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TITLE OF THE INVENTION
RETRANSMISSION CONTROL METHOD, INFORMATION
DELIVERY APPARATUS AND RADIO TERMINAL IN MULTICAST SERVICE

PROVIDING SYSTEM

BACKGROUND OF THE TNVENTION

l. Field of the Invention

The present invention generally relates to a
retransmission control method in a multicast service
providing system. More particularly, the present
invention is conceméd with a method of retransmitting
malticast information when multicast information has not
been duly received by a radio terminal in a multicast
service providing system multicast information from an
information delivery apparatus is delivered to radio
terminals via radio sections.

. The present invention also relates to an
information delivery apparatus and a radio terminal that
perform processing in accordance with the above
retransmission control method.

2. Description of the Related Art

Recently, the IP (Internet Protocol) network has
come into wide spread as a .backbone network in an access
system. IGMP (Internet Group Management Protocol) is

known as a protocol of multicast service that can be

implemented on the IP network. The IGMP defines a process
for determining whether & router sends multicast
information to a sub-network in order to avoid congestion
of communications in the network‘.

The ways of providing reliable multicast service
have been studied in order to improve the reliability of
malticast service. The ways of providing reliable
malticast service can be defined as an end-to-end
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retransmission control used in a layer higher than the IP
layer, namely, the transport layer. Principally,
multicast is capable of delivering information to an
innumerable number of terminals., If part of the multicast
5 information, more particularly, one of packets that form

information is lost in delivery to the innumerable number
terminals, these terminals will send a control signal for
retransmission control., This would result in congestion
of communications. Therefore, one of the major technical

10 issues about reliable multicast service is to avoid
occurrence of congestion caused by control information
such as a signal that requests retransmission.

Under the above-mentioned circumstance, the
multicast service providing system has been required to

15 have improvements as to how a router collects
retransmission requests in the sub-network and sends
collected requests to an upper network. However, in
practice, an end server in multicast handles
retransmission, and the router does not restrict end

20 terminals in the sub-network to send requests for
retransmission. The router has an important role of
transferring information to an upper network without
overlapping of information end transferring retransmission
information from the upper network to the sub-network

25 without overlapping of retransmission information.

In a case where radio communications are applied
to the access system, retransmission control in multicast
service in a radio section has not been considered because
of expected degradation of efficiency of use of radio

30 resources and complexity in control. If the way of
rellable multicasting is applied to the radio section,
control signals involved in retransmission request sent by
radio terminals will be restricted. Otherwise, the radio
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section would be congested. This will be described
immediately below in more detail.
In the normal communication procedure, a

retransmission control is performed between a radio base
station BS and a mobile station (radio terminal) MS, as

shown in Fig. 1. The base station BS serially sends

packets with a sequence number SN (Sequence Number) added -~
‘thereto to the mobile station MS. The moblle station MS
supervises the sequence number of a packet received. If

the mobile station MS detects loss of a received packet,

the mobile station MS immediately sends a retransmission
request (NACK) to the base station BS together with the
sequence number SN of the lost packet.

If the above retransmission control procedure is
applied to the multicast service providing system,
retranszuiésion control will be performed as follows.

Referring to Fig. 2, it is assumed that moblle
stations A through E among mobile stations A through J
that exist in a service area Es receive multicast
information that a base station BS broadcasts. In this
assumption, retransmission control is performed as shown -
in Fig. 3.

Referring to Fig. 3, the radio station BS
serially sends multicast information as a packet with the
sequence number SN added. The packet assigned SN=] is
duly received by mobile stations A, B, C and D, while it
is not normally received by the base station E. 1In this
case, the mobile station E sends a retransmission request
(NACK1) to the base station BS. The packet assigned SN=2
is duly received by all the mobile stations A through E.

The packet of SN=3 is not duly receivéd by the
mobile stations A through E at all. Thus, the mobile
stations A through E send retransmission requests (NACK3)
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to the base station BS. If the base ‘station BS receives
the retransmission request from only one mobile station,
the base station BS will broadcast the packet requested to
the service area. However, in practice, each of all the
moblle stations A through E sends the respective

retransmission request to the base station BS. The same
situation as described above occurs for SN=6 and SN=7.

As described above, the conventional
retransmission control allows each mobile station that
fails to duly receive a packet to independently send the
retransmission request to the base station. This results
in Increase in traffic load because of many retransmission
requests.

SUMMARY OF THE INVENTION-

It is an object of the present invention to
provide a retransmission control method applicable to a
milticast service providing system in which congestion in
a radio section can be reduced.

