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SACJcGROtJNP or THE mvmrrON 
1. Fiel.d of the Invention 

The present invention generally relates to a 

retransmission control method in a multicast service 
10 provl.ding system. More partieul.arlY, the present 

invention is concerned with a method of retransmitt:lng 

mul.ticast 1nfo:caat1on When multicast info:cmation has not 
been duly received by a racllo te.xminal. in a mu.1ticast 
service providing system multicast info:anation from an 

15 info~t.ion de11.very apparatus :Ls delivered to radio 
tex:mina1s via radio sect:Lons. 

'l'he present invention also relates to an 

info%11lat.1on delivery apparatus and a radio te%11lina1 that 
perform processing in accordance with the above 

20 :retransmission control method. 

. 

2. Description of the Related Art 

Recently, the IP (Internet Protocol) network has 

come into wide spread as a.backbone network 1.n an access 
system. IGMP (Internet Group Management Protocol) .:Ls 

25 known as a protocol of multicast service that can be 

implemented on the IP network. The IGMP defines a process 

for determining whether a router sends multi.cast 

inf onnation to a sub-network in order to avo1.d congestion 
of cotllmlilicat~ons in the network. 

30 The ways of providing reliable multicast service 

have been studied in ord~~to improve the reliability of 

multicast service. The ways of providing reliable 

multicast service can be def.i.ned as an end-to-end 
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retransmission con.trol used in a layer h:i.gher than the IP 
layer, namely, the transport layer. Principally. 
multicast is capable of delivering info:cmat1on to an 
innumerable number of texminals. If part of the multicast 

5 infoJ:tnation, more particularly, one of packets that fo:z:m 
infonnat:ion is lost in del.1.very to the innumerable number 
tem!nals, these terminals will send a control signal for 
retransmission control. This would result in congesti.on 
of communications. Therefore, one of the major technica1 

10 issues about reliable nmlticast service is to avoid 
occurrence of congestion caused by control info:cmati.on 
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 col1ects 
retransm:i.ss:Lon requests :l.n the sub-network and sends 
collected requests to an upper network. However, 1.n 
practice, an end server in multicast handles 
retransmission, and the router does not restr.ict end 

20 te:cm1.nals in the sub-network·to send requests for 
retransmission. The router has an .important role of 
transferring info:cnat1.on to an upper network without 
overlapping of 1nfo:cma.t1.on and transferri.Dg retransmission 
inf o:cmation from the upper network to the sub-network 

25 without overlapping of retransmiss~on information. 
In a case where radio oonmunications are applied 

to the access system, retransmission control in multicast 
service in a radi.o sect1on has not been cons1.dered because 
of expected degradat~on of efficiency of use of radio 

30 resources and complexity in control. If the way of 
reliable multicasting is applied to the rad1.o secti.on, 
control. signals involved in retransmission request sent by 
radio terminals will be restricted. Otherwise, the rad.io 
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section would be congested. This will be described 

inmediately bel.ow in more detail. 
In the no:cnal communication procedure. a 

retransmission control is performed between a radio base 

5 stati.on BS and a mobile station (radio tEll'llli.Da1) MS. as 

shown in Fig. 1. The base station BS seria1ly sends 

packets with a sequence number SN (Sequence Nwnber) added 

thereto to the mobile station MS. 'l'he mobile station MS 

supervises the sequence number of a packet received. If 

10 the mob:lle station MS detects loss of a rece1.ved packet, 

the mobile station MS iinmediately sends a retransmission 

request (NACK) to the base station BS together with the 

sequence number SN of the lost packet. 

If the above retransmi.ssion control. procedure is 

15 applied to the multi.cast service providing system, 
retransmission control will be perfo:cmed as fol1ows. 

Referring to Fig. 2, it is assumed that mobile 

stations A through E among mobile stations A through 3 

that exist in a service area Es receive mu1t1cast 

20 info:rmation that a base stat1on BS broadcasts. In this 
assumption, retransmission contro1 is performed as shown 
in Fig. 3. 

Referring to Fig. 3, the raciio station BS 

serial1y sends mul.ticast info::cmation as a packet with the 

25 sequence n'Wllber SN added. The packet assigned SN=l is 

duly .received by mobile stations A, B, C and D, while it 

is not normally received by the base station E. In this 

case, the mob1le station E sends a retransmission request 

(NACK!) to the base station BS. The packet ass:i.gned SN=2 

30 is dlll.y received 'by a11 the mobile stations A through E. 

'l'h.e packet of SN=3 is not duly received by the 

mobile stations A through E at all. Thus, the mobile 

stations A through E send retransmission requests (NACKJ) 
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to the base station BS. If the base·station BS receives 
the retra:n.smissi.on request from only one mobile station, 
the base station BS will broadcast the packet requested to 
the service area. However, in practice, each of al1 the 

5 mobile stations A through E sends the respective 
retransnll.ssion request to the base stat1on BS. The same 
si:tution as described above occurs for SN=6 .and SN=7. 

As described above, the conventional 
retransmission control a1lows each mobile station that 

10 fails to dul.y receive a packet to independent1y send the 
retransmiss1on request to the base stat:l.on. This resu1ts 
in 1ncrease in traffic load because of many retransmi.ssion 
requests. 

15 SUMMARY or THE J'NVENTIQN. 

It is an object of the present 1nvent1on to 
provide a retransmission contro1 method applicable to a 
multicast service prov:ldi.ng system in wb:Lch congestion in 

a radio section can be redU.ced. 

20 Another object of the present invention is to 
provide an info:cmation delivery- apparatus that perfo:cms 
processing in accordance wi.th the abov-e retransmi.ss:l.on 
control method. 

