unit  2105C which judges that the encapsulated packets
are  constructed containing data link transmission control  information in
cases where the length obtained by 15 subtracting the length of the header of
the encapsulated  packet from the length of the encapsulated packet that is
recorded in the header of the transmitted encapsulated  packet is not equal
to the length of the transmitted packet  that is recorded in the header of
the transmitted packet. 20 Furthermore, the other base station 2112 is also
constructed in the same manner as the abovementioned base  station 2102.
Next, the operation of the first method will be  described. The data :link
transmission control unit 2103  25 of the base station 2102 outputs data link
transmission control information to the encapsulating and transmitting  131
unit 2105. As is shown in Pic. 34, this encapsulating and  



transmitting unit 2105 sets the IP address of the base  station 2102 as the
originating address of the IP header  unit, and sets the IP address of the
base station 2112 as 5 the destination IP address. Furthermore, in order to
transmit the data link transmission control information  to the base station
as UDP or TCP data, the encapsulating  and control unit 2105 sets a number
that expresses UDP or  TCP as the protocol number, and sets the total value
of 10 the respective lengths of the IP header part and IP data  part (UDP or
TCP header, part and UDP or TCP data part) as  the packet length. Then, the
data link transmission  control information that is to be transmitted is
input  into the UD? or TCP data part, thus constructing the IP 15 packet that
is to be transmitted to the base station. The  IP packet thus constructed is
sent out to the network 1.  The IF packet thus sent out reaches the base
station 2112  in accordance with the set destination IP address. In the base
station 2112, the TP packet that has  20 arrived is input into the
decapsulation unit 2116. This  decapsulation aniL performs processing
according to the  flow chart shown in Fig. 35. Furthermore, Fig. 35. also
shows the processing procedure used in the second method,  which will be
described later. 25 First of all, the protocol number of the fl? header  part
located furthest to the outside in the input packet  132 is identified (S501
in Fig. 35). In the case of this  



example, the identified protocol number does not express  IP encapsulation (a
judgement of NO is made is 5502);  accordingly, the UDP or TCP data part in
the It data part 5 is extracted and used as data link transmission control
information (5507). This extracted data link  transmission control
information is input into the data  link transmission control unit 2113. In
this data link  transmission control unit 2113, the data link 10 transmission
control described in the abovementiened  embodiments is performed in
accordance with the input data  link transmission control information. For
example, in cases where information that  specifies the mobile station such
as the IP address,  15 serial number or the like of the mobile station, and a
number that tentatively identifies the latest packet, are  contained in the
data link transmission control  information, the next number following this
number is used  for automatic repeat request control of the packet 20
addressed to the mobile station. Furthermore, in cases  where information
that specified the mobile station and  ACK information or stored packet
deletion information  from the mobile station is contained in the data link
transmission control information, the packet 25 corresponding to the ACK of
this mobile station address  stored in the storage unit 2114, or the packet
133 corresponding tc the deletion information, is deleted.  



Next, the second method (a method in which data link transmission control
infcrmation and packets are  transmitted at the same time, or in which
packets to which  5 identification information has been added are
transmitted) will be described. The second method is used  in cases where
packets stored as waiting for ACK and  information that tentatively
identifies these packets are  transmitted to a hand-over destination base
station in 10 accordance with hand-over or site diversity during packet
transmission, cases where packets held as waiting for  transmission and
information that tentatively identifies  these packets are transmitted to a
hand-over destination  base station, cases where packets are transmitted 15
together with information tentatively identifying these  packets or control
base station identification, or both,  in order to transmit from a hand-over
destination base  station, or cases where information that tentatively
identifies the packet, control base station 20 identification information,
information which indicates  whether or not the packet is to be transmitted,
or  combinations of these different types of information, are  delivered
along with copied packets to a base station in  a copied packet transmissible
state. 25 Fiig. 30' shows an example of the construction of the  apparatus
used to perform the second method. In addition  134 to the construction of
the base station 2102 shown in Fig.  