Another object of the present invention is to
provide an information delivery apparatus that performs
processing in accordance with the above retransmission
control method.

A further object of the present invention is to
provide a radio terminal that performs processing in
accordance with the above-mentioned retransmission control
method.

The above objects of the present invention are
achieved by a retransmission control method in a multicast
service providing system in which an information delivery
apparatus delivers multicast information to radio
terminals within a service area of the information
delivery apparatus, the method comprising: (a) determining
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at least ome radio terminal permitted to be placed in
retransmission control; and (b) delivering, when a request

for retransmission concerning the multicast information
sent by the above-mentioned at least one radio terminal is
recéived by the information delivery apparatus, the
multicast information to the radio terminals within the
service area. According to one aspect of the present
invention, only one or more radio terminals are permitted
to send a request for retransmission of multicast
information. Thus, congestion that may occur in the radio
section can be reduced.

According to one aspect, only one or more radio
terminals are permitted to send a request for
retransmission of multicast information, and other radio
terminals are not permitted to send a request for
retransmission of multicast information. Therefore, it is
preferable one or more radio terminals that are placed in
retransmission control has a high correlation with the
radio terminals that are not permitted in terms of
reception error.

According to another aspect of the present
invention, at least one radio terminal to be placed in
retransmission control may be deteminéd at the
information delivery apparatus or at each radio terminal
in which it is determined whether its own terminal is
permitted to be placed in retransmission control.

Accoxrding to yet another aspect of the present
invention, the step (a) may determine a plurality of radio
terminals to be placed in retransmission control. This
contributes to improving the quality of received multicast
information at much more radio terminals.

In the above case, it 1s preferable that the
pPlurality of radio terminals has as low correlation with

Replaced
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each other as possible in order to ensure the quality of
reception at other radio terminals within the service area.

The retransmission control method may be
configured so that the step (a) comprises a step of
grouping radio terminals in the service area on the basis
of unique information assigned to the radio terminals; and
the step (a) determines at least one radio terminal on the
basis of grouping radio terminals.

The retransmission control method may be
configured so that the step (a) determines at least one
radio terminal on the basis of a quality of communications
between the information delivery apparatus and each of the
radio terminals,

The retransmission control method may be
configured so that the step (a) determines at least one
radio terminal on the basis of distances between the
information delivery apparatus and the radio terminals.

The retransmission control method may be
configured so that the step (a) determines at least one
radic terminal on the basis of directions of the radio
texminals from the information delivery apparatus.

The retransmission control method may be
configured so that the step (a) determines at least one
radio terminal on the basis of moving speeds of the radio
terminals,

According to a further aspect of the present
invention, the retransmission control method may be
configured so as to further include a step of changing
sald at least one radio terminal to another radio terminal
on the basis of status of retransmission requests. The
status of retransmission requests may indicate how
retransmission requests have been issued by radio
terminals that are placed in retransmission control, and
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may include information describing what information is
requested to be retransmitted by each radio terminal.
According to this aspect, if there are moblle terminals
that have similar status of retransmission requests., some
of these radio terminals may be replaced by other radio
terminals. Such a replacement may be performed when the
radio terminal terminates reception of the multicast
information.

According to the present invention, there is

also provided an information delivery apparatus delivering -

multicast information to radio terminals located within a
service area via a radio section, said comprising: a first
unit determining at least one radio terminal permitted to
be placed in retransmission control; and a second unit

- delivering, when a request for retransmitting the -

multicast information sent by the above-mentioned at least
one radio terminal is received, the multicast information
to the radio terminals within the service area.

According to the present invention, there is
also provided a radio terminal receiving multicast
information from an information delivery apparatus via a
radio section, the radioc terminal comprising: a first unit
determining whether its own terminal is placed in
retransmission control; and a second unit requesting
retransmission concerning the multicast information which
has not been duly recelved in a case whether the first
unit determines its own terminal to be placed in
retransmission control. |

BRIEF _DESCRIPTION OF THE DRAWINGS

Other objects, features and advantages of the
present invention will become more apparent from the
following detailed description when read in conjunction



2001 48118 1

10

15

20

25

30

15259 ITOH INTERNATIONAL PATENT OFFICE No. 0231 P, 11/46

8 This Sheet Has Been' Repl

RTITN

Fig. 1 is a sequence diagram of a transmission

with the accompanying drawings, in which:

procedure of a retransmission request for information
(packet) between a base station and a mobile station in a
general communication sequence;

