- 1 DESCRI PTI ON COMMUNI CATI ON APPARATUS
-COVMUNI CATI ON METHOD, AND PROGRAM Technical Field

[0001] The present invention relates to a

comuni cation apparatus, a conmmunication method, and

a program and relates to, for exanple, a

comruni cati on apparatus capable of using near field

communi cation of a protocol of |ower- order |ayers of

an O8I (Open System I ntercohnection) .reference node

fromvarious protocols of higher-order |ayers

t hereof, a communication nmethod for use therewth,

and a program for use pherenptonBackground Art
[0002] As a systemfor performng near field

COBBIMTIICRTIONO AP Phen Tersg Mploemuain ch@ Tohnvegtaire d Gy egtiolraM
card systemis wdely knowmn. In the I C card system a
reader/witer generates an el ectromagnetic wave,
thereby formng a so- called RF (Radi o Frequency)

‘Techietagl (Faghaétic field). Then, when an IC card
approaches the reader/witer, the IC card receives
S GlJof power by el ectromagnetic induction and also

data is transmtted between the reader/witer and the
|@}@arm:_e£[q§m;§]m@ntlon relates to a communication

-apparatus, a communication method, and a program, and
‘relates to, for example, a communication apparatus capable
of using near field communication of a protocol of lower-

order layers of-an OSI (Open System Interconnection)
.reference model from various protocols of higher-order
:layers'thereof, a communication method for use therewith,
cand a program for use therewith.
Background Art
| [C002]

As a system for performing near field communication,
- for example, an IC (Integrated Circuit) card system is
widely known. In the IC card system, a reader/writer
generates. an electromagnetic wave, thereby forming a so-
.called RF (Radio Frequency) field (magnetic field). Then,
. when an IC card approaches the reader/writer, the IC card
- receives supply of power by electromagnetic induction and
also data is transmitted between the reader/Writeﬁ and the
IC carxd.
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As a comuni cation protocol for performng near field
communi cation typified by that of such an I C card
system for exanple, NFCIP (Near Field Comunication
Interface and Protocol)-1 is known. NFCIP-1 is al so
defined as ISOIEC 18092. [0004] For NFCIP-1, the
foll ow ng nodes are defined: an active node that is a
comuni cation node in which each of a plurality of
communi cati on -apparatuses~far—-transnitting and.

recei ving data outputs an el ectronagneti c wave,

nmodul ates the el ectromagnetic wave, and thereby

tr 2&0saN ¢ Smfhdh Pea @6 B r PASSHVer 8PS £ FS 1S %eaar field

comuni cation node in which data i's trans
commaaﬂca@ﬂ@hatypgfﬁ@deb9CEﬁQHHQEe&hehW@MeI@U&QHB steQﬁ
conmuni cat i on apparatus anong the oth
forcemampmatNamappaéat:usgémfcbﬁﬁuﬂhéaahbhylﬂferface and
communi cation apparatuses. A plurality of
Protoomiint-tat  oknappar alESEB-1.Nis caNPbi ascenwiit hs NEGH Prdc
perform communi cation in one of the conmunication
1809ddes of the active npde and the passive node (refer
to, for exanple, Patent Docunent 1 and Non- Pat ent
t 1). [0005] [Patent Docunent 11 Japanese
Unexam ned Patent Application Publication No.
_ 2004 MEIFS I NghepaiadnitovBol mmtte sl B rst atafamedECMa: 340,ive
r Field Communication Interface and Protocol
mode(%?_l-@ b 4§ ra oHuYRY §3lpkon guode in which each of a

plurality of communication apparatuses for transmitting and

receiving data outputs an electromagnetic wave, modulates
the electromagnetic wave, and thereby transmits data, and a
passive mode that is a communication mode in which data is
transmitted by load-modulating an electromagretic wave
output by one communication apparatus among the other
communication apparatuses of the plurality of communication ?
apparatuses. A plurality of communication apparatuses in
compliance with NFCIP-1 perform communication in one of the
communication modes of the active mode and the passive mode
(refer to, for example, Patent Document 1 and Non-Patent
Document 1).

[6005]

[Eatent Document 1] Japanese Unexamined Patent
Application Publication No. 2004-215225

[Non-Patent Document 1] Standard ECMA-340, "Near Field

Communication Interface and Protocol (NFCIP-1)", 2nd Edition,



Decenber 2004, ECVA Di sclosure of Invention Problens
to be Solved by the Invention [0006] NFCIP-1 defines
a physical layer of a first layer (I|owest-order

| ayer) of an OSI reference nodel and a data 1ink

| ayer of a second | ayer thereof. Therefore, in theory,
it is possible to use NFCIP-1 from various protocols
of a network |ayer of a third layer, which is a

hi gher-order |layer. [0007]3 However, a specific

met hod (protocol) for using NFCIP-1 from various
protocols of a network |ayer has not been proposed to

Decéaber P0OQY] gclipe present invention has been nmade in
vi ew of such circunstances and ains to be capabl e of

DisusbBoref Of exa@pkeon near field communication
enpl oying NFCIP-1 or the |ike from various protocols

Probi.ehigher ber del.vedybysthbbansehoioSol vi ng the Probl ens

[0009] A first communication apparatus according to

t hEOOPpeEsent invention includes communication means

for perform ng comunication in one of comunication

mMOWESI Bf 1 ae fee $ v phodel cavhi dyes &f confiu T dtd yoe

nmode in which each of

(lowest—-order layer) of an 0SI reference model and a data
‘link layer of a second layer thereof. Therefore, in theory,
- it is possible to use NFCIP-1 from various protocols of a
network layer of a third layer, which is a higher-order
layer.

[0007]

- However, a specific method (protocol) for using NFCIP~1
from various protocols of a network layer has not been
proposed to date.

10008]

The present invention has been made in view of such
circumstances and aims to be capable of using, for example,
near field communication employing NFCIP-1 or the like from
various protocols of higher-order layers.

" Means for Solving the Problems

{0009]

- A first communication apparatus according to the
present invention includes communication means for

performing communication in one of communication modes of an

active mode, which is a communication mode in which each of




a plurality of apparatuses for transmtting and
receiving data outputs an el ectromagnetic wave,

nodul ates the el ectronagnetic wave, and thereby
transmts data; and a passive node, which is a
conmuni cati on node in which one apparatus anong a
plurality of apparatuses outputs an electromagnetic
wave, nodul ates the el ectromagneti c wave, and thereby
transmts data; and the ot her—-apparatuses anong -the
plurality of apparatuses transmt data by | oad-

nmodul ating the el ectromagneti c wave output by the one

o SRUBEL Lyt FERLLSL S TPORS BioReL 047 By 0L oo

datgLe%ts?aksl bAkKe) £OPEERAInLBYE  wBFe 2 Hat@ di bk {ayer of
an (Open

Op System |nterconnection) reference node

eleb8r6mP§HEL Z80whiPe f 044 aPhe MGy PREkSImi PatgiSa A RAGKST
of an MAC (Medi a Access Control) |layer of the data

pashkink heyef, whbeh ME packebun ScLepsnl ha@s ih OwhDEM @ne
physi cal |ayer packet that is a packet of a physica
apphayens amohdg he physataty|afesppackieises duamststied
in the active node or in the passive node, wherein the
eleconmaineiebnswaven trsodink: pexi then ¢ Bagt horedgridiei & LGve,
packet so as to be smaller than or equal to a length
andt Haerelky deamsmiheddam i hendaghes wfheheeammedatnsé e ngdng
of the physical |ayer packet and the maxi mum nunber
the gplypd Hat kef sapRawt ees peranamishidated konteadous! y
fromthe MAC |layer to the LLC |ayer w thout making a
modq%gﬁ*ﬁg“§h?(ﬁﬁﬁﬁt@pmagnetlc wave output by the one

apparatus; and control means for performing control such
that an LLC packet that is a packet of an LLC (Logical 1ink
control) layer of a data link layer of an 0SI (Open System
Interconnection) reference model is capsulized ‘to form an
MAC packet that is a packet of an MAC (Media Accesé Control)
layer of the data link layer, the MAC packet is capsulized
to form a physical layer packet that is a packet of a
physical layer, and the physical layer packet is transmitted
in the active mode or in the passive mode, wherein the
control means limits the maximum length of the LLC packet so
as to be smaller than or equal to a length that is
determined on the basis of the maximum length of the
physical layer packet and the maximum number of MAC packets
that can be transmitted continuously from the MAC layer to
the LLC layer without making a response.

{0010}




A first communi cati on nethod according to the present
i nvention includes conmmuni cati on neans for perform ng
conmuni cation in one of comunicati on nodes of an
active node, which is a conmmunicati on node in which
each of a plurality of apparatuses for transmtting
and receiving data outputs an el ectromgnetic wave,
nodul ates the el ectronagnetic wave, and thereby
transnmts data; and a passiPve node, which is a
conmuni cati on node in which one apparatus anong a
plurality of apparatuses outputs an electromagnetic
wage £ i FReUL-8kRant B8t §hACHECABANELLE rWANE: todRilet BeLelY
transmts data, and the other apparatusés anong "the
invitlnrialn tiacQfudeRp dorits e % stlids Mdanda i b drd@dming
nmodul ating the el ectromagneti c wave out put by the one
conapdrattysn dnd ofieC oft omindR aafi cpehfodigd RE cantddlive
such that an LLC packet that is a packet of an LLC
modelogihdalh lisnk commndlck tdiona mbatea ini né ilcy efaddf cah 208
(Open System Interconnection) reference nodel is
plugadddlyi zéd appafretmsas fWAC traclseti tthaty iss1da neackietingf data
an MAC (Media Access Control) Ilayer of the data |ink
outpgyer ant gé eNhCopagret iics weaps ulicded ates ftdvem a
physi cal |ayer packet that is a packet of a physica
elechyepagaRiithyayByspedl theyePypaeRestis st dakar Bned a
in the active npde or in the passive node, wherein, in
pasgpye @83& oPhd£8plst Re CRERPREFETERGE AOGE the Which one
as t%]be smal | er than or equal

E acget is Iinitﬁd S0,
aPPPS 35U P eARPRL HaP U8 LibYePii ABHAOA LERE DSBS the

eleg%§bﬁgghggggtQagg,tggduXates the electromagnetic wave,

and thereby transmits data, and the other apparatuses among
- the plurality of apparatuses transmit‘data by load-
modulating the electromagnetic wave output by the one
apparatus; and a control step of performing control such
~that an LLC packet that is a packet of an LLC {(Logical 1link
control) of a data link layer of an 0SI (Open System
Interconnection) reference model is capsulized to form an
MAC packet that is a packet of an MAC (Media Access Control)
1ayer of the data link layer, the MAC packet is capsulized
to form a physical layer packet that is a packet of a
physical layer, and the physical layer packet is transmitted
in the active mode or in the passive mode, wherein, in the
control step, the maximum length of the LLC packet is
limited so as to be smaller than or equal to a length that

is determined on the basis of the maximum length of the



physi cal | ayer packet and the maxi num nunber of MAC
packets that can be transmtted continuously fromthe
MAC | ayer to the LLC |ayer without making a response.
[0011] A first program according to the present

i nvention includes comunication nmeans for performng
communi cation in one of conmunicati on nodes of an
active node, which is a conmmunication node in which
each of a plurality of appératuses for transmtting
and receiving data outputs an el ectronmagnetic wave,
nmodul ates the el ectromagnetic wave, and thereby

phykiagsmt egahgckgﬁdaﬁdp@ﬁé'Mﬁxﬁﬁgﬁ abel L$ ﬁAC  packets

communi ¢ t|o I'n which one apparatus amon
thaE'HéﬁlbEYtrQBsﬁ@E%EQtH%ﬁ%lﬁﬁbﬁ%ﬁ? %Qoﬁl%ﬁﬁrﬁﬁég@§§bg to

wave, nodul ates the electromagnétic wave, and thereby

thet 1L20SNhYErdat @hoaldmakh8gobheEsppRakat uses anong the
plurality of apparatuses transnt data by

| opos ppdul ati ng the el ectromagneti c wave out put by
the one apparatus; and a control step of performng
contfotssushoghat ancdtd packet thdgbréesemt phckett iof
an LLC (Logical link control) of a data link |ayer of
- incéndegSto@penc8ysormeaner onnpetifonningf epamopimedébn in
.is capsulized to forman MAC packet that is a packet
oneo@faﬂommnnleﬁ@dpa PedessoCoatratyivaymedef whécHata a
link layer, the MAC packet is capsulized to forma
Com%%Q%@%E¥OFaW@ﬁepa@k@blﬁhaﬁaCE o& papkeradits physica
| ayer, and the physical |ayer packet is transmtted
apP3FE fRecactPhet ho@embE tingt ARd phSSEELRBddatz- outputs an

electromagnetic wave, modulates the electromagnetic wave,
and thereby transmits data; and a passive mode, which is a
comﬁunication mode in which one apparatus among a plurality
of.apparatuses outputs an electromagnetic wave, modulates
the electromagnetic wave, and thereby transmits data; and
the other apparatuses among the plurality of apparatuses
transmit data by load-modulating the electromagnetic wave
output by the one apparatus; and a control step of
performing control such that an LLC packet that is a packet
~.of an LLC (Logical link control) of a data link layer of an
-0ST (Open System Interconnection) reference model is
capsulized to form_an MAC packet that is a packet of an MAC
(Media Access Control) layer of the data link layer, the MAC
packet is capsulized to form a physical layer packet that is
a packet of a physical layer, and the physical layer packet

is transmitted in the active mode or in the passive mode,




wherein, in the control step, the maxi mum | ength of
the LLC packet is limted so as to be smaller than or
equal to a length that is determ ned on the basis of
the maxi mum |l ength of the physical |ayer packet and
t he maxi mum nunber of MAC packets that can be
transmtted continuously fromthe MAC |ayer to the
LLC | ayer wi thout making a response. [0012] A second
conmmuni cati on apparatus accbrding to the present
i nvention includes conmuni cati on means for performng
communi cation in one of comunicati on nodes of an
wheBELhYO fiOfe MBLRO1 Ssef ORI £ALI A MPAR N hIG 11c
each of a plurality of ‘apparatuses for transmtting
pacRBE {6CEiNI A8y €3l As OUs DU Ssiin B CCLK QNBONELd \6n MANE, 5
: nmodul ates the el ectromagnetic wave, and thereby
lengtRnNshit Sidad@iedithéd PRSSHY DO, o MK s Boum length
conmuni cati on node in which one apparatus anong a
of pherphyiycal bppar abasiest miPuiise ax Bhestimoemaneaetf (AC
: wave, nodul ates the el ectromagnetic wave, and thereby
packeansnihds cat dye andcaridiel otdercappanatwsies ammnghd MAC
plurality of apparatuses transmt data by | oad-
layewdub athaglh® el & @c twidgregre tiak way e owggnandsy. t he one
appar atus; and control neans for performng contro
sUué¥lilhat an LLC packet that is a packet of an LLC
(Logical link control) layer of a data |ink |ayer of
| aft GSCPSERTBYSLEHE LPR SPPSHREES] 8RFOreflagefice thedel
is capsulized to forman MAC packet that is a packet
- Pesgnty s (i i AR aitsi 92 tign means for

performing communication in one of communication modes of an
active mode, which is a communication mode in which each of
a plurality of apparatuses for transmitting and receiving
data outputs an electromagnetic wave, modulates the
electromagnetic wave, and thereby transmits data; and a
passive mode, which is a communicaticn mode in which one
apparatus among a plurality of apparatuses outputs an
electromagnetic wave, modulates the electromagnetic wave,
and thereby transmits data, and the other apparatuses among
the plurality of apparatuses transmit data by load-
modulating the electromagnetic wave output by the one

' apparatus; and control means for performing control such
“that an LLC packet that is a packet of an LLC (Logical link
control) layer of a data link layer of an 0SI (Open System
Intereonnection) reference model is capsulized to form an

‘MAC packet that is a packet of an MAC (Media Access Control)




| ayer of the data |link |ayer, the MAC packet is
capsulized to forma physical |ayer packet that is a
packet of a physical layer, and the physical |ayer
packet froman apparatus for transmtting the

physi cal |ayer packet is received in the active node
or in the passive node, wherein the nmaxi mum Il ength of
the LLC packet is limted so as to be smaller than or
equal- to a length that is deternned on the basis of
the maxi mnum | ength of the physical |ayer packet and

t he maxi mum nunber of MAC packets that can be

. L ; ‘
ey BFI g pleily il MOGLEYE dpdbeen
to GO GRFd QL eI NAd 4ec0rdi NGh 40 {8 PUESEN of o

I nvention 1 ncludes comuni cati on neans for perform ng

phy SIQHINI LAl OThdd 1aRe iy SN Hadd Qs smaesy Qfm all
active "node, which i's 'a conmunication node in which

app@athidfrar mldnalideyi arpaimidises fryds ansmdd | ng
and receiving data outputs an el ectromagnetic wave,

recaindid aitre s Hehactalvec tucaatmgnetic siey gia andrd hesdby wherein
transmts data; and a passive node, which is a

the eemuminc dtdrgyt hnmede tilre LG pagriest appdriatidts=dimong s to be
plurality of apparatuses outputs an electromagnetic

sma e, thagd yirateegialhd celee cltargrtdgidtatc wavdste mmichacherebyhe
transmts data, and the other apparatuses anong the

- basig @faltihey mefxiapwarlanggds afr dismphitaitcs byt dywsad-packet and

nodul ati ng the el ectromagneti c wave output by the one
the mgximum number of MAC packets that can be transmitted

-continuously from the MAC layer to the LLC layer without

making a response.
{0013]

A second communication method according to the present
invention includes communication means for performing
¢ommunication in one of communication modes of an active
mode, which is a communication mode in which each of a

plurality of apparatuses for transmitting and receiving data

outputs an electromagnetic wave, modulates the

electromagnetic wave, and thereby transmits data; and a
passive mode, whichris a communication mode in which one
apparatus among a plurality of apparatuses outputs an
electromagnetic wave, modulates the electromagnetic wave,
and thereby transmits data, and the other apparatuses among

the plurality of apparatuses transmit data by load-

modulating the electromagnetic wave output by the one




apparatus; and perform ng control such that such that
an LLC packet that is a packet of an LLC (Logica
link control) layer of a data |link |ayer of an QS
(Open System Interconnection) reference nodel is
capsulized to forman MAC packet that is a packet of
an MAC (Media Access Control) l|ayer of the data |ink
| ayer, the MAC packet is capsulized to forma
--physi cal--1-ayer -packet -that 9 s-a packet -of--a--physical
| ayer, and the physical |ayer packet from an o
apparatus for transmtting the physical |ayer packet

sop S SENEL IR SO AR IBE 5, 05 BPSS, on g
L4m ; h ’ ] h
packdimiest 56, %2 hauie, bl s Nen i gl adang

la}’é).l.f dhes piwsd calnit @/aﬁfeﬁ’ac?f(eén e r{Tﬁa}g}gEgm nunber

of MAC packets that ‘can be transni%ted conti nuously

Intdreipdde MG | aveirdid hoddiC dayeip it dredd g =&
response. [0014] A second program according to the

MAC [Fsiedd tdnwmentd on pdddtides L0MAMI @aldion AR fontrol)
perf orm ng conmuni cation In one of comruni cati on
layemwdesS tife atutactlivek rmedesr Wikeh MASS paddemui catdsen ized
node in which each of a plurality of apparatuses for
to flamnsmpghysigand ayeceipdakpddttatoutsput paarket of a
el ectromagnetic wave, nodulates the el ectromagnetic
physdensel lagrat t Rorklhyhe mdnstias. dayer et ke tpdssinvemode,
which is a conmmuni cation node in which one apparatus
appagifdig £93 rrainiamitting the physical layer packet is
received in the active mode or in the passive mode, wherein
the maximum length of the LLC packet is limited so as to be
smaller than or equal to a length that is determined on the
basis of the maximum length of the physical layer packet and
the maximum number of MAC packets that can be transmitted
continuously from the MAC layer to the LLC layer without
making a response.

[0014}]

A second program according to the present invention
includes communication means for performing communication in
one of communication modes of an active mode, which is a
communication mode in which each of a plurality of
apparatuses for transmitting and receiving data outputs an
electromagnetic wave, modulates the electromagnetic wave,

and thereby transmits data; and a passive mode, which is a

communication mode in which one apparatus'among a plurality




of apparatuses outputs an el ectromagneti c wave,

nmodul ates the el ectromagnetic wave, and thereby
transmts data, and the other apparatuses anong the
plurality of apparatuses transnt data by

| oad- nodul ating the el ectromagneti c wave output by
the one apparatus; and a control step of performng
control such that an LLC packet that is a packet of
an LLC (Logical l|ink contrdld - ayer of a data |ink

| ayer of an OSI (Open System | nterconnection)
reference nodel is capsulized to forman MAC packet

of 5 ﬂgraﬁPgeEaSEQF F laygFQBE%gﬁwﬁége%év@onhb@hﬁates

yer o packét 1s

thecéﬁéekkéﬁgghetﬁefﬂb@ePhXﬁhcﬁheEéﬁgrt@%ﬁ%ﬁ&t&héhtbs afd
packet of a physical [ayer e physical [ayer

thePaeket abFa&h@ns@epamahQStherp&ﬁ@aiﬁtytb@gabﬁ@ratuses
physi cal layer packet s received in the active node

trafkmin tiheapBgsSivedrhRdenlwhengi ahkheleaxirshaghergthwake
the LLC packet is limted so as to be smaller than or

outpquabyt cha bengbhpthatuks addt er obnedoanstbhe b&si s of
- the maxi mum |l ength of the physical |ayer packet and
perthenimygi puntnubbencbf tMAC packBCspathket thmtbés a packet
transmtted continuously fromthe MAC | ayer to the
of anClldyékogichdul inbkiagtaotesporse. cf0618ptal Airkelayer
first conmuni cati on apparatus, the first
of éﬁnﬁﬁﬁlé@P?@nsﬁﬁiﬁ@dInﬁﬁﬁcPﬁ@eﬂFF@ﬂ pF@é?éﬁﬂQ@c@P@?ﬁng
to the resent invention, an LLC packet, which is a
cappatkétdo aﬁor@LEPI%%%rp%FkﬁtdﬁbétlFﬁkalﬁ?ékeéfoﬁnaESMAC
reference npdel, is 11
(Med?a Access Control) layer of the data link layer, the MAC
packet is capsulized to form a physical layer packet that is
a packet of a physical layer, and the physical layer packet
from an apparatus for transmitting the physical laver packet
is received in the active mode or in the passive mode,
wherein the maximum length of the LLC packet is limited so
as to be smaller than or equal to a length that is
determined on the basis of the maximum length of the
physical layer packet and the maximum number of MAC packets
that can be transmitted continuocusly from the MAC layer to
the LLC layer without making a response.
[0015]
In the first communication apparatus, the first
communication method, and the first program according to the

present invention, an LLC packet, which is a packet of an

LLC layer of a data link layer of an 0SI reference model, is




capsulized to forman MAC packet, which is a packet of
an MAC | ayer of the data link |ayer. Furthernore, the
MAC packet is capsulized to forma physical |ayer
packet, which is a packet of a physical |ayer. Then,

t he physical |ayer packet is transmtted in an active
node or in a passive node. In this case, the nmaxi mum
| ength of the LLC packet is limted so as to be
smal l er than or equal to-alllergth that is deterni ned
on the basis of the maxi mumlength of the physica

| ayer packet and the maxi num nunber of MAC packets

cap%ﬁ?izgantgeﬁéﬁﬁlﬂéﬁi tALd,£0oR wuw%{ip{ from %sté/{%\%f an

ayer to 't |'ayer- wi t holit "naki ng” a response.

macl 8938) oEnchBeyseL0ondn £OTHYEE CAl QP RRPAL AL USth N@ac

second comuni cation nmethod, and the second program

pacREE0L i BEpLR1iLbe BEE58AK 52§§9g£951 a8ybEGoRagket  which
which is a packet of an LLC layer of a data l|ink

is hapecket an &Sphyefesenceyepdel Thehs eROSHhiZedalOlayer
forman MAC packet, which is a packet of an MAC | ayer
packétthe dabashibkedayeranThetbl€ padkebri 3n Gapsiddized mode.
to forma physical |ayer packet, which is a packet of
In dhphysasa) tlagyenaxifhen physgtial of aylee PhCkeickebmsan
apparatus for transmtting the physical |ayer packet
limjgedreeetvetb ilbe asmakli¢vethmuecnrequah passi vengioethat
. In this case, the maximumlength of the LLC packet is
is defpyebned o the eskwedf ekhe Haax brurgleingt af | Emgt h
that_ is determned on the basis of the maxi num | ength
phyQﬁcQ}mg%yggiQ§gk¢%y%qd_th@Jmaximum number of MAC packets

that can be transmitted continuously from the MAC layer to
the LLC layer without making a response.

