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DESCRI PTI ON  COVMUNI CATI ON APPARATUS, COVWUNI CATI ON
METHOD, AND | NTEGRATED ClI RCUI T Techni cal Field The
w@Lsesi2i nvention relates to a comuni cati on weEt/frds/071165
for establishing conmuni cati on anong a plurality of
communi cati on apparatuses sharing a conmuni cation band
and to a conmmuni cati on apparatus and an integrated
circuit therefor. Background Art In a contmunication
system that establish DESCRIPTHONONn anong a plurality
of conmuni cati on apparatuses sharing a comruni cation
band, such as power |ine comunication, a wireless LAN
(Local Area Network), and the like, the plurality of
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e transm ssion channe and hence congestion

anbng accesses from?ﬁg%&gglé@c?ﬁ comruni cati on
ed. One o

appar at uses nust be avol the nethods is a
CSMA (Carrier Sense Miltiple Access) scheme. Under the
schene, respective conmuni cati on apparatuses nonitor

sage on&i tions of the transm ssion channel and
Teé&'&ﬁ'rﬁﬁ' ansm ssi on when anot her comuni cati on

apparat us does not e the t I SSi hany
PPAFRL U8R IertiR o S A bR Y o
esIABISTIRG CORULPGAUNT SAToR0 chERFBIY G SHBTLBEE apparatuses
conmenced after el apse of a randomwait tine (a
shaying aocommupisationy band aRdWe anceREMpIAtoN ?Pﬁ?ﬁﬁu%ta"d an

~ which data are transmtted under the CSMA schene. \Wen
integratesheirauvil therefon apparatus A transnits a packet

Background Art

In a communication system that establish communication among a
plurality of communication apparatuses sharing a communication band, such as
power line communication, a wireless LAN (Local Area Network), and the like,
the plurality of communication apparatuses perform communication by use of
one transmission chanhel, and hence congestion among accesses from the
plurality of communication apparatuses must be avoided.

One of the methods is a CSMA (Carrier Sense Multiple Access) scheme.
Under the scheme, respective communication apparatuses monitor usagé
conditions of the transmission channel and perform transmission when another
communication apparatus does not use the transmission channel (when the
transmission channel is in an idle state). When it is detected that another
communication apparatus does not use the transm‘ission channel, transmission

is commenced after elapse of a random wait time (a back-off time).
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PAl at tinme T 1, a communi cation apparatus B connected

to the sane transm ssion channel (a sane network)
walzweods®2t he packet PAL at tine T2 achi eved afr@ErJIm008/071165

| apse of a carrier detection time Ct, thereby

detecting that the transm ssion channel is in use.

When the communi cati on apparatus B attenpts to perform

transm ssion by way of the transm ssion channel, the

CONTRIYI t@ishoWwsappexahple dF tlmngsatav‘rdcmﬁatd‘wmmmttédhnder

fromthe comruni cati on apparatus A. Wien end of

thet CSNRASHEME. OWWHdrEtheasdrRnuRishtipa rdpparatds Iy trahsemits a packet
comuni cation apparatus A is detected at tinme T3, the

PASOGIMYM& BT O aPahahitatibh ' SpBarafusLB SéoHMeRied b #he same

period of time (a random back-off time) that is a

tra@ﬂggfggg}ﬂ#\%r‘&rﬁ%l eg/aog mﬁgﬁﬂ%&ﬁ?ﬂ&e@é&s tthHepé@(e‘f“’-“m tdtNihe T2

ng I's per ormed each tine

acrﬁ% %cﬁéft& Eﬁa@ 6F Qplfa?ﬁeraaé’tem & fﬁgtﬁe‘iﬂl d’é’tbﬁﬁng that the

S a random val ue gener

traREHSlonc ehahfiel, 1§ AL b vafee" 1 L’%@@Qﬂ@%“b” EPQ@“"@S B
and, t ket  PBl is.transnitte t C

att Pl 1§ 15 A STV ot 33 tE eSS RCShaRe, the
st andby. f or Stx8 Theslott is set. t qvlue

coppuinicatiopy ARPEAtUS, B alts, § ca‘?ﬁﬁ?‘ﬂ E@‘t [9"gn, the
time C. Therefore, when anot her comTunl cation

COTEHW%W arparaiSéh a smal | random val ue has arisen
starts transni ssion, commencenent of transm ssion

of
anot Whenc @ngu e cliangnissiamardit the Racket RAt ereer&rmed by the

wi thout fail before counting of slots. In the exanple

coshwmicationFiappaldus aAc as r detecied @t timer et etheurammunication
~random val ue 8 is counted; hence, the comrunication

appaatusaBuentainsont standby for paekiod dEime (aisarden, bagkeoff time)

there is anot her conmuni cati on apparatus for
that is a random multiple of a unit back-off time (a slot time) St. Specifically,
when counting is performed each time a slot time St elapses and when the
counted value reaches a random value generated at that time, a packet PB1 is
transmitted. An example shown in Fig. 10 is a case where a random value
assumes a value of 8, and the packet PB1 is transmitted at time T4 achieved
after the communication apparatus B has remained on standby for St x 8. The
slot time St is set to a value that is equal to or greater than the carrier detection
time Ct. Therefore, when another comm'unication apparatus for which a small
random value has arisen starts transmission, commencement of transmission of
another communication apparatus can be detected without fail before counting
of slots.

In the example shown in Fig. 10, a carrier is not detected until the

random value 8 is counted; hence, the communication apparatus B can transmit
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whi ch a random val ue small er than ei ght has arisen, a
carrier is detected before tinme T4 is achi eved, and
waEzwpnesyy i s stopped. The communi cati on appar arUBJIH3008/071165
waits until a packet of the other comuni cation
apparatus is conpleted. A nethod for generating a
random val ue does not need to be constant, and the
maxi nrum val ue of the random val ue that arises in
a paeketr HBNceHuwdver whemithéne isearmdthemgommmidationhapardtus for
For instance, when the maxi mum val ue is increased at

whrchea P {ale-snals Thars erqht thbarisanda arridrus degsotedBefore
to the original maxi mum val ue when re-transnission is

tim8 YeL R Sthivied? ép&‘%‘éﬂnﬁﬁ’g’fg $tBPpéd. STRERBMNMNIEMSATE dp;Sé‘ratus B

of - a car r| er anot her conmuni cati on apparatus duri ng

wa%fyr?@l o’ Ekétsofpﬂﬁsbme? é&nﬁ%ﬂid&t@ncgﬁﬁér%&d|§E:éﬁ19leted A

conmuni cat 1 on apparat us cannot per orm

me&gcﬁj};oqi(q:eﬁ\térgfh% gyra%ﬁﬁ?vé’lﬁ?dcfdgseﬁéf H%ec’i S pEBed t, and the

omvalue returns to € origina

AT I o
olied) ANE SRS | B BRI 'gw%ﬁ%ﬂ@ﬂﬂ e

incegasgsat APBriACH ag R B Rk T ueAgetums to the

nmenti oned above, as a result of the CSMA schene % .
originghmEX MYl afhan f-TARPMISPIS 1% BHeRRSSA) Sohen dlinting
appar at uses atterrfpt to performtransm ssion by way of
is stopped by deteetinn efsa GarEs f enother raremeaiaatien (ﬁpparatus during
transm ssion i s made possible after el apse of a random
stapaby.- Bfis possible Hat aveid ;a contiouedwstatet where opet ermmMupication
chance of a collision can be reduced. The random
apparatusf anriatre peifotm otommurdcatiarei byf meanse sy idesteasing the
"back-off tinme," a "back-off period,” or a "BO"
maximum value (the random value returns to the original maximum value when
transmission is successful). A point at time T3 at which transmission of the
packet PA1 of the communication apparatus A is completed is taken as a point
in time achieved when an IFS (an Inter-Frame Space) defined in IEEE802.11
standards elapses from when a carrier is not detected.

As mentioned above, as a result of the CSMA scheme being adopted,
even when a plurality of communication apparatuses attempt to perform
transmission by way of a single transmission channel, commencement of
transmission is made possible after elapse of a random back-off time that is a
random wait time, so that the chance of a collision can be reduced. The
random back-off time will often be hereinafter described as a "back-off time,” a
“back-off period,” or a “BO.”

In the meantime, in a communication system that establish
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In the neantine, in a conmunication systemthat
est abl i shcommuni cati on anong a plurality of
WEIwuesogAat | on appar at uses sharing a conmuni cagd@IP2008/071165
band, such as power |ine comunication and a wireless
LAN (Local Area Network), assurance of QS (Quality of
Service) is required even when a variety of kinds of
data are m xedly present in a transm ssion channel. In
corfimuhicztionr amongt e pleality odf sdmesumitatioms apparcdtusies sharing a
that are to be transmtted and that are cyclic and
corfititinfsitiefl band, i slchads powedflindetarimenivdtioncarsd af wireless LAN
i nstance, VolP (Voice on Internet Protocol) and a

(LotaPAfea NetvBHS! BYSliraAte ¥ IGES (QDaMFt &F 9BRAte) is required even
fluctuations are present in a comuni cation band;

whgﬁg%métgtdf%ﬁ@@af G586 4re MRLR) PrdseAn i tFrimivsiohechainnel.