32, the base station shown in Fig. 36 is furthier equipped  with a packet
copying unit 2206 that copies packets, and  is equipped with an encapsulating
and delivery unit 2205, 5 which delivers the copied packets to other base
stations  and performs the encapsulation that will be described  later,
instead of the abovenent_ioned encapsulating and  transmitting unit 2105.
Among these units, the encapsulating and delivery  10 unit 2205 is
constructed from the functional blocks shown  in functional terms in Fig.
33B. Specifically, the  encapsulating and delivery unit 2205 comprises an
encapsulating unit 2205A which encapsulates the data link  transmission
control information and the packets that are i5 delivered, an encapsulated
packet delivery unit 2205B  which records the total value of the length of
the data  link transmission control information and the length of  the
delivered packet, expressing the length of the  encapsulated packet that is
obtained by encapsulation, in 20 the header of each encapsulated packet, and
delivers these  encapsulated packets, and a construction judging unit  2205C
which judges that the encapsulated packets are  constructed containing data
link transmission control  information in cases where the length obtained by
25 subtracting the length of the header of the encapsulated  packet from the
length of the encapsulated packet that is  135 recorded in the header of the
delivered encapsulated  



packet does not equal the length of the delivered packet  recorded in the
header of the delivered packet. Furthermore, the other base station 2212 is
also  5 constructed in the same manner as the abovementioned base  station
2202. Next, the operation of the second method will be  described. Here, the
description is made, taking an  example in which a packet with copied
identification 10 information added is delivered from the base station 2202
tc the base station 2212. The data link transmission control unit 2103 of the
base station 2202 inputs a packet to which identification  information has
been added into the packet copying unit 15 2206. This packet copying unit
2206 outputs the input  packet to which identification information has been
added  to the transmitter/.receiver 5, and also copies the packet  and
outputs [the copied packet] to the encapsulating and  delivery unit 2205. As
is shown in Fig. 37, this 20 encapsulating and delivery unit 2205 sets the IP
address  of the base station 2202 as the originating IP address in  the IP
header part (a) , and sets the IP address of the base  station 2212 as the
destination IP address. Furthermore,  in order to transmit the IP packet that
is transmitted to 25 the object mobile station to other base stations, [the
encapsulating and delivery unit 2205] sets a number that  136 expresses IP
encapsulation as the protocol number, and  



sets the tctal value of the respective lengths of the IP  header part (a) ,
IP packet that is transmitted to the  object base station and identification
information as the  5 packet length. Then, the IF packet that is to be
transmitted to the  object mobile station and the identification information
are input into the IP data part of the IF header part (a) ,  thus
constructing the IP packet is to he transmitted to  the base station. The IP
packet thus constructed is sent  out to the network 1. The IP packet thus
sent out reaches  the base station 2212 in accordance with the set
destination IP address. In the base station 2112, the IP packet that has  15
arrived is input into the decapsulating unit 2116. This  dncapsulating unit
2116 performs processing in accordance  with the flow chart shown in Fig. 35
in the same manner  as described above. First of all, the protocol number of
the IP header part located furthest to the outside of the 20 input packet is
identified (5501 in Fig. 35) . In the case  of this example, the identified
protocol number expresses  IP encapsulation (i. e., a judgement of YES is
made is  S502); accordingly, the packet length X1 of the packet  transmitted
to the base station is acquired by analyzing 25 the packet length of the IP
header part located furthest  to the outside (i. e., the IP header part (a)
in Fig. 31)  137 (5503). Next, the packet length X2 of the packet  



transmitted to the object mobile station is acquired by  analyzing the length
of the second IP header part from the  outside (i. e., the ID header part (b)
in Fig. 37) (5504) . 5 Then, in a case where the following equation (4) using
the  packet lengths X1 and X2 thus obtained and the length of  the IP header
part located furthest to the outside holds  true e, in a case where a
judgement of. YES is made in  5505), it is judged that there is no
identification 10 information, i. e., that only a packet transmitted to the
object base station is present in the IP data part of the  IP header part (a)
(X1) - (length of IP header located furthest to the  outside) _ (X2) ... (4)
15 In this case, the IP data part of the IP header part  (a) is extracted,
and the following processing is  performed [on this packet] as an IP packet
that is to be  transmitted to the object mobile station (S508).
Specifically, the extracted IP packet that is to be 20 transmitted to the
object mobile station is input into the  data link transmission control unit
2113, and the data  linktransmissien control described in the abovementioned
embodiments is performed with respect to the input IP  packet in this data
link tr.ansmi.ssion control unit 2113. 25 On the other hand, in cases where
equation (4) does  not hold true (i. e., in cases where a judgement of NO is
_3a made in S505), it is judged that identification  



