;e3eXt6. T@TI TLE OF THE | NVENTI ON PACKET TRANSM SSI ON CONTROL APPARATUS,
MOBI LE NODE, CONTRCL NODE, PACKET COMMUNI CATI ON METHOD, AND PACKET
COVMUNI CATI ON SYSTEM . BACKGROUND OF THE | NVENTION Field of the Invention
The present invention relates to a packet transm ssion contrmmmmmmmww,
nobi | e node, a control node, a packet commrunication nethod,‘

communi cation System Rel ated Background Art Conventionally, a pagiet
comuni cati oRIMMAE QPePHRUINVENDIONacti cal use in which a packet is
transmtted froma source node to a destination node through a plurality of
routers. Among thepptKERITRANSMISSTCNECONEROS ARFARNTUS , MOBYBEE No@Eyeen t he
nodes, there may be a router having an unresol ved nedi a access control
(MAC) addr esgOMTROLI NODE, ! PACKET hCOIMMURECAEIONMAMEEHODY RAOD ERQKET! | nati on
node is to be routed (forwarded) -. . The router having the unresol ved MAC
address i s agosmURICATION BiY§TEMUt ers through which a packet passes when
transmtted to the destination node, and this router does not hold a MAC
address of aBNOKERERINTE OFOUHRENINSGERTIORt i on of the packet. The router

havi ng the unrésol ved NVAC address 1or the _ successive routing destination

(which will beptienyabievehy raientesnto as the "router A') needs to
recogni ze the NVAC

The present inventionrelates to apacket transmission

Q

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. Among 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 routerhaving theunresolvedMAC address isarouter
among the routers through which a packet passes when
transnitted to the destination node, and this router does
not hold a MAC address of a successive routing destination
of the packet.

The router having the unresolved MAC address for the
successive routing destination (which will be tentatively

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

: R
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address of the roister which corresponds to the successive routing
destination (which will be tentatively referred to as the "roister B") by
the use of an address resolution protocol (ARP) . In this event, the ’
roister A broad casts an ARP request packet having an Internet protocol (

| P) address of the roister Bto a link to which the roister B is connected.
The broadcasted ARP request packet is received by all nodes on the I|ink,

E‘Eg Liﬁk:t:?dgﬁo.e%et?t'fr%tégﬁﬁi‘?%*e?ﬁiﬁfEg*ﬁéﬁ?ﬁ%& ?%i?ﬁfg‘gégiteﬁ? of
o A e A RSV e
?gggﬁbit ?2?1 b?/ %)ﬁ%mrM%: gtegg A" v%i’ﬁ?ﬂ%erirec & re‘gd%oras %ﬁert%&gpaggr &S5 .
address" is a(t! ! p;ﬂ %%f%gksgﬁég:%ﬁ%%%ﬁﬁiﬁgﬁﬁ%%nﬁ agfﬂky\g#%%u{egg ARP
T SR A
[ﬁ:cpi ';nr;e re(r): St &P %aw%ﬁt hérﬂgﬁ'ggo%gdsﬁ\ﬂ%d%d?esg %to a%cﬁﬁggryﬁ%\é\ﬁr ';nr;: In
several 111 SLRRRGEs Cop AP mRiatt SAMEEA SRECEELANY BT £Gabs P TN
P equent 1 ber 0P thE!  Shlcrite Befhuiee/ o RRCARRSeeGAERe PeckqV e i Ol

packet s addre%ﬁgqg%gdé} d5$ Wb ABsOF thd 18nk? .tr.io\(ﬁ:e‘iaﬁk&gﬁf:?fmrﬁ'st od. As

repl aced by the subsequent packets because a buffering area I's

aresult, t hetaaekefé§ ! *i‘%sQPf idand esglcther it akel AskudBy, be

di scarded. Discard the packets like this may result in an ocCcurrence of

a_packet receipiggriabhits t thRerdiasdy Rabh RAPEEpbs @ FelcHet! REFLNg SUMARY -
OF THE | NVENTI ON The present invention has been made in consideration

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 neceséary for resolving the MAC address” is
a time period consumed from the time point at which the ARP
request packet is transmitted by the routerAuntil the router
A receives and analyzes the ARP response packet and then
obtains the MAC address of the router B.

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

milliseconds), then there is a concern regarding the



of the foregoing problem It is an object of the present invention to

provi de a packet transm ssion control apparatus, a nobile node, a control
node, a packet communi cation nethod, and a packet communication system

whi ch are capable of certainly delivering a plurality of packets to a
destination. To address the probl em expl ained earlier, a packet

transm ssion control apparatus according to the present invention is a
packet transfio BEéwing qiidsllen@ppar at us which sequentially transmts a
plurality of packets addressed to a destination node (including various
routers) at an intsyetsidiNiy) aff thetphir ipsr o@dpadiestss rdaenpghket
transm ssion control apparatus includes: packet accumul ating neans for
buffering (teseeeamilghletabqidenly Berpkertld tyuber pasidivesarite packet
transm ssion controlling means for transmtting 3 to the destination node
a front paCkQHdkéﬁbUC{gﬁbﬂ Nriebeipturdt i theof ppelkekes s dddiressed itot e packet
accunmul ati ng neans and for transmtting the remai ni ng packet (a packet or
packets ot hedekBanathenfrest, pisk alespetdlivdegacketBeapt repldoedbypacket s
to the destination node after the | apse of a second tinme period starting
froma tinme phendubdefuddtepheret s aikiseradufiferdmgtdrsh 14 Jpiacikadd.

communi cati on nethod according to the present invention is a packet

conmmuni cat i oAsneiresdltortind bavkeys @xpapkethd vasstiastreack dherxduepar at us
to sequentially transmt a plurality of packets addressed to a destination
node at an i deetvaaywbehdbseatdedt (Discgyel iodd thdepackehs bekéocthiscl udes:
a front packet transmtting step which allows the packet transm ssion
control appamsyusesaltr insdn locdurrieneedost a ekt redeivantyr fallpeeket
included in the plurality of packets buffered in packet accunul ati ng neans
and a subseqimnttheadeatt inadriomn hibistg (at ppckkichoak) ows t he packet

transm ssion control apparatus to transmt the renmaini ng packet included in
t he pluralit \BUMMARIC IOR STHED INVENTION nati on node after the | apse of a
second time period starting froma tinme point when the front packet was
transmtted in the Theoprepenkdimuwendiom hasheen opdestn eonisideratimase
aspects of the invention, when it _is assunmed that the plurality of packets
addr essed to ¥hdhefonesoisg preablame sHydeh@PapPject 2 khe PFesenthe
interval withjn the first tinme period, the front packet 9 i ncluded in the
buf fered pl ursPYeRtipn paprevd dea packet FrapameAsiPRFORG rof @ RRAGA Y on
node, and the regai ni ng. packet is transn‘itteg(Fto t he quti nat i orhn de after
the | apse of FREPIIENMG/ AEOPEFPIP Ry T PRGEPE SATINE LGN OpdreiRMbren t he

f Kk i d. | hj jt i i bl

o LA et O
" ot her vior dESEERGA} B ARV g RS AR AL} LY BT PBU By SIhe ARTeLaR TR
compl oted. Therof or i TisteEe s HrHiTh 210080 B81IRE, B GeCkaL®
subsequent pagket st dbacabded hnsLead tier Eaborafo?rbeBb! prageke!

| osses are reguce§ ang t?]‘e pac eltl ? gnm SSI on ContrOP appargt us can

certainly del ij¥elenithdnP 8rPbht¥e Ot Nardiilssid EBEtE&%?}?r&faQﬁ:s WRithe

packet transm ssion control “apparatus according to t esent | nventi on,

It is prefer a%'e@;ﬁéﬂ%:i}?te].ﬁgaﬁtéﬁémifg’ea B%Eg@%ﬁ GE PatRebS Ak dsES TR/ Y fOr

a node for relaying cket transnmtte y“the packet transm ssion

ggg}( ; ?I appar y disst {102 ¥ £5:2h¥8e 3 i NAGLAY digSay itfustréOtd Fda €8 tintalrven of the

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



In the packet communication nethod according to the present invention, it
is preferable that the first tine period is a tinme period necessary for a
node for relaying the packet transmtted by the packet transm ssion control
5 apparatus, to resolve a MAC address of a routing destination of the
packet. The first tinme period is equivalent to the tinme period necessary
for the node for relaying the packet transmtted by the packet transm ssion

control appangf Yhe RTINS MG addms pikdthe ididew destienat i on of
t he packet (such a tinme period will be referred to as the "address

resol ution tigmRanigdbe FREKEKEMB:Predd i thle bhBReBCkEGmISatey val ent

to a time period necéssary for an apparatus, which is connected directly to

the packet tnraniS{d aRlOfof AU NMARPAALHE Pémais rHtaidt nadsackex resol ve
a MAC address of a successive node tf?gt is the rgﬁ?i ng desti %i on of the

packet. Repl agemirafs Jthdiadifin Rhe! H2ontbpaGHBR) BAEkaHegoODSIthelt €S an
i npedi ment to certain transm ssion of the packet ich is the object of the

present inveniipral (GFYE HRER LY t6¥hB det 13RANRIN nbde Alficetiabhgséo an
aspect that the subsequent packet catches up with the precedent packet

whil e the IVAQ:@@é@één@ftimt@péembar&mliqﬁﬁbﬁrh@iﬁéﬁﬁopﬁeaﬂ%ntheacket is
unresol ved. Here, the subsequent packet catches up wth the precedent

packet in therease ph@et wdANsrarssmiditddit erval of the respective packets
is shorter than the above-descri bed address resolution tinme period.

