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BACKGROUND OF THE I NVENTION Field.of the Invention The present ‘i nvention
relates to a packet transmi 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 practical use in.which a packet is transmtted from a source
node to a deiﬁﬂiﬁLQﬁhIH&déEﬂEEE&&H a plurality of routers.. Amy Line
plurality of routers existing on a pathway between the nodes, there may be
a router having anPAGK%smm%ﬁ)M@@%ﬁ?mTpﬁmé@W HODEpf 3.
router to which the packet addressed to the destination node is to be
routed (for wEONEROL NORE r 0BREKERa WOMBIURNHEATIOS ML ERRRC ANBr &SCKES 5 router
anong the routers through which a packet passes when -transmtted to the
destinati on MSYRIUNIGATINS SYSREY does not hold a MAC address of a
successive routing destination of the packet. The router having the

unr esol ved MEBCKERERY fQF THEe INVERTION 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 to a packet transmission
control apparatus, a mobile node, a control node, a packet
communication method, and a packet communication system.

Related Backgrouﬁd 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. Amoiiy iLhe 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). .

TherouterhavingtheunrésolvedMACaddressisarouter.
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 routier 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") by
the use of an address resolution protocol (ARP) In this event |I the router
A broadcasts an ARP request packet having an internet protocol (IP) address
of the router B to alink 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. O the nodes on the

link, the rouiddirds$ @t thesrotibat witich @draedparidieltb thet hiecobsite of the
ARP request, and transmts to the router A an ARP response packet having

the MAC addr essu®ing ldestam=aiiod (WRoshwedd pe tdntdt SvéRPrefegpedses the
router A obtains the MAC address of the router B. The above-descri bed

oper ations bYa§ hﬁer‘ﬁl&ﬁre:ﬁsw by theageed £ahedidre sasr 441614 ta peet 6661
resol ution". Meanwhil e, "time period necessary for resolving the MAC

address” is (ARPE, Pery £Hi 6 @RenrEdid esuthe A b ida@ea st s ah AP ebghlet ARP
request packet is transmtted by the router A until the router A receives

and anal yzes bhexHRR ak2 $IR041S en PaEKEE pRodtolchan(1mbhatineskhe tHCradeeess of

the router If a plurality of packéets addressed to the same transmttee
reach the rouéertohaaw DonkheoUniase Vesk MAGutaddresiss atoRRebPEQ! Valrnil t hin

the tine period necessary for resolving the MAC address (which is normally
several nmlljpseeRdsted AN RIS bacRe€ONS AdtdicaR] Biyngl1 ipdes 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 neceééary for resolving the MAC address” is
a time period consumed from the time point at which the ARP
requestpacket is transmittedby the router Auntil therouter
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 is normally several

milliseconds), then there is a concern regarding the



following 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). SUMVARV1ORIFGEPFRIERNI ON The present invention has been made in
consideration of the foregoing problem It is an object of the present

i nvention to prov$E%Ch5h%%g%Ytr dhesplyraddryrof Rasdatat ¥€achafBBi | e node,
a control node, apacket communication nethod, and a packet communication
system whi huses kipubr ErepuensivpefsrelEhpveautRE aepPhvesithe ¥ACpackets to
a destination. To address the probl em expl ai ned earlier, a packet

transm ssi oaddaessol upgParraassi Riccofdi Hee t Packetsr caddressadert? of is a
packet transmi ssion control a garatus whi ch sequentially transmts a
plurality oﬂeﬁé:ékléftéoadbpéic}seg goreapeetivaRIGE BORL Y ineEladash bYar i ous
routers) at an interval wthin a first tine period. Here, the packet
transmi ssi ofthecolpsetuenh peskes S heradse a patkering ared bs ildgikeshs for
buffering (tenmporarily retaining) the plurality of packets; and packet

t ransni ssi oAscoFesyilit fgherpasketsrexeenis fhetqngythat reach the router
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 transmissioncontrol apparatus,
amobilenode,acontrolnode,apécketcommunicationmethod,
and a packet communication system, which are capable of

- certainlydeliveringapluralityof packetstoadestination.

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) the pluralityof 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 accumulating neans and for transmtting 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

t ransni ssi on teortheoldesidaradticn trodecaefitomt | packetniniciudegdl dnakhey of
packets addressed to a destination node at an interval within a first tine
period. Herepluralimgt bddpaoketdesuffietednin pauk giadkehawcumuigtingp whi ch
al l ows the packet transm ssion control apparatus to transmt, to the
destinati on meG®s anfirbot teakeaii ttingdde rembiaingl paakety(opackelet s buf f
ered in packet accumul ati ng neans; and a subsequent packet transmtting
step which aldrowadkets patieat thaansilies Jromtc pagkdt Japparlatdesi tim tohansm t the
remai ni ng packet included in the plurality of packets to the destination

node af ter tgleidadser of packetanto tthredeet it i eh avderngf feihe lapse poi nt
when the front packet was transmtted in the front packet transmtting

step. Accor digiyat Seddred & iagpeetrs odf st et imy eéirtoroa, t e point weasered t hat
the plurality of packets addressed to the destination node are sequentially
transmitted afrdrdte paakestr wads Witdnsnmithteedd rst tine period, the front packet

) Apacket communicationmethod according to thepresent
invention is a packet communication method for allowing a
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,
to the destination node, a front packet included in the
plurality of packets buffered in packet accumulating means;

- and a subsequent paciiet 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 renai ning packet 1is transmtted to the
destination node after the | apse of the second tinme period starting from
the tinme 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 f ront packet addressed to the destination node before the
node resol ves the MAC address. In other words, the remai ning packet is

received by thelnede aht Ehersﬁeteire@nppa@&pﬁﬁyr&fqiaéms}va@ fagdreys based
on the front packet is conpleted. Therefore, the respective packets are not

repl aced by than3HRTeAEY thodeket falk o iners,dad thekead ihingalckeds a
result, packet |osses are reduced and the packet transm ssi on control

appar at us CarisC%E:Eﬁbf&EY_t@%' t¥etnd Nfe Y A i drY nelaePaek8Sthé O dpke of

transmittee. In the packet transmission control apparatus according to the

present inverjOiieddnd il ee%%rr_al_ghe thatin h?r&hrﬁ&etﬁﬁﬁe RsYird wherd tine

peri od necessary for a node ayl ng ?he packet transmtted by the

packet- tl‘anStIHeSSerj’htC ddt a‘%artartaqrcsmlt&é&sol ve a MAC address of a
routing destination of e packet. In the packet comrunication nethod

