;e3eX$X6TXI , . TITLE OF THE | NVENTI ON PACKET TRANSM SSI ON SYSTEM PACKET
TRANSM SSION VETHOD, PACKET TRANSM SSI ON DEVI CE, HOVE AGENT, MOBI LE

TERM S ROUTER 5 BACKGROYRD @QF THE | NVENTI ON The present

i nventi relates to packet transm ssion systens and packet
transm ssi owoopet hods, and, nore particul arly, to a packet 10 transm ssion
system and a packet transm ssion nethod that perform downlink packet
transm ssion froma network to a nobile node. The present invention al so
relates to a pdcddiE tPBnEHESINYENIEAAN e, a hone agent, a nobile terminal,
and an access rOUtPﬁr(:,K_II::ﬁ." |TﬂJ5NQIf'JIWQ|I©|N &Iy ) OYRIKEN triReNIACKES TON
transm ssi on system ti a asi ng

t hroughput of transm ssﬁﬁﬁf%@@ Féﬁ\’{iﬂ? Tﬁ@ﬂ%@fﬁgpnéﬁﬁg ‘ocol s) - based
servi ces have dr arB®VEaRGENThcMEERIEGE | TERMENAL ,y ds , AQOE HBbRPETER

communi cati gn systens having higher affinities for IP traffic have been
devel oped. In an | P-based nobil e conmunication system (hereinafter referred
to sinply as tBRCEERQEND, pEngIITIIE':QH\I\ViEl\’F'%I/Q“]err‘i'), packets directed to a

nobi | e node (such as 25 aTher paklseritel epheneidavigee)e B el ¥ r aosakkkedo
Lhrough N ACCRSS QU PLahBniULEL, SALPRRD MhLh deuces. supbuas nadl o
transmtterst can ormra ATLNT cAt 1 oM - thie” o e node)
that is situat @tﬁfdw%%uchaadl,o@@tﬁ%m@%t%@ubéréamn}m @am%‘:}&ﬁ—‘tﬁh the 30

nobi | e nodeg Faird s 896 €onWRER dhe dmbi é.epQ@ﬂ@th\k%iﬁérﬁ’l@@l@ﬂdm@fth@&l area
Wi t hin which theqaccess rout%ID can erfor]r;n;C nsm ssi on, £S type of area
wi Il be hereindft®r PefEPFBIIRY lerTyp%% E| 5Ialn5)mls[ f?ﬁn m ssi on by
the single accesstwaouk etobecowds lintrerare t t efihe p@ﬁﬁetnmglm‘ﬂequabnty
degradati on. Toalag/&'ﬁegyelegtxod%gr;?éﬂazé@ntkanfsﬁqs%qwraé@ﬂéé pQClﬁ%tme -2

transm ssion system the cells are ightl'y overlaid on one anot her,
that a plural i 379" net gRBBRIL R To”ﬁ:ré'é’s%a+ou?ﬁgs a(?ar?cﬁeersf%rﬁ?‘tl?:ﬁﬁsmaéé on to
t he nobi | el hode e ¢ hea rebie® oded exh StBei pakthet transmission

system. The present invention is aimed at

increasing throughput of transmission packets.

As the IP (Internet Protocols)-based

services have dramatically increased in recent years,

20 mobile communication systems having higher
affinities for IP traffic have been developed. In
an IP-based mobile communication system (hereinafter
referred to simply as the “packet transmission
‘system”), packets directed to a mobile node (such as

25 a portable telephone device) are transmitted through
an access router (a router equipped with devices
such as radio transmitters that can perform radio
communication with the mobile node) that is situated
at such a location as to be communicable with the

30 mobile node.

For instance, when the mobille node moves
to an end of an area within which the access router
can perform transmission (this type of area will be
hereinafter referred to simply as a “cell”), the

35 transmission by the single access router becomes
intermittent, resulting in quality degradation. To
avoid quality degradation in the conventional packet

TRy
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5 vicfnity of a cell edge. A handover technique is also applied to the
above nethod so as to attenuate the quality degradation. Handover

techni ques can be divided into hard hendover techni ques and soft handover
techni ques. In a hard handover technique, 10 an access router that can
performthe best communication with the nob+le node at a certain tine is
sel ected, and communication is perforned with the nobile node through the
sel ected access router. In a soft hendover technique, on the other hand, a
15 plurality of tERBEES Sedirersy 3 ham, c AR ep&retlorim 2 Fans il 95iten 1y aHe2 Hdbi | e

node are sel ectgd, oaad atnhﬁcﬂéients@athB%C%etpﬂ.Lﬁfa?litﬁném hb@.@htﬂbﬂlhﬁg mobi | e
node t hrough the sel ected access rout er.s q

conventional nobfF&SRod& " He %ﬁu?ﬁﬁgagﬂth%P%Wh?ﬁpryt8f

receivers, and mahidei nolda hehemdiber mobiiver nateoedi agst dna trrwdl o access

t hod t CDVA h d th
e (et SSpACEpIA R Aot LigSCOM st pEet et b, uspd [ the

recei vers, the ﬁ%BPIépﬂﬁi?QE%Ptﬁ%eaapaﬁﬁaﬁ@?ﬁo%e?ﬂgaabFQ1%??%??%%%1
conmuni cat i on aﬁhéoqgaai@neie)jr&dﬂl&tﬁ.adl 0 Heaeioess tschafivuriscalde.bén the

above conventloggblgg%k %J@@SH&ﬁébg%rs é%ﬁﬂﬂ %Qggvgk %%% nobi | e node

can receive onl one r egar han over
techni que is en%@@?éﬂemkkﬁﬂhﬁ¥@W?s onfty @n@%ﬁﬁw@%ndgvﬁFaﬁ§@hﬁkﬁﬂ¢o t he

trmbl l e nodeg eraﬁ ﬁ’@@é%st %@@&es\c;‘hée%ahstp%&rft hd)ﬁﬁf@ﬁgl ﬁ@@t&e_t 3i5h
ransm ssi on wi i resu e oug pu in .the

convent i onal pa%?@?ugﬁg%gﬁQQHYﬁ#ﬁnggnpl%%ﬁ ﬁ# csriAdd §H¢ he
conventi onal patkesefeansmd ssimonh sgmmenpcevennmhem phefnnmeﬁewndde Bl oys
a plurality of ﬁ@gweaa %i%s 1{@2&9&? apd g@qreg%@ JoLEsEhap Qg radio

access net hods are avai | , one of the radi o access methods is
sel ected for tr%n%ﬁﬁ§sﬂﬁ¥QﬁV%¥t?%% éﬂgﬁ'régh{qq%goFﬁeé F8#%hrfoughput .

SUMMARY OF 1BHE p NYEATLEN HF A geses akoahpest tfat heaprpsedbrivnvention is to
brovi de packe! LERNSHLSSLON S AN AMLRACKSIqd TaneMLstLan et hads I

whi ch the above di sadvantages aré elinnate specrtic ‘object of the
present 15 |nvehb?ohdﬁ§ﬁk§%#cﬂﬁﬂbehspéé@eﬁﬁﬁﬂﬁﬁ#ﬁ%@@oﬁ°s$§@emQQKﬂ%

packet transm sgb@8 mBirkedY:vhi €81 tBredghRrbed N HOUDEEBKaRaGKRS same
transm ssion to_a nobile node can be increased. Another specific object of

the present 20 FAY8ntion is to provi de a packet transm ssion device, a hone
agent, a nmdlile term nal, Parbraremttess lr owtdrl e hmdareaenonManetche

packet transm sgi@n gy Q%@éﬁlé e Pr 6588A0b IHfaety ORs , Theqabave i€t s of
the present invention 25 are achieved b% gg packet tran§n155|ogFﬁysten1that
i kOWP e Sre

incl udes: a nobfFi® RBHEC & SFAWETRSt AGF g rRyid i nobi | e
node, and transmetsodovsiiaik grackie¢ STDMAL e timlyl |@r node; CaMa acHunedagent

that manages copngetlan Rl Misddof Mehbol 20Ul thes 3R BBl kgpiade In the

network. In this packet transm ssion system e networ k_i ncludes a packet
dlstrlbuto?%rwﬁogﬁpﬁﬁslémeﬁ%1dé@lbacﬁé?sqﬁﬁ%ﬁaT?%Eéﬁ%?té&QQiW?ﬁﬁnDblIe
node, and a packieé¢ paballleelnddansaittre thatandisstes | it esihbe apdekeis

perform communication as long as one of the radio
receivers is communicable.
In the above conventional packet

30 transmission system, however, the mobile node can
receive only one packet at a time, regardless of
which handover technique is employed. Accordingly,
only one packet is transmitted to the mobile node,
even where the access routers can perform packet

35 transmission with high quality. As a result, the
throughput in the conventional packet transmission

system is always low.



35 divided by the packet distributor to a plurality of radio transnission
devi ces provided in advance and ' then transmts the packets through the
radi o -4 transm ssion devices. The nobil e node includes a packet receiver
that receives the packets transmtted by the packet parallel transmtter
with a plurality of radio reception devicess and a packet 5 conbi ner that
conbi nes the recei ved packets to generate an original packet stream The
hone agent includes a distributor location information hol der that holds
informati on of a |ogical IAdcati oimoftheheopashetiatiast rpbaker as i nfornmation

of a connection: 10, PR ALk tsﬂﬁ‘s%’r{?' | 8,BRAGHIN thee NREVREK. nljyd his packet
transm ssion system when the nefwork _has packets to be transmtted to the

mobi | e node, tHe"ReP¥Sr kR P&Wq%gytﬂé Eﬁﬁlﬁé’cﬁcd:r??)%lrﬁ?tpﬁfjér &4 on from
the di stributortheecatbar mfrox netiavnohel derdl@f a]c5:é§l@ rhetrhoalgelmtr,e and

i nputs the pack t he t SLEI 0 Cs
| ocati on spgm f%‘té %gbtl%é rqlcll%?e?/rg% é%nggtgtl S} 0| n(fegeg%' }ng% O% ﬁagn this
packet transm s%?bﬁc*s}?gt &r 2orpagRression pe tard?ﬂs‘?lﬁtt@élsaréeéﬂ@{trlirbmt ed to
the radi o transimssi ggewdegwrcdaﬁglb@/ @.distribution node, and are then
transmtted to the nobile node through each of the radio transm ssion

devi ces at once. Each of the packets is received by the radio 25 reception
devices in the SHWHRABYNnOFe.THEhel WEEKRETISONare t hen conbi ned to generate the
original pagket stream Thuseddic|NpoyelRUl O oW LOknRAGKE s on

transmtted fromthe networK can %e Increased. In t’he above pac

transmissi on systehP BEOVHES aRﬁ%k?Faﬁ§ﬁ'P§§‘|l(§ﬁJd§¥/l%3é§tﬁ‘§§ Bé& o (Prarﬁa}be%y one
or nore access toahemnssedoh imetihsdagianehdchryte radbvet ransmtters. Al so,
in the above p ] SSI S packet distributor may be
provided 35 wit atﬁfgg?%éﬁ@%(?esss aolner é(g(&:rgggsttlr%giut ers. In this packet

transni ssion system the & $T5D9uUIPeniAdaeold 9o HelhenPErREitci nity of

the -5 aqsessm@@lﬁeﬁ&n S.% tﬂtﬁtpf@‘ﬁlgéodpp@fc]d@ijl‘@ri@@xﬁﬁ.b!@fi%nt @@tst.c@m
recei ve packets_i dcsrrect to t he st i.bution goggl fro

nobi | e node. THU%S 8 FECI arbsarﬁ P LPPaRSHISS dIY BB ok 5 In
t he above packexntdansml@éq Ryt emanhelpaaloet o sa rinbotde meds rdnde a

comuni cabl e ragio; hrapgRidd er detector that determ nes whether each of the
radi o transm ssion devices i s conmmuni cgtﬁzl e wth the pobile node. 10 In this

packet transnission systeMPAHETi SRFFBELCORPIGEHT i ?ﬁu?lil%sp&es@% of the
radi o trangM ssimnedevbaed st had pavvideve asgaecketraeshisaticonsiavhietaer it

exiSte ihin an fos LReHhl oh ts! adi eobRasRYl o flevigescaothe mbile

node 15 can perform co ni cation Istribution node then selects each
radi o transm ssTORLEBYIEEE It [fdte TR Y Gft APn Hhife RETAERI EABREMASSAL O Thus,
nore preci se dawstak packele tymnseahsSianetandoe perfornmed.