A further object of the present invention is to 
25 provide a radio terminal that perf o.:cms processing :tn 

accordance with the above-mentioned retransmission oontro1 
method. 

The above objects of the present invention are 
achieved by a retransmission control method in a mult~oast 

30 service providing system .in which an 1~fo:cmation deliVel:Y 

apparatus delivers multicast 1nfo;mation to radio .. 
tenninals w1th1n a service area of the information 
de1ivery apparatus, the method compr:l.sing: (a) determining 
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at least one radio teJ:lll1.na1 petmitted to be placed in 

retransmiss.i.on control; and (b) delivering, when a request 
for retransmission concerning the multicast 1.nfozmation 
sent by the above-mentioned at least one radio tenninal 1s 

s received by the info:cma.tion delivery apparatus. the 
multicast information to the radio tcmninals within the 

·· ""' service area. According to one aspect of the present 
invention. only one or more radio texminal.s are pennitted 
to send a requ.est for retransmission of mul.ticast 

10 1nfo.naat1on. 'l'hus, congestion that may occur in the radio . 
section can be reduced. 

According to one aspect, onl.y one or more radio 
tex:m.inals are permitted to send a request for 
retransmi.ssion of multi.cast info:cmation, and other radio 

15 term:1nal.s are not pelllli.ttecl to send a request for 
retransmiss:i.on of mu.l ticast information. Therefore, 1 t is 

preferable one or more rad.i.o teminals that are placed .1n 

retransmiss:i.on control has a high correlation w:i.th the 
radio texminals that are not pem:ttted 1n tm:ms of 

20 reception error. 

According to another aspect of the present 
invent1.on. at least one radio te.nn:Lnal to be placed 1.n 
retransmission control may be deteDnined at the 
inf orma.tion del.1.very apparatus or at ea.ch radi.o te:cminal. 

25 in whi.ch it is dete:cmined whether its own term1.nal i.s 

perm:i.tted to be placed 1n retransmiss1on control. 

According to yet another aspect of the present 
invention, the step (a) may detexm.1.ne a plurality of radio 
teJ:llli.nals to be placed in retransm1.ssion control. This 

30 contr1butes to improving the quality of rece.1.ved mul.t1cast 
info:cmat:1.on at much more radiQ tEmllinals. 

In the above case, it 1s preferable that the 

plural:i.ty of radio te:rm1na1s bas as low correlation with 
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each other as possibl-e .1n order to ensure the quality of 
reception at other radio terminals withlll the service area. 

The retransmi:ssion control method may be 

configured so that the step (a) compr.1ses a step of 

s grouping radio terminals 1n the service area on the basis 

of uni.que info:anation assigned to the radio tei:minals; and 
the step (a) determines at least one radio terminal on the 

basis o:l grouping radio terminals. 
The retransmission control method may be 

10 configured so that the step (a) dete1'!1lines at least one 
radio teJ:IDina.1 on the basis of a quality of communicat:tons 
between the information deliveJ:Y apparatus and each of the 

radio te:cminals. 

The retransmission control method may be 
15 configured so that the step (a) dete:cmines at 1east one 

radio teztninal. on the bas1.s of distances between the 
info.mation delive:cy apparatus and the radio tenni.nals. 

The retransmissi.on control method may be 

conf1.gured so that the step (a) detemines at least one 
20 radio texm:U'lal on the basis o'f directions of the radio 

t~a1s from the .1nfo.:cmation aelivery apparatus. 

The retransmission control method may be 

configured so that the step (a) dete.nnines at 1east one 
rad.i.o term:Lnal on the basis of moving speeds of the radi.o 

25 tenninals. 

A.ocording to a further aspect of the present 
J.nvention, the retransmission control method may be 
configured so as to further incl.ude. a step of changing 
said at 1east one radio te:r:minal. to another radio terininal 

30 on the basi.s of status of retransmission requests. The 

status of retransmission requests may indicate how 

retransmission requests have been issued by radi.o 
te:cnina1s that are placed in retransmission control, and 



2001~ 4~118 17*24~ ITOH INTERNATIONAL PATENT OFFICE No. 0231 P. 10/46 

7 

liililffi~Hr 
may include inf o:cnation describing what information 1.s 
requested to be retransmi.tted by each radio texminal. .. 
According to this aspect, if there are mobile teminals 
that have similar status of retransmission reqUests. some 

5 of these radio tenninals may be replaced by other rad:lo 
teDRinals. Such a replacement may be perfomed when the 
radio te.nninal tezminates reception of the multicast 

info:cmat.ion. 

According to the presen'f; invention, there :ls 
10 al.so provi.ded an infonnation delive:cy apparatus de11vering · 

multicast info:cmation to radio tennina1s 1ocated within a 
service area vi.a a rad1.o section, said compr:lsing: a first 
unit detennining at least one radio ter.min.al. pemitted to 
be placed in retransmission control~ and a second unit 

15 deli.veri.ng. when a request for retrBllSm.itting the · 
mu1tieast infoJ:mation sent by the above-menti.oned at least 
one radio tenninal is received, the multicast information 
to the radio te.nninals within the serv1.ce area. 

According to the present invention. there 1.s 
20 al.so provi.ded a radio terminal receiving multicast 

i.nf oxmation from an infox:mation delive:cy apparatus via a 
radi.o section. the rad1.o terminal comprising: a first unit 
detellllin1ng whether its oWn te:cminal. is p1aced in 
retransmission control; and a second unit request.ing 

25 retransmission concern.1.ng the multi.cast info::cmat1.on which 
has not been duly received in a case whether the first 
unit deteJ:IDines its own terminal to be placed i.n 

retransmission control. 

