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BACKGROUND OF THE I NVENTION Field of the Invention The present invention
relates to a packet transm ssion control apparatus, a nobile node, a
control node, a packet comunication nethod, and a packet comunication
system Rel ated Background Art Conventionally, a packet comrunication has

been put into pra |{; - USE -ich a packet is transmtted from a source

node to a de gh a plurality of routers.. Anory she

plurality of routers existing on a _path t e.n L there may be
a router having anfAehr e d o LpSd O %@'&?51‘ %&ﬁ%nr*%@)giggr 'of a
router to which the packet_addressed to_the_destination node is to be
routed (forwaPNERHL ﬂﬁ@%ﬁ%ﬁ%ﬁ@?@@%%ﬂ%%%@&%c 8t BRCKET ar out er
anong the routers through which a packet passes when- transmtted to the
destination QQMNE%TIaNsS‘F%'&wr does not hold a MAC address of a
successive routi ng destination_of the packet. The router having the

unr esol ved MBECKGROENR OBy THR-INVEWTEQN| ve routing destination (which will

be tentatively referred to as the "router A") needs to recognize the MAC 1
Field of the Invention

The present inventionrelates toapacket transmission
control apparatus, a mobile node, a control node, a packet
communication method, and a packet communication system.

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. Amoiy the plurality of routers existing on a
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 router havingthe unresolvedMAC address is arouter
among the routers through which a packet passes when
transmitted to the destihat;'.on node, and this router does

- not hold a MAC address of a s_uccessive routing destination
of the packet.

The rout‘er having the unresolved MAC address for the
successive routing destination (which will be tentatively

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



address of the router which corresponds to the successive routing
destination (which will be tentatively referred to as the "router B") bythe
use of an address resolution protocol (ARP) In this event, the router

Abr oadcasts an ARP request packet having an internet protocol (IP) address
of the router 13 to a link to which the router B is connected. The

br oadcasted 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 confirnms that the router Bitself is the object of the
ARP request , addrgserahsthe $audethhight ePr reEPOIEP txdhensacEasrRévehavi ng
the MAC address of the router B. Upon receipt of this ARr response, the
rout er A obt aFRStEiREMIES hirpelen dwhikd whld &e Bentahivabyveirmad bad
operations by the router Awll be referred to as the "MAC address

resol uti on". apgdenirPeter B”) bysthrnseafsacaddress Fesolesbpnprgterelmc
address" is time period consuned fromthe tine point at which the ARP
request packdBRES -t r IpdHilsteeny, the nopkesrA hgaedraske atodRBreqnesécei ves
and anal yzes the ARP response packet and then_ obtains the MAC address of

t he router Bpackei having pninderpedianaternlk ésBbaddresoSbhe routesdsni tt ee
reach the router having the unresolved MAC address at an interval within
the time periPodchegeddaky ForwhiehothpenFouferMi b8dresseckrdech T®enornal |y

several mlliseconds), then there is a concern regarding the 2
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 neces;ary for resolving the MAC address” is
a time period consumed from the time point at which the ARP
request packet 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 unresoclved MAC
address at an interval within the time period necessary for
resolving the MAC address (which is normally several

milliseconds), then there is a concern regarding the



followi ng problem Specifically, if the plurality of packets reach the
router highly frequently before the router resolves the MAC address upon
recei pt of the packets addressed to a 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 by the destination host (a packet

| 0ss). SUMV@%\&%@%#%I\&QO\I The present invention has been made in
0

consi deration oregoing problem It is an object of the present
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last may be discarded. Discard of the packets like this

may result in an occurrence of a packet receiving failure

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 transmission control apgaratus,
amobilenode, a control node, apécket 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
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
buffering (temporarily retaining) thepluralityof packets;

and packet transmission controlling means for transmitting



to the destination node a front packet included in the plurality of packets
buffered in the packet accunmulating means and for transmitting the
remai ni ng packet (a packet or packets other than the front packet) included
in the plurality of packets to the destination node after the |apse of a
second time period starting froma tinme point when the front packet was
transmtted. A packet comruni cation nethod according to the present

i nvention is a packet conmuni cation nmethod for allowing a packet

transm ssi on_control, apparatus to sequentiall t ransm lurality of
packet s addr@?s&&’et &eé%d@&%wai e g?odgmoﬁat a%a‘?}ﬁ?%r%?i‘x}\?‘?‘ﬁi}f‘a Perst tine
period. Here, .the. . pethed ingcludes: front cket transmtti step which
Bl ows the pRARSALIFINSH: BAPERLE T ERTSebpdt AF PG K aRCRIEEL 2t E0F e
destination node, a front packet, included in the, plurality of ckets
bufferadl i PECRS: S i AT RS ChRGE aneub el Ae s teopEREher t t i ng
step which allows the packet transm ssion contr%. apparatus to Hﬁansm’t t he
remai ni ng palfePaCHEESFReF HharpitieafreptoPasackdt 4ncdUdefeiBesPPnat i on
node af ter the lapse of a second tinme period B starting froma_.tine point
when the froRlUFALREY AaPackedIstR Fpédiq%wlf%ﬂ?dﬁéi&%‘ thed8Rset i ng
step. Accordi to these .aspects qof the invention, when it is assuned that
the plurali tfr}g? SRR $1ggdPeTied StREHRI %&’N hdIMPRABE Ve §§&uent ially

transmtted %t the interval within the first tinme period, the front packet
4 ront packet was transmitted.

Apacket communicationmethod according to the present
invention is a packet communication method for allowing a
packet transmission control apparatus to sequeﬁtially
transmit a plurality of packets addressed to a destination
node at an interval within a first time period. Here, the
méthod includes: a front packet transmitting step which
allows thepacket transmissioncontrol apparatus to transmit,
to the destination node, a front packet included in the
plurality of packets buffered in packet accumulating means;

- and a subsequent pacfet transmitting step which allows the
packet transmission control apparatus to transmit the
remaining packet included in the plurality of packets to
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
destination node are sequentially transmitted at the

interval within the first}time period, the front packet



included in the buffered plurality of packets is firstly transmtted to the
destination node, and the renmai ning packet is transmtted to the
destination node after the | apse of the second tinme period starting from
the tine point when the front packet was transmtted. In this way, it is
possi ble to suppress buffering of plenty of packets by the node which
receives the front packet addressed to the destination node before the node

resol ves thenMadaddifsshe | bupt&esd Winisal ithe I pRickets Becketstdy received
by the node after resolution processing of the MAC address based on the

front packet tirsnepipketa®d tHdae st Phet ioh RBJLS RN & BeRAEK Eh§pAEReBOL
repl aced by the subsequent packets or discarded instead thereof. As a

result, packeg tkeas@stae8 f8dfEUARd N RARKAE 4FRESNEIESI1QHseOBET Ol
apparat us can certainly deliver the plurality of packets to the

transmttee. tha %@@oﬁﬁcﬁﬁnet ?éi‘ﬁ&isﬁé’f‘tfﬂ?tff&m A @S pcae¢OkHeny to the
present invention, I's preferable that he first time period is atine

peri od necesscﬁréyffr@,htapr&mt Wals kehadgmigtlede packet transmitted by the
packet transm ssion control apparatus, to resolve a MAC address of a

routing destinati OmnofhiBde%ﬂC‘iQt1s|;5b§§‘ﬁﬂ@ft|6eéuﬁgmg'l§@fféﬁd’$b@d _
according to the present invention Is preferable that the first tine

ranom 1 1od B REL BT R made sheg ek mtetrof pabacke
addressed to the destination node before the node resolves
the MAC address. In other words, the remaining packet is
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
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
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

period is a time period necessary for a node for relaying

the packet transmitted by the packet‘ transmission control



apparatus, to resolve aMAC address of a routing destination of the pacCKert.
The first time period is equivalent to the tinme period necessary for the
node for relaying the packet transmitted by the packet transm ssion control
apparatus, to resolve the MAC address of the routing destination of the
packet (such a tine period will be referred to as the "address resolution
tinme period"). For exanple, the first time period is equivalent to a tine
period necessary for an apparatus, which is connected directly to the