according to the ﬁrneﬁﬁ% way ety ? pbésiﬁl@“@é %ﬁ%lr%stshﬁﬁffgglﬁ@rc% time

period is a tinme period necessary a node for relaying the packet

transmtted By ddi; BRPRikdtABY Thehdte kALY eckives the front packet
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 a MAC address of a routing destination of the packet.
The first time period is equivalent to the tinme period necessary for the
node for relaying the packet transmtted by the packet transm ssi.on--control
apparatus, to resolve the MAC address of the routing destination of the
packet (such a tine period wll be referred to as the ~" address resolution
tinme period"). For exanple, the first tinme period is equivalent to a tine
period necessary for an . apparatus, which is connected directly to the

packet transfipasia@iisGord relsoapied Ml dirsssSsobsefivetingaderihationsol ve
aMAC address of a successive node that is the routing destination of the

packet. Repl yrempt pfckete packet by the subsequent packet constitutes an
i npedi ment to certain transm ssion of the packet which is the object of the

present invention. pReCtH ¥ SN eéemalipStitdy i SR Qi Eint 8o ahel £ Dié plalre oio an
aspect that the subsequent packet catches up with thée. precedent packet

whil e the MAGAAYRSS ebrtfite HIdd Bordastd yiaid @Reopackdre trecaderedpacket is

unresol ved. Here, theé subsequent packet catches up with the precedent

packet in thegrasR WMaeketdthhaBRAsE3bANCoAt 86Y ApPdrdhies | asPe@esoiwenacket s
I's shorter than thé above-described address resolution tinme period.

Accordingly, fiye RPN JSRCOTARKER! rbiRNAg 86501nE0NA BT fRC e of the

present invention only to the above-descfiibed case, it is possible to

achieve effici@&{¥n 6 time period will be referred to as the “address
resolution time period”). For 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
destination of thé packet. o
| Replacement of thé 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 réplacement is attributable to an aspect
that the subsequent packét.catches up with the precedent
packet while the MAC address 6f 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 MLKC address require to resolve the Mac
address. These nodes are anong the nodes which the plurality of packets

transmtted fromthe packet  transpission control apparatus pass_through
bef ore reachPRGXethéraBsTLsgLPBn RbYR. TEALEHRI p%@gpg%%megﬁiagﬁenet hod
h

according to the present inventjon, it is nore preferable at_the second
time period PSSP WL FRFHARALKEPTHEATRIRAES IR OF Lhe SHRSeRET Ve t heMAC
address require to resolve theMAC address. These nodes are anobng the nodes
whi ch the pl B28k&Y- of packets transmitted fromthe packet transnission
control apparatus Ipass t hrough before reaching the destinati on node.
According to these I&spddies PROKEE | HFEANSTHES SBYHPL t iFRPIHATYS i s the
tinme period that all the nodes which are to resolve the MAC address require
to resol ve t FIGREHRE £§s theprazenbddyeitte ahwid LReNPBERISHREI e
plurality of packets transmtted fromthe packet transm ssion control
apparatus pddwat HhwugeceatotinecReRitg tha JdNe reried fbat.alh thes way,
by the tine point at which the renuaining packet is trapnsmtted f_romthe
packet transheadephhichiars tegsardvgstheMAC address require to resolve

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 is 2 time period that all the nodes which =z2re

toresolve theMACaddressrequire toresolve theMAC address.

Thesenodes are among the nodeswhich thepluralityof packets
. transmitted from the packet transmission control apparatus

pass through before reaching the destination node.

Accordingto these aspects of the invention, the second

time period is the time period that all the nodes which are

toresolve theMACaddress require toresolve theMAC address.

Thesenodes are among the nodeswhich thepluralityof packets

transmitted from the packet transmission control apparatus

pass through before reaching the destination node. 1In this

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

transmitted from the packet transmission 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 desired estination js enh nceqd. It is also po ble to

const ruct andaﬁﬁ-lthez%o‘ge%y@&ép arc?omﬁls@ gtg"es%? @rﬂd\mlsétﬁpr?‘?ia’ﬁa\éght he
above-descri bed acket transm ssion conptrol p and the dgstination
node for recel?tRf tthe pWF%’rIHI}H oPaﬁg‘éFe'Péstng iﬁa’{qr(?d $eq.%lmnq hgﬁﬁacket

transm ssi on control apparatus. hl e node (fo sx e, T)gl'l e station
such as rme’Péttlé%&HBnel}O%%cd?l&lng 23St PR %E% FF&H B&Lonpphi | e

node including a link layer for switching an access router to be connect ed,

and an i nt er nBEOFREEABGI OFI phe| ¥heraddpesSgontits 155 PacketsArd RSl urality
of packets sequentially to a destination node through the access router at
an interval wreHRAnANG I?%%]feti Fﬁcﬁéhﬁoiﬁm%?EhWFﬁ@OIﬁaqrhyg? taxgrt§ss a buf

fer area in which the plurality of packets are buf f ered in a

di sconnect i onB9&S-odHaREReE el Brdllii e eVsad . Ehpt EemainiRg Rackaet NeYEEr to be

connected. Moreover, the (I P layer perfornms control of transmi{ting a front

packet i ncl uFE@Fches W With &het frort Radkats pdheredres, i Fe¥FRinkY Pfer 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 treansmission 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 1link layer for switching an access
router to be connected, and an internet protocol (IP) layer
for controlling to transmit a plurality of packets
sequentially to adestination node through the access router
at an interval within a first time period. Here, the IP
layerincludes abufferarea inwhich thepluralityofpackets
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 f or respective
| ayers resulted fromclassifying conmunication functions expected in
respective nodes into a | ayered structure based on a design rule (such as

the open systffea i b ethenpRitthad( @6kkksl @outarnet thek It riustay eliso achi eve
comuni cati ons between different nodes. A packet comrunication nethod

accordi ng to ddec S &itansmieeilono6 fi Shé rckieli neppaakietal nobuded hiod f or
allowing a nobile node to switch an access router to be connected and to

sequential | y ¢Hapsiichlatl of phtkEteftpankeid tiched acless s tatuitet aftter t hr ough
the access router at an interval wthin a first tinme period-. Herep the

net hod i ncl udeSiagse bif BNdeddirekatinld pREAbLY! s PPr6ivy Aon RABSHLIpdIE to a
switched access router, a front packet included in the plurality of -

packets buff ghnegh i FhPaAEKEht asEcR a4 0t PRSI tthed. di sconnection period
when the nobile node switches the access router to be connected; and a

subsequent packet tTwRO3ALKt]dger ShaPtRé 1 Loy ng seh HerhAdeiéestransm t
the remaining packet included in the plurality of packets to the swtched
access rout erpafstemdalepstceionnsamared foreeppetedvetidydNgr8sulted

