27 JUNE 2006 TI TLE OF THE | NVENTI ON PACKET TRANSM SSI ON CONTROL APPARATUS,
MOBI LE NODE, CONTROL NODE, PACKET COVMUNI CATI ON METHOD,  AND PACKET 27 JUNE 2006
COVMUNI CATI ON SYSTEM 5 BACKGROUND OF THE I NVENTION Field of the Invention
The present invention relates to a packet transm ssion control apparatus, a
nobi | e node, a control node, a packet comunication nethod, and a packet
comuni cation system 10 Rel ated Background Art Conventionally, a packet
comuni cati on has been put into practical use in which a packet is
transmtted froma source node to a destination node through a plurality of

routers. AmongrihenPl sl tyr@trpQuUters existing on a 15 pat hway between the
nodes, thereTTmy be a router—fraving an unresol ved nedi a access control

(MAC)_ address of addutichralentisan Benhagkeh-addnessedborifqdiget I nation

i

node is to be routed (forwarded). The router havi ng_tlﬁe unresol vedMVAC
address 1S RIS NEBRAMRMEHE EOUlBRS chRTONONKGH, anRBCkSlcpasses when
transmtted to the destination node, and this router does not ho a MAC
address of aGHEBESS M OskéPgydestination of the packet. The router
havi ng the unresol ved MAC address for the 25 successive routing destination
(whi ch will Sedammid et Yrur efgifgdr6Q as the "router A") needs to
recogni ze theM&AC T

Field of the Invention

Thepresent inventionrelates to apacket transmission
control apparatus, a mobile node, a control node, a packet
communication method, and a packet communication system.

10 Related Background Art

Conventionally, a packet communication has been put
into practical use in which a packet is transmitted from
a source node to a destination node through a plurality of
routers. Among the plurality of routers existing on a
15 pathway between the nodes, there may be a router having an
unresolved media access control (MAC) address of a router
to which the packet addressed to the destination node is
to be routed (forwarded).
The routerhavingtheunresolvedMAC address is arouter
20 among the routers through which a packet passes when
transmitted to the destination node, and this router does
not hold a MAC address of a successive routing destination
of the packet.
The router having the unresolved MAC address for the
25 successive routing destination (which will be tentatively

referred to as the “router A”) needs to recognize the MAC



27 JUNE 2006 address of the router which corresponds to the successi
routing destination (which will be tentatively referred to as the

"routerB") by the use of an address resolution protocol (ARP) . In
event, the routerAbroadcasts anARP request 5 packet having an internet

pr ot ocol

(I'P) address of the router B to a link to which the router

YSUNE 2006

this

Bis

connected. The broadcasted ARP request packet is received by all nodes on

the |ink,

and the contents of the ARP request packet are analyzed.

nodes on the link, the router B confirnms 10 that the router B itself
obj ect of theiARRY equedle, roaddriwansn ¢Sri@sbBRIEOU efth A At AR Iesponse
packet having the MAC address of the router B. Upon receipt of this ARP
response, theumitieHeAtabiaiins (heibAGadesseatatheciqui€feBredSdhe
above-descri bed operations by the router Awill be referred to as t
addr ess resclathentoukeadhibetheaisd d fanpeidosk Heeessary ohgyrawsvi ng t he
MAC address” is a tine period consuned fromthe tine point at which the ARP
request pack@Rrn)s. transhi$ tednby tHheroauktera Aroatichsthhean nrbare A% r ecei ves

and anal yzes the ARP response packet and then

O the
is the

he "MAC

obtai ns the MAC address of

t he router Baddetah@linalant ynoérpackebs oaddr €5Bpddde clsideo Sahe rdutagsm tt ee
reach the router having the unresolved MAC address at an interval within

the tinme perE oftb necdsisdtr ytd owh2bhr edad viogt £he BVAG addnesstedhi ciTHes
normal Iy several mlliseconds), then there is a concern regarding t

10

15

20

25

broadcasted ARP request packet is received by all nodes on
the link, and the contents of the ARP request packet are
analyzed. Of the nodes on the link, the router B confirms
that the router B itself is the object of the ARP request,
and transmits to the router A an ARP response packet having
the MAC address of the router B. Upon receipt of this ARP
response, the router A obtains the MAC address of the router
B.

The above-described operations by the router A will
be referred to as the "MAC address resolution”. Meanwhile,
a “time period necessary for resolving the MAC address” is
a time period consumed from the time point at which the ARP
requestpacket istransmittedbythe routerAuntil the router
A receives and analyzes the ARP response packet and then
obtains the MAC address of the router B.

If a plurality of packets addressed to the same
transmittee reach the router having the unresolved MAC
address at an interval within the time period necessary for
resolving the MAC address (which 1is normally several

milliseconds), then there is a concern regarding the

he
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2 27 JUNE 2006 follow ng problem Specifically, if the plurality Ofﬁ&éﬁ%ﬁ&&m
reach the router highly frequently before the router resolves the
address upon recei pt of the packets addressed to a 5 destination host, the
respective packets are replaced by the subsequent packets because a
buffering area is limted. As a result, the packets except the one that
reach the router |ast may be discarded. Discard of the packets like this
may result in an occurrence of a packet receiving failure 10 by the
destination host (a packet l|oss). SUMVARY OF THE | NVENTI ON The present
i nventi on h&slheennpdedoleeansi deration of the foregoing problem It is an
obj ect of the present invention to provide apacket transm ssion control
apparatus, 15 anpbpkeifiode)llg,coftthd wmbDies ] apacketp LomEamireaidrorhret hod,
and a packet conmmunication system which are capable of certainly
delivering aopltwrahi §y1 off easkeitsl  Bedodesth@aloizr Fosadgeestnd hacpr obl em
expl ained earlier, a packet transm ssion control apparatus according to the
present 20addvenris oipbs ardesket tofmNsMeSSHABkEOB! roldappasat uso Wai ch
sequentially transmts a plurality of packets addressed to a destination
node5(i ncl udeBd inartiiows hbatt, errdy akapeatereabacMdt Bra friebIaddda®yperi od.
Here, the packet transm ssion control apparatus includes: packet
accunul at i ngheesunssé@nezd gaddears bgchueapoibarfifler imet arebng) 1thetpldural ity of
packets; and packet transm ssion controlling nmeans for transmtting

As a result, the packets except the one that reach the router

last may be discarded. Discard of the packets like this
may result in an occurrence of a packet receiving failure
10 by the destination host (a packet loss).

SUMMARY OF THE INVENTION

The present invention has been made in consideration
of the foregoing problem. It is an object of the present
inventiontoprovide apacket transmissioncontrol apparatus,

15 ‘ amobile node, acontrol node, apacket communicationmethod,
and a packet communication system, which are capable of
certainlydeliveringapluralityofpacketstoadestination.

To address the problem explained earlier, a packet
transmission control apparatus according to the present

20 invention is a packet transmission control apparatus which
sequentially transmits a plurality of packets addressed to
adestinationnode (includingvariousrouters) ataninterval
within a first time period. Here, the packet transmission
control apparatus includes: packet accumulating means for

25 buffering (temporarily retaining) thepluralityof packets;

and packet transmission controlling means for transmitting
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3 27 JUNE 2006 to the destination node a front packet included in th{nUNEzow
plurality of packets buffered in the packet accumulating neans and tor
transmtting the renmaining packet (a packet or packets other than the front
packet) included in the 5 plurality of packets to the destination node after
the lapse of a second tinme period starting froma tinme point when the
front packet was transmtted. Apacket communi cation method according to the
present invention is a packet conmmunication nmethod for allowing a 10
packet transm ssion control apparatus to sequentially transmt a plurality
of packets atldrehsedetstimaddsin naideona findetabpaakeitntieralalded tim nthefi r st
tinme period. Here, the nethod includes: a front packet transmtting step
whi ch al | owslthel pagkef paaksts sisibdficecodt inl tlappasakes doctmanstihg 15 to
the destination node, a front packet included in the plurality of packets
buf fered i n pasketamt diomltatanspinteairsy thandecaaduniseqpenketackepatkansm tti ng
step which allows the packet transm ssion control apparatus to transmt the
remai ni ng packepachetsdethken thenplivealfiztontofo grdeket sitol @ded hen des¢i nati on
node after the | apse of a second tine period starting froma time point
when 5he fromtupatkey ofasackeansm thedid st it foonbdeagkes r ththansapsei ng
step. According to these aspects of the invention, when it is assuned that
the pluralityfaf spacket sinddressed stanthieng ZFotest i ired iparimodéecar €he
sequentially transmtted at the interval within the first tine period, the
front packetfront packet was transmitted.

Apacket communicationmethod according to thepresent

invention is a packet communication method for allowing a

10 packet transmission control apparatus to sequentially

transmit a plurality.of packets addressed to a destination

node at an interval within a first time period. Here, the

method includes: a front packet transmitting step which

allows thepacket transmissioncontrol apparatus to transmit,

15 to the destination node, a front packet included in the

plurality of packets buffered in packet accumulating means;

and a subsequent packet transmitting step which allows the

packet transmission control apparatus to transmit the

remaining packet included in the plurality of packets to

20 the destination node after the lapse of a second time period

starting from a time point when the front packet was
transmitted in the front packet transmitting step.

According to these aspects of the invention, when it

is assumed that the plurality of packets addressed to the

25 destination node are sequentially transmitted at the

interval within the first time period, the front packet



4 27 JUNE 2006 included in the buffered plurality of packets is fir%ﬁb%NEzmm
transmtted to the destination node, and the renai ning packet 1is
transmtted to the destination node after the |apse of the second tine
period starting fromthe tine point when 5 the front packet was ‘
transmtted. In this way, it is possible to suppress buffering of plenty of
packets by the node which receives the front packet addressed to the
destination node before the node resolves the MAC address. In other words,
the remai ning packet is 10 received by the node after resolution processing
of the MAC iaddmuelssl Haseticobuffife rkedont upadkety iof eamdestied.s TFherseflgre, the
respective packets are not replaced by the subsequent packets or discarded
i nst ead t heteahsmAs tedBstht depadkett i drossés, and ttednerdiandgihe kpacket
transm ssion control 15 apparatus can certainly deliver the plurality of
packets toishertnansiftitetdeeo the tdwespickeiohrandai sSteon dontlragsaapdar at us
according to the present invention, it is preferable that the first tine
period i s athenmsependodineceszdapy EamraimodEr2d ftore rteakaypod nttherhpacket
transmtted by the packet transm ssion control apparatus, to resolve a MAC
addr éss of taer dubontg pdedddthatd ot dfn doiet tpad ket . 1 n t he packet conmuni cation
nmet hod according to the present invention, it is preferable that the first
time 25 period i3nathisevgperiiddisegessabyefos supmdes$ dufffdm@ayiqngft he
packet transmtted by the packet transm ssion control

plenty of packets by the node which receives the front packet

addressed to the destination node before the node resolves
the MAC address. In other words, the remaining packet is

10 received by the node after resolution processing of the MAC
address based on the front packet is completed. Therefore,
the respective packets are not replaced by the subsequent
packets or discarded instead thereof. As a result, packet
losses are reduced and the packet transmission control

15 apparatus can certainly deliver the plurality of packets
to the transmittee.