The above objects of the present invention

25 are achieved by a packet transmission system that
includes: a mobile node; a network that has a radio
link with the mobile node, and transmits downlink
packets to the mobile node; and a home agent that
manages connection point information about the

30 mobile node in the network. In this packet
transmission system, the network includes a packet
distributor that inputs and divides packets to be
transmitted to the mobile node, and a packet
parallel transmitter that distributes the packets

35 divided by the packet distributor to a plurality of
radio transmission devices provided in advance and
then transmits the packets through the radio



20 As the nobile node can deci de whet her downlink communication can be
performed, the nobile node in the above packet transm ssion system nay

i ncl ude a comruni cation possibility notifying part that determ nes whet her
t he nobil e node can 25 comunicate with the radio transm ssion devices, and
notifies a distribution node provided w th4+he packet distributor of the
determ nation result. In the above packet transm ssion system the packet

di stributor may include a packet 30 distribution ratio setting part that
sets an equal dizarsmuspdRny gtevoiags a pFhdemebrilfed@iet tnbltides r@atio with

whi ch packets t0,be-transwiitiad @£ disteibukednd ndbiscpacket _
transm ssion system 35 packets are distribut eqtff{ the sanme distribution
rate, and the COmMPoPLpF5cedy e REREE CdPECA RS o AP bE TSNPt ed, as

long as the bard plufaiidyh® fofrddieo radteptiansdessions pathd ar packet
substanti al by unidor by TRrde! ermgbhecpackel.divdd Ibutign ratio in

accordance W th the conditions for comunica e requirenents in
the system eaddeRfréhe adcessiFigiakriarkethé talssve pakiket hemgnagiessi on

sySLem g@y i_nglltwke' 1@déeepar bad difi et | %’89@?Hiofnyii_ﬁgfd)@ﬁétibﬁt heekds t he
packet distribut.or, at ast, e piece of .informatiaon as _reporte

i nformati on, 16“}‘:)?%\%8%?@1 (Ceklr})er ae%l??o%fi Af gror%ltclaf)ﬁh %?%%ggof‘n(?%u&ihneg

i nformati on as packathdésmmitiudat eapabdfarmatiof oyt i opnagctdon

comuni cat h@_” Cﬁ@{x%‘%fi Rher MR Ok asod @ %' ¥ irﬂat[%?&i‘ﬁ? transhers fromthe
packet distributor to the one or, nore radio 15 transmtters, an

d
i nformati on as RIFESIMbAPRSMIGS il YR s e Hiife R2ebYRT fabRét
transm ssion sysieketsheopdekeiraishitbatoromuhechesigel ¢ heodiest rdhizut i on
ratio with whi %P@&ifﬁt%ett‘%i%e?so Eﬂ@”?%héﬁgi%rnep%ﬁ{'% §@malasgd on the
reported informatiron sent by the reported i nformtion noti KI ng part, In
thi s packet trahsm sERenddpstrdiu e ke? caFsPR Babiumaeicpehpéfrsr efd based
OE t_hef 25 specifh€ahons a%@nwalair_tcy ﬁp@aghgh@di@damn%_ést}a@ @&UkkeﬂJSi ng
the information,as_to _each caq iCc nd,area. ordingly, packet
transm ssi on cadnl%%rbg}]?&rng&@aﬁgagﬁ%i %‘g ?gealgigs?’tcﬁ ﬁf?coarlljcf’gfli o that
refl ects the petdeththed ayd thee mamgkevednconatesforspeath radi o

transm ssi on patdeoMhgaithe charges for the radio transm ssion paths vary,
t he conmuni cation charge i_nformation is used to perform hl y economi cal

hi
packet transnission for ug8r<hids REFRGEL ﬁEaPﬁfT‘&rsr‘FH‘t‘?rbns%§gF8't he delay in
packet traf8ferpdaioatsheodbst idarsmit nedeatre tdie tacidessedotiberthe packet

transfer prio”féﬁf@ntpgnsmission devices by a distribution node,
and are then transmitted to the mobile node through
each of the radio transmission devices at once.
Each of the packets is received by the radio
25 reception devices in the mobile node. The packets
are then combined to generate the original packet
stream. Thus, the throughput of downlink packets
transmitted from the network can be increased.
In the above packet transmission system,
30 the radio transmission devices may be formed by one
or more access routers each including one or more
radio transmitters.
Also, in the above packet transmission
system, the packet distributor may be provided
35 within the one or more access routers.
In this packet transmission system, the

distribution node is provided in the vicinity of the



given'to radio transmitters having smaller transfer delays. Thus, the
packet transfer delay between the distribution node and the conbiner in the
nobi | e node can be mnimzed. 5 Using the information as to quality of
service (QS), packet transmi ssion can be perfornmed with quality
corresponding to the quality of service. Abso, in the packet transm ssion
system of the present invention, the packet distributor may 10 include a
packet transfer part that transfers packets distributed to the radio
transmtters to2€ResFadieattohi fert ﬁﬁtaé@@rmv\?fhraﬁﬁ@r Hegpdyvers
protocols. The @ﬁ@keba@orﬂadﬁvwabn@wdasa W@&eaeam:awrlythﬂi the
retrieves packe%s %rags&grred ¥ ?e 15 packet t%éngfg i n accordance
wi th the upperl §3 TBP0t % thPe 6 cngﬂ%r shf Elon i@%%eﬁ? Packet
di stribution anplrpaa‘;lset Pearits i hgasamibe icar rdagd eitpénfarmeger | ayer, and,

accordingly,s the process 2Q, d@rh@yasévéega@ketﬁﬁ%rpémsg%% GR {2
mnimzed. Also, in this structure, the process of registering the |ogical

Iocatlon|rﬁornEPPoHaSqung%ﬁ%¥+PBEPFoWaMMk?Q#Eﬁe|% FREMESHEQ 9N poi nt
of the upper Iayed;oamddﬂkmxxwéfoﬁeﬁpetatlamaﬁ daraaginhgedi styddndt on 25

ratios with a I %gh E? %F&h E%% 8“9&533%%%%1x> & g%}cggr%grned in the | ower

| ayer. According vers can be hi romthe upper |ayer.
Thus, the deIayCPﬁmHaﬁ&@hﬁerﬁk%%s§é§ @QﬁlﬁélﬁQﬁ¢nzed even if the hone

agent is sifpuated at a di sz:trangel@Opé&Q@tt fte:adisﬁﬁlrwu@nosye%@ (atha

| ocati on where % g process del aﬁ IS ca%fe i,n con é a transfer
in both directi®h %rl &ﬁﬁ%ﬂ 1992 ¢ hRAPSES Sorf &t K Fdn é ﬁtrﬁ dShes | arge
due to simlar haﬂdemeﬁSpmuteésvxeqae$hstfm@neﬁgﬁt@aﬁstpaer35

di stribution n0g§§tlhg%ﬂ&ﬂéﬂwﬂ@@ﬁe?aﬁtb%xﬁggﬂ§qgltﬁiﬁoan'Qr%QeJH?Cket
transm ssi on systen1o present invention, the packet distributor may

_g_ include a spReFh &ﬁwﬁ%&%%aﬁ?%?pFﬁéﬁsﬂ&V%q?%k?fpEPF PRt 4§ Sfider s
packets tolse dcsnrpbmﬁedm(rdmmmmadaﬁlbmansmhﬁndﬂsﬂeybueSOmhmmqﬁla

speci al - purposetftigﬁ‘g@'l%acté oL B rom ?he” % n@%‘&f&nt %Oi@'e han system  a

part of or all o transter |str| ution no e radio
transm ssi on de®¥éessi ¥igdyiorhieg ?ﬁﬁ@HQHQﬂﬂiﬁxﬁ%ﬁ%}-p@PHése“EHﬁhunlcatlon

path, instead oprébeseppRiwdayer . pdburstr themackedid® taansker delay can be
m nimzed. Also t he packet transm ssion system of the present

i nvention, the %35285 glstrlbutor may include a packet upper-|ayer transfer
part that f0ansfers packet’ss tohdpendbsirei boded dan theciddi sheSheamnsni ssi on

devi ces in accoaélaﬂ@@nw %micé@ysﬁ Bhot ¢DIgerfrhBES RAGK@Iobile
transm ssi on syst ?§§é§ﬁ30r all of the transfer fromthe distribution
9 Fréﬁsﬁ

node to the rad? VP 2K St AT R R SE6™ M8 % r ansf er
function of thelmpbedelay@mmmmmnmdtmghypop@mhﬁkutmnnDEldN$ngln&mﬁ to

desired radio tEﬁQE”H%%'e%qu‘é/é tﬁérl eRe &% uie: copaectall ity of the
upper Iayer is malntained. Thu ﬁ hr qughput can be i ncreased.
25 communicate w1th the radlo transmission devices, and

notifies a distribution node provided with the
packet distributor of the determination result.
In the above packet transmission system,
the packet distributor may include a packet
30 distribution ratio setting part that sets an equal
distribution ratio or a predetermined distribution
ratio with which packets to be transmitted are
distributed.
In this packet transmission system,
35 packets are distributed at the same distribution
rate, and the control process for packet
distribution can be simplified, as long as the band



25 Also, in the above packet transmi ssion system of the present invention,
the distributor |ocation information holder nmay include a distribution node
regi stration/update part that registers logical |ocation informtion of
anot her 30 packet distributor determ ned by a distance between the nobile
node and a radi o transm ssion device to wheeh packets are to be transmtted
froma packet distributor being currently used by the nobile node when the
nobi | e node noves a certain di stance away 35 fromthe radi o transm ssion
devi ce, the ot heidphsketf dilse riddior thenmsgitsfekabypathbsaared as a new

packet distributghstanke usi8d byithemnobi | e node. _g_ In this packet
transm ssion system the frquenc u%ggte of. the |o icﬁh |.ocati on,

of
i nformation of the distri i ?F%%ﬁénﬁi ¢ R ebnfteFroRuSdiR ratio
information of theaupperddrayeryit bhbe coegiistisres fort bemdiustirdari o
| ocati on [ nfsor ngli o chalders plndhes Nore genty ds.qadea sf bircignt | v | over
than the switching frequency of the access routers that mainly perform
packet transni s3F6RSEo M bile kbBeaboy e MACkHE T1D2REMAEWLCT r equency

in the upper |aygsteanmes livelede ASrapbexdd.idhernkeeess ndegessaiy for
t he upperl ayer haggo%%{tg%p q§ s'rrglifi?d,t alg;haqﬁgvgg o nlbe carried out
at a higher speBdr "l e SHHvR E% kBECEFAnSH ST o Eyst@%n 8 Sheone

di stribution nopéeregidt riatfiormapdaneaparenraytapdan 8o amd tiewr,egi ster the

l'ogi cal |oqatiopgrbpfienmal boictbe pasketl idicyinid bUbRrphased on information
supplied fromt sp, in the above packet ;transm_ssion 20

e bi.| e node. Al
system the nnb?P@TﬁS&QQnﬁpéhF@Pﬁbﬁpl@Sc&ﬂnﬁﬁ%%l'%%mPBFﬁP He PARA above
packet transm ssrea,sysifemnaftide psesentommuentdotiomychartgear, | ncl ude a