K ) ' . ; |
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packet . Repl(gfe n;?%é]fége packet by the subsequent packet constitutes an

i npedi ment to"ce hsm ssion of the packet which is the object of the
present | pvent ) on g, ORCEESIGE: BL 48N J SBLROSTERL ol LibBUANR 0, o0
U esol ved. MERESSthE SRR AR T RETAERN AL Bprb bRt S Re '
e ohor tor  PHARet ARt QA P G T e s BOBREEEOR: | FRe SRR
resent nveRbFORAOMIETERT et o aRY (et 0ataon BT LABRETHE 1o
achi eve effi?gggﬁ g time period will be referred to as the “address
resolution time period”). TFor example, the first time
period is equivalent to a time period necessary for an
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
déstination of thé packet. _
Replacement of the packet by the subséquent packet
constitutes an impediment to certain transmission of the
packet which is the object of the present invention.
Occurrence of such réblacement is attributable to an aspect
that the subsequent packét.catches up with the precedent
packet while the MAC address bf the routing destination of
the precedent packet is unresolved. Here, the subsequent
packet catches up with the precedent p_acket in the case when
atransmissionintervaloftherespectivepacketsisshérter
than the above-described address resolution time period.
Accordingly, by adopting the/packet transmission control

technique of the present invention only to the

above-described case, it is possiblé to achieve efficient



packet transm ssion while reducing redundant tinme el apse associated with
standby for transm ssion of the subsequent packet. In the packet ;
transm ssion control apparatus according to the present invention, it is
nore preferable that the second tine 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 ampng the nodes which the plurality of packets

transmtted gaemafth& RAGHELs 1 LA AR S Ry o g ARRARAL i RePaRapLAT OU

bef ore reach the estln ' On no et communi cation met hod

according to Eggmﬁﬁ:@?i%tﬂg‘(:%ﬁ 92;?ftthfa§1 rs%l%eé "ad gublisbubiie second

time period I's time perio eno V\/mc are e theMAC
addr ess requg LR . resol ve the MAC address. These nodes are anong the nodes
whi ch the pl ty of packets transmitted fromthe ~acket transm ssion
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According to these aspec nven Ion secon errod is the
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packet transm ssion con%r ol appara
the Mac address. These nodes are among the nodes which the

plurality of packets transmitted from the packet
transmission control apparatus pass throughbefore reaching
the destination node.

In the packet communication method according to the
present invention, it is more preferable that the second
time period iz a time period that all the nodes which are
to resolve theMAC address require to resolve theMAC address.
Thesenodes are among the nodes which thepluralityof packets

. transmitted from the packet transmission control apparatus
pass through before reaching the destination node.

According to these aspects of the invention, the second
time period is the time period that all the nodes which are
toresolve theMAC address require to resolve the MAC address.
Thesenodes are among the nodeswhich thepluralityofpackets
transmitted from the packet transmission control apparatus
pass through before reeching the destination node. 1In this
way, by the time point at which the remaining packet is

transmitted fromthe packetvtranSmission control apparatus,



all the nodes which are to resolve the MAC address and through which the
remai ni ng packet passes before reaching the destination node wll have
conpl eted the resolution processing of the MAC address. The front packet
and the remaining 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 desjred .desti.nation_is enhanced. i s, al so ible to
construct and W‘??@dﬁsﬁ‘éﬂggar%Bﬁlﬁﬁﬁ ‘ﬁ@i\e@b@ta&fﬂm%ﬂgﬁqﬁgﬂfat}@ t he
above-descri bed ket tranpnsm ssion . control apparatus, and the stination
node f or reé‘gﬁl\ﬁhggt %erﬁPEFﬁ?‘ngpéFkﬁgcl&?tssser{g?% %% efeRchoRT gﬁ@ packet
transm ssi on control .apparat.us. il e node &for exaggl e, a mg__bi | e station
such as B PAERonBPAsc ot H nda%E t REPBLEEER: TR eMESGHYUTELOR 1obi | e

node i ncl udi %a link |ayer for swtchi ng an_access router to be_connected,
and an i nt er FACGHTHRDIOL (tBe MRAGepdAEESSconth® | T T (REGKSMSRY tRepl ural ity
of packets sequent; al Ig to a destination node through the access router at
an interval WsHiNiRgpackettracgdhoianepprihvaydq Feachfae Sardetess a
buffer area in which the plurality of packets are buf f ered in a

di sconnect i oG8 i oHOWEYS v héPnED§ E¥Ritle TR tERaiNiRE RREkR's T&Y®%er to be

connected. Mdreover, the, |P_layer perforns control_of transnittingfafront
f

packet i ncl (eRFRSS WReWhHil e £FoBt packets phereioted FRTEASBYOL er 8
transmitting the plurality of packets to a desired

destination is enhanced.

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 the pluralityof packets transmitted from
the packet transmission control apparatus.

A mobile node (for example, a mobile station such as
a mobile telephone) according to the present invention is
amobile node including a link layer for switching an access
router to be connected, and an internet protocol (IP) layer
for controlling to transmit a ﬁlurality of packets
sequentially toadestinationnode through the access router
at an interval within a first time period. Here, the IP
layerincludes abuffer area inwhich the blurality of packets
are buffered in a disconnection period when the mobile node
switches the access router to be connected. Moreover, the
IP layer performs control of transmitting a front packet

included in the plurality of packets buffered in the buffer



area to the swtched access router. The IP layer also controls transm ssion
of the remai ning packet included in the plurality of packets to the
switched access router after a |apse of a second tine period starting from
a time point when the front packet was transmitted. The link |ayer and the
| P | ayer represent definitions of standard function nodules for respective
| ayers resulted fromclassifying conmunication functions expected in
respective nodes into a | ayered structure based on a design rule (such as

t he open syskamm itd erfltonmettcloed (06t 3sf voutar net Woe kIBt dagyewur elso achi eve
comuni cati ons between different nodes. A packet comrunication nethod
accordi ng t o come nurles émansnhgenbhonf i tthe rpaekatingopacket atnomdest hod f or
allowing a nobile node to switch an access router to be connected and to

sequenti al | y threapsartalatplofrphcketoftopeleksivitthed atrssnavubarrddert hr ough
the access router at an interval wthin a first tinme-period-. Here, the

met hod i ncl udedapse bfrandeqoacketinktrpesiodts ey tsirep febmt aatnime toiing, to a
switched access router, a front packet included in the plurality of -

packet s buf f evtegh ithgafdait aamket aldsngraremnsi iteda  di sconnecti on peri od
when the nobile node switches the access router to be connected; and a

subsequent packet tThendbhktliayer shépthod 12l laye@mgephesenhidefimidedngs t ransm t
the remaining packet included in the plurality of packets to the swtched
access rout erofaftaadazd fApre iain modetead dr respert ve dagetrisepdhlted

from classifying communication functions expected in
respective nodes into a layered structure based on a design

rule (such as the open systems interconnection (0SI)) for

a network structure to achieve communications between
different nodes.