Accordingly, by adgpphoret tompaskehtionmethsd focaxiiingto thepregeatof the
present invention only to the above-described case, it is possible to

achi eve effi cigrvnénbion piagkepatkatscommiroicatide mettiod Bgrreflowlans at i ne
el apse associated with standby for transm ssion of the subsequent packet.

| n the packet packesnitianshiceiono copnariat aspacavtudi 1o tLeduentiadignt
invention, it is nore preferable that the second tine period is a tine
period that attahbmitadelusaildiyase garketsobddrébsed/Alo addesisinatdprire to
resolve the Mac address . These nodes are anong the nodes which the
plurality of padeeits air dntertbdowitihimtahEipatkeime wasindsi Hareprithel

appar at us pass through before reaching the destination node. In the packet
communi cat i onmethiodd iacdvdésngat Eroht packeht tkansnitbingi stép winich
preferable that the second tine period is a tinme period that all the nodes
which are to Rddowsthepacker: fyansnispignicoatrelappanatusico Mans@ikess.
These nodes are anong the nodes which the plurality of packets transmtted
fromthe packéP tihehsessdnaticsnmogie,appirants Pesistt AnsdyAedeiBr Elgeachi ng
t he destination node. Accordi n% to these_aspects of the jnvention, the

second time p@iWdLiLn ok PACKELShY bRt nPRC KA RORBYL JRIRANGRBSE o
e e Rl Sisekaul o it Eaghus LDE MG addang o) Theoe nodes
packet L 1ansI oL CORAE Sy SERRLUB B30 AL DeLT Lesel Gyl
packet is transfti.ofh § e R Rled 1A ESE100a T 00" OF SRRRIA Y
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



7 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 renmai ning packet trace the sanme pathway to reach the targeted node.
However, in this event, the remaining packet never catches up with the
front packet .. Therefore, certainty of transm t%i ng t he pl u;‘g‘I i Itér of
packets to alBedPfed iBstheRuifiened pipzaddsy P ckeky oIt Yt o
construct and utilize a packet comunjcation system whi ch includes the
above- descr i b&angRdkeeditofhadestnntcan rede appd therenadnd ngpa i nation
node for receiving the plurality of packets transmtted fromthe packet
transni ssi onléoﬁF?BFmaEgaﬁa'@%st.heAdﬁﬁ inathsadqde aftartprelarsensdi | e
station such as a nobile tel ephone) according to the present inyvention is a
nobi | e node i€ §8FRRdatimakPeRlR] FRT LAY oMy ths EEE‘ESEW%&"QI'GQO be
connected, and an Internet protocol (IP) layer for controlling to transmt
a plurality dhepdaests Packednral Fy2Rs tﬁééti nati on node through the
access router at an interval withijn a first time period, Here, the |IP |ayer
includes a buffer &PReBDif WalcAtihe Dossihle °o§“§&%‘k%§ butferingiefed in a
di sconnection period _when the npbile node, swtches the access router to be
connect ed. MRHER of PRckess by Ehe podegrhich GRER LV B -hE TG PRFkgta front
packet included in the pl uralitsy of B.acket uffereg in t&ee buffer 8 area
to the sw t cRHHLRTRES toothe destipatipny %?/é? foFec Sherde LPEALNPEsi on of
t he remai ni nqﬂ_gqac ef included in the plurality, of %‘%ckets to the swtched
access router Rddress .o In o IYJEFi:E) AT RP g tinme

por L when | e LRI BRCERL B AR TS A D P R 7,

I I f I i fyi i i i i
D R TV AT, TR,
(e open SYSCERE LAUSLSOIRESARLCELY nd O ANRIDE SLEUSMI I ch eve
according to %??k@ﬁ@é;ﬁf‘hi‘s’&‘é&%ﬁ%ééefd FE%%Ii%Iof‘EO”KHIHbg@sh?Eé?&e for

allowing a no e no to swtch an access router to conn and to

sequentially 153880 br@ Rdified Yl HRFKEICKIL Grdifah 881 baRRHT N ough

the access router at an interval wthin Irst time period Here,

met hod i ncl udgppaath@ntaRackptaif APIBIIvdY HELR1/rah RS BEl baPRet$0 A
switched access router, a front packet included in the plurality of packets

buffered i n pagekeheatgdmgat-ag . means in a di sconnecti on period when the
nobi | e nodeswi tches the access router to be connected and a subsequent
packet transmttingIateghefl phakchetngtirhasiibstiennogenteolr aapphtatis

remai ni ng packet included in the plurality of packets to the sw tched
access router aafdording &psehefpressatoiavientdomgr ibdi stparéferpte 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



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 the access, router at the ipnteryal within the first _ tine;period.
Accor di ng toapﬂégét%péﬂge%?i‘{%@M%‘X&?%ﬁ og%r?Pgﬁ?gﬂﬁéﬁ;éngﬁg?uded in

t he pl uralit\é og: Eacke}(s buffered by the nobile node is firstly transmtted
to the switcREdthecBackpbuter. After a | apse of the second tine period

emmi ni g packet i ShE AR TR PE5LPAG LARPLRREESE ks EERERSHA i o uay.
access T out cPeCRRRBRINEGE EAGUROOR 1% PP BHEA R PRARAF CRanPd el
esol ving 1| nEhEBSEHPBEE CERRBAFRIoh G BEt An PP ERAFRP nC ALY
i ovs. basedHin Hihs SAERESpAEIERS (EOWCIA Ao {RARIPE: B QA RATkRIboct | vo
Pasult packeteydst B iR, Hazdeb i % RETREEFRoEAGHR Ko CRZR% , 10
accordi ng o TS PHeash PR o] T R, e EERAE TR e

7450 1 BT BT £ P e ASRESRRTCFSE 91152
o Fes o

S o IR W el R, B PR THER
Lhat ne {11 StedhOR QEIUOCSc ! RN PSRBT AL LR

the nobile nofgs,iPe LERR ¥8d§e§/£‘8faéjgﬁ8§ésQ:ivé‘nﬁﬁgttigglgrijseéﬁé%hitQBgOf the

packet. The first trnme perirod s equivalent to t ess resolutiron tine

period by theqswtifREPoRCSES i EfecONCerning the routing destination of
t he packet. For exarrp?g, ?ﬁeﬁ?ié(r)éslt t?rre period is equivalent to the tine

period necessary fOregliééheittof WHe pREKBECBFSthE UsWhs gttt gatketnnect ed
directly to.the nobile node as a subsequent node, or a node that relays the

packet transnicbhetikyiteBeafivhhpsaninsier o dertrlivie tealbhi 888686t dfhed
successi ve node

packet which is the object of the present invention.

Occurrence of such replacement is attributable to an aspect
that the subsequent packétvcatches up with the precedent
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
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 possible to achieve efficient



which is the routing destination of the packet. Replacenent of the packet
by the subsequent packet constitutes an inpedinent to certain transm ssi-on
of the packet which is the object of the present invention. Qccurrence of
such replacenent is attributable to an aspect that the subsequent packet
catches up wth the precedent 11 packet while the MAC address of the
routing destination of the precedent packet is unresolved. Here, the
subsequent paakoXetcatahenispishtvhile redacddentrefdandaenhti tindelepse when a
transm ssion interval of the respective packets is shorter than the address
resol ution tiassopdEited wesk sthadbgafdt ¢randmdéssdiong § theysulsgptuerd: t he
packet transm ssion control technique of the present invention only to the
above-descri lpatkestse, it is possible to achieve efficient packet

transm ssion while reducing redundant tine el apse associated w th standby
for transm ssion ofint h&¢heubpagkent paaksmissnohheconbrd: napearaiws ding to
the present invention, it is nore preferable that the second tinme period is

a tine peri ocaddmtdiaiyl tohthaqouessertt dhventibn,r &6 dls/ eoeepbbfepdidless
require to resolve the MAC address . These nodes are anong the nodes which
t he pluralitythdt ek sesohdabine tdearidd ds theinelperiobdhaaailt theugh
before reaching the destination node. In the packet comuni cati on net hod
accordi ng to nddepwhichtarenvenesobyeithe MACraddrpssiracgiilre thaesbheesecond
time period is a tinme period that all the nodes which are to resolve the
MAC address rdmrMae éddressl vahase Miiesddreeapong Tthesvodedaghirhe theong t he
nodes which the plurality of packets transmtted fromthe nobile node pas s

t hrough bef orplurathing ¢fie daskehat i bmansudttadcofubng thet hpacketpects of
t he invention, the second 12

transmission control apparatus pass throughbefore reaching
the destination node.