Fig. 2 is a diagram of mobile terminals that
recélve multicast information delivery sexrvice within a
service area of a base station;

Fig. 3 is a sequence dlagram of a transmission
procedure of a retransmission request for multicast '
information in accordance with a conventional
retransmission control method;

Fig. 4 is a block diagram of a multicast service
providing system to which a retransmission control method
according to an embodimeiit of the present invention is
applied;

Fig. 5 is a block diagram of a configuration of
a base station used in the system shown in Fig. 4;

Fig. 6 is a sequence diagram of a multicast
information transmission procedure and a retransmission
request sending procedure which procedures are performed
between the base station and each mobile station;

Fig. 7 is a diagram illustrating a first way of
determining mobile stations to be placed in retransmission
control;

Fig. 8 is a diagram illustrating a second way of
detemining mobile stations to be placed in retransmission
control;

Fig. 9 is a diagram illustrating a third way of
determining mobile stations to be placed in retransmission
control; “

Fig. 10 is a diagram illustrating a fourth way
of determining mobile stations to be placed in
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Fig. 11 is a dilagram illustrating a £ifth way of
determining mobile stations to be placed in retransmission

control;

S Fig., 12 is a diagram of change of mobile
stations to be placed in retransmission control:

e - Fig. 13 is a diagram of a management table used
for managing status of retransmission requests sent from
mobile stations; '

10 Fig. 14 1s a diagram of change of mobile
stations to be placed in retransmission control; and

Fig. 15 is a block diagram of a configuration of
mobile station.

15 DESCRIPTION OF THF PREFERRED EMBODTMENTS
Flg. 4 illustrates a multicast service providing
system that employs a retransmission ¢ontrol method
according to an embodiment of the present invention.
Referring to Fig. 4. a radio base station 20,
20 which acts as an information delivery apparatus,
broadcasts information A supplied over an IP network or
the like to a service area Es. Mobile stations MS, that
are ratio terminals, are located in the service area ES,
and can receive multicast information A from the base
25 station 20.
The base station 20 is configured as shown in
Fig. 5. The radio station 20 includes a
transmitter/receiver 21, a multicast information memory
unit 22, a network control unit 23, an information
30 delivery control unit 24, and a retransmission-permitted-
terminal determining unit 25, which acts as a f£irst unit
of the information delivery apparatus. The mﬁlticast
information memory unit 22 stores multicast information
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that is received by the network control unit 23 over a
network and is to be delivered.

The information delivery control unit 24, which
acts as a second unit of the information delivery
apparatus, performs a control which broadcasts the
multicast information stored in the multicast information
memory unit 22 to the sexrvice area Es through the
transmitter/receiver 21. The information delivery control
unit 24 performs a control to retransmit multicast
information upon request for retransmission from the
mobile stations 10. The retransmission-permitted-terminal
determining unit 25 determines, from among the mobile
stations 10 located in the service area Es, mobile
stations to which multicast information can be
retransmitted. The above control to retransmission is
executed in accordance with a method that will be
described later. When a retransmission regquest is
received by a mobile station that is one of the mobile
stations determined by the retransmission-permitted-
terminal determining unit 25, the information delivery
control unit 24 performs a control to retransmit multicast
information.

A retransmission control as shown in Fig. 6 is
perfomed in the above-mentioned malticast service
delivery system. Fig. 6 assumes that given multicast
information is delivered to mobile stations A, B, C, D and
E from base station BS, as in the case of Fig. 3. |

First, the base station BS communicates with all
the mobile stations located within its own sexrvice area Es.,
The transmission-permitted-terminal determining unit 25
determines mobile terminals to which wulticast information
can be retransmitted in accordance with a given standard.
'I'hen. the base station BS notifles the retransmission-

13/46
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permitted moblile stations of permiSllon of retransmission.

It is now assumed that only mobile stations B and D among
mobile stations A through E are determined as terminals to
which multicast information can be transmitted.

After determining the retransmission-permitted
mobile stations, the base station BS broadcast packets of
multicast information stored in the multicast information e
memory unit 22 to the service area Es under the control of
the information delivery control unit 24. Then, the
retransmission control is performed in accordance with the -
sequence shown in Fig. 6. -

Packet of SN=1 is duly received by the mobile
stations A, B, C and D, while not duly received by the
mobile station E. In this case, the moblle station E is
placed out of the retransmission control. Thus, the
moﬁile station E does not send a retransmission request to
the base station BS. The mobile stations B and D, which
are placed in the retransmission control, duly receive the
packet of SN=1, and do not send the retransmission
requests. Hence, the packet of SN=1 is lost in the mobile
station E.