30 BBISF DESCRIE,TION O? THE DRAWINGS 
Other objects, features and advantages of the 

present invention will become more apparent from the 
following detai1ed description when read in conjunction 

....... 
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with the accompany.1.ng drawings, in whiCh: 
Fig. l is a sequence diagram of a transmi.ssion 

procedure of a retransmiss.1.on request for 1nf o:r:ma.t~on 
(packet) between a. base station and a mobile station in a 

5 general cormnmication sequence~ 
Pig. 2 is a diagram of mobile teminals that 

rece.i.\re mul.ticast infcmnation delivery service within a 
service area of a base station; 

Fig. 3 is a sequence d1.agram of a transmission 
10 procedure .. ~f a retransmission request for multicast 

info.J:Jnat.ion in accordance with a conventional 
retransmission control method; 

Fig. 4 1s a b1ock: diagram of a mu1ticast serv.ice 
prov.1.ding system to which a retransmi.ssion control method 

15 according to an embodimeiit ·of the present .invent.ion is 
applied; 

Fig. 5 is a block d1.agram of a configuration of 
a base station used in the system shown in F.1.g. 4i 

Fig, 6 .1.s a sequence diagram of a inul.ticast 
20 1.nfo:cmation transmission procedure and a retransm:Lss.ion 

regµest sending procedure which procedures are perf oxmed 
between the base station and each mobile station; 

Fig. 7 is a diagram illustrating a f~st way of 
detennining mobi1e stat.ions to be placed in retransmission 

25 contro1~ 

P1.g. 8 is a diagram illustrating a second way of 
dete:cmining mobile stations to be placed in retransm1.ssion 
control, 

Fig. 9 1.s a diagram illustrating a third way of 

30 detez:min1.ng mobile stations to be placed 1n retransmission 
control; .. 

Fig. 10 is a d.iagram 1.llustrating a fourth way 
of detemining mobile stations to be placed in 
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retransmission control; 
F1g. 11 is a diagram illustrating a fifth way of 

dete:cmining mobile stations to be placed in retransmission 

control; 
Fig. 12 is a diagram of change of mobile 

stations to be placed in retransmission control: 
Fig. 13 is a diagram of a management table used 

£or managing status of retransmission requests sent from 
mobi.l.e stations; 

10 Fig. 14 1s a diagram of change of mobile 
stat1ons to be placed in retransmission control; and 

Fig. 15 is a block diagram of a configU.ration of 
mobile station. 

15 DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Fig. 4 illustrates a multicast se:cv1ce provitiing 

system that employs a retransmission control method 
accordin.g to an embodiment of the present invention. 

Referring to Fig. 4, a radio base station 20, 

20 which acts as an info:r::mation delivei:y apparatus, 
broadcasts info:cmation A supplied over an IP network or 
the like to a service area Es. Mobile stations MS, that 

are ratio teIJRinals, are located in the Sel'.Vioe area ES, 
.and can receive multicast information A from the base 

25 station 20. 

The 'base stati.on 20 is configured as shown in 

Fig. 5 • The radio station 20 includes a 

transm1tter/receiver 21, a mult~cast j.nfo:cmation memo:cy 
unit 22, a network control. unit 23, an .1.nformati.on 

30 delivery control unit 24, and a retransm1ssion-pennitted­
te:cm1.nal determining unit 25, whi.ch acts as a first unit 
of the information delivery apparatus. The multicast 
info.r:mation memory unit 22 stores multicast infox:mation 
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that is rece:i.ved by the network contro1 unit 23 over a 

network and is to be delivered. 

The .1.nfo:cnation deli.very control unit 24. which · 

acts as a second unit of the info:cmat~on d.elive:cy 

5 apparatus, perfo:t:ms a control wh1ch broadcasts the 

mu1ticast info.nnation stored in the mu1ticast information 

memo:r:y unit 22 to the service area Es through the 

transmitter/receiver 21. The info.z:mation del.ivery contro1 

unit 24 perfo:cms a control to retransmit mul.ticast 

10 info:cmat1on upon request for retransmiss1on from the 

mobile stations 10. The retransmission-permit~ed-te:r:mina.J. 

deter.mining unit 25 dete:cnines, from among the mobile 

stat3..ons 10 1ocated in the service area Es, mobile 

stations to which multicast J.nfolltlation can be 

15 retransmitted. The above control to retransm:Lssion is 

executed in accordance w:Lth a method that will be 

described l.ater. When a retransmission request is 

received by a mobile stat.ion that is one of the inob:Lle 

stations detex:mined by the retransmission-p~tted- ' 

20 tex:mi.nal. detemd.ning unit 25, tb,e info:cmati.on delivery 

control unit 24 perfol:lnS a control to retransmit multicast 

infonnation. 

A retransmission control as shown 1n Fig .. 6 is 

perfo:cmed in the above-mentioned multicast service 

25 delivery system. Fig. 6 assumes that given multicast 

info:cnation is deli.ve;red 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 wi.th all 

the mobile stations located Within its own service area Es. 

30 The transmission-permitted-terminal detennining unit 25 

determines mobile te:cm:lnals to which multicast infoxmat1on 

can be retransmitted 1n accordance with a given standard. 
Then, the base station BS notifies the retransmission-
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pezmitted mobile stations of permission of retransmission. 
It 1.s now assumed that only mobile stati.ons B and D among 
mobile stations A through E are determined as tenninals to 
wh1.ch multicast 1nformation can be transmitted. 