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 packet 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 thr‘ough the access router at an interval
within a first time period. Here, the method includes: a
front packettransmitting step of transmitting, toaswitched
access router, a front packet included in the plurality of
packets buffered in packet accumulating means in a
disconnectionperiodwhenthemobilenode switches 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 nodes equentially
transmts the plurality of packets addressed to the destination node

t hrough t he :aut.er. ' R | ;s ddJ@e s peri od.
Accordi ng toffﬁ§§§t3§3é§§% of t?Etﬁgséﬁﬁkb ?Eﬁkﬁéaggdéﬁiﬁéﬂﬁggggf%gluded in

toTthe o t REGTEESE Rk AERIREIDE SR, B 00 Cond T poriod
sLarting from he HTstialpiheidiedy OOl pRoket colRs Lramand, Lhe
L L2 POSST PG Sunpy sy BULLGE oSty Al et BRCKSI G diiorp (ohec
dest ot on, a8 REVORY LR AIARSS SEN0 CARRALLY vodl s, gCnsm o0t 1o
by Lhe access Bl el ELar o3l QRpcBERCEE D bSO i gpe baser

COI'Tp| e e ore, respective packets are not
are reducen SATTIR ARtk BhAELRe ML R i e {8Rt Lrandilfts! [ osses

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
prlenty of packets by the switched access router, which has
receivedthefrontpacketaddreésad;othedestinationnode,
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 rgspective packets are not
replacedby the subsequent packetsordiscarded. Asaresult,

packet losses are reduced and the indbile 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. time period necessary for any of the switched access router
and a node for relaying the packet transmtted by the nobile node, to
resol ve 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 firgb1i{08 +RETHLErABiey IdfMHRadtad teaaRs Yesthiabtasy of the
switched access router ‘and a node for relaying the packet transmtted by

the mobile node, g, kRIHMA 1B M?@e%@_@Bfain?ft&tﬁé"ﬂﬂe@@nt%ﬁiériﬂtdrgn of the

packet. The first tinme period Is equivalenfl to thé address resolution tine

period by thgtsﬂ& g%@%gféﬁiE%#P‘ﬁh@rfirs@ﬁﬁﬁé%M&&‘@sf@%ih@%éﬁ%& nation of

the packet. For xanple, the first time period is equivalent to the time

peri 0d NeCessALLAL,SHINE | B EiL GG EEELE0U Gite VAN, deugonnect ed
the nDbIF e noge, or e

directly to e no as a subsequent a no that relays the

Ciccessi ve nois CahrEh Fenq BaRKEE oMk ar By nf ahE BEHREE B acoment

packet
f th Kk : ' : ' | t t ai
Cr ansni bei on TSPotE = BRI S B8 e Ry e e B o R Fon,

Cccurrence of suchqre i ni-owtabl : atthe
subsequent packet (::[ét %g?&lﬁ;{%& ﬁ:"“?“hlté‘iﬁrg ggggezﬁ?ﬂﬁa%@é&%&,g td2tnk

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
resolution time period by the switched access router,
concerning the routing destination of the packet. For
example, the first time period is equivalent to the time
periodnecessary foreither the switchedaccessrouter, 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’éatches 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

ti | i, ated. with d f t ] ' t.h b t
bcker. n thBgEt KEhbA ik Ay ee s o R RE A AR 8 o
f ble th th ti i od i ti ' t h |1 th d
Phich are 1o EheoPEECERan ke SRaF ot WhrsdeLEth o HEEE vt REDRREUSRE coo -
These nodes are anpn t he nodes whi.ch the plurality of ckets transmtted
from the nobi RECKTCBEEREE AR ATRNIdoPEe FeleRt RAGKRE dRSHESPFB N RGde. | n

t he packet communi cat|on, nethod accor di to the . present. inventiqQn, it is
mor e preferablaet’t'%%?m}ﬁ%l%’é&mrvtailr%gSggir@éﬂescg"& & peckets i %‘]’r?ft%eﬁl t he
nodes which are to resolve the MAC address require .to resolve the MAC
address. Theddalblbs 31dresd ISR tHOR S 1RRARST AL IBFGrAPPE PR Yicket s

transmtted fromthe mobil e node pass throggh before reachin t he

desti nati on ndREOTHIFTH nPH FIRLIBIaEhEPECkPt: hEARFHLAT 1M, CAHF Second 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
.period that all the 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
themobile node pass through before reaching the destination
node. 4

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 the MAC address requiretoresolve theMAC address.
These nodes are among thenodeswhich thepluralityofpackets
transmitted fromthemobilenodepass throughbefore reaching

the destination node.

According to these aspects of the 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 ronthenobile node pass through before reaching the
destination node. In this way, by the tinme point at which the remaining
packet are transmitted fromthe nobile node, all the nodes which are to

resol ve the MAC address, and through whjc he i ni ngpacke asses before
reachi ng thElﬂéé{‘%%Cféﬁ & imeine tgé&qﬂﬁr gg‘étq@{'§£szﬁﬁ.pghng

processi ng of the MAC address. The front packet and the _remgjning packet
trace the satBepithh&heto2Feash FPI‘ét?%Fg‘étE)Je@ "ﬁiﬁjg:.o ﬁ@\ﬁé’\}éfre?%bﬁ Mgﬁ:s event,

t he remai ni ng packet never catches_up wth the ont packet. Therefore, the
mobi | - _ nodgdgéﬁséeFFQEFth‘éopFEFQH’Fyt ¢ %@k%‘iér?%sa %E‘?'rsree’aog??ansm ttee
nore certainly. It is also possible to construct and utilize a Ra ket

cormmuni cat i oRATSy sEBPR%HI e | REARdes e  a -BEYERLHEY NobPREXRGEe, and

t he destination node for_ receivi ng,t he l urali t%of packets transm tt edf
ront henobi | e L8868 hESGfFon Hee B éé@%ﬁ%ﬁ*ssw oReR BPIAER&ESREE4PEi ng to

the present invention is k6 a control_node, including an internet protocol (IP)
| ayer for céher gestiagatdensagdent i Bni Jhis RV (RY dda Himg RoinF agf packet s

to a nobile node through a router at an interval, within a first tine
peri od. HereWhigd the|zgRa3ining pgsketzare transmitted from the mobile