In the packet communication method according to the
present i_nvention, it is more preferable that the second
time period is a time period that all the nodes which are
toresolve theMAC address require to resolve the MAC 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 toresolve theMAC address.
Thesenodes are among the nodeswhich thepluralityof packets
transmitted from the packet transmission control apparatus
pass through before regching the destinationnode. 1In this
way, by the time point at which the remaining packet is

transmitted fromthe packet transmission control apparatus,



time period is the tinme period that all the nodes (including the swtched
access router) which are to resolve the MAC address require to resol ve the
MAC address. These nodes are anong the nodes which the plurality of packets
transmtted fromthe nobile node pass through before reaching the
destination node. In this way, by the tinme point at which the remaining
packet are transmtted fromthe nobile node, all the nodes which are to
resol ve the MAL athdrmsdesniithaeedd résshvd the MR dd s pandehrpaghes
before reaching the destination node will have conpleted the resol ution

processi ng of whiiehMhheadtimeSninghddit posded Badotdereadningnghpacket
trace the sane pathway to reach the targeted node . However, in this event,

t he renai ni ngdpatkghthenendid chggluphavé h conpleted thskeatesoludiehore, the
nobi | e node can deliver the plurality of packets to a desired transmttee
nore certainl prolckeskingl 69 ¥i9e VAL eaddr xSt THet £ o0t Upadkete andatieet
communi cati on system whi ch includes the above-descri bed nobil e node, and

t he desti nati eemadféntgadketetrddgthseapewatihvay ©6 rpackehe tamysyed t ed
fromthe nobile node through the access router. A control node according to
t he present | meelel.i OBowever cdni thlisnedent naihaliregadningt pasket ieteacol (1 P)
| ayer for controlling for sequentially transmtting a plurality of packets
to a nobil e neuddhlesoupglwizlr theefrarit packeter VEhewefdve, aefrtaihtyio®
period. Here, the IP layer includes 13 a buffer area in which the
plurality of pacsidtdiagbuther gsluraXidsponfe packebsf firy i ag desimsd from
the nobil e node. The I P layer controls transm ssion of a front packet

i ncl uded in thegtimediicny isf ephaherd.buffered in the buffer area, to the
nobil e node in response to a buffering rel ease request fromthe nobile
node. The IP | ayer dlitsbs @adisorpbssibhediv senshrect tansl nbibinermgppakett
included in the plurality of packets, to the nobile node after a | apse of a
second tine peromRIRiGRtiany Sysdiem whlah geicludes theneaboye-deseribad front
packet. A packet conmunication nmethod according to the present invention is
a packet commPAReket Swapsmhssiencantnad aprarabwss nd bhie destdaatdani al |y
transmt a plurality of packets to a nobile node that sw tches an access
roi ster to be RRMRERTapaeidiagthe RdUgRLALY GifRackets Eransnéttad EXPPhi n a
first tinme perjod. Here, the nmethod includes: a front packet transmtting
step which al FRSsPRFket shEaRsnktiion £ iaPPar@ta%e nobi | e node, a

acoumil a1 ng moans. ThIEBAIERBIE P, SepIR, £ OHIRHS FESRLPREREA%: node
Sbsequent - packdioRt iSRRI 8ERAMR 0GB PRE<FN FOFRbRP T -
mobi 16 node af P T p8a8 A B Bl e i pul YeRin G ReSudd.
[ ansm {11 ng. 1300 0RO B ottt (A AR A AR he® bt P ) v ehar 16

connect ed o as6e0i QURLIPPLAS A} YRELHSHIRT | 81 o Pl ey BhefouLers )

buffers the packet to be tranSmtt to the nobile nodeinto t er

area, inres pO'&%@{uﬁaﬁtltiBhWJ £ et inARUBH nddSBRAELLER AN Ectds S rBaREpV er

which allows the nobile ndode to swtch the access router to be connected

thereto . Thesatagpedhte@iral NRitAYANAI Brst PRRE HOMiGH. asRHEt kg fhat the
control node sequentially transmts the plurality of packets addressed to

t he nobi | e nodadywroligdlides & Buiffer ted D whAtRtHY pEAN De BE phicketst | me
period. According to these aspects of the invention, the front packet
i ncluded in theag buSfetgdan padksteniveit{ Bired el oHeh &P thieohoBDTE nictle
firstly transmtted to the nobile node. After a | apse of the second tine
period startingWitghddéhkl #8ceos Hovalehbe ichankodRld . padscéoves, the
transmtted, the remaining packet is transmtted to the nobile node. In
this way, it i SIhdssidd @drforiepcentriddf bEr tpansmnipténtya of rowet keickdtn t he
router, which receives the front packet addressed to the nobile node,
beyond a processreibudeddh thé plofraliey odtpeicKeals bagdbyeddin ltheNNT Baifr ess
In other words, the remaining packet is received by the router after
resol ution processing of the MAC address based on the front packet is
conpl eted. , Therefore, the respective packets are not replaced by the
subsequent packets or discarded. As a resubt, packet | osses are reduced and
t he



15 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 time 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

t he packet communi cation nmethod according to the present invention, it is

packs L ! cor di . . f
e oni on' A2kl 1% (Sl ERAC AT 4D ddrdll PREOTHIRERIAA LD 2 e 4
MAC add f i i i <) . i j i od
N 2 o Bbpd bl LR SR IBL TRk HRPREK bacll®, LhEShatd T Peri o
Comee Ty R ERL AT Rl L £O eI PACRd EBECE XM bl || 151
i d di | h | : ‘ h
Lont vol o & LEBRELEE & s tRRE B it §RaRc 8GRSO WIS pd R NE
ti dest i ti f_th .. R A th ket by th
ohsbanent i Yheledol, BACKEL: WERRAGRIRALeRG, [ 1° PACKSL DY L0 of the
ket which i th i i i ‘ h
P eemant i & at § LBk 19V G ERRCRP 1aRe oS IREHRERNE BRI |
acentn . .
Hostt ot | o HEEEARBR-AYE (WMl 1S ¥BE Al 1408 S ek Bed
subsequent pagkah %%gggsfygagwéémm@é e’f'imE%ilSﬁB i ﬁ%lﬁté‘cf‘s?m"me” a

transm ssion I nter e‘respective packets 1s shorter an the address

resol ution tiP@s&Q@é{:fge % %i{e]rgﬁ?] %ai£§§ff’ed%(i‘i‘hrc:@i11%| Vasdd oHi2RidsAgnt he

packet transm ssion contro ique” of the present 1nvention only to the

above- descri bf\;ﬂﬁél@&& tad Ene%@;ﬁgﬁéu?&%?\éec%ﬁ&ek@ah POSKEf for

transm ssion \ e reducing re time elapse associated with standby
for transm ssjoRe@wdrie SHIRRAGMY tHaakEH evh dotmrQ¥aitQlonR0dSetifdeldl di ng to
the present invention, it 1s nore preferable that the second tine period is
a tinme periodaibkebraht hhgesodes which are to resolve the MAC address
require to resolve the MAC address . These nodes are anong the nodes which

the plurality of pankgicketrconitinilcat forometiisd acobtaingadetipassesdritough
bef ore reachi ng the nobil e node.