5 After detexmin1ng the retransm1ss1.on-pennitted 
mobile stati.ons, the base stati.on BS broadcast packets of 
multicast .information stored 1n the multicast infonnation ·· -: .. 
memory un.:l.t 22 to the servi.ce area Es under the contro.l of 
the informati.on delivery control unit 24. Then, the 

10 retransmissi.on control is perfo:cmed in accordance wi.th the 
sequence shown 1n Fig. 6. 

Packet of SN=l 1.s duly received· by the mobile 
stati.ons A, B, C and D, while not dUly received by the 
mob11e station E. In this case, the mobile station E is 

15 p1aced out of.the retranSIJd.ssi.on control. Th.us, the 
mobi1e stati.on E does not send a retransmi.ssion request to 
the base station BS. The mobile stations B and D, Wh1ch 
are placed in the retransmission control, duly receive the 
packet of SN=l~ and do not send the retransmission 

20 requests. Hence, the packet of SN=l is lost in the mobile 
station E. 

Packet of SN=2 is duly received by al.l the 

mobil.e stations .A., B, c, D and E, and packet of SN=3 are 
not dUl.y received by the mobile stations A through E at 

25 aJ.1. In this case, only the mobj_le stations B and D that 
are placed in the retransmission control send a 
retransmi.ssion regoest (NACK3) to the base station BS. 
Then, the base station BS retransmi.ts the packet of SN=3 
of the multicast info:cmat~on stored 1n the multicast 

30 information memo:cy unit 22 under the control of the 
m£o:cmation de1:1.very control unit 24. This makes .it 

possible for the mobile stations B and D that have issued 
the retransmission reguests to receive the outstanding 
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packet of SN=3 and for the remaining mobile stations A, c 
and E that have not issued retransmission requests to 
receive the packet of SN=3. 'l'hus, 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 recei.ved by the 
mobile s'be.tions D and E. In this case, only the mobile 
station D that is placed in the retransmission control 
sends a retransmi.ssion request (NACK4) to the base station 

10 BS. Upon receiV1ng the above request, the base station BS 

retransmits the packet of SN=4. Thus, not only the mobile 
station D that has issued the retransmission request but 
also the mobile station E that has not requested 
retransmission are now capable of receiving the packet of 

15 SN ... 4. 

Packets of SN=6 and SN ... 7 are not duly rece1.ved 
by al1 the mobile stat.ions A through E, as in the case of 
SN=3 • However, the packets of SN=6 and SN=7 a.re 
retransm1.tted upon ~equests for retransmi.ssion from the 

20 mobile stations B and D. Packet of SN ... a :ls duly rece1.ved 
by the mobile stations A and B, but .is not received by the 
mob:.t1e stati.ons C, D and E. In th.is case. the mobile 
station D that is the subject for the retransmission 
contro1 sends a request for retransmission (NACK8) to the 

25 base station BS. Then, the mobile station E that has not 
requested retransmission as well as the mobi1e 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. 

30 According to the above-mentioned retransmi.ssion 
control, even .if the mobile station A bas ... fai.1ed to 
receive packets of SN=3, SNss6, and SN ... 7 and has not 

·requested retransmiss~on at all, the mobile station A will 
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be ab1e to receive aJ.l the m:l.ssing pa.Ckets. SimD.arly, 

even if the mobile station C has f a11ed to receive packets 

of SN=3, SN=Ei, SN=7 and SN=-=8 and has not requested 

retransmission at all, the mobile station c wi.11 be ab1e 

s to receive all the missing packets. Similarly, even if 

the mobile station E bas failed to receive packets of SN=l, 

SN•'3~ SN=6, SN=7 and SN=S and has not requested 

retransmiss1.on, the mobile station E will be able to 

receive all. the missing packets. 

10 According to the present embodiments, some 

mobile stations (in other words, a lim:Lted. number of 

mobile stations) are predete:cmined to be placed in the 

retransmissi.on oontro1. If any one of the predetexrnined 

IJtObile stations fail to duly receive a packet, the 

15 retransmission contro1 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 

corre1ation with the mobile stations placed in the 

retransmission contro1 will probably recei.ve packets 

20 w3.thout retransmission requests. This woul.d resuit in 

slight degradation of the quality of rece:Lvecl mu1t1cast 

1nfozmat1on at mobile stations. 

The base station BS receives a plurality of 

retransmission requests foJ: the same single packet. In 

25 this case, the base station BS may retransmit multi.cast 

inf orrnation in response to the :retransm:Lssion request that 

1.s recei.ved first, and may neglect subsequent requests for 

retransmission. In other words, the base station BS 

consi.ders a plura1ity of mobile stations as a single 

30 subject for control. 'l'h.e retransmiss:l.on request may be 

sent a plurality of number of times i.n order to ensure 

more reliable Ser'lice. In this case, a control message 

for retransm.1.ssion request may include inf oxmation that 
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indicates how many times the retra.nsmiss.1.on reqnest 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 retransmi.ssion 

s is neglected, so that the retransmiss.1.on control of the 

base stat.1.on can be more simplified. 

In the retransmission control having the above­

mentioned procedure, it is very important to determine 

which mobi.le stations shoul~ be placed in the 

10 retransm:lssion control because this 'Will greatly affect 

the quality of received multicast info:r:mation 1n each 

mob.1.le station. Generall.y, the higher the correlation 

between reception error at mobile stations which are 

p1aced 1.n the retransrn1.ssion control and reception error 

15 at mob.1.le stat~ons which are placed out of the 

retransm.1.ssion control, the greater the effects of the 

above retransmission control. Further, the 1ower the 

correlation of recept.1.on error among mobile stat.1.ons that 

are placed in the retransndssion control, the greater the 

20 effects of the retransmissi.on control~ With the above in 

mind, the retransmission-pe:r:m1.tted te:cninal dete:cm1.ning 

unit 25 of the base station BS detennines mobile stations 

that are place4 in retransmi.ssion control in the following 

manner. 
25 The first way of dete:cm1..ning mobile stations to 

be placed 1.n retransmission control is to group mobile 

stations. 