Packet of SN=2 is duly received by all the
mobile stations A, B, C, D and E, and packet of SN=3 are
not duly received by the mobile stations A through E at
all. In this case, only the mobile stations B and D that
are placed in the retransmission control send a
retransmission request (NACK3) to the base station BS.
Then, the base station BS retransmits the packet of SN=3
of the multicast information stored in the multicast
information memory unit 22 under the control of the
information delivery control unit 24. This makes it
possible for the mobile stations B and D that have issued
the retransmission requests to receive the outstanding
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packet of SN=3 and for the remaining mobil_é stations A, C
and E that have not issued retransmission requests to
receive the packet of SN=3. Thus, all the mobile stations
A through E can duly receive the packet of SN=3. .

Packet of SN=4 is duly received by the mobile
stations A, B and C, whereas not duly received by the
mobile stations D and E. In this case, only the mobile
station D that is placed in the retransmission control
sends a retransmission request (NACK4) to the base station
BS. Upon receiving the above request, the base station BS
retransmits the packet of SN=4. Thus, not only the mobile
station D that h:as issued the retransmission reguest but
also the mobile station E that has not requested
retransmission are now capable of receiving the packet of
SN=4. ' '

Packets of SN=6 and SN=7 are not duly received
by all the mobile stations A through E, as in the case of
SN=3. However, the packets of SN=6 and SN=7 are
retransmitted upon ;equests for retransmission from the
mobile stations B and D. Packet of SN=8 is duly received
by the mobile stations A and B, but is not received by the
mobile stations C, D and E. In this case, the mobile
station D that is the subject for the retransmission
control sends a request for retransmission (NACK8) to the
base station BS. Then, the mobile station E that has not
requested retransmission as well as the mobile station D
that has requested retransmission can receive the packet
of SN=8 that is retransmitted by the base station BS upon
request from the mobile station D.

According to the above-mentioned retransmission
control, even if the mobile station A has failed to
recelve packets of SN=3, SN=6, and SN=7 and has not

‘requested retransmission at all, the mobile station A will
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be able to receive all the missing padkets. Similarly,
even if the mobile station C has failed to receive packets
of SN=3, SN=6, SN=7 and SN=8 and has not requested
retransmission at all, the moblle station C will be able
to receive all the missing packets. Similarly, even if
the mobile station E has failed to receive packets of SN=1,
SN=37 SN=6, SN=7 and SN=8 and has not requested
retransmission, the mobile station E will be able to
recelive all the missing packets.

According to the present embodiments, some
moblle stations (in other words, a limited number of
moblle stations) are predetermined tc be placed in the
retransmission control. If any one of the predetexrmined
mobile stations fail to duly recelve a packet, the
retransmission control is sent to the base station. Hence,
the base station BS receives a reduced number of requests
for retransmission. A mobile station which has a high
correlation with the mobile stations placed in the
retransmission control will probably receive packets
without retransmission requests. This would result in
slight degradation of the quality of received multicast
information at mobile stationms,

The base station BS receives a plurality of
retransmission requests for the same single packet. In
this case, the base station BS mﬁy retransmit multicast
information in response to the retransmission request that
is received first, and may neglect subseguent requests for
retransmission. In other words, the base station BS
considers a plurality of mobile stations as a single
subject for control. The retransmission request may be
sent a plurality of number of times in order to ensure
more reliable service. In this case, a control message
for retransmission request may include information that



2001% 4118 178264 ITOH INTERNATIONAL PATENT OFFICE No. 0231 P

10

15

20

25

30

17/46

This Sheet Has Been Replaced

(MR 0

indicates how many times the retransmission request has
repetitively been sent (the number of times of
retransmission). In this case, a control message that has

the same SN and the same number of times of retransmission
is neglected, so that the retransmission control of the
base station can be more simplified.