I Ccie conmuni cati on band is assured. However, the

In éﬁ%lﬁ? he W bé?éjeﬁét?é’éclh# ggirfbg;é‘?tét fHat & k& Be AArRATRSS and

er élapse of a ran I'me, the chance o

g BT 1588384 teRod BLHGEH ol Yy e, vorp
(Ve SRR S B2 ERR B e BuBo Y ) ob when
r{axi.rmm del ay for.data, such as that being supjected
fuGtgaYoA s ESoBt i SPTVRHIFRToshSeng: Hiethe; ol S dRpviged to
peiipiraNagsmiseion BN AAT P RS PUR I8l OB BB b 8gsRdUS
Patent No. 7,095, 754. The techni que described |n thﬁ_
docubieweves ther GSMA sehee: igRasically anashgmeariosrmaking an

often described sinply as a"fgap")., which is a fixed
acegsist aftermelapse: abénrd dagkpdt dma, yther ehangee ob 2 eLesessiul
tinme. Since the gap tine changes according to a
acgassowillt ye redusiedoif the auswier of agpaeatasgs that make ag ageess (the
in the case of a high priority level but long in the
numbee of fcomrhanicationrapparatases conhegthdfoi @ networkitisa inereased,
‘be reliably transmtted by priority.
and it becomes difficult to assure the maximum delay for data, such as that
being subjected to limitations of delay conditions.
A priority control technique for ensuring QoS is; for instance, a wireless
LAN technique (IEEE802.11e) described in US Patent No. 7,095,754. The
technique described in the document is for inserting a gap time (hereinafter
often described simply as “gap”), which is a fixed wait time, between frames
separately from the back-off time. Since the gap time changes according to a
priority level of transmitting data (the time is short in the case of a high priority
level but long in the case of a low priority level), high-priority data can be reliably
transmitted by priority.
Figs. 11A and 11B show examples of timings for a case where data are

transmitted while a gap time whose length changes according to a priority level
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Figs. 11A and 11B show exanples of tim ngs for a case
where data are transmtted while a gap tine whose

wo sgbéroghanges according to a priority | evel ofCt/ir008/071165
data is added to the data. In an exanple shown in
Figs. 11A and 1 1B, a priority level of transmtting
data includes three stages: nanely, a high priority, a
normal priority, and a low priority, and a gap tine

of therddta e aaded wheHecdatae bﬂréwnﬂle\sﬁbwhﬁna?ig&g’l‘m and 11B, a
priority is zero. Wien the priority level is a "normal

prl@r'ity Pevel Yt trﬁﬁgmﬂtmdt; QMtd fﬁdl!dés)/threélsﬁgést hafRelySa $egh Pnorlty,
however, the gap time is set such that a gap tine

nofmi& Jﬁ?ﬁ‘)?l?y Wher$ Idv@SnBﬁﬂyoéh&)é éé‘b’ fitnel for thd exsePWherd the pr|0r|ty

becdnmes T onger than a“gap time for the case where th

Iev@LfsQé hfgxl é_ﬁdfﬁil i ef®. NAVABH thé Bhgwsvélr]stah%o?%ép”ﬁrll&lty' and

termnal's are abou

[Mpﬁgﬁﬁ@ {bgﬁ timé LLy ho%&ﬁr c}ﬁ?t p”?lfﬁ@lls Jet §u@k?ﬂtrl§tagap

orma priority term na

are ab
timf6y fellel¥Bels h%’ FaRle AP erBhhber Mt oneEhan =
. t 1.in rmnals 1 and 2 start
9o HtaPr e Cas s e ety feyel b Raiathifay 1 “anc
5 start cl ocki n he ga Sl nce the_ bac ti
of °t et SHRREIE ShOWLI digp 444, EHANGS, 14l 2 are @bout to
initiates transm ssion of data At a point in tine y
trapsait “high BHeNYodata;; aterminaha 1§ dhauh4e trangmit efr%{ﬁ?é@rlorlty
and when the times of the termnals 3 to 5 have
datg, gpddarminats 2 endstrase abautteatnarsMit Slow prirly” data. oMVhen an
idle state; hence, the term nal 2 does not transmt
idlelstate efnihet ransmissionacbacnel dsietectedt atytmeotinire Figs ki14y the
of back-off tines. In the drawi ngs and draw ngs for
terchissals i fband 2 stastecjoekingta badigoff time,| and the) términalsah d,aand S
data transm ssion bl ock, which are surrounded by
stapr elogking thes gaphtimeopeSiaté dhevibackiofi imeodf doe uatrhinal 1 first
perfornmed. The idle state is a state where no data

eldpsew ihe fehiridl anipitiztes eransimissien of data. At a point in time when
the back-off time of the terminal 2 has elapsed and when the gap times of the
terminals 3 to 5 have elapsed, the transmission channel is already out of an idle
state; hence, the terminal 2 does not transmit data, and the terminals 3 to 5 do
not perform clocking of back-off times. In the drawings and drawings for
describing subsequent timings, a clocking block and a data transmission block,
which are surrounded by broken lines, show operation which is not actually
performed. The idle state is a state where no data flow in the transmission
channel. |

The terminals 2 through 5, which hold transmitting data at time t2 that is
achieved after elapse of the IFS since the terminal 1 completes transmission of

data, start clocking a back-off time or a gap time as with the time t1. The
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The termnals 2 through 5, which hold transmtting
data at tine t2 that is achieved after el apse of the

wO B9sésmee the terminal 1 conpl etes transm ssirar/ 2008071165
data, start clocking a back-off tine or a gap tinme as
with the time t 1. Theback-off tine of the termnal 2
first elapses at this tine, the second term nal starts
transmitting data. Since the transm ssion channel is

ba@l-bﬁatﬁue W ttheftephinalli2efist *gpstls at #0s Nime, nthbl s&cotldeterminal
the gap tinmes of the termnals 3 through 5 have

t Eér%(i'ntﬂ dh@l Mghite thi trahemiEsion ¢A | Qedady out of
saE -offl tr{lberres&rﬂ?ﬁerm nrlglhsmg’hstlhrougﬂﬁ%I I@v\,’mc y0L|1do an

idid S&di8 'Htt% 'p'6ﬂ1 qfl':[gné‘twﬁé Er‘tﬁﬁeé f "’lﬁ@'t@?‘fﬁﬂa%’c 8&hrough 5

el"apse o Si nce rmnal 2 co

ha\% gln% uehfthfg.;le@ﬁmgﬁst ?thrﬁﬁ kcfdo @&?8& Ba&eBrr tifyids, and

nga as wt e time

L PR Ty oG bR Sl
s TRLA 0 e B L AL TR B fon o

aptlmss and ack f mes of the termnals
dat@n&t%f 4RI 3 g%m?m%enﬁa%sr%gvgnuy gp&?k@gda W—o time as
ansmt data. The termnals 4 _and 5, whi
with 6 §a i nd he9ap time @ndback-efh Hime; of the ﬁ?r@\vaa' %? Ifst elapse at
el apse of the IFS since the termnal 3 conpleted
this tismsnihes thirgd tgrminalastads Aransmidiing Agtaan gdipce ithe teanemission
subsequently cl ocking a back-off tine as with the tine
channel ishkregdy out afanidle Stat& abafpaintis tone whenttber@apatimas and
first elapse at this tinme, the termnal 4 starts
back-aff¢imes of thedterminabs Acand hehaveagiapsed;itbe terminats 4iand 5 do
al ready out of an idle state at a point in tinme when
not thensrait datare and back-off tine of the terminal 5
el apsed, the termnal 5 does not transnit data. As
ment Thaaermipalked drte 5dwhidh boldtrahbmittiag datarat itime t4 that is
changed according to a priority level of transmtting

achiglad after eripseirdhe F S dinde/thdatepminae 3fdompleted transmission of

data, start clocking a gap time and subsequently clocking a back-off time as
with the time t1. The gap time and back-off time of the terminal 4 first elapse at
this time, the terminal 4 starts transmitting data. Since the transmission
channel is already out of an idle state at a point in time when the gap time and
back-off time of the terminal 5 elapsed, the terminal 5 does not transmit data.

As mentioned above, the duration of the gap time is changed according
to a priority level of transmitting data, whereby high-priority data are first
transmitted when a plurality of terminals are about to transmit data.