Generally, each of the mobile stations is 

assigned a unique identifier, which :ls, for example, a 

30 un1.que telephone number, a unique MAC address and a unique 

ID. The mobile stations are grouped by us:ing the unique 

identifiers. For example, the subject for the 

retransmission control is a mobile station having an 
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identifier that satisfies a condition that, when the 

present identifier is c1i.vided by ten, the remainder is 

equal to 3. In this case, as shown 1n F.ig. 7. among 

mobile stations A through J located in the service area Es 

5 of the base station BS, mobiJ.e stations A, G, H, E and I 

that are grouped by the above condition based on the 

identifier are determined to be placed in the 

retransndss.:ton control. This makes .:Lt possi.ble to . 

determine mobile stations that are located at random 
10 witbjn the service area Es to be placed .:tn the 

retransmission control. 

By using a smaller number (a number sma1ler than 

10) by which the identifier is divided, it .:ts possible to 

detenn:lne a larger number of mobile stations to be placed 

15 in the retransmission control. In th:l.s manner, the number 

of mobile stations that should be placed in the 

retransmission control can be adjusted. 
The second way of dete:rrn1n.1.ng mobile stations to 

be placed 1n retransmission control uses the quality of 
' 

20 cOlllllUD.ications with the base station BS. 

For example, as shown in Fig. 8, mobile stations 

A through J J.ocated .in the service area Es of the base 

stati.on BS measure received power of a perch channel from 

the base stati.on BS. Mob1.le stations A. B .. c, D and E 

25 that measure rece1.ved power levels lower than a g1.ven 

threshold level recognize the1.r own stations to be 

pe::cmi.tted to issue a retransmission request (detennined to 

be placed in the retransmi.ssion control). 

Alternatively, the base station BS measures 

30 received levels of controls signals such as connection 

requests sent by the mobile stations at the time of making 

an initial connection. Then, the base station BS 
determines mobi1e stat~ons having received levels lower 

I 
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~' ~ than a given threshold level to be placed in the 

retransmission contro1. In this case, the base station BS 

not1fies each of the mobile stations detennined to be 

placed 1.n the retransmission control that it is permitted 

s to send a request for retransmission. Such a notification 

may be sent as broadcasting information using the perch 

channel or'may be sent by indiv.1dua1ly sending a related 

control signal to each of the selected mobile stations. 

The use of received levels as a parameter that 

10 represents the quality of conmunications is based on a 

situation .1n which mobile stations related to relatively 

low received levels have a high packet error ratio and 

more frequently reguest retransmi.ssion tban mobile 

stations related to relatively high received levels. 

15 There is a high poss:lb1lity that a packet which results 1.n 

reception error at mob.1.le stations that rel.atively 

frequently request retransmiss1on may result in reoept1on 

error at other mobile stations that ensure the quality of 

commun1.cations to some extent. Therefore, the quality of 

20 communications can be :improved by detexmining mobil.e 

stations that have a h:l.gh error correlation with other 

mobile stations to be placed in the retransmission contro1. 

Besides the received l.evel, a packet error rati.o 

or b1t error ratio may be used as a parameter that 

25 represents the quality of comnunications •. 

The third way of detex:mining mobil.e stations to 

be placed 1.n retransmission control uses the distance 

between the base station BS and each mobile station. 

The distance between the base station and each 

30 mobile station is measured on the basis of the 

COlllDUJlication status therebetween. Mobile·stations that 

are away from the base station BS over a given distance 

are detexmined to be pl.aced 1n retransmission control. 
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liii1iiUi 
This would result in almost the same effects as those 
brought by the retransmission control based on the qna.l.i.ty 

of conmunications. 

Also~ as shown in Fig. 9, a plurality of 
5 stepwise threshold levels ·that depend on distance are set~ 

and mobile stations located i.n different distance ranges 
a.re·~tezmined to be placed in the retransmission control. 

Each of the different distance ranges 3.s defined by one or 
two o:f the stepwise threshold l6Vels. For instance, F1.g. 

10 9 shows mobile stations H, G and A that are respectively 

located in different distance ranges. The mobile station 

H :ts located w1tbin a range of 10 meters from the base 
station BS. The mobile station G is located within a 
range of 10 meters to 30 me:ters. 'l'he mobile station A :ts 

15 located within a range over 30 meters. 
It is expected that mob~1e terminal.s located .in 

the different distance ranges with regard to the base 
station have a relatively small oorrel.ation in tenns of 
packet error. Hence, it is possible to improve the 

20 quality of received multicast infoDDation at the mob.tie 
stat1.ons A through H Wi.thin the service area Es. 

The £ourth method of detennining mobile stations 
to be p1aced 1n retransm:iss1on control uses the directions 
with respect to the base stat1on BS i.n will.ch mobile 

25 stations exist. 

For example, as shoWn 1n Fig. 10, assuming that 

the base stat1on BS can detect mobile stations in four 
angular ranges Dl, 02, 03 and D4. the base station BS 

deteJ:mines, for each of the angular ranges Dl through D4, 
30 one of the mobile stations to be placed in the 

retransmission control. In the example of Fig. 10. mobi.le 
stations c, s. F and J respectively located 1n the angular 
ranges Dl, D2, D3 and 04 are respectively dete:cmined to be 
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placed 1n the retransmission control. TwO or more mobile 

stations can be selected for the retransmission control .1n 

each of the angu1ar ranges Dl - D4. 