information is present, and the following processing is  performed (5506). in
this case, information with a length  of X2 from the head of the IP data part
of the TP header 5 part (a) is separated and extracted as the IP packet that
is to be transmitted to the object mobile station, and the  remainder of the
IP data part of the IP header part (a)  is separated and extracted as
identification information.  The identification information and the extracted
IP 10 packet that is to be transmitted to the object mobile  station are
input into the data link transmission control  unit 2113, and the data link
transmission control  described in the abovementioned embodiments is
performed  in this data link transmission control unit 2113 using the  1.5
input IP packet and identification information. Here, the cases of IF packets
with the two different  constructions shown in Figs. 34 and 37 were
respectively  described as packets transmitted cr delivered to the base
stations. However, by using the method described above, 20 it is possible to
distinguish cases in which packets that  are to he transmitted or delivered
from a certain base  station to other base stations contain only data link
transmission control information, cases in which such  packets contain data
link transmission control 25 information and an IP packet that is to be
transmitted to  the object mobile station, and cases in which such packets
I3o contain only an IF packet that -is to be transmitted to the  



object mobile station. Accordingly, control can be  smoothly performed on the
basis of the data link  transmission control information and identification
5 information. According to the present invention, as described  above, the
base station executing the data link  transmission control comprising the
automatic repeat  request control is changed over to another according to 10
movement of the mobile station, whereby it becomes  feasible to suppress
increase of the transmission delay  time and to increase the throughput from
that before. Even  if the base station performing the data link transmission
control comprising the automatic repeat request control 15 is chanced over to
another, the sequential data link  transmission control information is
transferred to a new  base station and the new base station succeeds to the
operation to perform retransmission of only packets or  blocks without an
acknowledgment of arrival, whereby  20 degradation of throughput can be
avoided. According to the present invention, each base  station stores
packets, whereby it becomes feasible to  decrease the delay time of
.retransmission and increase of  the traffic in the network between base
stations. It is 25 also feasible to perform smooth packet transmission even
dur.inc handover. 140 According to the Dresent invention, in the case  



where the mobile station exists in a range at or below  predetermined
reception level where handover is to be made,  identical packets are
transmitted from a plurality of base 5 stations and the base stations are
switched when the  mobile station leaves the foregoing range, whereby the
time for the handover control is eliminated while  realizing execution of the
handover control at the base  station closest to the mobile station, and
whereby the 10 delay of retransmission is reduced, which can realize more
efficient data link transmission. 191 WHAT IS CLAIMED IS: 1. A data link
transmission control method of  performing data link transmission control
comprising  automatic repeat request control for 5 transmission/reception of
a packet between a mobile  station and a plurality of base stations, wherein
a first base station stores and makes a copy  of packet in which
identification information specifying  the packet has been added to packet
addressed to said  10 mobile station, wherein said first base station
delivers said  packet copy to a second base station, wherein said second base
station stores said  delivered packet copy, and 15 wherein one or more base
stations comprising said  first base station transmit to said mobile station
the  



packet accompanied by said identification information,  or said delivered
packet copy. 2. A data link transmission control method of  20 performing
data link transmission control comprising  automatic repeat request control
for  transmission /reception of a packet between a mobile  station and a
plurality of base stations, wherein a first base station adds to a packet  25
addressed to said mobile station, identification  information for specifying
said packet, 142 wherein said first base station stores the packet
accompanied by said identification information, and  makes a copy of said
packet, wherein said first base station delivers said  5 packet copy to a
second base station, wherein said second base station stores said  delivered
packet copy, and wherein one or more base stations comprising said  first
base station transmit to said mobile station the  10 packet accompanied by
said identification information,  or said delivered packet copy. 3. The data
link transmission control method  according to Claim 1, wherein said base
stations perform:  deleting said packet on the basis of a timeout of  15 a
timer for said packet; deleting said packet on the basis of a notification  



