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LE _OF INVENT
RETRANSMISSION CONTROL METHOD AND THE
APPARATUS ' '

BACKGROUND OF THE INVENTION

1. Field of the Invention _

The present invention relates to a
retransmission control method_and-the apparatus in a
base station for performing retransmission control
for a Signal'sent-from a mobile station. '

o 2. Description of the Related Art

_ Conventiohally, a method of sending
acknowledgment is ﬁsually adopted as a
retransmission control method 1n communication
systems. In this method, when a receiver receives a
signal which is sent from a sender, the receiver -
judges whether the signal is correctly received,
that is, whether the signal includes an error. When
the signal is correctly received, the receiver sends

" ACK (acknowledgement) which indicates that

retransmission is unnecessatry to the sender. When

‘the signal is not correctly received, the receiver

sends NACK (negative acknowledgement) for requesting
retransmission to the sender. When the sender
receives NACK, the sender retransmits a signal
correspdnding to the previously transmitted signal.
This retransm1851on control method is also
adopted in a communlcatlon system in which mobile
stations and base stations communicate each other
via communication channels. For example, as far as
retransmission control for a signal sent from a

mobile station to a base station (which will be

called an up-link signal hereinafter) is considered,
an mobile station which plays a role of a sender

sends a signal to a corresponding base station with

which the mobile station communicates, that is, a.

communication partner of the mobile station. The



10

15

20

25

30

35

-

‘base station performs error judgment for the

received up-link signal. When there is an error in
the received signal, the base_station sends NACK to

. the mobile station. On the other hand, when there

is not any error, the.base station sends ACK to the
mobile station. When the mobile station receives

 NACK, the mobile station retransmits a corresponding
‘up-link signal. '

In the above-mentioned communication
system in which an up-link sigﬁal from a mobile
station is received'by'one or more base stations
other than a corresponding base station with which
the mobile station communicates, there is a case in
which a base station adjacent to the corresponding
base station correctly receives the signal even when
the corresponding base station does not COrrectiy
receive the signal.

'~ However, in the conventional
retransmission control method, when the .
corresponding base station judges that the up-link
signal includes an error, the corresponding base
station sends NACK to the mobile station even if
other base étatibn'correctly receives the signal.
Such inefficiént.retransmission control iﬁcreases
load for retransmission process. In addition, such
retransmission control becomes a factor for
preventing effective use of communication channels.

SHMMABX_QE_IHE_lNEENIIQﬂ

' An object of the presént'invention is to
provide an effective retransmission control method
and an apparatus performing effective retransmission

control.

' THe above object is achieved by a
retransmission control method including the steps
of: '

base stations receiving a signal sent from
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a mobile station;

| each of the base stations performing error
judgment for the signal sent from the mobile
station; ' '

a corresponding base station of a

- communication partner of the mobile station

obtaining results of error judgment of the
corresponding base station and other base stations;

the corresponding base station sending a
response whlch indicates that retransmission is not
required to the mobile station when at least one
result indicates that there is no error; and‘

the corresponding base station sending a
response which indicates that retransmission is
required to the mobile station when every result
indicates that there is an error.

' According to this -retransmission control
method, every base station which received the up-—-
link packet from the mobile station performs error
judgment, and, when at least one base station judges
that there is'no'errOr,_ACK signal which indicates .
that retransmission is not required is sent to a

‘mobile station by the corresponding base station.

Therefore, retransmission process is reduced

- maximally so that effective retransmission control

becomes possible. As a'result,'load of

‘retransmission process can be reduced and

communication channels can be used effectively.

. The above object is also achieved by a
retransmission control method including the steps
of: '

base stations receiving a signal sent from

a mobile station;

each of the base'stations_performing error
judgment for the signal sent from the mobile
station; o _

‘the bése stations exchanging results of
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the error judgment with one another;

a corresponding base station sending a
response which indicates that retransmission is not -
required to the mobile station when at least one
result from the base stations indicates there is no

. error; and

the corresponding base station sending a

_response which indicates that retransmission is

required to the mobile station when every result .

from the base stations indicates that there is an
. error.

. Also according to this retransmission
control method, retransmission process is reduced
maximally so that. effective retransmission control
can be possible. As a result, load of
retransmission process can be reduced and

.communication channels can be used efféctively

" In the retransm1351on control method, a

~value of received signal power level can be 1ncluded
in the exchanging error judgement results.