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

and throughwhichtheremainingpacketpassesbeforereaching

the destination node will have completed the resolution

processing of the MAC address. The front packet and the

remainingpacket 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 mobilz -
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 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
of packets to a mobile node through a router at an interval

within a first time period. Here, the IP layer includes
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a buf f er area in which the plurality of packets are buf f ered in
response to a buffering request fromthe nobile node. The IP layer controls
transmi ssion of a front packet included in the plurality of packets buf f
ered in the buf f er area, 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 nobi| e&a hofifeafdmwra anliyish tie pduseddny of packetbmresbufifengdfrom a
time point of transm ssion of the front packet. A packet communi cation

met hod accor dimgespdrise freesebtifenieat reguest af per kdte oolmhlel cadeen net hod
for allowng a control node to sequentially transmt a plurality of packets
to a nobil e niteIPlalyeavorhes] stracsesss ionbdra foottepacketdned udelder et o,
though a router at an interval within a first tine period. Here, the nethod

i ncl udes: a fimrthearketalitywrsrpatkagssbaffebedhinl thvdbuiffer@deagl node to
transmt, to the nobile node, a front packet included in the plurality of

packets buf f&seHeinbolpEl&abdadauraspinsw tovabafferingpetsasetequdst f eri ng
request fromthe nobile node, upon receipt of a buffering release request

from the nobi Feomodgie andbid esuhs@glent TRECKEP tlaaes 41560 &eprods ch
allows the control node to transmt the renai ning packet included in the

plurality of pagkehssk@ohheMDihé erendenahigerpaciatpseéncbhdedsdeonehéi e
period starting froma tine point when the front packet was transmtted in
the front pacpehralabgnoftpagkdts, 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 the present
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 packetsbuffered in packe't 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 packetwas transmitted inthefront packet transmit ting
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step. The control node (such as a nobility agent that is connected to a
regi onal nobile network conprising a plurality of routers) buf f ers, the
packet to be transnmitted to the nobile 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 transmits the plurality of packets addressed to the
nobi | e node kPBugh the router, at the interval within the first tine
period. According to these aspects of the invention, the f ront packet
included in the pTheafeRtrek nededsiichuppepcBOBYliRE 38eRE thdode s
firstly transmtted to the npbile node. After a |apse of the second tine
period st art cRgnEEsediioa ¥ ediopd]l Rebile nghre RkeaPT Lisdig REWe 1 ik
transmtted, the remaining packet 1is transmtted to t.h~ nobile node. In
this way, it ofsrqtersleuttessfhepaskettiodhe hganrniptedty Biepakii®s in the
router, which receives the front packet addressed to the nobil e node,
beyond a prod@ss igtocibgbbuffgronrere ipurespepser Egothengufher MMC addr ess.
In other words, the renmining packet is received by the router after

resol ution prosspssitnr arisnidet edhdne dorackandewerwbichind Lawsothe pobkée i s

conpl eted. Therefore, the respective packets are not replaced b{ t he
subsequent paids $oopwWititBchel@rcess zounseyl €0 pmcaamadsseshareteeduced and

the 15 These aspects of the invention is based on an assumption
that the control node sequentially transmits time 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 to the mobile node. After a lapse
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
plenty of packets in the routér, 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 loSses 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 tine period is a time 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

t he packet communi cation nmethod according to the present invention, it is
preferable that the first time period is a time period necessary for a
node, whi ch redmisol nbdepoak eertrandyi de Bdvdyy theepwna bty nddeckats esol ve a
MAC address of a routing destination of the packet. The first tine period is
equi val ent tot¢e hehadiestsinatisso! ution tinme period by the router concerning
the routing destination of the packet. For exanple, the first tine period
i s equival ent to thmtheeoptrbdhotdecasesardidotodheq@resent iveltion,connect ed
directly to the control node as a node subsequent to.the control node, to
resol ve a MAGitaddrpssfepibie tirteshevel rstdeifnbaber Sod ie 4 dimengextiesd | nati on
of the packet. Replacenent of the packet by the subsequent packet

constitutes anetepsdryefdr t;onedet 4includhsg tdse woutfer)he whighkeslaws ch i s
the object of the present invention. Occurrence of such replacenent is

attribut abl e theapackpectrahdmittdd sy hdanwemt rnedc keidegattohessopvaid 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
periodisequivalent tothetimeperiodnecessaryfor arouter,
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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t he precedent

respecti ve packets is shorter

descri bed ear
t echni que of

possi bl e to achi eve efficient

time el apse
packet. In th
preferable th
which are to
These nodes a

packet is unresolved. Here, the subsequent packet catches up
with the precedent packet in the case when a transm ssion interval of the

lier. Accordingly, by adopting the packet transm ssion
the present invention only to the above-described case,

than the address resolution tine period

contr ol
it is

packet transm ssion while reducing r edundant

R ERFRBAP St iy BPE SPRE“pr et o1 M LBRCCUERY ¢ ror o

d ' d |1 th
Pl TR AREPIBHHL ELS PEEGFACRT Barben J‘éré aéﬁi%: it

th th | i t K t t
rom the confrh Hites Siss 1ohFoHgh Odﬂila??er%@?eﬁe'i@ﬁ i e ﬁf?%%s
ket I cat od t h {
packet communica Ioﬂg iﬂ accorg o_fhe_ present .inyen |on |

preferable th
(including t

53 FRECHBELER tme, ReT oA e S SHLRF (3 e
he smitch ess router%gmhich a e to resol ve the MA

nodes
ess.
mtted

In the
S nore
nodes

addr ess requi A€ hé dRRELIRGIFBE sPaFKER S TRRAL SHHP £BHF Y he nodes
whi ch the pIurality of packets transmtted Ironithe control node pass
t hrough bef or €GB g Phe FBBI | RLFSELL AGRTR PR 0 PRE¥e &8pe of the

i nvention, the second 17

above~-described case, it is possible to achieve efficient
packet transmission while reducing redundant time elapse
associated with standby for transmi}ssion of the subsequent
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.l These nodes are amongy
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 control node pass through before

reaching the mobile node.