that a packet identical with said packet has arrived at  said mobile station;
or, on the basis of a notification of identification  20 information for
specifying a packet to be deleted,  deleting the packet corresponding to said
identification  information. 4. The data link transmission control method
according to Claim 3, wherein when said first base station  25 notifies said
second base station of said identification information for specifying the
packet to be deleted,  143 said first base station employs one or a
combination of two or more methods selected from a first  method of providing
a notification of the identification  information every time a packet is
deleted, a second 5 method of providing a notification of identification
information of a packet deleted last in a predetermined  time, and a third
method of, upon deletion of a specific  packet determined based on a
predetermined rule,  providing a notification of identification information
10 of said packet. 5. The data link transmission control method  according to
Claim 1, wherein when said first base station  receives a request from said
mobile station that a new  base station should be designated as a
packet-delivered 15 base station, said first base station makes a copy of the
packet accompanied by said identification information  



under storage at said first base station, and delivers the packet copy to
said new base station.  6. The data link transmission control method  20
according to Claim 1, wherein when said second base station receives a
request from said mobile station that  the second base station should be
excluded from  packet-delivered base stations, the second base station
deletes the packet copy addressed to said mobile station  25 under storage at
the second base station. 7. The data link transmission control method  144
according to Claim 1, wherein when said first base station,  said second base
station, or both of said base stations  receive and store a packet addressed
to said mobile  station, said base stations send a notification of  5 storage
of the packet to said mobile station, wherein after reception of the
notification, the  mobile station selects one base station out of the base
stations having provided the notification and issues a  request for
transmission of the packet to said base  10 station, and wherein the base
station receiving the request  transmits the packet. 8. The data link
transmission control method  according to Claim 7, wherein when said first
base station,  15 said second base station, or both of said base stations
receive the transmission request from the mobile station  



while storing a plurality of packets addressed to said  mobile station, said
base stations transmit the packets  to the mobile station and notify the
mobile station of 20 storage of the plurality of packets addressed to the
mobile station. 9. The data link transmission control method  according to
Claim 1, wherein when said mobile station  changes a base station desired to
transmit a packet  25 addressed to said mobile station itself, said mobile
station notifies an original base  145 station before the change of
discontinuation of  subsequent transmission and sends to a new base station
after the change, a request for transmission of a packet  addressed to said
mobile station itself and 5 identification information of the first packet of
a  transmitted object. 10. The data link transmission control method
according to Claim 1, wherein said mobile station  measures receiving
qualities of signals transmitted from  10 a plurality of base stations,
wherein said mobile station selects a first base  station desired to transmit
a packet addressed to said  mobile station itself, based on the receiving
qualities  for the respective base stations, and 15 wherein said mobile
station sends a request for  transmission of the packet addressed to said
mobile  



station itself, to the first base station thus selected. 11. The data link
transmission control method  according to Claim 1, wherein said mobile
station  20 measures receiving qualities of signals transmitted from  a
plurality of base stations, wherein said mobile station selects a first base
station desired to transmit a packet addressed to said  mobile station
itself, based on the receiving qualities  25 for the respective base
stations, wherein said mobile station notifies the first base  146 station
thus selected, of the receiving qualities for the  respective base stations,
wherein, based on the receiving qualities for said  respective base stations,
said first base station  5 determines for each of the other base stations
whether a packet to be delivered from the first base station is  to be
transmitted to said mobile station, and wherein said first base station
provides  instructions of transmission operation based on the  10 result of
the determination, to the other base stations. 12. The data link transmission
control method  according to Claim 1, wherein when said mobile station
receives identical packets from respective base stations,  said mobile
station performs diversity reception of the  15 packets. 13. The data link
transmission control method  