It can be considered that, when the base
station has the largest received signal power level
from a mobile station, a received signal power level
of a signal sent from the base station to the mobile
station is also largest. Therefore, by sending a
response for retransmission control signal from such
base station to the mobile station, the possibility

of receiving the response by the mobile station can
_be increased so that retransmission control can be

performed with more rellablllty
The above object is also achieved by a
retransmission control apparatus in a base station,
including: | .
' a part receiving a signal sent from a

'moblle station;

a part performlng error judgment for the
signal sent from the mobile station;
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_ a part obtaiﬁing results of error judgment
of the base station itself and other base stations;
a part sending a ‘response which indicates

that retransm1331on is not required to the mobile
station when at least one result indicates that
there is no error; and _ '

a part sending a response which indicates
thet retransmission is required to the mobile

'station when every result indicates that there is an

The above object is also achieved by a
retransmission control apparatus in a base station,

"including:

a part receiving a signal sent from a
mobile- station; R o

a part performing error judgment for the
SLgnal sent from the mobile station;

'a part exchanglng results of the error
judgment with other base stations;

a part sendlng a first response Wthh
indicates that retransm1331on is not required to the
mobile station when at least one result 1nd1cates
there is no error, and

a part sending a second response Whlch

indicates that retransmission is required to the
- mobile station when every result of the error

judgments ‘indicates that there is an error.

In the retransmission control apparatus,
the first response or the second response is |
returned to the mobile station by the base station
which has the highest received signal power level of
up—-link packet sent from the mobile station.

According to the above invention, a
retransmission control apparatus suitable for
performing the retransmission control method can be
provided. | ' o
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 BRIEF DESCRIPTION OF THE DRAWINGS

Fig.lA shows a network configuration of a
communication system of a first embodiment to which
a transmission. control method and the'apparatus of
the present invention are applied;

Fig.1B shows nodes and the corresponding
unique IP addresses; B

, Fig.2A shows a network configuration
example of a communication system of a second

"embodiment to which_the retransmission control

method and apparatus of the present invention are
applied; o '

, _ Fig.ZB'shows nodes, the corresponding-
unique IP addresses and base station multicast

-addresses;

. Fig.3 shows a structure example of a
retransmission control table used in the second -

‘embodiment ;

Fig.4 shows a flowchart of the operation
of an base station in the second embodiment.

DETAILED >TION OF REFE
' In the following, embodiments of the
present invention will be described with reference

to figures. ' '

FigllA shows a network configuration of a
communication system of a first embodiment to which
the retransmission control method and'the apparatus
of the present invention are applied. '

In the communication system shown in the

figure, some base stations receive an up-link signal

‘'sent from a mobile station. Each'of the base

stations performs error judgment for the received
signal. 1In addition, a corresponding base station

which is a specific base station with which the
mobile station communicates obtains results of error’
. judgment from every base station which received the



10

15

20

25

30

35

-7- -

signal from the mobile station. Then, the
corresponding base station sends NACK for requesting
retransmission to the mobile station only when all
results of error judgment indicate that the signal
includes an error.

~ The communication system includes'a mobile
station 1, N base stations 2-1 - 2-N and a backbone

. network 3. The communication system is configured

as an IP network so that a unique IP address is
assigned to each of the base stations 2-1 - 2-N as

‘shown in Fig.1B.

In this example, a mobile station 1
communicates with the base station 2-2 as its
communication partner so that the mobile station 1
sends an up-link signal to the base station 2-2. 1In
this system, the up-link signal can be received by
adjacent bése'stétions 2-1 and 2-3 in addition to
the base,station'2—2. _ ' '

"Each of the base stations 2~1 - 2-3 which
has received the up-link signal judges. whether the
received up-link signal includes an error. After

 the error judgment is performed by each base station,

each of the base stations 2-1 and 2-3 sénds the
result of the error judgment, via the backbone
network 3, to the base station 2-2 which is the

'communication'partnEr of the mobile station 1. In

this example,_the base stations 2-1 and 2-3 can
recognize that the base station 2-2 is the
commﬁnication partner of the mobile station 1 by
using the up-link signal. '

_ . -.For example, when the up—link signal
includes an IP address of the base station 2-2 as a
destinatibn address or a routing header address, the
base statidns 2-1 and 2-3 can recognize that the
base station 2-2 is the communication partner of the
mobile station 1. 1In addition,_when the base

~stations 2-1 and 2-3 send the result of the error
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judgment, the result of error judgment can be sent
to the base station 2-2 by using the IP address as a
destination.
When the base station 2—2lre¢eives the

results of error judgment from the base stations 2-1
and 2-3, the base station 2-2 analyzes. these results
and a result of error judgment in the base station
2-2 itself, andljudges whether the results indicate.