[0016]

In the second communication apparatus, the second
communication method, and the second program according to
the present invention, an LLC packet, which is a packet of
an LLC layer of a data link layer.of an 03I reference model,
is capsulized to form an MAC packet, which is a packet of an
MAC layer of the data link layer. The MAC packet is
capsulized to form a physical layer packet, which is a
packet of a physical layer. The physical layer packet from
- an apparatus for transmitting the physical layer packet is
received in an active mode or in a passive mode. In this
case, the maximum length of the LLC packet is limited so as
to be smaller than or egual to a length that is determined

on the basis of the maximum length of the physical layer




packet and the maxi mum nunber of MAC packets that can
be transmtted fromthe MAC | ayer to the LLC | ayer

wi t hout rmaking a response. Advantages [0017]
According to the present invention, it is possible to
use, for exanple, near field communication enploying
NFCIP-1 or the like fromvarious protocols of

hi gher-order layers of an OSI reference nodel. Brief
Description of the Draw ng$2 [0018] Fig. 1 shows an
exanpl e of the configuration of an enbodi ment of a
comruni cation systemto which the present invention

packst apphi €fe dHdimdn i AliS F a8 €8 %%Iﬁ:s}&é’@s e -4 Ge 3

illustrates an active node. Fig. s a bl ock diagram

trasHent fgd afr & atd et 1deer confdguratd o i ap ot
communi cation apparatus 1. Fig. 5is a timng chart

maklhd ust redpagsean initial RFCA process. Fig. 6 is a
timng chart illustrating an active RFCA process.

Advénigagesil lustrates an SDD process. Fig. 8 shows a |ist
of commands and responses. Fig. 9 is a flowhart
i 109t Tating the outline of a 13

According to the present invention, it ié possible to
‘use, for example, near field communication employing NFCIP-1
or the like from various protocols of higher-order layers of
~an 0SI reference model.

Brief Description of the Drawings

“[0018]

Fig. 1 shows an example of the configuration of an
embodiment of a communication system to which the present
invention is applied.

Fig. 2 illustrates a passive mode.

Fig. 3 1llustrates an active mode.

Fig. 4 is a block diagram showing an éxample of the
configuration of an NFC communication apparatus 1.

Fig. 5 is a timing chart illustrating an initial RFCA
process.

Fig. 6 is a timing chart illustrating an active RFCA
process.

Fig. 7 illustrates an SDD process.

Fig. 8 shows a list of commands and responses.

Fig. 9 is a flowchart_illust:aﬁing the outline of a




comuni cation process in accordance with NFClP-1

Fig. 10 is a flowhart illustrating processing
performed in a passive node. Fig. 11 is a flowhart
illustrating processing perfornmed in an active node.
Fig. 12 shows an OSI reference nodel. Fig. 13 shows
the format (structure) of an MAC packet and a

physi cal | ayer packet. Fig. 14 shows the fornmat of PFB
information. Fig. 15 shewd3the format of PFB
information. Fig. 16 is an illustration of processing
of an MAC | ayer in an initiator and a target. Fig. 17

comPtEat fn | O s 011 CoRRAKES 1w i B ordfh SOUS 1

t i3y NG %W@l%}dr%'}taﬁﬁ%ﬁﬂi%tﬂgg HUSLANR 5 nt2
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22 power-supply unit Best Mdde for Carrying Qut the

perfiowend i on arj GO20]veEmbatk ments of the present invention
w || be described belowwth reference to the
difdwi.-ng®. shois an 0SI reference model.

Fig. 13 shows the format (structure) of an MAC packet
and a physical layer packet.

Fig. 14 shows the format of PFB information.

Fig. 15 shows the format of PFB information.

Fig. 16 is an illustration of processing of an MAC
_llayer in an initiator and a target.

Fig. 17 shows the format of an IP packet.

Fig. 18 shows the format of an LLC packet.
Reference Numerals

{00191

1 to 3 NFC communication apparatus, 11 antenna, 12
receiver, 13 demodulator, 14 decoder, 15 data processor,
- 16 encoder, 17 selector, 18 electromagnetic wave output
section, 19 modulator, 20 load modulator, 21 controller,
21A CPU, 21B EEPROM, 22 powerwsupply unit
Best Mode for Carrying out the Invention

[0020]

Embodiments of the presentlinvention will be described

below with reference to the drawings.




002 11 Fig. 1 shows an exanple of the configuration of
an enbodi nent of a conmunication system (the system
designates a logical assenbly of a plurality of
devices, and it does not matter whether each device
is in the same housing) to which the present
invention is applied. [0022] In Fig. 1, the
comuni cation systemis constituted by three NFC
communi cati on apparatuses 14 2, and 3. Each of the
NFC conmuni cation apparatuses 1 to 3 is designed to be
capabl e of perform ng near field communication (NFC
( Zl}FieId Communi cation)) by el ectromagnetic
i nducti'on using a carrier wave of a single frequency
Wi gy Ot ey NEC Lo 14N GRPUA MRS at ilPO2H Al
thi s point, exanples of a frequency of a carrier wave
embd @By &Nea NECmr@ITRRY LY | OPs APl Bl &I SBs tlert Qekignates
include 13.56 MHz of an ISM'(Industrial "Scientific
a loftienl dssdanty 4dH024)1uddEi phrasaideiatred, el it does
- conmuni cati on nmeans conmuni cation that becones
not posistdat ewvdicne t heach sdeanicee bied wae e rap pandd Usass iddlatto
perform comuni cati on becones within several 10 cm
whigndhalmesact udessrcommunicapniger forned with (the
housi ngs of ) apparatuses that perform comuni cation
bdi%%¢ 20r ought into 15 -

In Fig. 1, the communication system is constituted by

three NFC communication apparatuses 1, 2, and 3. Each of
the NFC communication apparatuses 1 to 3 is designed to be
capable of performing near field communication (NFC (Near
Field Communication)) by electromagnetic induction using a
carrier wave of a single frequency with other NFC
communication apparatuses.

t0023]

At this point, examples of a frequency of a carrier

- wave used by the NFC communication apparatuses 1 to 3

include 13.56 MHz of an ISM (Industrial Scientific Medical)
band.

[{0024)

The phrase near field communication means communication
that becomes possible when the distance between apparatuses
that perform communication becomes within several 10 cm, and
also includes communication performed with (the housings of)

apparatuses that perform communication being brought into



contact with each other. {0025] The conmuni cati on
systemof Fig. 1 can be adopted as an |C card system
in which one or nore of the NFC comuni cati on
apparatuses 1 to 3 can be nmade to be a reader/witer
and the other one or nore can be nmade to be an IC
card. Al so, each of the NFC conmuni cati on apparatuses
1 to 3 can be adopted as a communication system of a
PDA (Personal Digital AssiStant), a PC (Personal
Computer), a nobile phone, a wist watch, a pen, and
the like. That is, the NFC conmuni cation apparatuses

contadto i & eaRPH@iMUses that performnear field
conmuni cation and are not limted to an I1C card, a
rqagders/jwiter, and the like of the IC card system
[0026] The NFC communi cation apparatuses 1 to 3 are
capableraiun ipatienmsye teaMBMIFGat.i QN dah Heo adopted as an
comuni cati on nodes. Exanples of the two

CIC cordmsstadn om mdesh idied ubde nforpassi the e @gdhnaication
active node. For exanple, communication between the
appaEC wEmMinitcatd ararapamsEds 6 band 2 atonfy e NEQd the
comuni cation apparatuses 1 to 3 will now be

othegpgicderedioden carhdpassieraardne,arsilf lcadd. t Aldw each
above-described IC card systemof the related art,

of ther NBcaemEUNilva tNED  apmaRativEss dn tapparcarudel adeited
is one of the NFC comunication apparatuses 1 and 2,

as aEAIENdSaltd pammisdemafe a FRY e@;ﬂﬁfd?if}@gl )i L

el ectromagneti ¢ wave %ener at ed y 16 ,
Assistant), a PC (Personal Computer), a mobile phone, a

wrist watch, a pen, and the like. That is, the NFC
communication apparatuses 1 to 3 are apparatuses that

perform near field communication and are not limited to an

IC card, a reader/writer, and the like of the IC card systeml

[0026]

The NFC communication apparatuses 1 to 3 are capable of
performing communication in two communication modes.
Examples of the two communication modes include a passive
mode and an active mode. For example, .communication between
the NFC communication apparatuses 1 and 2 among the NFC
communication apparatuses 1 to 3 will now be considered. In
the passive mode, similarly to the above;described IC card
system of the related art, for example, the NFC
'communication.apparatus 1, which is one of the NFC
communication apparatuées 1 and 2, modulates {a carrier wave

corresponding to} an electromagnetic wave generated by




itself and thereby transmts data to the NFC

comruni cation apparatus 2 that is the other NFC
comuni cation apparatus, and the NFC contmuni cati on
apparatus 2 | oad-nodul ates (a carrier wave
corresponding to) the el ectromagneti c wave generated
by the NFC communi cati on apparatus 1 and thereby
transmits data to the NFC conmuni cati on apparatus 1.
[0027] On the other hand, Lien-t he active node, each of
the NFC communi cation apparatuses 1 and 2 nodul ates
(a carrier wave corresponding to) an el ectromagnetic

ltsa[e@%eaﬁasn@ﬁékégybyrahgaﬂé QantBSrEf?% kAN B &n 8% &4 on

thi's point, when near communi cat 1 on

'appgﬂﬂkgy'Bgth§£eEEr€H@gagﬁé§ WRAUELLAnE Sat PoRCapparatus,
perfornmed, an apparatus that starts conmunication by

andOUh@U&FCn@oﬂﬁuﬁk@éti@ﬁagﬁﬁététu@ﬂﬂelééﬁsﬁodﬁbﬁieéS(aan
apparatus that, so to speak, takes the initiative of
carcbanunk¢at coOnredbbhdbegrebertied &0casSrafaghdiid ali®be
Near field comrunication is perfornmed in such a
gengaaned bhathé BEC netmmtioi c t hos napsa B cosnmhngnd otldereby
comuni cation party thereof, and the comruni cation
trapamiys dabalstbathe aNFéspomnsentcat hen coppangtudhe.
communi cation party that sends back a response to the
coifed fromthe initiator will be referred to as a

target. [0029] For example, it is assumed that the
NEE dhemadihest ilsid, in the active mode, each of the NFC

communication apparatuses 1 and 2 modulates (a carrier wave

corresponding to} an electromagnetic wave generated by
itself and thereby transmits data.

[G028]

At this point, when near field communication employing
electromagnetic induction is-to be performed, an apparatus
that starts communication by outputting an electromagnetic
wave first, that is, an apparatus that, so to speak, takes
the initiative of communication, will be referred to as an
. initiator. Near field communicaﬁion is performed in such a
manner that the initiator transmits a command to a
cémmunication party thereof, and the communication party
sends back a response to the command. The communication
party that sends back a response to the command from the
initiator will be referred to as a target.

[0029]

For example, it is assumed that the NFC communication



apparatus 1 starts to output an el ectromagnetic wave
and starts comrmunicating with the NFC comruni cati on
apparatus 2. As shown in Figs. 2 and 3, the NFC
comuni cation apparatus 1 becones an initiator, and
the NFC communi cation apparatus 2 becones a target.
[0030] In the passive node, as shown in Fig. 2, the
NFC conmunication apparatus 1 that is an initiator
continues to output an el #étromagneti c wave. The NFC
communi cation apparatus 1 nodul ates the

el ectromagneti c wave output by itself, and thereby

app%zf?ﬂ%ﬁ 1ssdatas 1o, kf]_gco;%%ttchagr?%%tgﬁ&ﬁ e BRPALALHIS, g

at 1s a target. mmuni cat1 on

sta APPSR Zed Aty TPAY alies dite &eah{UBRING] I HV R us 2.

out put by the NFC comruni cation apparatus 1 that iIs
As Mo id atQfs. andhddes elyhd nams i dudatdh d ot MG tus 1
comuni cation apparatus 1. [0031] On the other hand,
bec@seshowninit EHigr 3,ard) dHe 10T | MBamdDides t Wieagher N 2
communi cati on apparatus 1, which is an initiator,
becdnieansmttargtat.a, the NFC conmuni cation apparatus 1-
starts to output an el ectronmagneti c wave, nodul ates
t HEO03&8llect romagneti ¢ wave, and thereby transmits data
to the NFC communication apparatus 2 that is a
- t dngéhe Thenivef medethas shamsniissitFag.of,dabhe NEC
conpl et ed, the NFC communi cation apparatus 1 stops
commpiisiattliony arre rdted rofdgtetlisc atavidiitAlad@r corginves to

output an electromagnetic wave. The NFC communication

apparatus 1 modulates the electromagnetic wave output by
itself, and thereby transmits data to the NFC communication
apparatus 2 that ié a target. Also, the NFC communication
apparatus 2 load-modulates the electromagnetic wave output
by the NFC communication apparatus 1 that is an initiator
and thereby transmits data to the NFC communication
apparatus 1.

[0031]

On the other hand, as shown in Fig. 3, in the active
mode, when the NFC communication apparatus 1, which is an
initiator, transmits data, the NFC communication apparatus 1
starts to outpﬁt an electromagnetic wave, modulates the
electromagnetic wave, and thereby transmits data to the NEC
communication apparatus 2 that is a target. Then, aftér the
transmission of data is completed, the NFC communication

apparatus 1 stops outputting the electromagnetic wave. Also,



when t he NFC conmuni cati on apparatus 2, which is a
target, transmts data, the NFC conmuni cati on
apparatus 2 starts to output an el ectromagnetic wave,
and nodul ates the electromagnetic wave, and thereby
transmts data to the NFC comunicati on apparatus 2,
which is a target. Then, after the transm ssion of
data is conpl eted, the NFC conmuni cati on apparatus 2
stops outputting the el eeti®magneti c wave. [0032] In
Fig. 1, the comunication systemis constituted by
three NFC communi cati on apparatuses 1 to 3. However,
e FC..co i ' i !
W e T il AT bR, SEPRRATSS 5 15095

tradSnBrs A0 ABY e @ e S i Y fon PSS & dd8rts to

comuni cat1on systemcan Include, 1in addition to an

outRC Lo €Al ShapRandws, {1 diml&s @k | C card,
a reader/witer, and the |ike constituting an IC card

eleSysdigiit therdwd atad] atHerdBP33landiets Hin b shiewsre
an exanple of the configuration of the NFC

- commoommat at | appapparat2)s whiodth Hg.a adde: ot iHelNFGfter
comuni cati on apparatuses 2 and 3 of Fig. 1 are

the cordrigurssdiorsiofi |datay =0 ddng INRE@ domheiNEl icmmmunication
apparatus 1 of Fig. 4, and accordingly, a description

appatedreofl istapd tauddu oo I heAre lanttarmmdie tiis wave.
configured to include a coil of a closed |oop, and
oUfPdEd an el ectromagnetic wave as a result - 19

In Fig. 1, the communication system is constituted by

three NFC communication apparatuses 1 to 3. However, the
number of NFC communication apparatuses constituting the
communication system is not limited to 3, and may be 2 or 4
jdr more. Furthermore, the communication system can include,
in addition to an NFC communication apparatus, for example,

an IC card, a reader/writer, and the 1like constituting an IC

card system of the related art.

[0033]

Next, Fig. 4 shows an example of the configuration of
the NFC communication apparatus 1 of Fig. 1. The other NFEC
communication apparatuses 2 and 3 of Fig. 1 are configured
similarly to the NFC communication apparatus 1 of Fig. 4,
and accordingly, a description thereof is omitted.

[0034]

An antenna 11 is configured to include a coil of a

closed loop, and outputs an electromagnetic wave as a result



of electrical current flow ng through the coil being
changed. Furthernore, as a result of magnetic fl uxes
passing through the coil as the antenna 11 bei ng
changed, electrical current flows through the antenna
11. [0035] A receiver 12 receives electrical current
flow ng through the antenna 11, perforns tuning and
detection, and outputs a signal to a denodul ator 13.
The denodul ator 13 denpdul@ates the signal supplied
fromthe receiver 12 and supplies the denodul at ed
signal to a decoder 14. The decoder 14 decodes, for

t | .. |

i T R R e e e S
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It dar o seoaear L et (ot he s e hag "

the FOLESS Ndhe haseh) thg Aol HRRIdLd Sl tiR@1 current
decoder 14. Al so, the data processor 15 supplies an

flownaadeiugtd tMd gt abe transnmitted to anot her
apparatus. [0037] The encoder 16 encodes the data

suyppliseéd fromthe data processor 15 into, for

exanpl e, a Manchester code, and supplies the code to

absakeetiorrll2 Theedekecthrectriselectisrentt Hkbwang

nmodul at or 19 or a | oad nodul ator 20, and outputs the
thrcsignaihesmﬁleim flrlo mpehd cemcodemn ihg bad ketseiteoned and
outgﬂggha,%géhal to a demodulator 13. The demodulator 13
demodulates the signal supplied from the receiver 12 and
supplies the demodulated signal to a decoder 14. The
decoder 14 decodes, for example, a Manchester code or the
like as a signal supplied from the demodulator 13, and
supplies data obtained by the decoding to a data processor
- 15.
[0036]
The data processor 15 performs predetermined processing
- based on the data supplied from the decoder 14. Also, the
data processor 15 supplies an encoder 16 with data to be
transmitted to another apparatus.

[0037] |

VThe encoder 16 eﬁcodes the data supplied from the data
processor 15 into, for éxémple,'a Manchester code, and
supplies the code to a selector 17. The selector 17 selects

either a modulator 19 or a load modulator 20, and outputs

-the signal supplied from the encoder 16 to the selected unit.




[0038] At this point, under the control of a
controller 21, the selector 17 selects the nodul ator
19 or the load nodulator 20. The controller 21
controls the selector 17 to select the | oad npodul at or
20 when the conmunication node is a passive node and
t he NFC communi cati on apparatus 1 is a target. Al so,
when the communi cation node is an active nbde or when
t he comuni cation node is agpassi ve node and the NFC
comuni cation apparatus 1 is an initiator, the
controller 21 controls the selector 17 to select the

@ﬂ%ﬂ£P Accordi ngly, the signal output by the
16 |s supplied to the |oad nodul ator 20

1 ougly 4 he, Sl eg&rgcli]drlt%ﬂ@%%é%l GOATIINL GALL o Jpds

|s a passive nod conmiihi cati on appar at'us

| the éfeét&f"ﬂ?tsef@gtéstﬁélp:%a@ﬁawr i@eoPDmQHéaié?édw
' rough the selector 17 in other cases. [0039] An

mod@i&@éfoﬂ@gneih§ YeNEr QUL PHL 2 Beghh PR 18 §N@pééféct8§ 17 to
antenna 11 with electric current for allow ng the

seladt efif@ Ldadtodathede £@| §ied ormgNedinbuByL6ioh )méde is
carrier wave having a predeterm ned single frequency.

‘a pdds beeafickdacena the thEC Soighah i Sappdn esppiombdel is a
sel ector 17, the nodulator 19 nodul ates the carrier
targweive aklide whectthe counmentcstupphimcdde tostdve aot evmanode

11 by the el ectromagneti c wave out put section 18.
or Widrs @he ovsnrtlnel et epmandde t bs radbaseive mode and the NFC
carrier-nodul ated electromgnetic waves in accordance
commyncalaten ciRpirates thel®lan initiator, the controller 21

controls the selector 17 to select the modulator 19.
Accordingly, the signal output by the encoder 16 is supplied
.to the load modulator 20 through the selector 17 when the .
communication mode is a passive mode and the NEC
communication apparatus 1 is a target, and is supplied to
the modulator 192 through the selector 17 in other cases.

[0039]

An electromagnetic wave output section 18 supplies the
‘antenna 11 with electric current.for allowing the antenna 11
to radiate (electromagnetic waves ofj a carrier wave having
‘a predetermined single freguency. In accordance with the
signal supplied from the selector 17, the modulator 19
modulates the carrier wave as the electric current supplied
to the antenna 11 by the electromagnetic wave output section
18. This allows the antenna 11 to radiate carrier-modulated

electromagnetic waves in accordance with data output to the




encoder 16 by the data processor 15. [0040] The | oad
nodul at or 20 changes, in accordance with the signa
supplied fromthe selector 17, an inpedance obtai ned
when the coil as the antenna 11 is externally
observed. Wen an RF field (magnetic field) is forned
around the antenna 11 as a result of another
apparatus outputting electromagnetic waves as a
carrier wave, the inpedancé&l —-obtained when the coi
as the antenna 11 is observed, changes, whereby the
RF field around the antenna 11 al so changes. This
encoRgyl pEes, (Loadsgpgdulptesisshe sarrier wave as the
el ectronmagnet| ¢ waves out put by the other apparatus
i np rdance with the signal supplied fromthe
selector 17, and transmts, to the other apparatus
OutHautld 30 ridid 1 Al ACIIOMBEHIRIdL WY ecdriRndal & iew Rue
to the encoder 16 by the data processor 15. [0041]
sigrdl t s poédit frémrtiexaspl ectanpl 1t ute sipddaksyidi®ained
(ASK) can be enployed as a nodul ation nmethod in the
whemothe at@rl 19s ante tdetdos hbdid at:ore 2h 1 Howdwsesrvddhe
nodul ati on nethod in the nodulator 19 and the | oad
Whemptiul R ofie R (magroetid nfieldd)t ol ASKreat RSKar(dPhase
Shift Keying), QAM (Quadrature Anplitude Mdul ation),
antena 1l a@rs e repllyedl amfheqmdiayadmd apttautdfindge
anplitude is not limted to nunerical values, such as
elecg:rtcgnaw%t%%a% ) B CHAG- S MBVE, the impedance,

obtained when the coil as the antenna 11 is observed,
changes, whereby the RF field around the antenna 11 also
changes. This modulates {(load~modulates) the carrier wave
as the electromagnetic waves output by the other apparatus
in accordance with the signal supplied from the selector 17,
and transmits, to the other apparatus outputting the
elecfromagnetic waves, the data output to the encoder 16 by
the data processor 15.

[0041]

At this point, for example, amplitude shift keying
(ASK) can be employed as a modulation method in the
- modulator 19 and the load modulator 20. However, the
‘modulation method in the modulator 19 and the load modulator
20 is not limited to ASK, and PSK (Phase Shift Keying), QAM
(Quadrature Amplitude Modulation), etc., can be employed.
The modﬁlation factor of the amplitude is not limited to

numerical values, such as 8% to 30%, 50%, and 100%, and a




suitabl e value may be selected. [0042] The controller
21 controls bl ocks constituting the NFC conmunicati on
apparatus 1. That is, the controller 21 is
constituted by, for exanple, a CPU (Central Processing
Unit) 21A, an EEPROM (El ectrically and Erasable
Progranmabl e Read Only Menory) 21B, a RAM (Random
Access Menory) (not shown), and others. The CPU 21A
executes a program stored pn the EEPROM 21B. As a
result, control of blocks constituting the NFC
communi cati on apparatus 1 and ot her various ki nds of
Suigrogesgéfgeare erforfﬁdt Jhe EEPROM 21B has stored
AT 2i f pPOYram Yo" be-execut ed by the CPU 21A and

dqgﬁﬂ¥ﬂat IS necessary when the CPU 21A oper at es.
[ 0043 A series of processes perfornmed by the CPU 21A

byry £ A9 POUARLAN ttﬁd%ﬁ{drse 35&19& -i{ha@ e

t hat edi cated hardware 1's provi I'n place

_comﬁ%ﬂ&éﬁ%ﬁéﬁ“&p§£¥b€@@if?teﬁh@@rﬁyﬁfﬁh@eé$ﬁfﬁ§ligﬁ 21 is

processes. In addition to being installed into the

conFERRM R LB, | nf dvanaiel &, P 0gr@m cdo: Pl exesabe6iby Unit)
the CPU 21A can be tenporarily or permanently stored

21A( recEERERDM | (ERederDyabl ¢ 4:10¢ of th $igb 1 ereplt difit arftisihl @SR@ad
flexible disk, a CD-ROM (Conpact Disc Read Only

Onlywhimnyny) sl BVO 4 Negne{Rardpdn Gt Qe g Shemear PVD( & gélialn) ,
Versatile Disc), a magnetic disk, or a sem conductor

and nefoens . diite 2l Bl prexedete asa soreat dreds packaged the
software. 23

EEPROM 21B. As a result, control of blocks constituting the

NFC communication apparatus 1 and other wvarious kinds of

processing are performed. The EEPROM Z1B has stored therein

‘a program to be executed by the CPU 21A and data that is

necessary when the CPU Z21A operates.