Apacket communicationmethod according to the present
invention is a pa'c~ket communication method for allowing a
mobile node to switch an access router to be connected and
to sequentially transmit a plurality of packets to a
destination node thi‘ough the access router at an interval
within a first time pericod. Here, the method includes: a
frontpacket transmitting step“of transmitting, toaswitched
access router, a front packet included in the plurality of
packets buffered in packet accumulating means in a
disconnectionperiodwhenthemobilenodeswitches the access
router tobe connected; and a subsequent packet transmitting
step of allowing the mobile node to transmit the remaining

packet included in the plurality of packets to the switched

access router after a lapse of a second time period starting



froma tinme point when the front packet was transmtted in the front packet
transmtting step. The nobile node buffers the packet to be transmtted to
the access router into the buffer area in the disconnection period during a
handover for switching the access router to be connected. These aspects of
the invention is based on the assunption that the nobile node sequentially
transmts the plurality of packets addressed to the destination node

t hrough t he St | eriod.
According to e?e %Ig% ts o?’hgﬁeﬁ%\%\ré?#oﬁééﬁéﬁ vs%?gfr{taﬁggéﬁg?a‘ﬁlnrgl uded in
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can cer
the plurality of packets addressed to the destination node

through the access 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 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
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 t;o the destination node,
beyond the processing capability of the access router for
resolving the MAC address. In other wo:;ds, 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 rgspective packets are not
replacedby the subsequent packets ordiscarded. Asaresult,

packet losses are reduced and the mdbile node can certainly

10



deliver the plurality of packets to the destination. In the nobile node
according to the present invention, it is preferable that the first tine
period is a tine period necessary for any of the switched access router and
a node for relaying the packet transmtted by the nobile node, to resolve
a MAC address of a routing destination of the packet. In the packet

communi cation nethod according to the present invention, it is preferable

that the firgb1iv8® tRerpPErd Bidy tdMHREIHLQd eadrs s thiaatasy . of the
switched access router ‘and a node for relaying the packet transmtted by

the nobile node, tg,kgadlotid ﬂé&@a@%&:@iﬁ?@o €hé QHekBdt idReitidld,on of the
packet. The first tinme period 1s equivalenf to thé address resolution tine

period by thgysw beaedrasiesaup,oeh@rfirétoemérﬂéﬂ&&@sré)emeq;éiq%d nation of
t he packet. For éexanple, the first time period is equivalent to the tine

peri od necesa@egséaiyefsp%znﬁ B &b IGhadReCesge 58Ut Slitehala dguLonnect ed
directly to the nobile node as a subsequent node, or a node that relays the
packet transmbt : | nEee, v oS S a
successi ve norf‘grg f%?ghﬂ(?gﬁ%ﬂggrblggﬁ ng dséﬁs%t{leee\lcf?)lgnggg t he 1%2@ gtéf tI?éepl acenent
of the packet et &§51vqgg§ ' 'lgyggggﬁg to certain
transm ssi on I:o tlh’geagggk%?t V\/niscﬁf%s t téL o] j%%%y%?@%ﬁ’gogr esent | nt\:/ént I on.

Gceurrence of suchrheph dgamilt ic%n?:ﬁtxﬁicﬁﬂﬁ.égl fletRod b &XRAng tBatnéhe

subsequent packet catches up wth e precedent
present invention, it is preferable that the first time

period is a time period necessary for any of the switched
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 equivalent to the address
resoluti_oh, time period bv the switched access router,
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
mobile node, to resolve a MAC address of a successive node
which is 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.
Occurrence of such replacement is attributable to an aspect

that the subsequent packet catches up with the precedent

11



packet while the MAC address of the routing destination of the precedent
packet is unresolved. Here, the subsequent packet catches up with the
precedent packet in the case when a transmi ssion interval of the respective
packets is shorter 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

(e el ase, | BRRRSL AT BRPIRN-LOL 4f BT Aol et
Wi ch are to RESOPEESEAS AR SRRl oct RFERatrEtr o TEER! Jt RUCRAGIENA coo.
from the. mobi PECHERC ST RPOTLH: BOROPESFRaRtT AE VRS R LRt s SHORBde, I n-
t he packet communi catijon, nethod accordj to the. present ipvention, it is
ot e prof er abPe THAD L GLIBAGTIELAL PBFFEFPPL T VBT RS b8 SPRECSEI |t he
addr oss.  ThodBaobht SR S ReSPHUtAGaC o PER LPHGIRT oT LT 31 tBcket s
deati nati on nOGEOALEGN Y, 6 PRELEIatERECKTE HEAH T Bh COME decond 12

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

packet.

In themobile node according to the present invention,

it is more preferable that the second time period is a time

‘periodthatallthenodeswhicharetoresolvetheMACaddress

require to resolve the MAC address. These nodes are among

the nodes which theﬁplurality’of packets transmitted from

the mobile node pass 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 peripd that all the nodes which are

toresolve theMAC addressrequiretoresolve theMAC address.

These nodes are among the nodeswhichthepluralityof packets

transmitted fromthemobilenodepass throughbefore reaching

the destination node.

According to these aspectsofthe invention, the second
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time period is the tinme period that all the nodes (including the sw tched
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
transmtted f ronthenobil e nodepass through before reaching the destination
node. In this way, by the time point at which the remaining packet are
transmtted fromthe nobile node, all the nodes which are to resolve the
MAC address  and through which the renainingpacket passes beforgireaching

the destinat F&ReRAF M LF the B8 RARIAHTRAL 3l Bhamsles hrBELISIRY of the
MAC address. The front packet and the renmining packet trace the sane
pat hway to rEBenSYRECREHE REERSS neriteFh VSR ane (g Sespdme, thadBemai ni ng
packet never catches up with the front packet. Therefore, the mbil- node
can deliver BAELBFEr BEARYIBf LPaEREPLVE othe AT radfrasSns Hhes8enpEee
certainly. It is also possible to construct and_utilize a packet
comuni cat i oAT8ysTRARitde | Refadevi kel afdre- REVER BEY bPREXABEe, and
t he destination node for receiving the pluralityof packets transmtted from
t he nobil e nédaneRisitgH fnomtherebilesoderass ehrpughbabate zeashdhdg to the
present invention is_  a control node including an internet protocol (IP)
| ayer for céher 8estagatdpnsagdent i Brl{his e (RY ridiea Gime ®oilpf adf packets
to a nobile node through a router at an interval, within a first tinme
period. HereWhigd ¥ire |remaining pasketsare transmitted from the mobile
node, all the nodes which are to resolve the MAC address
andthroughwhichtheremainingpacketpassesbeforereaching
the destination node will have completed the resolution
processing of the MAC address. The front packet and the
remaining packet trace the same pathway to reach the targeted
node. However, in this event, the remaining packet never
catches up with the front packet. Therefore, the mobils
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
pluralityofpacketstransmitted fromthemobile node 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

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

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

13



a buffer area in which the plurality of packets are buffered in response to
a buffering request fromthe nobile node. The IP |ayer controls C

transm ssion of a f ront packet included in the plurality of packets buf f
ered in the buf f er arear to the nobile node in response to a buf f ering
rel ease request fromthe nobile node. The I P |ayer also controls

transm ssion of the remaining packet included in the plurality of packets,
to the nobil & RBHESEARS APISE Gre PaUSaddny of RECKErS G SPHFLFRES! rom a

time point of, transm ssion of the front packet, A packet_ c¢onmmuni cation
met hod accor dith§FSSPONRE e dehRIfeRiRArA St SRR e PERAGR/I BAERon net hod

for allowng a control node to sequentially transm:t a@gl ural ity of packets
to a nobile ngtel?ARYCRFIRHS! Shr aRTRLIS FRPER FePHePREkPEANE4UTEAer et O,

t hough a router at an interval within a first tinme period. Here, the nethod
i ncl udes: a fin dhe pdaa@lity afsrpckehy BuEferpdcin ditokaififies @d®érol node

to transmt, to the npbile node, a f ront packet included in the plurality
of packets bufo fhemabike padrdn rsRapaste RgbwEtesingiredepsagequesta
buffering request fromthe nobile node, upon receipt of a buffering release
request from £FRMmiBIe eMebdde apede a sublequEht lg¥eketalsanSantLiddd st ep
which allows the control node to transmt the remaining packet included in
the pluralityteangatgsient @ft Heherpbpraindag Faeket edf ia sd®nd tinme
period starting froma tine point when the f_ront_ packetwas transmtted in
the f ront paBkeralibhseftRaGkptss to the mobile node after a lapse of

a second time period starting from a time point of

transmission of the front packet.