according to Claim 1, wherein said mobile station  measures receiving
qualities of signals transmitted from  a plurality of base stations, and 20
wherein, based on the receiving qualities for the  respective base stations,
said mobile station or each  base station sends a request for a transition of
a  communication state to a base station desired to make the  transition of
the communication state into another  25 communication state. 14. The data
link transmission control method  147 according to Claim 13, wherein said
communication states  comprise: a first state in which no packet
transmission/reception is carried out to or from the  5 mobile station; a
second state in which a packet addressed to said  mobile station is provided
with identification  information for specifying said packet and in which the
packet accompanied by the identification information can  10 be transmitted
to the mobile station; a third state in which a packet addressed to said
mobile station is provided with identification  information for specifying
said packet, a copy is made  from the packet accompanied by the
identification 15 information, the packet copy is delivered, and the packet
accompanied by the identification information can be  



transmitted; and a fourth state in which the packet copy is received  from a
base station working in said third state and in  20 which the packet copy can
be transmitted to the mobile  station. 15. The data link transmission control
method  according to claim 1, wherein said first base station  encapsulates
said identification information and the 25 packets that are delivered,
records the total value of  the length of said identification information and
the  148 length of the delivered packet, which expresses the  length of the
encapsulated packet obtained by  encapsulation, in the header of each
encapsulated packet,  and delivers these encapsulated packets, and, in cases
5 where the length obtained by subtracting the length of  the header of the
encapsulated packet from the length of  the encapsulated packet that is
recorded in the header  of the delivered encapsulated packet is not equal to
the  length of the delivered packet that is recorded in the 10 header of the
delivered packet, judges that the  encapsulated packets are constructed
containing  identification information. 16. A mobile communication system
comprising a  mobile station and a plurality of base stations and  15
configured to perform transmission/reception of information through a packet
and perform data link  



transmission control comprising automatic repeat request  control, wherein
each said base station comprises: 20 copying means for making a copy of
packet in which  identification information specifying the packet has  been
added to packet addressed to said mobile station; delivering means for
delivering the packet copy to  another base station; 25 storing means for
storing the packet accompanied  by said identification information at said
base station  149 of its own or a packet delivered from another base
station; and transmitting means for transmitting the packet  accompanied by
said identification information or said  5 delivered packet to said mobile
station. 17. A mobile communication system comprising a  mobile station and a
plurality of base stations and  configured to perform transmission/reception
of  information through a packet and perform data link 10 transmission
control comprising automatic repeat request  control, wherein each said base
station comprises:  identification information adding means for adding  to a
packet addressed to said mobile station, 15 identification information for
specifying said packet;  copying means for making a copy of said packet  



accompanied by said identification information; delivering means for
delivering the packet copy to  another base station; 20 storing means for
storing the packet accompanied  by said identification information at said
base station  of its own or a packet delivered from another base  station;
and transmitting means for transmitting the packet  25 accompanied by said
identification information or said  delivered packet to said mobile station.
150 18. The mobile communication system according to  Claim 16, wherein said
base station further comprises: deleting means for deleting said packet
stored by  said storing means. 5 19. The mobile communication system
according to  Claim 18, wherein said base station further comprises:  deleted
packet notifying means for notifying another base station of the
identification information  of said packet to be deleted, by either one
method or a  10 combination of two or more methods selected from a first
method of, every time the base station deletes a packet,  providing a
notification of the identification  information of the deleted packet, a
second method of  providing a notification of identification information 15
of a packet deleted last in a predetermined time, and a  third method of,
upon deletion of a specific packet  



determined based on a predetermined rule, providing a  notification of
identification information of said  packet. 20 20. The mobile communication
system according to  Claim 16, wherein said base station further comprises:
packet retransmitting means for, upon reception of a request for
retransmission of a packet from said mobile  station, retransmitting the
packet in response to the  25 request. 21. The mobile communication system
according to  151 Claim 16, wherein said base station further comprises
storage notifying means for, upon reception and storage  of a packet
addressed to said mobile station, sending a  notification of the storage of
the packet to the mobile  5 station, wherein said transmitting means
transmits the  packet to the mobile station in response to a request from
the mobile station, and wherein said mobile station further comprises:  10
selecting means for, upon reception of the  notification, selecting one base
station out of base  stations sending the notification; and transmission
request means for sending a request  for transmission of the packet to the
base station  15 selected. 22. The mobile communication system according to  