[0043]

A series of processes performed by the CPU 21A by
-executing a program can be performed in such a way that
dedicated hardware is provided in place of the CPU 21A and
the dedicated hardware performs the processes. In addition
to being installed into the EEPROM 21B in advance, a program
to be executed by the CPU 21A can be temporarily or
permanently stored {recorded) in a remcvable recording
medium, such as a flexible disk, a CD-ROM (Compact Disc Read
Only Memory), an MO (Mégneto Optical} disk, a DVD (Digital

Versatile Disc), a magnetic disk, or a semiconductor memory,

and can be provided as so-called packaged software.




Furthernore, the programcan be transmtted to the NFC
comruni cati on apparatus 1 by near field comunication
and can be installed into the EEPROM 21B. [0044] A
power - supply unit 22 supplies necessary power to the

bl ocks constituting the NFC communi cati on apparatus 1.
In Fig. 4, representation of |ines showing that the
controller 21 controls the blocks constituting the
NFC communi cation apparat@8 %, and representation of
lines showi ng that the power-supply unit 22 supplies
power to the NFC communication apparatus 1 conplicate

Fur grmoreAC’E}% S{{:P%]yar{\tngaﬁ 15eep{r§ r-‘?&ﬁ:%%@cﬁ‘st@rfhé’%ﬁé ed.

OV\E'I' sup ave | ncorporate

comﬁwﬁ‘ﬁi@é&@n b%é;%%%#%ﬁe g?&’e I’P@é@' @Pd"eéormﬁxﬂ?:} cPECHTES, 2

power sourc ctrica current oW ng

can UhE opgb: A hee@ntennacd pslgutoj@cor porating a
battery. However, in the latter case, the NFC

corownijcat i on apparatus 1 operates as only the target
in the passive node. [0045] Although, in the above

cas@oudie figgadefunti4 a@nd sl iceneedess shi € POWRI06RS S he
t he Manchester code, the decoder 14 and the encoder

blodits camm siel |t ivel tyhe e ssonmin ord tyi dineapprecthestier In
code, but also one of plural types of codes such as

Fignotli fregrdddn et codeofandiiNRZ {HdoniiRettthat tttheZer@)troller
code. [0046] Next, all the NFC comrunication

21 gpparatusds bleckes camstiuting the NFC communication

apparatus 1, and representation of lines showingrthat the
power-supply unit 22 supplies power to the NFC communication
apparatus 1 complicate Fig. 4. Accordingly, the
representations are omitted. The power-supply unit 22 may
have incorporated therein a battery, or may obtain power
that becomes a power source from the electrical current
flowing through the antenna 11 without incorporating a
battery. However, in the latter case, the NFC communicétion
apparatus 1 operates as only the target in the passive mode.

[0045]

Although, in the above case, the decoder 14 and the
-encoder 16 can process the Manchester code, the decoder 14

~and the encoder 16 can selectively process not only the

© Manchester code, but also one of plural types of codes such

as modified Miller code and NRZ (Non Return to Zero) code.
100467

Next, all the NFC communication apparatuses 1 to 3 can




becone initiators that output an el ectromagnetic wave
first and starts communication. Furthernore, in the
active node, in both cases 'in which the NFC

comuni cation apparatuses 1 to 3 are initiators or
targets, they output an el ectromagneti c wave by

t hensel ves. [0047] Therefore, when two or nore of the
NFC conmuni cati on apparatuses 1 to 3 out put

el ectromagneti ¢ waves at-thé sanme tinme in a state in
whi ch the NFC communi cation apparatuses 1 to 3 are in
proximty with one another, collisions occur, and

. ; T
mecSRITHI CPLLON, CANCL 8 RSO LA RS RR Ao
and SELs Hgﬁﬁﬁﬁicéﬁléﬁn (§U}€ﬁifﬂ5¥éjkﬁﬁ Hb active mode,

ectronagneti c wave from ot her appar at uses exi sts.

in k%a/ cyhen iheqel @ctdmumagetd anave Aoesh YPpLdtilses 1
he NFC comuni cati on apparatus starts to output an

to:ﬂéﬁyxmamﬁﬂm% Jeves rddiey, ehdiy euaiputnGureol i sions.
Here, processing in which mhether or not an

elect sahdpimgnetwcravame fhaamatder. apparatuses exist is
detected and only when it does not exist, the output

of{ G4 7¢l ect romagnetic wave is started is called an

RFCA (RF Col lision Avoi dance) process fromthe

pihsasd ogle, pwéeantivegocolbrsi ofis thEOUHY] cofinene cartté on

two types of RFCA process: an initial RFCA 25
apparatuses 1 to 3 output electromagnetic waves at the same
time in a state in which the NFC communication apparatuses 1
to 3 are in proximity with one another, collisions occur,
- and communication cannot be performed.

[0048]

Therefore, each of the NFC communication apparatuses 1
to 3 detects whether or not (an RF field by) an
-electromagnetic wave from other apparatuses exists. Only
when the electromagnetic wave does not exist, the NFC
communication apparatus starts to output an electromagnetic
wave, thereby preventing collisions. Here, processing in
which whether or not an electromagnetic wave from other
apparatuses exist is detected and only when it does not
exist, the output of an electromagnetic wave is started is
~called an RFCA (RF Collision Avoidance) process from the
‘purpose of preventing collisions.

[0049]

There are two typeés of RFCA process: an initial RFCA




process that is perfornmed first by the NFC

comruni cation apparatuses (in Fig. 1, one or nore of

t he NFC conmuni cation apparatuses 1 to 3) that are

going to becone initiators: and a response RFCA

process that is perfornmed each tinme an NFC

conmuni cati on apparatus starts to output an

el ectromagneti ¢ wave during comuni cation in the

active node. The initial -~ RSCA process and the

response RFCA process are the sane in that, before

the output of ‘an el ectromagnetic wave is started,

h rs Qo t [ f +

o e e ek SR e EPEREY ndtee SO A e Lon
app@P&tu@éésfintPfgpuiguén@fofhﬁofée&fr@ﬂggﬁﬁé'Eoﬂﬁﬂﬁib§tion

started. Howeveéer, between the initial RFCA process
app@Pat tHEs I eSPONSE A PE0§8S8y o LHEBoRE! { R Ut bts 2 and

timng at which the output of an el ectronagnetic wave
a réeesissé ORPER Spactess af gt i hgepreses€e=ointheme an NFC

el ectromagneti c wave output by the other apparatuses
cominsn hoa t bngesipplet ectiedsthfferso ¢0O50] aThelédt tomhgnetic

RFCA process will be described first with reference
wave ol gng Scofuddbildat Fomg. ip shewscaive | mode onmdlineticitial

wave whose output is started by the initial RFCA .
RECHhrveessss |andi ghe Sr¢spransanki Chgpiéesss afe gthd same in

described later), the horizontal axis indicates tineg,
- thandoefrre eblte clltRG °F nth cat et 1oragrsfel c gfaveanis

el ectromagneti ¢ wave out put by the NFC comruni cation -
stagtged, whether or not an electfomagnetic wave from other

apparatuses exists is detected, and only when it does not
exist, the output of the electromagnetic wave is started.
However, between the initial RFCA process and the response
RFCA process, a time period until a timing at which the
output of an electromagnetic wave needs to be started after
the presence of the electromagnetic wave output by the other
apparatuses i1s no longer detected differs.

[0050]

The initial RFCA process will be described first with
reference to Fig. 5.

[0051]

Fig. 5 shows an electromagnetic wave whose ouﬁput is
started by the initial RFCA process. 1In Fig. 5 (the same
applies to Fig. 6 described later), the horizontal axis
indicates time, and the vertical axis indicates the level of

an electromagnetic wave output by the NFC communication




apparatus. [0052] The NFC conmuni cati on apparatus
that is going to be an initiator always detects an
el ectromagneti ¢ wave from another apparatus. Wen an
el ectromagneti c wave from another apparatus is not
detected continuously for a time period TIDT + n x
TRFW the NFC communi cati on apparatus starts to
out put an el ectromagneti c wave and starts transm ssion
(Send Request) of data (inéPuding a conmand) after a
time period TIRFG has passed after the output. [0053]
At this point, TIDT in the tinme period TIDT + n x TRFW
apphsatgalled an initial delay time period. Wen the
frequency of the carrier wave is denoted as f,, a
vajams gr eater than, for exanple, 4096/f,, is used
therefor. nis an integer of, for exanple, of 0 to 3,
anthd NHERSmahed disiing appidamsnumzer is §BEWG $o be an
called an RF waiting tinme and, for exanple, 512/f. is
iniub®dor Thbvd vared Jt RHG | an call d @dr@m g ttialwaguartkdn me
and, for exanple, a value greater than 5 ns i s used.
anoflo9s544ppBya tuss ng Whemtid the lectar grsawiorh inumndsers, ffiom t he
time period TIDT + n x TRFWduri ng which an
anotdiertaepagers clswavet dHmtigehoioidd rdetstiedont e time
: possibility that a plurality of NFC communication
pPerigrhatat uses StTart: ttdeodtisutcaamund|cedtcsagiattiad Whapdarts

at the sane timng is reduced. 27 o
to output an electromagnetic wave and starts transmission

(Send Reqguest) of data {(including a command)} after a time
period Tirrg has passed after the output.

[0053]

At this point, Tnm-in the time period Tipr + n X Ty i8S
called an initial delay time period. When the frequency of
the carrier wave is denoted as fc, & value greater than, for
'example, 4096/f., is used therefor. n is an integer of, for
example, of 0 to 3, and is generated using a random number.
Trew 18 called an RF waiting time and, for example, 512/f. is
used. The time Tigpe is called an initial guard time and,
for example, a value greater than 5 ms is used.

[0054]

By using n, which is a random number, for the time
:period Tipr + n X Tgey during which an electromagnetic wave
should not be detected, the possibility that a plurality of
NFC communication apparatuses start to output an

electromagnetic wave at the same timing is reduced.




[ 0055] When the NFC conmuni cation. apparatus starts to
output an el ectromagnetic wave by the initial RFCA
process, the NFC conmunication apparatus becones an
initiator. In that case, when the active node is set
as a conmmuni cation node, the NFC comuni cation
apparatus that has becone an initiator stops

out putting the el ectromagneti c wave after the

transm ssion of the data ®f the NFC conmuni cati on
apparatus is conpleted. On the other hand, when the
passive node is set as a conmmunication node, the NFC
cqpgurication apparatus that has become an initiator
contlnues as it is, the output of the

ehﬁ%thﬁﬁgN@b'%oﬂﬁﬁﬁléﬁﬁﬁbﬁdaBbarB%ubnb%b%EsR%ngutput
process unti | he communi cation with the tar ge

an XU RIngIgheands wav[eo@iﬁ]tﬂ\éeﬂnlﬁﬁ g @ys, the NFC
el ectronmagneti ¢ wave whose output is started by a

comiesReNSe nREEH 0685 Heddd¥/Jan Tihg dNEE oMU aaidtortase,
apparatus that is going to output an el ectronmagnetic

whemeanhe iarttive actdevd srede det ectcoramnn ielsacitaronmghet ithe NFC
wave from anot her apparatus. When an el ectromagnetic

- conmpneaftriom Bippagthers dyedr dtass besamrst ardefredtiedor stops

continuously for a tine period TADT + n x TRFW the

- outpNECiggning edEicdr capgacdties wstvar taf tegr ddteputragrsmission
el ectromagneti ¢ wave, and starts the transm ssion

of theer@taredpshsed Cofcomaa igpitdon mpElaasde Sofl sa aompd.eted.

TARFG fromthe 28 - _ ,
On the other hand, when the passive mode is set as a

communication mode, the NFC communication apparatus that has

" become an initiator continues, as it is, the ocutput of the

electromagnetic wave started by the initial RFCA process
until the communication with the target completely ends.

(0056]

Next, Fig. & shows an electromagnetic wave whose output
is started by a response RFCA process.

[0057]

The NFC'qommunication apparatus that 1s going to cutput
an electromagnetic wave in the active mode detects an
electromagnetic wave from another apparatus. When an
electromagnetic wave from the other apparatus is not
detected continucusly for a time period Tapr + n X Trew, the
NFC communication apparatus starts to output an
electromagnetic wave, and starts the transmission (Send

Responses) of data after an elapse of a time Tagree from the




output. [0058] n and TRFw in the tine period TADT + n
X TRFw are the sane as those in the case of the
initial RFCA process of Fig. 5. TADT in the tinme
period TADT + n x TRFWis called an active delay
time, and a value of, for exanple, greater than or
equal to 768/f, and smaller than or equal to 2559/f,,
is used. The tine TARFGis called an active guard
time, and a value of, fer2eéxanple, greater than
1024/fe, is used. [0059] As is clear fromFigs. 5 and
6, in order to start to output an el ectromagnetic
e by the initial RFCA process, an electronagnetic

Ve should not exist during at least the initia
delsglyi me TIDT, and in order to start to output an
el ectromagneti c wave by the response RFCA process, an

eleGiiomagnety ¢Hwave meheidd Jaotr [glxhstn GUiL NG 23t kBBSKame
the active delay tinme TADT. [06 0] Wereas the

as tHbdd aln del@ycddde TPk | @ Mal Uer@ etdfesd N Fig. 5.
4096/f,, the active delay tinme TADT is a value greater
Tapr titArchy tegual pdiol F687:He and sl ars thanar fqualt ite
2559/ f0. Therefore, when the NFC conmuni cati on
delagppamst,usand goigigd of betomeampl t igatartern tdaat ed n
whi ch an el ectromagnetic wave does not exist is
equaledded §f fa anidmempédiead themger thpral tthat? Sdeif.anis used.

el ectromagneti c wave i s output during 29
The time Tarre is called an active guard time, and a value of,

out

for example, greater than 1024/f., is used.

f0059]

As is clear from Figs. 5 and 6, in order to start to
output an electromagnétic wave by the initial RFCA process,
an electromagnetic wave should not exist during at least the
initial delay time Tipr, and in order to start to output an
electromagnetic wave by the response RFCA process, an
.electromagnetic wave should not exist during at least the
active delay time Tapr.

[0060]

Whereas the initial delay time Tipr is a value greater
~than 4096/f., the active delay time Tapr i5 a value greater
- than or egqual to 768/f. and smaller than or edqual to 2559/f..
Therefore, when the NFC communication apparatus is going to
become an initiator, a state in which an electromagnetic
wave does not exist is needed for a time.period longer than

that when an electromagnetic wave is output during




conmuni cation in the active node. To say reversely,
when the NFC communi cation apparatus is going to
out put an el ectronmagneti c wave during comruni cation
in the active node, an electronagnetic wave needs to
be output w thout taking mnuch delay fromwhen a state
in which no el ectromagnetic wave exists is reached
when conpared with the case in which the NFC
comuni cati on apparatus rs2@§oi-ng to becone an
initiator. This is due to the follow ng reasons.
[0061] That is, when NFC conmuni cati on apparatuses
comfEAL 8L 01 o OTUBLEALLLN L b€, ACH) VE, IOHEye POE) 91 hhER
conmuni cat i on appar atuses out pu an
the GBSt &&ﬁﬁ&ﬂf&é@iéﬂ‘@V&[{?&raﬁ&§eﬁ @Qﬁn(% r8gsgihtsufaka.
and thereafter stops the output ~“of the
ele8t L6LEGRBENE ksviRNEringeRonhlRiPLREENNEE the active mode,
conmuni cati on apparatusés start to output an
an €lectronBgneti€ waRYenadds tfansdi st shat awidhesef 05Ring
in the conmmunication of the active node, all the NFC
mucle oty Cht donwiappad adtses Mmywh Hely enst @ppetrdhegost put
of the electromagnetic wave. For this reason, when

- wave hex NRG cosmer clagd orhap pasmapased swjdh nighe t ©a e cimewlaihch

initiator, in order to confirmthat comunication in
the tMEC aeenmen ympeiel ¢35 arpabeing berdoimedeo dracenk t dat
.. NFC communi cation apparatus, it is necessary to
inigonioy m Tloks alsdve diehe i el baring, redeotact t hat

the other apparatuses do not output an

el%%ﬁﬂdnagnetic wave around the NFC communi cation

a%@gratus that is going tqo - 30 -
at is, when NFC communication apparatuses perform

communication in the active mode, one of the NFC
communication apparatuses outputs an electromagnetic wave by
itself and transmits data, and thereafter stops the output
of the electromagnetic wave. Then, the other NFC
cemmunication apparatuses start to cutput an electrdmagnetic
wave and transmits data. Therefore, in the communication of
the active mode, all the NFC communication apparatuses may

have stopped the output of the electromagnetic wave. For

-this reason, when the NFC communication apparatus 1s going

to become an initiator, in order to confirm that

. communication in the active mode is not being performed
~around that NFC communication apparatus, it is necessary to
confirm, for a sufficient time period, the fact that the

‘other apparatuses do not output an electromagnetic wave

around the NFC communication apparatus that is going to




become an initiator. [0062] In conparison, in the
active node, as described above, the initiator

out puts an el ectronagneti ¢ wave, and thereby
transmts data to the target. Then, the target starts
to output an el ectromagnetic wave after the initiator
stops the output of the el ectronagnetic wave, and
thereby transmts data to the initiator. Thereafter,
the initiator starts the- ®utput of the

el ectromagneti c wave after the target starts the

out put of the el ectromagneti c wave, and thereby

bec%ﬁéﬂgﬂnfﬁ&ékgébgo the initiator. Hereafter, simlarly,

i's transmtted and received between the
igbb@@tor and the target. [0063] Therefore, when an
NFC conmuni cati on apparatus that is going to becone

anpi E’c‘oin{p@tlﬁrso@lx' $thS takoukd itRe mbliet, | ak0HeaRe i belie above,
target that are perform ng comuni cation in the active

 the node:idford haitgu®s pef iddyemadien oneafe t Rd thereby
initiator and the target that are perform ng

trarconmiideatd ao ithd hemm@etd ve Thage tHoopsddee autatits afo
the el ectromagnetic wave until the other starts to
outout put edrecl reatarqorEge Way enee s Hheng nitthetor stops the
el ectromagneti c wave does not exist during the tine
outppdr icdd . theTlrdresftaroma grisd: INF@ actsymanice dthieorebap gareatausi ts
that is going to becone an initiator starts the
datagfipitheofl e adioget r Fhgdieatiter wdlhe By ittHatbas tStairts the

RFCA process. - 31 )
~output of the electromagnetic wave after the target starts

the output of the electromagnetic'wave, and thereby
transmits daﬁa to the initiator. Hereafter, similarly, data
is transmitted and received between the initiator and the
target.

[0063]

Therefore, when an NFC communication apparatus that is
going to become an initiator exists around the initiator and
‘the target that are performing communication in the active
mode, if the time period from when one of the initiator and
the‘target that are performing communication in the active
mode stops the output of the electromagnetic wave until the
- other starts to output an electromagnetic wave is long, the
electromagnetic wave does not exlist during the time period.
.Therefore, the NFC communication apparatus that is going to
- become an initiator starts the output of the electromagnetic

wave by the initial RFCA process.




In this case, the communication in the active node,
whi ch has been perforned previously, is inpeded.
[0064] For this reason, in the response RFCA process
that is perfornmed during comunication in the active
node, an el ectromagnetic wave needs to be out put

W t hout taking nmuch delay after a state in which an
el ectromagneti ¢ wave does not exist is reached.
[0065] Next, as described3With reference to Fig. 5,
the NFC communi cation apparatus that is going to
becone an initiator starts the output of the

eh@ﬁ&%ﬁga%ﬁ%%'CtW%V%oRmuhﬁ%atﬁbh'Qh tBECécEE9%e§§d@nd
t hereafter, transnmits data. The NFC conmunication

whi G AtHiSert halr i Srmg0i vl RBOGNE 8 imiddeat.or  starts
the output of the el ectromagneti c wave and thereby

bgoosag an initiator, and an NFC conmuni cati on

appar atus that exi sts in proximty with the initiator

bevamehia trangeh, ihntaedeesponsthBFCAI pratesst ohat is

transmt and receive data to and fromthe target, it
perfermpat ebgamg taprgpedcidat itdre irartdet aad iared mfodem wini ch

data is transmtted and received. For this reason
elegfnaagned idivavat gresstsartos heheudpputighoute taking much

el ectromagneti c wave by the |n|t|al RFCA process, the

delawmiafitaror mileds 4 edpdedt amoel s omeamsitd c R VRF GBS
(NFC ldentification) determ ned using a random nunber
not gxitgfe I KE2A$9nf or mati on for specifying each target

tqoggg}or nore 32

Next, as described with reference to Fig. 5, the NFC
communication apparatus that is going to become an initiator
starts the output of the‘electromagnetic wave by the initial
| RFCA process and thereafter, transmits data. The NEC
communication apparatus that is going to become an initiator
starts the output of the electromagnetic wave and thereby
becomes an initiator, and an NFC communication apparatus
that exists in proximity with the initiator becomes a target.
In order for the initiator to transmit and receive data to
and from the target, it is necessary to specify the target
to and from which data is transmitted and received. For
this reason, after the initiator starts the output of the
electromagnetic wave by the initial RFCA process, the
initiator makes a request for, for example, an NFCID (NFC
Identification) determined using a random number or the like

as information for specifying each target to one or more




targets that exist in proximty with the initiator.
Then, the target that exists in proximty with the
initiator transmts an NFCID that specifies the
target to the initiator in response to a request from
the initiator. [0066] The initiator identifies a
target on the basis of the NFCID transmtted fromthe
target in the manner. descri bed above, and transmts
and receives data to and-f B8@8m-t he specified target.
[0067] In the active node, the initiator transmts a
command (request) ATR REQ (to be descri bed | ater),

tar%é{Q é‘ﬁ‘a{\“:%PsttDﬁt 2 ﬁhit{?swﬂ‘l‘? tlﬁ‘éti €§£n9 Then,

nt ai ned erern one” tar get sen

the(%éé‘@é{” t8at ae£§§@§’n§@ ﬂ&ﬁﬁ&{ztx@l@ﬁ tﬁ@sﬁi@ﬁ%or
fater) for the command ATR REQ " with an NFCI D t hat

- traﬁﬁﬁftél&s wherbarget beinprcontahdedathetetd. tmeth the
result that the initiator and the target nutually

init ESOgRi 7€ réedssNFED D anslqhelent £ ymedicd Diheliat$HO68]
On the other hand, in the passive node, the initiator
perdfoardis processing called an SDD (Single Device
Detection) process, so that a target that exists
arlhend (it gorcox i imdetnt 1 Mdietsh)a tteergeati tdrattdre iksasis of the
“identified using the NFCID. [0069] At this point, in
NFCYhet :SDBpt bbed st ramethani tdaegor hmkidse 3ganner described

above, and transmits and receives data tco and from the

specified target.
[0067]

In the active mode, the initiator transmits a command
{(request} ATR REQ (to beldescribed later), with an NFCID
that specifies the initiator being contained therein, and
one target sends back (transmits) a response ATR RES (to be
described later} for the_commaﬁd ATR REQ, with an NFCID that
specifies the target being contained therein, with the
result that the initiator and the target mutually recognize
their NFCID and identify each éther.

[0068]

On the other hand, in the passive mode, the initiator
performs processing called an SDD (Single Device Detection)
process, so that a target that exists around (in proximity
- with}) the initiator is identified using the NFCID.