A | ; . ' : cl U
router that re 9xggg@gfcq{o% J&F‘Eé.&eﬂﬁg‘sé’f;l% Lpoi]éll‘&rﬁ‘gégs%ért rf%%%ﬂt?ﬁéo”

devices. In this transm ssion's the distributor location

i nformati on hol B@Fket e Hot beentoi $her SR iTCFRerRBECer. In this
packet trangm ssrafsmisitifs | hendppREokayeri apnect b 08orALAL darfigyrmation to
be 30 registereduggi%he hone agent is held by the router. Thus, a sinpler
packet transni I on sVSten1can be realized. The above objects of the
present invention are al sdlahi evedtby abestehak@fetrhnspsmtlissg 86 downl i nk

packets froma ggtwahK tha gmbiie Hoder Wty htapetnBnkebeinrg connect ed
to a home agent thgt,gang es |nfornat|gn Eﬁ‘%g a cqgggc%gogep0|nt of -10
the mobile node?tdEEEEH TP Het WP Wbk ¥Re HeR@Tk
20 transmitted are distributed, based on the reported
information sent by the reported information
notifying part.
In this packet transmission system, packet
distribution can be performed based on the
25 specification and quality of each radio transmission
path, using the information as to each communicable
band area. Accordingly, packet transmission can be
performed according to a distribution ratio that
reflects the performance and the congestion state of
30 each radio transmission path.
When the charges for the radio
transmission paths vary, the communication charge
information is used to perform highly economical
packet transmission for users.
35 Using the information as to the delay in
packet transfer from the distribution node to the

access routers, packet transfer priority can be



includes a distribution node that inputs and distributes packets to be
transimtted. This nmethod includes the steps of: 5 retrieving information as
to a logical location of the distribution node as the connection point
information held in the home agent, when transmtting packets to the nobile
node; inputting the packets to the distributdion 10 node situated at the

| ogi cal information designated by the retrieved connection point
information; transmitting the distributed packets fromthe distribution
node to the nobidieramodeo t hadugh taamamiat t¢ys ohavadigo smadnissw stk ansdevi ces

that are set 154d Afvancey,and qmying: theaRaeket s d1rAnsHL L ednt Riugh
the radio transm ssi'on devices so as to generate an qrigi.nal acket stream

by the mobile nfdS AR EbBIeRAAE SttertD| eePB1RRE FatUt®es™2Bibf t he
present inventi apdd |dabesomimamd zapparent fromthe foll ow ng description

taken in conjfunction with th C i i.ngs. BRI P‘r:ts TI ON OF
THE DRAWNGS’ 25 FIG 1 iII%% P?t %%%ﬁ%&%géggﬁrg%t l}r%e,%‘raa pgségt

transm ssi on systednide at@ofdanpeckiath bransniseipadicrentoofpehéopmesent

invention; FIG 2 dH |dsd1 ates 3k B @1 0 the takr apgenesy 8F gelds dd, a
cellular system 30 FIG 3 !Ll I ust,raterf an egag‘pl e structure of the cel]ular
system shown in FIG 2; FIBSE/ i AudiitR3Canot hEA PSRN BBt FYRFEPe Odf t he

cel lular systemtdtwowreésert Gin2enkli@Gn 5 thé usarabes dis texidmpt er ohayhe 35
arrangement, of qeldindd npugbhalid carmaini satioRnsystamAdabich a single

cell systemand a cellular” systemare overlaid on each other; and -11
FIG 6 illustraPéSkitexdhpreibitest e et hrdofetirand tonhehs chPi &hre
system shown i ngades. cOEHSCRERTLON Adc dita PREFERRED ubdyBGHI MpES 5 The
following is a description o di,nent : I t 4 ntiQn it h
reference to th %é)gcc?oér)r%)%%yi nghgﬁ%‘ﬂfg{? %fréglég?l P‘Sgtsﬁg‘tcels@%% %xgﬁgﬂ(\gt
structure of a pa&dkuteveanthRssirersyasiempacketsr dasde ifired by thest

enbodi ment p§ t bR JNEseRtahBYER! iRt ASh SAO¥BrEBnkkGwilkh tiee Pagket—
transm ssi on sysitem of the grfsent i nvention can be roughly divided into a
network 150 and *&¥%fobiRE°hBd8-Ea nobile terninal) 107 (indicated by the
dotted lines). 15 The netwdonkth58 ipecikelest sahemésagem shodtemat phokes t he

connecti on poi nty;i r ' t he dpper $nksS t } r pet
prot ocol s) of tﬁéﬁﬁﬁ%ggeg%&%{%‘n t he %Jélﬁg?kn% e %cciel S(?(?f bg%iao%%r?ode

_ 0, a
102 that distriBdt & Y9EREn 8¥REn ket 3C2BT AF FELYed HF tECHBBFI e node
107, and razih o dedarsm ssuoaddeyi ¢ sk Aot dssaghch@3bd (M smanednt eger
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the logical location information of the distribution
node that is the connection point of the upper layer,
and the control operation of changing distribution

25 ratios with a local move of the mobile node, are all
performed in the lower layer. Accordingly, local
handovers can be hidden from the upper layer. Thus,
the delay in handover processes can be minimized,
even if the home agent is situated at a distance

30 from the distribution node (at a location where a
greater process delay is caused in control data
transfer in both directions). Further, if the load
on the home agent becomes large due to similar
handover process requests from a plurality of

35 distribution nodes, the total load can be reduced.

Also, in the packet transmission system of

the present invention, the packet distributor may



25 as the "access routers". Each of the access routers 103-1 through 103-M
is provided with NI, N2, ..., N.~ of radio transmtters 104-1 through 104-
ENC N1 + N2+ ... + NM, and the nunber M of the access routers is 1 or
greater. The nunber of radio 30 transmitters included in each of the access
routers 103-1 through 103-Mis also 1 or ggeater. The distribution node 102
may be i ndependently |ocated in the network 150, or may be provided to an
arbitrary ones) of the access routers 103-1 through 35 103-M 1In this
exanpl e, the distrillbgte en sweleidd2piugposde paleat | yrhosdteed (Initle net wor k

150. There may Bg twopQ: @f&gﬁgkge%a@i@té U@&tbQ”d%ttr'l%utedlzto the

di stribution node 102 but only one device should function as
di stribution nod83fer TR $EbE FLORoHEY RS rﬁfb?‘?‘égHoaesP@FH%‘I%JéEoéﬁe or
nore 5 radi o recemmand c35tdn tpaelgh 105-L that receive packets transmtted

fromthe acgess routers 103: 1, ﬁbgoggg%@ %%s:ﬁ??s%kv‘%yﬁt]é%o éﬁké?rt

conbi ner 106 t hat conbi nes r%he recerve ener
stream The nunbér o &l ref r’é@?otr‘-’éél@lf\ﬁefr sf nigm 1‘9591d€tﬁ|t®”u<jjnlt11081 Lnpdevi ded

in the nobile nedeth@7 Ka@fh@%ﬂ@h%%@%@rﬂ‘ rﬁﬂi@@s nﬂgbglérffforﬁ@éh o signals
that are desi reﬁgto b cel ved. ., Thi nobi | e nod ga ortabl e
i

a
t el ephone term hAFCUY eab?%e?ﬁ? rﬁélltrlp&?% eci?ﬁ“ﬂ‘éfllga lﬁﬁ’ed’%}{)h t he above
radi o 15 recei vénstead a:rf itheaunppernilagler forTIeuanptbe Bactkef the radio

transmtteng 1041 g rer 104 EN - %H Egemq LW K450 is capabl e of

conmuni cating with one or nore o e radiQ recelvers 105-1 through 105 L
in the mobile node 107. 23*hHe: obéréﬂ'lieori’aﬁ']ieﬁ%lH%gsﬂif-stsl%@nprséé%’?ﬁm of

invention will phw beedesct i Dedentibh,r eher gwekéd EL&cribuvAldhangh not
shown in the dr gm T%det t}:\ %}e%)&glggt P%Bgne?ﬁi‘m‘éﬁﬁ%ﬁg&h%& tr%ném ssion

node for transmtting pac transm Ssi on node
is provided w t BrpRS fesiscirackehs etpebepdbtsdeniBytad Gppdhd aatise and

performs pagket tthaREAIsESI A db{Dcasl egepld By dwel€e (Wwilh, uidy /0Ny &rnode
107 in this case%Pln accordance with the IPs. In the follow ng, the

operation in acRoPGRAFEES30 with the above principles of the present
invention will be describeth (Opernticae tPrinti phisyivhenypdachet 2 apert

transm tted froget Be 33 it r@HSH§SLEARGS %frénheu@@t&@g%rl%%&& hﬁ%a@bl le

node 107, the transm ssion node inquires of the honme agent 101 to I ch
ones) of the acEBs&hEofest i 1pRansmiggion devices 1s performed using
20 the transfer function of the upper layer.

Accordingly, packets can be distributed to desired
radio transmission devices, as long as the
connectability of the upper layer is maintained.
Thus, the throughput can be increased.

25 Also, in the above packet transmission
system of the present invention, the distributor
location information holder may include a
distribution node registration/update part that
registers logical location information of another

30 packet distributor determined by a distance between
the mobile node and a radio transmission device to
which packets are to be transmitted from a packet
distributor being currently used by the mobile node
when the mobile node moves a certain distance away

35 from the radio transmission device, the other packet
distributor being thereby registered as a new packet
distributor to be used by the mobile node.



1 through 103-Min the network 150 shoul d packets be transferred so as to
be transmtted to the nobile node 107. The transm ssion node retrieves the
information as to the logical location of the 5 distribution node 102 that
di stributes packets to access routers suitable for transmtting packets to
the nobil e node 107, and transmits transnt8sion packets to the distribution
node situated at the | ogical |ocation. Receiving packets fromthe upper 10
| ayer of the transm ssion node, the distribution node 102 distributes the
recei ved packets to a parﬂﬂﬁthﬁsaﬂécbﬁttﬁé@ﬂﬁﬂkﬁ%%%ﬂsﬁV§¢éﬂs:ﬂﬁﬁ .,

104ENL i ncl UdEdfthﬁQﬁc?C%@S%ﬂ@&"E@r§f1@.3re1 1ty s 188aMhi okhe packets
distributed to a part dio transmtters -

102 EN are tHORCOFIRSHOTY GiF 170 THELE SPHdS Rt (BIRR K Eefs ot 6 fthe mobi I e
node 107 throughonadcaibmamsnirssi onfpanhsiof taef tieé ngpreceilwgey tde

radi o recei vers,d0pad 3 KRou0N ﬁ@%ﬁe%ﬁt&ﬂmpddxe 19dgt 184, 20 the packets

transmtted fromt eradio transmtters in above manner are conbi ned by
the conb_ner 10BRferfeférat datdebre§i fke @&&@eta%‘?rﬂEaW WAFEh i s outputted

to the nex;I sthe@ufﬁscdésle;mybelotiva@@veh?hnﬁme Wl vt kn G SO r cZD epRBKES S
transmtted thr upper.. | ayer t Iy re
distributed to glﬁg 8?0%&% 0 mi%esrg |o rékls?g]tsé%lrs €@4B%%%eac 104- EN1 by
the distributi ohrandeisedorditfd ettt mphdRet Sdsk8 ngseli shatbtihed to each

radi o trangmitteshdoTBes & RQPacket snt rtmsraéiﬁ@ﬂ igy@@gbatnh%er adhPered.
transm ssion paths are recei verg and conbined in the ]go Gggnode 107. Thus,

a hi gher throughpuf E&F Y obt™sF nti® CAPSo P a9Te Sittest® r SPRSi pped wi t h
radi o transm ttkageshbanddeearcamged sampldlf iedmnaed hen8dvtear avaar | ap one

another. Wth this. ggggr@gﬁrggﬂ;,a@ grﬁilﬁﬁ% nlé?ggd of access routers can
e. Acc

perform communi cation wit ordingly -14 the
t hroughput in the overl apfithg-%® eabp¥ei ﬁé%&r%ﬂ“%ﬁélﬁﬁcﬁd@t@%ﬂsf er

rate wi th nespeghet aikhe ibiitiesn ofoexi sbgﬁg;taca:tes@nx@paats oant thenay

i ncreased. Next ase ere the. above a iLQn systemis
applied to an I‘ﬁ’pgaged cgnl b arre%lsjfjem(t er eloﬁlfaffcfEH fg?e?’?e to sinply as
the "cellul ar syRfeninptigmd &f h‘@hn@lopéflkéﬁelda{ﬁfdﬁb%t@érbéﬁﬁﬁd 9m t he