·The base station BS 1.s required to detect the 

5 direoti.ons of the mobile stations J.ocated in the service 

area Es. When the base station BS is equipped w1.th a 

sector antenna, the base station BS ean detect mqblle 

stat1.ons on the sector basis. When the sector antenna has 

an increased number of sectors, only one mobile stat~on 

10 ean be selected from a plurality of sectors. When the 

base station BS is equipped with an adaptive array antenna. 

the base station BS cannot recogn~ze the physical 

d:Lrect1.ons of mobile stations, while the sector antenna 

can recognize the phys1.ca1 directions. However, 1.t 1.s 

15 possible to select, as the retransm:iss1on control subjects .. 

mobile stations that have different patterns of weighting 

factors of an adjuster of the adaptive array antenna in 

communi.cations. The mob.1.le stations thus sel.ected are 

located in logically di.fferent directions. 

20 There :1.s a high possib.1.llty that the mobi1e 

stati.ons located in different directions from the base 

.stat1on BS may have di.fferent propagation env1.ronments and 

have a low correlat1on in terms of recept:lon error. Thus, 

a large nuinber of mobile stations would enjoy the effects 

25 of retransmission of mult1cast infonnation. 

The fifth way of detei:mining mobi1e stations 

that should receive the retransmiss1on control uses the 

moving speeds thereof. 

For example, as. shown in Fig. 11, the mov.1ng 

30 speeds of mob:Lle stations A through J in the service araa 

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 . stat.1.ons C. F, ff and J that 
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have speeds lower than a given threshold level are 

dete.nnined to be p1aced in the retransmission control. 

'When a mob1le station move at ~ re1at1vely high 

speed, the mobile station would stay in the service area 

5 Es for a short time. If such a mobile station is 

dete:tmined to be placed in retransmission control, there 

wi.ll be an increased possibility that the mobile station 

subjected to the retransmission control may be out of the 

service area Es. In order to avo.1.d such a situati.on, 

10 mobi1e stations that move at relatively low speeds are 

selected as the subjects for the retransmi.ssion control, 

Tb.us, it is no longer necessa:cy to often change the mobile 

stations for retransmission contro1, so that the 

retransmission control can be more simplified. 

15 The mobile stations that are placed in the 

retransmission control are detemined by any of the above­

inent1.oned first through fifth ways. If mobile stations do 

not enjoy the resu.lts of the retransm1.ss1.on contro1 that 

1.s executed to the selected mobi.le sta~~ons very well. it 

20 1.s pr~erable to change the JllObi.le stations ·to be placed 

in the retransmissi.on control as follows. 

As shown in part (a) of Fig. 12, it is assumed 

that only mobile stat~ons A through D among mobile 

stations A through J located in the service area Es of the 

25 base staUon BS are selected as mobile stations to be 

placed i.n the retransmissi.on control. In thi.s case. the 

info:cmation delivezy control unit 24 of the base station 

BS acts as a fourth unit, and manages retransmission 

requests from the mobUe stations that are placed in the 

30 retransm1.ss1on control. For example, a management table 

shown in Fig. 13 is used to manage retransmission requests 

from the mobile stations A, B, C and D placed in the 

retransm1ss1.on 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 A, B and C. The management table 

5 shows that a request for retransmission of the packet of 
SN=5 has been received from the mobi1e station c and 
requests fo:c-:retransmitt1.ng the packet of SN=7 have been 
received from the mobile stations A and B. 

The retransmiss1.on-permitted-te:r:m1nal 
10 detennining 1llllt 25 of the base stat.ion BS, Which a1so 

acts as a texminal. changing unit (third unit), changes one 
or more mobile stations on the basis of the status of the . 

retransmission requests from the mobi1e stations managed 
by the infoJ:mation delivery control un.1.t 24. 

15 A first situation .1n 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 on1y one of these 
mobile stations makes the request for retransmission 

20 because the requested packet is retransmitted in e1.ther 
case. If the first s1.tuation often occurs, the ra.d1.o 
resources will be used wastef\ll.ly. The first s1.tuation 
can be avoided by ref erring to the table in order to 
detect a situat1.on in which a p1urality of mobile stations 

25 have request retransmission of the identical packet a 
predetennined number of times or more. If such a 
situation is· detected, only one of the plurality of mob1.le 
stations is left for retransmission control, and the 
remaining mobile stat1.ons are replaced by other mobile 

30 stations. 

For example, in the example shown ~ part (a) of 
Fig. 12 and Fig. 13, the mobile stat1ons A and B request 

retransmission of the packets of SN=3, SN•7 and SN=8. 
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Th.at is, each of the mobile stations A and B requests 
retransmission of the identical packets three times. In 

this case, the mobile station F is placed in the 
retransm:Lssion control instead of the mobile station A, as 

s shown i.n part (b) of Fig. 12. The mobi.le 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 red.need 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 tranSl111ssion control. 

Thus, it is possible to efficiently utilize the 

radio resources and i.Jqprove the quality of conmunications 
15 at mobile stations within the sei:vice area Es. 

In this case, for example. as shown in F.ig. 14, 
1mmedi.ately before handover or termination of multicast 
recept~on, the mobile sta~ion A placed in the 
retransmission control not1f ies the base station BS of the 

20 above. Upon receiving the above notification, the base 

station BS changes the mobile stat~on placed in the 
retransmission control from the mobile station A to the 
mobile station F. '1'.hen, the base station BS notifies the 
mobile station F that the mobile station F is now p1a.oed 

25 in retransmission control. It is preferabl.e that the 
mobi.le station to be selected in the above-mentioned way 
has as high correlation with the mobile station to be 
replaced 1n terms of reception error as possible. 