[0069]

At this point, in the SDD process, the initiator makes




a request for the NFCID of the target. This request is
made by the initiator by transmtting a franme call ed
a polling request frame. Wien the target receives the
pol ling request franme, the target determ nes, for
exanple, its owmn NFCID using a random nunber and
transmts a frane called a polling response frane in
which the NFCID is |ocated. The initiator recognizes
the NFCID of the target by33eceiving the polling
response franme transmtted fromthe target. [0070]
Since the target in the passive node transmts data by

ar %ef OTE, éI:tHe "I\{jE‘Ct DB%F%GDDC%%%%% 'STEﬁts ek ﬁ.l%rs%e‘.jus made

In t rocess, -when the |n|t

by tHK8hHi& i dtRAUES t&%‘&us‘ixﬁ%t‘%@ L Q- ohAr gghS e&r QU B@ 1tlﬁﬁg

initiator, it "“can occur that when a plurality of

reqdé&&@ﬁﬁm@%lsmﬂﬁﬁp%%@ the gdthirddli Yes Nﬁ@'@%l@ﬁﬁg request
transmtted simultaneously fromtwo or nore of the

franegl geleS tadrydthide teas@neNFClifds thampake itkansf Nredp
fromthe two or nore targets collide one another, and

using a samatonpessibelre ahalr tirhe simiittsi at drate rattghi zepbheéing
colliding NFCIDs. [0071] Accordingly, the SDD

respprecessiang i paifcor mbe by Clfon.s éxappkd,. aThet hodtiator
usi.ng time slots in order to avoid collisions of .

recogRdZRs &beniék 18 ofosbieblter gp00P2] reFegvingshbaspadling
SDD processi ng sequence perforned by a - 34

response frame transmitted from the target.

[0070]

Since the target in the passive mode transmits data by
load modulation, the RFCA process is not performed.
Therefore, in the SDD process, when the initiator makes a
~request for the NFCID to targets around the initiator, it
‘can occur that when a plurality of targets exist around the
initiator, NFCIDs are transmitted simultaneously from two or
more of the targets. 1In this case, NFCIDs that are
transmitted from the two or more targets collide one another,
“and it is not possible for the initiator to recognize the
colliding NFCIDs.

[0071]

Accordingly, the SDD processing is performed by, for
example, a method using time slots in order to avoid
collisions of NFCIDs as much as possible.

[0072]

Fig. 7 shows an SDD processing sequence performed by a




met hod using tinme slots. In Fig. 7, it is assuned that
five targets #1, #2, #3, #4, and #5 exi st around an
initiator. [0073] In the SDD processing, the
initiator transmts a polling response frame. After
conpletion of .the transmssion, tinme slots at
intervals of a predetermned tinme period T, are
provi ded after an el apse of a predetermned tine
period Td. The tinme period3%d-is set to, for exanple,
512 x 64/f0, and the tine period T, as the tine slot
interval is set to, for exanple, 256 x 64/f0. Al so,
metﬁ&f udi B S SsPgEs seauentigl [y, nunbet eéiﬁmﬁg@ga{at five
fromzero from for exanpl'e, the tenporally preceding

targdod gmherebys they, afg igentdfded LB 4n Addougdr
ig. 7 'shows four tine slots #0, #1, #2, and #3, for

exampl3g, up to sixteen tine slots can be set. The
nunber TSN of tine slots, set for a certain polling
r gspanse Sohr precessidesi ghat dc iy atthe ktriahisatiars, aand
is transmtted, wth the nunber TSN of tine slots

pollbeingecgntraienetrame t heA £ ipat |domp regsiponsef firteare, to a
target. [0075] The target receives the polling

traﬂﬂ&ﬂﬁﬂkﬂ?#rﬁmm& sirerss it tigdefrverhs el ianipiexdedre roinded
recogni zes the number TSN of time slots. The target

ting e ioghdenehanpepyided géheraps ghaphtegéraR in the

range of zero to TSN-|, and 35 . .
predetermined time period 'Tg. The time period T4 is set to,

for example, 512 x 64/f., and the time period Ts as the time
slot interval is set to, for example, 256 x 64/f.. Also, the
time slots are sequentially numbered (integer) from zero
from, for example, the temporally preceding slot, whereby
they are identified.

{0074]

Although Fig. 7 shows four time slots #0, #1, #2, and
#3, for example, up to sixteen time slots can be set. The
number TSN of time slots, set for a certain peolling response
frame, is designated by the initiatbr, and is tfansmitted,
‘'with the number TSN of time slots being contained in the
polling response frame, to a target.

[0075]

The targef receives the polling fesponse frame
transmitted from the initiator, and recognizes the number
TSN of time slots. The target uses random numbers to

generate an integer R in the range of zero to TSN-1, and




transmts a polling response frame in which its NFCI D
is located, at the timng of the tine slot #R
determined by the integer R [0076] As described
above, based on random nunbers, the target determ nes
time slots used as timng for transmtting polling
response franmes. Thus, the timng at which the

targets transmt polling response franes varies. This
can avoid collisions of -tBe polling response franes
transmtted by the targets as nmuch as possible.

[0077] Even if each target determ nes, based on a

atime slot_as ti for tr tlng
eral SIEOT & POPElne At binde hedtie U P 08 b REER 14

locg EoROTEE { L AMBEy 5 AL & frﬁgénﬁirﬁe?dsﬂ%(%a#@'%@éhﬁ&’n@é by the

targets may col nci one ano nmay cause
lnté§g£|§|ons of the polllng response frames. In the
enbodiment in Fig. 7, a polling response frame of
t arogete#4 s transn1tted intime slot #0, polling
response frames of targets #1 and #3 are transmtted
| Mt iR cslitte # bbb o fOlHaISRE IoRS peRSRT haimBedls  t ahget #get
is transmtted in tine slot #2, and a polllng
de tgmsipons e friianel af s -udeat ged ﬁ#ﬁnirﬁ; tf@n st ddadh ttirig me
slot #3, so that the «collision between targets #1 and
pol¥ihoomasonddA8med n tTHiss cades Himelnagidt athorclc arireot
normal ly receive the - 36
targets transmit polling response frames varies. This can

avoid collisions of the polling response frames transmitted
by the targets as much as possible.

{0077}

Even if each target determines, based on a random
number, a time slot as timing for transmitting a polling
response frame, time slots in which polling response frames
are transmitted by a plurality of targets may coincide with
one another. This may cause collisions of the polling
response frames. In the embodiment in Fig. 7, a polling
response frame of target #4 is transmitted in time slot #0,
polling response frames of targets #1 and #3 are transmitted
in time slot #1, a polling response frame of target #5 is
transmitted in time slot #2, and a polling response frame of
‘target #3 is transmitted in time slot #3, so ﬁhat the
collision between targets #1 and #3 occurs.

[0078]

In this case, the initiator cannot normally receive the



pol Iing response frames of targets #1 and #3 between
which the collision occurs. Accordingly, the
initiator transmts a polling request frane again.
This requests targets #1 and #3 to transmt polling
response frames in which their NFCIDs are |ocated.
Subsequently, until the initiator recognizes all the
NFClI Ds of targets #1 to #5 around it, transm ssion of
pol I'ing request frames by Bhe-initiator and

transm ssion of polling response franes by the
targets are repeatedly perforned. [0079] 1In a case

pollthyhilhohien: the. d rag]t :@%%e’éé' ansds 8 AW which

request frane agai n, e targets #1 to #5 can
the SENML Dackn RAAINY, T eSS IJBNBSShd N8l ist & transmits

possibility that polling response frames nmay collide
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after each target receives a polling request frane

#3 d¢ adigeithigd Atiorg Adwpdrayegetraneacainy et iacpaltding NFCIDs
request frame again wthout taking nmuch tine, for

are eargies]. t adssrqgetntcdan iwrworle thwe ipoldiiatgpr eguesinizes
frane. However, in this case, in the enbodi nent in

all pile NECIDegdr disngetie #lartgetid #lrcamd! #3,, itramsrcission

_ pol ling response collision occurs for the initially

of paldrigrd tiesigsdl |finsgres dquddte firdrie,atidre and tiraremission

cannot recogni ze the NFCIDs of the targets #1 and #3.
of PrHUsI M dtesRONEfarfgenean ot the eperaREAt
_ targets #1 and #3. [0080] - 37
rerformed.

[0079]

In a case in which, when the initiator transmits a
polling request frame again, all the targets #1 to #5 can
send back polling response frames, there is a possibility
that polling response frames may collide with each other.
Accordingly, in a case in which, after each target receives
a polling request frame from the initiator, the target
receives a polling request frame again without taking much
time, for example, the target can ignore the polling request
frame. However, in this case, in the embodiment in Fig. 7,
regarding the targets #1 and #3, in which polling response
collision occurs for the initially transmitted polling
request frame, the initiator cannot recognize the NFCIDs of
the targets #1 and #3. Thus, data exchange cannot be
performed between the targets #1 and #3.

[0080]




Accordingly, targets #2, #4, and #5, in which their
pol ling response franmes are normally received and
their NFCIDs can be recogni zed, are tenporarily
excl uded (placed in a deselected state) fromparties
anong which comunication is perforned, whereby a
pol ling response franme as a response to the polling
request franme cannot be sent back. In this case,
t hose whi ch send back poll Bdg-~response frames to the
pol ling request franme retransmtted by the initiator
are only targets #1 and #3, whose NFCI Ds cannot be
r ' thr t ansgm ssSi f. Nt ;
oA RdE 2O SR ] el g
t . .
P et g o Bosay b1 1Ly THar ol 1| 50 7 s pones
NFCEhanBsn By £OLbdEE & | har&aCdhn@ihers 1§ Q081 add (placed
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in & eguesSledfaiBst St& LCOEMEDhattited afigely dat £Fm nes
(generates) its NFCI D based on random nunbers.
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frames with identical NFCIDs |ocated therein may be
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back espbnsehis arase wi thodaleritidal saNRCIds- | goalteichg response
therein, the initiator can retransmt a polling

franeguestthe reavel iforrexeest o ranartefrignan thadhdey the

. which pollin response franes collide with each

Initggferr agge only targets #1 and #3, whose NFCIDs cannot be

recognized through the transmission of the initial polling

request frame. Therefore, in this case, all the NFCIDs of

targets #1 to #5 can be recognized while reducing a

‘possibility that polling response frames may collide with

each other.

[0081]

In addition, here, as described above, when a polling
request frame is received, the target determines (generates)
its NFCID based on random numbers. Accordingly, from
‘different targets, polling response frames with identical
- NFCIDs located therein may be transmitted to the initiator.
When the initiator receives, in different time slots, the
polling respoﬁse frames with identical NFCIDs located
therein, the initiator can retransmit a polling request

frame, for example, similarly to a case in which polling

response frames collide with each other.




[ 0082] As described above, according to NFC

comruni cati on apparatuses, even between an |IC card
and a reader/witer constituting the existing IC card
system data can be exchanged at transm ssion rates
enpl oyed by the I1C card and the reader/witer. \Wen a
target is, for exanple, an IC card in the existing IC
card system SDD processing is perforned in, for
exanpl e, the follow ng manpgr~ [0083] More
specifically, in accordance with the initial RFCA
process, an initiator starts to output an

el g magnetic wave, and an IC card as a target
obtains power fromthe electromagnetic waves and

| RS B ERRAY. SLBCTLIRE (BORES: cbfinkiiBaEd5R
the target generates operating power romthe

app St GtdQMBAnall G aues, Ui i drd hed W Halr AiNGRr

It 1s an ICcard in the existing I C card system
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the target prepares for receiving a polling request

excHdrarm wWitd Mransdidfs iopmites @mpxyEdnsf thesaeords.d and
and waits for the polling request frane to be

the trresan Aueick S omitHeen ianidaratear .is,[ @385 lex@mpilke aharc
hand, the initiator can transmt a polling request
card riamghree garid teisgy AfC whsetch ety stiremm otS Dibh @ rproesarial Ars
for receiving the polling request frame is conpl eted
perfigymgte i30 -for example, the following manner.
00831
More sﬁecifically, in accordance with the initial RFCA
'procéss, an initiator starts to output an electromagnetic
wave, and an IC card as a target obtains power from the
electromagnetic waves and initiates processing. In other
words, in this case, the target generates operating power
from the electromagnetic waves output by the initiator since
it is an IC card in the existing IC card system.
[0084]
After obtaining the power and being operable, the
| target prepares for receiving a polling request frame within,
for example, a maximum of 2 seconds, andAwaits for the
"polling request frame to be transmitted from the initiator.
[0085]
On the other hand, the initiator can transmit a polling

request frame regardless of whether or not the preparation

for receiving the polling request frame is completed in the




target. [0086] Wien the target receives the polling
request frame from the initiator, as described above,
the target transmits a polling response frane to the
initiator at a timng of a predetermned tine slot.
When the initiator successfully receives the polling
response frane fromthe target, as. descri bed above,
it recognizes the NFCID of the target. Al so, when the
initiator fails to normatl goreceive the polling
response frame fromthe target, the initiator can
retransmt a polling request frame. [0087] In this

rardase, the target generates operating power from _

- g%?ébtronagnetic waves output by the initiator since it
'i ICcard in the existing IC card system

Al corgingly the initiator continues the
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target, and the target transmts (sends back) a
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Accordingly, Fig. 8 shows commands that the initiator
receA@es the polling response frame from the target, as
described above, it recognizes the NFCID of the target.
‘Also, when the initiator fails to normally receive the
polling response frame from the target, the initiator can
retransmit a polling request frame.

[G087]

In this case, the target generates o?erating power from
electromagnetic waves output by the initiator since it is an
"IC card in the existing IC card system. Accordingly, the
initiator continues the electromagnetic wave output
initiated by the initial RFCA processing until communication
with the target completely ends.

[0088]

Next, according to NFC communication apparatuses,
communication is performed such that an initiator transmits
a command to a target, and the target transmits (sends back)
a response to the command from the initiator.

[0089]

Accordingly, Fig. 8 shows commands that the initiator




transmts to the target, and responses that the target
transmts to the initiator. [0090] In Fig. 8, those
having the characters REQ after the wunderbar (.)
represent conmmands, and those having the characters
RES after the underbar ( ) represent responses. 1In
the enbodinment in Fig. 8, six types of conmands, ATR
REQ WUP REQ PSL REQ DEPREQ DSL REQ and RLS REQ
are available. Simlarly 4® the commands, al so siXx
types of responses, ATR RES, WJPRES, PSL RES, DEPRES,
DSLRES, and RLS RES, are avail able. As described
i ti tr. ] 0 d.(re to
trar%ﬁ.a s @ il tetaﬁ:teq%trtér ga%ﬁrﬁ&e% PR (i Lequest

arget, and smts to the initirator a
trad<SSRANSE, o d hesgompand.  Accordingly, the command is
' .

ransnmitted by the initiator, and the response is
trapsghtted by the target. [0091] The command ATR REQ
is such that the initiator notifies the target of its
athr Fhyt es, (sReskf haatihgnsheabdarsctbianarpt hedekochhe
target when the initiator requests target's
undeatiar but)esephersentt emdandsyutest ahddee hanitigattére or
the target include the transm ssion rate of data that
charearte e RESardivetrt edteonntecdiared Dy repereaiseintti atepooses .
the target. In the command ATR REQ in addition to ,
In the ecdiodglimentatity iFhgt.e$,, @1NEQPBs ddnttiofynangist, héTR_REQ,
initiator is located, and the target recogni zes the
WOP_REQy, | &5 REQat DEPLRESs &%d_RE and RLS_REQ, are

available. Similarly to the commands, also six types of

- responses, ATR RES, WUP RES, PSL_RES, DEP RES, DSL RES, and
RLS RES, are available. As described above, an initiator
transmits a command (request) to a target, and the target

| transmits to the initiator a response tc the command.
Accordingly, the command is transmitted by the initiator,
and the response is transmitted by the target.

[00691]

The command ATR REQ is such that the initiator notifies
the target of its attributes (specifications) and is
transmitted to the target when the initiator requests
target's attributes. Here, the attributes of the initiator
or the target include the transmission rate of data that can
be transmitted or received by the initiator or the target.
In the command ATR REQ, in addition to initiator's
attributes, an NFCID identifying the initiator is located,

and the target recognizes the initiator's attributes and




NFCI D by receiving the command ATR REQ  [0092] The
response ATR RES is transmtted as a response to - s~
the conmand ATR REQ to the initiator when the target
recei ves the command ATR REQ In the response ATR RES
attributes, an NFCID, etc., of the target are |ocated.
[0093] Transmi ssion rate infornmation as an attribute
| ocated in the command ATR REQ and the response ATR
RES can include all the-tdansm ssion rates of data
whi ch can be transmtted and received by the
initiator and the target. In this case, by exchanging
e ogggﬁ angd PRRS e ATR RES once
NFC%Qt%gen t %&fﬂ§i§§§%r aﬁ%ngﬁgﬁgarget, the initiator
cafhodLcogni ze a transm ssion rate at which the target
can performtransm ssion and reception, and the target
Cafhel 8Os pdTREO NI Qs LIANSHSH At dBtes & pigdhddhao
initiator can performtransm ssion and reception. ‘
the [ 08843 nd A TR NREM o WU REQ: 1 151 4 f @Sk eth svhiedr g e
initiator sélects a target with which the initiator
recad vés comerunbaaded ASperidi caln yohdyrdspmsse tATRRES,
command DSLREQ which is described later, fromthe
attirihiieas orat NEGED L aatget, dhechd argefetcaarsetodatdid. in
a deselected state (a state in which transm ssion
(rld8)¥orise) of data to the initiator is prohibited).

The command WJUP REQ is transnitted in the case
Transmission rate information as an attribute located

in the command ATR REQ and the response ATR RES can include
all the transmission rates of data which can be transmitted
and received by the initiator and the target. In this QaSe,
by exchanging the command ATR REQ and the response ATR RES
once between the initiator and the target, the initiator can
recognize a transmission rate at which the target can
perform transmission and reception, and the target can also
recognize a transmission rate at which the initiator can
perform transmission and reception.

[0094]

A command WUP REQ is transmitted when the initiator
selects a target with which the initiator will communicate.
Specifically, by transmitting a command DSL_REQ, which is
described later, from the initiator to the target, the
target can set to be in a deselected state (a state in which
transmission (response) of data té the initiator is

prohibited). The command WUP_REQ is transmitted in the case -



42 of releasing the deselected state and setting the
target to be in a state capable of transmtting data
to the initiator. In the command WJP REQ the NFCI D
of the target whose deselected state is to be

rel eased is | ocated. Anong targets having received
the command WUJP REQ a target which is identified by
the NFCID located in the received command WP REQ

rel eases its desel ected state~- [0095] When, anong the
targets having received the conmand WJP REQ the
target that is identified by the NFCID | ocated in the

.of i?lg%gﬁeggnaagsgypﬁﬁggééggEgsgﬁd gé%??é&'@ﬁéegarget to

response ransm

be SBO E?t&oca legoggagga¥@ﬁkﬁﬁgh%08§@£ tghghéofﬂ§99ator.

s transmtted on Inttrator I1s 1n

In EH@ éSﬁanﬁd”ﬁG@ R ng the npeponse WWE BERgbE whose
transmtted only when the target is in the active

desgmgﬁted[ggggb AscepNBRA-PBLAREQ i § 1hansal! t efindhgn
the initiator changes conmunication paraneters

targefsenavnggcorayniyeat the chhhind hBUParEe} . aHea£get hehich
conmuni cati on paraneters include, for exanple, the

is fdansprssdobyr ahe vfcHat acexchangedtbet neeai véthecommand
initiator and the target. [0098] The command PSL REQ

- WUP| REQudesetbhesvataedebehechadgetate.

[0095]

When, among the targets having received the command
WUP_REQ, the target that is identified by the NFCID located
in the received command WUP_REQ releases its deselected
‘state, the response WUP_RES is transmitted as a response to
the command WUP_REQ.

{00961

The command WUP REQ is transmitted only when the
initiator is in the active mode, and the response WUP RES ié
transmitted only when the target is in the active mode.

{00971

A command PSL _REQ is transmitted when the initiator
‘changes communication parameters concerning communication
with the target. Here, the communication parameters include,
for example, the transmission rate of data exchanged between
the initiator and the target.

[0098]

The command PSL_REQ includes the value of a changed




43 communi cation paranmeter |ocated therein, and is
transmtted fromthe initiator to the target. The
target receives the comuand PSL REQ and changes its
comuni cation paraneter in accordance with the val ue
of the communi cation paraneter |ocated in the
command. The target further transmts a response PSL
RES to the conmand PSL REQ [0099] A command DEP REQ
is transmtted when the knaiator perforns

transm ssion and reception (data exchange with the
target) of data (so-called real data). In this

ransm tt ed to the c% a'rsqettraimsmltted

conf QR LRt onrigt FrASheE LS e 4 Pt ted difemitted
-t e N
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transnitted fromthe ihitiator to t tar get
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be transmtted fromthe target to the initiator.

1oc£@é@01n ke sonmang, DAhREQ et ransiidd ad-whan dhe

initiator sets the target to be in the desel ected
residéade. pIhertariget thdhavdnmmgai® s vadig .he command DSL REQ

transmts the response DSL RES to the command DSL REQ
and0Otlers the desel ected state, and subsequently
beconmes not responsive (cones to send back no

r s pomsend o RENds drlkkesntitded whecommndnitiator
performs transmission and reception (data exchange with the
target) of data ({so-called real data). In this command,
data to be transmitted to the target is located. The
response DEP RES is transmitted as a response to the command
DEP REQ. 1In this command, data to be transmitted to the
initiator is located. Accordingly, the command DEP_REQ
allows data to be transmitted from the initiator to the
‘target, and the response DEP RES to the command DEP_REQ
| allows data to be transmitted from the target to the
initiator.

f0100]

The command DSL REQ is transmitted when the initiator
sets the target to be in the deselected state. The target
having received the command DSL REQ transmits the response
DSL_RES to the command DSL REQ and enters the deselected

state, and subsequently becomes not responsive (comes to

send back no response) to commands other than the command




44 WJP REQ [0101] A command RLS REQ is transmtted
when the initiator conpletely ends the comrunication
with the target. The target, which has received the
command RLS REQ transmts the response RLS RES to
the command RLS REQ and conpletely ends the
communi cation with the initiator. [0102] At this
poi nt, both the commands DSL REQ and RLS REQ are
common in excluding a target4 f+om parties
communicating wth the initiator. However, the target
excluded by the command DSL REQ is set to be

WOl nicatable with the initiator again by the

ind WUP REQ However, the target excluded by the

co pgl; RLS REQ does not becone communi catable wth
th nlgiator unless the initiator re- perforns

prﬂcééﬁ}ngﬂdsﬁﬂétkﬁ@ igogksngmi@téaaémgﬁceh@r95§§§atokn
that point, the—commands DSL_REQ and RLS REQ differ
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the NFC communi cation apparatus is perforned in
tara@eQr dancd Wakh rNeehiR=4 dakti reamasd RSO REQ, 1809Asmits

[0104] Accordingly, a comrunication process in
theacespdagee RSt RESNEG] Phé wohinahet @&SCREDedawdt bompletely
reference to Figs. 9 to 11.
ends the communication with the initiator.

[0102]

At this point, both the commands DSL_REQ and RLS_REQ
are common in excluding a target from parties communicating
with the initiator. However, the target excluded by the
command DSL REQ is set to be communicatable with the
initiator again by the command WUP_REQ. However, the target
excluded by the command RLS REQ does not become
communicatable with the initiator unless the initiator re-
performs processing starting from the initial RFCA process.
In that point, the commands DSL REQ and RLS REQ differ from
each other.

[0103]

‘Next, the communication of the NFC communication
apparatus is performed in accordance with NFCIP~1 defined as
ISO/IEC 18092.

[0104]

Accordingly, a communication process in éccordance with

NFCIP-1 will be described with reference to Figs. 9 to 1ll.




45 - [0105] Fig. 9 is a flowhart illustrating the
outline of a conmmunication process in accordance with
NFCI P-1. [0106] At first, in step SI, an NFC

comuni cation apparatus serving as an initiator
perfornms an initial RFCA process and proceeds to step
S2. In step 52, it is determ ned whether or not the
NFC conmuni cati on apparatus serving as an initiator
has detected an RF fiel d-bysthe initial RFCA
processing of step SI. Wen it is determned in step
S2 that the RF field has been detected, the process
rq&Hkﬂg to step Si, and subsequently simlar
processing is repeated. That is, the NFC

Comni£ald o ARRAIALYS 99WINIa AhPnd Bl Aty o8

[
not forman leld so as not to I'npe

comfr@ITRUY L& | 9F Ays Ot e, NEC-gommain cat | gfc BRPAr at uses
that have Torned the RF field while the RF field is

bgingesjdetected. [0107] On the other hand, when it is
determned in step S2 that the RF field has not been

defteatiedt ,t Her NEGp GanMan cElU eomappalcaitiSrS elgelrS tane
of the communi cati on npdes of the active node and the

serypassiae ardeni theet g qoesSo riidiean ploceeds RECSiepo&Sss and
where the NFC communi cation apparatus functions as an
prodends dtorsteam Skl eclrs, stfap Bxkant el s detteamsmdsitorther
or I{oatt et.he NFC communication apparatus serving as an
initiator has detected an RF field by the initial RFCA
processing of step S1. When it is determined in step S2
that the RF field has been detected, the process returns to
step S1, and subseguently similar processing is repeated.
That 1is, the NFC communication apparétus serving as an
initiator does not form an RF field so as not to impede
communication by other NFC communication apparatuses that
have formed the RF field while the RF field is being
| detected.