In the packet transmission control apparatus
according to the present invention, it is preferable that
the first time period is a time period necessary for a node

20 for relaying the packet transmitted by the packet
transmission control apparatus, to resolve a MAC address
of a routing destination of the packet.

In the packet communication method according to the
present invention, it is preferable that the first time

25 period is a time period necessary for a node for relaying

the packet transmitted by the packet transmission control



of the packet. The first tinme period is equivalent to the tinme perio
necessary for the node for relaying the packet transmtted 5 by the packet
transm ssion control apparatus, to resolve the MAC address of the routing
destination of the packet (such a tinme period will be referred to as the
"address resolution tine period"). For exanple, the first tine period s
equivalent to a tinme period necessary for an 10 apparatus, which is
connected directly to the packet transm ssion control apparatus as a
subsequent Aeslerat@s, teSPLyE1 AWRMAIHRES £ o SHEEEISYVENPdeathah is the
routing destination of the packet. Replacenent of the packet by the
subsequent gpacked pgékggnstitutes an inpedinment to certain transm ssion of
the packet which is the object of the present invention. GCccurrence of

such repl acenent fise @t kkitbttmdbe rie@ns aspacial dhat ot e subseguensgpacket
catches up with the precedent packet while the MAC address of the routing

destinati ométe29at P esedesie PRSKele 1S/ Y el ¥edke Hef Eandher sslsequent
packet catches up with the precedent packet in the case when a transm ssion
integval ofpy henhd gsneedt o PaskiedSids ShottEl appana the, abovessleseei bed
address resolution tine period. Accordingly, by adopting the packet

transni ssi ofh€ MU¢ Addbed £ e Rfud ey pesSeMtat YN F oFheOnbyckett he
above-descri bed case, it is possible to achieve efficient

(such a time period will be referred to as the “address

5 27 JUNE 2006 apparatus, to resolve a MAC address of a routing desbggﬁkha&

resolution time period”). For example, the first time

period is equivalent to a time period necessary for an

10 apparatus, which is connected directly to the packet

transmission control apparatus as a subsequent node, to

resolve aMAC address of a successive node that is the routing
destination of the packet.

Replacement of the packet by the subsequent packet

15 constitutes an impediment to certain transmission of the

packet which is the object of the present invention.

Occurrence of such replacement is attributable to an aspect

that the subsequent packet catches up with the precedent

packet while the MAC address of the routing destination of

20 the precedent packet is unresolved. Here, the subsequent

packet catches up with the precedent packet in the case when

atransmissionintervaloftherespectivepacketsisshbrter

than the above-described address resolution time period.

Accordingly, by adopting the packet transmission control

25 technique of the present invention only to the

above-described case, it is possible to achieve efficient



6 27 JUNE 2006 packet transm ssion while reducing redundant tine ela$§ﬁ
associ ated with standby for transm ssion of the subsequent packet. 006
packet transm ssion control apparatus 5 according to the present invention,
it is nore preferable that the second tinme period is a tine period that al
the nodes which are to resolve the MAC address require to resolve the Mac
address. These nodes are anong the nodes which the plurality of packets
transmtted fromthe packet 10 transm ssion control apparatus pass through
before reaching the destination node. In the packet comrunication nethod

according t g ddit RIESRIH i 4 IMENLIPM o I e difc TR & I 81,20 €1 hdad 4he second
time periodis a tinme period that all the nodes which are 15 to resolve the

MAC address Jamb e d@ wiesobventBe MC addesSssi Jiesernedas, L& apng the
nodes which the plurality of packets transmtted fromthe packet

transnissio?égyggpl apparatus - pass through before reaching the destination
node. According to these aspects of the invention, the second 20 tine

period is the timgperirad thatrad | thenbrdesiwhi Choareolt 0 Jgsplae,d heMAC
address require to resolve the MAC address. These nodes are ‘anong t he nodes

whi clp the pldH@ddd Pl Paskebseskhansavbhedoh) omt he packel 4 fangt ssi on
control apparatus pass through before reaching the destination node. In

this 25 way.tit tthe i@ nRoitAteabeWibehikhe £ enBi phRgoRacket 451 dHansmitted
fromthe packet transm ssion control apparatus,
nodes which are to resolve the MAC address require to resolve
the Mac address. These nodes are among the nodes which the
plurality of packets transmitted £from the packet
10 transmissioncontrol apparatuspass throughbefore reaching
the destination node.

In the packet communication method according to the
present invention, it is more preferable that the second
time period is a time period that all the nodes which are

15 toresolve theMACaddress require to resolve the MAC address.
Thesenodes are among the nodeswhich thepluralityof packets
transmitted from the packet transmission control apparatus
pass through before reaching the destination node.

According to these aspectsof the invention, the second

20 time period is the time period that all the nodes which are
toresolve theMAC addressrequire toresolve the MAC address.
Thesenodes are among the nodeswhich thepluralityofpackets
transmitted from the packet transmission control apparatus
pass through before reaching the destination node. In this

25 way, by the time point at which the remaining packet is

transmitted fromthe packet transmission control apparatus,



7 27 JUNE 2006 all the nodes which are to resolve the MAC address and

t hrough which the remai ni ng packet passes before reaching the desby gl Sdde
node will have conpleted the resolution processing of the MAC address. The
front packet and the 5 remai ni ng packet trace the sane pathway to reach the
targeted node. However, in this event, the remaining packet never catches
up with the front packet. Therefore, certainty of transmtting the
plurality of packets to a desired destination is enhanced. 10 It is also
possible to construct and utilize a packet comunication system which

i ncl udes the above-described packet transm ssion control apparatus, and the
desti nati onaliode hodesedeiot agettrerpsal akithye MAC padketss dndndmotiggd from

t he packet transm ssion control apparatus. 15 A nobile node (for exanple, a
nobi | e st at whhchudthasremaimbhbe derllegihopes sascarediorg t bei diei pyesert
invention is a nobile node including a link layer for switching an access
router to bdestnnedtiet, andeanwibi erhete proatqcd tdd Pheayeesofiatioant rol |i ng
to transmt a plurality of packets 20 sequentially to a destination node

t hrough t hepaocessingubdr that MAC eddersal. Wrhhki firanti patkieitmangertihed. Here,
the P layer includes a buffer area in which the plurality of packets are

buf f &r ed i nramdiiadagnent kon tparedhabene thaet hvahy te reedd tisaitbehesebdhe access
router to be connected. Mreover, the 25 I P | ayer perfornms control of
transm tti ngodef.r cidtwpaeketiniticli udackritn tthe plems=dlning ok padkeeselruf f er ed

in the buffer
catches up with the front packet. Therefore, certainty of
transmitting the plurality of packets to a desired
destination is enhanced.

10 It is also possible to construct and utilize a packet
communication system which includes the above-described
packet transmission control apparatus, and the destination
node for receiving theplurality of packets transmitted from
the packet transmission control apparatus.

15 A mobile node (for example, a mobile station such as
a mobile telephone) according to the present invention is
amobile node including a 1ink layer for switching an access
router to be connected, and an internet protocol (IP) layer
for controlling to transmit a plurality of packets

20 sequentially toadestination node through the access router
at an interval within a first time period. Here, the IP
layer includesabufferarea inwhichthepluralityof packets
are buffered in a disconnection period when the mobile node
switches the access router to be connected. Moreover, the

25 IP layer performs control of transmitting a front packet

included in the plurality of packets buffered in the buffer



8 27 JUNE 2006 area to the switched access router. The IP layer also
controls transm ssion of the remaining packet included in the plur&/PVYE 2§06
packets to the switched access router after a |apse of a second tinme period
starting froma time point 5 when the front packet was transmtted. The
link ayer and the I P |layer represent definitions of standard function
nodul es for respective layers resulted fromclassifying comunication
functions expected in respective nodes into a |l ayered structure based on a
design 10 rule (such as the open systens interconnection (OSl)) for a

network stpyctune Faleacmﬁ%&lgan%g&eg@t Q5 et wegl, Pﬂa.fflg(e/sg.t anagdes.