In the retransmission control having the above-
mentioned procedure, it is very important to determine
which mobile statlons should be placed in the
retransmission control because this will greatly affect
the quality of received multicast information in each
moblle station. Generally, the higher the correlation
between reception error at mobile stations which are
placed in the retransmission control and reception exror
at mobile stations which are placed out of the
retransmisslon contrel, the greater the effects of the
above retransmission control. Further, the lower the
correlation of reception error among mobile stations that
are placed in the retransmission control, the greater the
effects of the retransmission control, With the above in
mind, the retransmission-permitted terminal determining
unit 25 of the base station BS determines mobile stations
that are placed in retransmission control in the following
manner,

The first way of determining mobile stations to
be placed in retransmission control is to group mobile
stations. '

Generally, each of the mobile stations is
assigned a unique identifier, which is, for example, a
unique telephone number, a unicque MAC address and a unigque
ID. The mobile stations are grouped by using the unigue
identifiers. For example, the subject for the
retransmission control 1s a mobile station having an
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identifier that satisfies a condition that when the
present identifier is divided by ten, the remainder is

equal to 3. In this case, as shown in Fig. 7, among
mobile stations A through J located in the service area Es.
of the base station BS, mobile stations A, G, H, E and I
that are grouped by the above cond:l.tion based on the
identifier are determined to be placed in the
retransmission control. This makes it possible to .
determine mobile stations that are located at random
within the service area Es to be placed in the
retransmission control.

By using a smaller number (a number smaller than
10) by which the identifier is divided, it is possible to
determine a larger number of mobile stations to be placed
in the retransmission control. 1In this manner, the number
of moblle stations that should be placed in the
retransmission control can be adjusted.

The second way of determining mobile stations to
be placed in retransmission control uses the guality of
communications with the base station BS.

For example, as shown in Fig. 8, mobile stations
A through J located in the service area Es of the base
station BS measure received power of a perch channel from
the base station BS. Mobile stations A, B, C, D and B
that measure received power levels lower than a given
threshold level. recognize their own stations to be
permitted to issue a retransmission request (determined to
be placed in the retransmission control).

Alternatively, the base station BS measures
received levels of controls signals such as connection
requests sent by the mobile stations at the time of making
an injitial connection. Then, the base station BS
determines rfnob:l.le stations having received levels lowgr
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than a given threshold level to be placed in the
retransmission control. 1In this case, the base station BS
notifies each of the mobile stations determined to be
placed in the retransmission control that it is permitted
to send a reguest for retransmission. Such a notification
may be sent as broadcasting information using the perch
channel or miy be sent by individually sending a related
control signal to each of the selected mobile stations.
The use of received levels as a parameter that
represents the quality of communications is based on a
situation in which mobile stations related to relatively
low received levels have a high packet error ratlo and
more frequently request retransmission than mobile
stations related to relatively high received levels.
There is a high possibility that a packet which results in
reception error at moblle stations that relatively
frequently request retransmisslion may result in reception
error at other mobile stations that ensure the guality of
comnunications to some extent. Therefore, the guality of
communications can be improved by determining mobile
stations that have a high error correlation with other

moblle stations to be placed in the retransmission control.

Besides the received level, a packet error ratio
or bit erroxr ratio may be used as a parameter that
represents the quality of communications. .

The third way of determining mobile stations to
be placed in retrahsﬁission control uses the distance
between the base station BS and each mobile station.

The distance between the base station and each -
mobile statlon is measured on the basis of the
communication status therebetween, Mobile: stations that
are away from the base station BS over a given distance
are determined to be placed in retransmission control.

LI
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This would result in almost the same effects as those
brought by the retransmission control based on the quality
of communications.

Also, as shown in Fig. 9, a plurality of
stepwise threshold levels that depend on distance are set,
and mobile stations located in different distance ranges
are "determined to be placed in the retransmission control.
Bach of the different distance ranges is defined by one or
two of the stepwise threshold levels. For instance, Fig.
9 shows mobile stations H, G and A that are respectively

~ located in different distance ranges. The mobile station

H 1s located within a range of 10 meters from the base
station BS. The mobile station G is located within a
range of 10 meters to 30 meters. The mobile station A is
located within a range over 30 meters. ' '

It is expected that moblile terminals located in
the different distance ranges with regard to the base
station have a relatively small correlation in terms of
racket error. Hence, it is possible to improve the
quality of received multicast information at the mobile
stations A through H within the service area Es.

The fourth method of determining mobile stations
to be placed in retransmission control uses the directions’
with respect to the base station BS in which mobile
stations exist.