[0107]

On the other hand, when it is determined in step $2
that the RF field has not been detected, the NFC
communication apparatus selects one of the communication
modes of the active mode and the passive mode. The process
then proceeds to step 53, where the NFC communication

apparatus functions as an initiator and selects, for example,

a transmission rate.




46 - [0108] That is, in the NFCIP-I, it is possible to
select, for exanple, a transm ssion rate used for
actual communication fromanong a plurality of

transm ssion rates, such as 106 kbps, 212 kbps, and
424 kbps. Accordingly, in step S3, the NFC

communi cati on apparatus serving as an initiator
selects a transm ssion rate. [0109] More
specifically, in the case dfe perform ng passive node
comuni cati on, the NFC conmuni cati on apparatus
proceeds fromstep S2 to step 53-1 between steps S3-1
an 8? form ng step S3, beconmes an initiator
changes’the comuni cation node to the passive node,
angnsel ec1SiA hLEEtSS ON; £ af e. o“é:§£’b1é N§teR 83t L for

t he NFC ~conmmuni cati on apparatus

exaﬁb@@et &r Bi-BREm; kB bhakhzat L9BqaRd - SRR NEYCESRIDE: caBfon
proceeds to step 54-1 between steps 54-1 and 54-2

frolObfibAg at pRuPA1ik9138] trhAsat 8pioA- atkhe MNEGh as 106
comruni catl on apparatus is activated (starts up) in

kbpthezpasgbpe, made, 4exchapges hbeoraongapd ARRsRER 8B¢ the
the response ATR RES with the target in the passive

NFCnodemuandapiooeegpatoatatepebd8dhg hB1if] initiator selects
Alternatively, in the case of perform ng active node

a2 trenmmhscatinonatehe NFC comuni cati on appar at us
proceeds from

[0109]

More specifically, in the case of performing passive
mode communication, the NFC communication apparatus proceeds
from step S2 to step S3-1 between steps $3-1 and S3-2
forming step 53, becomes an initiator, changes the
communication mode to the passive mode, and selects a
transmission rate. Also, in step S3-1, the NFC
communication apparatus performs predetermined
initialization and SDD processing, and proceeds to step S4-1
between steps S4-1 and $4-2 forming step S4.

[0110]

In step S4-1, the NFC communication apparatus is
activated (starts up) in the passive mode, exchanges the
command ATR_REQ and the response ATR_RES with the target in
‘the passive mode, and proceeds to step S$305.

[0111]

Alternatively, in the case of performing active mode

communication, the NFC communication apparatus proceeds from




47 step S2 to step S3-2 between steps S3-1 and S3-2
formng step S3, becones an initiator, changes the
conmuni cation node to the active node, selects the
transm ssion rate, and proceeds to step S4-2 between
steps S4-1 and $S4-2 formng step S4. [0112] In step
S4-2, the NFC communi cation apparatus is activated in
the active node, exchanges the command ATR REQ and
the response ATR RES with ¢he-target, and proceeds to
step S305. [0113] In step S5 when a communi cation
paraneter (for exanple, a transm ssion rate) required

_ C ' j s ta Ange rom.t .
sl 52 SOTULERS F S b NS L Worning
_ ' ' : I i cat.i .
e BTUNSRAEY APDALALIR ! SHBANE SN Lon
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and the like are located wth the target, changes the

procE¥uBIN € aid G PAramieicerdd edd Aueadsinto sut-ep re3@ing
[0114] In step S6, the NFC communi cati on appar at us

steexpthanges the command DEP_REQ and t he response DEP
RES with the target in accordance with the
cdfmirijcati on paraneter selected in step S5 perforns
.dat a exchange (communi cation) based on a data
elXchatge prhotecthei NFEccomdanteawibth &hpacetmunisati on
‘activated in the active mode, exchanges the command ATR REQ
and the response ATR RES with the target, and proceeds to
step S5305.
[0113]
In step S5, when a communication parameter (for example,
a transmission rate) reguired for communication needs to be
changed from the current communication parameter, the NFC
communication apparatus selects the communication parameter,
exchanges the command PSL REQ and the response PSL RES in
which the communication parameter and the like are located
with the target, changes the communication parameter, and
proceeds to step $306.
[0114]
In step S6, the NFC communication apparatus exchanges
the command DEP_REQ and the response DEP_RES with thé target
in accordance with the communication parameter selected in

step S5, performs data exchange (communication) based on a

data exchange protocol in accordance with the communication




48 paraneter selected in step S305, ends the data
exchange, and then proceeds to step S307. In step
S307, the NFC comruni cation apparatus exchanges the
command DSL REQ and the response DSL RES, or the
command RSL REQ and the response RSLRES with the
target, is deactivated, and ends the transaction.
[0115] The NFC contmuni cati on apparatus can be set by
default to be, for exanpl 8 a target. The NFC
comuni cation apparatus, which is set to be the
target, forns no RF field, and is on standby until a

. i 4 ¢ ¢ > Ch ( - o
par SRR LIS AI T e 1R | W gl A (IRl ana
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whi ch one of the active node and the passive rbde the
the GEBHHLAIAN FANlE d1S, t I CGathrsereat {letarding the
~ transmssionrate. [0117] The NFC conmuni cati on
res@ppsy RIS RBshivcltibetenasatdeer, (iH tdedayivdardys and Rnds
field if no RF field is formed in the exterior, and
the tdmarnssrqgdtori.s activated by the RF field formed by the
initiator. [0118]
[0115]

The NFC communication apparatus can be set by default
to be, for example, a target. The NFC communication
apparatus, which is set to be the target, forms no RF field,
and is on standby until a command is transmitted from the
initiator (until the initiator forms an RF field).

[0116]

Also, the NFC communication apparatus can become an
initiator, for example, in accordance with a request from an
application. For example, an application can determine
which one of the active mode and the passive mode the
communication mode is, and can select (determine) the
transmission rate.

[0117]

The NFC communication apparatus, which becomes the
initiator, forms an RF field if no RF field is formed in the
exterior, and the target is activated by the RF field formed
by the initiator.

[0I18]




49 After that, the initiator transmts the conmand in
the selected communicati on node and the transm ssion
rate, and the target sends back (transmts) a
response at a communi cation node and a transm ssion
rate identical to those of the initiator. [0119]

Next, a description will be given, with reference to
the flowhart in Fig. 10, of processing of an
activation protocol in a p&ssive node (processing
performed by an NFC conmmuni cati on apparatus in order
to performdata exchange in the passive node). [0120]

AtAfﬂé'xftt'ﬁé& q_'theeo 1§{1tlat 5 ltlyatnl %hf Uy ; n the

I nit process, t he pr OCGSS en pr ocee

se18LE83 ccér%nuﬂ‘ﬂzeé . g hens ﬁm catd on-Imdes 4 et 4@ beaéﬁ:l

passive node. Then, e process proceeds to step Si

the WeF Qe hesndhigd &t O{tzpﬁ{ér@iif@) 220 fé&ﬁdr?éé zatiopn
process and an SDD process, and selects a

 comii\Sd8 564 QRbddtnd [H12Ansrftsd s RO tiddidEical to
processing of step Sli corresponds to the processing

thoof of efgse SinanchtSx of Fig. 9, and the processing of
steps S12 and S13 corresponds to the processing of
st[@3 183 (53-1) of Fig. 9. [0122] Thereafter, the
process proceeds to step S14, where the

Next, a description will be given, with reference to
the flowchart in Fig. 10, of processing of an activation
'_protocol in a passive mode (processing performed by an NFC
communication apparatus in order to perform data exchange in
..the passive mode}.

[0120]

At first, in step S11, the initiator performs an
initial RFCA process, and the process then proceeds to step
512, where the communication mode is set to be a passive
mode. Then, the process proceeds to step 513, where the
initiator performs an initialization process and an SDD
process, and selects a transmission rate.

[0121]

At this point, the pxocessing of step 511 corresponds
to the processing of steps S1 and S2 of Fig. 9, and the
processing of steps S12 and S13 corresponds to the
processing of step S3 (S3-1) of Fig. 9.

(0122]

Thereafter, the process proceeds to step S14, where the




50 initiator determ nes whether or not a request for
attributes should be nade to the target. Here, the
.termattributes is information on the specification

of the NFC communicati on apparatus, and exanpl es
thereof include information on the transm ssion rate
that can be handl ed by the NFC conmmruni cati on
apparatus. [0123] Wien it is determned in step S14
that a request for attri+bbbes should not be nmade to
the target, the process proceeds to step S335, where
the initiator perforns connunication wWith the target

initlaBGFo% ﬁ%u‘(‘é% %ﬁ% ra?’txgécgﬂesthf Oy 0Er; jbutes

process returns uent Sl m
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In step S14 t est for ‘attributes should be
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where the initiator transmts a comand ATR REQ

appdPefedy ki fighol&Suasdrdor atdriduitastd@nati®h on the
target. Then, the initiator waits for a response ATR

tramihi 01 drher coametg: AR REQ Handlie=d ransthd tegt f rom t he
target, and the process proceeds to step S17, where

comrrei cateispongep TR WRES i s received. Then, the process
proceeds to step S18. [0125] At this point, the
pri®d€sdi ng of steps S16 and S17 :

When it is determined in step S14 that a request for
attributes should not be made to the target, the process
proceeds to step $335, where the initiator performs
communication with the target in accordance with its unique
protocol. Then, the process returns to step 514 and
subsequently, similar processing is repeated.

[0124}

When it is determined in step S14 that a request for
attributes should be made to the target, the process
proceeds to step 516, where the initiator transmits a
command ATR REQ, thereby making a request for attributes to
the target. Then, the initiator waits for a response
ATR_RES to the command ATR REQ to be transmitted from the
target, and the process proceeds to step 817, where the
response ATR RES is received. Then, the process proceeds to
step 518.

f0125]

At this point, the processing of steps S16 and S17




51 corresponds to the processing of step S4 (S4-1) of
Fig. 9. [0126] In step S18, on the basis of the
response ATR RES received fromthe target in step
517, the initiator determ nes whether or not the
communi cation paraneter, that 1is, for exanple, a
transm ssion rate, can be changed. Wien it is
determined in step S18 that the transmi ssion rate
cannot be changed, steps-~S’2 to S21 are ski pped, and
the process proceeds to step 522. [0127] Wen it is
deternined in step S18 that the transm ssion rate can

. procee t
cor PRI Se  HE, BRELER S BB EoRtahas Bl Rl RErEES
regyﬁ§é1ng the target to change the transm ssion rate.
Then he initiator waits for a response PSLRES to

t he, conamnsh £SL,REQL o, e 4 ranseid teds fd00m ther rRES

target., and the process proceeds fromstep SI9 to

rec8i®8d 52QomWhRE ethhgot e8R08EE, PSLT REGh b Sificeehved.
Then, the process proceeds to step 521. |In step 521,

detéhﬁlhéstwaé@heﬁhﬁﬁgﬁstthEeC@@mM@mﬁéﬁtD@n paraneter, that
that is, for exanple, the transmission rate, in

is, atcordammpla td thensespeoise PSte RESmesei vkangadst ephen
520, and the process proceeds to step 522. [0128] At

it thideperminedhenpsoersSlifigtinit stizpst SiBshpsSPdn rate
corresponds to the processing of step S5 of Fig. 9.

cannot be changed, steps S19 to S21 are skipped, and the

process proceeds to step S22.

[06127]

When it is determined in step S18 that the transmission
rate can be changed, the proceés proceeds to step 519, where
the initiator transmits the command PSL REQ, thereby
requesting the target to change the transmission rate. Then,
~the initiator waits for a response PSL RES to the command
PSL REQ to be transmitted from the target, and the process
proceeds from step S19 to step S20, where the response
PSL _RES is received. Then, the process proceeds to step S21.
In step S21, the initiator changes the communication
parameter, that is, for example, the transmission rate, in
accordance with the response PSI, RES received in step 520,
and the process proceeds to step S22.

{0128]
At this point, the procéssing of steps S18 to SZ21

corresponds to the processing of step 35 of Fig. 9.




52 [0129] In step S22, the initiator perforns data
exchange, that is, exchange of the command DEPREQ and
the response DEPRES, with the target in accordance
with a data exchange protocol. [0130] At this point,
t he processing of step S22 corresponds to the
processing of step S6 of Fig. 9. [0131] After data
conversion has been performed in step 522, the
initiator proceeds to steps5523 or S25 as necessary.
[0132] That is, when the initiator sets the target to
be in a deselected state, the process proceeds from

Sgﬁﬂééﬁz to step 523, and the initiator transnts a
DSL REQ Then, the initiator waits for a

ragPanag, 33 Rend QnHtﬁga%%@g%%fo%ls HERal 8xbfange that

fromthe target proceeds from s

is, 3k on ée&f5@ﬁe WB&EEnd NBEP eBPONSRd DBhe RESshSnse DEP_RES,

receive e process then Teturns to step S14 an

witl%ut’élw?@%’e? éﬁ’aln SdBd Ala VOGS N0 dat o PR L e 3301
On the other hand, when the-initiator conpletely ends

t f®i1s@yuni cation with the target, the process
proceeds from step S22 to step 525, where the conmand

Ra$ REQs poinransiict bedceleng bliesikapt Bakotowakektpohas
the response RLS RES to the command RLS REQ to be
to thansmddsdidg am tdtep 56 of Fig. 9.

[01311]

After data conversion has been performed in step S22,
_fhe initiator proceeds to step S23 or S20 as necessary.
[0132]

That is, when the initiator sets the target to be in a
.-deselected state, the process proceeds from step 522 to step
523, and the initiator transmits.a command DSL REQ. Then,
the initiator waits for a response DSL-RES to the command
DSIL._REQ to be transmitted from the target and proceeds from
step 823 to step S24, where the response DSI. RES is received,
The process then returns to step 514 and subsequently,
similar processing is repeated.

[0133]

On the other hand, when the initiator completely ends
the communication with the target, the process proceeds from
_ step 522 to step S25, where the command RLS REQ is

transmitted. Then, the initiator waits for the response

RLS RES to the command RLS REQ to be transmitted from the




53 target, and the process then proceeds from step
S25 to step 526, where the response RLS RES is
received. Then, the process returns to step S11 and
subsequently, simlar processing is repeated. [0134]
At this point, the processing of steps S23 and S24 and
the processing of steps S25 and S26 correspond to the
processing of step S7 of Fig. 9. [0135] Next, a
description will be given,5th reference to the
flowchart in Fig. 11, of an activation protocol in the
active node. [0136] At first, in step 531, the

targ'ﬁpdg o2 e s PeaE s el gtro%eeg.;%r%f 0638, $300theeep
t t '
526, B Hhel e R PR T @?%naé;?%ﬁ%%%?sw 8?&9?9‘ Rere.

proc%@% Q%%%%%%'?%S%Eeét ﬁlsékdpgﬁ%%%%?%%§l@9 %Hﬁilar'

processing of step 1 and S2 of

proc%%%ggﬁshggregga§g@p S32 corresponds to the proceSS|ng
of step S3 [0138] Thereafter, in steps S33 to

S§813@gocesses S|nflar to those in steps S16 to S22
of Fig. 10 are performed, respectively.

At this point, the processing of steps S23 and 524 and
the processing of steps 525 and 526 correspond to the
processing of step 87 of Fig. 9.

{0135]

Next, a description will be given, with reference to
the flowchart in Fig. 11, of an activation protocol in the
active mode.

[0136]

At first, in step S31, the initiator performs an

initial RFCA process, and the process then proceeds to step

- 832, where the initiator sets the communication mode to an

active mode and selects the transmission rate.

[0137]

Here, the processing of step $31 corresponds to the
processing of steps S1 and . S2 of Fig. 9, and the processing
of step 332 corresponds to the processing of step S3 (S3-2).

[0138]

Thereafter, in steps 833 to S39, processes similar to
those in steps S16 to S22 of Fig. 10 are performed,

respectively.




54 - [0139] That is, in step S33, the initiator
transmts a conmand ATR REQ thereby neking a request
for attributes to the target. Then, the initiator
waits for a response ATR RES to the conmand ATR REQ
to be transmtted fromthe target, and the process
proceeds to step S34, where the response ATR RES is
recei ved. The process then proceeds to step S35.
[0140] In step S35, on thegsbasis of the response ATR
RES received fromthe target in step S34, the
initiator determ nes whether or not the comrunication
paraneter, that 1is, for exanple, the transm ssion
rdt’d3%an be changed. Wen it is determined in step

S that the t 1.SS1 t . b h d h
ool e LRSI Sel ot gt seamiol e chenas, i
141 Wh it det ' d i 35 that
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the r&&dd anidded dd apddhe dar 4floraatthd he HRERSATR RES
e.%ﬁoceeds fromstep S36E?O step Sé%, mherefﬁﬁe -

is rFeaspoRst RBle RESJssd agriny edocHRRIPrRC eSS vas .,
proceeds to step S38. In step S38, the initiator
chhangeg t he conmuni cati on
In step S35, on the basis of the response ATR RES
received from the target in step S$34, the initiator
determines whether or not the communication parameter, that
is, for example, the transmission rate, can be changed.
When it is determined in step S35 that the transmission rate
cannot be changed, the initiator skips steps S36 to S38 and
.proceeds to step 539.
[0141]
When it is determined in step S35 that the transmission
rate cannot be changed, the process proceeds to step 336,
where the initiator transmits the command PSL_REQ, thereby
. requesting the target to change the transmission rate. Then,
- the initiator waits for the response PSL RES to the command
PSL REQ to be transmitted from the target, and the process
.proceeds from step 536 to step S37, where the response
PSL RES is received. The process then proceeds to step $38.

In step S38, the initiator changes the communication




55 paraneter, that is, for exanple, the transm ssion
rate, in accordance with the response PSL RES
received in step S37, and the process then proceeds
to step S39. [0142] Instep S39, the initiator
perfornms data exchange, that is, exchange of the
command DEP REQ and the response DEPRES, wth the
target in accordance with a data exchange protocol.
(0143] At this point, the prgocessing of steps S33 and
S34 corresponds to the processing of step S4 (54-2)
of Fig. 9, and the processing of steps S35 to S38
corresponds to the processing . of step S5 of Fi

. 9. .
ParaEe oddidl ngf off W R € o drites 151 He hite, in
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desel ected state. Then, the “initiator waits for the

witH aSRORSA-d&SL_RES ddb ddigr ol DSlatREQ@Achdigge protocol.
transmtted fromthe target, and the process

[0143]

At this point, the processing of steps 533 and S34
corresponds to the processing of step S4 (S4-2) of Fig. 9,
-and the processing of steps S35 to S38 corresponds to the
. processing of step S5 of Fig. 9. The processing of step S39
corresponds to the processing of step 56 of Fig. 9.

[0144]

After the data conversion in step S39, the process
. proceeds to step 5S40 or S44 as necessary.

[0145]

That is, when the initiator sets the target with which

- ccommunication is being performed to a deselected state and

causes oné of the fargets that have already been set in a
deselected state to wake up, the process proceeds from step
S39 to step 540, where the command DSL REQ is transmitted to
the target to be set in a deselected state. Then, the
initiator waits for the response DSL_RES to the command

DSL_REQ to be transmitted from the target, and the process




56 proceeds fromstep S40 to step 541, where the
response DSL RES is received. Here, the target having
transmtted the response DSL RES enters a desel ected
state. [0146] Thereafter, the process proceeds from
step S41 to step 542, where the initiator transmts a
command WJOP REQ to the target to be waked up. Then,
the initiator waits for a response WJP RES to the
command WJP REQ to be transgitted fromthe target,
and the process proceeds fromstep S42 to step 543,
where the response WJP RES is received. The process

Proq e i b 5o THERShoE TR s iies 26??§C?
DSL_‘S?EEgsgglssf’ngéegz‘frxpeec%. beg el OJQD ;tu];hgrv Vé{?;]e ﬁt&ekt)i
the ﬁgﬁr@dﬁﬁr%t cdBe 4 heddidd teﬁa[t%ldf?] On the

when t Initiator conple y ends
cqpuication with the target, the process proceeds
from step S39 to step 544, where the command RLS REQ

1 FhelrbaFs@id,t e PREBeskherbBithat @hoaktepl 8B1ato step
response RIS RES to the command RLS REQ to be

S42 t ransd tdied fifiomdidte drirgetic sard ddignaWdDRES RIDGeLdShe
fromstep S44 to step 545, where the response RLS RES

tardex necéio/athkebheppr ogess,t e irgtiiratst erasittep £531 aand
subsequently, simlar processing is repeated.

-response WUP_RES to the command WUP_REQ to be transmitted

from the target, and the‘process proceeds from step 542 to

step S43, where the response WUP_RES is received. The

process then returns to step S35. Here, the target having

transmitted the response WUP_RES wakes up, and the waked-up

target becomes an object for which the processing of step

S35 and subsequent steps should be performed thereafter by

" the initiator.

[0147]

On the other hand, when the initiator completely ends
communication with the target, the process proceeds from
step 539 to step S44, where the command RLS REQ is
- transmitted. Then, the initiator waits for a response
RLS_RES to the command RLS REQ to be transmitted from the
target, and the process proceeds from step $44 to step 545,
where the response RLS_RES is received. The process then
returns to step S31 and subsequently, similar processing is

repeated.




- 57 [0148] At this point, the processing of steps
S40 to 43 and the processing of steps $S44 and $45
correspond to the processing of step S7 of Fig. 9.
[0149] Next, a description will be given of the

rel ati onship between NFCIP-1 and an OSI (Open System
I nterconnection) reference nodel. [0150] Fig. 12
shows an CSI reference nodel. In Fig. 12, the Ieft
side shows an OSI referencé7nedel, and the right side
shows a protocol hierarchy of the Internet that has
beconme popular in the world at present. [0151] The
Gt rence nodel is a structural nodel of 7

hi erarchi cal |ayers, which serve as standards when a

Neg oy 'ngéﬁ fﬂt.é; d ‘Héﬂ%f-g%% éﬂé4ﬁmﬂgg &nd
e R

defi ned from t-order” layer (first |ayer

thet( ?)@@&Qséiﬁ‘& b 9&‘@%;55’@@4 ah@YEE5) cofr PiYSAE Ao | @yer

irst layer), a data |link layer (second |ayer), a

proaégwﬁég bayetehtairge lmygr)e. a transport | ayer
(fourth layer), a session layer (fifth layer), a

prexsetdiati on |l ayer (sixth layer), and an application

| ayer (seventh |layer). [0152] For the data link

| ajeett;, tamaieudbrilpayiens weXlilsthe Bieren of the relationship
between NFCIP-1 and an 0SI (Open System Interxrconnection)
reference model.

[0150]

Fig. 12 shows an 0SI reference model. 1In Fig. 12, the
left side shows an 0SI reference model, and the right side
shows a protocol hierarchy of the Internet that has become
popular in the world at present.

{0151]

The OSI reférence.model is a structural model of 7
_hierarchicél layers, which serve as standards when a network
protocol is constructed. The following are defined from the

- lowest~order layer (first layer) toward (the higher~order
layers}: a physical layer (first layer), a data link layer
(second layer), a network layer (third layer), a transport
layer (fourth layer), a session layer (fifth layer), a
presentation layer.(sixth layer}, and an application layer
(seventh layer).