Apacket communicationmethod according to thepresent

invention is a packet communication method for allowing a

control node to sequentially transmit aplurality of packets

‘toamobilenodethat switches anaccess router tobe connected

thereto, though a router at an interval within a first time

period. Here, the method includes: a front packet

transmitting step which allows the control node to transmit,

to the mobile node, a front packet included in the plurality

of packets buffered in packet accumulating means in response

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 mobile node after a lapse

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

front packetwastransmitted in the front packet tranSmitting

14



step. The control node (such as a nobility agent that is

connected to a

regi onal nobi |l e network conprising a plurality of routers) buffers the
packet to be transnmitted to the nobile node into the buffer area, in

response to the buffering request transnmitted 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

t hat the control

node sequentlﬁlly transmits the plurality of packets addressed to the

nobi | e node PhY

Ugh the router, at the interval within the first tine

d. Accord h f. th he f k
Pncl uded i1 the pTAF ST O TRRBaPRTn R (& M byt PRSI i | s

firstly transnmitte t he nmo
peri od startFﬂﬂnFFg?ﬁig

router, which recel

ﬁ@’ﬁ%orbaowﬁbﬁfené%%ﬁkfagtpﬁggﬁp‘%gapy{g& qggnd time
' d, th q
R

ode. In
ts in the

t add dt d
beyond a proPQ8S§i Agtoe c&bﬁbp}ll‘f? O?P?ﬂee+%3’f%§r§$%$er1é§ ]Wr@f emrgt): géldr ess.
I th d th d h t f ot
oS0l Ut on ECERSS K okt SRS b i s e R i o e Bekit | o

conpl et ed. Theref re t ective ackets re not
subsequent p E‘?e)%ctj"r%

the 15

d b
2GceRs TOVEeE to hecoonecte éeﬁﬁsr%*\{?educed and

These aspects of the invention is based on an assumption

that the control node sequentially transmits the plurality

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 tc the mocbile node. After a la'pse

of the second time period starting from the time point at

which the front packet was transmitted, the remainingpacket

] is transmitted to the mobile node.

In this way, it is possible to suppress buffering of

prlenty of packets in the router, which receives the front

packet addressed to the mobile node, beyond a processing

capability of the router for resolving the MAC address. In

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

packets are not replaced by the subsequent packets or

discarded. As a result, packet iosse_s are reduced and the
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control node can certainly deliver the plurality of packets to the
destination. In the control node according to the present invention, it is
preferable that the first tinme period is a tinme period 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 communication nmethod according to the present invention, it is
preferable that the first tine period is a tinme period necessary for a
node, which redmizel ﬂﬁéepwkéﬁrtﬁaﬁémCiet]édfeﬁfytbﬁéﬂdb?ﬁ]ﬂdw aédackedsresol ve a
MAC address of a routing destination of the packet. The first time period is
equi val ent t ot@ hehexdipstsnatiedol ution time period by the router concerning

the routing destination of the packet. For exang the first tinme period
is equivalent to t%thmopérpé@omqﬂrmio emnesient iwvattion,connect ed

directly to the control node as a node subsequent to-the control node, to
resol ve a MAGLtiddresefensblke dhadethe Vid nsddbimaqeniond he 3 ddmerpeext i nati on
of the packet. Replacenent of the packet by the subsequent packet
constitutes ame¢epeali yeinr eonodet fimcludingitds awudfem)hewhpabkeslays ch i s
the object of the present invention. Occurrence of such replacenent is
attribut abl e the arackpectiransmitted uldeqrentrpdckedecateheesapvaia h t he
precedent packet while the MAC address of the routing destination of 16
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
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
destination of the packet. For example, the first time
period isequivalent to the time periodnecessary for arouter,

N 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
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

that the subsequent packet catches up with the precedent

packet while the MAC address of the routing destination of
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the precedent packet is unresolved. Here, the subsequent packet catches up
with the precedent packet in the case when a transm ssion interval of the
respective packets is shorter than the address resolution time 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
possible to achieve efficient packet transm ssion while reducing redundant

packet. |n t hERBot CBRIRb ey Avg P =bhatly R The BRnRUISERERY

accordi ng e present 1 nven S nore

Wi ch are to PRSSPOCTRE M IRAEERE b fici BackEl I chRBadiumtlG T oces
These nodes b AT 5415, RQHES NG AR QLR LL kb ackeCRokLgpsT (od
ret orable ¢ hEParhERe Bed o3 PR bupPah bt pe i ES E s MR e R ne nodes
ddr ess requi FEOPS iBds BV SRRt Arnd AN St SO The nodes
hr ough bef or SEPBAERG The MBI | BRGREE ARTET o ThELe B8t or (he
I nventi on, th%&§§agygéé%éibed case, it is possible to achieve efficient
packet transmission while reducing redundant time elapse
associated with standby for transmission of the subsequent
packet.
Inthecontrol node according tothepresent invention,
it is more preferable that the second time period is a time
period that all thenodes which are to resolve the MAC address
require to resolve the MAC address.l These nodes are among
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
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 contrql node pass through before

reaching the mobile node.

According tothese aspectsof the invention, the second
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time period is the tine period that all the nodes (including the relay
router and the access router) which are to resolve the MAC address require
to resol ve MAC address. These nodes are anong the nodes which the plurality
of packets transmtted fromthe control node pass through before reaching
the nobile node. In this way, at the time point at which the remaining
packet is transmtted fromthe control node, all the nodes which are to

resol ve the %@E@E%é 1 28fe iy gar%a%éﬁﬁsn% HbAgs PAGAdIdzses be

fore reaching the nobile node w 11 have conpleted the resolution

processing ofpd lew‘r&\ﬂ@uﬁaad e abest Raskatl) aRfchhe d eBid¥IgPacket

trace the sane pathway to reach the targeted node. However, in this event,

the remaini ng-RAKLla Vs fé&ﬁbf? %é‘ééﬁeﬁlﬂ.@ Jdd}fgssoac‘fﬁtgse%é‘é ore,

certainty of transmtting th Ity of packets fromthe nobile node to

a desired degtd naicly '%h@”r}?d‘t‘r‘é‘éj whiichS 8h&0 pIAEH1BkE t FCqNRtkdtd and

utilize a packet comrtunication systen1mh|ch I ncl udes the above descri bed

control node, ﬁmsﬁb@té@btksmn%g, ':\{6@9 %Q@splt'i'{ ¢y pdfohacket s

transmtted fromthe control the ut er e present |nvent|on

wi Il becore ”Pé&cﬁi&kéythé'&%ﬁté)?;@d% rOﬂhH’E&Q%aﬁh' et @ﬁ%cﬂﬁé';&'&r&l ven

herein bel ow and the acconpanying draw ngs which are given by ‘way of

i1lustration Qﬂ'mslca%é PuSa #h En 8 Placke thes EPARbEEE €64 28 omltiHE LdErdDe
present invention.

node, all the nodes which are to resolve the MAC address
and throughwhichtheremainingpacketpassesbeforereaching
themobilenodewill have completed theresolutionprocessing
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
prlurality of packets from the mobile node to a desired
destination is enhanced.

It is also possible to construct and utilize a packet
communication system whicp includes the above-described
control node, and themobile node for receiving the plurality
of packets transmitted from the control node through the
router.

The present invention will become more fully
understood from the detailed description given herein below
and the accompanying drawings which are given by way of
illustration only, and thus.are not to be consideredvas

limiting the present invention.
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Further scope of applicability of the present invention will becone
apparent fromthe detailed description given hereinafter. However, it
shoul d be understood that the detailed description and specific exanples,
while 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 FRetdidredsdteser i pfi applBRabE IREFCROPTI e OprEEnDRAW NGS
Fig. 1 is a block diagramshow ng an overall ~configuration of a packet

communi cat i onifyshthreidlddipnd sppafdrtsfranbhdidetatiledidesc iptian
conceptual view f or explaining a functional constitution and operations of

a nobi | e nodegacenrierginiaftéhe Howstersniedsnenald egundetstabd/ ithatshow ng
state transition in the event of a handover of the nobile node in the first

embodi ment. khe. detidlad adecshovidy £0dr epath Eichaixaepylesd, Caige i on
point of a link layer and a default router in different states,

respectively. ihiddca®ih§ pa efledttedénmosdineitevs NEheintedritabh, agenfiwan ati on of
a packet communi cation system according to a second enbodinent. Fig. 6 is a

conceptual Vi &y fwa@r ofxpliaius thea Bl dvneiiypnadinddnedticiid oghaifbdpeidt i ons of
a nobility agent according 19
modifications within the spirit and scope of the invention
will become apparent to those skilled in the art from this
detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a block diagram showing an overall

configuration of a packet communication system according
' :to a.first embodiment.