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 thf;augh the access router at an interval
within a first time peri¢d. Here, the method includes: a
front packet transmittingstepof 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



In the packet communication nethod according to the present invention, it
is nore preferable that the second tune period is a tine period that all

t he nodes (including the switched access router) which are to resolve the
MAC address require to resolve the MAC address. These nodes are anong the
nodes which the plurality of packets transmtted fromthe control node pass
t hrough before reaching the nobile node. According to these aspects of the
i nvention, frbe sé¢dmedpdint whenrehpdivcdt packheé wasrerpesmadtedain all t he
nodes (including the relay router and the access router) which are to
resol ve t h&¢hA€reddresske eqitamsudit iegolstepMAC address . These nodes are
anong the nodes which the plurality of packets transmtted fromthe control
node pass througihdeiopid g reediveE felte thdigasketdeo Hatirhhsmiveyedat the tine
poi nt at which the remaining packet is transmtted fromthe control node,
all the nodestiiaEdess otiBef €800 ¢ReUUE fWEG Bl R healid cohherghonhi ch t he
remai ni ng packet passes before reaching the nobile node w 11 have conpl eted
the resol utgeriodr agesfigng dnddverMoragdieahing THike fdcudspaekeerand t he
remai ni ng packet trace the sane pathway to reach the targeted node

However, i rtd beScéexeedttedhe Thegei aspgcpaakttheciaventiohess basedt h the
front packet. Therefore, certainty of transmtting the plurality of packets
from the nuji tite 898€nbeicn et LR mdbiletRidesedireratiiElNeatkbansmiits al so
possible to construct and utilize a packet comruni cati on system which

i ncl udes t hthepouealiesgrodpdckensaddrurind sodtiddestinbeiondedeor
receiving the plurality of packets transmtted fromthe control node

t hrough t hetlixstigh théhgcPéss evutiedvaD it intki-vhopEhithef £1k3t under st ood
fromthe detail ed description given herein bel ow and the acconpanyi ng

dr awi ngs whtite pexigidienAdyordingitoi theiss raspeartsoaf \theahdvéhtibomy e not to
be considered as limting the present invention. 18 Furt her scope of

appl i cabi | i theofroht peekett inclededorinn the bptunelippacEnpatketst he
detail ed description given hereinafter. However, it should be understood
that the debPuffededdu st mobiladedrdis fdrstdypteansnitted itedtbeati ng
preferred enbodi nents of the invention, are given by way of illustration
only, sinceSvitrbed asegRpsaerrodhitenta daPsd ofi éhﬁh%e@ﬂﬂdr itdngnd scope
of the inventign will becone apparent to those skilled in the art fromthis

det ai | ed dePEripfi sharviagr momstheptins reintphemphecEcony packed a bl ock
di agram showi ng. an overal| configuration of_ a packet co nj cation system
accor di ng tb"aigﬁ:?%?mjem ﬁBﬁt‘?eqqﬂjd":ngszEkﬁté&nEEﬁ%% werthe

expl aining a_f. n%1te: onal constitution and operations of a nobile node

accordi ng t &' I FCEFFoAPHERE -

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 1;0 the destination node,
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 ;gspective packets are not
replacedby the subsequent packetsordiscarded. BAsaresult,

packet losses are reduced and the mobile node can certainly
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Fig. 3is a viewshowng state transition in the event of a handover of the
nobi |l e node in the first enbodi nent Fig. 4 is a table showing correlation
bet ween a connection point of a link layer and a default router in
different states, respectively. Fig. 5 is a block diagram showi ng an
overall configuration of a packet conmunication systemaccording to a
second enbodinent. Fig . 6 is a conceptual view for explaining a functional
constit uti ondehivespdingt Pdugadity ebbbackgtadentthe dasfiingtion. to the
second enbodinent. Fig. 7 is a view showing state transition in the event

of a handover of &miibtmebhbeaocde adeorddnard he@iierent. irESERORTI ON OF THE
PREFERRED EMBODI MENTS First Enbodi mnent A first enbodi nent of the present

i nvention i sitdscpréferablaithat|thefinsnitimerpérciethds a simhpedashpanyi ng
drawi ngs. As a prem se of description, this enbodi nent is based on an
assunpti on ofiecassarygdoxhany afdhpaskitchedaoressi voutentand atmadmi que
according to the present invention is adopted to a nobile node. Fig. 1is a
bl ock di agr afpshoeiayimgntbeqadketc trhahgunittedbwithe mekide nodamid cat i on
system according to the first enbodi nent of the present invention. A packet

communi cat i o¥espivemMAGaddnesa of yrouting destigardanipf thepagkaly.a nobil e
node (MN) 100 such as a nobile tel ephone, a regional nobile network N2, a

known backbone net FartheNpackes eoppipigatiprpm BeaperEding fedEbe(cN) 51,
52 and 53.

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
reriodnecessary 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 catches up with the precedent

11



Here, this packet conmmunication systemis constructed in accordance with
the nodes including the regional registrations, the hierarchical nobile IP,
and the |like, which are proposed by the Internet Engineering Task Force (

| ETF) . The regional nobile network N2 is constituted by wire connection of
access routers (AR) 31, 32, and 33 severally provided in a plurality of
base stati onp@&Ket2fhidadtl2s MAZDaddaess afethe rowting destipatéopmrihect ed
directly or indirectly to these access routers 31 to 33. Myreover, the

regi onal nobithke peegedent?packebrikunzespdvetie drresFhedesnbsedaert 51 to 53
by wires through the backbone network N1. The nobil e node 100

(correspondi mptketicpickes up wathitds precedrnbpagkesirin by dasawhenessly
connected to any one of the access routers 31 to 33 depending on the

| ocati on of nalireesnddeidflntaryalsohihdewspectigparkdis beehostevut ers
while transmtting packets to the plurality of correspondent nodes 51, 52,
and 53. The athastheoaddresss Iraswld iandt ine pesliay desceilsed tardies.
(hereinafter collectively referred to as the "routers") execute resolution
processi ng of Aacordimghycdéss aduptiog hAQpackiet essansmimsion congpedi fy a
router as a .subsequent routing destination of the packets. Here, for each
of the relay techeitguandoffhe tdecegsresanter sinventipn whonhyt h&opadhet s pass
after being transmtted until received, a tinme period required to resolve

t he MAC addr esbove-dascnided saseh iitsisirossidxle)konachbeve effdasendati on of
t he packets, is greferably set to about 5 ns (corresponding to a first tine
period) . ThePppabkét sramsshssien twhinkarinedseingorednadanbi FameRIEDE® to any
one of the correspondent nodes 51 to 53 are routed to_the backbone network
N1 t hrough on@sspcipsedatiith standbysierraasad sedonHet g subse@eeRhen t he
packets are transmtted and two of the relay routers. In this event, if
there is no r ®&C&ethavi ng an unresol ved MAGC address after the backbone 21
network N1, then the packets are routed th_rou,gh up to three routers having

unresol ved MAC addr &84& BRpbt @ OS2 ARFRF B HEEP ¢ RIERIFHAL PBR hbdR:
D5 b REOEE SRt T BEERY (R ESRRRD0 Hal
node 100, | 1 T d B PP IR SR PLELEA R NG Bress

require to resolve the MAC address. These nodes are among

the nodes which the_plurality 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 period that all the nodes which are
toresolve theMAC address requireto resolve the MAC address.
Thesenodes are among the nodeswhich thepluralityofpackets
transmitted fromthemobilenodepass throughbefore reaching

the destination node.

According to these aspectsof the invention, the second

12



As shown in fig. 2, the nobile node 100 includes an application 11 in an
application layer 1la, a transm ssion control protocol (TCP)/user datagram
protocol (UDP) 12 in a transport layer 12a, a' Internet protocol (IP)
(correspondi ng to packet transm ssion controlling neans) 13 having a buffer
area 131 (correspondi ng to packet accumul ati ng neans) in an Internet
protocol (IP) layer 13a, a link 14 and an interface 15 in a link |layer 14a.

Data transm tigd ddramd hs t@féoﬂxﬁé‘%ie(irioajtﬁé?c anoted noeds (indlding tted
sequentially through the TCP/UDP 12, the IP 13, the link 14, and the

interface 15¢hieaRyPihed Seddsd 'ARE) QR ichORrENEo OFds 1 VO Gthe BIAChe
application 11 is received sequentially through the interface 15, the link

14, the 1P 13dd28dst BeqhEPtUEP desoWethie SINadtireBsPOi THeds rididsched from
the access routes 32 to the access routes 33, a buffering request is

outputted framet hgmbigerdiRcend@es O wHikH Pthe. plierltite bukf esddietiequest is
inputted to the IP 13, the packets are 22 buffered in the buffer area

131. To be Myr@nRhE%HSR, fidiFrRAGKIST 1é AolE phekathicughiifsrelddaciing 31d
whi ch constitute a data retention area prepared for respective destination

addresses of tpe deatlielatiohhRolR. 13k ehfias e yubleithadtaneapbine i Nt when
a default roister is changed by a roister advertisenent (RA})) received from

the access r Qi tB8- réfein Ny packed ase teladanadtetiNErdid the Repibeover, to
the link layer 14a, only one front packet (such as a packet Al in the queue

131a) out of rdike,paaketthebnbtesedhishegcd thetesolfetheaMper adbrasshave
passed, the I P 13 hands over the remaining packets retained in each queue

to the |ink |aethidagh whichhie enalirditigdunkaigpasséebefapeireaching t he
event of a handover of the nobile node 100 shown in Fig. 1. The state
transition astoeidé=dination hodumidilerhaofe tdmnpistidde thedeebdQ ution
categorized into four states (states | to IV) as showmn in fig. 3.