[0152]

For the data link layer, two sub-layers exist. The




58 higher-order sub-layer between the two sub-I|ayers
is an LLC (Logical link control) layer, and the

| ower - order sub-layer is an MAC (Media Access
Control) layer. [0153] On the other hand, as the
protocol hierarchy of the Internet, a network
interface |layer, an Internet |layer, a transport

| ayer, and an application |layer are defined from the
| owest -order |ayer. The retwork interface | ayer of the
Internet corresponds to the physical |ayer and the
data link layer of an OSI reference nodel. The

oA GHESPIL U 1ol ST ORL £OLT SREOIHFLS L% 1ic

ayer o ref'er ence node

(Loc%I@arﬂf PPILk | @dﬁl{r@jf‘ ) : Eﬁy% e%gt?;%e% g%éﬁer‘rlgg%&?cfefrgseﬁ@—elayer

ransport |ayer o

is ARPUACANION: & AYEEe O é&@téﬁprf@eﬁprres’ponds to the

session | ayer, the presentation 1ayer, and the
apigAtion |ayer of the OSI reference nodel. [0154]
NFCI P-1 defines a physical |layer and a data |ink |ayer

oforan HSlo trefrerency mdehe Howa\ol il ee eyl kéNithe
NFCI P-1, for the data link |ayer, only the MAC | ayer

Intdooteeers tinetudsk dratyerfare e NAGH ayeierndt e g a

the two sub-layers thereof, is defined. [0155] NFC
tracsponini oatéon app arratageist excivan de e rc crrm itk OFR AREQ om

and a response DEPRES in the data exchange of step
‘the lowest-order layer. The network interface layer of the
Internet corresponds to the physical layer and the data link
layer of an OSI reference model. The Internet layer of the
Internet corresponds to the network layer of the 08I
reference model, and the transport layer of the Internet
corresponds to the transport layer of the 0SI reference
model. The application layer of the Internet corresponds to
. the session layer, the presentation layer, and the
application layer of the 0OSI reference model.

[0154] |

'NFCIP-1 defines a physical layer and a data link layer
- of an OSI reference model. However, in the. current NFCIP-1,
for the data link layer, only the MAC layer between the LLC
layer and the MAC layer, which are the two‘sub—léyers
thereof, is defined.

[0155]

NFC communication apparatuses exchange a command

DEP_REQ and a response DEP RES in the data exchange of step




59 S6 of Fig. 9 (step S22 of Fig. 10, step S39 of

Fig. 11) That is, the initiator transmts a command
DEP REQ and the target receives the command DEP REQ
Al so, the target transmts a response DEP RES to the
command DEP REQ and the initiator receives the
response DEPRES. [0156] The initiator and the target
that are NFC conmunication apparatuses exchange the
conmand DEP REQ and the response DEP_RES by using
packets of the physical layer (hereinafter referred
to as physical Iayer packets" as appropriate), which

S6 0 eidefl rg A na]%g[OéS_Fd In tfé?gooc}/ |Ex:.al &q_ er
Thatpafé(ettclrf aishf‘cplpe[t?cﬁg ttq}a@snﬁhtsam%%an@ ?jﬁeﬂ RtEIE? atntzie the

physi ayer ayer

- tar d%e%éﬁby NF%I{ Qionﬁtth%od%ﬂ% : zedM%lrthweCI%a@rg%t

are capsu hernore

tran iR tMAG RaGk&lse Q%CE‘(Q%EES (RergidN&idnla L iDH &, 0 223 the
"LLC packets") of aTTayer higher than the NAC l'ayer,

inithaor Sseddierdd GHawRspddal DEP &y gher sub-layer of
the data link |layer, are capsulized. [0158] Fig. 13

shousétthe rel ati onshi p of such capsulization as that

descri bed above, and the format of each of the MAC

patketindndatbe physibal thayget paakehrdeﬂFGedobmunication
-app;ﬂggJZég exchange the command DEP REQ and the response
DEP RES by using packets of the physical layer (hereinafter
referred to as "physical layer packets" as appropriate),
which are defined by NFCIP-1.

[0157]

In the physical layer packet, packets (hereinafter
referred to as "MAC packets" as appropriate) of a layer
higher than the physical layer, that is, the MAC layer that
is a lower sub-layer of the data link layer, which are
defined by NFCIP-1, are capsulized. Furthermore, in the MAC
packet, packets {(hereinafter referred to as "LLC packets")l
of a layer higher than the MAC layer, that is, the LLC layer
that is a higher sub-layer of the data link layer, are
capsulized.

[0158]

Fig. 13 shows the relationship of such capsulization as

that described above, and the format of each of the MAC

packet and the physical layer packet defined by NFCIP-1.




- 60 - [0159] In Fig. 13, an LLC packet, with a CvDO
field, a CVD1 field, a PFB field, a DID field, and a
NAD field being attached thereto, is capsulized, and
t hereby an MAC packet is forned. Furthernore, the MAC
packet, with a PAfield, an SYNC field, an LEN field,
and an E2 field being attached thereto, is
capsul i zed, and thereby a physical |ayer packet is
fornmed. [0160] At this pokpt, in the NFC

communi cati on apparatus, an LLC packet is capsulized
in an MAC packet. The MAC packet 1is capsulized in a
physi cal | ayer packet, and the physical |ayer packet
iscpﬁﬁﬁsnitted in the active node or in the passive
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configured in such a. manner that, starting fromthe

SYNDEHi e Ntan i fisld, ard QINGT | @l &l g afe LEN i@l dhed

transport data field, and an E2 field are arranged in
thesaglence. cdgkhbi?lzed, and thereby a physical layer packet
is formed.

[0160]

At this point, in the NFC communication apparatus, an
LLC packet is capsulized in an MAC packet. The MAC packet
is capsulized in a physical layer packet, and the physical
layer packet is transmitted in the active mode or in the
passive mode, and control thereof is performed by the
.controllier 21. Furthermore; in the.NFC communication
apparatus, the physical layer packet that is transmitted in
the manner described above is received in the active mode or
in the passive mode. Also, control thereof is performed by
the controller 21.

" [0161]

In NFCIP-1, the physical layer packet is configured in
‘such a. manner that, stafting from the beginning, a PA field,
a SYNC field, an LEN field, a transport data field, and an
+ E2 field are arranged in sequence.

[0162]




61 A preanble is located in the PAfield, and a
predet erm ned synchronous pattern (synchronous pattern
bytes) is located in the SYNC field. A value
equivalent to 1 added to the nunber of bytes of data
| ocated in the transport data field is located in the
LEN field. In NFCIP- 1, the value to be located in the
LEN field is assuned to be in the range of 3 to 255.
Therefore, when 255 is locgted in the LEN field, the
size of the physical |ayer packet beconmes nmaxinmum In
that case, the size of the data to be located in the

d I h IS, .the. f
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by NS WP et Snkosal i Yol asaece s co
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tra¥pddt A rftl,elaas ideaeidhed) abovee HRNNECLRHl, ith hecip-
possible to select a transm ssion rate used for actua

1, tGMANLGAtIOM NOPadNd i hdiet TANS FiSIHOA s akesmetl to be
106, 212, and 424 kbps. The physical |ayer packet

in- t$ROWange Hfg3 13 i295.usatheirk foerURheat 268 a4k docated in
transm ssion rate of 212 or 424 Kkbps. For

the caNmfiiedalt, i aheatsizet dn$hies phes icalle layet06akbps, becomes

maximum. In that case, the size of the data te be located

in the transport data field, that is, the maximum amount of

data that can be located in the transport data field of the

physical layer packet, is 254 (# 255 - 1} bytes.

[0163]

An MAC packet, which is data of the higher-order layer,
is located in the transport data field. Code for detecting
an error of the physical layer packet, for example, CRC
(Cyclic Redundancy Checking) code, is located in the E2
field.

[0164]

At this point, as described above, in NFCIP-1, it‘is
possible to select a transmission rate used for actual
communication from among the transmission rates of 106, 212,
-and 424 kbps. The physical layer packet shown in Fig. 13 isr

used in communication at a transmission rate of 212 or 424

kbps. For communication at a transmission rate of 106 kbps,




62 a physical |ayer packet provided with an SB field
in which a predetermned start byte is located in
pl ace of the PA field and the SYNC field of Fig. 13
is used. [0165] Next, in NFCIP-1, the MAC packet (the
MAC packet as the command DEP_REQ or the response
DEP_RES) is configured in such a manner that,
starting fromthe beginning, a CMDO field, a CVDl
field, a PFB field, a DIDg4eld, an NAD field, and
DBO DB1,..., and DBn fields, which are data fields of
n + 1 bytes, are |ocated. [0166] A value indicating
a command DEP REQ or a response. . DEP R Sg’,s | ocat eg.i 511
A¢C a

- 2 phyfdcplppyeavBecied randdeq #RED1ample famE el
_ 167]. PFB.info tiqn (control .infqQrmati for .
et A ob v atd (PARLFEY JCoRIFOr Sid (e 5P Field
is | ted..i he 1-byte PFB field. [0168
andkt%?#&é%pl ilﬁtl,%ci%n %z%ltgg é%c%gné%égﬁri ng elxghangi[ng 03‘
tlﬁ:gl%g nd DEP REQ and the response DEP RES, there
-are” cases in which three types of data are

etN@Q§”1EheﬁEéfﬁ—lfeﬁﬁéVﬁﬁc 5Qéke£84t9étﬁagegggﬁéedagythe--

an application or the like is transmtted an

- comma@@e iD¥ed rpACK r( Aeknowsedae)l oRPNAEK) (NegahifMQured in
AcKnow edge) is transmtted andrecei ved, or data
‘such a manner that, starting from the beginning, a CMDO
field, a CMP1l field, a PFB field, a DID field, an NAD field,
and DB0G, DBl,..., and DBn fields, which are data fields of n
+ 1 bytes, are located.

[0166]

A value indicating a command DEP_REQ or a response
DEP RES is located in the 1-byte CMDO field and in the 1~
byte CMD1l field.

{6167]

PFB information ({(control information for transaction)
for data transfer control and error recovery is located in
the 1-byte PFB field.

[0168]

At this point, in.daté exchange during exchanging of
‘the command DEP REQ and the response DEP RES, there are
cases in which three types of data are transmitted and
‘received, that is, data requested by an application or the
‘like is transmitted and received, ACK (AcKnowledge) or NACK

(Negative AcKnowledge) is transmitted and received, or data




63 for managi ng the NFC communi cati on apparatus is
transmtted and received. The format of (the PFB
information located in) the PFB field differs
dependi ng on each case. [0169] DI D (Device I|ID)
information differing fromNFCID, which identifies an
NFC conmuni cati on apparatus for transmtting MAC
packets, is located in the 1-byte DID field. That is,
in NFCIP-1, the NFCID is_sgt to be a maxi mum | engt h of
10 bytes. Since the 10-byte NFCID is long, 1-byte D D
i nformati on can be used as a so-called alias for

cor A R SRS PR e
(i t ed D field
f%e'f@elef nfL et ecraﬁn e TR SR e L ose

£ n
in) f LARP AL, i ind é+acf‘ %kds‘QB [0172]

Flg 14 shows PFB i nformation Iocated in the PFB
flelé f Fig. 13 when data requested by an application

I 1ot r( ctet %‘ﬂ)r_)?a nd f'b_ecﬁu%‘t‘i%ﬂ bR r¢ala ngX CE%HQ frcR pWhiBR ch
a connand and a response DEPRES are

1der§?§|@ﬂ%{‘?:§qﬁ7 ﬂﬁgjl7c%mlﬂ1c5ﬁlgﬁﬁra‘g@fdi%[t® S ¢ dehidimilthing
MAC packets, is iocated’ln the 1-byte DID field. That is,
_in NFCIP-1, the NFCID is set to be a maximum length of 10
bytes. Since the 10~-byte NFCID is long, l-byte DID
information can be used as a so-called alias for identifying
an NFC communication apparatus.

{0170]

NAD {Node Address) information used in lcgical
connections is located in the 1-byte NAD field.

[0171)

An LLC packet, which is data of a higher-order layer,
is located in the DBO,'DBl,..., and DBn fields, which are
" data fields of n + 1 bytes.

[0172]

- Next, Fig. 14 shows PFB information located in the PFB
- field of Fig. 13 when data requested by an application is
transmitted and received in data exchange in which a command
- DEP_REQ-and a response DEP_RES are exchanged.
[0173]

- All higher-order 3 bits, that is, all bits 7, 6, and 53,




64 of the PFB information |ocated in the MAC packet
when data requested by an application is transmtted
and received, are set to 0. Furthernore, in the
fourth bit fromthe highest order, that is, in bit 4,
a l-bit M (Miltiple Information |link for Data
Exchange Protocol) flag indicating whether or not
there are succeedi ng MAC packets is |located. [0174]
At this point, the M flagsjs.set to 1 when there are
succeedi ng MAC packets and is set to O when there are
no succeedi ng MAC packets. [0175] In bits 3 and 2,
which are the fifth and sixth bits fromthe highest
of %}%&F%flqﬁ%m%fwﬁdom 55 RG packet pRen data

acke mhen datg re uested y an_ap Ilcatlon S

req‘fer | Sfeadlm v lls rﬁlRlﬁmfll &daﬁ&darﬁlcﬁlr"leé*g are
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information | ocated in the MAC packet when data
requegted by an application is transmtted and
received, 2-bit PNl (Packet Nunber Information) is

| peatrds PMintwhese Mni tiah: is set to 1 when there are

succeeding MAC packets and is set to 0 when there are no
succeeding MAC packets.

[0175]

In bits 3 and 2, which are the fifth and sixth bits

from the highest order of the PFB information located in the

- MAC packet when data requested by an application is

transmitted and received, an NAD flag and a DID flag are
- located, respectively. The NAD flag is set to 1 when
-information of the NAD field of the MAC packet (Fig. 13) is
valid and is set to 0 when it is invalid. The DID flag is
:set to 1 when information of the DID field of the MAC packet
(Fig. 13) is valid and is set to 0 when it is invalid.

{0176]

In bits 0 and 1, which are lower-order bits of the PFB
"information located in the MAC packet when data requested by

an application is transmitted and received, 2-bit PNI

(Paéket Number Information} is located. PNI, whose initial



65 value is set at 0, is incremented by 1 when
succeedi ng MAC packets are transmtted. [0177] That
is, as illustrated in Fig. 13, in the NFC
comuni cati on apparatus, an LLC packet is capsulized
in an MAC packet, the MAC packet is capsulized in a
physi cal |ayer packet, and the physical |ayer packet
is transmtted. [0178] In NFCIP-1, when an LLC packet
Is to be capsulized in anghAC packet, the whole LLC
packet is capsulized in one MAC packet. As a result,
one LLC packet is transmtted using one MAC packet.
In addition, the LLC packet is divided into a _,
valyg ubal $9y 3% (i ebesimfremgrtetden b i Prefeadtye dac
I eces of data obtained by the division is capsulized
Pac#%F?nﬁFehﬁﬁﬁﬁﬁﬂﬁ&ﬁ? As a result, one LLC packet can be
{Jﬁgfy?tted using a plurality of MAC packets. [0179]
: die LLC packet is to be transmtted using one MAC
p t,. the PN of_ .t acket .i_s t 0.
m%&%% is, L%:ﬁ%%:%§£$%ﬁfgjggqu ﬂ% 1F TR N%%

n one ransii tted uUsi ng a

co ' r@z!ﬂlté&% Eiep 5 tow’&a,fkﬁ{ S’L&Ldf %a@%@@se'cefp%{{li% in an

packet s, he first” MAC packet i1s set to O,
MAC e RNle qiad hey sgsonds %M‘E’L@d irs S¢hyPidal layer
Then, the PNl of the third C packet is set "to 2 (10
 pacidt t hgh£age: hsidmarya fuineioketand thyen i ofed he
third MAC packet is set to (11 in the case of a
bi[oarg ] ‘

In NFCIP-1, when an LLC packet is to be capsulized in
an MAC packet, the whole LLC packet is capsulized in one MAC
packet. As a result, one LLC packet is transmitted using
one MAC packet. 1In addition, the LLC packet is divided into
a plurality of pieces of data. Each of the plurality of
- pieces of data obtained by the division is capsulized in one
MAC packet. BAs a result, one LLC packet can be transmitted
using a plurality of MAC packets.

[0179]

.When one LLC packet is to be transmitted using one MAC
-~ packet, - the PNI.of the one MAC packet is set to 0. When one
. LLC packet is to be transmitted using a plurality of MAC
packets, for example, four MAC packets, the PNI of the first
: MACupacket is set to 0, and the PNI of the second MAC packet
is set to 1. Then, the PNI of the third MAC packet is set
to 2 (10 in the case of a binary number), and the PNI of the

third MAC packet is set to 3 (11 in the case of a binary




- 66 - nunber). [0180] For exanple, when the
initiator transmts one LLC packet by using four MAC
packets in the manner described above, it is possible
for the target to reconstruct the original one LLC
packet (LLC packet that is capsulized over four M
packets) by referring to the PNI of the MAC packets
fromthe initiator. [0181] Since the PN, as
descri bed above, is two higg Long, the maxi num nunber
of MAC packets in which one LLC packet can be divided
and | ocated is 4 (= 22). [0182] At this point, in the
mgAC | ayer, each time one LLC packet fromthe LLC
nu &r s processed, the MAC |l ayer responds to the LLC

| a %?% $£ order to report the processing result
' % tion on whether or not the LLC packet has

begy IR TS & 41 disgelaedo o L e LC

I a er) erefore, e maxi nun1nu & of
t t t
Pac#gé‘e}ef%‘%ﬁi f iﬁ%%% i %%%W%‘%s%isni%e 3
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. one LLC packet can be divided ™ and Iocated and IS

origindDecRamMes gesest bech@boyv@ced OB id r@eﬁf‘é‘@fﬁaed hﬁfer
_ LC packets that are passed to the MAC

four MC.packets) by referring to the PNI of the MAC packets
from the initiator.

[0181]

Since the PNI, as described above, is two bits long,
.the'maximum number of MAC packets in which one LLC packet
can be divided and located is 4 (= 27%).

[0182]

At this point, in the MAC layer, each time one LLC

- .packet from the LLC layer is processed, the MAC layer

responds to the LLC layer in order to report the processing
result (information on whether or not the LLC packet has
been normally transmitted or received} to the (the LLC
~layer). Therefore, the maximum number of MAC packets that
can be transmitted continuously from the MAC layer to the
LLC layer without making a response is equal to the maximum
number of.MAC.packets‘in which one LLC packet can be divided
and located, and is 4 in the manner described above.

[0183]

Therefore, the LLC packets that are passed to the MAC




67 packets by the LLC | ayer need to be LLC packets
that can be located (contained) in four MAC packets
at nost. [0184] Next, Fig. 15 shows PFB information

| ocated in the PFB field of Fig. 13 when ACK/NACK is
transmtted and received in data exchange during
exchangi ng of the command DEP REQ and the response
DEPRES. [0185] The higher-order bits 7, 6, and 5 of
the PFB information | ocatgegd in the MAC packet when
ACK/INACK is transmtted and received are set to 0, 1,
and 0, respectively. Furthernore, in the fourth bit

fromthe highest order, that is, in bit 4, a. 1-bit
packedsy QNCK &gc ilRyietatissy mm%q PagEtedqtorga be

hi s 0|nt t he | ag i.ndi cates ACK when
locattl%it @l&fedt énA%WﬁRI@%ér iﬁqﬁ a%né“ $di cat es
en the value of the ACK/NACK flag is 0. [0187]
Iﬁ |t 3 and 2, which are the fifth and sixth bits
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| ower-order bits of the
and the response DEP RES.

[0185]

The higher~order bits 7, 6, and 5 of the PFB
information located in the MAC packet when ACK/NACK is
transmitted and received are set to 0, 1, and 0,
respectively. Furthermore, in the fourth bit from the
highest order, that is, in bit 4, a 1l-bit ACK/NACK flag
indicating ACK/NACK is located.

{0186]

© At this point; the ACK/NACK flaglindicates ACK when the
value of the ACK/NACK flag is 1 and indicates NACK when the
value of the ACK/NACK flag is 0.

[0187]

. In bits 3 and 2, which are the fifth and sixth bits
from the highest order of the PFB information located in the
MAC packet when ACK/NACK is transmitted and received,
~similarly to the case shown in Fig. 14, an NAD flag and a
DID flag are located, respectively. Furthermore, in bits 0

and 1, which are the two lower—-order bits of the PFB




68 information, also, simlarly to the case shown in
Fig. 14, 2-bit PNl is located. [0188] An MAC packet
as ACK/NACK is transmtted so that, for exanple, when
the initiator transmts an MAC packet in which
certain data is located to the target, the target
informs the initiator of the received state (received
result) of the MAC packet fromthe initiator. For
this reason, the PNI of _thge MAC packet as ACK/NACK is
made to be the same value as that of the PNl of the
MAC packet (MAC packet transmtted by the initiator)

. that jntend to infaormthe initiator of the receive

Inf MRt Ry iyt S/ N 2 A dd) ThedasS euet if8t iFd witdr
be given, wth reference to Fig. 16, of processing of

2mb¥ﬁ1%ﬁ§é%%ﬂ&ﬁcq ¥%he initiator and the target when the

[ idfg%ﬁor di vi des one LLC packet into a plurality of
pi‘eces "of data and transmts themto the target by
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il lustration of processing of a physical 'layer :
cert{PP RS NG AfoGaRUIdZ it 3k MAE Padiett driyed informs

physi cal |ayer packet) is omtted.
the initiator of the received state (received result) of the.
MAC packet from the initiator. For this reason, the PNI of.
the MAC packet as ACK/NACK is made to be the same value as
that of the PNI of the MAC packet (MAC packet transmitted by
the initiator) that intend to inform the initiator of the
received state using ACK/NACK.
[0189]
Next, a description will be given, with reference to
Fig. 16, of processing of an MAC layer in the initiator and
the target when the initiator divides one LLC packet into a
plurality of ?ieces of data and transmits them to the target
'by using a plurality of MAC packets.
[0190]
"In Fig. 16, EDC {Error Deteciton Code) indicates code
for detecting an error.
[0191]
In Fig. 16, thé illustration of processing of a
physical layer (processing of capsulizing an MAC packet in a

physical layer packet) is omitted.




69 - [0192] In Fig. 16, it is assuned that information
on the NAD field and the DID field of the MAC packet
(Fig. 13) is invalid. Therefore, both the fifth and
sixth bits fromthe highest order of the PFB
information located in the PFB field of the MAC
packets, that is, bits 3 and 2, are assuned to be O.
[0193] Furthernore, it is assuned in Fig. 16 that al
the MAC packets transmttgd fromthe initiator to the
target are normally received. Therefore, the target
is. assuned to send back (transmt) an MAC packet as
ACK in reply to all the MAC packets transmitted from

thikiator. [0194] In Fig 16, in the initiator
Q three pieces of data

' agﬁl H;le%p ‘e Jtt:r ;%jlrﬁvslcstdug%q d"h(aﬁ:e 1 EIRP (R} fgre NAD
rie 8% DR SR e The WG Eﬁ%%%&@fg; kEthet i
oo B0, AP0, 08 el SR LI
higP@Skel 4S, diyided brd olrgfgﬁ%t,%r?cfécé’éecﬁja{ﬁ the PFB

"012345 " 789ABC", DEF". These are capsulized

field @ffﬁﬁétw&d‘\%é@%@é thaecond MAG packed .2 andr@ assumed
third MAC pacKet and are transnitted to the target.

to be 0.
{0193]

Furthermore, it is assumed in Fig. 16 that all the MAC
packets transmitted from the initiator to the target are
- normally received. Therefore, the target is assumed to send
back ({(transmit) an MAC packet as ACK in reply to all the MAC
packets transmitted from the initiator. |

[0194]

In Fig. 16, in the initiator, one LLC packet is divided
into three pieces of data and these are transmitted to the
target by using three MAC packets.

[0195]

That is, in the initiator, data "0123456789ABCDEF" as
one LLC packet is supplied from the LLC layer to the MAC
layer. In the MAC layer of the initiator, data
"0123456789ABCDEF" as one LLC packet is divided into three
pieces of data "0123456", "789ABC", and "DEF". These are
capsulized in a first MAC packet, a second MAC packet, and a

third MAC_packet and are transmitted to the target.