In another example shown in Fig. 11B, the terminals 4 and 5 are about
to transmit “low priority” data. When an idle state of the transmission channel

is detected at time t11 in Fig. 11B, the terminals 4 and 5 start clocking gap times
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transmtted when a plurality of termnals are about to
transmt data. In another exanple shown in Fig. 11 B,

wa tved/v@nn nal s 4 and 5 are about to transmt "HRQWP2008/071165
priority" data. Wien an idle state of the transm ssion
channel is detected at tine t11 in Fig. 1 1B, the
termnals 4 and 5 start cl ocking gap tinesand
subsequent |y cl ocki ng back-off times. Since both kinds

an@fsuBabguéntht cloBRingebaikeff tirfesanSibca botialkings bbdata that the
transm't have low priority levels, a gap tinme of the

terffiEls QUARE | '5°§ré §b6ut0f3<ﬁgnsrﬁmdwa&ehéwkpﬁﬁrfty tévals, & gap time of
subsequent |y cl ocked. Since the back-off tine of the

thet %H?enahra‘hofn' (fﬁ&lo%k@tﬂ’sﬁﬁd %%ckﬁfﬁ"’hﬁ'@ |s4s§b§écﬁl§ently clocked.

ransmitting Since the transm ssion channel "is

Slrfc!n ﬁ%dﬁa?lybﬁo{lmgn?fhg%{ é%r{gﬂ ?l atﬁrrgr% %&%s' fhd 'tgﬁnmﬁﬁ starts

i me an thetermna

r t
walfify ri¢ ARG SITRE fr¥ Pefifimstiip Ehelife) 57 APBEY, °Sf§t°'*‘ 3 ide
t12th IS, achi ev

stato fEa Ay 0 Bt WP e G e ho Tad B3PSl i OP* @%tgrmmaw
start cl,ocki,n time nd sub uently cl ocking a

halﬂ%@[@ &\er{@g@@q%gt ﬂ‘?\?”l'tl‘ietg The gap time and
back- off time of t etermnal 5 firs se
ti me Fhedgrmigals ﬂaﬁ”d55s¥"5‘f%h?lpalf%riﬁ"ﬂ'{tinﬂ %at%tat"@?ﬂ&é that is
the transm ssion channel is already out of an id

achieyed after glapseraf tha IFSEinghihe terpinghd qqmﬁse%ﬁ%transmlss'on of
back-off tinme of the terminal 5 el apsed, the term nal

datp, cberd ahetking angap ttingaiand suksageiently alocking anback-af|time as
transmtting data at time t13 that is achieved after

witl thpdimme 1t heThergap itime and dack+off titae of the tasminalcp first elapse
transm ssion of data, start clocking a gap tine and

at ghisstimegtié ytehioak isn gtwtsbtrahsmftﬁng idata. asSice Hthehtsamgmission
t1l . The terminal 4 starts transmitting data at a

chaehéltis igreatdymutiof antidie stafe af apointdn biswkwbeh thegapotime and
the termnal 4 have el apsed. Thus, when contention

bagkioHetim@of tHicterinirial & elapsens ithe séraninalf4 do¢sainbitvamgmit data.

The terminal 4, which holds transmitting data at time t13 that is

- achieved after elapse of the IFS since the terminal 5 completed transmission of

data, start clocking a gap time and subsequently clocking a back-off time as
with the time t11. The terminal 4 starts transmitting data at a point in time
when the gap time and back-off time of the terminal 4 have elapsed.

Thus, when contention arises at the time of transmission of data having
the same priority level, any of the terminals transmit data in accordance with a
random value of the back-off time.

As mentioned above, a gap time that is a fixed wait time is inserted
between frames separately from a back-off time, the duration of the gap time is

changed according to transmitting data, whereby high priority data are
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the sane priority level, any of the termnals transmt
data in accordance with a random val ue of the back-off
wWa 20020640%7 ment i oned above, a gap tine that is BCT/JP2ew/071165
wait tinme is inserted between franes separately froma
back-off time, the duration of the gap tinme is changed
according to transmtting data, whereby high priority
data aretransmtted by priority in an environnment (see
traférgitted1By pHeeite inadra ehaivommedt f($es drig. ptApmheyel datal Baving
are m xedly present. However, in an exanple where only
diffdrsr pHotity Jevelsy 2pé i ixetily bﬂ%‘éns alewpvers émtar( srampfeowhere
instance, Fig. 11 B), a gap tinme is inserted before
onlgf@méfﬁawg%wbnahtb |lét/él§Sar@fpré§ém (sele f@dpstant®, Fig. 11B), a
econes a waste tinme, which'in turh deteriorates

r S f e r
oa 8 T SPLOfeq LIS ke g f ol Bt o gaigine gap time

bec?cgrhgé 'athaéthl?ﬂe 'vsfhl@nwﬁffu?ﬁ'd ter at'é@rlfc??{gnﬁé’sbﬁ%ﬁfdérﬂﬂ of

ere a requeste
I im
ar SQQY%%%E %\’eméﬁh%% il t‘*?iﬁa#eﬁtd“?%%%@* Fald fifing & high
transmtting.data. lnflue of
Prior¥dpYeldn rivdizs S BLfngeridn of %'Weﬁexag ‘?549 whére 2
shown, in Fi 1 e termmnals 1 an re a
rech SRl bian lge (3 B, Y9echr 'axrmq’ﬂmsiewi‘*ufg"éci arises
about to transmt ' ri ata
dee@raqh@gdm &heedatﬁdﬁ@wjns(g?&? E?TQM?e? Farsmting ‘é%aat ?'ﬂfﬁ‘r?é‘ce of
the termnal 5 holding transmtting
a ftmgltmgi?ﬁ Mé" E¢ sereikpdby Eeferanae tafdgatdack- of f time
and starts transmtting data at tine t2 that is a
poi nin the examplehshowndnpaigk-18f the itermipalgpt and 2 are about to
Subsequently, even when transmtting data to the
trahemiti “high @rienty’sdataaand ithe tersinald ishaboutrtateansmit iew priority”
data to the termnal 1 arises at tinme t4, the
data. an&hiea siroidle btateef thestransmiasion doérnedfis detasted at fimg t1 in
data fromthe termnal 5,
Fig. 12, the terminal 5 holding transmitting data starts clocking a gap time and a
back-off time and starts transmitting data at time t2 that is a point in time when
the back-off time elapses.

Subsequently, even when transmitting data to the terminal 2 arises at
time t3 and when transmitting data to the terminal 1 arises at time t4, the
transmission channel is in the middle of transmitting data from the terminal 5,
and hence clocking of the back-off time by the terminals 1 and 2 is not started.
Transmission of data from the terminal 5 ends at time t5; the terminals 1 and 2
holding transmitting data start clocking back-off times at time t6 achieved after
elapse of the IFS; and the terminal 5 starts clocking a gap time. Since the
back-off time of the terminal 1 first elapses, the terminal 1 starts transmitting

data. At a point in time when the back-off time of the terminal 2 has elapsed

8
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and hence cl ocking of the back-off tinme by the

termnals 1 and 2 is not started. Transm ssion of data
wd nomdshe ternminal 5 ends at tine t5; the ter maraiP0@B/071165

and 2 holding transmtting data start clocking

back-off tinmes at tine t6 achieved after el apse of the

IFS; and the termnal 5 starts clocking a gap tine.

Since the back-off time of the termnal 1 first
anéWhiepathe ddpetimerdfithalterminaled has telapsad, the trgnsmissiorAthannel
point in tinme when the back-off tinme of the termnal 2
is diady! AR ot dandie/dtate; heace agpettenrinal 2tdoestrest tfarsmitdatas and
el apSed, the transni ssion channel is already out of an

the't@lrrﬁm%ﬁ Btdbeshﬁﬂ‘éﬁ)cktthé Kk Hfftthe 2 does not transmit
data, and th e termnal 5 does not clock the back-off

ti maTra%% Ji b Bfohatef freA] thd rt@ﬂ‘hlhBP 1t ehas Nl tidheCtSand the

tlnret the term nal 2 ding transmtting data
i
terﬁl | f !adg'gé t%sﬁhﬁlﬂpﬁgﬁg éhﬁé@%ké'ﬁn%eb%é% nggﬁéf géi time t8

cI o]e e
o B g B0 10 5 PR S S50 e e
transmttin
et 0 S5 i PR, i 7 o
th
wab i d ke Frraemﬁr?@s'sm»sﬁawe' *Bflegd"but of an ide
ment i oned above, even in th f ssi,on of
staiRu@h ROMh D 4me, WHSFY e 95 | 'm?ep e Sraiindles BipSopiabsed, the
hi gh-priority data is commenced after the transm ssion
terﬂﬂn%laé)GOGPﬁaW ogha bastraiireei ty 1 evel . However, there
may ari se a case where a requested delay tinme of high
pri oAﬁtmemrwd abong, evenfinthegiddle s trarigmigsiopf data having
i nposed on the duration of transmtting data. In an
a lenapporityslevel tiansmiigsion 2of fygh@@mflhedata@t pommesIcghaaftar the
by a doubl e- headed arrow of a solid line) of data from
trahbmissionroh datebhadng ding Jow painsity eyebn HoweNarathere mayarise a
termnal 1 and transm ssion of data fromthe term nal
cage dgheret a yajuestedadelay time of high priority data is not fulfilled if no
limitations are imposed on the duration of transmitting data. In an example
shown in Fig. 12, since the length (designated by a double-headed arrow of a
solid line) of data from the terminal 5 is long, transmission of data from the
terminal 1 and transmission of data from the terminal 2 do not satisfy a
requested delay time of high priority data (designated by a double-headed
arrow of a dashed line). Specifically, the data delay time of the terminal 1 (a
time from time t4 when transmitting data arises until time t7 when transmission
of data ends is designated by a broken line) and the data delay time of the
terminal 2 (a time from time t3 when transmitting data arises until time t9 when

transmission of data ends is designated by a broken line) becomes longer than

the requested delay time.
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requested delay tine of high priority data (designated
by a doubl e- headed arrow of a dashed line).

wEpeginédozal | y, the data delay tine of the ternnpaBIP200s{0a1165
time fromtime t4 when transmitting data arises until
time t7 when transm ssion of data ends is designated
by a broken line) and the data delay tine of the
termnal 2 (atime fromtinme t3 when transmtting data
ar i sgslligiohi Betivesr data wWagingithasamespiiaity ¢dvell sbanetrisks avsided
desi gnated by a broken |ine) beconmes |onger than the

in tePRideSTt & Prosatilityt | Weherp bblliSiopramRis\eetatdadélay aimed gndrbases.
same priority |evel cannot be avoided in ternms of a