For example, as shown In Fig. 10, assuming that
the base station BS can detect mobile stations in four
angular ranges D1, D2, D3 and D4, the base station BS
determines, for each of the angular ranges D1 through D4,
one of the mobile stations to be placed in the
retransmission control. In the example of Fig. 10, mobile
stations C, B, F and J respectively located in the angular
ranges D1, D2, D3 and D4 are respectively determined to be
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placed in the retransmission control. Two or more mobile

stations can be selected for the retransmission control in
each of the angular ranges D1 - D4.

| - The base station BS 1s required to detect the
directions of the mobile stations located in the service
area Es. When the base station BS is eguipped with a
sector antenna, the base station BS can detect mobile
stations on the sector basis, When the sector antenna has
an increased number of sectors, only one mobile station
can be selected from a plurality of sectors. When the
base station BS is equipped with an adaptive array antenna,
the base station BS cannot recognize the physical
directions of mobile stations, while the sector antenna
can recognize the physical directions. However, it is
possible to select, as the retransmission control subjects,
mobile stations that have different patterns of weighting
factors of an adjuster of the adaptive array antenna in
communications. The mobile stations thus selected are
located in logically different directions.

There 1s a high possibility that the mobile

stations located in different directions f£from the base

.station BS may have different propagation environments and

have a low correlation in terms of reception exror. Thus,
a large number of mobile stations would enjoy the effects
of retransmission of multicast information.

The fifth way of determining mobile stations
that should receive the retransmission control uses the
moving speeds thereof. |

For example, as.shown in Fig. 11, the moving
speeds of mobile stations A through J in the sexrvice area
Es are measured on the basis of the communication status
between the base station BS and each of the mobile
stations A through J. Mobile stations C, F, H and J that
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have speeds lower than a given threshold level are
determined to be placed in the retransmission control.
When a moblle station move at a relatively high

speed, the mobile station would stay in the service area
S BEs for a short time. If such a mobile station is
determined to be placed in retransmission control, there
will be an increased possibility that the mobile station
subjected to the retransmission control may be out of the
service area Es. In order to avold such a situation,

10 mobile stations that move at relatively low speeds are
selected as the subjects for the retransmission centrol.
Thus, 1t is no longer necessary to often change the mobile
stations for retransmission control, so that the
retransmission control can be more simplified.

15 The moblle stations that are placed in the
retransmission control are determined by any of the above-
mentioned first through fifth ways. If mobile stations do
not enjoy the results of the retransmission control that
is executed to the selected mobile stations very well, it

20 1is preferable to change the mobile stations to be placed
in the retransmission control as follows.

As shown in part (a) of Fig. 12, it is assumed
that only mobile stations A through D among mobile
stations A through J located in the service area Es of the

25 YDbase station BS are selected as moblle stations to be
placed in the retransmission control. In this case, the
information delivery control unit 24 of the base station
BS acts as a fourth unit, and manages retransmission
requests from the mobile statiéns that are placed in the

30 retransmission control. For example, a management table
shown in Fig. 13 is used to manage retransmission requests
from the mobile stations A, B, € and D placed in the
retransmission control. The management table shows that a
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request for retransmitting the packet of SN=2 has been

received from mobile station D and requests for
retransmission of the packet of SN=3 have been received
from the mobile stations 3, B and C. The management table
5 shows that a request for retransmission of the packet of
SN=5 has been received from the mobile station C and
requests for-retransmitting the packet of SN=7 have been
received from the mobile statlons A and B.
The retransmission-permitted-terminal
10 determining unit 25 of the base station BS, which also
- acts as a terminal changing unit (third unit), changes one
or more mobile | stations on the basis of the status of the ,
retransmission requests from the mobile stations managed
by the information delivery control unit 24.

15 A first situation in which requests for
retransmission of an identical packet are made by a
Plurality of mobile stations can be considered to be the
same as a second situation in which only one of these
moblle stations makes the reguest for retransmission

20 because the requested packet is retransmitted in either
case. If the first situation often occurs, the radio
resources will be used wastefully. The first situation
can be avoided by referring to the table in order to
detect a situation in which a plurality of mobile stations

25 Thave request retransmission of the identical packet a
predetermined number of times or more. If such a
situation is detected, only one of the plurality of mobile
stations is left for retransmission control, and the
remaining mobile stations axe replaced by other mobile

30 stations.

For example, in the example shown in part (a) of
Fig. 12 and Fig. 13, the mobile stations A and B request
retransmission of the packets of SN=3, SN=7 and SN=8.
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That is, each of the mobile stations A and B requests
retransmission of the identical packets three times. 1In
this case, the mobile station F is placed in the
retransmission control instead of the mobile station A, as
5 shown in part (b) of Fig. 12. The mobile station F is
selected so that the correlation between reception error

that-may occur at the mobile station F and reception error
that may occur at the mobile station A can be reduced as
greatly as possible. Then, the base station BS notifies

10 the mobile station A that it has been placed out of
retransmission control, and notifies the mobile station F
that it has been placed in transmission control.