Fig. 2 is a conceptual view for explaininga functional
constituytion 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
connection point of a link layer and a default router in
different states, respectively.

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

Fig. 6 is a conceptual view for explaininga functional

constitution and operations of a mobility agent according
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to the second enbodinent. Fig. 7 is a view show ng state transition in the
event of a handover of a nobile node in the second enmbodi ment. DESCRI PTI ON
OF THE PREFERRED EMBODI MENTS First Enbodi nent A first enbodi nent of the

present invention is described in detail belowwith ref erence to the
acconpanying drawi ngs. As a prem se of description, this enbodinent is

based on an td where the packet transm ssion control
s R R R S

t echni que accor e present Tnvention is adopted to a nobile node.
Fig. | is a block di;agr ) . || ' I.Qn cket
conmmuni cati on syst ?r%%qagggfgs}r’lﬁgevggh %Ré(i%;ts teeﬁg%g%?r{é%gﬁd?‘ Fﬁé e%reglgent

I nventi on. C QEQ"QI iL£at ] :SYS l . hﬁ%@ | | 9. ' figured
by i ncl udi ng%aifmaabi eaterdr%ljo e EB I\%l)% &‘gglgécﬁgg’g }'ﬁm) | Iéeé]cfée:#gp#(%)ndeﬁm%g&r'egi onal
nmobi | e netmr%wgmi% rMD Mﬁﬁ%a plurality of

corr espondent , E@ﬁbﬁ&,—éﬂ—s—pﬂcket conmuni cati on
systemis constEr.Lf%'E!e%mEb% gé%%r!dance with the nodes including the regional

regi strations, nobile IP, and the Iike, which are proposed
by the Internet Engin L.Dg sk,.Earce | EIF) ... The reqiqQnal_ .npbile network
N2 is constituted %_%ﬁgg ce-ogﬁr?e |e5ﬁ: o?£a§§§)ss?$%ﬁ?réf’s (r&ﬁ)nt@’fn 3125 and 33
severally providethis g RledA hhYodhiRS% ALAL QR0 the £22cofPihitg 20

drawings.

As a premise of description, this embodiment is based
on an assumption of the case where the packet transmission
control technique according to the present invention is
adopted to amobile 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.
Apacket communication system 1 shown in Fig. 1 is configured
byincludingamobilenode (MN) 100 suchasamobiletelephone,
a regional mobile ne.‘_‘cwork N2, a known backbone network N1,
and a plurality of correspondent nodes (CN) 51, 52 and 53.

Here, this packet cdmxhunication system is constructed
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
connection of access routers (AR) 31, 32, and 33 severally

provided in a plurality of base stations 21, 22, and 23,
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and, relay routers 41 to 46 connected directly or indirectly to these
access routers 31 to 33. Moreover, the regional nobile network N2 is
connected to the correspondent nodes 51 to 53 by wires through the backbone
network N1. The nobile node 100 (corresponding to a packet transm ssion
control apparatus) is wrelessly connected to anyone of the access routers
31 to 33 depending on the |location of nobile node 100, and is handed over
anong the access routers while transmttin ackets to the plurality of

cor r espondent @Pflodeslayirosbergdd g3 461gpn digGEELY Q?lnglg%C%Hﬂ t he
relay routers 41 to 46 (hereinafter collectively referred, to as the
"routers") ex&QubBeFRSARIDFPSESSSIngCof3a ePVeucdbe EB8ALPRRL (MAC)
address in order ;to specify a router as a subsequent routing destination of
the packets. Febdle ‘PBFW‘éﬁ%H‘I%flSt genpeckedr bRt eSS CoFF aRONEEIdsBORBSt er s
through which the packets pass af ter being transmtted unti | received, a
time period re&duitPed3t &Yr é’éSPﬁetbﬁ@umctaﬂdgé§§b9¥1€t Retwas¥eNlwhich is the
subsequent routing destination of the packets, is preferably set to about 5
ns (correspondi ng t 8hea Haktiske t ppde pdidlodjcoTRRSPARRERG W9 ch RpEket
transmtted fromthe nobile node. 100 to any  one of the correspondent nodes
51 to 53 are rdansmissdoneonbexbarparaities ki Nyitelesgd vorenegcketaccess
routers connected to the nobile node when the packets are transmtted and

two of the rel@®YenR@Eihe aceassrouhant 31 tp 33derendingen thgtlocakdPhng an
unresol ved MAC address after the backbone 21
ofmobilenodel00, andishandedover among theaccessrouters

while transmittingpackets tothepluralityof correspondent
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,
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
a first time period).

The packets which are transmittedl 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
and two of the relay routers. 1In this event, if there is

norouter having anunresolved MAC address after the backbone
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network NI, then the packets are routed through up to three routers having
unresol ved MAC addresses before reaching a desired destination fnode.
Therefore, as a transm ssion standby tinme period (corresponding to a second
time period), 5 ns x 3 =15 nms 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

i ncl udes an nepwork Mli,obhdnd tilre pacipphbi o irotitedysrrolgh up to digeessi on
control protocol (TCP) /user datagram protocol (UDP) 12 in a transport

| ayer 12a, arouhers ieviprpuocelsolived MACaddssmal bgfbwepnekaing ansni ssion
controlling neans) 13 having a buff er area 131 (corresponding -to packet
accumul at i ngdesansd des’amabiennnodprot‘ﬁm@teidﬂ, lasyea W smissdiiank 14 and
an interface 15 in a link layer 14a. Data transmtted fromthe application
11 to anot hestandby tiimetpeison {{tedrespondingltioya sbcongititmepdRIAIDP 12, the
IP 13, the link 14, and the interface 15. Meanwhile, data transmtted from

the ot her nodemgoxthes aphisaly Prelfbrabl v peeikvedofictbenubielly nddeough the
interface 15, the link 14, the IP 13, and the TCP/UDP 12. \When a connecti on

point is sw obed fromthe access router 32 to the access router 33, a
buffering request is outputted fromthe interface 15 to the IP 13. Wen the
buffering request Figigpis & edrnceptirallFiddfot keppadkdng aafen@Pional

constitution and operations of the mobile node.

As shown in fig. 2, the mobile node 100 includes an
application 11 in an application layer 1lla, a transmission
control protocol (TCP)/user datagram protocol (UDP) 12 in
a transport layer 1l2a, a ‘' internet protocol (IP)
(corresponding to packet transmission controlling means)
13 havir_;g a buffer area 131 (corréspondihg___to packet
accumulating méané) in an internet protocol (IP) layer 13a,
a link 14 and an inEerface 15 in a link layer 1l4a.

Data transmitted from the application 11 to another
node is transmitted éequénfi;lly through the TCP/UDP 12,
the TP 13, the link 14, ar.ad‘the interface 15. Meanwhile,
data transmitted from the other node to the application 11
is received sequentially through the interface 15, the link
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
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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buffered in the buffer area 131. To be nore precise, the packet is buffered
I n queues 13l1la to 131d which constitute a data retention area prepared for
respective destination addresses of the packets. The IP 13 rel eases
buffering at a tinme point when a default router is changed by a router
advertisenment (RA) received fromthe access router 33. Wen buffering is
rel eased, the IP 13 hands over, to the link |ayer 14a, only one front
packet (such as a packet Al in the queue 131a) out of the packets buffered
i n each queuéuffeared ant thelbuf fimr haven pakdlsedTot be mérd Pprerics ,otbe t he
remai ni ng packets retained in each queue to the link layer 14a. Fig. 3 is a
vi ew showi ng mcked tisdmsffenediim tgtheuegehlla dfo d3hdrich cohstthdéutrebi | e node
100 shown in Fig. 1. The state transition associated with the handover of
the mobil e modatéalPfetentavrgorez @tapired dor séspest{se alestinatdonV) as
shown in fig. 3. Meanwhile, Fig. 4 is a table show ng- correlation between

t he connecti crddegdefoft ehd ipdcketyer 14a and the default router in each
of the states. The state | is a state where the link |ayer 14a of the

mobi | e node 100 i s TtenI@cladréDedbes dockBer iroptatr a32 imeapdihbenicaf aul t
router is the access router 32. The state Il is a state where the |link

| ayer 14a of ddaubbideuterdds thQngedobiyng ssntehead¥deotd §dmermic CE@FY rout er
32 to the access router 33 (in a link layer outage tine period) and the
default routescesvedifromhehacaegsessoniomted?.323 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 131a)

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

state transition associated with the handover of the mobile

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

14a and the default router in each of the states.