HeREQDAPId iHees¥igNtd Prelehtotheédats Sdeldy dithe fihaexteéding a
I NCreases. Hencé, it is necessary to prevent the data

req‘;ﬁs?éﬁ HHA? tﬁrﬁ@r@\@ﬁc\?/ﬁgh%llﬁiér‘?%gég ?}Slhig%lLé’a\éiﬂd fﬁ?—;f RURiber of |

en coll'fsion arises by increasing nunber o
. j i L request ed
wahsARS TRt BiPRE patomiEn BRhlPE ety e
i nvention has been conceived in the circunstance and
aims a providing a comruni cation apparatus, a

ni cﬁi on et hod, and an integrated circuit that

Di é‘ﬂmm
iscloghee oF INVBNMIAN ¢ ansri ssion while ful filling
limtations on a delay appropriate.to, transm.ttin
dat %, ATESRt iYRRIIAR Y BREBRERNCRIVRY &t 1he Fghmstance and
invention is a comunj cation apparatus for _connectin
aing aproviggha §9W@ﬁ%‘+ﬁ¥bﬁp%§&tﬁ? é %mmpar@ﬂpmnﬂﬁﬁoa, snd an
~ plurality of kinds of data, each kind of data hayving
integrated eifguibthab enable) efficipst tramemigpioar whilssfulflling imitations.on a
acqui sition section which acquires each priority
delayfapprepriaie toftrapsatitting @taf data on the transmi ssion
channel ; and a transm ssion controller that, when
t r anAnifirst rpromuaication ng@pparatesieokr thenquregentorinyantigne is a
transmtted fromthe comunication apparatus, controls
comntunieatioroapparatus for connecting to a transmission channel capable of
transmitting a plurality of kinds of data, each kind of data having different priority
levels, the apparatus including: an acquisition section which acquires each
priority information of each kind of data on the transmission channel; and a
transmission controller that, when transmitting data having a predetermined
priority are trans'mitted from the communication apparatus, controls a time from
a predetermined transmission reference time to a transmission end time of the
transmitting data in accordance with the priority information.
According to the first communication apparatus, a pﬁority level of data
transmitted through a transmission channel is acquired, and a time from a
transmission reference time until a transmission end time of transmitting data is

controlled in accordance with priority information corresponding to the priority

level; hence, data transmission with superior transmission efficiency can be

10



10

15

20

25

a predetermned transm ssion reference tine to a

transm ssion end tine of the transmtting data in
waoogneerce wWith the priority information. Accermimgosiooiies

the first comuni cation apparatus, a priority |evel of

data transmtted through a transm ssion channel is

acquired, and a tinme froma transm ssion reference

time until a transmission end tine of transmtting
perfidinted wiilkenteklyl eshditiorss ¢orr transmittihg dgtai arei fuffilled. A word

informati on corresponding to the priority |evel;

“ddtgnpethed aliadler o IrENSHIiSSIoN LBed URGIeirPlintlLESS rd=Ra | tdhsmitted
ef ficiency can beperforned while delay conditions for

thréﬁ@?%'ﬁré¢émi§s%ﬁtéwa@fn%| butihg 'd Sédeferinéd pdaba dswell@s data
m ddl e of transm ssion used_ he_rel n i ncludes d_at a

e S, i Higectobapohi R RGN & anaiclis] il o o
cergﬁgﬂinoirpt% thh&NSThd Hé%téll?ﬁiﬂﬂgrbteltr%g i5' ér%iﬁ%ﬂ 0%s a propriate,

Anel” ‘at” a certafn pornt Tn ti e predeter
oy Rkt it Brofy iRDRRRD R feq e B e,
pr csith peoA BRI OHES LT AORRCLH 8 e PRgeRy Hhvérton, the
trabé’%&%ﬂ% ﬁqqt{]grgﬂlfﬁéi nasrtr]g W ig&ﬁg tq?ﬁgit{tiﬁrgnghgz;fgﬁ%f efbpse of a

reference tinme when the transm ssion channel enters an
Predtemyes cWalinimen since i LATSHSEOR: feleraice dite fasn the
the predeterm ned wait time in accordance with the
trapsmigsiary ghenpelnenters. ancigls Gtalg: tand rthe sksargmission controller
communi cati on apparatus, the transm ssion controller
conlooisthe predeierained waittinge waaccendance withctbemiignbeiniprmation.
priority information of data transmtted through a
t r anAocarsing) te the regcondncormenunications apraratusaithet transmission
can be reduced by setting a tinme fromthe transm ssion
conteblisrecontroisma pneédetetmimedmwati dimenfindateondanea with priority
opti mum val ue for each data transm ssion.

infEionatisiuenidata trdabmittaditiroughi 2 transhissiompehannel, and hence a
transmi ssion

useless wait time can be reduced by setting a time from the transmission

reference time until transmission of data to an optimum value for each data

transmission. Consequently, data transmission with superior transmission

efficiency can be performed while delay conditions for transmitting data are

fulfilled.

A third communication apparatus of the present invention further
includes a communication frame generator which generates a communication
frame which has a predetermined length and stores the data, and the
transmission controller controls the length of the communication frame in

accordance with the priority information.

According to the third communication apparatus, the transmission
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efficiency can be perfornmed while delay conditions for
transmtting data are fulfilled. A third comunication
wappanetorrs of the present invention further ineCT/aER808071165
communi cation frame generator which generates a
conmuni cation frame which has a predeterm ned | ength
and stores the data, and the transm ssion controller
controls the length of the conmunication frame in
cordtesller deortmlsvithd lehgthpof @ commuriicationt frame At cmcdrdanceowith
the third comuni cati on apparatus, the
pribritgAfSrmation airdata lttapisniited tiwoagh @tréﬁﬁmdsum‘ channel; hence,
conmuni cation frame in accordance with priority

daﬂa”tfréfﬁém’%bféﬁ Whth %ﬁb@nbf fRARSMISERM éffiCieHBY cantBerpeffostéd® While
channel ; hence, data transm ssion w th superior

defagacg)l?ﬁitﬁfris%r & drishili H@ydeﬁérhrb FuiRféd or ﬁeﬁar‘ﬁﬁulla? tﬁ@' ébbaratus

ons for transmtting data are fulfil

is gﬁftébl@“l’cﬁr dafah?ra?lgﬂﬁés%grghﬁ @ﬁ?l t{’b? ggl%'ieﬂ %tf a erwce) as in

ansm ssion requiring vice) as I'n

trapgmﬁ%;er?af a8y ?yghesﬂesﬁa.@qjaa@ream ng data. In a

communrcati on-appar atus of the present

[ nve he tr |
or edlt & Myt ﬁc@%p Peighist dhey B ko, the
redeterm rio e trans ttln dat a.
ra a@asmgorﬁa&teﬁ EXe ey Lial ik i yeorpgee witn
transm ssion contr cont 0ols he pr edet er m ned
th%fetdet#rﬁ%n?waeewméh%ér %WFW% 139 H?F%rl ty level of
transmtting data; hence, data transm ssion wth
supefeeprding e nthes faythe foommeniestion ARparaibst dheetiansmission
whil e delay conditions for transmtting data are
contipler| cenirols the predeterainad, macttat'm@nlnaﬁﬁ@?ra*@uge owith (ge priority
present invention, the transm ssion controller
leved of rtrtarsnuﬂhegldatgx heme tdata deansonissian iwith sup@rorn iansmission
efficiency can be performed while delay conditions for transmitting data are
fulfilled.

In a fith communication apparatus of the present invention, the
transmission controller controls the length of the communication frame in
accordance with the predetermined priority of the transmitting data.

According to the fifth communication apparatus, the transmission
controller controls the length of a communication frame in accordance with a
priority level of transmitting data; hence, data transmission with superior
transmission efficiency can be performed while delay conditions for transmitting
data are fulfilled. In particular, the apparatus is suitable for data transmission
requiring QoS (Quality of Service) as in transmission of audio data and

streaming data.

In a sixth communication apparatus of the present invention, the
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accordance with the predetermned priority of the
transmtting data. According to the fifth
waEDuekeat i on apparatus, the transm ssi on cOngaOIR2008/071165
controls the length of a conmunication frame in
accordance with a priority level of transmtting data,;
hence, data transm ssion with superior transm ssion
ef ficiency can be perfornmed while delay conditions for
prédetéraiihéd wzit irabdneludes @ faridoel walitntimarrandoméy detemined for
apparatus is suitable for data transm ssion requiring

eaé® Trdrisvitdibn ad Befixed aYaibdime) deteriingd Hitoa cnstardi value in
data and streami ng data. In a sixth conmunication

ac@d}eéﬁéé ‘\J\ﬁthofhet Bﬁormwﬁﬁmndneheéﬁd e ptrméﬁﬁmbarmdmyd of the

wal t tlrremc des’a randomwait time random

' traﬂ?@ﬁﬁ T tﬁ@ctpaﬁs"n‘ﬁ§§|6hsc°drﬁr'?olléﬁgoﬁrélé X8é8 fi )Q@d twélﬂ ﬁ'ﬁe in

"at a constant val ue in accordance with t

ac?c#dgbbé }wahn% t a5 gﬂ? dttfe :FP%H ﬁ'ﬁ@ﬁﬁéﬂﬁd@ﬁd Rhd Pﬁ%e?f?ﬁﬁmed

ransm a, an Fansm ssion co
rIcontrols the fixed wait tine in accordance with at
P P té(st one of the priority information and the

terni ne iorit Accor di i
m1§ﬁ?%fgﬂgo Bft%scomﬂg‘n('?agﬁgm%?b?%@%o&% § Jrgngmission

controls. t ed nme in accord e wW.th t

coaﬁr@lkfr ool e R oaf e RrigligHntprmation
transm ssi on channel or a priority |eve

of ttranesmifting Agtal dhreughe Ac frangmission sch qri ﬁepeaﬂtybéeve' of
reduced by setting the fixed wait tine to an opti nu

trapgmitting stat@adrenes. 2 Usalessi wait dme ean feyRIHaey, by seting the

~transm ssion with superior transm ssion efficiency

fixed waitetime ¢e ansiptimum valugsfospach igta ransmission.  Consequently,
transmtting data are fulfilled. In a seventh

datotransimisstdnowitia sppedoutransmissiompeffisiency inecemespnssitie while
a priority level represented by the priority

delayf corditionsrfor Fahsmitting data ardedulfilled.