Claim 21, wherein said base station further comprises:  notification control
means performing such control that, when receiving a transmission request
from the  20 mobile station while storing a plurality of packets  addressed
to said mobile station, said notification  control means makes said
transmitting means transmit the  packets to the mobile station and makes said
storage  notifying means send a notification of storage of the 25 plurality
of packets addressed to the mobile station,  thereto. 152 23. The mobile
communication system according to  Claim 16, wherein said mobile station
further comprises: change occasion notifying means for, when the  mobile
station changes a base station desired to transmit  5 a packet addressed to
said mobile station itself, to another base station, sending a notification
of  discontinuation of subsequent transmission to the  original base station
before the change and sending to  the new base station after the change, a
request for 10 transmission of a packet addressed to said mobile station  of
its own and identification information of the first  packet of a transmitted
object. 24. The mobile communication system according to  Claim 16, wherein
said mobile station further comprises:  15 measuring means for measuring
receiving qualities of signals transmitted from a plurality of base stations;



selecting means for selecting a first base station  desired to transmit a
packet addressed to said mobile  station of its own, based on the receiving
qualities for  20 the respective base stations; and transmission request
means for sending a request  for transmission of a packet addressed to said
mobile  station of its own to the first base station selected. 25. The mobile
communication system according to  25 Claim 16, wherein said mobile station
further comprises:  measuring means for measuring receiving qualities  153 of
signals transmitted from a plurality of base stations;  selecting means for
selecting a first base station desired to transmit a packet addressed to said
mobile  station of its own, based on the receiving qualities for  5 the
respective base stations; and receiving quality notifying means for notifying
the first base station selected of the receiving  qualities for the
respective base stations, and wherein said base station further comprises: 10
determining means for, when the base station of its  own is selected as said
first base station, determining  for each of other base stations whether a
packet to be  delivered from the base station of its own is to be
transmitted to said mobile station, based on the 15 receiving qualities for
said respective base stations;  and 



instructing means for providing instructions of  transmission operation based
on the result of the  determination, to the other base stations. 20 26. The
mobile communication system according to  Claim 16, wherein said mobile
station further comprises:  diversity reception means for, upon reception of
identical packets from respective base stations,  performing diversity
reception of the packets. 25 27. The mobile communication system according to
Claim 16, wherein said mobile station further comprises:  154 measuring means
for measuring receiving qualities  of signals transmitted from a plurality of
base stations; decision means for making a decision about in which
communication state each base station is out of a  5 plurality of
predetermined communication states, based on the receiving qualities for the
respective base  stations; and state transition request means for sending a
request for a transition of a communication state to a  10 base station
desired to make the transition of the communication state into another state,
based on the  result of the decision. 28. The mobile communication system
according to  Claim 27, wherein said plurality of predetermined  15
communication states comprise: a first state in which no packet transmission
/reception is carried out to or from  



the mobile station; a second state in which a packet  addressed to said
mobile station is provided with  identification information for specifying
said packet 20 and in which the packet accompanied by the identification
information can be transmitted to the mobile station; a  third state in which
a packet addressed to said mobile  station is provided with identification
information for  specifying said packet, a copy is made from the packet 25
accompanied by the identification information, the  packet copy is delivered,
and the packet accompanied by  155 the identification information can be
transmitted; and  a fourth state in which the packet copy is received from  a
base station working in said third state and in which  the packet copy can be
transmitted to the mobile station. 5 29. The mobile communication system
according to  claim 16, wherein said delivering means comprise  encapsulating
means for encapsulating said  identification information and the packets that
are  delivered, encapsulated packet delivering means for 10 recording the
total value of the length of said  identification information and the length
of the packet  that is delivered, which expresses the length of the
encapsulated packet obtained by encapsulation, in the  header of each
encapsulated packet, and delivering these 15 encapsulated packets, and
construction judging means  that judge that the encapsulated packets are
constructed  



containing identification information in cases where the  length obtained by
subtracting the length of the header  of the encapsulated packet from the
length of the 20 encapsulated packet that is recorded in the header of the
delivered encapsulated packet is not equal to the length  of the delivered
packet that is recorded in the header  of the delivered packet. 30. A base
station, together with a mobile station,  25 making up a mobile communication
system configured to  perform transmission/ reception of information through
a  156 packet and perform data link transmission control  comprising
automatic repeat request control, said mobile  communication system
comprising a plurality of base  stations, 5 said base station comprising:
copying means for making a copy of packet in which  identification
information specifying the packet has  been added to packet addressed to said
mobile station; delivering means for delivering the packet copy to  10
another base station; storing means for storing the packet accompanied  by
said identification information at the base station  of its own and a packet
delivered from another base  station; and 15 transmitting means for
transmitting the stored  packets to said mobile station. 