Apacket conmmuni cati on nethod according to the present invention'is a packet

communi cat Eeﬂt%&@oérgﬂgﬁggg@%nsfathégﬁ%A&Q%ﬂ%ﬁ& G an jgccess

router to be connecte to sequenti ran a plurality of packets

to a dest Eﬂétﬂ»%gcé‘}?ﬁﬁy E'%rﬁ’é'&}beﬁﬁgﬁgaﬁﬁé%%v'gg&ﬂegd a?Ee@@ f&ﬁﬁéi’%lfte\ﬁ‘- thina

first tinme peri Here, t'he net Inclu ront packet transmtting

step of tranfﬁg‘égéi&ﬁéal Ts%c%nwm@egewgac @é?g&ﬁgt £F om s fiQ ﬁgg%et

included int plurality of packets buffere packet accu ati ng nmeans

in a discgpaactihan spenirodwhen thes nobi,de; nodg switches the access router

to be connected; and a subsequent packet transmtting step of allow ng the

mobi | € node to tpARNSM Ay §0& el NN 135 PACKel el difled irintiRg plural i ty of
packets to the swtched access router afteer a ['apse of a secon8 time period
starting of standard functionmodules for respective layers resulted
from classifying communication functions expected in
respective nodes into a layered structure based on a design
10 rule (such as the open systems interconnection (0SI)) for
a network structure to achieve communications between
different nodes.
Apacket communicationmethod according to thepresent
invention is a packet communication method for allowing a
15 mobile node to switch an access router to be connected and
to sequentially transmit a plurality of packets to a
destination node through the access router at an interval
within a first time period. Here, the method includes: a
frontpacket transmittingstepoftransmitting, toaswitched
20 access router, a front packet included in the plurality of
packets buffered 1in packet accumulating means 1in a
disconnectionperiodwhenthemobilenodeswitches the access
router to be connected; and a subsequent packet transmitting
step of allowing the mobile node to transmit the remaining

25 packet included in the plurality of packets to the switched

access router after a lapse of a second time period starting
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9 27 JUNE 2006 froma tinme point when the front packet was transmtted in
the front packet transmitting step. The nobile node buffers the packet'NEz'Be
transmitted to the access router into the buffer area in the disconnection
5 period during a handover for switching the access router to be connected.
These aspects of the invention is based on the assunption that thenobile
node sequentially transmts the plurality of packets addressed to the
destination node through the access router at the interval within the first
10 tinme period. According to these aspects of the invention, the front

packet inclygded 4 nitheoplHralhby 9fe RACKE! $a A %%%i};?XnEﬁ?tEBBi {£ node is

firstly transmtted to the swtched accessS router. er a |l apse of the

second time.yperiode starkbpgetLaahtpe itijme Ry nt when the front packet 15
was transmtted, the remaining packet 1S transmtted to the sw tched access

router. In this vways rdhii1s Hea%iMﬁféesw&rm@ftfoeggn&gﬁ%%g@@ay of

packets by the swtched access router, which has recelived t ront packet

addressed t, the a@éé‘?&ﬁ@@rﬁﬁ@%’tk?@bg?¥@rllgafé‘£iﬂrt%%€%§ é@&lﬁ@@@%%te y of

the access router for resolving the MAC address. In other words,

remeg ni ng  PACKSE d&isr{85 e ethyvd Per SECEst QUL ST ¢ 2§£c§§§0£6'ﬁf:é’f‘

processing of the MAC address based on the front pac conpl et ed.
Therefore, {hed espeLddivgs pPagkels akpchals 23 LRI agedhy bhe; subsegyent

packets or discarded. As a result, packet |osses are reduced and the nobile
node can ce&fd ehBlgsumptionthat themobile node sequentially transmits
the plurality of packets addressed to the destination node
through the access router at the interval within the first
10 time period. According to these aspects of the invention,
the front packet included in the plurality of packets
buffered by the mobile node is firstly transmitted to the
switched access router. After a lapse of the second time
period starting from the time point when the front packet
15 was transmitted, the remaining packet is transmitted to the
switched access router.

In this way, it is possible to suppress buffering of
plenty of packets by the switched access router, which has
received the front packet addressed to the destination node,

20 beyond the processing capability of the access router for
resolving the MAC address. In other words, the remaining
packet is received by the access router after resolution
processing of the MAC address based on the front packet is
completed. Therefore, the respective packets are not

25 replacedby the subsequent packetsordiscarded. Asaresult,

packet losses are reduced and the mobile node can certainly

10
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10 27 JUNE 2006 deliver the plurality of packets to the destination. IB h?&)
nobi | e node according to the present invention, it is preferable t HAZUR 6
first tine period is atinme period necessary for any of the switched access
router and a node 5 for relaying the packet transmtted by the nobil e node,
to resolve aMAC address of a routing destination of the packet. In the
packet communi cation nmethod according to the present invention, it is
preferable that the first time period is a time period necessary for any of
the switched 10 access router and a node for relaying the packet

transm tteddy jthe rmp Ienodec oo f ?Q&M@té‘ MACradduess i9hta dnout i ng

destination of the packét. The first tinme period Is equivalent to the

address  resol Uti(25‘1_Eﬂ@ﬁo%@ﬂ%%@é’a@&%r%ntgcﬁngh BSSehOUffent ibh,
concerning the routing destination of the packet. For exanple, the first

tinme period ;is; gquii¥ad ey d ‘%rk]nta@tﬁierﬁrspt‘?rtiiﬁ% ﬁ@f?lééairsy al O{m&iddi8lod he

swi tched access router, whic is connected directly to the nobile node as a

subsequent nodes Ay %o&logﬁ/x\tc?@ttﬂ@'s%stéﬂé% Rackels t-rapsw thed By dde 20
nmobi | e node, to resolve a C address of a successive node which is the

routisng destdjatb9aohqt fLe RACKEL + + ReplAcenBnt, Pt rkheopackelo by, the

subsequent packet constitutes an inpediment to Certain transm ssion of the
packet whi ch ds$, 168, Micesda Pl s S RS PreseNhd AVEPLhOPi ondT PREWABNGE of such

replacenent is attributable to an aspect that the subsequent "packet catches
up with the prece@enthe packet communication method according to the
present invention, it is preferable that the first time
period is a time period necessary for any of the switched
10 access router and a node for relaying the packet transmitted
by the mobile node, to resolve a MAC address of a routing
destination of the packet.
The first time period is egquivalent to the address
resolution time period by the switched access router,
15 concerning the routing destination of the packet. For
example, the first time period is equivalent to the time
periodnecessary foreither theswitchedaccessrouter, which
is connected directly to the mobile node as a subsequent
node, or a node that relays the packet transmitted by the
20 mobile node, to resolve a MAC address of a successive node
which 1s the routing destination of the packet.
Replacement of the packet by the subsequent packet
constitutes an impediment to certain transmission of the
packet which is the object of the present invention.

25 Occurrence of such replacement is attributable to an aspect

that the subsequent packet catches up with the precedent

11



11 27 JUNE 2006 packet while the MAC address of the routing destination of
the precedent packet is unresolved. Here, the subsequent packet cafCHe¥E 6
with the precedent packet in the case when a transm ssion interval of the
respective packets is shorter 5 than the address resolution tine period - -
described earlier. Accordingly, by adopting the packet transm ssion control
techni que of the present invention only to the above-described case, it is
possi ble to achieve efficient packet transm ssion while reducing redundant
time el apse 10 associated with standby for transm ssion of the subsequent

packet. In B%k@bkhglgogﬁeW%@ﬁ%stsootfh’éhgrleé@ﬂn&%’éé&:% i ﬂrtoﬂs nor €

preferable that the second tine period is atine perio at a t he nodes

which are topkegobueqbhe MG addiess, losd paulr e fOrd 39|y & ifie JMaGraddress.
%e whi ¢ t% 0 uk

These nodes are anong the nodes e plurality packets transmtted

from the ”%Qiclk%tpegﬁcﬂé§§fg{HggH%@?%%rc%cfe‘?ﬁc 5@9%% destinati gy, node. In

t he packet onmmuni cat1 on according to the present 1nvention, it

is more pre%%@ﬁ&ni@@ioﬁﬁ%t%%ﬂdofitg%rJP@ééQ&'tlw?egatéH&sof spd that all the

nodes which are to resolve the MAC address require to resolve the MAC

T e ea TR LA IR U oS L lald Lt ket
destinationapeded Ay, bR aHBpERSRE tABPBE: R 1R shle&RldPORorhe 15econd
technique of the present invention only to the
above-described case, it is possible to achieve efficient
packet transmission while reducing redundant time elapse
10 associated with standby for transmission of the subsequent
packet.
In themobile node according to the present invention,
it is more preferable that the second time period is a time
period that all the nodes which are toresolve the MAC address
15 require to resolve the MAC address. These nodes are among
the nodes which the plurality of packets transmitted from
themobile node pass throughbefore reaching thedestination
node.
In the packet communication method according to the
20 present invention, it is more preferable that the second
time period is a time period that all the nodes which are
toresolve theMAC address require to resolve theMAC address.
Thesenodes are among thenodeswhich thepluralityof packets
transmitted fromthemobilenodepass throughbeforereaching

25 the destination node.

According tothese aspectsof the invention, the second

12



12 27 JUNE 2006 tinme period is the time period that all the nodes (2nniNEioog
the switched access router) which are to resolve the MAC address require to
resolve the MAC address. These nodes are anong the nodes which the
plurality of packets 5 transmitted fromthe nobile node pass through before
reaching the destination node. In this way, by the time point at which the
remai ni ng packet are transmtted fromthe nobile node, all the nodes which
are to resolve the MAC address and through which the renaini ng packet
passes before reaching, 10 the destination node will have conpleted the

resol uti on t¥tdPEIIPAG DN IRA® AR §52 tThb! fifhiogge kN @kt e

remai ni ng packet trace the sane pathway to reach the targeted node.

However, i FRhisvid@md ade et niay pickel #eveto eatehed the WAG the
front packet. Therefore, the nobile 15 node can deliver the plurality of
packet s t o 3 HRTF SPTHHePsHR tERTC P LR AF dgdreest s B frrdedle to
construct and utilize a packet communication system which includes the
above- descrdifed ameWi | ERRode0d@fid WhHe HestienaPilonadddy fof maEisihg the 20
plurality of packets transmtted fromthe nobile node through the access
router. A oI e iaeRstd TPt b RREC PSSR PrRvRREfOFSieahidyht rol node
including an internet protocol (IP) layer for controlling for sequentially
transmtting*a P atirnsnede padietdtio W R Y b del MhRugh: &% out er  at

an interval w.thin a first tine period. Here, the |IP |ayer includes
which the remaining packet are transmitted from the mobile

node, all the nodes which are to resolve the MAC address
andthroughwhich theremainingpacketpassesbeforereaching

10 the destination node will have completed the resolution
processing of the MAC address. The front packet and the
remainingpackettracethesamepathwaytgreachthetargeted
node. However, in this event, the remaining packet never
catches up with the front packet. Therefore, the mobile

15 node can deliver the plurality of packets to a desired
transmittee more certainly.

It is also possible to construct and utilize a packet
communication system which includes the above-described
mobile node, and the destination node for receiving the

20 pluralityofpacketstransmitted fromthemobilenode through
the access router.