In a seventh communication apparatus of the present invention, when a
priority level represented by the priority information is lower than the
predetermined priority of the transmitting data to be transmitted, the
transmission controller sets the fixed wait time to zero.

According to the seventh communication apparatus, when a priority
level represented by the priority level of data transmitted through the
transmission channel is lower than by the predetermined priority of the
transmitting data, the fixed wait time is set to zero, so that efficient transmission
of high priority data becomes possible. In particular, the device is suitable for
data transmission requiring QoS (Quality of Service) as in transmission of audio
data and streaming data.

In an eighth communication apparatus of the present invention, the
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predeterm ned priority of the transmtting data to be
transmtted, the transm ssion controller sets the
wo booedeavai t tinme to zero. According to the seveot/mp2008/071165
conmuni cati on apparatus, when a priority |evel
represented by the priority level of data transmtted
t hrough the transm ssion channel is |ower .than by the
predeterm ned priority of the transmtting data, the
trahsmessiomai dortriofter i sets eéhet predaterminedt wait &ffe, cused when the
transm ssion of high priority data becones possi bl e.
trahSmitting idatd avhodehpretigterotined priorityald aof ar hight priority level are
transm ssion requiring QS (Quality of Service) as in
trahSMteH, 36 BOralgé tiaids gretaéethanth AaxEaoinngaldélofthd farkidm wait
ei ght h conmuni cati on apparatus of the present

timeNY$sY aPhe HRRS bRBBALMASIBh eg.me! fahsmitiiRg ddtd having the high

predeterm ned wait tinme, used when the transmtting

rigﬁﬁ,qey\gpse pr edet er m ned pri ority is not a high _
P prrority level are transmtted, to a value that is

grea ,I(ﬂ@] L MY I ; nd%p s T
usedkg o t?orre o% trlaaﬁr@mp%sn?@lﬁmggt@ﬂe g‘ﬁ%ﬂ&%t“bﬁgce the
havi Lo pri o ' _ i "
nafBiyfhaiCH SRkl b8 aCiselortunéd Rhait i "6} Mbelsuliig cere
control |l er. sets redet er m ned it . tine .for . .
hayiPg R Bringidsys) e BTRsT 3l STt i Ein,of high priority
reat val ue, efficient transm ssion of. high priorit
daft, DPRRREROTIRE bl I RETUGHRL | A1 afsVieRe Sichiiehlq Jor data
suitable for data transm ssion . requirin S (Qualit
trapbMmisSiQr (RIS S (G SEOBIYIES) BRI AnERASgR! audo data
streanm ng data. In a ninth communi cati on apparat us of
andigregmin@ feta.-nvent i on, when a priority |evel '
represented by the priority information is a high ,
pr i oin @ynindy epmnuicatiom apparaties of dhe nsesernt ioventian, svhen a
the Il ength of the comrunication franme in
priority level represented by the priority information is a high priority level, the
transmission controller controls the length of the communication frame in
accordance with delay information requested by the data having the high priority
level.

According to the ninth communication apparatus, the transmission
controller controls the length of a communication frame to be transmitted in
accordance with delay information requested by data having a high priority level,
and hence transmission of data having a high priority level can be early started,
and delay conditions for the data can be fulfilled. In particular, the device is
suitable for data transmission requiring QoS (Quality of Service) as in
transmission of audio data and streaming data.

In a tenth communication apparatus of the present invention, a power

line is used as the transmission channel.
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accordance with delay information requested by the

data having the high priority level. According to the
wongdbesoommmuni cat i on apparatus, the transm ssimIT/JP2008/071165

controller controls the Iength of a conmunication

frame to be transmtted in accordance wi th del ay

i nformati on requested by data having a high priority

| evel , and hence transm ssion of data having a high

priofn & éleventhcsommaniatibs agparated, ofahe preksent invention, the
conditions for the data can be fulfilled. In

acgdisitiofWettiontdRitesithe priority infaffh&tidrP by Gitialysis of a header of
transm ssion requiring QS (Quality of Service) as in

dald 3% Bl preRBnPbn Ml trandmissiciehaidegam ng data. In a
tenth conmuni cati on apparatus of the present

| NVeRLLGRNA 1P BE bldvieRth LmiAficatior 85pdrafisd B

' AbAY | f
channeF.!n an e eventﬁ communi cat1 on apparat us p?ﬂ?hgvelo
da%ﬁ%@@re'iﬂ‘fﬁ@%iﬁale fﬁaﬁgﬂﬂiilidhttﬁr‘aﬂgﬁ%cirbﬁgm?s“s Eﬁ?nnel can
e prrority intormation by al'ysFPs of 'a header o
ta t . are t r ] SSi . . .
ey tlird”  RERDB Bl aS of Grfketer Bt S RafL s appitrar,
riority level of data tha re,in the mddle of ,. .
ol Rt ArEiYSR e PRl <l taedh e Gy e interval
briefly acquired. Tim for anal ysis of a header of .a
Atgaderidt s AR ang mapRs b aduzed B ngansot S Emiuniation
performed periodically; for instance, at a given tine
appatatvsas . canAeetadr i~ Hheadransmissionachangs por a specific
anal yzed by means of all communi cati on apparat uses
copupdicatian apParBtus: r ansmi ssi on channel or a specific
conmuni cation apparatus. In a twelfth comunication,
appaimtaidwelftht gempaunieation @apparatys, oft e pEeganti invention, the
section receives control information transmtted from
acqusitioer sectiomnrecsivasn conirat ainfermatiooh tiansoutied cfrem tanother
the transm ssion channel and
communication apparatus which is connected to the transmission channel and
acquires the priority information contained in the control information.

According to the twelfth communication apparatus, not all of the
communication apparatus need to perform data processing for acquiring a
priority level of data that are in the middle of transmitting through the
transmission channel, and hence processing burden on an individual
communication apparatus is lessened. The control signal is; for instance, a
beacon signal. Moreover, a communication apparatus that perform data
processing for acquiring a priority level of data that are in the middle of
transmitting through the transmission channel is; for instance, a master unit.

A first communication method of the present invention is a
communication method for connecting to a transmission channel capable of

transmitting a plurality of kinds of data, each kind of data having different priority
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acquires the priority information contained in the

control information. According to the twelfth
waEzowoeiozat i on apparatus, not all of the comuriTHE2I@GN71165

apparatus need to perform data processing for

acquiring a priority level of data that are in the

m ddl e of transmtting through the transm ssion

channel , and hence processi ng burden on an individual
levemtien imethod inclpgiag dhe steps b soepirthg daeh pdatitydhformation of

signal is; for instance, a beacon signal. Mreover, a
ea€® KR of datzpBnapearaismsissibatchzenkedr andlgbatrplling &s imegfrom a

for acquiring a priority level of data that are in the
préHe‘i‘éFnﬁné& tidraRiedibh ireréhdO e URE A rteErmissioAend time of a

channel is; for instance, a master unit. A first

traR ST Caétaonnﬁ%be&faaﬁi:et OVRthPItRE € Prriokifly SiRtdrRiatibh &hen the

comunt cat 1 on net hod connectlng to a transm ssion

SR S Y At S
pri oﬁ%gﬂd?ngiki thé rf‘l‘?st ﬁﬂ;ﬁ.é&ii k‘ldh'lé%éé‘ aj:ﬁ?cﬁ ‘Pé\ie# of data

acqul ring or| ormati on O

ol TN SR 4 I 10 o
vol i R B S e TR B ot

conalRiin pe rd%@%%‘w‘?%%’mt'ﬁ i @E\m@z?ed il 71 Brionty

met hod, a priority |level of data transmtted hrou h a
leviel,aRenees sidiA EaRsIRISSIoNs WitB GBHRESPr té"ﬂ&ﬁ’ﬁ'sﬂ%e& can be

transm ssion reference time until a transm ssion end
petforraed whiteadelav craditions of dransmtittipn) data; Arexfutiieghn word

wth priority information corresponding to the
“datai v they middls of Heansmissiana useghbereir| ipsluges hdatapkangpitted

transm ssion efficiency can be perforned while del ay
throagHia transmissiort claaryel tduring aiat@deielénrhadfperi@das well@sddata

"data in the mddle of transm ssion" used herein

thatnareu the thal aiddler eh snainsinitting through the transmission channel at a
certain point in time. The predetermined period is determined, as appropriate,
by means of timing at which priority information is acquired, and the like.

Under a second communication method of the present invention, data
are transmitted after elapse of a predetermined wait time since the transmission
reference time when the transmission channel enters an idle state; and the
predetermined wait time is controlled in accordance with the priority information.