cel lular systemmkbknbe idesihed: ebinri-Be ftold Qmmglethbaecase WI I I be

regarded as the 10 first i nent rese nvention
Enbodi ment) FIG 2 iIIustﬁse% ahne}'(gﬁ'plag Ot chatﬂ‘rpé{o?r?ﬂSm&gl ori n t he
cel lul ar s¢$t ensy#sevan the sesni s fivdm FR@ & a heolatdess routers 103-1

t hrough 103-M aégmﬁgﬁgcgrtrlq;}geﬁepﬁiggghand in each correspondi ng one of
cells 108-1 through 108- of the cells 108-1 through 108-Mis w de

enough for packet transm Si%PRAYBuGACESEEh tcrc?rrf%%b%ﬁﬂ?ﬁgséfﬁ&e& %he 20
access routers 408- ﬂzr'ehl’emigflrﬂ.\ﬂéhﬁd.oﬁ\hmaye)fwiﬁfr@r withblndewa aromtmfze cells,

the nobile node, I Kk S| r ne of
t he access rout e}}gzlggﬂfyesh?do ]hg?%B?k/la ﬁ%%endéé‘f&l%%c Fll over cgps t he
25 end of &°5nei GABBFMAGSAEIT | d%‘bl@ﬁﬁt t B8 $&rhA déa‘F]%eﬁoFr?ﬁtSé‘rlﬁfp‘t%‘H when
the nobile nodes}9¥¢efipvend DI ©PEbGEbE 10 canaidierin Accmadiing) ho Mdhen

| ocated at the ePdERf %o%eel Ideqétlpg gls)blPlé Vg%zﬁ 197 cgp ysyally comunicate
30°F

wWith two or noré access T out ustrates an exarrple system
structure of the above cellnulttisyBeeket transmission system, the

upper-layer connection point information to be

30 registered in the home agent is held by the router.
Thus, a simpler packet transmission system can be
realized.

The above objects of the present invention

are also achieved by a method of transmitting

35 downlink packets from a network to a mobile node,
with the network being connected to a home agent

that manages information as to a connection point of



As shown in FIG 3, this cellular systemincludes a network 109, a hone
agent 101, a transm ssion node 112, a router 110, the access 35 routers
103-1 through 103-M and the nobile node 107. The network 109 is connected
to the hone agent 101, the transmi ssion node 112 that transmts packets to
-15 the nobil e node 107, and the router (amOedge router) 110 that rel ays
packets transmtted fromthe transm ssion node 112 to one or nore

desi gnat ed access routers. Each of the access routers 103-1 5 through 103-M
in the network 109 mobirdsyintede wiohatkd dor ridsponetrigréne dhe auovork

transnitters 104né1h@re%u® cﬂ-pél‘thyﬂ@ofﬂc%% ned bed; ahutthesgd adi o
transmtters 10 thro h 104- rmed by, a single nethod or

conbi ned met hod ls§§ll Saspal%k‘ﬁ’éﬁkéf’s bter a%ﬁ? thtffom (e § g phod
transmtters 104fclhdesghtd4ds bbpanclfie recei ved by the nobil e node 107.

Each of the saccess router (o] o] d W
correspondi nSS one of di stﬁ%ﬁt}%ﬁgﬁgdggl}f@%ﬁ% ?o‘ggh%%og g;r}tﬁfq]as a 15
function of di stPFBGioTy Packes sdishe ieddsy rféﬂl‘?%réslﬁg-el thmﬁfghlqos M

are arranged clpsentolemamw&h@ﬁ hand ame ﬂl@ﬂ@@ﬁl@dabén(inev&m{ her via a
| ocal hi gh-spee net\/\ot}licrlll Al the ile o e 107 is provided with

radi o receivers 1051 orl%hpazf) ?[Bg C th rnécejr ﬁéts transmtted
from access routers via ra‘.lchw-l‘sEcngombeam@Q&ﬁmt@ethQOGIltswailmotm@mes

packets outjputt gdabr @i 4di € Eﬁ@e'l%%ﬁ%a]ioir%féPrh%%nl%é—lgr{aﬂté(ﬁ“ S
enbodi nment, a | ocal handover 25 process (fromthe distribution nodes to the

conbi ner) is ref¥r &8 ésettrrfee‘b?%tSEBP?C IhPFihk FRYRFMEFHO Ot her gener al
handover processes (such asrdmemptodcegs thfe tdies transtedspar keade A4@m
transmtting pagket &1LQ 415, COMMCRLLANTRO0IH, 46558e SobaULE (B eLring to
t he home agent 101) are contained in the net wor ayer prot ocol's” such as
mobi | e | Ps. | n PhEFRIATEW T, © adi 8 pEranissr i an a%mtﬁteﬁnajhaltdcﬁmmﬁt
packet froms heihr ads@ingsd 0omd® node 112 in the network 109 to the m)bl | e
node 107 in the above struct re wll ge des rltbsedtrél'rr}emn%@ ge ode
first determ nes which A on%%TgFthé’ dio transmtters 104-1°9 rough
104-M in the netherkatll® careronhaaioat dewnltqest h&o radi 6or gegiarm e 1956- 1
through 105-L oér&la@_n@qblaaecmges%%amm tdf‘é%%mélﬁed@ay be perforned
by the radio 5 recéivers 1 t hrough 105-L of nobi | e node 107, which
measure the reception strﬁbqh%b%’f’e Py Oézﬁ’t%rorf’@ %ﬁEFsanjarfﬁﬁttUt%%lswth a
known trangifi ssobntpewprdsaret fnvemthenr adild theansmet hers B@pardrt ough
104-Mof the nefaeeﬁlkth%9,féﬂl%u§§&es&s£@ gmlyoﬁ heapadi @nt rc%@l%rﬂﬁcfxgi(? that
eve e

have the reception strength S, above redeterm ned thrésho vel ,
and restrict thBIEPpdseasf IHP HuKbHEP erar‘”a’digc?transm tters with which the
nobi | e node 107 can perform sinultaneous packet reception. For

BRIEF DESCRIPTION OF THE DRAWINGS
25 FIG. 1 illustrates an example structure of

a packet transmission system in accordance with a
first embodiment of the present invention;
FIG. 2 illustrates an example of the
arrangement of cells in a cellular system;
30 FIG. 3 illustrates an example structure of
the cellular system shown in FIG. 2;
FIG. 4 illustrates another example
structure of the cellular system shown in FIG. 2;
FIG. 5 illustrates an example of the
35 arrangement of cells in an overlaid communication
system in which a single cell system and a cellular

system are overlaid on each other; and



15 instance, in a case where the nobile node 107 only has the ability to
receive signals fromthree radio transmtters at once, the reception
strengths of notification signals are neasured, and, even if the nunber of
radio transmtters that have the reception 20 strength | evels above the
predeterm ned threshold level is 4 or greatigr- the radio transmtters
havi ng the three highest reception strength | evels are selected. Here, the
predeterm ned threshold | evel may be represented by either a predeterm ned
25 el ectric power val ue orFafa.ebedtllius tpotess vahuexehgtl evari msctith of
situations (for StANCE, o Aqvabifuehtalned, by, BULL RAG the:fecept i on
strength val ue oP’the radio transmtter aV|n6 the highest radio strength
by a predeterm ned coefficient that is 30 larger than O but smaller than
1). The nobil e pogeilr nexXt oselrget PRIREAED heMBaditoENTENsM tters 104-1

t hrough 104-M t hat has the.fransm,ssi.on path_1n_an_excellent_condition and
constgntly ﬁglforns excell%ﬁ ?nggﬁﬁﬂﬁiéf(?hgeﬁgrﬁg% 6 nt

_ _ e nd%e 107 sel ects
the radi o transemboslimeuty ofokhexandsnt Alenenghoon! ywide rafiepence

transmitter is s agieddbohPhiyeramifaigsease of explanation, -17 it
is possible to select two ﬁiGnDre,r3Qio transmtters iﬂ practice. The

mobi | e node 107 requests thEChome 1adeiftt 934 0® Pe§REME: & HE-ToGFREP ©Ff

Iocatipn infornaﬂputk&;tbr&hemdbsﬁﬂdnﬂjsﬂemoﬂa 5c¢bhﬂaﬁgﬁr¢bﬂhian node
102-1 in this eﬁ’ﬂ@ﬁ?er&@&é&'ﬂ%ﬁt‘ B hg 2 P§§eﬁeuﬁﬁ'§/etn%tori.s the sgbGgt ed
radio transmtter, ich constantly perforns excellent transm ssion. The
nobi | e node 107 ifuftiHer hak%getﬁé&é%ﬁrﬁ%ﬁﬁ$%hsﬁ688 s02-ten yf sERE the

group 10 of radipedgansmitensidtdchn HoughudhdyMifikameashi b he nobil e

node 107 can receive pac S. en_havi.ng transni ssion.packets. directed to
the nobile nodenf(ﬁ',o@ﬁefﬁ aﬁgwgsfl@%l&oegenﬂ@% ?ﬁqﬁ‘ﬂ elsleo?tet%%l%% agent
101 through whi ¢715(indheatedi by fdtch ddtet pdckénssshoul d be transmitted to
the mobile node 107 in accprdanee wWdh e 1481 ulssdeseded gbeyeyothe
hone agent 101 has tgF |8$IC&| | ocation information _of the dlst£|bgt|on
node 102-1 regi§§§?é UIF hENGJGPEEE Tt heP AbBF| 8728 *HGd Ay 7P L the
Accordi ngly, | nupgsponisey¢ost Heuahows ittri Iytéroatt pe otrcartsihes sso dnthede
112, the infor [ | ndigatipg the hQgi Lpgatsen of fihe rdbstilbRution
node 102-1" isngﬁﬁgpf%ggﬁgﬁei?ra%gwfgggéﬁg%%de 112 t hen f?ﬁ%% ers ? e 25
transni ssion padéts 12 theakodisitribytead tRARSPRESFREK&ACk®RRh t he

di stri buti a0 node rE¥tdd seb eehedmioh idec arstiance0 W, t Antdhe dwinee agent 101. The

packets, which Vi e j .10t out ] t r Qut 110_and have
reached the 30 3?§$¥$§ﬁ$?%ﬁgn§§%lf%f_?nggg %ﬁgfgéa gﬁ& gfsﬁﬁi%%t% equal | y
to the group of imddige s ramsateretdarof)l g bughoYodeMabia whithst fer

nobi | e node 107 t¢@n MfCel & enpaekeny.. Thitte dt S81bbUtbARMIS Pasd ongedcby the