Meanwhi | e, Fiprodessing tabltthe MAU agidressel aThenf beitwgsckdie agwhrtdet | on
point of the link |ayer 14a and the default roister in each of the states.
The state | irematningpacket trhecd itk shnpmathmaydfo réachihiel tangetedi00 i s
connected to the access roister 32, and the default roister is the access
roi ster 32. Thedei atowWevern dnsthis eWert tihe remriniperpragkebmeawar nobil e
node 100 is being switched fromthe access roister 32 to the access roister

33 (in a |inkchhgeesoupagbthithe farandd pasketi-heTHerFafirres othe drobklest | |
the access ro{_g&gr c?é% d%a?’liver 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



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 gh}f%bé §§F§u Ko&h Eﬁ& hg, BApabkxbh Eﬂfé?gﬁ?féfé' er 33 and

t her eby chang router omt e access router 32 to the access

router 33 !nl BLSoBHER! to R HheAbrilg Eeaaest'eﬂgg%{%ﬁm%lgaenbuek | ayer

14a and the router 1 e ac ess‘route € connecti on

poi nt of the éﬂh'le% Layer c%‘ﬁ%g:@?gt?:@?sﬂf%ﬁ%ﬁ JEUE BEnELORLOS . ;;aeaach ot her

(in the stat nsmtted fromthe

mobi I e node tﬁ%%?’cﬁ%ﬁiﬂcg g:acbc‘?{ S BAZ4RREa %Setk?elﬂdﬁt

destination t ereof “are rec e correspondi ng access rout ér (that

|s, the Jeeeld Et?é'%ut%iai:i% delietﬁ‘?réé@%ﬁpa&r%i:ﬂ%fé‘ffﬁgﬁgggg e?&lés’t:the

state 1V) r'ecel S aréero

c_orresponden and tﬁ% d@% 1_1? GRakL! ar yppahegpt hey ngg%ho '&E]hsgf t he

link | ayer routér do not coin ro(in
th t at II @tgg},%?lpfs I t bi |
nogeslgoet owa corregpgngent no ?@ﬁ ﬁ%&%@ﬁﬁ&g@gﬁggﬁ on ?ﬁelregf
are buffered piutdey (e phikardndd e WoRAIE hbad dfda dapklngti on node

after transition to t ate IV' after the default router Is

changed). As 4 e%‘érdogt‘?ﬂ e 6 he gﬁckaettgﬁgn}ﬁyi i gg system
1 of the first enbo meemgt é*%%ogl | e node c'iloorperforms uf'f (r%l?éng of the

packet s i N0 tAgnkfSRELRVEE OEY Frobtl packeld, and 131c individually
provi ded dependi ng on the addresses of 'the correspondent nodes 51, 52 and

53 that are the deSAPaetceert:otn&emeBuoﬂmdaa&dm @&ﬁéﬁeéé%ftfe“ ng,

the nobil e node 100 first transmits only one front packet out

packets buffeiftehBiBfchsi/paekee é&m@escaeﬂoﬁmdwndemlmﬁmg Ehen
after a lapse of a given tine period (such as 15 ns) , the nobile node 100

transm ts thecoateoldirgdeasiseigental bydrdansmiltna phusabdyy ofsadkeltd packet
reaches the correspondent node of the destination while focilitating the
resol uti on of tolemdBladddeshahswilitehesdaraccess chutars tabaconsecved MAC
address, existing on the transm ssion pathway. After a | apse of the given
time period, tiheneditai thoyghatkeutemeat rouintiervabwiithinea SAmstphtlheay as
that for the front packet . However, a router having an unresol ved MAC
address no | orRpficakq st Hewet h&hepmeﬂm Thelardese, 2 hdnontai bee¥epacket s
will be neither replaced by subsequent packets nor discarded. As a result,

packet | osses dransmbiclng shepwhdchlallaws ?hgfcmét@%?@&rﬁwmriéach t he
destination. In ag@lttlon a rate of retrar}% ssi on of the ac_ket i's
reduced, and t¥Rt wkiﬁeeeemaegreaﬁ&?ec % dng tlflesiéﬁtt’g} REUE3AdEY second
Enbodi nent 25 kﬁ eéﬁgodl nt of t resent invention is
descri bed i n PAGKER ARG RE R S PRSP S,

f d nbod b t f_th
e wher ¢ tﬁitga%ktftﬁﬁh%réau%ﬁtc Fom g R °”g%§822$§?”ﬁgf$€ef%
present invent bgn I%\&@?g?ﬁ.ﬁg Jt:e ease l}.!ed't}é/s@gﬁ[gm (tl}(@ moglge Rod3d cllOCk

di agr am show ng aft
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

frontpacketwas transmittedinthe frontpacket transmitting

14



configuration of a packet comrunication system according to this

enbodi nent. A packet conmuni cation system 2 shown in Fig. 5 is configured

by including a nobile node (MN) 200 such as a nobile tel ephone, a regional
nobi | e network N2, a known backbone network Ni, and one correspondent node
(CN) 54. The regional nobile network N2 is constituted by wire connection

of access routers (AR) 34, 35, and 36 respectively provided in a plurality
of base statsess. 24, 25, and 26, relay routers 47 to 49 connected directly
to these access routers 34 to 36, and one nobility agent 60. Mreover, the

regi onal nobile nefibidentZolSn688NEAIA &ls0 at RELERL EYS thatode 54 by
wire through the backbone network N1. The nobile node 200 is wirelessly
connect ed t OcéfANeOFEd £6 alrieeyidna adbidehitNotk domp?d sd W¥a Xty he

| ocati on of nmpobile node 200, and is handed over between the access routers

35 and 36 whpEeoieesy b RIekcpIdIwt tdBe toaneRROREAND tHigobHle 26  The
access routers 34 to 36 and the relay routers 47 to 49 (hereinafter

col lectivel ynbgkeined £Re ASutfier "drdid,elin’ kret¥BasbetbetRbUbLPRePiRgeSSi Ng Of
a MAC address in order to specify a router as a subsequent routing

destination @eqhl8tAIEHahI tt+ERYUEY 4 hhYdageRtwhilh £1 Bowk Eife Bbeler ecei ves

the packets transmtted fromthe correspondent node 54 addressed to the

nobi | e node 2QQeafd $wptEHithe hBeePaGiRiter tot be @nutsstddtheretylrent|y
connected to the nobile node 200. Here, for each of the relay routers and

the access r Qlexes asbeeughofhtivd inventdoketis basedt b cargassiimpitiionansmitted
until received, atinme period required to resolve the MAC address of the
node that is tthat shbsaitrol nodé isegueatiabdyi nrandnitetheglaiality
preferably set to about 5 nms (corresponding to a first time period) . The
packet s whi clofapacketssaddresselid bonthe mpiphl & nodeath soudin ¢heaoddmer, net wor k
N1 (such as the correspondent node 54) to the nobile node 200 currently
connect ed t o athethe dadervalt @i tBinr the hfitst rdmd perddd.2Bcedrding t he
nobility agent 60, the relay router 48 or 49, and the access router 35 or
36. In this eveithesefaspgests 0f the invendridmving fxoniipacety tocMdedddr ess
after the backbone network N1, then the packets wll be routed through up
to three routinsthenniuralirtas olfv packpts donf tered by tilegongrohenndei ity

agent 60) before reaching the nobil e node 200. Therefore, as a 27
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 remaining packet
is transmitted to the mobile node.