According to the second communication method, a predetermined wait
time is controlled in accordance with priority information of data transmitted
through a transmission channel, and hence a useless wait time can be reduced
by setting a time from the transmission reference time until transmission of data

to an optimum value for each data transmission. Consequently, data
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through a transm ssion channel during a predeterm ned
period as well as data that are in the m ddl e of

wd t@meewori i ng t hrough the transm ssi on channel pat/Jr008/071165
certain point in tinme. The predeterm ned period is
determ ned, as appropriate, by nmeans of timng at
which priority information is acquired, and the |ike.
Under a second conmuni cati on nmet hod of the present

trah B sYibrP WithdRipRridF GahsmiksBr &fdieAty eanBerpsfordhedrwhile delay
predetermned wait tinme since the transm ssion

cofugilftisﬁg?&qrédémglﬂaﬁaehthfﬁeMlﬁﬁbﬂiﬂ' ssion channel enters an

e state; an predetermned wait time is

cont ryol [ i t i OLi . .
ot ol ma;(t]ﬁg 'caxgﬁgrﬁggﬁdg?frg\é'{tm& o tHS' ?rééé/nt. invention further

I on. _ the secon onmuni cation

ol 388 aGu G Lo HRich Jhar 13t 15" [figeerihed length
t 11t th h I SSi - -

antf E5RL s et oo Bt BT bt of RSB Eati ime in
fromthe _fr nsm si}o? reference time until

acppr&{%ﬁp. é’@rb SRR INfRrNalion, ot i pum val ue for each data
Ao ey IR, v e i inan of o
whil e delay conditions for transmtting data are

commgnication framenisrgPrieaiad in @8EPIIRNAR Withuprerity ifogmatien about
i nvention further conprises: generating a

data tranamitted thriough edransmissias chappekiBeaeeq drig transgigsion with

and stores the data; and controlling the Iength of the
superiou tiapamission refficiency seodval pecformed Hwhile: delay cpngitions for
information. According to the third conmunication
tramshiittithg data bendulfilled. alnc particolarcatheo methadesi suitable for data
controlled in accordance with priority information
traxfemissidatraquiring oS (@dalithrof Sghnviee) as irstrassinissiarhafnenaio data
hence, data transm ssion with superior transn ssion
arkf dtrsdrfing)dzgan be performed while delay conditions for

transmtting data are fulfilled. In particular, the

et hqshdey &UoliaR! orhAiunitdtidan method of the present invention, the
predetermined wait time is controlled in accordance with the predetermined
priority of the transmitting data.

According to the fourth communication method, the predeterrhined wait
time is controlled in accordance with the priority level of transmitting data; hence,
data transmission with superior transmission efficiency can be performed while
delay conditions for transmitting data are fulfilled.

Under a fifth communication method of the present invention, a length
of the communication frame is controlled in accordance with the predetermined
priority of the transmitting data.

According to .the fifth communication method, the length of a

communication frame is controlled in accordance with the priority level of
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transm ssion requiring QS (Quality of Service) as in
transm ssion of audio data and stream ng data. Under a
w0 spHédwogonmuni cat i on nmet hod of the present i NUENIR2008/071165
the predetermned wait tinme is controlled in
accordance with the predetermned priority of the
transmtting data. According to the fourth
comuni cation nethod, the predeterm ned wait tine is
transimittiry] datd; henes adatd aansmigsion Witk supiedior transmissioroéfficiency
transmtting data; hence, data transm ssion with
car$ beeperfdrniddawhiie Tl cenditions ferytransmitting dateoarefllfiled. In
whi l'e delay conditions for transmtting data are

partieliil | th evided@rsuitabld fdr deRaRamsAAddioN reduifng CYS ;Q@ality of

present invention, a |length of the communication franme

Se}v‘f‘céé%tiﬁ(ﬁé{\%t isSloR of ALERYata Wnllstid2ehiRg agd er m ned

priority o e transmtting data. According to the

fi ftﬂnﬁgwgh&ftéo%ﬂﬁfcgﬁgn r‘i‘nPFhedgeBgttHeoﬁr ent invention, the

communi cat'l rame 1's contro I N accoraance w

B Tl AP R o, g
ca5 SRS ) o Y A P ATl e

sui.table for data.trapsm ssion uirin S al ity
aciraages, i) thes Pisry B ELeN AN f e R e la g et iory of the

stream ng data. Under a sixth comruni cation net hod of.
trapsaitiig.SBta; a0 4R TRd WAl t\b‘?%d%tCQFFFPﬁ%‘ﬁi RecEotddce with at

includes a randomwait tinme randomy determ ned for
leashene of thespRieEy diormation and &e Readetermiped erierty ned at

a constant value in accordance with the priorit . .

i nf oAgearding tnhdhe tsixthrearemeniaatien pethad, ttped?Xﬁyalt time is

transmtting data; and the fixed wait tinme is .
comtooitedoln adcondance owittatice priarity amforreatien @beubtransaitting data

priority information and the predeterm ned priority.
through a transmission channel or a priority level of transmitting data. Hence,
a useless wait time can be reduced by setting the fixed wait time to an optimum
value for each data transmission. Consequently, data transmission with
superior transmission efficiency becomes possible while delay conditions for
transmitting data are fulfilled.

Under a seventh communication method of the present invention, when
a priority level represented by the priority information is lower than the
predetermined priority of the transmitting data to be transmitted, the fixed wait
time is set to zero.
According to the seventh communication method, when a priority level

represented by the priority level of the data transmitted through the transmission
channel is lower than the predetermined priority of the transmitting data, the

fixed wait time is set to zero, so that efficient transmission of high priority data

18



10

15

20

25

According to the sixth comunication nmethod, the fixed

wait tinme is controlled in accordance with the
w@zdoonédoyy i nformati on about transmitting data pdwoegis/@iies

transm ssion channel or a priority |level of

transmtting data. Hence, a useless wait tinme can be

reduced by setting the fixed wait tinme to an optinum

val ue for each data transm ssion. Consequently, data
betomes pessitie. Wrlk pasicplar, the methwlrisssuitableféi datanttgnsmission

becones possi ble while delay conditions for

reduigng "QbS PQueityaofrSerlick] i 44 ad. trahsiarssiors @featitio data and
communi cation nethod of the present invention, when a

streéhﬁr‘ig bytd evel represented by the priority i nf or mat i on
iIs I ower than the predetermined priority of the

trangidel It et chgnitatiots Mdthd of tthe 5r‘e§§ﬁt Wiehtion, the

time 1s set t%ﬂzero According to the seventh

pr&QXBHRinG 9%)@1@.&%%% whbS thé r%hbf?ﬁthbé dna?é( Whose predetermined

represente t he prlorlty eve
o e 14 £95F) BB BT B s
data, t. he fi me i s t
thaf pitbesiions VA Aabp shndiim el '59?. Gegs e 8F h—
ssi bl e, rticul hod s suitable for
OfE'%ﬂgaF?rﬁﬂgrﬂﬁ' 95%0??‘4’%&7@“95 y('@f ity of Service)
as in transm ssion f audi o dat a and st eam n
UndeAcsraing e fe Sighih PORMUHCHA BietH ,tﬁﬂe%ge%fsﬂﬁfermmed
i nvention, the predeterm ned wait tine used when
wait bmefE trangmaam dateobavipe culevePreriy deyel; is et o ?gﬁat value,
a high priority level are transmtted is set to
efficientetransmissiongfeiigla priofiyhdatankggomes passigleof IR Ip@rtlcular the
randomwait tinme used at the time of transm ssion of .
devive isrsuitable for digtaltransmissiorgraduiring QeSptQunrlity pf Seréce) as in
According to the eighth communi cati on nethod, since a
tramseadssion wf aadio data and streaming data.

Under a ninth communication method of the present invention, when a
priority level represented by the priority information is a high priority level, the
length of the communication frame is controlled in accordance with delay
information requested by the data having the high priority level.

According to the ninth communication method, the length of a
communication frame to be transmitted is controlled in accordance with delay
information requested by data having a high priority level, and hence
transmission of data having a high priority level can be early started, and delay
conditions for the data can be fulfilled. In particular, the device is suitable for
data transmission requiring QoS (Quality of Service) as in transmission of audio
data and streaming data.

Under a tenth communication method of the present invention, the
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wait tinme for transmtting data having a low priority

level is set to a great value, efficient transm ssion
woioohvoglo2pri ority data becones possible. | n pardi/srbaroriies

the device is suitable for data transm ssion requiring

QS (Quality of Service) as in transm ssion of audio

data and stream ng data. Under a ninth comruni cation

net hod of the present invention, when a priority |evel
trafsmiseRendrethney is dpower time.ty i nformation is a high

priority level, the length of the communication frane

I s CclgRdenan eteventiteemntlatication inetistel ef/thenpresent invention, the

requested by the data having the high priority |evel.

pri&ﬂ?qm@iﬂﬂ?tibﬁ i$ Bequiréd By &@apsid 6RkIHUAdERORAEta tHe are present

'ength of a conmunication frame to be transmtted is

in tﬁgr{}ia{rfgh\igggb%ggﬁﬁgr_ dance with delay information

request ed ata having a high priority level, and

PRl 0 b BB BB 5ty ool o

| evel “Can ear ay con

daﬁtagt%gg %@Hﬁ gﬂ? grﬁdéfél &f {rér?éjmittlrggsﬂgéﬁérgqlélut?%?sr]rgf%&ogeéfﬁé?ﬁel can

ata transm
ity of Servi.ce} as in.transm_ssi 19 . . :
be &ﬁéﬁg@f:émge‘&ms’f ranavais PERTRaRRH Al Retf e Erar
of the esent ipvention, thetransm ssion,channel. is
noWBHRr SNBSS BRSO RCHET Bl e s P SR Jegrterval.
t he present invention, the priori i nfor ionis . .
Aigaier ba QA2 NG 613 W0 beralizec by dRas gl Goramunication
present in the transm ssion channel. Accordjng to the
apparaliesasn 6enAeFiPdat iconthfet HaMmsMUsSIen orhapneby&r A  specific
data that are in the mddle of transmtting through a
commumieation apparAtusnel can be briefly acquired. Timng
for analysis of a header of a data frame is arbitrary;
howelUader artaelftti sommupigationmeethoedrafdbie paesent imegntion, control
instance, at a given tine interval.
information transmitted from another communication apparatus which is
connected to the transmission channel is received and the priority information
contained in the control information is acquired.