The state I is a state where the 1link 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

II is a state where the link layer 14a of the mobile node

100 is being switched from the access router 32 to the access

router 33 (ina link layer outage time period) and the default

router is still the access router 32.
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The state Ill is a state where the link |layer 14a of the nobile node 100 is
connected to the access router 33 and the access router 32 remains the
default router. The state Ill is continued until the nobile node 100
receives theRAof the access router33 and thereby changes thedefault router
fromthe access router 32 to the access router 33. The state IVis a state
after the nobile node 100 received theRAof the accessrouter 33 and thereby

changed the default  router fromthe access rOUt%?Z %o t he access router
33. In this event heaghabe thk SoAnsERFBAHRIHtENS LERE 1R¥WKT 18P 14a and
the default router is the access router 33. Wen the connection pqgint of the
link |ayer 143&aMPbilfe Ngdeadlf LsuFennesipdi bR Wi RRRRTS FAMERL( PR t he
state | and the state IV), t.be packets transmtted fromthe nobile node
100 addr essednt® thee agsessspoRtieRt3ShdrRaing fhe fefapdt HRYEeHat iI&F t her eof
are recei vedbythe correspondi ng access _router (that is, the access router
32 in the statete dilk 46 captéByedgintell 3hg Aopidespade 188 rarsigfSt er, the
recei ved packets are routed to the correspondent node 51. On_the contrary,
when t he conrgt® RBP HbheACERSEROUL3 3 pafidiheebinghanges éhadalawifi er do
not coincide wwth each other (in the state Il and the state Il1), the
packets transiterdiron dine REFBEF| EOWBEE IDG-Q &R&r BCERESCEHPRERPOent  node
51 that is the destination thereof are buffered in the queue 131a and then
transmitted tBheHakasdVnasidstid@eadtercthe fiohisie morer b0Peeagigied | v

(after the default router is 24. ~
‘ the RAof the access router 33 and thereby changed thedefault

router from the access router 32 to the access router 33.
In this event, each. of the connection point of the link layer
1l4a and the default router is the access router 33.

When the connection point of the link layer 1l4a and
the default router coincide with each other (in the state
T and the state IV), the packets transmitted from the mobile
node 100 addressed to the correspondent node 51 that is the
destination thereof are receivedbythe correspondingaccess -

X router (that is, theaccess 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.

On the contrary, when the connection point of the link
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
queue 13la and then transmitted to thedestinationnode after

transition to the state IV (after the default router is
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changed). As described above, according to the packet comruni cation system
1 of the first enbodinent, the nobile node 100 perforns buffering of the
packets into the respective queues 131la, 131b, and 131c individually

provi ded depending on the addresses of the correspondent nodes 51, 52 and
53 that are the destination thereof . Along with the release of buffering,
the nobile node 100 first transmts only one front packet out of the

packets buffepgdgta) each queue to the desired correspondent node. Then,
afteral apse of a given tinme period (such as 15 ns) , the nobile node 100

transmts the remeAdi Nge PEFISLS CONETEUOUSEYordihd Ni o Wahe t hea bkt packet

reaches the correspondent node of the destination while facilitating the

resol ution EBﬁnﬁﬁil%’%%éﬂdéfs%sexPﬂ éf'ecl{é)!t'%‘fét %&dﬂiﬁf@f&,a%%@ﬁ%ed MAC

address, existing o e transm ssion pathway. After a lapse o e given

time period nbhe Ay BGoRASK S Alfing OYECLH gughetbe 5AT PR fay as

that for the ront packet. However, a Touter ng an unresol ved M XC

address no | ' . : ) packet s
5 ) SAPeLENESR A LU, Bathian i shates aLle ermnug ¢

s equent packets nor disca

result, packafepﬁaa_&ﬁg é‘ﬁ%ﬂ@%‘&ﬁ%sﬂﬁ& biFet ik %@ﬂfé%:orfﬁer?@fﬁ'&@e% gertainly

reach the destinatio Inaddition, a rate of retransm ssion of the packet s

iSZC(r)ﬁguEﬁgb d{%zg%z}&%g PREVOL ke RBROHESEEn SRR @R rof F AELRGII M HEREI Z€ed.
release of buffering, the mobile node 100 first transmits
only one front packet out of the packets buffered in each
queue to thedesired correspondent node. Then, afteralapse
of a given time périod (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
of the MAC address by the router, which has an unresolved
MAC address, existing on the transmission pathway. After

i a lapse of the given time period, the remaining packets are
routedthroughthesamepathwayasthatforthefrontpacket.
However, a router having an unresolved ﬁAC address no longer
exXists on that pathway. Therefore, the remaining packets
willbeneither replacedbysubsequentpacketsnordiscarded.
As a result, packet losses are reduced and the plurality
of packets certainly reach the destination. 1In additionm,
a rate of retransmission of the packets is reduced, and the
network resources can be more efficiently utilized.

Second Embodiment
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Next, a second enbodi ment of the present invention 1is described in detail
with reference to the acconpanying drawi ngs. As a prem se of description,
this enbo dinent is based 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 diagram show ng an
overall configuration of a packet communication systemaccording to this
enbodi nent. A packet communi cation system 2 shown in Fig. 5 is configured
by includi ng a nobiFextode geednerbasligierds of wbbi peesehEphoventior egi onal
nobi | e network N2, a known backbone network N, and one correspondent node
(CN) 54. The dsgfiesaribediir dedaidr Kikk referenrce tha ddebgcapmpangbndect i on
of access routers (AR) 34, 35, and 36 respectively provided in a pluraiity
of base statidrewdngs25, and 26, relay routers 47 to 49 connected directly
to these access routers 34 to 36, and one nobility agent 60. Moreover, the
regi onal nobil e net herkpkignisecwhdestrdprtdonhdlsicr embpdanent ismbased4 by

wi re through the backbone network N . The nobile node 200 is wirelessly
connected to amyancaeswiptimn adcthe cang vhergdthe B kidpsmdhsgpisaiohe

| ocati on of nobile node 200, and is handed over between the access routers
35 and 36 whi lcontgedi Tiechniaulee tasdordinghéo tber presedsntinvensidn. 126

adopted to a mobility agent (MA).

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

The regional mobile network N2 is constituted by wire
connection of access routers (AR) 34, 35, and 36 respectively

- provided in a pluraiity 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
regional mobile network N2 is connected to the correspondent
node 54 by wire through the backbone network N1.