In this way, it is possible to suppress buffering of
plenty of packets in the router, which receives the front
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. BAs a result, packet losses are reduced and the
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transm ssion standby tinme period (corresponding to a second tine period) |,
Sm 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 shown in Fig. 6, the nobility agent 60
i ncludes an I P 63 (corresponding to packet transm ssion controlling nmeans)
havi ng a buffer area 631 (correspondi ng to packet accunul ating neans) in an

| P | ayer 63a,@rg%i 44 : i 4 in link
| ayers 641a t% AAal. H§§8%%c{égfga}%giFgg%bggsﬁmﬁbﬁs}ggf?%%o%%%&%% i nk

| ayer 644a hayl I 4 connected to the backbone network N1 are
sorted to beaﬁg&mémr%geﬂcfﬂ{%ﬁ;bﬁl'appropri ate link (any one of the |inks 641

Lo 643) in accordance i Lhneys PULLAYLABLENGIA LiSlRPOLROSA0RERLY Lhe P

63) Upon receipt of errng request transm rom no e node

A enrouon 28y 1¥ptlPetable AL {0 H3st!ind Beldolfd 8l Pild'Bepa6HE!

addressed to the € no a correspondi ng dueue ueue 63la in

this case) w{hj r a, s . i i onty snye LI the IP
63 receives aii1 t??%%ﬁﬁ%%egéégrgqru%e@{h%# iC:El%ig ?#gﬁghrq%ler}'gl 2 F gﬁ&% he

nobi | e node 2 t @gg@ %% LN t 43+ A1t § recei pt
of the buffer?ﬁge; é% ease reques &fdt %&eltb%géﬂgﬁé]é lg?/ger' ofh y oné rgnt

packet (a packgt Bdyreesabecy toutiify Wenia bl o Rgspaigatiate |ink

| ayer 28 693a i n accordance wt erouting ta earlier

Then, after a standby fits phexBh: chhifuh o8 SR AL IRKPLCLBE Al AER A packet s

(packets B3 to B5 except the front packet) retained in the qlueue 63la to

the appropriapgekbik Layeht$332. LEi Qs_ﬁréfefaﬂi@%ﬁi@%ﬁ@ #1248 lih@nsi tion
in the event of a handover of the nobile node 200 shown in the Fig. 5

Prior to trangair3siofs &f tiihe ?Hﬁ@ﬂ'ﬂ&és%i@stoi:r@'ﬂd&ée Waktheranadas 200,
the packet Bl is transmtted Tromthe correspondent node 54 to the mobile
node 200 througle phexsebirah¥mdBead BP tHe) ddHtTAYaldide,t B8 BesdEié g
request is transmtted fromthe nobile node 200 to the nobility agent 60
(51). This buMAer addresguest al soutdngniestination 66 sMétgdckgr An access
router to be connected. Wien the buffering request is transmtted by the
nobi | e node 200, bufther Ehgstf tihe perked siB2duivBi eartdtesthe dddtdées nobi |l e
node 200 in the queue 63la. is started (S2). Wen the access router to be
connected i s sséstcdhdddnytine pexiiiddeby dite 200t €1S8pncerndngetheadoetingenent
(RA) fromthe switched access router 36 is received by the nobile ', node

200. Upon recdlggtisfattion R the packst.adfozsexpmple, the first time

periodis equivalent to the timeperiodnecessary for a router,
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

pac_:ket while the MAC address of the routing destination of
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changed (S4). Wen switching the access router to be connected is
conpleted, the buffering release request is transmtted fromthe nobile.
node 200 to the nobility agent 60 (55) . Buffering 29 is rel eased when
the buffering rel ease request is received by the nobility agent 60.
However, all the packets H2 to B5 buffered in the queue 631la at the point
are not necessarily transmtted continuously to the nobile node 200 at

equal intervalthe phatetient pasiet Wseunreselped of Helre,bthé esubspquendase
request is detected, the front packet B2 anong the four packets B2 to B5

buffered in t moketieabSiées up vitisthy pregsiunt packet incthwbake wioe 200
(S6). Then, after 15 ns have passed, the renaining packets B3 to B5 are

conti nuously ta anansmnissiéw ihbervabidfetiogdespoOtbye bhekatbiils syoxigant 60
(S7). Note that this enbodi nent has been typically described regarding

transm ssi on dimdrn gheddddfss paekolatiohd imdpepiodelegaibeiBéarlbet. are
addressed to the nobil e node 200. However, regardi ng packets addressed to

ot her nobil e rAssrdirnglshynadoptbagr thaipeckein triansmpissdeon68dhttol 631d
apart fromthe queue 63la, simlar processing is also performed in each of

t he queues andcedienivpe | eofodéhe Tipresanitet icoranbiicmat ialyystem bhet he
second enbodinent is, as hitherto descri bed, an exanple of adopting the
nobi | ity agentalb@vessdeber ek etasker, abs ni s gomsibdet tol actelewe efddaidnhg to
the present invention. The nobility agent 60 perforns buffering of the
packets in thepacketstransmishiad whilevirddicing redinddnt Hoimed dlapses of
the nobile nodes, i.e., the destinations of the packets. Along with 30
associated with standby for transmission of the subhsequent

packet.

Inthecontrolnode according tothe 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
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 to these aspects of the invention, the second
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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 nobil e node
200. Then, after a lapse of a given tine period (such as 15 ns) ( the
nobility agent 60 transmts the remaining packets continuously. In this
way, the one front packet reaches the correspondent node of the destination
while facilitating the resolution of the MAC address by the router, which
has an unresdlinedperiddddridwstingiparing that #d 1t thmbaiesi cmgpadingy. After
a |lapse of the given tine period, the remai ning packets are routed on the
sane pat hway the rebay fronterearid the grodcs routpnk vaichare §raresmdMeng an
unresol ved MAC address no | onger .exists on that pathway. Therefore, the
remai ni ng padiet ¥AQiaddresstiesuine tepescdiedPGaddresent Theseqedeasor

di scarded. As a result, packet |osses are reduced and the plurality of
packets cert @#%# yapengh the dedesnathieh [theadplurakity it cpagkets
retransm ssion of the packets is reduced, and the network resources can be
nore ef fici erfifgnamititecbdfram thet gopsradt A@dehRasshethepedh sbeeee i bed in
the respective enbodi nents are preferred exanpl es of the packet |

comuni cat i orredching ddeongbidetodee Fresbis vavermt dhe KdmerBeiaty, the
present invention is not limted to the aspects descri bed herein. For

exanpl e, in t3ewbieh tife xemaindmepaeke b Abddiansmisteddyam the 6ABtEale been
made regardi ng the exanples in which 31 the control technique for packet
transni ssi on Be@er By the Niedes, wbdrh rRecRP| eSOV fiia MRG dddresFobi | e
node and the nobility agent However, without limting to these nodes, the

above control a’E“éEHHPHHE%héc&iW renA g RackebPagFe g BRAORPEASCHA N

oo r od dest; PaFPoRt e ddvare Spapbataddhe s Mttt BRRAhent s a
ransmssi on PR tPRUAGAIEEEAS: b hed elGab SPe Pe FRAG AR PB TR
Bppl | cation r BUBFRANSSRREPEPIRY T char R tardrt e bk AdiseE © 1
have been mddap5Ea0 SR o TR EGMALRAAY, RATREh Vs Fotibee 18 W Hbbi | o
25w eless corngriiott BabREke IR Ie e dtihy RE TR AR 1O0! "0

PDA). Lastl i j ; . ; 2
(PDA). Last!yp13,0956Y Rid Qhdydlf QUL RONEEL 114\ DhdudT 09" AMuLot raghi evi ng

t he packet tr ni que according to the present

invention, angiedtGYFIGY iseandRheegecor di ng medi um whi ch records the
program hereinafter sinply referreg to as the "recording nmediuni'). The

recording medi um is 7¢ess @Y pOssIPBEItAcshateuet MPLEY18R8WPaCkBL
magnetism light, electricity or the like, to a reading apparatus provided

on hardware r esufEficfticdh afystem 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 herein below
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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a general - purpose conmputer, in response to the contents of description of
the program Moreover, the recording nediumis 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 I C card _such as a user

i dentification nodBnsther Mscore nafnanrdigadility opfi ddie dPERSBRt,

magnet o-optical disk. In addition, the recordjng mediummy be a

nonvol atil e smﬁa;ﬁri@midrllnmg/ann@waisf@mha%mt@tal@ﬂ@)espmeawnbui It in
the conputer or integrally fixed firnmware. Moreover, the above program may
have a const igiigrohersinaitrrcoHavevent iifgshenid b?o@ﬁ@ﬁiﬁﬁQ¢dataﬁﬁeless
control apparatus according to the present invention receives and records
the program efhtedepailed| Apsoriphiorepyd FPERLAAS! IXAMPIesy uMddde t hr ough
a transm ssion nedi um such_as a_conmunication |line . On the contrary, the
above progr ariR@icating prefesred subodinentde £ Fhedavensdramars ¢ aini t t ed
fromthe wirel ess control apparatus according to the present invention

t hrough t he tbxnyﬁvsgfoﬁlhﬁagnﬁtlpb,oam heknee syarhews changes aRdl | ed.
Fromthe invention thus described, it will be obvious that the enbodinents
of the inventedifdgabiongmidhimthespixdfsand scope afithe baenktomot to be
regarded as a departure fromthe spirit and scope of the invention, and all
such 33 deﬂiga‘?ﬁw appagend be thesieoskil bed e ke ael frem FRigrt are

i ntended for inclusion within the scope of the followng clains. 34
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 explaining a 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

19



WHAT | S CLAIMED I S 1. .A packet transm ssion control apparatus which
sequentially transmts a plurality of packets addressed to a destination
node at an interval within a first time period, the packet transmn ssion
control apparatus conprising: packet accunul ating neans for buffering the
plurality of packets; and packet transm ssion controlling neans for
transmtting,td abehaedosid rabodimende, a front packet included in the
plurality of packets buffered in the packet accumrul ati ng nmeans and for
transmtting the raigi.n 1¢ patketshiowingstate thfa giltion in thefeyrankets to
the destination node after a | apse of a second tinme period starting froma
ti me poi nt ofofl reahamdesieenodf atiebile®niodmdketthe? setbadpasbkedidemnsm ssi on
control apparatus according to claim1, wherein the first tinme period is a
tinme period rEESCRERYIONIOR THE®RECERRED EMBaDMAENASdr ess of a routing
destination of the packet, the node relaying the packet transmtted by the
packet transm $diret Eaboddheapparatus. 3. The packet transm ssion control
apparatus according to clarm1, wherein the second tinme period is a tine
period necessary f® fitshodsbodiheal arf ther ea@dsentd henddtoidr ¢8s, to
resol ve the MAC address, the nodes being anong nodes which the plurality of
packet s transdesteibéd amddtm ildsédw 8bth riefereficest®the @iicompaaphagat us

pass through before reaching the destination node. 9. A nobile node
conpri sing: 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 a mobile node. Fig. 1l 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 confiqured
byincludingamobilenode (MN) 100 suchas amobiletelephone,
a regional mobile net:.work N2, a known backbone network N1,
and a plurality of correspondent nodes (CN) 51, 52 and 53.