A though t ho. pacRer gt TIBER Atk R § P et 8 BAbagoRnc TR gt
di stributi np neelsodtha headess i boniterrs’at i cEa¢ht hé thel@ccess routers
103-1 through 103-M is provided with N;, N3, .., Ny
of radio transmitters 104-1 through 104-Xy; (Zy; =
N;i + N+ ... + Ny), and the number M of the access
routers is 1 or greater. The number of radio
30 transmitters included in each of the access routers
103-1 through 103-M is also 1 or greater. The
distribution node 102 may be independently located
in the network 150, or may be provided to an
arbitrary one(s) of the access routers 103-1 through
35 103-M. In this example, the distribution node 102
is independently located in the network 150. There

may be two or more devices that function as the



packets may be varied. In such a case, the distribution ratio of the
packets is varied based on one or nore itens of information including: 1
information as to each band area through which 5 conmuni cation with the
nobi | e node 107 can be perforned; 2 information as to comunication
charges; and 03 information as to a del ay HI2-packet transfer fromthe

di stribution node to each corresponding radio transmtter. 10 For instance,
if the band area through which comunication with one radio transmtter can
be perforned isddider{aytiop ppdehd Gharkjes ¢BLYcomfuricstsonsBepddces
provi ded throughFudiec i@gi st £ARS Aildter 1 €1 6AWN 63k, ¥ idnd hBowehay in
packet 15 transfer, froma distribution node 102-1 to the radio transmtter
is small (3). t i€ stribution node 102-1 increases the anount of packet
distribution for the radi oTheransmititeernody HOVngnsdudese aistorbubiren node
102-1 can pegforipdmy e- 2pRE QRKsalQ 20 packehqfi $hrslhutdnn. b@éégwg the
information itens (O - 3€fabout each of the radio transmtters 104-1
through 104-M &E&RFEEY WERSRItESE Frayualty28reSd fPWRE ¥ $02rbuti ng
packets. The i nfurmaiglonl @3-1o oaathe aratmd eRbll 6 Oharddareac emini herobs ned
by 25 neasuring .t radio.: ngmtt or e i d Lng the
condi tion of thé: g&an@%‘@é#%% ggfteh r%icef%‘ééé;oﬁgggteiltgnr{%t %é(}?%fgf‘ﬁegr adi o
link. Also, theHaftkahettbaads t Fhenawereminkcafi Shechadies rapebyesist ai ned
by inquiringpof 1tdwe-sefvesubhat osanagas ¢ i@e80ighange ro¥ioreetbqa i1o7t he
networ k. A del ay inﬁgacke% transfer_ can be neasgred Qy dk%%din? a Eetmork
del ay in packet T¥arfet e B TAG A Sh¥hch df “EHBSFadifo X H3nt TPRAS S104- 1
t hrough 104- M byhat Fhee ndbslsedode 167 manetived .chdhges nigb Bbet hede

condi tions (suchgys n!ié%ﬁe@éi an%fi'%%iﬂﬂé)r'@él%(ghéﬁg g fy radi 9ortanle
transmtters frqoqm whi ch t he nobil e node 107 can tﬁgelve packets in desired

timing., If -19%4RMATLE0R ERAAGE ettt BPCEhBLiBhithe (FRRVa072H6Pi fi es
the distribufi orewderdfN®; loknanhhdaccessteoutieall0F ok afxdel ¢ esuEkchl f

t he nobi |l e node [ 15} far _away f.r.amihe cess rout 193-1, _s 5

ot her distributf%g1%3%69%%h8t5%34§ﬂﬁéﬁﬁé§d%@%r?bgfrdn]g%%c.ani%fggﬁe

di stribution nod@tkk Sefviifigcapaeighiol aeaBuRo7atre vsheki pReaPky, the
nobi | e node 107 matd fd @sthberhame agedidéddsofothe hkogiciadh | DERLL. 0NN

i nformation abo HM§Q§ ne¥/10 gish%gbution node, and notifies the new

di stribution node of ?%@ %r%ﬁ ®of r'adio transnitters from which the nobile
node 107 ca#Qrecei ve packethe Thiegaddrarespohdsipdes Randdverriesens upper

:caye{_s- Hpvve;/eg,intm{@iélg_ Ro1neqdyt ?‘f fﬂ@éjét E@%EEM,W!%fht fleeftleﬁr&igéé{ kBution
unction jus se ra ransmtter at , can, performthe bes

transni ssi on arg%gﬁaﬁyuLAg%FPngaq&ﬁtéh°¥ﬁfé8ttp% FEA"H ngtEhE delay in
data transfer fpemkder tdratsmbesilom myoketenm kashaatcessmicl von candbe

expected by 20 iffmedi@éﬁéa{iee%ggptaf&éi&sﬁmb{eﬁieoaeft%qtﬂ o540 apRew
distribution node that 1s, a handover destination, Al so, the distribution

function caf be AR SF+eR PRESNEH IRF WoHEed 071 v Sa BRI #Sdi st ance

away fromthe adegssrotiterotocwlisoh ddheumpsr ebblygradh serdipwr fo shei buti on
node bel ongs (faqr, J L ter the .r.adi Ltter jnt cce

outer to ahi ch RS aur T ok fﬂé%r%e%n"g IRt R T

fromthe |ist offoldstq MRe®ns0df ipadikeits dFa$e| biiki 8FcparFdisRdvbyh the

gi stri Euti on Pod@%).. 3ﬁ1|ﬂhéhfﬁll1?m€ﬂ’g, ttheefcﬁ?éﬂglﬁﬁyﬁnOfirffm/hdmrﬁhﬁcle )
istributi unct.i.o i.e. . the freguency o n r.in the r |ayers

can be redﬁ%%d,%ﬁﬁ?{#éfc%%?yglpgﬁﬁé;éxﬁli%€OF§8d8¥%s%§%rﬁFY%§Q§°n

di stribution fuwdtliloPcabepersbapl.ified. 35 Accordingly, the frequency of
rel aying the update information of the upper-I|layer connection point of the

nobi | e node 107 to th&nggggtgggn%r%%%fgiégpuced.

When packets are transmitted from the
35 transmission node of the network 150 to the mobile
node 107, the transmission node inquires of the home

agent 101 to which one(s) of the access routers 103-



-20 Even if the home agent 101 is located in a renote place, this packet
transm ssion nmethod can prevent degradation in performance due to a
transm ssi on del ay between the honme agent 101 and the upper-1layer 5
connection point and an increase in traffic with a handover control signal.
As a | ocal handover is hidden fromthe uppar34 ayer, it is not necessary to
take the transitional conditions (such as soft handover and 10 buffering
processes) of the handover into consideration in designing the upper |ayer.
Accordingly, thé Rardoia b@@tﬁcéhsﬁh?tﬁ@iw@pbrlﬁﬁy§%QH%ﬂtRﬁ%kﬁtSibﬁed.

Further, as the{l-Qealrdv ghyspsedsneionak diddninivsed iy diansdsiieng 15
| ocal packets, the tr n7sfer del a%tacan .be reduce and packet transm ssion
n

with a smaller 889y - beTRer F Hﬁﬂflsﬁ%r%ﬂgﬁj £RYEHEYSKE S transfer by
t he upper | ayer inliforanatadhn ascess tiet Hodyiocah Ladaai2® reetepie on structure

in which signal §;frgmyd.nie; §adgykr %szr“:éﬁdae{ Sd%%é'rlghtﬂre%ug%#)e‘%é\" £gn be
recei ved by one radio receiver 1s applied to the above ernbodi nent, only one
radi o recei ver PSCAHT iXIeher Fof Uiheshi 1@ nbHRN 2D A S HRARKe RS FEG. 4.

For 25 instancetnled Mi@pli@endBis 190 uciny ecrshgnaks sheuwghibesigansnm tted
fromthe radio transmiters _104-1 thr.ough 104-M.in_different_ timngs
(separately froﬁﬁg§égﬁuﬁ%eF?? gﬁé%ﬁégékfy% ?%%SiSéFW§%% e??e%%?ving end
shoul d recei ve siogrialasl fropaeach - r adiesB0rinansatckeds ifiran nilng dWpbeer ent

from signalp fremyidie ot heker adh@shiiansid tiedde , BYnenali it o9 ynone radio
receiver in this rrangsr éhe th oughpu can be, | nﬁ‘r)eas d w thout an
i ncrease of thePRGFber? of3tRBFOPREES V1S TFCT hESHoBRCE ScueA07. PRI n the

foll owi ng, an opérad el nwdl vheg radiovertansinsyseem W4+ 1di f f ey eh04types
of networks w | Iy be .descri bed., as second | t .afy_t-h - pr esent
R EIAR80, A2 A" LA £rDRRLERDL 190 Whe o]

i nvention. (Secont ment , ' €S "an exanpl eh Cture of 5
an overl aid syst@dith whik® B2skAEe datr SRetedh tasédFaf tarP§ RRodseé

networ kK sucle asog& WHel 258 bANaanchidteadd ul@a-system anae-o¥grlaid on each

other. In FIG CGess [ outer 03-1 .t.hrough -M ar rr ed_in cells
108-1 t hrough 1%55%&%5%“%@%%§e§0%§%§§é*ﬁ%%%séa%ggtéfgﬁﬁﬁiﬁf%]?oﬁah 103-M
the access rout éhelgpbile egdeppdd Winnrwrali sadigndFansrss piopwpaths.
different types of radio ageess BRuhQIS dSdithe@spiyheneDVA RS hod and the

OFDM net hod), and t herefor a ansm.t kets _tq.the different cel
T8 1 15 and | 085S THAF 5 ahdS-h RGN HEOSekedd R 1P 4TS, F50fr ddd
103-M can tZ@nswhe pecketsss i sraspmésarced bym t beecekls 01 08-an grhi tughs
108- (Mr1). When;exigid %6\?e ?ﬁ%ﬁg%@a%r‘y‘%&%ine&%ym@ﬂé &ddendP716@n

recei ve packets fromone o ,cqrrespondlng access routers. The cells
108-2 through 168- @O F6? nthecert@ide s\Raenebf SATERMYl &1t ol Biccess
met hod. As shownuitpuRided Stot bhrecarmtnistady € ranges at the cell edges of

each two neighboring cells,ovgrlapgach MdwL, S8 that ddSork 150,

25 packets transmitted through the upper layer of the
transmission node are distributed to one or more of
the radio transmitters 104-1 ..., 104-Zy, by the
distribution node 102 (different packets being
distributed to each radio transmitter). These

30 packets transmitted through the radio transmission
paths are received and combined in the mobile node
107. Thus, a higher throughput can be obtained.
Also, the access routers equipped with radio
transmitters should be arranged in such a manner as

35 to overlap one another. With this arrangement, a
greater number of access routers can perform

communication with the mobile node. Accordingly,



25 service is not interrupted when the nobile node 107 noves from one cell
to another. Meanwhile, the cell 108-1 forns a single cell system A
plurality of communication systenms are overlaid in this manner, so that
comuni cation can be perfornmed with a 30 plurality of access routers not
only at the cell edges but in the entire atéa of the cells. FIG 6 shows an
exanpl e structure of the systemin which a single cell systemand a
cellular system are conbined as shown in FIG 5. 35 As can be seen from
FIG 6, this syshenthrergdedita Honkhageierleprindi a¥eablsi ém orcts 492,

access routers 403- ihbh@@mtloér%saeﬁol@alt% Reiden reggeéw,toatnﬁwork 109,
routers 110-1 throggh 110- nd a transm ssi gn nod The network 109

i s connected to'T fé%ﬁatjlrb(i,afﬁgstsréﬁ st ocﬁaﬂo & 115198 Per f or s
packet transm ssion, and tNext, rodutess (edge rowd exlsgvalpatkier ough 110-N

t hat relay packet LOEst t SS$kLO to.t routers
103-1 through 1% §n£ %@sﬁ%?f %ﬁf%u?grgp%qq'%dlg% o%éhﬁglggﬁgﬁz connect ed

to the access r%%%%?%afoﬁyftterﬂ olRyPreHB2fiteA IFFRJr eAckho18i8P ltheétsaccess
routers 103-1 ttiougbelQ3- 1My Ssysoamded whidh aN Hambsy ofF bgdh:@ttlroaﬂslratters

in the draw ng, é%fb?m@%t J_rl‘hﬁ ssaé%{li ggp §§ lngLvshfll\hty e;ﬁogﬁ)e

transmitters i practice. i's provrde 1§ m)re
radi o 15 recei vE?sthe feddiord g gneltést Fafenivtitldd ¢ oneghededdias the

transmttens offihecaemessiniiersr 108 1ptiseugh i03Mi8Ad a conbiner 106
t hat conbi nes the packets received at the radio receivers. Al though in FIG

6 the total nunber (MN) 20 of radio transmtters provided in the access
routers is the sane &Eirkeé MumdmsdingdMy) of radio receivers provided in the

nobi | e node 107, these num%rs Mlp@sékgftgre% e%ﬂygbswa téﬁfa &t

transmtters and t he nimber of radio receivers required can
arbitrarily det®%i ABdLBy Ihehfurbetlvtagi 6H§Itse“b‘e5|z’?‘%dcﬁ6 Bé BEEH ved
si mul t aneousl y &toh hBIGDDRI, e trodea dOds s Nrac&erdarndes wi thhfbeghadlotz—dccess

method. In this, , i ] I de 1 n dent |
connected to thefégg(?%ggﬁg%&@q%j{j é&%b?gkgﬁﬁbgﬁn eaccg%néeé 89§ gcltnl%l %/o t he
i nsi des of the @RReds Fodter 5.0k otlragoy, 1101$6Vb| stﬁé%@tpénth@d@eﬂ(ﬂzﬁ is

connected to theog-adi @ht:b@@ﬁhmltdaerm ﬂ94w1dbh@@1l¢g1f@rﬂ0fﬂo£ My ckBtt he access
routers 103-1 thr ou% 103-M rout

a, ﬁ dt hr ougrg 1}’01: The
transm ssion not PEEON e\}: Q[ I% F aFOIr&,eaq‘tpioc;h ¥ of Bt PEn ¥ t he
distributidf acesspodeutehlrs dikGirl btlhrgnghod@3r@12 in this enbodinent) to

be used by the nobile nodwh&?,e}al@umghﬁleaeaectw&rbp%@fsel pkenmmtion as

h rol n rk fromthe h nt 101 Th
to the uppe ﬁy mgthe n%&ﬂ?ilo 0<:9an rgcegdg ﬁé e g %ragsmlt€%d

from at least one of the access routers 103-1
through 103-M. The end of each cell overlaps the

25 end of a neighboring cell, so that the service is
not interrupted when the mobile node 107 moves from
one cell to another. Accordingly, when located at
the end of a cell, the mobile node 107 can usually
communicate with two or more access routers.