According to these aspectsof theinvention, the second

17



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 transmitted fromthe control node pass through before reaching
the nobile node. In this way, at the time point at which the remaining
packet is transnitted fromthe control node, all the nodes which are to

resolve the Winaddrass 1 aRdl fLoL PRI N3N OnBACRACIL1RATRPS bef or e

reaching the nobile node conpl eted the resol uti onprocessing of

the MAC addregge rEHGf f&’u”{?P%?ﬁ%é‘%mve%@H@éPi ?:%1%05% totf%&?wé‘e same

pathway to reach the-targefe is event e renmaining
ket f f
ransm t1ing CheBaddrads Qeﬁhggsk{‘? SbpDEekHne AR GRS SRR, D
dest t b t
packet  commiaF %2?’?‘8’%“ #“ m@%%c’.“ﬁ%s%"deﬁﬁ?hé’f’%@%%% S REEkEEET O
node, and thetm%lhftegeef& 681 Kbg: LBl Yady cafoRarksLs
e t er

re .
transmtted from contro no rou esen? I nvention

Wil become mpLechublyey Lids s ogd, Ogomxhh@h fe 2y L I%3E! LiRkogodhven

herein bel ow ~an acconpanyi ng draw ngs are given

(11 ustration golp; ang g Qaﬁ«a@aﬁna%a&@e@fs C0RSLASERd AP onl 43 EbROLbYE

present | nvention.

node, all the nodes which are to resolve the MAC address
and throughwhich theremainingpacketpassesbeforereaching
themobilenodewill have completed theresolutionprocessing
of theMACaddress. The frontpacketandtheremainingpacket
trace the same pathway to reach the targetednode. However,
in this event, the remaining packet never catches up with
the front packet. Therefore, certaintyof transmittingthe
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 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 hereinbelow
and the accompanying drawings which are given by way of
illustration only, and thus.are not to be considered‘as

limiting the present invention.
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Further scope of applicability of the present invention will becone
apparent fromthe detailed de script ion 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 mpitdided séepd | BE MpplBRabi 1HESCROET! €he OprEdenPRAW NGS
Fig. 1 is a block diagramshow ng an overall ~configuration of a packet

comuni cat i onjaysheMREe 21 Hdtbnd Qgﬁafér;@fr&ﬁf’@ﬁéid&!ﬁi-lea dbscriiptidn
conceptual view f or explaining a functional constitution and operations of

a mobi | e nodegageAr gk r@in@ctéhe hidbwstereMiedsiBAld beJundetStioditaitshow ng
state transition in the event of a handover of the nobile node in the first

enbodi ment . khg. dbtal1dd @é@cﬁﬂ?\%‘ié‘ﬂ §RAT 8pRELH 27 chalMBRN &, COerd | on

point of a link |ayer and a defa router in different states,

respectively. ihddca®ih§ prd¥diGhe demos MRHIA HEh8NnNRIt3lon, ¥ g ation of
a packet communication System according to a second enbodinent” Fig. 6 is a

conceptual Vi e hyaQf oFXPl PN FBa8i SNSRI PN M indONeA LI Hhd OBn AR HPRRAL | 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
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
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 enbodi nent. 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 assunption of the case where the packet transm ssion control

techni que accordi.ng to th resent invention is adopted to a nobil e node.
Fig. 1is a brock i%@%’ﬁsﬁ%‘%ﬁ‘ﬁ’g“‘e%- overal | configuration of a packet
conmmuni cati on syst according to,the first, e i_mgnt _of _the nt
invention. A packgﬂ%’oﬁnh Fc‘é??%ﬁhé)gl”'g‘f’gn?ﬁats%g?\%%is”%ﬁio& lI_)Lttlhse %(I;)n 1:'sgu.red
mobi 1o net vor® 1, PR, ThokBoRa ertorc s TR nachRa BaP Rty o0 O
cystom i 5 corREsCRrEniON S8 38 BRErnthel hiob P8 T F (o e Tegi o
systemis co ' 8 0 ? ncl udi ng the regional
regi strations, the hierarchical nobile IP, and the |ike, which are proposed
by the Inter neti’%ﬁﬁ ,E&;ébqéi e,q,ik Force (1ETF). The regional nobile network

N2 is constituted b i.re, connection of acgess routers (AR 31, 32, and 33
several ly provi dedXi \rglgsﬁl u?’&??‘gjg}“%l?‘t b&e @Teat PERSERL, Tvenbipn3is;g

described in detail belowwith reference to the accompanying

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. 1l is ablock diagram showing
an overall configuration of a packet communication system
according to the first embodiment of the present invention.
Apacket communication systeml shownin Fig. 1 is configured
byincludingamobilenode (MN) 100 suchas amobile telephone,
a regional mobile ne_t\:work N2, a known backbone network N1,
and a plurality of correspondent nodes (CN) 51, 52 and 53.

Here, this packet cdin:itunication systemis 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 4 6 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 onthe | ocation of nobile node 100, and is handed over
anong the access routers while transmttin ckets to the Lurathy of
cor r espondent anfodeal ayirosbersid 53 461gRN diggCely of 1PBLIE8CHAY t he
relay routers 41 to 46 (hereinafter collectively referred, to as the"
routers") exe&0t BRPE8 AT I EFSsPhgter3a: Lpoelre &6 RELBREE MAC)
address in order to specif% a router as a subsequent rountjng destination
of the packet Bobfgpenetyer @E&HSOFOPH8CF§¢a§°r§Hﬁ69Q¥§ﬂﬁPQHﬂ§ﬂ%c88 §Srouters
t hrough which the packets pass after_ being transmtted until received, a
time period r&&uitPed3t BYr Wispvethreughcthadbaskbenet RetwasheNlwhich is the
subsequent routing destination of the packets, is preferably set to about 5
ns (correspondi ng t 8hea Hakyiske t pade pdidtbhdfcoThesparkéng e ch Pasket
transmtted f romthe nobile node 100 to any one of the correspondent nodes
51 to 53 are tEansHissdopheonbekbapparatng) ki vwitelassd YorenbeCcte@ taccess
routers connected to the nobile node when the packets are transmtted and
two of the rel@®yqnreEiEbe acress rouhaing 31 tp I3derendingenthelacatdvng an
unresol ved MAC address after the backbone 21

ofmobilenode 100, andishandedover among theaccess routers

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
a2s a subsequent routing Jestination 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 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 tothemobile node when the packets are transmitted
and two of the relay routers. In this event, if there is

no router havinganunresolvedMAC address after the backbone
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network NI, then the packets are routed through up to three routers having
unr esol ved MAC addresses before reaching a desired destination [ node.
Therefore, as a transmi ssion standby time period (corresponding to a
second. tine period) , 5 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
nmobi | e node nE@@oirkcilidecheanthapmd clostt s areltoutedrihmopighcapitonthager [l a, a
transm ssion control protocol (TCP) /user datagram protocol (UDP) 12 in a
transport | aypatetZahagingnirerasslypedMiocblad@rEssebcloe fesparediaigingoapacket
transm ssion controlling nmeans) 13 having a buffer area 131 (correspondi ng
to packet aksimddtdent imearion mode | Thereforeyoascal trhsmiagéonlla, a
link 14 and an interface 15 in a |link layer 14a. Data transmtted fromthe

appl i cati on sithridbyebbnd e rivddifcdrd Sporsdind td assepmnd tahk perdiodygh t he
TCP/ UDP 12, the IP 13, the link 14, and the interface 15. Meanwhile, data

transm tted 4 pomd |3€=0&Befnsanepi-@fEPQbﬁgpﬂ:i'é@éi @h lthe ioHEGE N
sequentially through the interface 15, the link 14, the IP 13, and the