Here, this packet communication 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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a link layer for switching an access router to be connected and an I P | ayer
for controlling for sequential transm ssion of a plurality of packets to a
destinati on node through the access router at an interval within a first
time period, wherein the IP |ayer includes a buffer area in which the
plurality of packets are buffered in a disconnection period when the nobile
node switches the access router to be connected and the I P | ayer perforns

control of tragsMeblhpGoutkh@M¥1 Padetohnette@diricthe o uhaltéotnf packets
buffered in the buffer area to the switched access router, and of

transnitting {heHAPRRYsPAGKEdrs il kdedsin Ndied¥dir aliney refigaaket s to
the switched access router after a | apse of a second tinme period starting

froma time pebwi1@hdthdtE RS SiotSinddted tenthPadilespondeit AB@ES e node
according to claim4, wherein the first time period isa tinme period

hecessary f0r5f”t’0053t$5ﬁ witds had the Yalckboardnatweds el rel aying the
packet transmtted by t'he nobile node, to resolve a MAC address of a

routing destinationd HBBiPaCkRIde 6100 hgcBRREEBoAAIRgaAGEHT 8i RAcketcl ai m 4,
36 wherein the second tinme period is a tine period necessary for all

nodes whi ch agah8missPby ohiteoVppuhhiass) ie witsdlass Ineohheceédtess, the
nodes bei ng anong nodes which the plurality of packets transmtted fromthe

nobi | e node paag dnle'ditetie BeEEsSrbaAERERA Hd®3 deséhddhy0f thedecation control

node conprising: an I[P layer for controlling sequential transm ssion of a

plurality of pZelediddmbde 100] bAdIstRaridydeedr ambAYthe Alceds tditeinedl
within a first time period, wherein the IP layer includes a buffer area in

whi ch the pl uwalileyehspactdng pickdis tethd pluradipyisechorésparidet ng

request fromthe nobile node, and the IP |ayer perforns control of

transm ssi on @modas 51, 52, and 53. The access routers 31 to 33 and the
relay routers 41 to 46 (hereinafter collectively referred
toas the “routers”) execute resolutionprocessingof amedia
access control (MAC) address in order to specify a rauter
as a subsequent routing destination of the packets. Here,
for each of the relay routers and the access routexrs through
whichthepacketspassafterbeingtransmitteduntil 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 to themobile node when the packets are transmitted

and two of the relay routers. 1In this event, if there is

no router having anunresolvedMAC address after the backbone
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front packet included in the plurality of packets buffered in the buffer
area to the nobile node in response to a buffering rel ease request fromthe
nobi | e node, and of transm ssion of the renaining packet included in the
plurality of packets to the nobile node after-a | apse of a second tine
period starting froma tinme point of transm ssion of the front packet. 8.

The control node, ¢ &Q, diith ttﬂe??t%l@tjs a%ef@\it’bci gﬁrf) uﬁ SEFBtIPFéé od is a

time period necessary "for 0 resolve a ne ress of a

routing desty e eh%éll whPé r%?&*iﬁ:. QﬂﬁrEEEQA"H&Jﬂf QQEi;ﬁhgt ansm tted

by the oot {f:;t“’ odpeesssary gég RSt choare
to resol ve t%%%,da %GSS O reogﬁve thh %&é re-ss, %ﬁe no ]éOS bei ng
node pass. t ht SoR R ETERRAdd E%%&&?%ﬁ}%fﬁ%??é‘%’?tﬁﬁé’ BeEdparen 1o

(o Sequenti b Jock ahanit> BpRa B?F?sggﬁﬁae%%%‘? Bl aht<ChadBP 2L G,

node at an ippgrval within a first time period, the nethod conprising: a
front packet transmtting step of allow ng the packet transm ssion control

apparatus to transgid, ol 4 BEndenthal iU folexp Pal A00) aRASHRlOngE! uded in

the plurality of pac I'n packet accunul atihg neans; and a

subsequent paekgtitheisd Eﬁh”%ﬁi&@l&ﬁs abt O GnddiA PR, LT ansm ssion

control apparatus to transmt e remal ni ng packet incl uded in the

plurality of packepg éﬂo&xbeufiqq nati ehe NRGISL B tn%"dealb@pﬁﬁc]?tfldé’s sgcond time

period starting froma tine pol 1' transm ssion of the front packet in

the front pa ) iR ii'i@ﬂaﬁtéﬂalﬂéati%rpiﬁﬁi: TNt saksRls SRhod for
allowing a nobile node to swtch an access router to be connected and to

he access “‘{m‘% VAT T ot T per o the et hod
conprising: a frgdngipeket 1dwesnmizang st-epnbérhénsprotocgl t OIBS
(corresponding to packet _transmission controlling means)
13 having a buffer area 131 (corresponding to packet
accumﬁlating means) in an internet protocol (IP) layer 13a,
a link 14 and an in!:‘erface 15 in a link layer 1l4a.
Data transmitted from the application 11 to another
node is transmitted sequéni:ially through the TCP/UDP 12,
the IP 13, the link 14, and-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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a switched access router, a front packet included in the plurality of
packets buffered in packet accunul ati ng neans during a di sconnection period
when the nobil e node switches the access router to be connected thereto:
and a subsequent packet transmtting step of allowing the nobile node to
transmt the remaining packet included in the plurality of packets to the
swi tched access router after a | apse of a second tine period starting from

a time point yQkcbt ool ol R oireg Lhon PAGkEbel ot D%l d ik PREKC!

trgnsnlttlng S I conmmuni cat1 on netho Wi ng adcoazroL
Svi SCLZ;Sﬂ” %%%%éf?%ﬁ\éfﬁ?eﬁb RS L BB il h s rout%t%& k '
: P%ﬁé%{"‘t % g Ssfaf o#ét%#lvéﬁea@?%ﬁ%%% | e %%3@9585‘3%*2’% %?sﬁ{a“ﬁ%gl o | ¢
ngﬁetaacéﬁgudﬁgggggﬁeg S g ngﬁgﬁgeptgrglbh¥f2rlggcrgazes? fsgﬁbtbg

ol case request frOrtFE THOT S AT0d: PUAARL A UCRE e BRtRE ePakm ¢ 11 ng
step of al |l oyaghhe %%%%gsoh &?ﬁn&é’d S P gltte*}e H‘%@‘% LBfeRBCKER, | ncl uded
in the plurality of pac fo e e a

e no sé of "a second

time period staldiiig ffﬁ‘(ﬁﬁ af[ﬁé ”Ecé’%é“r&ﬁ éP 3% “puffe %hfs”o“t

packet in the front pac ransmiiing s pac et co nication

system conpr iiigieddie hacke & ﬁ?@&@o’i}%:ontsomé ‘1'1n@ché’¥é’i—‘is4aacsﬁi ing to

claiml; and a {fation no receiving a plura of Packets

transm Ut ed (SN AP IRAL (20N 851 ApAOREE o1 A Yheukda shapacket

conmmuni cati on system cdnprisin
' 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 1l4a.