- that there is no error in the received up-link

signal. When at least one result indicates that
there is no error in the received signal, it is not
necessary for the mobile station 1 to retransmit the
up-link signal because the signal received by a base
station which sends the reéult indicating that there
is no error can be used. Therefore, in this case,
the base station 2-2 returns ACK to the mobile
station 1. When the mobile station 1 receives the
ACK, the mobile station 1 does not retransmit the
signal. |
_ | ~ On the other hand, when the results of
error judgment do not include any result indicating
that there is no error, that is, when every result
indicates that the feCeived up~link sighal has an
error, any signal which is received by any base
station can not be used. Thus, in this case, the
base station 2-2 returns NACK to the mobile station
1. When the mobile station 1 receives thé NACK, the
mobile station 1 retransmits the corresponding up-

“link signal.

_ As mentioned above, according to the
communication system of this embodiment, not only
the base étation of the communication partner of the
mobile station, but also other base stations which '

.receive an up-link signal from the mobile station

judge error of the up—link'signai. When there is a

_base station which judges that there is no error in

the received signal, ACK is sent to the mobile
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station and the mobile station does not retransmit
the corresponding signal. Therefore, since the
retransmission processing can be suppressed |
maximally; efficient transmission control can be
realized.

In this embodiment, although the
destination to which the result of error judgment is

.sent 1is the base station 2-2 with which the mobile

station communicates, the destination is not limited

~to the base station 2-2. The destination can be any

other base station. _

Next, a second embodiment will be
described. Fig.2A shows a network configuration
example of a communication system of the second
embodiment to which the retransmission control

.method and apparatus of the present invention are

applied.

- In the communication system shown. in
Fig.zA, some base stations receive an up-link signal .
sent from a mobile station. Each of the base
stations performs error judgment of received signal

‘and measures a received signal power level, and the

base stations exchange the results of error judgment’
and the received signai power levels with each other.
Then, only_wheh every result of error judgment

indicates that there is an error, a base station in

.which the received ‘signal power level is the largest

sends NACK to the mobile station.

| This cOmmuniCation System includes a
mobile station 1, N base stations 2-1 - 2-N, and a -
backbone network 3 like the communication'system
shown in Fig.lA. This communication system forms. an
IP network in which each of the base stations 2-1 -
2-N has a unique IP address. In addition to the
unique IP address, each of the base stations 2-1 -
2-N has a same-IP address (base station multicast
address) in order to allow multicast'communication_
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as shown in Fig.2B.

This embodiment corresponds to a case
where the mobile station 1. sends an up-link signal
without specifying a base station of a communication
partner of the mobile station. The up—link signal
is received by the base stations 2-1 - 2-3. '

. Each of the base stations 2-1 - 2-3 which
received the up-link signal judges whether the
received up-link signal includes an error and

‘'measures the power level (received power level).

The result of error judgment and the received power
level is included in a multicast packet which has
the base station multicast address as its '

destination. The multicast packet is sent to other . .

base stations via backbone network 3. .
When the base stations 2-1 - 2-3 receive
the multicast packet, each base station generates a
retransmission control table from the results of
error judgment and the received signal power levels

included in the multicast packets and the result of

error judgment and the received signal power level
obtained by the base station itself.

Fig.3 shows a structure example of the
retransmission control table. The retransmission
control table includes mobile station addresses,

‘base station'addresses, results of error judgment
" and received signal power levels. The mobile
station addresses are IP addresses of mobile

stations which sent:the up-link signal, and the base
station addresses are IP addresses of base stations
which received the up-link signal. The mobile
station address, the'base station address, the
result of error judgment and the received signal
power level are associated with each othér.

~ After generating the retransmission
control table, each of the base stations 2-1 - 2-3
judges whether the received signal power level of
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the base station itself is larger than any other

received signal power levels in the'retransmission
control table. The base station having the largest
received Signal power level analyzes the results of
error judgment in the retransmission table and
judges whether the table includes an result of ‘error
judgment indicating that the recéived up-link signal
includes no error. ’ ' o

In the same way as_the first embodiment,
when the table includes the result of error judgment
indicating the received up-link signal includes no
error, the base station sends ACK to the mobile
station. The mobile station which receives ACK does
not retransmit the signal. On the other hand, when
the table does not include the result of error

- judgment indicating no error, that is, when every

result of error_judgmeht indicates that the received
up-link signal includes .an error, the base station
sends NACK to the mobile station. The mobile
station which receives NACK retransmits the signal.
Fig.4 shows a flowchart of the operation

of the base station in the second embodiment. When
the base stations 2-1 - 2-3 receive the up-link
signal from the mobile station 1 in step 1, each
base station judges whether the up-link signal
includes an error and measures the received signal'
power level in step 2. Then, each base station
sends the multicast packet which includes the result
of error judgment and the received signal power
level, and receives multicast,packets from other
base stations in step 3. _ ‘

| Next, each base station generates the
retransmission control table from the results of
error judgment and the received signal power levels