31. A base station, together with a mobile station,  making up a mobile
communication system configured to  perform transmission/reception of
information through a 20 packet and perform data link transmission control
comprising automatic repeat request control, said mobile  communication
system comprising a plurality of base  stations, said base station
comprising: 25 identification information adding means for adding  to a
packet addressed to said mobile station,  157 identification information for
specifying said packet;  copying means for making a copy of the packet
accompanied by said identification information; delivering means for
delivering the packet copy to  5 another base station; storing means for
storing the packet accompanied  by said identification information at the
base station  of its own and a packet delivered from another base  station;
and 10 transmitting means for transmitting the stored  packets to said mobile
station. 32. The base station according to Claim 30, further  comprising:
determining means for, when the mobile station  15 configured to select a
first base station desired to  transmit a packet addressed to the mobile
station, based  



on receiving qualities of signals transmitted from a  plurality of base
stations, and notify the first base  station of the receiving qualities for
the respective 20 base stations, selects the base station of its own as said
first base station, determining for each of other base  stations whether a
packet to be delivered from the base  station of its own is to be transmitted
to said mobile  station, based on the receiving qualities for said  25
respective base stations; and instructing means for providing instructions of
158 transmission operation based on the result of the  determination, to the
other base stations. 33. The base station according to claim 30,  wherein
said delivering means comprise encapsulating  5 means for encapsulating said
identification information and the packets that are delivered, encapsulated
packet  delivering means for recording the total value of the  length of said
identification information and the length  of the packet that is delivered,
which expresses the 10 length of the encapsulated packet obtained by
encapsulation, in the header of each encapsulated packet,  and delivering
these encapsulated packets, and  construction judging means that judge that
the  encapsulated packets are constructed containing 15 identification
information in cases where the length  obtained by subtracting the length of
the header of the  



encapsulated packet from the length of the encapsulated  packet that is
recorded in the header of the delivered  encapsulated packet is not equal to
the length of the 20 delivered packet that is recorded in the header of the
delivered packet. 34. A mobile station, together with a plurality  of base
stations, making up a mobile communication system  configured to perform
transmission/reception of 25 information through a packet and perform data
link  transmission control comprising automatic repeat request  159 control,
said mobile station comprising: measuring means for measuring receiving
qualities  of signals transmitted from a plurality of base stations;  5
selecting means for selecting a first base station desired to transmit a
packet addressed to the mobile  station of its own, based on the receiving
qualities for  the respective base stations; and transmission request means
for sending a request  10 for transmission of the packet addressed to the
mobile  station of its own to the first base station selected. 35. A mobile
station, together with a plurality  of base stations, making up a mobile
communication system  configured to perform transmission/reception of 15
information through a packet and perform data link  transmission control
comprising automatic repeat request  



control, said mobile station comprising: measuring means for measuring
receiving qualities  20 of signals transmitted from a plurality of base
stations  having a function of determining for each of other base  stations
whether a packet to be delivered from the base  station of its own is to be
transmitted to said mobile  station, based on the receiving qualities for the
25 respective base stations, and providing instructions of  transmission
operation based on the result of the  160 determination, to the other base
stations; selecting means for selecting a first base station  desired to
transmit a packet addressed to said mobile  station of its own, based on the
receiving qualities for  5 the respective base stations; and receiving
quality notifying means for notifying  the first base station selected, of
the receiving  qualities for the respective base stations. 36. A mobile
station, together with a plurality  10 of base stations, making up a mobile
communication system  configured to perform transmission/reception of
information through a packet and perform data link  transmission control
comprising automatic repeat request  control, 15 said mobile station
comprising: measuring means for measuring receiving qualities  