70 - [0196] At this point, all the first to third MAC
packets are MAC packets for transmtting (receiving)
data requested by the application. For this reason,
all the bits 7, 6, and 5 of the PFB information
| ocated in the PFB field (Fig. 13) are set to 0, as
described in Fig. 14. [0197] For the first and second
MAC packets, MAC packets (second and third MAC
packets) succeeding them.expst. Therefore, the M
flag of bit 4 of the PFB information is set at 1, as
described in Fig. 14. On the other hand, for the
third MAC packet, no succeedi ng MAC packets exist, and
re, the M flag is set at 0, as described in

0198 h h
pg%keq]h x%ﬂ?ntrr]sta TP Tt g0 it e el Fladiets, are
th t th PNI bi t d 1 of th
wac | bR hE TR R LS vﬁ%%lﬁ'(lg’g & rdpud e d sy

e AR AP e 500 IO e
#ﬁ@ §?§3iﬁ%6¥£%§iéﬁ‘15&&té&9ﬂnt@@% bhe PN, of %ﬁf 13)

Irst I'S I ncrement Slnce e thlrd
- are MAG paSke! aésd@séf‘ikﬁé’d'\ﬁ@ﬁ?&.keitlpf the three first
to third MAC packets, the PNI” of the PFB i nformation

i so2dsuch that the PN of the second MAC packet is
increnmented by 1. [0199]

~For the first and second MAC packets, MAC packets

{second and third MAC packets) succeeding them exist.
Therefore, the MI flag of bit 4 of the PFB information is
set at 1, as described in Fig. 14. On the other hand, for
the third MAC packet, no succeeding MAC packets exist, and
therefore, the MI flag is set at 0, as described in Fig. 14.

[0198]

Furthermore, since the first MAC packet 1s a first MAC
packet of the three first to third MAC packets, the PNI of
bits 0 and 1 of the PFB information are set at 0, which is
an initial wvalue. Since the second MAC packet is a second
MAC packet. of the three first to third MAC packets, the PNI
. of the PFB information is 1 such that the PNI of the first
MAC packet is incremented by 1. Since the third MAC packet
+is a third MAC packet of the three first to third MAC
packets, the PNI of the PFB information is 2 such that the
PNI of the second MAC packet is incremented by 1. |

[0199]



71 On.the.basis of the above, the PFB information of
the first MAC packet is 10 as a hexadeci nal nunber
(00010000 as a binary. nunber), and the PFB

i nformati on of the second MAC packet is 11 as a
hexadeci mal nunber (00010001 as a binary nunber). The
PFB i nformation of the third MAC packet is 02 as a
hexadeci mal nunber (00000010 as a bi nary nunber).
[0200] On the other hand, 7the target receives the
first MAC packet fromthe initiator and transmts an
MAC packet S(ACK)o as ACK indicating that the first

U R oI e dhe AEO e e BRE Sertatiom Bite the
rirbh el SR ARE 1L AL S Ml AR ot o A I8 as
a bIRFPLAE RS Yo (2he AledDia 08| e AlddRddf wac
pack{ SR L1 4 HROEINE O VA (O T0e |y £ Wy

nurdd)) arerfl dep ante GmJOsREQS S Mely s deset iheddi is 02
Fig. 15. [0202] Since no MAC packet to be

‘as 4 reasdddd Bk T ol ng A0 OAG RAckedi n(ACK GRSt S
and no MAC packet to be transmtted follow ng the MAC

- pget0 ]S(ACK) 1 exi sts, the transm ssion of bit 4 of
the PFB informati on of each of the MAC packets
Cn the other hand, the target receives the first MAC
.'packet from the initiator and transmits an MAC packet
S(ACK)O as ACK indicating that the first MAC packet has been
'normally'reCeived; Furthermore, the target receives the
second MAC packet from the initiator and transmits an MAC.
-packet S{ACK); as ACK indicating that the second MAC pécket
has been normally received.
(02011
At this point, since the MAC packets S(ACK)g and S({ACK),
are MAC packets for transmitting (receiving) ACK/NACK, bits
T, 6, and 5 of the PFB information located in the PFB field
- (Fig. 13) are 0, 1, and 0, respectively, as described in Figqg.
15.
| [0202]
- Since no MAC packet to be transmitted following the MAC
- packet S(ACK)y exists and no MAC packet to be transmitted

“following the MAC packet S(ACK). exists, the transmission of

bit 4 of-the PFB information of each of the MAC packets




72 S(ACK)O and S(ACK)1 is set at 0, as described in
Fig. 14. [0203] Furthernore, since the MAC packet
S(ACK)o is ACK for the first MAC packet, the PN of
bits 0 and 1 of the PFB information of the MAC packet
S(ACK)o is O, which is the sane value as the PNl of
the first MAC packet. Since the MAC packet S(ACK)1 is
ACK for the second MAC packet, the PNl of the PFB

i nformati on of the MAC packet -S(ACK)1 is 1, which is
the same value as the PNl of the second MAC packet.
[0204] On the basis of the above, the PFB infornmation

t he cket S(ACK)o.is 40 .,as a.hexadecj mal
S‘A%h%&nd( Meolsaégﬁ B n8ryaﬁuﬂﬁéFj’%g%ﬁlehglﬁFB”-
' ig&ggg@tion of the MAC packet S(ACK)1 is 41 as a
h i mal nunber (01000001 as a binary nunber).
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the initiator recognizes that the irst and second

infd¥aPaskel s Hay are g AT {AcK)GCEIsVed RYiichhe sMike
| ayer of the target. [0206] Thereafter, the target

samd 8FLIME S d Rend hind MAG rhacketst IMmamddied i tigtre tihe

M flag of bit 4 of the PFB information of the third
MAC WG ipacketacrs deserkbedrabove seb®nd MAC packet, the PNI
of the PFB information of the MAC packet S(ACK); is 1, which
is the same value as the PNI of the second MAC packet.

[0204]

On the basis of the above, the PFB information of the
MAC packet S(ACK)g is 40 as a hexadecimal number (01000000
as a binary number), and the PFB information of the MAC
.packet S({ACK); is 41 as a hexadecimal number (01000001 as a
binary number}.

[0205}

The MAC packets S(ACK)y and S{ACK); transmitted by the
target are received by the MAC layer of the initiator. As a
result, the MAC layer of the initiator recognizes that the
first and second MAC packets have been normally received by
the MAC layer of the target.

[0206]

Thereafter, the target receives the third MAC packet
from the initiator. The MI flag of bit 4 of the PFB

information of the third MAC packet, as described above, is




73 0. As a result, the target recogni zes that no MAC
packet that follows the third MAC packet exists, that
is, recognizes that the third MAC packet is a fina
MAC packet. In this case, the target connects, in the
MAC | ayer, the data "0123456" that has been
capsulized in the first MAC packet, the data "789ABC'
t hat has been capsulized in the second MAC packet,
the data "DEF" that has beem capsulized in the third
MAC packet, the first, second, and third MAC packets
bei ng obtained thus far, in this order by referring

to the PN t ts the dat 01234567 CDEF"
0. ff i here DIty ¢ °”ﬁi¥%%€@%ce°%ﬁ&%§3} Stedn L gRcrs

tha‘tMﬁ% ﬁ%ﬁ 5% Gl g ies Bigs 1S i Satower as
oo R Ui e BT g e
in ﬂk?fi}’sercacge thed argefet tcnﬁwl-e!t:(%soa gPttH%”W Ja ?t Ly the

capsulized in the MAC packet ‘and i's transm

datd heylididi@t athati G208lbecthe:d gﬂ%@m:@@ﬁtm &hmf%}stthmbw
packet Answer is capsulized is a response fromthe

pacHdtC layerddter "orduzgher crerderad ayeh) da@isulingeentinf € he
. data "0123456789ABCDEF" as the LLC packet fromthe

secdrd M @ackatd itheamaMaC "wackett adr halsr @@eM chipB@lized

(receiving) data requested by the application.
in theertdfiorde M24] Ipadiethi tthe? fiGstandebontd, t BeadPEBird MAC

i nformation
packets being obtained thus far, in this order by referring
to the PNI, reconstructs the data "0123456789ABCHBEF"™ as the
original LLC packet, and supplies it from the MAC layer to
the LLC layer.

[0207]

Thereafter, in the LLC layer of the target, an LLC
packet Answer as a response to the data "012345678S9ABCDEF"
-from the MAC layer is supplied to the MAC layer. 1In the MAC
-layer of the target, the LLC packet Answer is capsulized in
the MAC packet and is transmitted to the initiator.

[0208]

The MAC packet in which the LLC packet Answer is
capsulized 1s a response from the LLC layer (or a higher-
order layer) for the entire data "012345678%ABCDEF" as the
LLC packet from the initiator, and is an MAC packet for

transmitting (receiving) data requested by the application.

Therefore, all the bits 7, 6, and 5 of the PFB information




74 located in the PFB field (Fig. 13) are 0, as
described in Fig. 14. [0209] Furthernore, since an
MAC packet to be transmitted follow ng the MAC packet
in which the LLC packet Answer is capsulized does not
exist, the M flag of bit 4 of the PFB information of
the MAC packet is 0, as described in Fig. 14. [0210]
The PNI (Fig. 14) of the PFB information of the MAC
packet in which the LLC pagket- Answer is capsulized is
2, which is the same as the PNl of the third MAC
packet that is received just before fromthe

|t|ato by e.ta 02 basi s of, t
TRt R TR I Tat T of 1 e MAC BRcRELSFHPRA BB
thf4LLC packet Answer is capsulized is 02 as a
hexadeci mal nunber (00000010 as a binary number).
[O%ﬁgk;The MAC packet in which the LLC packet Answer
is capsullzed the MAC packet being transmitted by

the dddelore | SinREEI MY Jhadhed %@ertﬁn§nﬁected
initiator. As a result, the MAC | ayer of the

folidiin@tOfe NEXOYHIERSt t Natylt eh tHhe AL MG PREKEANBRS: is
been normally received in the MAC | ayer of the
capd@l Jedd dakd hestrosei st hechaiNi af Dig decapsul 4 zes the prB
MAC packet in the MAC | ayer and supplies the LLC
infpaketorAnsivarhe aii@i preckéhet by, tas tdhesdtdbeayet . FAS. al4.
result, the LLC
[0210]

'Fig

The PNI (Fig. 14) of the PFB information of the MAC
packet in which the LLC packet Answer is capsulized is 2,
which is the same as the PNI of the third MAC packet that is
received just before from the initiator by the target.

[0211]

- On the basis of the above, the PFB information of the
MAC packet in which the LLC packet Answer is capsulized is
02 as a hexadecimal number (00000010 as a binary number).

{0212}

The MAC packet in which the LLC packet Answer is
capsulized, the MAC packet being transmitted by the target,
+is received by the MAC layer of the initiator. As a result,
--the-MAC layer of the initiator recognizes that the third MAC

packet has been normally received in the MAC layer of the
target. Furthermore, the initiator decapsulizes the MAC
packet in the MAC layer and supplies the LLC packet Answer

obtained thereby to the LLC layer. As a result, the LLC




75 layer (or a higher-order layer) of the initiator
recogni zes that the data "0123456789ABCDEF" as the
LLC packet has been normally received in the LLC

| ayer of the target. [0213] Next, the controller 21
of the NFC communi cation apparatus shown in Fig. 4
perforns the above-described processing of the MAC

| ayer and the physical layer of NFCIP 1, that is, for
exanpl e, processing of capssglizing an LLC packet in
an MAC packet, processing of capsulizing the MAC
packet in a physical |ayer packet, and others. Also,

ravef {58 kg ore ;bﬁaﬁ PN S
tha!:eﬂ% g{a;g %%%@Déﬂ“"p é % ?%}%@%% ‘E]%’fg Bden -

as tO e S an or equa

norrgﬁ (?l é‘dt{‘{? \E@élﬁL@fl%h@r @@xul;@rr&g h of the

ayer packet and t e maxi mum nunber of MAC
pqqumﬁ that can be transmtted continuously fromthe
MAC Iayer to the LLC | ayer without nmaking a response.

[ 0234], rHatcdritradinge Ahe PNheO N & dtin i if=arimat | on,
which is wused in the MAC | ayer of NFCIP-1, as

app&testls batbwm FhoBigl3 porddims stltmﬂa:bxtes-di@ftgmttdrte
maxi mum nunber of MAC packets in which one LLC packet

procass ey d¥ides MA@ logat ethd stie (phy22)al A ylesorfi BECIP-
above, the maxi mum nunber of MAC packets that can be
1, thansid t tior comnplpustsodeomiheo M@ payerzing an LIC
- packet in an MAC packet, processing of capsulizing the MAC
packet in a physical layer packet, and others. Also, in the
processing of the LLC layer, the controller 21 of the NFC
ccommunication apparatus limits the maximum length of the LLC
packet supplied to the MAC layer so as to be smaller than or
- equal to the length that is determined on the basis of the
maximum length of the physical layer packet and the.maximum
number of MAC packets that can be transmitted continuously
from the MAC layer to the LLC layer without making a
response.

[0214]

That is, since the PNI of the PFB information, which is
.used in the MAC layer of NFCIP-1, as described in Figs. 13
to 15, is two bits long, the maximum number of MAC packets
in which one LLC packet can be divided and located is 4 (=

22). As described above, the maximum number of MAC packets

that can be transmitted continuously from the MAC layer to




- 76 the LLC | ayer without making a response is equa
to the nmaxi mum nunber of MAC packets in which one LLC
packet can be divided and |ocated, and therefore, is
i kewi se 4. [0215] On the other hand, since the MAC
packet is capsulized in the physical |ayer packet, as
descri bed above, the nmaximumlength of the MAC packet
is limted on the basis of the maximum |l ength (of the

" transport data field (Fig.7483)) of the physical |ayer
packet, and is 254 bytes as described above in this
enbodi nent. [0216] Furthernore, in this enbodi nent,

| Fi the 5 b tes of th
cne PSRN L L B sttty © PSR oG packste
max athm DIF]L];rnl?eelg h Eﬁ’t %I\(I:A]\%%]f ! EJLrb WhlcqjeroerIeorLeL%t;ga:cnknag(Ican be

engt ayer

-dlw;(%%& Ig %%&é&e%]%%e%’escrl é?tlgeq*]he for egO| ng,

imum l ength of the data of the LLC |ayer,
mhlch can be capsulized in the MAC packet, is 249

bYjreS:heA R Hche HRK, T4 eL %Cl\/ﬁgc KRRC li%t Labhal 16
be transnitted continuously fromthe MAC |ayer to the

in dH& drayercan thow s mRidiRg 2 JeRNSE dd theWAC tHayer
is 4. Therefore, in the NAC | ayer, if the size of one

max ik paaketh sipplHee (Ao graduea LilsC lliavate e xgeads: ¥Eis of
thekgg;?;ég_length {of the transport data field (Fig. 13))
of the physical layer packet, and is 254 bytes as described
above in this embodiment.

[0216]

Furthermore, in this embodiment, as shown in Fig. 13,
the 5 bytes of the MAC packet are used as a CMD0 field, a
CMD1 field, a PFB field, a DID field, and an NAD field.
Therefore, the maximum length of the data of the LLC layer,
which can be capsulized in the MAC packet, is limited to 249
(= 254 - 5) bytes.

{0217]

. As described in the foregoing, the maximum length of
the data of the LLC layer, which can be capsulized in the
MAC packet, is 249 bytes, and the maximum number of MAC
packets that can be transmitted continuously from the MAC
layer to the LLC layer without making a response in the MAC

layer is 4. Therefore, in the MAC layer, if the size of one

LLC packet supplied from the LLC layer exceeds 996 bytes (=




- 77 249 bytes x 4), it is difficult to process the
LLC packet. [0218] Accordingly, in the processing of
the LLC | ayer, the controller 21 (Fig. 4) limts the
maxi mum | ength of the LLC packets supplied to the MAC
| ayer so as to be a length that is. determ ned on the
basis of the maxi mum | ength of the physical |ayer
packet (in its turn, the maximuml|ength of the data
of the LLC | ayer, which can7be capsulized in the MAC
packet at the maxi num | ength, which can be |ocated in
the transport data field (Fig. 13) of the physica

acket) and th m nunber of MAC packets
249 R AR I A Tt h UG 1318 (e et
%ﬁj§° the LLC | ayer wi thout naklng a response,
tha 4 996 bytes (= 249 bytes x inthis

xosmn 1S5%, sesasnll od op ppsies o
con%lf@ dhegig) a 4) mhml@ecrh@%églt}(ﬁlnpﬁ]yeﬁ’i ch;aylﬁ{e LLC

fromvarious protocols of the network

pacﬁé&i‘%fu&fzifﬁﬁ{d layanfe ofad hey (&8 Jefar ancee rg)cteéngiptﬁt %hat
12) 20] For exanple, in the Internet,

is. c(eTtreaﬁrslrn@:slch tHeoHd0ls Fef@tmfeolrddﬂnamnqtergitqt Qoolthd S

adopted. It is possible to use near fiel _
phy<igraiuriicatd gaekgy oyiimd tNFQAURn],  threomaddienahCR/dith of
the data of the LLC layer, which can be capsulized in the
MAC packet at the maximum length, which can be located in
.the transport data field (Fig. 13} of the physical layer
packet) and the maximum number of MAC packets that can be
transmitted continuously from the MAC layer to the LLC layer
without making a response, that is, 996 bytes (= 249 bytes x
4) in this embodiment.

[0219]

As a result, it is possible to use near field
communication employing NFCIP-1 that defines the data link
layer and the physical layer from various protocols of the
" network layer or higher-order layers of the 0SI reference
model (Fig. 12).

[0220]

For example, in the Internet, TCP/IP (Transmission
Control Protocol/Internet Protocol) is adopted. It is

- possible to use near field communication employing NFCIP-1

from the TCP/IP.




- 78 - [0221] That is, in the TCP/IP, data of TCP is
capsulized in an |P packet, and is transmtted and
received. The transnission/reception of the IP
packets can be perfornmed by near field conmunication
enpl oying NFCIP-1. [0222] Fig. 17 shows the format of
an | P packet. [0223] The | P packet is conposed of an
| P header field and a payload field. [0224] Header
information of IPis |ocategl in the IP header field
of the I P packet. [0225] The header information of IP
contains a 4-bit version, a 4-bit header |ength, an
8-hit service type, a 16-bit packet length,a 16-bit

i ddiftdlier, a 3°bit flag, a 13-bit fragnent offset

a%hattb'ﬁ%eié'éftt%ﬁ‘:?;@?/ﬁrp%’ﬁﬂpﬁ""???ngﬁn saPoR 268t B =

| P .addr ess bit tr i.0 st natgd,on I P
TP By rg%s aﬁﬁ\ﬁﬁ|;ﬁﬁnsﬁﬁﬁ$ oplﬁﬁ%é¥% neggssary

Rt e A

neaﬂ @%lc@%r&ﬁ%ﬁfi’é&%ﬁr&nﬁo ithe NIE%IrEﬁ-@der f' eI d of
| Pv6., which has progressed at™ present
[0222]
Fig. 17 shows the format of an IP packet.
[0223]
" The IP packet is composed of an IP header field and a
payload field.
[0224]
Header information of IP is located in the IP header
field of the IP packet.
[0225]
.The header information of IP contains a 4-bit version,
a 4~bit header length, an 8-~bit service type, a 16-bit
packet length, a 1l6-bit identifier, a 3-bit flag, a 13-bit
fragment offset, an 8-bit existence time period, an 8-bit
protocol, a 16-bit. header checksum, a 32-bit transmission
source IP address, a 32-bit transmission destination IP
address, a variable-length option, and necessary padding.
[0226]
The version indicates the version of IP. The Iﬁ header
..field shown in Fig. 17 is that of IPv4, and the structure of

the IP header field of IPv6, which has progressed at present




79 fromlIPv4, differs fromthe IP header field of

| Pv4. For this reason, the version is used to
identify the structure of the IP header field. [0227]
The header I ength indicates the size of the I P header
field, and the service type indicates the quality of
the service of the IP. In the service type, a
priority, a low delay request, a high throughput
request, a high reliabilityg request, and the |ike can
be specified. [0228] The packet length indicates the
si ze (the oct et Iength) of an IP packet [0229] The

i dent | f the and_t he fra et_are
fro%s%%"{ ‘Felr p‘él&%et% %%? let e‘? et cadkr

th, (of th d) of t
thid ATl G |‘é%?l%vae?e P T 1950 O (i ire
of ﬁ@-lfgwgég ?% -0f, an | P packet to be transmitted. In

i s case RS necessary to divide an IP packet at
a.ﬁkﬁﬁgat which it can be capsulized in the packets
a wer -order layer. The identifier, the flag, and

t e g 1ffael e skl Qe cgl\eedeofl RRAGKLL R ddd

such a manner as descri bed above. [0230] More
fieBPECidd Cald Yaethred deppd figdidsr aseehd oqugenty fyr @

P packet before it i's divided when one | P packet can
ser®ice of the IP. 1In the service type, a priority, a low
delay request, a high throughput request, a high reliability
.request, and the like can be specified.

[0228]

-The packet length indicates the size {the octet length)
of an IP packet. |

[0229]

The identifier, the flag, and the fragment offset are
used to fragment IP packets. That 1s, there are cases in
which the maximum length (of the payload) of the packet of a
- layer lower than IP is smaller than the maximum length of an
IP packet to be transmitted. In this case, it is necessary
to divide an IP packet at a size at which it can be
capsulized in tﬁespackets of a lower-order layer. The
identifier, the flag, and the fragment offset are used to
divide IP packets in such a manner as described above.

[0230]

~More specifically, the identifier is used to identify

an IP packet before it is divided when one IP packet can be




80 divided into a plurality of IP packets. The flag

i ndi cates whether or not an | P packet can be divided
(permtted to be divided) or whether or not there are
succeedi ng | P packets after being divided. The
fragment offset indicates the sequence nunber

i ndi cating the sequential position of the IP packet
anong the plural divided packets. [0231] The

exi stence tinme period indigates a tinme period during
whi ch an | P packet can exist in a network. That is, a
router in the netmork decreases the existence tine

div%?%‘@Zﬁ%é?fa&% i sbar ot ek e 2l‘i¥%$eﬁ§a@k?%@cates
232]

e PREE BRSPS T Sk SO e
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detecting an error of the I P header 1nformation.

seql&234] nurliher t 1 RMSda S5 P Nt IBO U £Qud it address; d gl et ecfhe IP

the P address of the transm Ssion source of an
pacipat k@ton@nthd helutd ansiv s&Opfesddfati on | P addr ess

indicates the | P address of the transm ssion
degstdyiation (target) of an | P packet.

The existence time period indicates a time period
- during which an IP packet can exist in a network. That is,
a router in the network decreases the existence time period
of the IP packet each time the IP packet is processed and
discards it when the existence time period reaches 0.

[0232]

The protocel indicates what the protocol of the higher-
order trénsport layer of the IP {the protocol of the
transport layer, which is capsulized in the IP packet) is
and is, for example, TCP in TCP/IP.

[0233]

The header checksum is code for detecting an error of
the IP header information.

[0234]

The transmission source IP address indicates the IP
address of the,transmission source of an IP packet, and the

transmission destination IP address indicates the IP address

of the transmission destination {(target) of an IP packet.




- 81 - [0235] The option is used during testing and
debuggi ng, and the padding is used to nmake the size
of the header field so as to be an integral nultiple
of 32 bits. [0236] Data of a higher-order |ayer of
the IPis located in the payload field of the IP
packet. For exanple, in TCP/IP, data (packets) of TCP
is located in the payload field. [0237] Wen the
above-descri bed transm ssi gn/ reception of IP packets
is to be perfornmed by .near field comunication
enploying NFCIP-1, in the LLC |l ayer, the controller 21
(E 4) of the NFC communi cation apparatus capsulize
(g%%uets in order to generate LLC packets and

l,ﬁpl I r%sc tc::hem fo ﬁt_e:jdgdul\#l‘kcr:leqlt g Stln%][OZEISC% de 1]f18(_3],8h%v§

u
t he e of San pac ener

o EIMEL S S URHET F1ed P2 %Tﬁ%a%% peets:

£ &' M’E@dté LTS fé@éﬁ RS d zes an LLC
as pac et of Fi 18qﬁ% an MAC packet 1n the MAC | ayer,

t he packet of Fig. 18 is located in the data
fields (DBO DB1,..., DBn fields) of the MAC packet

showa iof G %1g&%{~0&@%&0hayer of the IP is located in
the payload field of the IP packet. For example, in TCPR/IP,
data (packets) of TCP is located in the payload field.

(0237}

When the above-described transmission/reception of IP
packets 1s to be performed by near field communication
employing NFCIP-1, in the LLC layer, the controller 21 (Fig.
4) of the NFC communication apparatus capsulize IP packets
in order to generate LLC packets and supplies them to the
- MAC layer.