A control node according to the present invention is
a control node including an internet protocol (IP) layer
for controlling for sequentially transmitting a plurality

25 of packets to a mobile node through a router at an interval

within a first time period. Here, the IP layer includes

13



13 27 JUNE 2006 a buffer area in which the plurality of packets are buffered
in response to a buffering request fromthe nobile node. The | Pl ayef JUNE 2006
controls transmi ssion of a front packet included in the plurality of
packets buffered in the buffer area, 5 to the nobile node in response to a
buffering rel ease request fromthe nobile node. The IP layer also controls
transm ssion of the remaining packet included in the plurality of packets,
to the nobile node after a | apse of a second tine period starting froma
time point of 10 transm ssion of the front packet. Apacket comunication

hod . h . on. i K ) : hod
for al | owi n BCETnAror TbAE IS CRaSEAT 1Y PEaaE t8 AHUPHECEY o0 packet s
to anmobile nodeethgt s_'tch S, ap acgesseroutgr to bg connﬁcﬁed 1% t hereto,
though a robtef SSPORRST hPeP VAl hPE AiiH ARRFSE FFRB CPeri6hilRePEierhe et hod
i ncl udes. ket .t 1tti { ich all t.h t.ral de t
tranomt, Foe il RORF Eornohd St ahee aEh el T RePRhtETHE T ReCOParPR ity of
kets buff i L ati i,n. 0t buf f

P otest 1romit P BbRre AbdeSE Nerr o RE 2eRptn huE R PR 2Pal 2uda™r cquest ”
f th il : d . Sub t k t 1 tt t whi ch
(oL e, b Le ;200 SURSEAUSIL Backet Lr e TILLLIG sLepabl o

I it kets to,t. bi ft I 5 of dti
Pert ot st ar EFRD fFhen SRIHE palS when e 14 r ARV RacRoR0unE PP LR 1t ed i n

the front packgl:|Cansii tf

f-nghe remaining packet 1ncluded in the
plurality of packets, to the mobile node after a lapse of
a second time period starting from a time point of

10 transmission of the front packet.
Apacket communicationmethodaccording to the present
invention is a packet communication method for allowing a
control node to sequentially transmit aplurality of packets
toamobilenodethat switchesanaccessrouter tobe connected
15 thereto, though a router at an interval within a first time
period. Here, the method includes: a front packet
transmitting stepwhich allows the control node to transmit,
to the mobile node, a front packet included in the plurality
of packetsbuffered inpacket accumulating means in response
20 to a buffering request from the mobile node, upon receipt
of a buffering release request from the mobile node; and
a subsequent packet transmitting step which allows the
control node to transmit the remaining packet included in
the plurality of packets to the moblile node after a 'lapse

25 of a second time period starting from a time point when the

front packetwas transmittedinthe frontpacket transmitting

14



14 27 JUNE 2006 step. The control node (such as a nobility agent that is
connected to a regional nobile network conprising a plurality of roAltJ&NE)2006
buffers the packet to be transmitted to the nobile 5 node into the buffer
area, in response to the buffering request transmtted due to a handover
which allows the nobile node to switch the access router to be connected
thereto. These aspects of the invention is based on an assunption that the
control node sequentially transmts the plurality 10 of packets addressed to
t he nobil e node through the router, at the interval within the first tine
peri od. ACC%!Q%QQ to these aspects of the invention, the front packet

i ncl uded inti e plurality of packets buffered by the control node 1is

firstly trans”itt%%et%05Q§qu%5H% W%gﬁﬂl@%{%LH%ﬁéaﬁﬁﬁﬁﬁégﬁgkLQEﬂ§%Fond tinme

period starting from the tTinme point Was-®

transmtt ed’cotnrilleec!’tee | - ?ér}%ﬁ%%%ﬁtmoﬂ)f%%%xa@%grtktce#jmé%ré{lr?(g/ggqrqiulr% r_}LCe)c?ye' n

this way, it7 1S poss suppress errng o ent pac s in the

router, whi Gl {8GELYES Lk LLaN pekel. a0AreRged Lol PRoTRY G nade,

t
beyond a processi ng Capa y 6?p%%§8router%gor resolvi ng addr ess.

In_ather words {he, remmining packel |51 ecelyedoby fhe Yoyt gl er

resolution processing . essbaséd on the ront” “pack
Conp et TASHELY Broh DRLEERRSEN uE 0, RRCKE LR i EBbBRRA O L0
the node to switch the access router to be connected thereto.
These aspects of the invention is based on an assumption
that the control node sequentially transmits the plurality
10 of packets addressed to the mobile node through the router,
at the interval within the first time period. According
to these aspects of the invention, the front packet included
in the plurality of packets buffered by the control node
is firstly transmitted to the mobile node. After a lapse
15 of the second time period starting from the time point at
which the front packet was transmitted, the remaining packet
is transmitted to the mobile node.
In this way, it is possible to suppress buffering of
plenty of packets in the router, which receives the front
20 packet addressed to the mobile node, beyond a processing
capability of the router for resolving the MAC address. 1In
other words, the remaining packet is received by the router
after resolution processing of the MAC address based on the
front packet is completed. Therefore, the respective

25 packets are not replaced by the subsequent packets or

discarded. As a result, packet losses are reduced and the

15



15 27 JUNE 2006 control node can certainly deliver the plurality of packets
to the destination. In the control node according to the present i i/ dHNE 3ppo
it is preferable that the first time period is a tine period 5 necessary
for a node (including the router), which relays the packet transmtted by
the control node, to resolve a MAC address of a routing destination of the
packet. In the packet communi cation nmethod according to the present
invention, it is preferable that the first tinme 10 period is a time period
necessary for a node, which relays the packet transmtted by the control

node, to reé&w@o@nd%ccégdfee&saithdreqqtde&gtgg%maéip&gff phexpacket . The

first tinme period is equivalent to the address ‘resolution tinme period by
the router g9negENiOgriRNgrE@Hting 15 destination of the packet. For
exanple, the first tine periodis equivalent to the tinme period necessary

fora router, whighths coRRRALRSLHALERBELY NG d PRe GRRISBI 110G, @SR, node

subsequent to the control node, to resolve a MAC address of a successive

node that isttihepreuting1dastd aticon; of e 2Q Packel -2 Repkasepeny of the
packet by the su%sequent packet constitutes an inpedinent to certain

transm ssi ofe@ésthey RACkehowd ¢hnks uihe ObhectoQtethe PResENte]dyenti on.
Cccurrence of such replacenent is attributable to an aspect 25 that the

subsequent packelcreat Ches, 4pi M &4 wfeu@é ecodendl Regketryhidesihe MC
(0]

address of the routing destination
MAC address of a routing destination of the packet.
In the packet communication method according to the
present invention, it is preferable that the first time
10 period is a time period necessary for a node, which relays
the packet transmitted by the control node, to resolve a
MAC address of a routing destination of the packet.
The first time period is equivalent to the address
resolution time period by the router concerning the routing
15 destination of the packet. For example, the first time
periodisequivalent tothetimeperiodnecessary forarouter,
which is connected directly to the control node as a node
subsequent to the control node, to resolve a MAC address
of a successive node that is the routing destination of the
20 packet. ‘
Replacement of the packet by the subsequent packet
constitutes an impediment to certain transmission of the
packet which is the object of the present invention.
Occurrence of such replacement is attributable to an aspect
25 that the subsequent packet catches up with the precedent

packet while the MAC address of the routing destination of

16



16 27 JUNE 2006 the precedent packet is unresolved. Here, the subsequent
packet catches up with the precedent packet in the case when a tra?fﬂhﬁ?(ﬁ@
interval of the respective packets is shorter than the address resolution
time period described earlier. 5 Accordingly, by adopting the packet
transm ssion control technique of the present invention only to the
above-described case, it is possible to achieve efficient packet
transm ssion while reducing redundant tinme el apse associated wth standby
for transm ssion of the subsequent 10 packet. In the control node according
to the present invention, it is nore preferable that the second tinme period
is atin peeiptetdatntlpadhet nodesrsficdlivet e HerregsoheestitbhediGeaddr ess
require to resolve the MAC address, These nodes are anong 15 the nodes which
t he pl uralipycrétpackaiss Lpansnh tthedpfeosdehhepcoind t dn tlvde gzasahthr ough
before reaching the nobile node. In the packet comunicati on nethod
accordi ng ta tresmireasient ihbeenkhil @t thé respartel wr phekabke 4 babrthe second
20 tinme period is atinme period that all the nodes (including the swtched
access rout ehinwtie hdarestsoreesdlhiveéohhei MA@ e midd des cré@eidr eatdieesol ve the
MAC address. These nodes are anong the nodes which the plurality of packets
transm ttedAtconmifihglgonbyohdopdénpasset baokgh beénseis2honeachtnglt he
nobi | e node. According to these aspects of the invention, the second
technique of the present invention only to the
above-described case, it is possible to achieve efficient
packet transmission while reducing redundant time elapse
- associated with standby for transmission of the subsequent
10 packet.
Inthecontrolnode accordingtothepresent invention,
it is more preferable that the second time period is a time
period that all the nodes which are to resolve the MAC address
require to resolve the MAC address. These nodes are among
15 the nodes which the plurality of packets transmitted from
the control node pass through before reaching the mobile
node.
In the packet communication method according to the
present invention, it is more preferable that the second
20 time period is a time period that all the nodes (including
the switched access router) which are to resolve the MAC
address require to resolve the MAC address. These nodes
are among the nodes which the plurality of packets
transmitted from the control node pass through before

25 reaching the mobile node.