According to the twelfth communication method, not all of the
communication apparatus need to perform data processing for acquiring a
priority level of data that are in the middle of transmitting through the
transmission channel, and hence processing burden on an individual
communication apparatus is lessened. The control signal is; for instance, a
beacon signal. Moreover, a communication apparatus that perform data
processing for acquiring a priority level of data that are in the middle of
transmitting through the transmission channel is; for instance, a master unit.

An integrated circuit of the present invention is an integrated circuit

used in a communication apparatus for connecting to a transmission channel
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A header of a data franme may al so be anal yzed by neans
of all communi cation apparatuses connected to the
wa zmeem0ssi on channel or a specific communi catR@IIP2008/071165
apparatus. Under a twelfth conmuni cati on nethod of the
present invention, control information transmtted
from anot her conmuni cati on apparatus which is
connected to the transm ssion channel is received and
capdisie psfi wansittirf ar platalion of dinds o datd édeh kit obldata having
information is acquired. According to the twelfth
diffepemiu priefity devaIBt fiesl, cirteit Mdiudihgt R cRGIsitioratseetion which
apparatus need to perform data processing for

acqGired 'l @ridty AhfdrhatiBChf BacKaiRd tdiadatar 6n itAe tghsmission
ddl e of transmtting through the transm ssion

ch&AEN&hd éﬁ%ﬂ%ﬁﬂgﬁoﬁrmbf‘%ﬁyﬁ‘?ﬁ n%itii?ﬂﬁété’qﬁving a

conmlini cation apparatus is |esseén e con
. N o] . e i g e
prefciftined; phidity, 852 pamifiel RORY (B PaTm RN Epparatus.
agquyi I i riofi I h i
coftiar g ERE et FPRICEPEES, Rinetihded firetie’ firie'o o
channel is: for instance, a.master.unit. i nt. t .
traBpin 5o HBe Bt Vst BrE o rborrPlgr BRI Bllorty
. circuit used in a communi cation apparatus for
iNfOEAARN i ng to a transnission channel capabl e of
transmtting a Elurality of. ki.nds of data, .each kind . .
of  AACEOKIG e tBe fiPGEREd Tt o, the pessent iRgention, & priorit
i ncl udi ng: an_acquisition section which acquires each
level ioh data,trangraitted thionabra traesmissien ehanrngl &s agayirrd, and a time
transm ssion channel; and a transm ssjion controller
fromhattrangmiasion Aatarenee tigednti ansanstgissioprentbtimenfieansmitting
priority are transmtted fromthe conmunication
date = cantneljedc tnacadrdance iwitls prionity anforeaéion rearresgonding to the
transm ssion reference tinme to a transm ssion end tine
priofityt legel hense data iandatission wathcsupbrior éranistriissiore efficiency can
priority
be performed while delay conditions for transmitting data are fulfilled. A word

“data in the middle of transmission” used herein includes data transmitted
through a transmission channel during a predetermined period as well as data
thét are in the middle of transmitting through the transmission channel at a
certain point in time. The predetermined period is determined, as appropriate,
by means of timing at which priority information is acquired, and the like.

As is apparent from the description provided above, the present
invention enables provision of a communication apparatus, a communication
method, and an integrated circuit that enable efficient transmission of data while

fulfilling delay conditions conforming to the transmitting data.

Brief Description of Drawings
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information. According to the integrated circuit of

the present invention, a priority level of data
wa zomveewoet ed t hrough a transm ssi on channel i SPCT/JP2008/071165

acquired, and a tine froma transm ssion reference

time until a transmssion end tinme of transmtting

data is controlled in accordance with priority

i nformati on corresponding to the priority |evel;

hencgig. daistatviensHowan® anvéxdin sl griepal wmwraw efla power

eff|C|ency can be perfornmed while del ay condltlons for
||nélbaﬁﬁﬁﬂ|ﬁ|&ém dpdtamare fulfilled. A word "data in the

e of transm ssion" used herein includes data

tr anfriast tzmotdév% gl;t?{hg@/stsrh%%% 8ppeArahtas el FLLE | hittein

predet®er m ne as well”as data that are in th

m dd § ) t H%
chankg K 'é z?aggﬁ(a‘?'ha%gﬁ %!]Bi nti eiﬁrﬂg prelzjv?é;r?rr?fnte($ PLC
mqoq%H‘Od is determ ned, as appropriate, by neans of
I'ng at which priority inforrration I's acquired, and

2bovE ISt dp? cLaRr R elRinBE A B S bltal BiRer Hrghsing

conmu ratus, a comTunl cation nethod, and
PeFRIMA é@;ﬂ}ﬁ EE‘CC’F‘Bgﬁmt that enable efficient

transm ssjion_of data e fulfilling delay condjtions

cont SIS 4 BNGienal RGBTy B eescH NG FOPESE ransgision
~of Draw ngsFig S a view show an exanpl e general
timioe of e ngdﬁoéﬁméfﬁbﬁéﬁngth ﬁétr@Bﬁﬁ‘ﬂﬁﬁﬁ‘@ gatdn system

Figs. 2A to 2C are views show ng appearances of a PLC

modefig. FBgs 3 Viewashaviog an syemple eenfigyrationeebprata frame

har dware of the PLC nodem Fig. 4 is a view for
emplopyed m the powendineptammugication systeal. pr ocessi ng

perfornmed in the PLC nbodem

Figs. 7A to 7C are views each showing a specific example of frame

priority level information acquired in the power line communication system.

Figs. 8A to 8C are views each showing example transmission timing
based on control of a gap time in the power line communication system.

Figs. 9A and 9B are views each showing example transmission timing
based on control of a data length of communication data performed in the
power line communication system.

Fig. 10 is a view showing example timing achieved when data are

‘transmitted by means of a CSMA scheme.

Figs. 11A and 11 B are views each showing example timing achieved
when transmission is performed while a gap time whose length varies according
to a priority level of data is added to data.

Fig. 12 is a view for describing the effect of the length of communication

data on a requested delay time.
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Fig. 5is a functional block diagramfor describing
control a transmssion timng of the PLC nodem or the

wo sghdwopf transmitting data. Fig. 6 is a Vi evwSHirmwesg71165
an exanple configuration of a data franme enployed in
the power |ine conmunication system Figs. 7A to 7C
are views each show ng a specific exanple of frane
priority level information acquired in the power |ine
comuni cation system Figs. 8Ato 8C are views each
showi ng exanpl e transm ssion timng based on control

BeSf Madde¥erGdrfying OGethiwWR/entione comuni cation system
Figs. 9A and 9B are views each showi ng exanpl e

t I angHleRitddimeh{To eD5R8ENORVERIEH AAll 198 dasétibetl hérdinder by

of communi cation data perfornmed in the power |ine

refERMEE No® Hid UrawiifseMA erlﬁraé Scdi"thﬁiHaﬁBHV\éﬂShrgtus and a

éxanpl € timng achi eve en data are transmitted by

po&é@ﬁiﬁe%arﬂm&%@%&%&rg%f 08 taﬁéﬁ dieﬁn =&MiR e WSllowing

Show n I'm ng achi eved transm ssion
| S. rf LI : ri .
cecFgifh R30S BufBelarTBntfeRS: KRS Fimunicaton
ata. .Fig. 12 is a,view f.or de i bi_n h f of
sysitte g fircbPmecsiib pE AvresEAN et Sad Be ot oy
ti me, Best de for Carryin t the Inventi An .
b oRRRNET 161e SBMcRiar Sy SR Fidbel e phisalty of
hereunder by reference to the draw ngs. R i
PLEo(RANar e dromplicatios) M%JW Piiegte STz 1B anand
s_git em are taken as _exarrgl es_in the foll ow ng
10Q64 spnpested to BuroweidingeP0@.onfign | chews vl aeedenpdbut the
anot her conmmuni cati on system using a schene such as a
numbee|afsmodams tmbeaicopngeteddispathitrary. The PLC modem 100M
serves as a master unit and manages connection statuses (link statuses) of the
other PLC modems 100T1, ..., 100T4 serving as slave units. However, the
PLC modem serving as a master unit is not indispensable.
In the following descriptions, when mention is made of the master unit
and a specific slave unit, the units are described as the PLC modems 100M,
100T1, 100T2, 100T3, and 100T4. When mention is generally made of a slave

unit, the slave unit is described as the PLC modem 100T. Further, when

" mention is made of a PLC modem which is not confined to a master unit or a

slave unit, the modem is described simply as a PLC modem 100.