The above-mentioned examples is mainly designed 

30 so that the base station Bs detennines mobile stations to 

be pl.aced 1n .the retransmission control, enables and .. 
notifies these mobile stations that they are now placed in 

the retransmi.ssi.on control.. A1ternati.vel.y, as previously 
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described with regard to the second way of dete:cm1.ning 

mobile stations to be Rlaced in the retransmission control, 

mobi1e stations may dete:r:mine whether their own stations 

are placed in the retransmission control in accordance 

S with any of the aforementioned procedures. 

'l'h.e configuration of the base station 20 shown 

1.n Fig. 5 is directed to detertn1ning which mobile stations 

should be p:ta.ced in the retransmission control on the side 

0£ the base station 20. Alternatively. each mobile 

10 · station may be designed to detexmine whether its own 

station is p1aced in the retransm1.ssion control for itsel~. 

Such a mobile stat1on may has a configuration as shown in 

Fig. 15. 

Referring to Fig. 15, the mobile station 10, 

15 that is a radio te:cmina1. includes a transmitter/receiver 

11, a control unit 12. an output unit 13, a 

retransm1.ssion-request-pexmitt1ng dec:lsion making unit 14, 

and a ;-etransmission request control unit 15. The 

transmitter/rece.1.ver communicates with the base station 20, 

20 and receives multicast infoJ:mation delivered by the base 

station 20. The control wiit 12, which acts as a third 

Ul'li.t of the radio terminal, controls the 

transmitter/reoei.ver 11, and checks reception error that 

may be contained :1n the received multicast ~nformation. 

25 The output unit 13 acquires information received by the 

transmi.tter/receiver 11 via the contro1 uni.t 12, and can 

output the acquired inf onnation to an output device such 

as a display unit. The received info:cmation from the 

output unit 12 may be output to a personal computer or the 

30 like. 

The retransmission-request-permitt.ing decision 

ma.king unit 14 .. which acts as a first unit of the radio 

terminal. detennines whether its own station is permitted 
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1mii1l1iirlir. 
to be placed in the retransmission control on the basis o~ 
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 detexmination may be pe:cf o.cned by the aforementioned 
second way. 'l'he 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 station has just been 

10 determined to be placed 1.n the retransmission control. 
The retransmission request control unit.15, 

which acts as a second part of the radio terminal., is 
enabled only when it is detenn.ined, by the decis1.on mald.ng 

un1.t 14, that its own station has been placed in the 
15 · retransmission control. Then, as has been described with 

reference to Fig. 6, the retransm1.ssion·request control 
unit 15 instrncts the transm1.tter/rece1.ver 11 to send a 

retransm1.ssion 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 w1.ll be retransmitted. The retransm:Ltted 
packet is then recei.ved by the transmitter/receiver 11 and 
i.s used to correct the rece~ved muJ.ticast info:cmation. 

25 Then, the corrected multicast infoDJation .is supp11.ed to 
the output unit 13. If the retransmission-reguest­
permitting decision making unit 14 deteJ:mines that its own 
station is not penni.tted to be placed in the 
retransmission control, the retransmiss1.on request control 

30 uni.t 15 is disabled. In this case. if error of received 
packet, namely, loss of packet i.s detected, the controller 
12 retains the packet serial number SN of the questioned 
packet. When the packet having the same serial number SN 
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Ill Ii fliliced 
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 JDObile 
station, the Irnllticast info:cmation is corrected by using 

5 the :r;-etransmitted packet and is then supplied to the 

output unit 13. 

AccoJ!:'cti.ng to the present invention, only mobile 

stations that are pe.nnitted to be placed in retransmission 
control are involved in retransmission of multicast 

10 1nfo:cma.tion. Thus, congestion 1n the radio section can be 

reduced. 

The present 1nvention .is not lim1.ted to the 
specifically disclosed embodiments, and variations and 
modi.fi.cati.ons may be made without departing from the scope 

15 of the present 1n.vent1on. 

The present application is based on Japanese 
pr1ority application no. 2000-112700 filed on April 13. 

2000, the entire contents of which are hereby incorporated 
by reference. 
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1. A retransmission control m~thod in a 
mul.ticast-i-servi.ce provi.ding system 1n which an info.rmat1on 
deli.very apparatus delivers mul.ticast information to radio 
terminals within a sezv1oe area of the information 

10 delivery apparatus, sai.d method compr.1.sing: . 

(a) determining at least one raCU.o terminal 
pezmi.tted to be pl.aced in retransmission control; and 

· (b) de11vering, when a request for 
retransmission concerning the multicast info:cmation sent 

15 by said at least one ra.d.1.o te:cmi.nal is received by the 
info:cmation delivery apparatus, the ma1t1.cast info:cmati.on 
to the radio tei:m:i.nals within the sel:Vice area. 

20 

2. The retransmi.ssion control method as claimed 

in claim l, wherein: 

the step (a) comprises a step of detamin.1ng, at · 
25 the .info:rmation delivery apparatus, said at least one 

30 

radio terminal: and 

the retransm:1ssion control method further 
compr1ses a step of notifying said at 1east one radi.o 
tennina1 that a request for retransmission is permitted. 