Accordingtothese aspectsof the invention, the second

17



17 27 JUNE 2006 tinme period is the tinme period that all the nodes (igﬁ%ﬁghﬁg
the relay router and the access router) which are to resolve the MA
address require to resol ve MAC address. These nodes are anong the nodes
which the plurality of packets 5 transmitted fromthe control node pass

t hrough before reaching the nobile node. In this way, at the tine point at
whi ch the remaining packet is transmtted fromthe control node, all the
nodes which are to resolve the MAC address and through which the renaining
packet passes before reaching 10 the nobile node will have conpl eted the

resol uti onpregesss Pdoq afst edhGaddpess odThea £ KAt tRaGkR{e ANdnERG L EERI Ni NG
packet trace the sane pathway to reach the targeted node. However, in this

event, the remddi g PaGke!aNEUe e GabeRES WP & | vnildieabEaY rRacketL.
Therefore, certainty of transmtting the 15 plurality of packets fromthe

nobi | e nodetha Maclgabreds MepliMdtioreds1eahancedurdssi s BlsH pesgibl e to
construct and utilize a packet communication system which includes the

above-descrbed a66REr Alhdodgdeandyhhennobhd e diqde, f OF y r eGei phpgekhe
plurality 20 of packets transmtted fromthe control node through the

router. ThetppasgRtteavetdontme! lchec®e Mvse buklsy tnwsiesst padoteom the
detail ed description given herein below and the acconpanyi ng draw ngs which

are given byewayiol 2Reihbysieatbgn. onty, trand RS & enrot ik@ Bgigensi dered
as |limting the present invention.
at which the remainingpacket is transmitted fromthe control
node, all the nodes which are to resolve the MAC address
and throughwhich theremainingpacketpassesbeforereaching
10 themobilenodewill havecompletedtheresolutionprocessing
of theMACaddress. Thefrontpacketandtheremainingpacket
trace the same pathway to reach the targeted node. However,
in this event, the remaining packet never catches up with
the front packet. Therefore, certaintyof transmitting the
15 plurality of packets from the mobile node to a desired
destination is enhanced.

It is also possible to construct and utilize a packet
communication system which includes the above-described
control node, and themobile node for receiving theplurality

20 of packets transmitted from the control node through the
router.

The present invention will become more fully
understood from the detaliled description given hereinbelow
and the accompanying drawings which are given by way of

25 illustration only, and thus are not to be considered as

limiting the present invention.
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18 27 JUNE 2006 Further scope of applicability of the present i nvention
wi || become apparent fromthe detailed description given hereinaft&fJUNE 2006
However, it should be understood that the detailed description and specific
exanples, while 5 indicating preferred enbodi nents of the invention, are
given by way of illustration only, since various changes and nodifications
within the spirit and scope of the invention wll becone apparent to those
skilled in the art fromthis detailed description. 10 BRI EF DESCRI PTI ON OF
THE DRAWNGS Fig. 1 is a block diagramshow ng an overall configuration of
a packet comuni caitofe Sy SS@BAcR dapglitara ifiithst cgnbedimeptesEhg. 2 is a-
conceptual view for explaining a functional 15 constitution and operations
of a nobi | ej npder 86€ A dINGEGne bpakbhsts RIDOEL BRA 1 Il ddde SctSpRi¥hew
showi ng state transition in the event of a handover of the nobile node in
the first egsbeghedteinktderd hswavtabl ersiionhng soraehatso8c8etMmgen a 20
connection point of a link layer and a default router in different states,
respectivelyhe Fligtal 18 addsoekp€isar amashove Rgr ap eueklles, cophigaration of
a packet communi cation systemaccording to a second enbodinent. 25 Fig. 6

is as CQnCEDirk@icéltﬁd\lﬁbe Xl sthingd Bndips biraad in¢enst bhytd g 8hsn
operations of a nobility agent according

by way of illustration only, since various changes and
modifications within the spirit and scope of the invention
will become apparent to those skilled in the art from this

detailed description.

10 BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 1is a block diagram showing an overall
configuration of a packet communication system according
to a first embodiment.

Fig. 2 is a conceptual view for explaining a functional

15 constitution and operations of a mobile node according to
the first embodiment.

Fig. 3 is a view showing state transition in the event
of a handover of the mobile node in the first embodiment.

Fig. 4 is a table showing correlation between a

20 connection point of a link layer and a default router in
different states, respectively.

Fig. 5 1is a block diagram showing an overall
configuration of a packet communication system according
to a second embodiment.

25 Fig. 6 is a conceptual view for explaininga functional

constitution and operations of a mobility agent according -

19



19 27 JUNE 2006 to the second enbodinent. Fig. 7 is a view show ng z?éﬁizmm
transition in the event of a handover of a nobile node in the seco

enbodi nent. DESCRI PTI ON OF THE PREFERRED EMBODI MENTS 5 First Enmbodi nent A
first enbodi ment of the present invention is described in detailbelow wth
reference to the acconpanying drawings. As a prem se of description, this
enbodi nent is based 10 on an assunption of the case where the packet

transm ssion control technique according to the present invention is
adopted to a nobile node. Fig. 1 is a block diagramshow ng an overal
configurati e eheaspacket ce@diRiecat.i on system according to the first

enbodi nent of the present invention. 15 Apacket conmunication system 1 shown
in Fig. 1 is configyredishy vieel sidbngnanhitde trade it 10CGrsaiekeas anmobil e
tel ephone, a regional nobile network N2, a known backbone network NI, and
a pluralityoefaceanespendent anodesléGNpddlin52handebdndHemBodtiikgtpacket
communi cation systemis constructed 20 in accordance wth the nodes

i ncludi ng tbescrgponalN oregiHst PREFURRED MBuENaIChs cal nobile IP, and the

| i ke, which are proposed by the Tnternet Engineering Task Force (IETF).
The pegi onal mmbét eEmiebMoRknt™N2 is constituted by wire 25 connection of
access routers (AR) 31, 32, and 33 severally provided in a plurality of
base stations 21,a2Zirand @dbodiment of the present invention is

described indetail belowwith reference to the accompanying
drawings.
As a premise of description, this embodiment is based
10 on an assumption of the case where the packet transmission
control technique according to the present invention is
adopted to a mobile node. Fig. 1 is a block diagram showing
an overall configuration of a packet communication system
according to the first embodiment of the present invention.
15 Apacket communication systeml showninFig. 1 is configured
byincludingamobilenode (MN) 100 suchas amobile telephone,
a regional mobile network N2, a known backbone network N1,
and a plurality of correspondent nodes (CN) 51, 52 and 53.
Here, thispacket communication system is constructed
20 in accordance with the modes including the regional
registrations, the hierarchical mobile IP, and the like,
which are proposed by the Internet Engineering Task Force
(IETF) .
The regional mobile network N2 is constituted by wire
25 connection of access routers (AR) 31, 32, and 33 severally

provided in a plurality of base stations 21, 22, and 23,

20



20 27 JUNE 2006 and, relay routers 41 to 46 connected directly or indirectl
to these access routers 31 to 33. Moireover, the regional nobi | e netWINE 2
is connected to the correspondent nodes 51 to 53 by wires through the
backbone network N1. 5 The nobil e node 100 (corresponding to a packet
transm ssion control apparatus) is wirelessly connected to any one of the
access routers 31 to 33 depending on the |ocation of nobile node 100, and
i s handed over anobng the access routers while transmtting packets to the
plurality of correspondent 10 nodes 51, 52, and 53. The access routers 31 to

33 and the ang@) aplquielseAd 410t 46 d behakpaktali et BEgbirvelyi Feéeryed to as
the "routers") execute resolution processing of a nedia access control

(MAC) address tie s defcdds Spemidns 311 @ut 88, aoReSUBSSALRAt ré QLEHATY
destination of the packets. Here, 15 for each of the relay routers and the

access routessi gl r WNXh st Benpackels tpasgeadd £fe H8bNGeht ansad §t edunt i |
received, a tine period required to resolve the MAC address of the node,

which is the stbseguent wipusi beréaghi naki 8ackbde napaeket v1is preferably
set to about 5 nms (corresponding to 20 a first tinme period). The packets

whi ch are transmtiedmbbemet heod®billow noderrd8pohaiagy wme a0fpddest
correspondent nodes 51 to 53 are routed to the backbone network N1 through

one of the @EL£ESHisOWRICHNAVINEsbadata st hes nmabidie swidecvhaactbe packets are
transmtted 25 and two of the relay routers. In this event, if there is no
rout er havidgy afe Wi EsoOhyeds YACuaddress taltaiephred hagkbame location
ofmobilenode 100, andis handedover among the access routers
while transmittingpacketstothepluralityofcorrespondent
10 nodes 51, 52, and 53. The access routers 31 to 33 and the
relay routers 41 to 46 (hereinafter collectively referred
toas the “routers”) executeresolutionprocessingof amedia
access control (MAC) address in order to specify a router
as a subsequent routing destination of the packets. Here,
15 for each of the relay routers and the access routers through
which thepacketspassafterbeingtransmitteduntil received,
a time period required to resolve the MAC address of the
node, which is the subsequent routing destination of the
packets, is preferably set to about 5 ms (corresponding to
20 a first time period).
The packets which are transmitted from the mobile node
100 to any one of the correspondent nodes 51 to 53 are routed
to the backbone network N1 through one of the access routers
connected to themobile node when the packets are transmitted

25 and two of the relay routers. In this event, if there is

no router having an unresolvedMAC address after thebackbone
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21 27 JUNE 2006 network Ni, then the packets are routed through up 5§BJJHfﬁ%
routers having unresol ved MAC addresses before reaching a desired
destination node. Therefore, as a transm ssion standby tine period
(corresponding to a second tine period), 55 nm x 3 =15 ns is preferably
preset on the nobile node 100. Fig. 2 is a conceptual view for explaining a
functional constitution and operations of the nobile node. As shown in fig.
2, the nobile node 100 includes an 10 application 11 in an application

| ayer Ila, a transm ssion control protocol (TCP) /user datagram protoco

(UDP) 12 i Me@wdfRUSPOLhchaYBE glddse s laMeeFBBE R P4 P69 WPk o ﬁﬁ%éespondl ng
to packet transm ssion control l'ing neans) 13 having a buffer area 13

(correspondifge & Os RAGKETg 12 AL AMARY 2 0B2RS)s SN baF olrdl @éa%l%%ocol (IP)
| ayerl 3a, a link 14 and an interface 15 in a link layer 14a.

transm ttedids ore§hge8PPhheabhonokt t oTABRLERRo ,NQde 4 %f&@é‘zﬁﬂ%él@ﬁ'
sequentially through the TCP/UDP 12, the IP 13, the link 14, and the

interface 1§taﬂl\@@wimteepeﬁpo@%%rtrré%@%m&lt@dtiura%@&@ﬁdt%tﬂ&@ apgeqf o the

application 11 is received sequentially through the |nterface 15, the link

14, the IP 43,5 and the sTGR qg:é%%ss 2k erﬁg%!;‘@g %un%lpg'rﬁébife%&&hEd from

the access router 32 to the a ering request is 25
outputted frggnthe interface 15 to the IP 13. Wen the buffering request is
inputted to the IP 13, the packets are