Thus, it is possible to efficiently utilize the
radio resources and improve the quality of communications

15 at mobile stations within the service area Es.

In this case, for example, as shown in Fig. 14,
immediately before handover or termination of multicast
reception, the mobile station A placed in the
retransmission control notifies the base station BS of the

20 above. Upon receiving the above notification, the base
station BS changes the mobile station placed in the
retransmission control from the mobile station A to the

~mobile station F. Then, the base station BS notifies the
mobile station F that the mobile station F is now placed

25 in retransmission control. It is preferable that the
mobile station to be selected in the above-mentioned way
has as high correlation with the mobile statlon to be
replaced in terms of reception error as possible.

The above-mentioned examples is mainly designed

30 so that the base station Bs determines mobile stations to
be placed in the retransmission control, enables and
notifies these mobile stations that they are now placed in
the retransmission control. Alternmatively, as previously
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described with regard to the second way of determining

mobile stations to be placed in the retransmission control,
mobile stations may determine whether theilr own stations
are placed in the retransmission control in accordance
with any of the aforementioned procedures.

The configuration of the base station 20 shown
in Fig. 5 is directed to determining which mobile stations
should be placed in the retransmission control on the side
of the base station 20. Alternatively, each mobile

- station may be designed to determine whether its own

station is placed in the retransmission control for 1tself
Such a mobile station may has a configuration as shown in
Fig. 15.

Referring to Fig. 15, the mobile station 10,
that is a radio terminal, includes a transmitter/receiver
11, a control unit 12, an output unit 13, a
retransmission-request-permitting decision making unit 14,
and a retransmission request control unit 15. The
transmitter/receiver comminicates with the base statlon 20,
and receives multicast information delivered by the base
station 20, The control unit 12, which acts as a third
unit of the radio terminal, controls the
transmitter/receiver 11, and checks reception error that
may be contained in the received multicast information.
The output unit 13 acquires information received by the
transmitter/receiver 11 via the control unit 12, and can
output the acquired information to an output device such
as a display unit. The received information from the
output unit 12 may be output to a personal computer or the
like. _

The retransmission-request-permitting decision
making unit 14, which acts as a first unit of the radio
terminal, determines whether its own station is permitted
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to be placed in the retransmission control on the basis or

the quality of the signal (received level, error ratio,
the amount of interference or the like) sent by the base
station 20 and received by the transmitter/receiver 11.

S This determination may be performed by the aforementioned
second way. The decision making unit 14 may determine
whether its own station is permitted to be placed in the
retransmission control on the basis of a notification
indicating that the mobile statlon has just been

10 determined to be placed in the retxransmission control.

The retransmission request control unit .ls,
which acts as a second part of the radio termimal, is
enabled only when it is determined, by the decision making
unit 14, that its own station has been placed in the

15 ' retransmission control. Then, as has been described with
reference to Fig. 6, the retransmission request control
unit 15 instructs the transmitter/receiver 11 to send a
retransmission request signal (NACK) to the base station
20 if loss of packet happens.

20 If the retransmission request is sent to the
base station 20 by the transmitter/receiver 11, the
requested packet will be retransmitted. The retransmitted
packet is then received by the transmitter/receiver 11 and
is used to correct the received multicast information.

25 Then, the corrected multicast information is supplied to
the output unit 13. If the retrahsmission-request-
permitting decision making unit 14 determines that its own
station is not permitted to be placed in the
retransmission control, the retransmission request control

30 unit 15 is disabled. In this case, if error of received
packet, namely, loss of packet 1s detected, the controller
12 retains the packet serial number SN of the guestioned
packet. When the packet having the same serial.number SN
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as that of the erroneous packet is retransmitted in
response to a retransmission request made by another
mobile station and is then received by the present mobile
station, the multicast information is corrected by using
the retransmitted packet and is then supplied to the
output unit 13.

According to the present invention, only mobile
stations that are permitted to be placed in retransmission
control are involved in retransmission of multicast
information. Thus, congestion in the radio section can be
reduced.

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 present invention.

The present application is based on Japanese
priority application no. 2000-112700 filed on April 13,
2000, the entire contents of which are hereby incorporated
by reference.

No. 0231 21/46
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1. A retransmission control method in a
multicastiservice providing system in which an information
delivery apparatus delivers multicast information to radio
terminals within a service area of the information
delivery apparatus, said method comprising: .