TCP/ UDP 12. Myten a connection point is swtched fromthe access router 32
to the access router 33, a buffering request is outputted fromthe

interface 15 to timd.P2 13 a ¥brBepbeal Mulhefdngxprainshglashumptiided to the | P
13, the packets are 22
constitution and operations of the mobile node.

As shown in fig. 2, the mobile node 100 includes an
application 11 in an application layer 11a, a transmission
control protocol (TCP)/user datagram protocol (UDP) 12 in
a transport layer 12a, a ‘' internet protocol (IP)
(corresponding to packet Atransmissi.on controlling means)
13 havin_g a buffer area 131 (correspondihg__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 éequénfiglly through the TCP/UDP 12,
the IP 13, the link 14, aﬁdvthe interface 15. Meanwhile,
data transmitted from the other node to the application 11
is received sequentially through the interface 15, the 1link
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
in each queubufTeered afitthe IMuffer fenea f3dsedTothe ndrd Ppresnice,otbe t he
remai ni ng packets retained in each queue to the link layer 14a. Fig. 3 is a
vi ew show ngpacket isanstfered iim ttheueselitla ab a3bdmnduvelr cohsthé&utebi | e node
100 shown in Fig. 1. The state transition associated with the handover of
the mobil e mrodetaOfetentchdregrda patepatred bor éspeast {vd alestinattdohV) as
shown in fig. 3. Meanwhile, Fig. 4 is a table show ng- correlation between

t he connecti eridyeisslesofoft htd palcderysar 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 sThenDeCclBdrdPed fies anoffer imutadr a3 imeapeihtevivaf aul t
router is the access router 32. The state Il is a state where the link

| ayer 14a of ddfaulbiroaiteedds thangedbbing sowtehesdvenid $dmeeraic @RS rout er
32 to the access router 33 (in a link layer outage tine period) and the
default routmycdivesi ifdon hthaceesessoubate’23323 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 ih each of the states.

The state I is 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
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.

23



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 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 recei ved theRAof the access router 33 and

thereby changed thadeCautt 11pules LEQRLIMIRACARRS 15AY Phyd? 14 e access

router 33. In this event, eac e connection point of"the link |ayer

14a and the de{am blrl%%%' fobhesaceaasctoytes i AaLd hedtarnaalion

poi nt of the ayer t he rout er col nci ach ot her

% n ltge stat%fbdoa%dauaesgtg&&%%é/)sz fé?ﬁﬁ%c%%tesdagaag? f%&fgeé r gpd he

node resse e correspondent no I's the

destination (helLOfy ¥ 3 ré‘&“x‘ {?yx%ﬁ@n[el i tﬁ%B@ﬂ%‘ ﬂgdng%Sre(_rSegq}eesr (that

is, the access router access router

tate | . fi t
io?rgspg)ﬂdent nogﬂ@hﬁéggﬁégﬁnﬁgﬁ? ent et%%ﬁ%}é%gl tgir)llep%ef? ofT t he
link |1 t t h h
the state |1 an he Srhres PhreoP Eouttrars o PR Aeeket Foaey 18 i o

roc 15,0 ouecd 4 o esnpnglant <apds Sle ol 16 1 981 gaL4uy her o

are buffered and then ati on node

after  Uransiffonal sk LE 3kl Ak 58 antdhﬁgfé@ykhaﬁagﬁq{hé SePult

router from the access router 32 to the access router 33.
Inthisevent,eadﬁoftheconnectionpointofthelinklayer
1l4a 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
T and the state IV), the packets transmitted from the mobile
node 100 addressed to the correspondent node 51 that is the
destination thereof arereceivedbythe correspondingaccess -

i 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.

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 13laand 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 indivi dua 11 vy
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

packet s buffgﬂgg ég)each gueue to the desired correspondent node. Then,
after a | apseé 01°% given time period (such as 15 ns) , the nobile node 100

reaches the cor r eeSondiiCt HE GoUTE dedrsersiish Wi 1 i T tef ng the.
ddress, _oxi Somhgtint R SRR L bsar b ey MRl PR RGNS  Ven
that For tne b IForltabkarobREp At ind b ctrapagrate LAtdso DR W =
Wil be nei t Rererentie Sreef iAot bEle BineatE st Gl ubarBvResd Pocur;
Gosti nat i on. SFRCOAUE: on. s o e Br ik e B et e
reduced. andchhe, 3 BSUUBLK 65 BHECES AL RGRRE BEL O RISAY WK EREC

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

a lapse of the given time period, the remaining packets are

routedthroughthesamepathwayasthatforthefrontpacket.

However,arouterhavinganunresolvmiﬁACaddressnolonger

exists on that pathway. Therefore, the remaining packets

willbeneitherreplacedby subsequentpacketsnordiscarded.

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.