Fig. 2 is aconceptual view for explaininga functional
constitution and operations of the mobile node.
As shown in fig. 2, the mobile node 100 includes an
10 application 11 in an application layer lla, a transmission
control protocol (TCP)/user datagram protocol (UDP) 12 in
a transport layer 12a, a 1internet protocol (1IP)
(corresponding to packet transmission controlling means)
13 having a buffer area 131 (corresponding to packet
15 accumulating means) in an internet protocol (IP) layer 13a,
a link 14 and an interface 15 in a link layer l4a.
Data transmitted from the application 11 to another
node is transmitted sequentially through the TCP/UDP 12,
the IP 13, the 1link 14, and the interface 15. Meanwhile,
20 data transmitted from the other node to the application 11
is received sequentiélly through the interface 15, the 1ink
14, the IP 13, and the TCP/UDP 12.
When a connection point is switched from the access
router 32 to the access router 33, a buffering request is
25 outputted from the interface 15 to the IP 13. When the

buffering request is inputted to the IP 13, the packets are
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22 27 JUNE 2006 buffered in the buffer area 131. To be nore precise, ?Qﬁ
packet is buffered in queues 131a to 131d which constitute a data PP ENE PU8
area prepared for respective destination addresses of the packets. 5 The IP
13 rel eases buffering at a tine point when a default router is changed by a
router advertisenent (RA) received fromthe access router 33. Wen
buffering is released, the IP 13 hands over, to the link |ayer 1l4a, only
one front packet (such as a packet Al in the queue 131a) 10 out of the
packets buffered in each queue. Then, after 15 ns have passed, the IP 13
hands over bhe freenai innghpabkétfsr aetai hed. i Meash mpueuertaritdee Ithrk | ayer
l4a. Fig. 3 is a view showing state transition in the event of a handover
of the nobi beckedeiildushomediim Euguek. 13he td5l 31t itdtarsnisicatuassoci at ed
wi th the handover of the nobile node 100 is categorized into four states
(states | ta t¥fa Bstshoivnidardad qarehadehrfal respkicrive Hesainhahlienshow ng
correl ati on between the connection point of the link layer 14a and the
defaul t routeédrisseach fofthche=stkattes. 20 The state | is a state where the
link |ayer 14a of the nobile node 100 is connected to the access router 32,
and tthe default rohtelPis3tiel accesoudivkeind2at Thet siatidd Wi ast at e
where the link |ayer 14a of the nobile node 100 is being swtched fromthe
access rout defa2ltorvhéecaciesshabgeaubgr a38o(itrraakivek thiagerendut(@ge ti me
period) and the default router is still the access router 32.
received from the access router 33. When buffering is
released, the IP 13 hands over, to the link layer 14a, only
one front packet (such as a packet Al in the queue 13la)
10 out of the packets buffered in each queue. Then, after 15
ms have passed, the IP 13 hands over the remaining packets
retained in each queue to the link layer 14a.
Fig. 3 is a view showing state transition in the event
of a handover of the mobile node 100 shown in Fig. 1. The
15 state transition associated with the handover of themobile
node 100 is categorized into four states (states I to IV)
as shown in fig. 3. Meanwhile, Fig. 4 is a table showing
correlation between the connection point of the link layer
l4a and the default router in each of the states.
20 The state I 1is a state where the link layer 14a of
the mobile node 100 is connected to the access router 32,
and the default router is the access router 32. The state
IT is a state where the link layer 14a of the mobile node
100 is being switched from the access router 32 to the access

25 router 33 (inalink layer outage time period) and the default

router is still the access router 32.
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23 27 JUNE 2006 The state IlIl is a state where the I|nk | ayer 14a of _ th
mobi | e node 100 is connected to the access router 33 and the acces§7ﬁHHFéWm
32 remains the default router. The state Ill is continued until the nobile
node 100 receives 5 the RA of the access router 33 and thereby changes the
default router fromthe access router 32 to the access router 33. The
state IVis a state after the nobile node 100 received the RA of the access
router 33 and thereby changed the default router fromthe access router 32
to the access router 33. 10 In this event, each of the connection point of

the link layer 14gcagdatberdefiaulat s't@%be&hb{%etf'ﬁeaff@}ésli%% arg33c  Wen
the connection point of the link layer 14a and the default” router coincide

with each othermbbiikhecstateo ksapdnhbetrslate kMe acthespackels transnitted
fromthe nobile 15 node 100 addressed to the correspondent node 51 that is

the destinagbhanthBegr8etsareohesei yedhynd 1es Gald GRPONMING ARGHESS Theut er
(that is, the access router 32 in the state | or the access router 33 in

the state |VyrateThereaft esnt 1hged aget VEd h PRHAIS JIRId Quied ke ithe
correspondent node 51. 20 On the contrary, when the connection point of the

links | ayer t44 rengrithe sefays t-oieures 3 dodnote FObPehde gust th eaek ayatther (in
the state Il and the state Ill) , the packets transmtted fromthe nobile

node 100 towandcther6ar tesPoREest ra@dser S thatres dde destiuratd en t her eof
are buffered in the 25 queue 131la and then transmitted to the destination
node after rtheagsktbonvtix thetgtat grt¥r(@hé aiod e dRfRUNLD 0 PUERR vl
the RAof the access router 33 and thereby changed thedefault
router from the access router 32 to the access router 33.

10 In this event, each of the connection point of the link layer

14a and the default router is the access router 33.
When the connection point of the link layer 14a and

the default router coincide with each other (in the state

I and the state IV), the packets transmitted from the mobile

15 node 100 addressed to the correspondent node 51 that is the
destinationthereofarereceivedbythe correspondingaccess
router (that is, the access router 32 in the state I or the
access router 33 in the state IV). Thereafter, the received
packets are routed to the correspondent node 51.

20 On the contrary, when the connection point of the 1ink
layer 14 and the default router do not coincide with each
other (in the state II and the state III}, the packets
transmitted fromthemobilenode 100 towardthe correspondent
node 51 that is the destination thereof are buffered in the

25 gueue 131a and then transmitted to thedestinationnode after

transition to the state IV (after the default router is
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24 27 JUNE 2006 changed). As described above, according to the pack
comuni cation system 1 of the first enbodinent, the nobile node 10
perfornms buffering of the packets into the 5 respective queues 131a, 131b,
and 13 Ic individually provided depending on the addresses of the
correspondent nodes 51, 52 and 53 that are the destination thereof. Al ong
with the release of buffering, the nobile node 100 first transmts only
one front packet out of the packets buffered in each 10 queue to the desired
correspondent node. Then, afteral apse of a given tine period (such as 15
ms) , the naliidregawbde 100 transmts the remai ning packets continuously. In
this way, the front packet reaches the correspondent node of the
destinati on whil e Asaciddgtcatiiregl t heosespl ubtonrdihgof tbhe tMAC addriess by the
router, which has an unresol ved MAC address, existing on the transn ssion
pat hway. Af teemmun il agisieont yishengil weh thenE iperti adhod heenenmat ne ngppidicket s ar e
routed through the sane pathway as that for the front packet. However, a
rout er havi ngpceEn UApess viedrMAChaddreesisignoofonger 2acéxitst sintot hate pat hway.
Therefore, the remaining packets wll be neither replaced by subsequent
packeét s nor rdisgeartded quésea 1B3ésyl 131paekdtl Ilastedi at durnedygetwanikd he
plurality of packets certainly reach the destination. In addition, a rate
of retransmdeziconliofg binethackeétisessersedficete @t ddwo2demetnmddks resour ces
can be nore efficiently utilized. Second Enbodi nent

52 and 53 that are the destination thereof. Along with the

§9 JUNE 2006

release of buffe'ring, the mobile node 100 first transmits
only one front packet out of the packets buffered in each
10 queue to thedesiredcorrespondent node. Then, afteralapse
of a given time period (such as 15 ms), the mobile node 100
transmits the remaining packets continuously.
Inthisway, the front packet reaches the correspondent
node of the destination while facilitating the resolution
15 of the MAC address by the router, which has an unresolved
MAC address, existing on the transmission pathway. After
a lapse of the given time period, the remaining packets are
routed through the same pathway as that for the front packet.
However, a router having an unresolved MAC address no longer
20 exists on that pathway. Therefore, the remaining packets
willbeneitherreplacedbysubsequentpacketsnordiscarded.
As a result, packet losses are reduced and the plurality
of packets certainly reach the destination. In addition,
a rate of retransmission of the packets is reduced, and the
25 network resources can be more efficiently utilized.

Second Embodiment

25



25 27 JUNE 2006 Next, a second enbodi ment of the present invention S
described in detail with reference to the acconmpanying draw ngs. A$’d4UNE2006
prem se of description, this enbodinent is based 5 on an assunption of the
case where the packet transm ssion control technique according to the
present invention is adopted to a nobility agent (MA). Fig. 5 is a block

di agram showi ng an overall configuration of a packet conmunication system
according 10 to this enbodi nent. A packet conmunication system 2 shown in
Fig. 5is configured by including a nobile node (MN) 200 such as a nobile

tel ephone, a regi gaak, mbskecnat WRLKkdNRentacknewa backhene jpetwerik NI, and
one correspondent node (CN) 54. 15 The regional nobile network N2 is

constitutediRydwskeieeANEEtAONa Of RCEe S A EES {ARNS4cc3Rpadid n3p
respectively provided in a plurality of base stations 24, 25, and 26,

relay routersainy® .49 connected directly to these access routers 34 to 36,
and one nobility agent 60. Moireover, the 20 regional nobile network N2 is

connected to the gard g&@m@%%f qrster i n Withe & Breuvdhinthe Packhere network
Ni . The nobile node 200 is wirelessly connected to any one of the access

routers 34 ta 38 dapensh nen U¥ the tasatiwsre ddhdphidiehedan@Qssansh i s
handed over between the access 25 routers 35 and 36 while receiving packets
fromthe cephespandenthniei® Y% cording to the present invention is
adopted to a mobility agent (MA).
Fig. 5 1s a block diagram showing an overall
confiquration of a packet communication system according
10 to this embodiment. A packet communication system 2 shown
in Fig. 5 is configured by including a mobile node (MN) 200
such as a mobile telephone, a regional mobile network N2,
a known backbone network N1, and one correspondent node (CN)
54.
15 The regional mobile network N2 is constituted by wire
connectionof access routers (AR) 34, 35, and 36 respectively
provided in a plurality of base stations 24, 25, and 26,
relay routers 47 to 49 connected directly to these access
routers 34 to 36, and one mobility agent 60. Moreover, the
20 regional mobile network N2 is connected to the correspondent
node 54 by wire through the backbone network Nl.
The mobile node 200 is wirelessly connected to any
one of the access routers 34 to 36 depending on the location
of mobile node 200, and is handed over between the access