(a) determining at least one radio terminal
permitted to be placed in retransmilssion control; and

(b)) delivering, when a request for
retransmission concerning the multicast information sent
by said at least one radio terminal is received by the
information delivery apparatus, the multicast information
to the radio terminals within the service area.

2. The retransmission control method as claimed
in claim 1, wherein:

the step (a) comprises a step of determining, at
the information delivery apparatus, said at least one
radio terminal; and '

the retransmission control method further
comprises a step of notifying said at least one radio
terminal that a request for retransmission is permitted.
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in claim 1, wherein the step (a) comprises a step of

determining, at each radio terminal, whether its own

terminal is permitted to be placed in retransmission
5 control.

10 4. The retransmission control method as claimed
in claim 1, wherein the step (a) determines a plurality of -
radio terminals to be placed in retransmission control.

15

_ 5. The retransmission control method as claimed
in claim 1, wherein:
the step (a) comprises a step of grouping radio
20 terminals in the service area on the basis of unique
- information assigned to the radio terminals; and
the step (a) determines at least one radio
terxrminal on the basis of grouping radio terminals.

25

6. The retransmission control method as claimed
in claim 1, wherein thé step (a) determines at least one
30 radic terminal on the basis of a quality of communications
between the information delivery apparatus and each of the
radio terminals.
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7. The retransmission control method as claimed
5 in claim 1, wherein the step (a) determines at least one
radio terminal on the basis of distances between the
information delivery apparatus and the radio termminals.,

10
8. The retransmission control method as claimed
in claim 1, wherein the step (a) determines at least one
radio terminal on the basis of directions of the radlo
15 terminals from the information delivery apparatus.

20 9. The retransmission control method as claimed
in claim 1, wherein the step (a) determines at least one
radio terminal on the basis of moving speeds of the radio
terminals, ‘

25

10. The retransmission control method as
claimed in claim 1, further comprising a step of changing
30 sald at least one radio terminal to another radio terminal
on the basls of status of retransmission requests.
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11. The retransmission control method as
claimed in claim 1, further comprising a step of changing
5 said at least one radio temminal to another radio terminal
when said at least one radio terminal terminates reception
of the milticast inférmation.

10

12. An information delivery apparatus
delivering multicast information to radio terminals
located within a service area via a radio sectlon, said

15 comprising:

a first unit determining at least one radio
terminal permitted to be placed in retransmission control:
and

@ second unit delivering. when a reguest for

20 retransmitting the multicast information sent by said at
least one radio terminal is received, the multicast
information to the radio terminals within the service area.

25

13. The information delivery apparatus as
claimed in claim 12, wherein the first unit determines a
plurality of radio terminals to be placed in
30 retransmission control.
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14. The information deiivery apparatus as
claimed in claim 12, further comprising a third unit
changing séid at least one radio terminal determined by

5 the first unit to another radio terminal on the basis of
retransmission reguests.

e *lq

10
- 15. The information delivery apparatus as

claimed in claim 14, further comprising a fourth unit
managing status of retransmission requests sent by radio
terminals placed in the retransmission control,

15 the third unit changing said at least one radio
terminals on the basls of the status of retransmission
requests managed by the fourth unit.

20

16. A radio terminal receiving multicast
Information from an information delivery apparatus via a
radio section, sald radio terminal comprising:
25 a first unit determining whether its own
terminal is placed in retransmission control; and
a second unit requesting retransmission
concerning the multicast information which has not been
duly received in a case whether the first unit determines
30 its own terminal to be placed in retransmission control.

"
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17. The radio terminal as claimed in claim 16.
wherein the first unit determines whether its own terminal
is placed in retransmission control on the basis of given

5 information sent by the information delivery apparatus.

10 18, The radio terminal as claimed in claim 16,
wherein the first unit determines whether its own terminal -
is placed in retransmission control on the basis of a
gquality of communications with the information delivery
apparatus.

15

19. The radio terminal as claimed in claim 16,

20 further comprising a third unit which corrects the
multicast information by part of the multicast information
sent by the information delivery apparatus retransmitted
in response to a request for retransmission by the second
unit when the first unit determines that its own terminal

25 1is placed in retransmission control and which corrects the
malticast information by part of the multicast information
sent by the information delivery apparatus transmitted in
response to a request for retransmission by another radio
terminal when the first unit determines that its own

30 terminal is placed out of retransmission control.