of signals transmitted from a plurality of base stations;  decision means for
making a decision about in which communication state each base station is out
of a  20 plurality of predetermined communication states, based  on the
receiving qualities for the respective base  stations; and state transition
request means for sending a  request for a transition of a communication
state to a  25 base station desired to make the transition of the
communication state into another state, based on the  161 result of the
decision. 37. The mobile station according to Claim 36,  wherein said
plurality of predetermined communication  states comprise: a first state in
which no packet 5 transmission/reception is carried out to or from the
mobile station; a second state in which a packet addressed  to said mobile
station is provided with identification  information for specifying said
packet and in which the  packet accompanied by the identification information
can 10 be transmitted to the mobile station; a third state in  which a packet
addressed to said mobile station is  provided with identification information
for specifying  said packet, a copy is made from the packet accompanied  by
the identification information, the packet copy is 15 delivered, and the
packet accompanied by the  identification information can be transmitted; and
a  



fourth state in which the packet copy is received from  a base station
working in said third state and in which  the packet copy can be transmitted
to the mobile station. 20 38. The mobile station according to Claim 34,
further comprising diversity reception means for, upon  reception of
identical packets from respective base  stations, performing diversity
reception of the packets. 39. The mobile station according to Claim 35,  25
further comprising diversity reception means for, upon  reception of
identical packets from respective base  162 stations, performing diversity
reception of the packets.  40. The mobile station according to Claim 36,
further comprising diversity reception means for, upon  reception of
identical packets from respective base  5 stations, performing diversity
reception of the packets. 41. A mobile station control program to be executed
by a computer mounted on a mobile station, together with  a plurality of base
stations, making up a mobile  communication system configured to perform 10
transmission/reception of information through a packet  and perform data link
transmission control comprising  automatic repeat request control, said
computer being  configured to execute: a measuring step of measuring
receiving qualities  15 of signals transmitted from a plurality of base
stations;  a selecting step of selecting a first base station 



desired to transmit a packet addressed to said mobile  station of its own,
based on the receiving qualities for  the respective base stations; and 20 a
transmission request step of sending a request  for transmission of the
packet addressed to said mobile  station of its own to the first base station
selected. 42. A mobile station control program to be executed  by a computer
mounted on a mobile station, together with  25 a plurality of base stations,
making up a mobile communication system configured to perform  163
transmission/reception of information through a packet  and perform data link
transmission control comprising  automatic repeat request control, said
computer being  configured to execute: 5 a measuring step of measuring
receiving qualities  of signals transmitted from a plurality of base stations
having a function of determining for each of other base  stations whether a
packet to be delivered from the base  station of its own is to be transmitted
to said mobile 10 station, based on the receiving qualities for the
respective base stations, and providing instructions of  transmission
operation based on the result of the  determination, to the other base
stations; a selecting step of selecting a first base station  15 desired to
transmit a packet addressed to said mobile  station of its own, based on the
receiving qualities for  



the respective base stations; and a receiving quality notifying step of
notifying the  first base station selected, of the receiving qualities  20
for the respective base stations. 43. A mobile station control program to be
executed  by a computer mounted on a mobile station, together with  a
plurality of base stations, making up a mobile  communication system
configured to perform 25 transmission/reception of information through a
packet  and perform data link transmission control comprising  164 automatic
repeat request control, said computer being  configured to execute: a
measuring step of measuring receiving qualities  of signals transmitted from
a plurality of base stations;  5 a decision step of making a decision about
in which communication state each base station is out of a  plurality of
predetermined communication states, based  on the receiving qualities for the
respective base  stations; and 10 a transition request step of sending a
request for  a transition of a communication state to a base station  desired
to make the transition of the communication state  into another state, based
on the result of the decision. 44. A computer-readable recording medium
wherein  15 the mobile station control program as set forth in Claim  41 is
recorded. 



45. A computer-readable recording medium wherein  the mobile station control
program as set forth in Claim  42 is recorded. 20 46. A computer-readable
recording medium wherein  the mobile station control program as set forth in
Claim  43 is recorded. 165 