25 routers 35 and 36 while receiving packets from the

correspondent node 54.
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26 27 JUNE 2006 The access routers 34 to 36 and the relay routers 477 uR4%3006
(hereinafter collectively referred to as the "routers”) execute resolution
processing of a MAC address in order to specify a router as a subsequent
routing destination of the 5 packets. The nobility agent 60 is a node which
receives the packets transmtted fromthe correspondent node 54 addressed
to the nobile node 200 and transmts the packets to the access router
currently connected to the nobile node 200. Here, 10 for each of the relay
routers and the access routers through which the packets pass through after
transmtted until Theeeeicesd, rautems périoda equi tbed relagsodbweet el MAC
address of the node that is the subsequent routing destination of the
packets is preeferablreisetf teg cbolgc il ¥ cofeasprt ag thes noutzrfst)st tine
period). The packets which are transnmtted froman apparatus after the
backbone netaasrdutNl reswdhitasnt heocessesgondentMAtodered)s tto ¢héenoii | e node
200 currently connected to the access router 35 reach the nobile node 200
t hr ough t he 2 aiohy ki tqubgenrts 605 ubhequehbyrauduirey d48 tdnadd onand tthe access
router 35 or 36. In this event, if there is no router having an unresolved
MAC dddr ess refak@t ¢ he backbone network Ni, then the packets will be routed
through up to three routers having 25 unresol ved MAC addresses (including
the nobility agentThe6Opbefldrtey rammet iy tive arolvidee wiodsh 260 e My éffor e, as a
packets transmitted fromthe correspondent node 54 addressed
to themobilenode 200 and transmits the packets to the access
router currently connected to the mobile node 200. Here,
10 for each of the relay routers and the access routers through
which the packets pass through after transmitted until
received, a time period required to resolve the MAC address
of the node that is the subsequent routing destination of
the packets is preferably set to about 5 ms (corresponding
15 to a first time period).
The packets which are transmitted from an apparatus
after the backbone network N1 (such as the correspondent
node 54) to the mobile node 200 currently connected to the
access router 35 reach the mobile node 200 through the
20 mobility agent 60, the relay router 48 or 49, and the access
router 35 or 36.
In this event, if there 1is no router having an
unresolved MAC address after the backbone network N1, then
the packets will be routed through up to three routers having

25 unresolved MAC addresses (including the mobility agent

60)before reaching the mobile node 200. Therefore, as a
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27 27 JUNE 2006 transm ssion standby tinme period (corresponding to n?
time period) , 5 ns x 3 =15 ns is preferably preset on the nnbili??ﬁﬁégﬁ(m
node 60. Fig. 6 is a conceptual view for explaining a functional 5
constitution and operationsof the nobility agent. As shown in Fig. 6, the
nmobility agent 60 includes an IP 63 (corresponding to packet transm ssion
controlling neans) having a buffer area 631 (corresponding to packet

accurrul ating nmeans) in an IP layer 63a, and links 641 to 10 644 as well as
interfaces 651 to 654 in link layers 64la to 644a. The packets received by

the I P 63 treu@hitds dr BkantiByerigdtdarhad nGothesponkihd4 comweired to the
backbone network N1 are sorted to be transmitted to an appropriate |ink

(any one of ke bieksH415tQs643) - IISaﬁgo_ig%‘ﬁ@f&éﬂl%%@eé&@tdﬂ‘&ﬁé‘m e (not
shown) possessed by the I P 63. Upon receipt of a buffering request

transmi tt ednlobdmi tvheaget Irodwdeo 200 t hrough any of the links 641 to 643,
the 1P 63 buffers the packets addressed to the nobile node 200 in a

correspondi ng quegeg(.a6 Gyeueoh3dpthalthisv £asexA@iwiitdy a fike tiwfLr area.
Such buffering is continued until the IP 63 receives a buffering rel ease
request whi ¢onisx i tutanrsiahd oo fr=andieo fibiel ombriet @G ehitr.oungh stiywrone of
the links 641 to 643. Along wth receipt of the buffering rel ease request,
25 the | P 63nhandg.owsr enky mdtei f1ont apreket 60a tackeieB2hn repaiged in the

gueue 63la to the appropriate link |ayer
(corresponding to packet transmission controlling means)
having a buffer area 631 (corresponding to packet
accumulating means) in an IP layer 63a, and links 641 to
10 644 as well as interfaces 651 to 654 in link layers 64la
to 644a. The packets received by the IP 63 through the link
layer 644a having the link 644 connected to the backbone
network N1 are sorted to be transmitted to an appropriate
link (any one of the links 641 to 643) in accordance with
15 a routing table (not shown) possessed by the IP 63.
Upon receipt of a buffering request transmitted from
the mobile node 200 through any of the links 641 to 643,
the IP 63 buffers the packets addressed to the mobile node
200 in a corresponding dqueue (a queue 63la in this case)
20 within the buffer area. Such buffering is continued until
the IP 63 receives a buffering release request which 1is
transmitted from the mobile node 200 through any one of the
links 641 to 643.
Along with receipt of the buffering release request,

25 the IP 63 hands over only one front packet (a packet B2)

retained in the queue 63la to the appropriate link layer
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28 27 JUNE 2006 643a in accordance with the routing table descri bed mauUNEaDo6
Then, after a standby for 15 ns, the I P 63 hands over the renaining packets
(packets B3 to B5 except the front packet) retained in the queue 63la to
the appropriate link layer 5 643a. Fig. 7 is a view showi ng state
transition in the event of a handover of the nobile node 200 shown in the
Fig. S. Prior to transm ssion of the buffering request fromthe nobile
node 200, the packet Bl is transmitted fromthe 10 correspondent node 54 to

e bl 1% gas%r?%ésc%ﬁ&gﬁma B LA A0S0 LB S e |
60

i s S B ATt LA St
i he. 200 B

T e %%as“a%se%%as {55 e

t he access roq}er t onnected SW t hed 20 il @ node 200
(53) 2o T oS ERAT (TS SN ELGS © Troma T AR e b b 56 1 <
receiyved by nobil e node 200. Upon receipt of the RA, a care-of address
is C anged ~ VWien switching the access router to be connected is 25

conpl eted, thebuf [iering ¢l Lase heIHeR st2ebrASM L £, i 0M e cvent

of 4 handover of the mobile node 200 shown in the Fig. 5.
Prior to transmission of the buffering request from the
mobile node 200, the packet Bl is transmitted from the
10 correspondent node 54 to the mobile node 200 through the
mobility agent 60. In this event, the buffering request
is transmitted from themobile node 200 to themobility agent
60 (S1).
This buffering request 1s transmitted prior to
15 switching an access router to be connected. When the
buffering request is transmitted by the mobile node 200,
buffering of the packets B2 to B5 addressed to the mobile
node 200 in the queue 631la is started (S2).
When the access router to be connected is switched
20 by the mobile node 200 (S3), a router advertisement (RA)
from the switched access router 36 is received by the mobile
node 200. Upon receipt of the RA, a care-of address is
changed (S4).
When switching the access router to be connected is
25 completed, thebufferingreleaserequestistransmitted from

the mobile node 200 to themobility agent 60 (S5). Buffering
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the nobile node 200 to the nobility agent 60 (S5) . Buffering 29 27,J(N& 2006
h

2006 is rel eased when the buffering release request is received by the
nobility agent 60. However, all the packets B2 to B5 buffered in the queue
631la at the point are not necessarily transmtted continuously to the
nmobi | e node 200 at equal 5 intervals. That is to say, when receipt of the
buffering release request is detected, the front packet B2 anong the four
packets B2 to BS buffered in the queue 631a is firstly transmtted to the
mobi | e node 200 (S6). Then, after 15 10 nms have passed, the renaining
packets B3 i® BS eawedadm fhsUsL{Ierangrieledse o adicenbbisl seaed¥ed00 by the
mobi lity agent 60 (S7). Note that this enbodi ment has been typically

descri bed PEghreimeP:+angmaiortConticaie T 1 lvd lpddicetracketts Bédten 15 the
queue 63la that are addressed to the nobile node 200. However, regarding
packet s addBe®ydd ars bt hdhenpbtye Sdddexst thaaoigHoany nar hbecessarhed in the
queues 631b to 631d apart fromthe queue 631a, simlar processing is also
performed FharaehtEpdt Rengdaueysandtehéhgobibéleodesle 200ThE paeket

communi cati on system of the second enbodinent is, as hitherto described, an
exanpl e of a@BPEVA4S-the nobility agent 60 as the packet transmi ssion
control device according to the present invention. The nobility agent 60
per f or ms bufferinﬁh@¥5¥hgop%%%eﬂ@“ﬁhr?ﬁ@lﬁﬁeﬂ§§325bﬁﬁﬁaﬂkﬂ%ﬁﬁ9eﬁﬁévided for

each of the addresses of the nobile
request is detected, the front packet B2 among the four

packets B2 to B5 buffered in the gqueue 63la is firstly
transmitted to the mobile node 200 (S6). Then, after 15

10 ms have passed, the remaining packets B3 to B> are
continuously transmitted to the mobile node 200 by the
mobility agent 60 (S7).

Note that this embodiment hasbeen typicallydescribed
regarding transmission control of the packets retained in

15 the gueue 63la that are addressed to the mobile node 200.
However, regarding packets addressed to other mobile nodes
{(not shown) to benretained in the queues 631b to 631d apart
from the gqueue 63la, similar processing is also performed
in each of the queues and the mobile nodes.