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
l4a and the default router in 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
IT is a state where the link layer 14a of the mobile node
100 is being switched from the access router 32 to the access
router 33 (inalink layer outage time period) and the default

router is still the access router 32.
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t he nobil e node according to claim4; and a destination node for receiving
a plurality of packets transmtted fromthe nobile node through an access
router. 15. A packet comunication system conprising: the control node

according to claim7; and a nobile node for receiving a plurality of
packets transmtted fromthe control

node through a router. 40
CA@. As. AT 3. AY. Ay. A(. A,
. AR A9. AF. Ays. AfFT eAitaWIA;I{ ysm%tﬂﬁeAwaeAeA@%Wﬁ&PYﬂF Ida ofp
F. A A9. Ah. ARGhR. Al 3. A. AsUl . A . AS. AeL>w. <Z\ 8

uzupkf a\ W catée E’é’]bclé}?ca})éﬁ] 168 bnjcoanentes &) EBFcaF(éaf%al}%ﬁ%]@a] cal cal c

a)J c™a) ca] ca] ca] c’\a] ca] ca] ca] ca] c*a] cRa!
d the access router 32 remains the default router. The

state III is continued until the mobile node 100 receives
the RAof the access router 33 and thereby changes thedefault
router from the access router 32 to the access router 33.
The state IV is a state after the mobile node 100 received
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
l4a and the default router is the access router 33.
When the connection point of the link layer l4a and
the default router coincide with each other (in the state
I.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

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 toward the 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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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

routed through the same pat]:xv_»lay as that for the front packet.

However, a router having an unresolved MAC address no longer

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 embodiment of the present invention

is described in detail with reference to the accompanying

drawings.

As a premise of description, this embédiment is based
on an assumption of the case where the packet transmission -
control technique according to the present invention is
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
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
redional 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
to 49 (hereinaftercollectivelyreferredtoasthe“routers”)
execute resolution processing of a MAC address in order to

specify a router as a subsequent routing destination of the

packets.

The mobility agent 60 is a node which receives the
packets transmitted fromthe correspondent node 54 addressed
to themobile 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

the packets will be routed through up to three routers having

unresolved MAC addresses (including the mobility agent

60)before reaching the mobile node 200. Therefore, as a
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: 109 () - y109& fgnsmitii®n 3tandby time period (éorresponding to a second

time period), Sms x 3 = 15 ms is preferably preset on the
mobility agent node 60.

Fig. 6 is a conceptual view for explaininga functional
constitutionandoperationsof themobilityagent. Asshown
in Fig. 6, the mobility agent 60 includes an IP 63
(corresponding to packet transmission controlling means)

having a buffer area 631 (corresponding to packet

accumulating means) in an IP layer 63a, and links 641 to

644 as well as interfaces 651 to 654 in link layers 641la

to 644a. The packets received by the IP 63 through the link

layer 644a having the link 644 connected to the backbone
network N1 are sorted to be transmitted to an appropriate
1ink (any 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 pa;:ligts 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 631la to the appropriate link layer
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Then, after a standby for 15 ms, the IP 63 hands over the
remaining packets (packets B3 to B5 except the front packet)
retained in the queue 631la to the appropriate link layer
643a.

Fig. 7 is a view showing state transition in the event
of a handover of the moblile 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
is transmitted from the mobile node 200 to themobility agent
60 (sl1).

This buffering request is 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 63la 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

the mobile node 200 to themobility agent 60 (S5). Buffering
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is relgga-scl.‘eéovg/f%rg }:hejt(:)llltofering release request is received

by the mobility agent 60. However, all the packets B2 to

B5buffered in the queue 631a at the point arenot necessarily

transmitted continuously to the mobile node 200 at equal

intervals.

That is to say, when receipt of the buffering release
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 BS are

continuously transmitted to the mobile node 200 by the
mobility agent 60 (87).

Note that this embodiment hasbeen typicallydescribed
regarding transmission control of the packets retained in
the queue 63la 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 according to the present invention. The mobility
agent 60 performs buffering of the packets in the queues
individuallyprovided for eachof the addressesof themobile

nodes, i.e., the destinations of the packets. RAlong with
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only one front packet among the packets buffered in each

queue to the desired mobile node 200. Then, after a lapse

of a given time period (such as 15 ms), the mobility agent
60 transmits the remaining packets continuously.

In this way, the one front packet reaches the

correspondent node of the destination while facilitating
the resolution of the MAC address by the router, which has

an 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, arouterhavinganunresolved

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. In adc_l‘ition, a rate of 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 ﬁresent 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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mobility agent. However, without limiting to these nodes,
the above control technique is also applicable to other
communication apparatuses such as a routexr for transmitting
a plurality of packets to a desired destination node.
Moreover, in each of the foregoing embodiments, a

description has been made regarding the control technique

for packet transmission in the event of the release of

buffering. However, the above~described control technique

isalsoapplicable to the casewhere the application requires
packet transmission at a shorter transmission interwval.
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

asslstance (PDA).

Lastly, adescription isprovidedconcerningaprogram
for achieving the packet transmission control technique
according to the present invention, and a computer-readable

recording medium which records the program (hereinafter

simply referred to as the “recording medium”). The

recording medium is designed to impart a state of energy
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 computer, in response to the contents of
descriptionof the program. Moreover, the recordingmedium
is designed to be capable of transmitting the contents of
description of the program to the reading dpparatus in the
form of signals corresponding to the energy changes. This
type of recording medium may be one detachably fitted to
a computer (including a mobile terminal), for example: an
ICcardsuchasauser identificationmodule (UIM); amagnetic

disk; an optical disk; or a magneto-optical disk.

addition,

In

the recording medium may be a nonvolatile
semiconductor memory such as a hard disk (HD) fixedly built

in the computer or integrally fixed firmware.

Moreover, the above program may have a constitution
in which communicating means provided in a wireless control
apparatus according to the present invention receives and
records the program either partially or entirely, from
another instrument, through a transmission medium such as

a communication line. On the contrary, the above program

may have a constitution in which the program is transmitted
fromthewireless control apparatus according to the present
invention through the transmission medium,

to another
instrument to be installed.

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

from the spirit and scope of the invention, and all such
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modifications as would be obvious to one skilled in the art

are intended for inclusionwithin the scope of the following

claims.
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WHAT IS CLAIMED IS:

1. A packet transmission control apparatus which

sequentially transmits a plurality of packets addressed to

adestination node at an interval withina fifst time period,

the packet transmission control apparatus comprising:
packet accumulating means for buffering the plurality

of 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
accumulatingmeans and for transmitting the remainingpacket
included in the plurality of packets to the destination node
after a lapse of a second time period starting from a time
point of transmission of the front packet.

2. The packet transmission control apparatus

according to claim 1,
whereinthe firsttimeperiodisatimeperiodnecessary
for a node to resolve a MAC address of a routing destination

of the packet, the node relaying the packet transmitted by

the packet transmission control apparatus.

3. The packet transmission control apparatus

according to claim 1,

wherein the second time period is a time period
necessary for all nodes, whichareto resolve theMAC address,
to resolve the MAC address, the nodes being among nodes which

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

the destination node.
4. 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 reﬁfaining 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.

5. The mobile node according to claim 4,

whereinthe first time pei:iod isatimeperiodnecessary
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.

6. The mobile node according to claim 4,
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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.

7. 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
inthebufferareatothemobilenodeinresponse toabuffering
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.

8. The control node according to claim 7,

whereinthefirsttimeperiodisatimeperiodnecessary
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.

9. The control node according to claim 7,
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necessary forall nodes, whichare to resolve theMAC 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.

10. 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, the method

comprising:

a front packet transmittingstepofallowingthepacket
transmission control apparatus to transmit, to the
destination node, a front packet included in the plurality
of packets buffered in packet accumulating means; and

a subsequent packet transmitting step of allowing the
packet transmission control apparatus to transmit the
remaining packet included in the plurality of packets to
the destination node after a lapse of a second time period
starting fromatimepointof transmissionof the £xront packet
in the front packet transmitting step.

11. 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 through the access router at an interval

within a first time period, the method comprising:

a front packet transmitting step of transmitting, to
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during a disconnection period when the mobile node switches
the access router to be connected thereto; and

a subsequent packet transnitting 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 from a time point

of transmission of the front packet in the front packet
transmitting step.

12. A packet communication method for allowing a

control node to sequentially transmit apluralityof packets
to a.mobile node which switches an access router to be
connected thereto though a router at an interval within a
first time period, the method comprising:

a front packet transmitting step of allowing the
control node to transmit, to the mobile node, a front packet
included in the plufality of packéts buffered in packet
accunulating means in response to a buffering request from
the mobile node, the front packet being transmitted in
response to abuffering release request from themobile node;
and

a subsequent packet transmitting step of allowing 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 of
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packet transmission control apparatus according
to claim 1; and
adestinationnode forreceivingapluralityofpackets
transmitted from the packet transmission control apparatus.
14. A packet communication system comprising:
the mobile node according to claim 4; and
adestinationnode forrecéivingapluralityofpackets
transmitted from the mobile node through an access router.
15. A packet communication system comprising:
the control node according to claim 7; and
a mobile node for receiving a plurality of packets

transnitted from the control node through a router.
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