30 FIG. 3 illustrates an example system
structure of the above cellular system.

As shown in FIG. 3, this cellular system

includes a network 109, a home agent 101, a
transmission node 112, a router 110, the access

35 routers 103-1 through 103-M, and the mobile node 107.
The network 109 is connected to the home agent 101,
the transmission node 112 that transmits packets to



5 transnission node 112 then transnits packets to the upper-|ayer
connection point (i.e., the distribution node 102). The distribution node
102 distributes the packets to the radio transmtters 104-1 through
104-(WMN). At this point, the distribution node 102 10 transfers the packets
via the routers 110-1 through 110-N, usinglshke upper-1layer protocols (the

I nternet protocols, for instance), unlike the distribution nodes) in the
first enbodinment. Wth the use of the upper-layer protocols in the packet
transfer, a 15 gheatrebidet ayoila padkernd artsd erouseaxpgect edlgeonpatred) wi t h

a case where a SRBCHA £ PUF POSEs NBE R I‘cé S 2Wd RY edeaHRWRY Lo d he advant ages
of the use of the upper - | ayer protoco s are that it is not necessary to

enpl oy a speci aFFFRSHo<E ¥t wbrket 6120 t@orﬂfe‘?:to’fh’éoirﬁdd@stlf‘?d}‘ﬁs?ﬁ‘?ters and
that radio tranapictkiser sdwtetstri Bace afd ﬁhans@téspambezt&mmmk—ml ect ed

with greaters flexihil tyloﬁclqoggoggley gﬁaggdkr%@’ic{) %e@f&ly

applied to packet £ransm ssi on  For appl |ca |on €s not have very 25
speci fic requir ERentcP TrASRRERAERIt PARS WifsSTashl Ael 878 sPsddie s 1@&4tldata

:ransm_ ssion), %ﬁr@%gtf}ﬂ mmni@ye ?_h@' q{&%retstd;rw@h@ut ofA|t$1](césé ned deo packtet 20
ransm ssi on process f.or. a on.tha ery specifi i renments
for packet trangr’ﬁ §s9“8htto%ﬁp§y£8?§gcﬁh§§"\ﬂhdzgo%ln%g@ag %ﬁsrﬁc C[ﬁ bR 4 Tv
conference), thednglsodietemtdcan bemappladediethotie, cesnéctmicombet ween t he
net wor k and, 4 he Loyl 8IS @fﬁnéﬂ?t%@ﬁ”%np“ckp@ti@ﬁﬂot tﬂ%an%%lei'éeﬁé‘dlbﬁ'e

radio transmtters _are e5|% in 35 such a manner he transfer del ay
due to packet trtafSFOEhnt ‘Mraﬂénsﬁ’ﬁl ¥ &HfougRd b?yc?iﬁﬁam"ﬁtj-lt?}enﬂ fay
requi renents using .t h&agtpest| ayer ackrstshirsoute?2d4 madrear tharhigher03-M

t hr oughput can gg ?)%veivaegd wb\lggrtth%f U zfe]%:é)rﬁdiﬁg oelgl Qdransmtters

104-1 through 1 can be Interconne anot her, if necessary,
by a |ocal hi ghddgaad bictven kngdpa LRE Jarkh fritdler 143 ~Mn thee fhasta

terr‘oodl rrf:?t 15/\%211%%?#& Qfﬁoamset:uentqfnga ppz?cflteﬁéfs ﬁrTﬂbgi-a(Uc:[éshﬁkradl o
ransmtters ro y al _ hi eed net.wor an

i ncrease of t he PPISEH Sqﬁ) dEf‘%ﬂﬁ\D‘lgE‘ l?ﬁ %/gn%%%h%% gnggﬁl 5 %3t FPcted. 10
Al t hough t he honrpeagemttiien, hahdsatrke coomeattédntpopPne iamoorheat ivhaoé t he
upper layer in theafii istgangd, segond+guhadiment s, AiB@ prte%er&{oulny@nﬁbee i's
not Ilmtedtotlhls structur(ﬁ For instance, it ﬁl% chron‘ggoya
structure in 1518Hi &f BRPYodedreithor Olf(fe"ie’tﬁ? 0 P48 he
connect i on Zibi nt O5Rfloraet i Olnecemvsuplaczkectmet,raﬂmmn.taleslmfs:mnor’actmeh%s 112
retrieves the CEB‘&%&JsO%p 'fs'édwfg TRYi L fir?é“éhéo&g%"erzr 119 ofp L pe

routers 110-1 through 11 transmt access routers
that are desi gnﬁf’@é’l&&cfké?ta‘él]‘é%‘tiﬁ nabitengt oA sforO‘EIoF\BPl ARAFLC KAC FBRSHAI ssi on
is perfornmed onkLygstar e uwehi Leshrode in the first and second enbodi ment s.

h
However, the present 'nverfﬂf 0{'11%? 8%@0%% |e£| i?egEI b tnhe BT ty of

connunlcatlon if a plurall i'I"'e "nodes’ | oca
one anot her?%ar ePreg&sded fa’%OIbn’ehel Adg&r pui i en noddes| #ostdre a case,

packets are di sabml@uhedc)tol@nye@a@deti tahe tAbipeopedess @ dhe 1oRkl e node
that has 30 recei ved th a{ﬂ acket s _perf Qr My (i}ag'r%ln i cation V\nthsthﬁ ot her

mobi | e nodes soT8¢%€0 t ransferthe9FAEEs WEEHt REPCRSSIS% hvdel.
Accordi ngly, pasketheegepmdons bgfathet e arstyides hodesodiea 1d Znet work i s not

necessary. Thustrhﬁ%nﬂﬁ@ﬁ’m% ﬁ@éﬁ@"t@et‘éa"clﬁe Son ARk 8htipeiant |y 4bshi zed.
In the above enbodi nents distri bu&ll on node 102 an(a he distribution
nodes 102- fQFWBBQ ker, rYeferring to e home agent 1 are

contained in the network layer protocols such as
mobile IPs.
In the following, an operation of
transmitting a downlink packet from the transmission
35 node 112 in the network 109 to the mobile node 107
in the above structure will be described.

The mobile node 107 first determines which



-25 102-M correspond to the packet distributor in the clains. The packet
conbi ning function of the conbiner 106 of the nobile node 107 corresponds
to the packet conbi ner and the packet retriever. The 5 downlink quality
determ nation notifying function of the nobile node 107 corresponds to the
comuni cation possibility notifying part.-The connection point information
hol ding function of the honme agent 101 corresponds to the distributor

l ocation information 10 hol der and the distribution node

regi stration/ upeiaeéspacit. thee radie transmitttisws fLAeriofheousdehl ®4-¥he

?cceSS_ :?ut erihiQStﬂ;et hrewmgm?eéfl ég?r %%B@ﬂﬁ}?ic%@té h@éeacl&% Rarpd d el
ransm er. e recervin on o e e adi o, r.ecei ve

105-1 15 t hr ough®185YE %a ﬁxff%@ Jihifﬂ}Jéiﬁ}g{riﬁ’%o"(si( thE PRP g1 ?10%85;107
corresponds to Théspdeketrmisetet ven . mEyr bleepenferrcat byl kheg fadict i on of
each of the gdi Si—éb@%b% rl%eﬁl lQﬁréﬂa‘h1Q%5lﬂ Mf’ueﬂel%b'\ﬂl%orr[&?cgopﬁ to

the communi cable radio transmtter 20 detector stri I on
control I'ing funtiish 8?@%%%?cﬁh?héeﬂﬁgﬁﬂp@ﬂﬁﬁﬁﬁﬁﬁﬁ%§ 262 and 102-1
t hrough 102-M Cﬂbtﬁfﬁ!@ﬁd:idrﬁ éi’@n@ﬁ@kekadlsﬁiﬂﬂtmdl\@ﬂthahl @nseirt i ng part and

t he packet tran C LC function ch_25 .of the
di stribution no ng Sl@%%ﬁoqmggﬂ%% rl%% gcgnrer e%%@nas%trgnt tters
speciaI-purposel%éCReﬁhﬁMMﬁﬁe#OQTMnﬂf pact natvate poeketheppersleyer

t ][atnf]f er pamnt. 5@%9h@heotﬂa@lsa/sﬁﬁamﬁs%grtﬁ&tgb%wtméweggh%urﬁ%tde%mnteagh
o e access routers corresponds. to eporte

i nformation not¥ ?ﬂgté i@veﬁﬁa$ﬁhg?nﬁtp5ﬁqﬁﬁ?ﬁ %ﬂdtBEﬁFh§i4

function of eachemélthendmn&ﬂsrﬂQﬂ ahd tM@eBt&ndnmﬂe1m0mNe¢omﬁbsponds to
the distributiop,kogati-gn duf gé@é'wthobﬂ%h 3nd tnshoukdBe NaleA that

the present invention is not mted nmbodi ments specifically
di scl osed aboveSaBuPeEEREM B et FRR8OUS. PE CART: MRIFEPEAPRONS By be made
W t hout departiigstaagethdrscopeaoé wherpr edenmdbweathoéfe 1072H6MMHAT IS

CLAIMED IS: 5 lhaé Png%%ihﬁﬁR?”1§S£88e§¥%t%Tgnals from three radio
transmitters at once, the reception strengths of
notification signals are measured, and, even if the
number of radio transmitters that have the reception

20 strength levels above the predetermined threshold
level is 4 or greater, the radio transmitters having
the three highest reception strength levels are
selected. Here, the predetermined threshold level
may be represented by either a predetermined

25 electric power value or an electric power value that
varies with situations (for instance, a value
obtained by multiplying the reception strength value
of the radio transmitter having the highest radio
strength by a predetermined coefficient that is

30 larger than 0 but smaller than 1).