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
routers 35 and 36 while receiving packets from the

correspondent node 54.
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The access routers 34 to 36 and the relay routers 47 to49 (hereinafter
collectively ref erredto as the "routers") execute resolution processing of
a MAC address in order to specify a router as a subsequent routing o
destination of the packets. The nobility agent 60 is a node which receives
the packets transmtted fromthe correspondent node 54 addressed to the
nobi | e node 200 and transmts the packets to the access router currently

connected to the mphil e node 200, Here fqQr each.of the rel rout.ers and
the access routers ﬁ?ﬁé&&ﬁssmﬁ?‘&ﬁefﬁé%&&gpsa%‘gg&e R ngﬁo‘gt\y?ﬁ Ly
transmtted unti received, a tinme period required to resplve the, MAC
address of t%%4hd&§rﬁﬁgta%%§rtq?euﬁfﬂ£’evcﬁ}éfn’fe %H?Cﬁﬁoaégzﬁeﬁg‘f‘?‘&?ro?g) t he
packets is preferably set . tg about 5 nms (correspqndi tq a first tine
beriod). The PEERETS SANCIREHAD PFRRERFLRET FolhGrR R SR OTaPEdi®  he

backbone network N. (such,as the cqrrespondent , .node 54) to the bi | e node
200 currentlysE%‘ﬁhfe%%eHOPBeﬂ?es a QAYeRf EPuL3DY ti?ﬁa“rﬂibf’fet de 200
through the nobjility agent 60, the relay router 48 or 49, and the access

router 35 or B8Ck¢kSthis event, if there is no router having an unresol ved
MAC address after the backbone network Ni, then the packets , wll be routed
through up to threel?HRMRE Haliagenturhbdd feBORRCYRIARE8ER1VERCFRRII ng t he

nobility agent 60)before reaching the nobile node 200. Therefore, as a 27
packetstransmitted fromthe correspondent node 54 addressed

tothemobile node 200 and transmits the packets to the access

router currently connected to the mobile node 200. Here,

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
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
mobility agent 60, the relay router 48 or 49, and the access
router 35 or 36.

In this event, 1if there is no router having an
unresolved MAC address after the backbone network N1, then
the packets will be routed through up to three routers having
unresolved MAC addressés (including the mobility agent

60)before reaching the mobile node 200. Therefore, as a
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transm ssion standby tinme period (corresponding to a second tine period), 5
m X 3 =15 ns is preferably preset on the nobility agent node 60. Fig. 6
is a conceptual view f or explaining a functional constitution and
operations of the nobility agent. As showmn in Fig. 6, the nobility agent 60
I ncludes an IP 63 (corresponding to packet transm ssion controlling neans)
havi ng a buffer area 631 (corresponding to packet accumnulating neans) in an

I , y _ . N L i nk

i Zye?Ze%4?2: t%%%fad:@ﬁ%ﬁg%%%?@%@%?%%%%ﬁ%ﬁ%@%@%ﬁ? @é&%ﬁéﬁ ink
644 P . i 44 I

Sorted to be trARREAEEE0oahE Sbp oot T Kb 1 PRECEEFGLOME SIS A8 Ehenics. 641

to 643) in accngc[ﬁ?rric@ \@é t Hdftddg tabl e (not shown) possessed by the IP

63. Up(r)]n re(r:]ei f ering request transmtted from the nobil eknode
200 . s 4 . :
coirssea 1o tné ol G hORFe okl Supr LSRR B AR A R IAESLTL: |
| p'béfffi%i Vé“sé%ﬂ%\zﬁ*ﬁ‘%ﬁ%ﬁé|°§%§§té§§%&%’f‘l&%ﬁéhﬁ‘-?%Wta%%%s'Z-“t‘?%&%&%m the

[ 200 ! . ' , i [
b e hodle 200 PARSe M5l ey, buBkE, L L Bhden Ao, b e P
packet (@ PackilofRdspdShld ¥ Bhdlt WEHERPILToN Ll SPRLRP LS, | X

having a buffer area 631 (corresponding to packet

accumulating means) in an IP layer 63a, and links 641 to
644 as well as interfaces 651 to 654 in link layers 64la
to 644a. The packets received by the IP 63 through the 1link
layer 644a having the link 644 connected to the backbone
network N1 are sorted to be transmitted to an appropriate
linﬁktany one of the links 641 to 643) in accordance with
a routing table (not shown) possessed by the IP 63.

Upon receipt _gf a buffering request transmitted from
the mobile node 200 through any of the links 641 to 643,
the IP 63 buffers the paéketg addressed to the mobile node
200 in a corresponding queue (a queue 63la in this case)
within the buffer area. Such buffering is continued until
the IP 63 receives a buffering release request which is
transmitted from the mobile node 206 through any one of the
links 641 to 643.

Along with receipt of the buffering release request,
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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643a in accordance with the routing table described earlier. Then, after a
standby for 15 ns, the |IP 63 hands over the remining packets (packets B3
to B5 except the front packet) retained in the queue 63la to the
appropriate link layer 643a. Fig. 7 is a view showing state transition in
the event of a handover of the nobile node 200 showmn in the Fig. S. Prior
to transm ssion of the buffering request fromthe nobile node 200, the

D" thr ough CRE MoREEFE9PhEEA R rCLbEE PRSI WPt PELERD ol e
i d h bi | i i ). Thi
but for t:gj Séhégl} LP?tf??fﬁs%%’cﬁ%v FIRRR R L%Bf%%a’gcsﬁg;?fgréﬁt%er 5 o be
connect ed. en_the uf f.erji ng_request. J 1t t he i node
, PRBagR PRSP RRe L (RPETEES B B Emr eeR by T HE RAREESS
?2OthebgL25; 681a.i 5;2 ed ISZ%. ;g t agccess rau?er t.0.b conngg?gd2?g
swi t ched byr %81&8?1 8 ﬁbaeqéﬁﬂ (%%?? 1-ao p%lﬁ eq'pparcﬂperrlﬁtseer}ﬁﬁ'tk ?ﬁXfr fromthe

smﬁtched~acc%@§ router 36 is received by the nobile node 200. Upon receipt
of the RA a Pe-of address is changed (S4). Wen switching the access
router to be connegmed.hiﬁ_conpleted t he

[

s buf f_ering.rel.ease request is
transhitied f rom "tHe oS T& ROGEIHY SEGEHErROBI TH05 LgbRe W60 Css) | Buf
f ering 29 of a 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
correspondent node 54 to the mobile node 200 through the
mobility agent 60. In this event, the buffering request
istransmitted from the mobile node 200 to themobility agent
60 (S1).

This buffering request is transmifted prior to
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
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

completed, thebufferingreleaserequest is transmitted from

the mobile node 200 to themobility agent 60 (S5). Buffering
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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 63la at
the point are not necessarily transmtted continuously to the nobile node
200 at equal intervals. That is to say, when receipt of the buffering

rel ease request is detected, the front packet B2 anong the four packets B2
to B5 buffered in the queue 631a is firstly transmtted to the nobile node
200 (S6). Then, after 15 ns have passed, the remai ning packets B3 to B5 are

continuously t{aneMidaled; HRehNed AR rAAECr D02 bY Adifed®hEIdddedgant 60
(57). Note that this -enbodi nent has been'typically described regarding

Lransi ssion ogptipl xRl Packatschet AdREvds, dhe tiueiachats shal, are

addressed to the nobile node 2 However, regardi ng packets addressed to

other nobile ngdegrreRal SEREkUEAES TLERILHRA S Int B eHRUSS O34 {15, 631d

apart fromthe queue 631a, sinilar processing is also performed 1n each of

the queues andiihgsfPPLLE Wﬁ@%ﬁegﬁg%ﬁmw%&nz%sw@@dai he

second enbodinent 1s, as hi an exanpl e of adopting the
nobi | ity agent;fP.psaibe packet transm ssion control device according to
the present invention. The nobility agent 60 perforns buffering of the

Phe mobi 16 nodes. i Tt Thed daay MoPhoreeEtbt BT Re e RS0
request is detected, the front packet B2 among the four
packets B2 to BS5 buffered in the queue 63la is firstly
transmitted to the mobile node 200 (S6). Then, after 15
ms have passed, the remaining packets B3 to BS5 are
continuously transmitged to the mobile node 200 by the
mobility ageht 60 (S87).

Note that thisembodiment hasbeen typicallydescribed-
regarding transmission control of the packets retained in
the queue 631la that are addressed to the mobile node 200.
However, regarding packets addressed to other mobile nodes
(not shown) to be retained in the queues 631b to 631d apart
from the queue 631a, similar processing is also performed
in each of the queues and the mobile nodes.