~included in the multicast packets, and the result of

error judgment and the received signal power level

‘of the base station itself in step 4. Then, each
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base. station analyzes the received signal power

levels in the retransmission control table and

judges whether the received signal power level of
the base station itself is larger than any other
received signal power levels in the table in step 5.
When the received signal power level of the base
station itself is not larger than any other received

' signal power levels in the table, the base station
"ends the process. '

On the other hand, when the received
signal power level of the base. station itself is
larger than any other received signal power levels
in the table, the base station analyzes the results
of error judgment in the retransmission control
table and judges whether the table includes an

~result of error judgment indicating no error in step

6. :
When the table includes the result of
error judgment indicating no error, the base station
sends ACK to the mobile station 1 in step 7. When
the table does not include the result of error
judgment indicating no error, the base station sends
NACK to the mobile station 1 in step 8. |

According to the communication system in
this embodiment, not only the'base station of a
communication partner of the mobile station, but
also other base stations which reqeives-the up-link
signal from the mobile station perform error .
judgment for the up-link signal. In addition, when
a base station judges that the signal does not
include an error, ACK is sent to the mobile station.
Therefore, since retransmission is not performed,
retransmission processing is suppressed maximally so
that efficient retransmission control can be
possible. . '
In addition, according to this embodiment,
a base station having the largest received signal
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power level for the up-link signal sends ACK or NACK
to the mobile station. Therefore; since it can be
considered that a received signal power level in the
mobile station is large if the base station having
the largest received signal power level sends a
signal to the mobile station, the possibility of
receiving ACK or NACK by the mobile station can be

-increased. As a result, retransmission control can

be performed with more reliability.

. As mentioned above, according to the
present invention{ each of base stations which
receive a signal from a mobile station performs
error judgment of the signal. When there is at
least one base station which judges that the~signal
includes no error, ACK which indicates that, .
retransmission is unnecessary is sent to the mobile
station so that retransmission is not performed.
Therefore, retransmission process can be suppressed
maximally, efficient retransmission control can be
possible, load of performing retransmission process
can be decreased, and communication channels can be
used effectively. ' '

- The present invention is not limited to
the specifically disclosed embodiments, and '
variations and modifications may be made without
departing from the scope of the invention.
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WHAT TS CLAIMED IS:
1. A retransmission control method

comprising the steps of: _
' base stations receiving a signal sent from

a mobile station;

each of said base stations performing
error judgment for said signal sent from said mobile
station; .

a corresponding base station of a
communication partner of said mobile station
obtaining results of error judgment of said -
corresponding base station and other’base stations;

said corresponding base station sending a
response which indicates that retransmission is not
required to said mobilé station when said results
includes a result indicating no error; and

said corresponding base station returning
a response which indicates that retransmission’' is
required to said mobile station when every result in
said results indicates that there is an error.

2. A retransmission control method
comprising the steps of: . .
base stations receiving a signal sent from
a mobile station;
~each of said base stations performing
error'judgment'for said signal sent from said mobile

- station;

said base stations exchanging results of
said error judgment with one another;
a corresponding base station sending a

response which indicates that retransmission is not

required to said mobile station when results. of said
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error judgment of said base stations include a
result indicating no error; and

said corresponding base station returnihg
a response. which indicates that retransmission is
required to said mobile station when every result of
said error judgment of said base stations indicates
that there is an error. '

3. The retransmission control method as
claimed in claim 2, wherein a received signal power
level of said signal in said corresponding base
station is the largest among received signal power
levels in said base stations. .

4. A retransmission control apparatus in a
base station, coﬁprising: '
a part receiving a signal sent from a
mobile station; ' '
~a part performlng error judgment for said -
signal sent from said mobile station; '
a part obtaining, K results of error judgment -

of said base station and other baSe'stations;

a part sending a response which indicates
that retransmission is not required to said mobile

- station when said results includes a result

lndlcatlng no error; and
' a part sending a response which 1nd1cates
that retransmission is required to said mobile

" station when every result in said results indicates

that there is an error.
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5. A retransmission control apparatus in a

base station, comprising:
a part receiving a signal sent from a

mobile station;

a part performing error judgment for said
51gna1 sent from said mobile station;
a part exchanglng results of sald error
judgment with other base stations;
'~ a part returning a first response which
indicates that retransmission is not required to

said mobile station when results of said error.

judgment of said base station and said other base
stations include'a.result indicating no error; and
_ a part returning a second response which -
indicates that retransmission is required to said
mobile station when every result of said error
judgment of said base station and said other base
statlons indicates that there is an error

6. The retransmission control apparatus as
claimed in claim 5, wherein said first response or
said second response is sent to said mobiie station
when a received signal power level of said signal in
- said base station is larger than any received signal
power level in said other. base stations..