The mobile node 107 next selects one of
the radio transmitters 104-1 through 104-M that has
the transmission path in an excellent condition and
constantly performs excellent transmission (the

35 mobile node 107 selects the radio transmitter 104-1,
for example). Although only one radio transmitter

is selected in this example for ease of explanation,



conpri'sing: a nobile node; a network that has a radio link with the 10
nobi | e node, and transmts downlink packets to the nobile node; and a hone
agent that manages connection point information about the nobile node in
the network, the network including a packet distributor 15 that inputs and
di vi des packets to be transmitted to the miffid e node, and a packet parall el
transmtter that distributes the packets divided by the packet distributor
to a plurality of radio transm ssion devices provided in advance and
transnits the 28 tpdckaasshpbaghkot §€ lrafh ot¥? apEnifeSiforr 3dEMA ces at once,

t he nobi | e node tirac] il g Bs Pagkptralcegeiaer T}h@tmba@@evefodéwelmckets

transmtted by the acket par llel transm er wth.a pIur | i of 25 radio
reception deV|cesqup a%kg?mgoﬁﬁezkrgéi oﬁﬁlne theq} %?9é8a2ackets

to generate an drqc@utﬂaﬂn pa@ﬁ@rmsfcri@a;maa heo holve dgeit liondl ih ngede

di stributor 4ocatinen 4 of Bt eBnhaldey tdmts hPthh'l@f QR4 oy 30 of a
| ogi cal | ocation of the packet distributor as information of a connection

poi nt of the noBPﬁéWﬂﬁﬂa+% the RECRSSK T UM Thkhatne Sndtiforie hastpdcket s
to be transm tteddio theanobiteergderhitdte aetswaktly petrienmag the

connecti on poi ”tefc’?efﬂréﬂ ! QP%LEBTsEq%nd' f}}n‘eﬂé’%gﬁlhgcﬁt; N g4 Ofx?Pwt:hS

hol der of the hone a ) ets pack
di stri but or S|tmﬂhﬁf5ﬁhQHélF§QF &KHQﬁXQQQﬁI%%%CﬂfF@@l§¢qnm¢b%t@F@V§d

connect i on i ntofl rtfatmrmtt@@nsﬁl%teme mﬁzpklettmfaagm $9i40M SHSERMASch
clainmed in cIa| ﬁ% g? ket dlstrlbutor % i,ncl udes a

conmuni cabl e ra& t?% d 6" thatC teteP i’ §§§whether each of the
radi o transni ssi on deV|cesthncbnwuquﬂﬁ&nwmiﬁSihe pelsiKet snotiere¢Be8. The

packet transm sgicOn Y& fe gbakm@7 n Qlai M dnshgseidh thsadacket
di stributor 20 includes a gacket dlstrlbut|0£%rat|o se tlng art that sets

an equal distriBPBEUOTFTHt90 bRealprEd&Is™Hy ned! dFBEFPPENR: i Ttatio with
whi ch the patketsaneniesd ianspathedhar atilsdts bshedld be transmitted

to the mobile node 107 in accordance with the IPs.
As described above, the home agent 101 has the
logical location information of the distribution
node 102-1 registered as the address of the mobile
20 node 107. Accordingly, in response to the above
inquiry from the transmission node 112, the
information indicating the logical location of the
“distribution node 102-1” is supplied. The
transmission node 112 then transfers the
25 transmission packets to the router 110, so that the
packets reach the distribution node 102-1 selected
in accordance with the home agent 101.
The packets, which have been subject to
the routing by the router 110 and have reached the
30 distribution node 102-1, are divided and distributed
equally to the group of radio transmitters 104-1
through 104-M from which the mobile node 107 can
receive packets. This distribution is performed by
the local high-speed network 111, causing a slight
35 delay in packet transfer. Although the packet
distributing method in this embodiment is an egqual
distributing method, the distribution ratio of the



25 4. ‘The packet transmi ssion systemas clained in claim1, wherein the
packet distributor 30 changes the distribution ratio with which the packets
to be transmtted are distributed, based on the reported information sent
by the reported information notifying part. 35 -29 5. The packet

transm ssion systemas clainmed in claim1l;-18kerein: the packet distributor

i ncl udes a packet transfer part that transfers the packets distributed 5 to
the radio transmtters to the packet combiner in accordance wth

| ower -1 ayer proPagbkss awd the packed.coi rerch n2| 08és atd&cket retriever

that retrieves pasketipuvidisteL£ed BY the RackeitsrapsiariRA thdded on
accordance with the | ower10 | ayer protocols. 15 6. The packet transm ssion

system as claln@HelﬁrCWQQﬁJ}t?%Ftﬂérl@éﬂﬁm%ﬁ%ﬁﬁalFG&Péﬂnﬁhat rel ays
packets from t henfierwartdd dro 4 hetoadroht bamsiniassedntdeviuges whikedr ei n t he

di stributor 4 ocati f n | der, 0f o theqhong-agent provided in
t he router.555 ?Eh&ﬂﬁégﬁ% ‘Bin?%gﬁsﬁ?%tﬁﬁ§ owﬁn?ng ggckggg'##%nla net wor k
to a nobil e nodeerfiprmeadie (@etindtkeet hghcaAndct PV @dRdoagent t hat

nmanages i nformaghaRges ; tcarad mmerpféﬂﬂa@%at a@f dhes rbike 30 ?g@&ké@cat ed
in the network, and the Lé? %d%chstﬁéggtlon no hat inputs

and dlstrlbutes 538E5F§ conpr|3|%ﬁft steps €61 retrleV|ng

information as cgraeﬁ@gnﬁmn$5r$@catﬁ@ﬁmﬂmlﬂﬁﬁﬁlstrlbutlon node as the
connection jpoi nt i nformat i heh dehAckhe ihonehadsnha when teransigiting the

packets to the anllecgﬁﬁinlcéggon with one radio transmitter can
be performed is wide (@), or if the charges for
communication services provided through the radio
transmitter are low (@), or if the delay in packet
15 transfer from a distribution node 102-1 to the radio
transmitter is small (@), the distribution node
102-1 increases the amount of packet distribution
for the radio transmitter. By doing so, the
distribution node 102-1 can perform more appropriate
20 packet distribution based on the information items
(D—®) about each of the radio transmitters 104-1
through 104-M, compared with a case of equally
dividing and distributing packets. The information
as to each communicable band area can be obtained by
25 measuring the radio transmitter or the mobille node
measuring the condition of the transmission path or
the congestion state of the radio link. Also, the
information as to the communication charges can be
obtained by inquiring of the server that manages the
30 charge information in the network. A delay in
packet transfer can be measured by dividing a
network delay in packet transfer to and from each of
the radio transmitters 104-1 through 104-M by 2.
The mobile node 107 monitors changes in
35 the conditions (such as reception conditions) of the
group of radio transmitters from which the mobile

node 107 can receive packets in desired timing. If



inputting the packets to the distribution node situated at the |ogical

| ocati on designated by the retrieved connection point information,;
transmtting the distributed packets from5 the distribution node to the
nmobi | e node through a plurality of radio transm ssion devices that are set

i n advance; and conbi ning the packets trarsetted through the radio

transm ssion devices so as to generate an 10 origi nal packet stream by the
nmobi | e node. 15 8. A packet transm ssion device that is connected to a
network i ncl udi Ajeaet Mensni edpaendaseardca pie antbylef noad o @F ansni ssion

ggvnt ﬁes aEdtt[aa%mtl%spapfl@télsitk%h%qotno rfbd@bld)@km?@% \ﬂt@ LJ&@@%V\DVK
e packe ransm s ce. conpri packe ri

di stributes pack8P&© 318?7119 #aﬁgﬁl $&° 61ﬁ'tnodefl§ o%?ﬁemf) dit& &F njrégl on
devices; and a momnlf@ablaeﬂanadfnomr ahemaders sletegtor 29 3t4iat wbter m nes
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immediately moving the distribution function to a
new distribution node that is a handover destination.
Also, the distribution function can be moved, after
the mobile node 107 moves a certain distance away
from the access router to which the currently

25 serving distribution node belongs (for instance,
after the radio transmitter in the access router to
which the currently serving distribution node
belongs is removed from the list of destinations of
packet distribution performed by distribution nodes).

30 In this manner, the frequency of moving the
distribution function (i.e., the frequency of
handover in the upper layers) can be reduced, and
the control operation involved in moving the
distribution function can be simplified.

35 Accordingly, the frequency of relaying the update
information of the upper-layer connection point of
the mobile node 107 to the home agent 101 is reduced.



5 14. 'A hone agent that manages information of connection points of a
nobi |l e node in a network that includes a distribution node for inputting
and 10 distributing packets, the home agent conprising a distributor

| ocation information holder that holds information of a |ogical |ocation of
the distribution node as the connection pekft information. 15 15. The hone
agent as clainmed in claim 14, 20 further conprising a tunneling part that
encapsul ates a packet with another header and inputs the packet to the

di stribution nodéenwhdén thfereome agpatkétlcald Mreeteddinoat kemabs | e node.

25 16. The hone pageat %ﬁﬁéﬂBéékékatEEQsmlééﬁﬁﬂnﬂéthwﬂebﬁhnﬁﬂg%ent
di stri butor Iocgtlon 30 .informati on hol de cl udes a distri,bution node

regi stration/ updafgé? 3FHQHu&nr%@F£P§P§W9ﬁy § ¥ocht FOATPAEG R on of
anot her packet destyi bettoreatet enei hetlebpgandi st@hcanbdetiveen peer obyée node

and a ¥adiod'apanhesiad Aoyl G t onshLgh RRGKAI S Al 8 L8232 0 A0S 1 ed

fromthe packet distributo etng currently used by t nobi | e 'node when
the nobile nodeh@#Bdeyed CAHHI N dFs40BAde away fromthe radio -33
transm ssi on device, the gtdhesr packet hdnstonidritios betagnt FeoabyH&gi st er ed

as a neM/packetugﬁg&Hl t(y tfkbf uggg gécgg%%gpd#gt g% t% 17. The hone

agent system as aimed-in clar m 1 wherein ati-on node 10
registration/upﬂa@éspémpnﬂﬁkﬂQﬁdahdoné rlegicdt &8s $%étlbghdﬂVQRxﬁndon

i nformati on gof }BGEfB@CiIﬁ%t ;&B&ééé@ggpro@a%@ HudddeLpathes supplied from
t he nobil e node. éFFSﬁlnDbl erm nal th%H%recelve downl i nk

transni ssi on pa%?@?é P Thet ot RS EHRE 280 SRR al8¥YSEri buti on node
for inputting ahdcdrdumdiﬁﬂr@h@abkadsvbm peratrarshst iedthe tupgpemwbil e

terminal, the ggs LERMAAl s GRSPEESERY @ AR r coabl BRE L. 1 ecei ves
packet s dlstrlbut
hig —speed network 111 is used for transferring

15 local packets, the transfer delay can be reduced,
and packet transmission with a smaller delay can be
performed, compared with the packet transfer by the
upper layer.

If a radio access method or a radio

20 reception structure in which signals from the radio
transmitters 104-1 through 104-M can be received by
one radio receiver is applied to the above
embodiment, only one radio receiver is sufficient
for the mobile node 107, as shown in FIG. 4. For

25 instance, to realize this structure, signals should
be transmitted from the radio transmitters 104-1
through 104-M in different timings (separately from
one another), and the radio receiver on the
receiving end should receive signals from each radio

30 transmitter in timing different from signals from
the other radio transmitters. By employing only one
radio receiver in this manner, the throughput can be
increased without an increase of the number of radio
receivers in the mobile node 107.

35 In the following, an operation involving
an overlaid system with different types of networks
will be described as a second embodiment of the



25 di stribution node and transmtted froma predetermned radio transmtter
to a predeterm ned radi o receiver, and conbi nes the received packets, the
predeterm ned radi o receiver being provided in the packet conbiner. 30 19.
The nobile termnal as clainmed in 35 claim 18, further conprising a

conmmuni cation possibility notifying part tRat determ nes whet her the nobile
termnal can comrunicate with a plurality -34 of radio transm ssion
devices, and notifies the distribution node of the determ nation result. 5
20. An access rBHEEFRTha T By packets transnitted froma transm ssion
node in a network to a nobile node, the network including a distribution 10
node that inputs and(gistﬂémﬁﬁgog§$ggEz to be transmtted to the nobile

node, the access routchéghpr|S|n a reported informati on notifying part

t hat sends the distributidiiGode allhsiset@se dn eexdPPLAf Stmardtonre 50 &is

reported infsor mghi gpeselact e S +om i Af QnAR N di€gBei BeludisRg ddif or mati on

as to each connunlcgbLe band ‘area, information as to conmyni cation charges,
i nformation as {85§9dFa@h nthaRREE St PEFEPES FHM 1 7R PalRéCi®sd rFt or to
t he one or noreanddeoc2] ltulansmyseen, aard ovdorarbd | on ascho cadmmini cat i on

quality.