Second Embodiment
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Next, a second enbodi nent of the present invention 1is described in detail
with reference to the acconpanying drawi ngs. As a prem se of description,
this enbodiment 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 ment. A packet conmunication system 2 shown in Fig. 5 is configured
by including a nobiNexthode Seddnd@dbosiiplnsisod hbbi presentplovention egi onal
nobi | e network N2, a known backbone network N1, and one correspondent node
(CN) 54. The iegiesctibvedbdiinededaidr kit referamstd tgt éHebycepmpanyiompect i on
of access routers (AR) 34, 35, and 36 respectively provided in a plurality
of base statidngw2dgs25, 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 netAdprkpiEmise odhdesteiptbonheéhdicr emspiimient isnbaised4 by
wi re through the backbone network N . The nobile node 200 is wirelessly
connected to anyan assunptiilon afcEss camet vherd4thie pad kedpendnagissiohe
| ocati on of nobile node 200, and is handed over between the access routers
35 and 36 whi tenteoéi teohnpguketscbrdimghto ther pspeadéntinmedeibn. 186
adopted to a mobility agent (MR).
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
connectionof 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 referred to as the "routers") execute resolution processing of
a MAC address in order to specify a router as a subsequent routing Y
destination of the packets. The nobility agent 60 is a node which receives
t he packets transmitted fromthe correspondent node 54 addressed to the
nobi | e node 200 and transmts the packets to the access router currently
connected to the nobile node 200. Here, for each of the relay routers and

the access routersrhar 9dglss Wb etetH B PR6KSE kRS he EOIQYIOWdES 47
transmtted until received, a tine period required to resolve the MAC

address of tiheg 9QHerkhakrteriden 129U He Featiddih 88 ShieMaidiuier@df”) the
packets is preferably set to about 5 nms (corresponding to a first tine

period). The packals reloalitaod pranestihghf bORARRIRYALHSordét &o t he
backbone network N (such as the correspondent node 54) to the nobile node

200 current| s omnaebetbi et B] a et %u%ng%htﬂ&i@pbkecwde 200
through the nobility agent 60, the relay router 48 or 49, and the access
router 35 or xdtgthis event, if there is no router having an unresolved

MAC address after the backbone network Ni, then the packets will be routed

through up {0 thr Sayeduiyia 1Y entiBeadl KeAodBCuRIdE Cogesi ddacineli ng the
nobility agent 60) before reachi'ng the nobil e node 200. erefore, as a 27
packets transmitted 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, if there is no router having an
unresolved MAC address after the backbone network N1, then
thepacketswillberoutedthroughuptothreeroutershaving

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) ,
5nm x 3 =15 ns is preferably preset on the nobility agent node 60. Fig. 6
is a conceptual view for 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 accumul ati ng nmeans) in an

| ayers tala t%r%fhrgl”sks%ﬁ?%s%ﬁa?ﬁ%ie@“%‘ §Jeeh S%ao%%w&i%ua‘g%eéﬁﬁdl i
| ayer 644a haV| e Ji k 44 co n= d tQ the sj_) net wor k P‘I are
&’r) 5@ iRt Rk

sorted to be t¥ 0 ahsS &b AL Pﬁﬁ ?5 it 92 Ehfks 641

to 643) in accord n W|th g table (not shown) possessed by the IP
63. Upon receift batﬁﬁrbtr rﬁ’gf? fest transrritted from the nobile node

200" th h f ks 641 643 3bff t h ket
address:agu'?o ?Eg ?mt#ﬁge' :}%eésc‘iﬁﬁei’ %WBFW@% 5 er c&ﬁ&ﬁ‘@%%lz in

t hi thin the buff Such t ntil th

[P 63 1 ook vest @%ﬁﬁiﬂq‘#@aﬁé|°%%§r§wé%&f% h”?é‘-stw” (RS EHHEm (o
bi | de 200 t L t t

of "the buf fer i Wy Rdeace r Ehbocrobt hiEy pagnko kil afchidae) Shertr ah packe

(a packet B2) (égéé‘ésr‘;%’ndmg*}:e e 12501 5DS o BPRIOPES £ £nd il nsYYe" 28
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
liniﬁ {(any one of the links 641 to 643) in accordance with
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 pac]ietg 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 200 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. 5. Prior
to transm ssion of the buffering request fromthe nobile node 200, the
packet Bi is transmitted fromthe correspondent. node 54 to the nobile node
200 through t¥éa imBFrprgangentltdothe goukiagdianke deperbbed éarndefequest is
transmtted fromthe nobile node 200 to the nobility agent 60 (Si). This
buf feri ng redbest pEteranshtanddypFebrly @Srsﬁbﬁcﬁ?néd?ﬁ%%é%%err &b€er to be
connected. Wien the buffering request is transmtted by the nobile node
200, buff er inefadmifigePpakres sPBEkEE SHS 4adive3eartdhaérapbinasketdde 200 in
the queue 63la-is started (S2). Wen the access router to be connected is
switched by oet@inss [ia toee dmege( §3)a hor e ezPRERRFI2ER ek IRXLT from t he
swi t ched .access router 36 is received by the nobile node 200. Upon receipt
of the RA a @¥@-of address is changed (S4). Wen switching the access
router to be connected is conpleted, the buffering release request is

transmitted from tHe-nplis a wHeteskoging staterbbrnpiyiagein the eIt |
Buf fering 29

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
correspondent node 54 to the mobile node 200 through the
mobility agent 60. In this event, the buffering request
istransmitted from themobile node 200 to themobility agent
60 (s1).

This buffering request 1is transmitted 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, thebufferingreleaserequestistransmitted from

themobilenode200tothenmbilitYagent60(SS). Buffering
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I's rel eased when the buffering rel ease 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 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 transmtted to the nobile node 200 by the nobility agent 60
(S7). Note thaistidleasesbuhaprthéduifeamingypetabby thamsthdd reegivatt ng
transm ssion control of the packets retained in the queue 63la that are
addressed to the thbinainddsy 2@@nt BovwevBoyeveyarall hgheapkeketadd? etsed to
ot her nobile nodes (not shown) to be retained in the queues 631b to 631d
apart from t hB5 hudide rédllin thenueare §3 bretdihmgpointblage mper hecassarihy each of
t he queues and the nobil e nodes. The packet communi cati on system of the
second enbodi teatsmittad tonrbiEntouskycro Bk mobiceampide @00adbpéquagl t he
nmobi lity agent 60 as the packet transm ssion control device according to
the present inwehérvalsThe nobility agent 60 perforns buffering of the
packets in the queues individually provided for each of the addresses of
the nobile nodes, iTkat itshtodesy, whenonsceipt lvd phekntSferirghgeleabe 30

request is detected, the front packet B2 among the four
packets B2 to B5 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 B5 are
continuously transmitted to the mobile node 200 by the
mobility ageﬁt 60 (s87).

Note that this embodiment hasbeentypicallydescribed-
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 qﬁeues 631b to 631d apart
from the queue 631la, similar processing is also performed
in each of the queues and the mobile nodes.