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 accordiﬁg to the present invention. The mobility
agent 60 performs buffering of the packets in the queues

individuallyprovided for each of theaddresses of themobile

nodes, i.e., the destinations of the packets. Along with
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the 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 tinme period (such as 15 ns), the
nobility agent 60 transmits the renaining packets continuously. In this
way, the one front packet reaches the correspondent node of the destination

while facilitaHegelebger 68 Busificdingf, the ML dlty esferty 60heramstiets which
has an unresol ved MAC address, existing on the transm ssion pathway. After

a | apse of thegiyemnd iffenkephelet tdifond eifd DAkdIaC kpifFedbd LAUSEERON the
sane pathway as that for the front packet. However, a router having

anunresol ved diucadr e desiDabbeXesidd®rodiat TRahhvesterIRelghose, the
remai ni ng packets will neither be replaced by subsequent packets nor

di scarded. As gf eglivbn Paf&Peri®SeSueheas NeFuesy emel iy 1nly abehy of
packets certainly reach the destination. In addition,” a rate of

retransm ssi ong®fttdiesaek etife I erlzAM4eRM paXe e orelindblsigsour ces can be
nore efficiently utilized. It is to be noted that the aspects described in

the respective enbodi MeRES af#y Preher iod exapRtepatketherdacket the
comuni cati on system according to the present invention. Accordingly, the

present inventt@fréSpoRdent Mddd JdfothBedeadepaat Sofeqiel ] dexhdiariaiatinkor
exanple, in the each of the foregoing enbodi nents, descriptions have been

made regar di Nngth8er SIS PE £5n bF ¥he MAnBiddress 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 on the same pathway as that
for the front packet. However, axouterhavinganunresolved
MAC address no longer exists on that pathway. Therefore,
the remaining packets will neither be replaced by subsequent
packets nor discarded. As a result, packet losses are
reduced and the plurality of packets certainly reach the
destination. 1In adc_l_\ition, a rate Qf retransmission of the
packets is reduced, and the network resources can be more
efficiently utilized. '

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

For example, in the each of the foregoing embodiments,

descriptions have been made regarding the examples in which
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the control technique for packet transm ssion ac¢ording to the present

i nvention is applied to the nobile node and the nobility agent. However,
without Iimting to these nodes, the above control technique is also
applicable to other conmunication 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 nade
regar di ng t he thencontroktiechgiquef tor packet transimi 3xiogm aceorddngvieht of the
rel ease of buf fering. However, the above-described control technique is
al so appl i cabltdhe prehentdgwentdon iAcarpddiedche itde mehdilecsodpapkethe

transm ssion at a shorter transmssion interval. Furthernore, in each of the
f or egoi ng enbautibidntty, agert cr iHnwesrer ,heiehorled imidd nghtedhese hedessunpt i on
that the nobile node is a nobile tel ephone. However, the nobile node may
be any i nfor metheormbeape moaiirdiaenhnd quier dsesd soceppliicebilieofiof ahbetron, such
as a personal digital assistance (PDA). Lastly, a description is provided
concerni ng a prognamcdtbomgppavatgseseuphacet novdresnfesitmansoittohy
technique according to the present invention, and a conputer- readable
recor di ng mediainp sl e oot dradlet priogradegiced dastdmatdiomphnpdeef erred to
as the 'recording nediunf). The recording nmediumis designed to inpart a
state of energy chalgeover,ndgneacimod itglet foglegotinigcigmpagtimemEs),i ke, to a

readi ng apparatus provi ded on hardware resources such as 32
description has been made regarding the control technique
for packet transmission in the event of the release of
buffering. However, the above-described control technique
isalsoapplicable to the casewhere theapplicationrequires
packet transmission at a shorter transmission interval.

Furthermore, in each of the foregoing embodiments,
descriptions have been made based on the assumption that
the mobile node is a mobile telephone. However, the mobile
node may be any information equipment having a wireless
communication function, such as a personal digital
assistance (PDA).

Lastly, adescription isprovided concerningaprogram
for achieving the packet transmission control technique
according to the present invention, and a computer-readable
recording medium which records the pi:ogram (hereinafter
simply referred to as the “recording medium”). The
r‘:ecording medium is designed to impart a state of energy

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

a reading apparatus provided on hardware resources such as
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a general - purpose conputer, in response to the contents of description of
the program Moreover, the recording nmedium is designed to be capabl e of
transmtting the contents of description of the programto the reading
apparatus in the formof signals corresponding to the energy changes. This
type of recording nmedium may be one detachably fitted to a conputer
(including a nobile termnal) , for exanple: an |C card such as a user

i dentificati oa genkital(pnYose sompytieti cin diesponse bpttlalcoditentsoef a
magnet o-optical disk. In addition, the recording nmediummay be a

nonvol atil e destrbptionef beeprpgsanh aAforedicex, dhekr €ddyding mediymbui l t
In the conputer or integrally fixed firmvare. Moreover, the above program
may have a comstdesigmed o behicebabdenohiteansmn tiekme Yhreovoddents afwir el ess
control apparatus according to the present invention receives and records
t he program edeberipéionadf \ther peogireal o theonreadnongheppanstusiimnthet hr ough
a transm ssion nedi um such as a communication line. On the contrary, the
above progr anfomayo haignalsonstrresponding twhitble ehergyagranges. t Thasnmitt ed
f romthe wireless control apparatus according to the present invention

t hrough the ttgpenp$srenomdiingnpedbuamihdre dnestdatremitalily i titesit &bl ed.
From the invention thus described, it will be obvious that the enbodi nents
of the invent rooompyter (imckudimg reampbideytersivhlyarfariexsndes Aot to be
regarded as a departure fromthe spirit and scope of the invention, and all
such 33 ICcardsuchasauseridentificationmodule (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 ’g:he 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. Suchvariations are not tobe regarded as a departure

from the spirit and scope of the invention, and all such
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nodi fications as would be obvious to one skilled in the art are intended
for inclusion within the scope of the followng clains. 34 WHAT IS CLAI MED
IS: 1. A control node conprising: an I[P layer for controlling sequenti al
transm ssion of a plurality of packets to a nobile node through a router at
an interval wthin a first tinme period, wherein the IP |ayer includes a
buffer area in which the plurality of packets are buffered in response to a
buffering re i d t P f ntrol of
Cranam sei on st oA SHE aRoponta Gy RRs 8 o pRY o3 ShTRAE
buffered in t fer. ar : ; ;e .no IJL L es [ fering
rel ease r eque%[ee ?#fg%gt eéﬁ fr%rbﬁﬂgﬁﬁgég}?méﬁg‘lo gﬁ?asrr%gﬁ%s(g?%%%oﬁoojtﬁ%w%mi ni ng
packet incluq?gai the plurality of packets to the nobile node after a | apse
of a second Ime period starting froma tinme point of transm ssion of the
front packet. 2. The control node according to claiml, wherein the first
time period is a tinme period necessary for a node to resolve a nedia MAC
address of a routing destination of the packet, the node relaying the

packet transmtted by the control node. 3. The control node according to
claim1l1, wherein the second tine period is a tine period necessary for al
nodes, which are to resolve the MAC address, to resolve the MAC address,

t he nodes being anobng nodes which the plurality of packets transmtted from
the control node pass through before reaching the nobile node. 4. A packet
communi cati on system conprising: the control node according to claim1; and
a nobile node for receiving a plurality of packets transmtted fromthe
control
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node through a router. 35 7-9% 12

WHAT IS CLAIMED 1IS:

1. A control node comprising:

an IP layer for controlling sequential transmission of a plurality of packets to a
mobile node through a router at an interval within a first time period,

wherein the IP layer includes a buffer area in which the plurality of packets are
buffered in response to a buffering request from the mobile node, and

the IP layer performs control of transmission of a front packet included in the
plurality of packets buffered in the buffer area to the mobile node in reSponse to a
buffering release request from the mobile node, and of transmission of the remaining
packet included in the plurality of packets to the mobile node after a lapse of a second

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

2. The control node according to claim 1, .

wherein the first time period is a time period necessary for a node to resolve a
media MAC address of a routing destination of the packet, the node relaying the
packet transmitted by the control node.

3. The control node 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 control node pass through

before reaching the mobile node.

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

node through a router.
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