A A2 A, 2. A2 NRERS . Re A H° AR KRB AAe. A R A R ADR AR AUR 0, 2. AR A
y. Ale. Ahe. AUR AREBrARIRS Ur AR he), 18RSI ARG ronfty. W § SUAF @ .- AL IR t u~+,
{val gb] X] cajoca] entsa] ealeaiLRed e ot ea] caBed] aalalgh] taper] cajealoadess cal ca
]Ca]CAa]Ca]Ca]Cg£&%L%&wﬁﬂjfaigﬁg_8§£ped with radio transmitters of
two different types of radio access methods (such as
the CDMA method and the OFDM method), and therefore
can transmit packets to the different cells 108-1
15 and 108-2. The range at which the access routers
103-1 through 103-M can transmit packets is
represented by the cells 108-1 through 108-(M+1).
When existing in more than one cell, the mobile node
107 can receive packets from one of the
20 corresponding access routers. The cells 108-2
through 108-(M+1) form a cellular system of a single
radio access method. As shown in FIG. 5, the
communicable ranges at the cell edges of each two
neighboring cells overlap each other, so that the
25 service is not interrupted when the mobile node 107
moves from one cell to another. Meanwhile, the cell
108-1 forms a single cell system. A plurality of
communication systems are overlaid in this manner,
so that communication can be performed with a
30 plurality of access routers not only at the cell
edges but in the entire area of the cells.
FIG. 6 shows an example structure of the
system in which a single cell system and a cellular
system are combined as shown in FIG. 5.
35 As can be seen from FIG. 6, this system
includes a home agent 101, a distribution node 102,
access routers 103-1 through 103-M, a mobile node
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, and a comblner 106 that combines e

packets received at the radio receivers.
Although in FIG. 6 the total number (MN)
20 of radio transmitters provided in the access routers
is the same as the number (MN) of radio receivers
provided in the mobile node 107, these numbers may
be different. The number of radio transmitters and
the number of radio receivers required can be
25 arbitrarily determined by the number of signals
desired to be received simultaneocusly at the mobile
node 107 in accordance with the radio access method.
In this embodiment, the distribution node
102 is independently connected to the network 109,
30 instead of being connected directly to the insides
of the access routers. Accordingly, the
distribution node 102 is connected to the radio
transmitters 104-1 through 104-(MN) in the access
routers 103-1 through 103-M via the routers 110-1
35 through 110-N.
The transmission node 112 retrieves the

logical location information of the distribution
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upper-layer connection point (i.e., the distribution
node 102} . The distribution node 102 distributes
the packets to the radio transmitters 104-1 through
104-(MN) . At this point, the distribution node 102
10 transfers the packets via the routers 110-1 through
110-N, using the upper-layer protocols (the Internet
protocols, for instance), unlike the distribution
node(s) in the first embodiment. With the use of
the upper-layer protocols in the packet transfer, a
15 greater delay in packet transfer is expected,
compared with a case where a special-purpose network
is employed. However, the advantages of the use of
the upper-layer protocols are that it is not
necessary to employ a specilal-purpose network to
20 connect the radio transmitters, and that radio
transmitters to distribute and transmit packets can
be selected with greater flexibility. Accordingly,
this embodiment can be easily applied to packet
transmission for application that does not have very
25 specific requirements for packet transmission delays
{such as text data transmission), so as to achieve a
higher throughput.
Also, in the packet transmission process
for application that has very specific requirements
30 for packet transmission delays (such as video image
transmission in a TV conference), this embodiment
can be applied if the connection between the network
and the routers and the connection between the
routers and the radio transmitters are designed in
35 such a manner that the transfer delay due to packet
transfer can be made small enough by comparing the

delay requirements using the upper layer. In this
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104-1 through 104-(MN) can be interconnected to one
another, if necessary, by a local high-speed network

5 in the same manner as in the first embodiment. With
the interconnection of a part of or all of the radio
transmitters 104-~1 through 104- (MN) by a local high-
speed network, an increase of the transmission delay
in this embodiment can be restricted.

10 Although the home agent 101 holds the
connection point information of the upper layer in
the first and second embodiments, the present
invention is not limited to this structure. For
instance, 1t 1s possible to employ a structure in

15 which the routers 110 and 110~1 through 110-N hold
the connection point information. In such a case,
the transmission node 112 retrieves the connection
point information from the router 110 or the routers
110-1 through 110-N so as to transmit packets to

20 access routers that are designated packet
destinations.

Also, downlink packet transmission 1is
performed only for one mobile node in the first and
second embodiments. However, the present invention

25 can be applied to multi-hop communication, if a
plurality of mobile nodes located in the vicinity of
one another are regarded as one virtual mobile node.
In such a case, packets are distributed to any one
of the mobile nodes, and the mobile node that has

30 received the packets performs communication with the
other mobile nodes so as to transfer the packets to
the other mobile nodes. Accordingly, packet
reception by all the mobile nodes via a network is
not necessary. Thus, the network resource can be

35 more efficiently utilized.

In the above embodiments, the distribution
node 102 and the distribution nodes 102-1 through
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10 holder and the distribution node registration/update
part. The radio transmitting function of each of
the access routers 103-1 through 103-M corresponds
to the packet parallel transmitter. The receiving
function of each of the radio receivers 105, 105-1

15 through 105-L, and 105-1 through 105-(MN) of the
mobile node 107 corresponds to the packet receiver.
Further, the controlling function of each of the
distribution nodes 102 and 102-1 through 102-M
corresponds to the communicable radio transmitter

20 detector. The packet distribution controlling
function of each of the distribution nodes 102 and
102-1 through 102-M corresponds to the packet
distribution ratio setting part and the packet
transfer part. The communicating function of each

25 of the distribution nodes 102 and 102-1 through 102-
M corresponds to the special-purpose packet transfer
(link) part and the packet upper-layer transfer part.
Further, the system information notifying function
of each of the access routers 103-1 through 103-M

30 corresponds to the reported information notifying
part. The information holding and controlling
function of each of the routers 110 and 110-1
through 110-N corresponds to the distribution
location information holder.

35 It should be noted that the present
invention 1is not limited to the embodiments

specifically disclosed above, but other wvariations
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1. A packet transmission system
comprising:
a mobile node;
a network that has a radio link with the
10 mobile node, and transmits downlink packets to the
mobile node; and
a home agent that manages connection point
information about the mobile node in the network,
the network including a packet distributor
15 that inputs and divides packets to be transmitted to
the mobile node, and a packet parallel transmitter
that distributes the packets divided by the packet
distributor to a plurality of radio transmission
devices provided in advance and transmits the
20 packets through the radio transmission devices at
once,
the mobile node including a packet
recelver that receives the packets transmitted by
the packet parallel transmitter with a plurality of
25 radio reception devices, and a packet combiner that
combines the received packets to generate an
original packet stream,
the home agent including a distributor
location information holder that holds information
30 of a logical location of the packet distributor as
information of a connection point of the mobile node
in the network, and
when the network has packets to be
transmitted to the mobile node, the network
35 retrieving the connection point information from the
distributor location information holder of the home

agent, and inputting the packets to the packet
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distributor situated at the logical location

specified by the retrieved connection point

information.

2. The packet transmission system as
claimed in claim 1, wherein the packet distributor
10 includes a communicable radio transmitter detector
that determines whether each of the radio
transmission devices is communicable with the mobile

node.

15

3. The packet transmission system as
claimed in claim 1, wherein the packet distributor
20 includes a packet distribution ratio setting part
that sets an equal distribution ratio or a
predetermined distribution ratio with which the
packets to be transmitted are distributed.

25

4. The packet transmission system as
claimed in claim 1, wherein the packet distributor
30 changes the distribution ratio with which the
packets to be transmitted are distributed, based on
the reported information sent by the reported

information notifying part.

35
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claimed in claim 1, wherein:
the packet distributor includes a packet
transfer part that transfers the packets distributed
5 to the radio transmitters to the packet combiner in
accordance with lower-layer protocols; and
the packet combiner includes a packet
retriever that retrieves packets transferred by the
packet transfer part in accordance with the lower-
10 layer protocols.

15 6. The packet transmission system as
claimed in claim 1, further comprising a router that
relays packets from the network to the radio
transmission devices,

wherein the distributor location
20 information holder of the home agent is provided in

the router.

25
7. A method of transmitting downlink
packets from a network to a mobile node, with the
network being connected to a home agent that manages
information as to a connection point of the mobile
30 node located in the network, and the network
including a distribution node that inputs and
distributes packets,
the method comprising the steps of:
retrieving information as to a logical
35 location of the distribution node as the connection
point information held in the home agent, when

transmitting the packets to the mobile node;
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inputting the packets to the distribution
node situated at the logical location designated by
the retrieved connection point information;
transmitting the distributed packets from
5 the distribution node to the mobile node through a
plurality of radio transmission devices that are set
in advance; and
combining the packets transmitted through
the radio transmission devices so as to generate an
10 original packet stream by the mobile node.

15 8. A packet transmission device that is
connected to a network including a transmission node
and a plurality of radio transmission devices, and
transmits packets directed to a mobile node via the
network,

20 the packet transmission device comprising:

a packet distributor that distributes
packets from the transmission node to the radio
transmission devices; and

a communicable radio transmitter detector

25 that determines whethexr each of the radio
transmission devices to which packets are
distributed can communicate with the mobile node.

30

9. The packet transmission device as
claimed in claim 8, wherein the packet distributor
includes a packet distribution ratio setting part

35 that sets an equal distribution ratio or a
predetermined distribution ratio with which the

packets to be transmitted are distributed.
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5 10. The packet transmission device as
claimed in claim 8, wherein the packet distributor
changes the packet distribution ratio with which the
packets to be transmitted are distributed, based on
reported information supplied from each of the radio

10 transmission devices.

15 11. The packet transmission device as
claimed in claim 8, wherein the packet distributor
includes a packet transfer part that transfers the
packets distributed to the radio transmission
devices to a packet combiner in accordance with

20 lower-layer protocols.

25 12. The packet transmission device as
claimed in claim 11, wherein the packet distributor
includes a special-purpose packet transfer (link)
part that transfers the packets distributed to the
radio transmission devices through a special-purpose

30 link.

35 13. The packet transmission device as
claimed in claim 12, wherein the packet distributor
includes a packet upper-layer transfer part that
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transfers the packets distributed to the radio

transmission devices in accordance with the upper-

layer protocols.

14. A home agent that manages information
of connection points of a mobile node in a network
that includes a distribution node for inputting and

10 distributing packets,

the home agent comprising a distributor
location information holder that holds information
of a logical location of the distribution node as
the connection point information.

15

15. The home agent as claimed in claim 14,
20 further comprising a tunneling part that
encapsulates a packet with another header and inputs
the packet to the distribution node, when there is a
packet call directed to the mobile node.

25

16. The home agent system as claimed in

claim 14, wherein the distributor location

30 information holder includes a distribution node
registration/update part that registers logical
location information of another packet distributor
determined by a distance between the mobile node and
a radio transmission device to which packets are to

35 Dbe transmitted from the packet distributor being
currently used by the mobile node when the mobile

node moves a certain distance away from the radio
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to be used by the mobile node.

17. The home agent system as claimed in
claim 14, wherein the distribution node
10 registration/update part updates and re-registers
the logical location information of the packet
distributor based on information supplied from the
mobile node.

15

18. A mobile terminal that receives
downlink transmission packets from a network that
20 includes a distribution node for inputting and
distributing packets to be transmitted to the mobile
terminal,
the mobile terminal comprising a packet
combiner that receives packets distributed by the
25 distribution node and transmitted from a
predetermined radio transmitter to a predetermined
radio receiver, and combines the received packets,
the predetermined radio receiver being provided in
the packet combiner.
30

19. The mobile terminal as claimed in
35 claim 18, further comprising a communication
possibility notifying part that determines whether

the mobile terminal can communicate with a plurality
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5

20. An access router that relays packets
transmitted from a transmission node in a network to
a mobile node, the network including a distribution
10 node that inputs and distributes packets to be
transmitted to the mobile node,
the access router comprising a reported
information notifying part that sends the
distribution node at least one item of information
15 as reported information selected from information
items including information as to each communicable
band area, information as to communication charges,
information as to a delay in packet transfer from
the packet distributor to the one or more radio
20 transmitters, and information as to communication

quality.