• y 



2001~ 4~118 17*29~ ITOH INTERNATIONAL PATENT OFFICE No. 0231 P. 29/46 

26 

\ \11\11\ \\\I\\ Ill\\ \\1\1 \\\\I\ 
* C L M S 

3. The retransmission control method as claimed 

.1n c1aiJD 1, wherein the step (a) comprises a step of 

determining, at each ra.d:lo terminal, whether its own 
tenni.nal. is peI:mitted to be placed in retransmission 

5 control. 

10 4. The retransmission control method as claimed 

15 

.1.n claim 1, wherein the step (a) dete:cmines a pluraJ.ity of 

radio tezminals to be placed in retransmission control. 

s. The retransmission control method as claimed 

in cl.aim 1, Wherein: 

the step (a) comprj_ses a step of grouping radio 

20 teJ:minal.s in the se:cvice area on the basis of unique 

informa.t.1on assigned to the radio teminals: and 

25 

the step (a) detezmines at least one radio 
term:lnal on the basis of grouping radio tenn:l.nals. 

6. The retransmission control method as claimed 

in cla.1.m 1, wherein the step (a) detemines at least one 

30 radio tenn1.nal. on the basis of a qual.1.ty of communications 

between the informat:Lon del.1.vei:y apparatus and each of the 

radio te.:cm1nals. 
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7. The retransmission control method'. as claimed 

5 .in c1aiJll l, Wherein the step (a} detexm1.nes at least one 

radio tex:minal on the basis of distances between the 

in£o:t10ation delivery apparatus and the radio texminals. 

10 

8. The retranSJDission control method as claimed 

in c1aim 1, wherein the step (a.) detexmines at least one 

radio texminal. on the basis of directions of the radio 

15 term:Lnals from the :lnfo:cmation dellvex:y apparatus. 

20 9. The retransm:lssion contro1 method as claimed 

25 

.1n c1a.1m 1, wherein the step (a) detemdnes at least one 

radio te.mwial on the basis of moving speeds of the radio 

te:tminals. 

10. 'l'be retransmission control method as 

c1aimed in claim 1, further comprising a step of changing 

30 said at least one radio te:rm:Lnal to another radio te:cminal 

on the bas:ls of status of retra.nsm.tssion requests. 
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11. 'l'he retransmission control method as 
claimed in cl.aim 1, further comprising a step of changing 

5 said at least one radio tezm:Lnal to another radio terminal 
when said at least one radio teminal teJ'.'11\inates reception 

of the mu1ticast iiifo:cmation. 

10 

12. An infonnation delivery apparatus 

delivering mult~cast info:cmation to radio tennina1s 
J.ocated w.:Ltbin a service area v.ia a radio section, said 

15 comprising: 

a first un~t detex:miniDg at 1east one radio 
tenn:i.nal penn:l.tted to be pl.aced in retransmission control~ 
and 

a second unit del.ivering. when a request for 
20 retransmi.tting the multicast infoxmation sent by said at 

least one radio tei:minal i.s received, the mul.ti.cast 
info:cma.tion to the radio tei:minals within the service area. 

25 

13. The infoJ:mation delivery apparatus as 
claillled 1.n claim 12, wherein the first unit detexmines a 

plurali.ty of radio tenninals to be placed in 

30 retransmission control. 
., 
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14. The info:cmati.on de11very apparatus as 

claimed in claim 12, further compr1.sing a third unit 

changing said at 1east one radio tenninal deteJlllined by 

5 the f.:l.rst un:l.t to another radio tenninal on the basi.s of 

retransmission requests • 

10 

.. . :.. 

15. The 1.nf ollD8.t1on delivery apparatus as 

cl.aimed in claim 14, :Eurther compr.1.s:Lng a fourth unit 

managing status of retransm1.ssion requests sent by radio 

teJ:'Ddnals placed 1.n the retransmission contro1, 

15 the tIU.rd un1.t changing sa:Ld at J.east one radio 

20 

teDdnal.s on the bas.1.s of the status of retransmission 

requests managed by the :fourth unit. 

16. A radi.o tEmninal. receiving mult.i.oast 

1nfomat1.on from an infoIIDat1.on deli.vezy apparatus via a 

radi.o section_ said radio te:cminal comprising: 

25 a fi.rst unit determining whether i.ts own 

te:cmina1 is placed in retransmission contro1; and 

a second unit requesting retransm:Lssion 

concerning the mul.t.1.cast infonnation which has not been 

duly received in a case whether the first un1.t determ:i.nes 

30 its own teoninal to be p1aced in retransmission control • 

.. 
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17. 'l'he radio teJ:minal as cl.aimed in claim 16, 

wherein the first unit detenn:i.nes whether its own tenninal 

is placed in retransmission control on the basis of given 

s infoxmation sent by the in.fo:cmation delivery apparatus. 

10 

15 

18. The radio terminal as claimed in claim 16, 

wherein the first unit detexmi.nes whether its own texminal 

is placed 1.n retransmission control on the basis of a 

qoa1ity of comnunications with the i.nfo:cmati.on delivery 

apparatus. 

19. 'l'he radio te:cm:l.na.l as claimed in claim 16, 

20 further comprising a third unit which corrects the 

multicast .1nfo:ona.t:Lon by part of the multicast information 

sent by the infozma.tion delivery apparatus retransmitted 

in response to a request for retransmission by the second 
unit when the first unit determines that its own te:cninal. 

25 is placed 1n retransm1ss1.on control and which corrects the 

mul.ticast information by part of the multicast info:r:mation 

sent by the information delivery apparatus transmitted :Lil 

response to a request for retransmission by another radio 

te.nninaJ. when the f~rst unit dete:cmines that 1ts own 

30 te:cminal is placed out of retransmission control. 