The packet communication system of the second
embodiment is, as hitherto 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
individuallyprovided for each of the addressesof 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 facilitating the resolution of the MAC address by the router, which

has an unresoiiedeYRGs_RIGE BSSE £ NI, | &ﬁe%pbbﬁity%iéﬂﬁﬁmﬁraﬁgﬁbt\@y- After
a |lapse of the given tine period, the remining packets are routed on the

sane pathway asnifane forthPabkel! aRdsdcthe HONENESEs HhFfUHled iRA¥RBE an
unresol ved MAC address no | onger-exists on that pathway. Therefore, the

remai ni ng packgisudidd tRei 4881 r mbBR1ACREAEY2 GUDS @RUaNt a £ PEE kL apRar
di scarded. As a result, packet |osses are reduced and the plurality of

packets certaigya B3R thfe HlasiddqklieR asmRed),i eHe B AR Phagent
retransm ssion of the packets is reduced, and the network resources can be

more efficl enchyeikhbhzed. ché Jend iy RAbtdalodhe@RAgLs described in

respective enbodi ments are preferred exanples of the packet

communi cation system@Ccegidi Neay 0 the RiRsSeRrohRvesid it régenedi rHey, the
present invention is not linmted to the aspects described herein. For

exanpl e, in thgoeaebpghabhe 1SHEHY #8CHBRE I RBR SN WHEBE F4Li PSatiBif been

made regardi ng the exanples 1 n which %1
the resolution of the MAC address by the router, which has
an unresolved MAC address, exlisting 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, arouterhavinganunresolved
MAC address no longer exists on that pathway. Therefore,
the remainingpacketswill neither be replaced by subsequent
packets nor discarded. As a result, packet losses are
reduced and the plurality of packets certainly reach the
destination. In adq\ition, a rate Qf retransmission of the
packets is reduced, and the network resources can be more
efficiently utilized. A

It is to be noted that the aspects described in the

respective embodiments are preferred examples of the packet
communication system according to the: i)resent 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 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 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 thethentsotréEtahaiquel Bsr packet traisutssiem ackordéngvent of the
rel ease of buf fering. However, the above-described control technique is

al so appl i cablhel prébentaserenitaon iHaplfledced itdie nepuileesoddapdethe
transm ssion at a shorter transm ssion interval. Furthernore, in each of the

foregoi ng enbedyiaAiS: age@BCr iHMWeRT, MYEhSSEN irEaa npsedusd Aedassunpt i on
that the nobile node |s a nobile telephone However, the nobile node may

be any i nfor malHeommRAE RITAHrdhatie@tind rleeaisoCQﬁtmlibﬁ_Bu.bQ'&of gigéton, such
as a personal digital assistance (PDA). Lastly, a description is provided

concerni ng a pagfaicdtAlorfsPpLVa PEsédBuBAHLE rlolARTESS it%n%ﬁm:ltﬁ!hg
techni que according to the present invention, and a conputer-readabl e

recor ding medidirg WL ¢e oY e PreOLAdeEheeal BaktehatsomPhpdeef erred to
as the 'recording nedi un) he recording mediumis designed to inpart a

state of energy chmw& magNlachMod gt ,fo@e%tl&igmémbdmﬂémsl ile, to a
readi ng appar atus provided on hardwar e resources such as
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 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
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 isprovidedconcerning aprogram
for achieving the packet transmission control technique
according to the present invention, and a computer-readable
recording medium which records the,piogram (hereinafter
simply referred to as the “recording medium”). The
récording 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
apparatus in the

type of recording nmedium may be one detachably fitted to a conputer

(including a nobile term nal)

identification nodule (UM ; a magnetic disk; an optical disk;' or
magnet o- opt i cal gehh&kal+purpsisl idomputidie feemshorgsatd the ontts of
sem conductor menory such as a hard disk CHD) fixedly built in
the conputer descrtiegiahlof thaedogramiarMordbvedy ahe d€ophDNEmpEAgRaM may

nonvol atil e

have a constitution

description of the programto the reading
formof signals corresponding to the energy changes.

, for exanple: an |1C card such as a user

a

Thi s

i n which conmuni cating means provided in a wireless

control appaistdssagaeddtadd ¢apd ey esebtansuwbtting tlos eictaseridofr ecords
the programeither partially or entirely, from another instrunent, through
a transm ssi odegediphidsucOf ashe drogiawntsdioreaiditg EPphbhetasnid ahy, the
above program may have a constitution in which the programis transmtted

fromthe wirelfesm sordidlaapRarabspondiagdtsdhicoehbegpr Es@iyes | NT@ALI on
t hrough the transm ssion nmedium to another

instrument to be install ed.

From t he i nvertypen offhtecdedihighfdditih Maly/lbdeomdwdatschdthpy fitiredi ment s
of the invention may be varied in nmany ways. Such variations are not to be

regarded as aadepaputee (iheM8bfgsSPindbilandesacpalgf, €be éxuepté oryn 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 @: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. Such variations are not to be 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 nobile node conprising: a link layer for switching an access router
to be connected; and an IP layer for controlling for sequential transm ssion
of a plurality of packets to a destination node through the access router
at an interval within a first tine period, wherein the IP |ayer includes a
buffer area in which the plurality of packets are buffered in a

di sconnectio L0 t he e n i S to be
connect ed, aﬁﬁgf%%1%$¥ﬂ§§%Fﬂb£$?g§%%5Sgg ngk%fogh%gﬁ%?gﬁgglEﬁgg%n packet
included in t : it : f.er i e fe ; t he

swi t ched acce%ge %@Etgégﬁda%%?gPeﬁgrégégm qlﬁggﬂﬁe&rogr}a?gﬁhg fp%@é?lé%cl uded
in the pIuraIéigimgf packets to the switched access router after a | apse of
a second tine"period starting froma tine point of transm ssion of the
front packet. 2. The nobile node according to claim1,, wherein the first
time 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
resol ve a MAC address of a routing destination of the packet. 3. The nobile
node according to claiml, wherein the second tine period is a tinme 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 nobile node pass through before reaching the
destination node. 4. A packet conmunication system conpri sing:
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the nobile node according to claim1l; and a destination node for geceiwving a
plurality of packets transmtted fromthe nobile node through an access
router. 35

WHAT IS CLAIMED IS:

1. A mobile node comprising:

a link layer for switching an access router to be connected; and

an IP layer for controlling for sequential transmission of a plurality of packets
to a destination node through the access 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 a disconnection period when the mobile node switches the access router to
be connected, and

the IP layer performs control of transmitting a front packet included in the
plurality of packets buffered in the buffer area to the switched access router, and of
transmitting the remaining packet included in the plurality. of packets to the switched
access router after a lapse of a second time period starting from a time point of

transmission of the front packet.

2. The mobile node according to claim 1,
wherein 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.

3. The mobile 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 mobile node pass through

before reaching the destination node.

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

mobile node through an access router.
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