20 The packet communication system of the second
embodiment is, ashitherto described, an example of adopting
the mobility agent 60 as the packet transmission control
device according to the present invention. The mobility
agent 60 performs buffering of the packets in the queues

25 individuallyprovided for each of the addresses of themobile -

nodes, i.e., the destinations of the packets. Along with
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nodes, i.e., the destinations of the packets. Along with 30 27 JUNE 2000k 5486
rel ease of buffering, the nobility agent 60 transmts only one front packet
anong the packets buffered in each queue to the desired nobile node 200.
Then, after a lapse of a given tine period (such as 15 ns) , the nobility
agent 5 60 transmts the remaining packets continuously. In this way, the
one front packet reaches the correspondent node of the destination while
facilitating the resolution of the MAC address by the router, which has an
unresol ved MAC address, existing on the transm ssion 10 pathway. After a
| apse of théhgi vehetbaeo parifihrithe, threaraioliingl tpacketrs: &Petreusrdten t he
sane pathway as that for the front packet. However, a router having an
unresol ved oNMAE addr éssnhophohger avghgt Shenpehaetpabhfidgre®hénetork, the
remai ni ng packets will neither be replaced by subsequent 15 packets nor
di scarded. Asederegutits descketd hobdds apde2B005 rBuked Hrat théapkeral ity of
packets certainly reach the destination. In addition, a rate of
retransmn sspbna ofivdre tipecketrs ods (segbced, 1l amb )t heaheetnpbrilkk itgsedenes can be
more efficiently utilized. It is to be noted that the aspects described in
t he SrespectPverensndisenhe aeasdndinar et kedampt@st vfuebel packet
comruni cation systemaccording to the present invention. Accordingly, the
present inventionlits thgts | Waivt edch® tome front packet reaches the

correspondent node of the destination while facilitating

the resolution of the MAC address by the router, which has

an unresolved MAC address, existing on the transmission

10 pathway. After a lapse of the given time period, the
remaining packets are routed on the same pathway as that
for the front packet. However, arouterhavinganunresolved
MAC address no longer exists on that pathway. Therefore,
the remaining packetswill neither be replacedby subsequent

15 packets nor discarded. As a result, packet losses are
reduced and the plurality of packets certainly reach the
destination. In addition, a rate of retransmission of the
packets is reduced, and the network resources can be more
efficiently utilized.

20 It is to be noted that the aspects described in the
respective embodiments are preferred examples of the packet
communication system according to the present invention.
Accordingly, the present invention is not limited to the
aspects described herein.

25 For example, in the each of the foregoing embodiments,

descriptions have been made regarding the examples in which

31



aspects descri bed herein. For exanple, in the each of the foregoi ng 27 JuNE 2006
enbodi nents, descriptions have been nade regarding the exanples in which 31
27 JUNE 2006 the control technique for packet transm ssion according to the
present invention is applied to the nobile node and the nobility agent.
However, without Iimting to these nodes, the above control technique is
al so applicable to other 5 conmuni cati on apparatuses such as a router for
transmtting a plurality of packets to a desired destination node.
Moreover, in each of the foregoing enbodi nents, a description has been made
regardi ng t héecom todl ttestihm iques fogr ppakkbtt tamswshs ssdonmdaptdinerent of the
rel ease of 10 buffering. However, the above-described control technique is
al so appl i cabeerroseht igasmiviher é st hppappti tatihenmpbddier egsde pavk éhe
transmi ssion at a shorter transmission interval. Furthernmore, in each of
t he foregoi ngbéddddi apernts, désceveti ongdhvatelbref imgdeo Bdsstk ondelse
assunption that 15 the nobile node is a nobile tel ephone. However, the
mobi | e nodé&éhpaypbbeecampnitifodr meetd ol @epi et shasppyliaabileeltessther
communi cation function, such as a personal digital assistance (PDA).
Last Py, a desmmiupticeitiios qpp¥videdseorsarniag aopteyrizm t2enkoy tadhigevi ng t he
packet transm ssion control technique according to the present invention,
and a conputepligadallve o fr @aoriditiy teedd Wi eh degbidstite pedgram
(hereinafter sinply referred to as the "recording nediunt). The
Moreover, in each of the foregoing embodiments, a
description has been made regarding the control technique
for packet transmission in the event of the release of
10 buffering. However, the above-described control technique
isalsoapplicable to the casewhere the applicationrequires
packet transmission at a shorter transmission interval.
Furthermore, in each of the foregoing embodiments,
descriptions have been made based on the assumption that
15 the mobile node is amobile telephone. However, the mobile
node may be any information equipment having a wireless
communication function, such as a personal digital
assistance (PDA).
Lastly, adescriptionisprovidedconcerning aprogram
20 for achieving the packet transmission control technigue
according to the present invention, and a computer-readable
recording medium which records the program (hereinafter
simply referred to as the “recording medium”). The
recording medium is designed to impart a state of energy

25 changes in magnetism, light, electricity or the like, to

a reading apparatus provided on hardware resources such as
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recording nediumis designed to inpart a state of energy 25 changesz;

magneti sm

recordi ng nmedi um

Jun

light, electricity or the like, to a reading apparatus provi
on hardware resources such as 32 27 JUNE 2006 a general - purpose conputer, in
response to the contents of description of the program Moreover, the

oy

is designed to be capable of transmtting the contents of

description of the programto the reading apparatus in the 5 formof signals
corresponding to the energy changes. This type of recordi ng medi um may be

one detachably fitted to a conputer (including a nobile termnal) ,
exanpl e: ana gepardlspulrascacoseptpdem fiesamaloie modthe ¢anrtynta afmgnetic

di sk; an optical disk; or a magneto-optical disk. In 10 addition, the

for

recordi ng me@iSFRimhi ec s bbb ariie MNemeewvadudtsr raeadiyngmstiag a hard

disk (HD) fixedly built

in the conputer or integrally fixed firnmware.

Mor eover, tHé desvengcograhtnagPrave af dermstsnuttbng e wirdtertomauni cati ng

nmeans provided in a wrel ess control

i nvention r deSiordPtadind pECBRESCEMEL PR S &Recer eREANParpPParRyuBriedtia el v,
from_another instrunment, through a transm ssion nmediumsuch as a
commmi cat i 1M AE. sIonahe cumeEmsndime tapbhe pregramhangehavda s

constitution in which the programis transmtted 20 fromthe wrel ess

control app&y®cus fagesrdidiga saiemprasee ongy erehasiakhno ught tatk to

transm ssion nedium to another

i nventi on t RuScBBREERThédNCLlLAdNPl 2 JrolpbYe oisrminal), for example: an

10

15

20

25

ICcardsuchasauser identificationmodule (UIM); amagnetic
disk; an optical disk; or a magneto-optical disk. 1In
addition, the recording medium may be a nonvolatile
semiconductor memory such as a hard disk (HD) fixedly built
in the computer or integrally fixed firmware.

Moreover, the above program may have a constitution
in which communicating means provided in a wireless control
apparatus according to the present invention receives and
records the program either partially or entirely, from
another instrument, through a transmission medium such as
a communication line. On the contrary, the above program
may have a constitution in which the program is transmitted
fromthewireless control apparatus according to the present
invention through the transmission medium, to another
instrument to be installed.

From the invention thus described, it will be obvious
that the embodiments of the invention may be varied in many
ways. Such variations are not tobe regarded as a departure

from the spirit and scope of the invention, and all such

33

instrument to be installed. Fromthe

15 apparatus according to the present



that the enbodi nents of the invention may be varied in many 25 ways: juNgCios
variations are not to be regarded as a departure fromthe spirit and scope
of the invention, and all such 33 27 .NNE 2006 nodi fications as woul d be
obvious to one skilled in the art are intended for inclusion within the
scope of the followwng clainms. 34 WHAT IS CLAIMED I'S: 1. A packet

transm ssion control apparatus which sequentially transmts a plurality of
packets addressed to a destination node at an interval within a first tine
period, the packet transm ssion control apparatus conprising: packet

accunul at i ngpdieainsa f oondefsf eouhd bdheptiuned itbyont packets;imntdepacket

transm ssion controlling nmeans for transmtting, to the destination node, a
front packeird nakededd foit hecplsriahn witoinpacketspbu f €hedfd Nl dwiengacket
accunul ati ng neans and for transmtting the remaining packet included in the
plurality aflgiackets to the destination node after a | apse of a second tine
period starting froma tinme point of transm ssion of the front packet. 2.
The packet transm ssion control apparatus according to claiml., wherein
the first time period is a tinme period necessary for a node to resolve a MAC
address of a routing destination of the packet, the node relaying the packet
transmtted by the packet transm ssion control apparatus. 3. The packet
transm ssion control apparatus according to claiml1l, wherein the second
time period is a tine period necessary for all nodes, which are to resolve
the MAC address, to resolve the MAC address, the nodes being anong nodes
which the plurality of packets transmtted fromthe packet transm ssion
control apparatus pass through before reaching the destination node.

34



4. A packet communi cation system conprising: the packet transm ssion control
apparatus according to claim1l; and a destination node for recei z]?g”aﬂ o
plurality of packets transmtted fromthe packet transm ssion c rioy
apparatus. 35

WHAT IS CLAIMED IS:

1. A packet transmission control apparatus which sequentially transmits a
plurality of packets addressed to a destination node at an interval within a first time
period, the packet transmission control apparatus comprising:

packet accumulating means for buffering the plurality of packets; and

packet fransmission controlling means for transmitting, to the destination
node, a front packet included in the plurality of packets buffered in the packet
accumulating means and for transmitting the remaining packet included in the
plurality of packets to the destination node after.a lapse of a second time period

starting from a time point of transmission of the front packet.

2. The packet transmission control apparatus according to claim 1,
wherein the first time period is a time period necessary for a node to resolve a
MAC address of a routing destination of the packet, the node relaying the packet

transmitted by the packet transmission control apparatus.

3. The packet transmission control apparatus according to claim 1,

wherein the second time period is a time period necessary for all nodes, which
are to resolve the MAC address, to resolve the MAC address, the nodes being among
nodes which the plurality of packets transmitted from the packet transmission control

apparatus pass through before reaching the destination node.

4, A packet communication system comprising:
the packet transmission control apparatus according to claim 1; and
a destination node for receiving a plurality of packets transmitted from the

packet transmission control apparatus.

35