[0238]
Fig. 18 shows the formet of an LLC packet generated by
' the controller 21 in the LLC layer.

{0239]

The LLC packet is composed of an LLC header field and a
-payload field; When the controller 21 capsulizes an LLC
packet of Fig. 18 in-an MAC packet in the MAC layer, the LLC
packet of Fig. 18 is located in the data fields (DBO,
DBl,..., DBn fields) of the MAC packet‘shown in Fig. 13.

{0240]




82 In the LLC header field, for exanple, the
followng are ,located: the size of the LLC packet,
various kinds of 4-byte information indicating the
type of data |ocated (capsulized) in the payl oad
field or the like, 10-byte NFCID (Source NFCID) of

t he NFC comruni cation apparatus that is the

transm ssion source of the LLC packet, 10-byte NFCID
(Destination NFCI D) of theg/NFC conmuni cation apparatus
that is the transm ssion destination (target) of the
LLC packet, an option of O or nore bytes, and the

i ke. [0241 In the, load field, _f lLe, I P
ek B g e TaRE o R B TRtk are
ta link I, c | I ted. .[0242
oo gt AL SiTeP ek gatariar KRB 1 byee
. i cati limts t [ f the LLC..
in s R L SRR TR a5 kit b Gog Byvas
. ' f t-a.,.of ' £ h
in DA 298 NS08 S0 SR e than dhe
NFCIHE o¥ 2 LNAN& drbfarRRCkSon Rppahiaeh & he P sRagke! is
capsul i zed, exceeds 996 bytes.  Therefore, the nmaxi mum

tradsSSNAHN B A dd G PagketTics Ayt a9-—bf@Q24@Hc i the
enbodi nrent of Fig. 18, the Size of the LLC . header

(Desfdielad iich ArdIeasto24ne= et cbmbni@h th¥heSpparatus that
- Therefore, the payload field of the LLC packet is 972
~is the ¥@nsmission destination (target) of the LLC packet,
an option of 0 or more bytes, and the like.
| [0241]

In the payload field, for example, IP packets, which
. are data of a layer higher than the data link layer (LLC
layer}, are located.

[0242]

At this point, the contfoller 21 (Fig. 4) of the NFC
communication apparatus limits the size of the LLC packet so
as to be smaller than or equal to 996 bytes when the size of
the data of a layer higher than the data link layer (LLC
layer), that is, for example, the size of the LLC packet in
which the IP packet is capsulized, exceeds 996 bytes;

- Therefore, the maximum length of the LLC packet is 996 bytes.

[0243]

In the embodiment of Fig. 18, the size of the LLC
header field is at least 24 (= 4 + 10 + 10) bytes.

Therefore, the payload field of the LLC packet is 972 (= 996




83 24) bytes at nost. [0244] On the basis of the
above, the maxi num val ue of the size of the |IP packet
that can be capsulized in the LLC packet (payl oad
field) is 972 bytes. [0245] On the other hand, the
maxi mum | ength of the IP packet is 2k bytes (65536
bytes). [0246] Therefore, when the
transm ssion/reception of the IP packets is to be
performed by near field cogmunication enploying
NFCI P-1, in the LLC | ayer, the controller 21 (Fig. 4)
of theNFC communi cati on apparatus capsulizes IP
N 2¥ kets |n LL%;packets and supplies themto the MAC
CESNfEn §HE - si ze of the I|P packet exceeds 972
ﬁﬁﬁ the size of the LLC packet exceeds 996 bytes
at mhléh processing is possible in the MAC | ayer.

1 %%4 %:"k waen ot e %héegg% ‘ehethgcmgggﬁgk ’leWghSP the
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apparatus |imts the size of the LLC packet so as to

pacie sl ®iad ka0 equal7a 6,896 bytes in the manner
descri bed above. ThIS l[imtation is perforned by

dijepdisng, for exanple, the I P packet into a plurality
of pieces of data. That is, in the LLC |ayer, the

cont tbkl ether hand, the maximum length of the IP packet
~1s 2k bytes (65536 bytes).

[0246]

Therefore, when the transmission/reception of the IP
packets is to be performed by near field communication
employing NFCIP-1, in the LLC layer, the controller 21 (Fig.
4) of the.NFC communication apparatus capsulizes IP packets
in LLC packets and supplies them to the MAC layer. When the
size of the IP packet exceeds 972 bytes, the size of the LLC
packet exceeds 996 bytes at which processing is possible in
the MAC layer.

[0247]

- When fhe size of the LLC packet in which the IP packet
is capsulized exceeds 996 bytes, the controller 21 (Fig. 4)
of the NFC communication apparatus limits the size of the
LLC packet sc as to be smaller than or equal to 996 bytes in
the manner described above. This limitation is ﬁerformed by
~dividing, for example, the IP packet into a plurality of

pieces of data. That is, in the LLC layer, the controlier




84 21 divides one |IP packet into a plurality of

pi eces of data and capsulizes each piece of data,
thereby generates a plurality of LLC packets whose
size is 996 or less bytes, and supplies themto the
MAC | ayer. [0248] For exanple, when the initiator

di vides one I P packet 1in the LLC |ayer in the manner
descri bed above, generates a plurality of LLC packets
whose size is 996 or less bhytes (capsulized in an MAC
packet), and transmts themto the target, in the LLC
| ayer, it is necessary for the target to reconstruct

h I I f LLC k f h
21 opgLles ohal Yoreed rpﬁﬁ‘rﬁgc?tg[@éﬁ%h%et” éé%«%s ¢f faca
b f t t t
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abo

one ori gl nal acket (hereinafter
eferdsed to as "reconstruction information" as
appropriate). [0250] As the reconstruction

| EOF Bl e ,f WheeXaMR! &ni tikfreimeliakes Wrlarmt @ddec
M flag and the PNl of the PFB infornation described

in the ALOS. 1dwet 0idShd hdnisr déadoiad | govddi gaidigtes a
whet her or not there are succeeding

plurality of LLC packets whose size is 996 or less bytes

- {capsulized in an MAC packet), and transmits them to the

target, in the LLC layer, it is necessary for the target to

- reconstruct the plurality of LLC packets from the initiator

into the original one IP packet.

[0249]

Accordingly, it is possible for the target to ceontain,
in the various kinds of information of the LLC header field
of Fig. 18, information necessary for ﬁeconstructing the
divided IP packets transmitted from the initiator over a
plurality of LLC packets in the manner described above into -
one original IP packet {(hereinafter referred to as |
"reconstruction information" as appropriate).

[0250]

As the reconstruction information, for example,
information similar to the MI flag and the PNI of the PFB
- information described in Figs. 13 to 15, that is,

information indicating whether or not there are succeeding




85 LLC packets and information indicating the
sequential position of the LLC packet, can be used.
[0251] As described in the foregoing, in (the
controller 21 (Fig. 4) of) the initiator, an LLC
packet is capsulized in an MAC packet, the MAC packet
is capsulized in a physical |ayer packet, and the
physi cal | ayer packet is transmtted in the active
mode or in the passive mdeg In that case, the
maxi mum | ength of the LLC packet is limted so as to
be smaller than or equal to a length that is
determined on the basis of the maxi num|ength of _the

LLCpRpskehp Pﬁ?e?“EQEW@Flﬁﬁdln?ﬁéaﬁéQBnﬁﬁﬁnﬁﬁHBFHBFa&ﬂc
ackets thgt ﬁﬁn be‘Lransnitted cogtinuously fromthe
POSRREPLPEr TPE [he PREFPhyefFaRi PRolfS9maki ng a response.
On 6$§ ther hand, in (the controller 21 (Fig. 4) of)
thE %get, a physical |ayer packet in which the LLC

PPN D S ol T e e
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an Mgéa%ggkéﬁ,tBﬁeLhﬁbhﬁﬁgﬁétfR§lQaﬁghgizéé)ini5 BAYsical
limted to the above-described information. That i s,

layEerpgxprap!| eanMhene aph{Fipatkebyks pAchetCaBSUkhASMithed
the LLC packet, a 16-bit packet length (information

in PhedasdtZ®e mode or in the passive mode. In that case,
the maximum length of the LLC packet is limited so as to be
smaller than or egqual to a length that is determined on the
.basis of the maximum length of the physical layer packet and
‘the maximum number of MAC packets that can be'trgnsmitted
continuously from the MAC layer to the LLC layer without
making a response. On the other hand, in {(the controller 21
(Fig. 4) of) the target, a physical layer packet in which
the LLC packet whose maximum length is limited in this
manner is capsulized in the end is received.

[0252]

-Therefore; it is possiblé to use NFCIP-1 from wvarious
- protocols of the network layer.

[0253]

Information located in the LLC header field (Fig. 18)
is not limited to the above—described information. That is,
‘for example, when an IP packet is to be capsulized in the

- LLC packet, a 16-bit packet length (information of a size




86 (16 bits) capable of indicating the maxi mum | ength
of the IP packet) within the header information

| ocated in the IP header field of the IP packet, and
ot her header information can be located in the LLC
header field. Also, the size of the LLC header field
is not limted to 24 bytes shown in Fig. 18.
Furthernore, the structure of the LLC header field is
also not limted to the strgyeture shown in Fig. 18,
and can be nmade to be, for exanple, a structure
simlar to the | P header field shown in Fig. 17.

[ 0254 sullzed n LLC Rack ts
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order witten as a flowhart, but inclu processes
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paral |l el processes or object- oriented processes). 87
also not limited to the structure shown in Fig. 18, and can
be made to be, for example, a structure similar to the IP
header field shown in Fig. 17.

[0254]

Data to be capsulized in LLC packets is not limited to
IP packets. That is, near field communication employing
NFCIP-1 can be used from various protocols of other than the
IP of the network layer.

[6255]

In addition, the formats of the physical layer packet
and the MAC packet are not limited to the above-described
formats.

[0256]

Processes described in:this specification do not always
need to be time-sequentially performed in the order written
‘as a flowchart, but include processes executed in parallel

or individually -(for example, parallel processes or object=-

oriented processes).




CLAIM5 1. A conmmuni cation apparatus for performng
comruni cati on wi th anot her comruni cati on appar at us
that is a comrmunication party, the comunication
apparatus conprising: comuni cation neans for
perform ng comuni cation in one of conmunication
nodes of an active node, which is a comunication
node in which each of a plurality of apparatuses for
transmitting and receiving gata outputs an

el ectromagneti c wave, nodul ates the el ectromagnetic
wave, and thereby transmts data; and a passive node,
~which is a conmunication_nmode in which one apparatus
among a plurality of appatati@es outputs an
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a data Iink l'ayer o n System

of | ARNNASGIH P Mo daf RIeNGe dRdele DpFAPHided £ @ form
an MAC packet that is a packet of an MAC (Medi a

corheAS (GUH mlde ila¥eriof dhd dat & Ijinkdiawsr ot he MAC

- packet is capsulized to forma physical |ayer packet
appdiatt uss A fAC katareinia t iphy Sirehlrdayeringard tzheutputs an

physi cal |ayer packet is transmtted in the active
el amdenaignat ittherapass meeluindes tH8 electromagnetic wave,
and thereby transmits data; and a passive mode, which is a
communication mode in which one apparatus among a plurality
of apparatuses outputs an electromagnetic wave, modulates
the - electromagnetic wave, and thereby transmits data, and
the other apparatuses among the plurality of apparatuses
transmit data by load-modulating the electromagnetic wave
output by tﬁe‘one apparatus; and

control means for performing control such that an LLC

packet that is a packet of an LLC (Logical 1link control)
layer of a data link layer of an 0SI (Open System
Interconnection}) reference model is capsulized to form an
MAC packet that is a packet of an MAC (Media Access Control)
;ayer of the data link layer, the MAC packet 1s capsulized
to form a physical layer packet that is a packet of a

physical layer, and the physical layer packet is transmitted

in the active mode or in the passive mode,




wherein the control nmeans limts the maxi mnum | ength of
the LLC packet so as to be smaller than or equal to a
length that is determ ned on the basis of the maxi num
l ength of the physical |ayer packet and the maxi num
nunber of MAC packets that can be transmtted
continuously fromthe MAC | ayer to the LLC | ayer

wi t hout nmaking a response. 2. The communi cati on
apparatus according to ClLaigm 1, wherein the LLC
packet is such that an IP (Internet Protocol) packet
is capsulized. 3. The communi cati on appar at us
according to Caim2, wherein the LLC packet is such

t HEtCEHd IR LWL WinaRnt Limddst Weilggoth of
the pLLSPEERET 10 LT FRaR! hahis rhehi of it oh Toh = Hhath
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communi catron 1 n one of comuni catl on nodes

the 3GkE VE; PDAG,; L&D S An§OIMBIL CAL4ON node i n whi ch
each of" a plurality of apparatuses for transmtting
and 89 receiving data outputs an el ectromagnetic

wave, nodul ates the el ectromagnetic wave, and thereby
transmtes cdadiinidad idn PAFSENE U ,coMiicly it &laim 1,
comruni cati on node in which one

wherein the LLC packet is such that an IP {Internet

Protocol} packet is capsulized.

3. The communication apparatus according to Claim 2,
wherein the LLC packet is such that the IP packet, with at
least a header being attached to the IP packet, is
capsulized, and

the header of the LLC packet contains information on
the size capable of indicating the maximum length of the IP

packet.

4. A communication method for performing communication
- with another communication apparatus that is a communication:
party, the communication method comprising the steps of:

performing communication in one of communication modes
of an active mode, which is a communication mode in which

each of a plurality of apparatuses for transmitting and




.apparatus anong a plurality of apparatuses outputs an
el ectromagneti c wave, nodul ates the el ectronagnetic
wave, and thereby transmts data, and the other
apparatuses anong the plurality of apparatuses
transmt data by | oad- nodul ating the el ectromagnetic
wave output by the one apparatus; and perform ng
control such that an LLC packet that is a packet of
an LLC (Logical link contrglg of a data link |layer of
an OSl (Open System | nterconnection) reference nodel
capsulized to forman MAC packet that is a packet

'req%lﬁmgh@éﬁa Pﬂgb%ﬁ/kéc332%&%?%%%&&%5283%2hﬁﬁgﬁﬁ%‘t%
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maxi mum nunber of MAC packets that can be transmtted

andC@RkireuQuUs k¥ nEnemst Rt MACanhayge b@héheabﬁﬁkéﬂﬁ§és among
W t hout nmeking a response. 5. A program-t IS

theepeaubedthyod apppubenstor t98nspoot aathi By Boad-
comuni cati on apparatus for perform ng comunication

modubaahegotheopynieainbgnethdesaok antpati e thedene
whi ch is a comuni cation node in which each of a
appplkatakirt yndf apparatuses for transnmtting and
recei ving data
performing control such that an LLC packet that is a
packet of an LLC (Legical link control) of a data 1link layer
of an OSI (Open System Interconnection) reference model is
capsulized to form an MAC packet that is a packet of an MAC
(Media Access Control) layer of the data link layer, the MAC
packet is capsulized to form a physical layer packet that is
a packet of a physical layer, and the physical layer packet
is transmitted in the active mode or in the passive mode,
wherein, in the control step, the maximum length of the
LLC packet is limited so as to be smaller than or equal to a
‘length that is determined on the basis of the maximum length
of the physical layer packet and the maximum number of MAC

packets that can be transmitted continuously from the MAC

layer to the LLC layer without making a response.

5. A program that is executed by a computer for




out puts an el ectromagneti c wave, nodul ates the

el ectromagneti c wave, and thereby transmts data; and
a passive node, which is a comruni cation node in

whi ch one apparatus anong a plurality of apparatuses
out puts an el ectromagnetic wave, nodul ates the

el ectromagneti c wave, and thereby transmts data, and
t he other apparatuses anong the plurality of
apparatuses transmt data by lLoad- nodul ating the _
el ectromagneti ¢ wave output by the one apparatus, the
program conprising: a control step of performng

h t hat LLC ket that i ket of
con%%giiepeﬁgéFeawﬁpﬁﬁgtaaat?€$§r%¥us ?aaiéeffﬁﬁﬁ%ﬁge? of
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ayer pnysi ca ayer IS transmtte

.outpﬁtshsnagié&graaggnéflcI@a&@e @@§§1a€egvgﬁe wher ei n,
in the control stéep, the maxi numiength of the LLC

clepBekRbighstLEMihed, S@nasthordey SPBAh&hi tHala 04 ; eghal at 0
a length that is determned on the basis of t he

pas8bxée ddde enghbch 94 a of otuhen Pphysi 6@l mbay efn pakkeh and
t he maxi mnum nunber of MAC packets that can be

appérabnss dthedgconpluvelsty &f onppdea MiE:s | ayepute dhe
LLC |l ayer wi thout naking a response. 6. A

eleconmmagrat Lonvappareedisl 4oes pelnd oz heogromagnetic wave,
and thereby transmits data, and the other apparatuses among
the plurality of apparatuses transmit data by load-
- modulating the electrcomagnetic wave output by the ohe
apparétus, the program comprising:

a control step of performing control such that an LLC
| packet that is a packet of an LLC (Logical link control) of
a data link layer of an 0OSI (Open System Interconnection)
reference model is capsulized to form an MAC packet that is
a packet of an MAC (Media Access Control) layer of the data
link layer, the MAC packet is capsulized to form a physical
layer packet that is a packet of a physical layer, and the
- physical layer packet is transmitted in the active mode or
in the passive mode,

wherein, in the control step, the maximum length of the

LLC packet is limited so as to be smaller than or equal to a

length that is determined on the basis of the maximum length




comuni cation w th anot her conmuni cati on appar at us
that is a comunication party, the conmunication
appar at us conpri sing: communication neans for
perform ng comuni cation in one of conmmunication
nodes of an active node, which is a conmmunication
node in which each of a plurality of apparatuses for
transmtting and receiving data outputs an

el ectromagneti c wave, nodul@ates the el ectromagnetic
wave, and thereby transmts data; and a passive node,
which is a comuni cati on node in which one apparat us

appng. a plurality of apparatuses outputs an

of Eggch8ﬁg§ﬁétﬂéyﬁév8acﬁﬁ uP&?eEhetﬁengé@tPBWE@HeP?cMAC
the trans s ,dat a, .and
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for perforntng control such that an LLC packet that

is a packet of an LLC (Logical link control) |ayer of
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I nt er connect i on) reference nodel is capsul |zed to form

con@ini MAELBARCKEERt BAbtheracBaARkRt c9f i8R tMedkathat is a
Access Control) layer of the data |ink Tayer, the MAC
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packet that is a packet of a physical |ayer, and the

- physinoal i dayiesn peedeed £ 0mantoaines atdtemid®ication in one
transmtting the physical |ayer packet is received in

of themacttyveiomdecdesi of the passiwemndde, whbhehein the
maxi mum | ength of the LLC packet is limted

communication mode in which each of a plurality of
apparatuses for transmitting and receiving data outputs an
electromagnetic wave, modulates the electromagnetic wave,:
and thereby transmits data; and a passive mode, which is a
- communication mode in which one apparatus among a plurality
cf apparatuses outputs an electromagnetic wave, modulates
the electromagnetic wave, and thereby transmits data, and
the other apparatuses among the plurality of apparatuses
transmit data by load-modulating the electromagnetic wave
output by the one apparatus; and

control means for performing control such that an LLC
pecket that is a packet of an LLC (Logical link control)
layer of a data link layer of an 03I (Open System
Interconnection) reference model is capsulized to ferm an

- MAC packet that is a packet of an MAC (Media Access Control)

layer of the data link layer, the MAC packet is capsulized




So as to be smaller than or equal to a length that is
determ ned on the basis of the nmaxi mumlength of the
physi cal | ayer packet and the maxi mum nunber of MAC
packets that can be transmtted continuously fromthe
MAC | ayer to the LLC |ayer w thout making a response.
7. The communi cati on apparatus according to C aim 6,
wherein the LLC packet is such that an IP (Internet
Protocol ) packet is capsul gzed. 8. The communi cati on
apparatus according.to Caim?7, wherein the LLC
packet is such that the |IP packet, with at | east a

eader being attached to the | P packet,
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node in which each of a'plurality of apparatuses for
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el ectromagneti ¢ wave, nodul ates the electromagnetic
-~ detd@vinednsh ey edys ity &S MHeS ndadidiundN@rayt asSitye node,
whi ch is a communication node in which one .apparatus
physinely laaydtinsdiat efndppar alausiesmo wiypiltles: &It MAC packets

- that can be transmitted continuously from the MAC layer to

the LLC layer without making a response.

7. The communication apparatus according to Claim 6,
wherein the LLC packet is such that an IP (Internet

Protocol) packet is capsulized.

8. - The communication appafatus according to Claim 7,
‘wherein the LLC packet is such that the IPlpacket, with at
least a header being attached to the IP packet, is
capsulized, and

the header of the LLC packet contains information on
the size capable of indicating the maximum length of the IP

packet.

9. A communication method for performing communication

‘with another communication apparatus that is a communication



el ectromagneti ¢ wave, nodul ates the el ectromagnetic
wave, and thereby transmts data, and the other
apparatuses anong the plurality of apparatuses
transmt data by | oad- nodul ating the el ectromagnetic
wave output by the one apparatus; and perform ng
control such that such that an LLC packet that is a
packet. of an LLC (Logical link control) layer of a
data link layer of an OSL @@pen System
I nterconnection) reference nodel is capsulized to
forman MAC packet that is a packet of an MAC (Media
Access Control) layer of the data . link |ayer, the MAC
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controlling a conmuni cati on apparatus for performng
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active node, which is a conmunication node in which

electacinafnetic wave, modulates the electromagnetic wave,

. and thereby transmits data, and the other apparatuses among
‘the plurality of apparatuses transmit data by load-
- modulating the electromagnetic wave output by the one

apparatus; and

performing control such that such that an LLC packet
that is a packet of an LLC {(Logical link control) layer of a
~.data link layer of an 0SI (Open System Interconnection)
reference model is capsulized to form an MAC packet that is
‘a packet of an MAC {(Media Access Contrcl) layer of the déta
link layer, -the MAC packet is capsulized to form a physical
layer packet ﬁhat is a packet of a physical layer, and the
physical layer packet from an apparatus for'transmitting the
physical layer packet is received in the active mode or in
the passive mode, |

wherein the maximum length of the LLC packet is limited

S0 as to be smaller than or equal to a length that is



plurality of apparatuses for transmtting and

recei ving data outputs an el ectromgnetic wave,

nodul ates the el ectronagnetic wave, and thereby

transmts data; and a passive node, which is a

conmuni cati on node in which one apparatus anong a

plurality of apparatuses outputs an electromagnetic

wave, nodul ates the el ectromagneti c wave, and thereby

transmts data, and the atlagr _apparatuses anong the

plurality of apparatuses transmt data by | oad-

nmodul ating the el ectromagneti c wave output by the one

apparatus, the grogran1conprising: a_control stgg of
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packet that is a packet of a physical |layer, and the
physi cal | ayer packet froman apparatus for
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the active nobde or in the passive rnnode, wherein the

conﬁﬁ%i]f‘lhii‘?' £ngbhn@hi dhei bt Gpecketud St pd b r®h@s to
ma

be s er than or equal to a length that is
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physi cal |ayer packet and the nmaxi mum nunber of MAC
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MAC | ayer to
plurality of apparatuses for transmitting and receiving data
outputs an electromagnetic wave, modulates the
electromagnetic wave, and thereby transmits data; and a
passive mode, which is a communication mode in which one
apparatus among a'plurality of apparatuses outputs an
electromagnetic wave, modulates the electromagnetic wave,
and thereby transmits data, and the other apparétuses among
the plurality of apparatuses transmit data by load-
modulating the electromagnetic wave output by the one
apparatus, the program comprising:

a control step of performing control suéh that an LLC
packet that is a packet of an LLC (Logical link control)
layer of a data link layer of an OSI (Open System
Interconnection) reference model is capéulized to form an

MAC packet that is.a packet of an MAC (Media Access Control)

layer of the data link layer, the MAC packet is capsulized




the LLC | ayer w thout making a response.

- 95 .

to form a physical layer packet that is a packet of a
physical layer, and the pﬁysical layer packet from an
apparatus for transmitting the physical layer packet is
. received in the active mode or in the passive mode,

wherein the maximum length of the LLC packet is limited
so as to be smaller than or equal to a length that is
_determined on the basié of the maximum length of the
'physical layer packet and the maximum number of MAC packets
that can be transmitted continuously from the MAC layer to

the LLC layer without making a response.