Although the power line 900 is depicted by one line in Fig. 1, the power
line actually consists of two or more lead wires, and the PLC modem 100 is
connected to two of the lead wires.

As described in detail later, the PLC modem 100 has a LAN (Local Area

Network) modular jack, such as RJ45, and the modular jack is connected to a
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A power |ine conmmunication systemshown in Fig. 1 has

a plurality of PLC (Power Line Communi cation) nodens
wolde4dD0T1 , 100T2, 100T3, and 100T4 connectmoi/iPaom/071165

power line 900. Fig. 1 shows five PLC nodens, but the

nunber of nodens to be connected is arbitrary. The PLC

nodem 100M serves as a master unit and nmanages

connection statuses (link statuses) of the other PLC

telEVERMN TV @EL 51, a personkd 8drhpSEsr(PCY 525 adl IRVishahe 53.a recorder
However, the PLC nodem ser vi ng as a master unit is not

54| Eﬁd%PBﬂfaﬂWaﬁd rbmetrfss f atHeOMio2IbEAE TbLIRr 185, coMpRBted to the
mention is made of the master unit and a specific

Int%tggé'\{/l THS _vaJé?qlgg_rlbzotrﬁ'ng i_‘i‘I;gHSﬁ %gét*éﬁq isPdn %\Eﬁnﬂeccﬁﬁﬂﬂﬁ'ﬁcatlon

en nention IS
sySERE I I lERich tg‘ﬁ&%ﬁéﬁrﬁ’@b@é@%ﬁ% st ivention and
BB ol R § e AR A 5.
L 100 h
s déléf {1 rmé%n“%'m' ovvm"%@%%&%%ﬁa%é%hhﬁﬁ 76 and
t
anpelcRR 8 Gonistied pldde (L REEsnfie W@q%s;a% 488, and
1058 S e 24 B i s BT 08By 10r.
and the nodul ar jack is connected to ateIeV|S|on (
A pevessupply Geanesieall 020 aduiN (Loeat)Area Netwarls) msﬁtarsggk 103,
a recorder 54, and a broadband router 55. The
suph csdBd4%, and eeshasmeoverswitele 184 fob switshingt 2 pperatippemode,
power |ine communication systemis an exanple

anddhenlikiec ate providest emnthenhack apthenlewsing HO1c esnshawoanifig 2C.
nmet hod of the present invention and nay al so be

‘A poweheupplyroabte (radti showsyist Eigs. 2Adb 26) \si carinested t\the power

The PLC nobdem 100 shown in Figs. 2A to 2C has a '
supplys cognddidr ,-102ncand a LAN cable (not shown in Figs. 2A to 2C) is
connected to the modular jack 103. The PLC modem 100 may also be
additionally provided with a Dsub (D-subminiature) connector, and a Dsub cable
may also be connected to the connector.

As shown in Fig. 3, the PLC modem 100 has a circuit module 200 and a
switching power supply 300. The switching power supply 300 is for supplying
the circuit module 200 with various voltages (e.g., +1.2V, +3.3V, and +12V) and
includes; for instance, a switching transformer and a DC-DC converter (both of
which are not illustrated).

The circuit module 200 is provided with a main IC (Integrated Circuit)
210, an AFE IC (Analog Front END Integrated Circuit) 220, an Ethernet PHY IC
(Physic layer Integrated Circuit) 230, memory 240, a low-pass filter (LPF) 251, a

driver IC 252, a bandpass filter (BPF) 260, and a coupler 270. The switching
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an indicator 105 consisting of LEDs (Light-Emtting

Di odes) 105A, 105B, and 105C as shown in Figs. 2A and
waBobseqpzovi ded on the front of the housi ng 108CT/JP3008/071165

power supply connector 102, a LAN (Local Area Network)

nodul ar jack 103, such as RJ45, and a changeover

swtch 104 for switching an operation node, and the

i ke, are provided on the back of the housing 101 , as
pow&ostipplp Io0and he Aoppleer27fuane gorrwuited tmdhe powen damnector

Figs. 2A to 2C) is connected to the power supply

10Z @ndefuither 19 2he poer lindNOBG DY evgyof aspower cablei 660, & power
to 2C) is connected to the nodul ar jack 103. The PLC

plu aHPa@Yedttic oulet 800! t T adidl 167210 figtttiohs lar@ a control
ub ' (D-submini ature) connector, and a Dsub cable may

cir&llﬁﬂﬁpﬁeﬁ&?ﬁ?ﬁéﬁgrFn‘?ebbﬁnﬁﬁﬂféi%or As shown in Fig.

e PLC nobdem 100 has a circuit nmodul e 200 and a

Sw U HaiRCD 18 BSIS Y- R FULhGHN PldRRYg BHRPRA1, 2

300 1s for supplying the circuit 'no e 200
+
PG REc ofinfpicatiof Mere %@%gfa@a%‘?aé‘ﬂé%f&%ﬁ%zm
t h ' [ t
anl8 PECCBRNE A St EPSGOettpali i Bl Wb pEdho. e
teqrat ed Q | C | og. Fr
crl 2afs Estimaact i3 250t BRSE:Rahed ARtniiorRgk combuten
| ayer Integ rcu nenor, l.ow- pa
pracebeer  (iheerloaMAC ok P2 mpadssss MAG Tieste A%6HE Fpniron
(BPF) 260, and a coupler 270. The switchin
(ay50 9615, LG raNaMBE YR Hiaralo s Wik S5 JHARRIED mﬁﬂé\ﬁe'aver for
power connector 102 and further to the power |ine
contyoliing Egheracheammunigationsod heP lfe 1Y plask %b%ma@ﬁsea@ PHY
electric outlet 500. The main | C 210 functions are
(Physical dayer) ot aittansmit/rgseivieosigaalpoie AfFlRdC 220 consists of a DA
conmuni cation. The main I C 210 consists of a CPU
coleaterr(DAGCrDdesanvegteth22?), arAD, canverter (ADC: A-D converter) 222,
and a variable amplifier (VGA: Variable Gain Amplifier) 223. The coupler 270
consists of a coil transformer 271 and coupling capacitors 272a and 272b. The
CPU 211 controls operation of the PLC MAC block 212 and operation of the
PLC PHY block 213 by utilization of data stored in the memory 211, as well as
controlling the entirety of the PLC modem 100.

Communication established by the PLC modem 100 is generally
performed as follows. Data input from the modular jack 103 are sent to the
main IC 210 by way of the Ethernet PHY IC 230 and subjected to digital signal
processing, whereby a digital transmission signal is generated.  The
thus-generated digital transmission signal is converted into an analogue signal

by means of the DA converter (DAC) 221 of the AFE IC 220 and output to the

power line 900 by way of the low-pass filter 251, the driver IC 252, the coupler
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PLC MAC (Power Line Conmmunication Media Access Contr ol
| ayer) block 212, and a PLC PHY (Power Line

wdCwwesozat i on Physical |ayer) block 213. The &B4ii2dd8/071165
is equipped with a 32-bit R SC (Reduced Instruction
Set Conputer) processor. The PLC MAC bl ock 212 nanages
a MAC (Medi a Access Control) layer of a PLC
transmit/receive signal, as well as managi ng a MAC

27024y Féwer conheécibr 109, fHehpowet calblensd0, ahkippwer Iplag A00, and
PHY bl ock 213 manages a PHY (Physical |ayer) of a

thd pawerblitétsoe ve signal. The AFE | C 220 consists of a
DA converter (DAC. D A converter) 221 , an AD

ConV%ée&ghéiD?ecéN& QFH?Heﬂhbebbw%?zllnea@@oalsv%hgmt%d to the
anplitfier "(VGA: Variable Gain Anplifier)

baﬁ&b‘%sﬁﬂtge?’?éép ?to? é@éz g@gﬂ%% g;g raﬂ@%d?ﬁ/@%d ﬁt% aaaﬁltal signal

b@ﬁé%é??ﬁ#‘?%?\f?“ﬁéﬂﬂi@érp%ﬁ%f 22 Yfes 4,350 6 1 fipal fas been

adﬂ%%eadeﬁy-“bé&#r%ﬂ%"ﬁs“%E%%ﬁéM@%ﬁ R AP [ 2207 The
th e g 5@#%&?@5%8{%@ Tor e R stilegied to gt

i S e BTt o K
whereby a digital transm ssion sbgnal IS ?enera

digitat data arequstevtirem tae gradular jagkdRPy way & mﬁtheénet PHY IC

converted into an anal ogue signal by neans of the DA

23@onverter (DAC) 221 of the AFE | C 220 and output to

t he Eower l'ine 900 by way of the |ow pass filter 251 ,

t he &xample dmitabsignahpransspingrrzaized by thewaaindena e milf now
102, the power cable 600, the power plug 400, and the

bepod@cnbadj et TB&0. PliBe mogam @R eisvefdrf rpatrﬁormmgoomitncamer
line 900 is transmtted to the bandpass filter 260 by

commyurtitatidre usingl arpldréityaraf sabrcarrierd ofitam OFDNM t(@thogonal

Fr:;t?enn{ﬂy Division Multiplexing) scheme, and the like. Transmitting data are
converted into an OFDM transmission signal, and digital processing for
converting an OFDM received signal into received data is principally performed
by the PLC PHY block 213.

The PLC PHY block 213 performs digital signal processing for effecting
OFDM transmission utilizing wavelet transformation. As shown in Fig. 4, the
PLC PHY block 213 has functions equivalent of a conversion controller 10, a
symbol mapper 11, a serial-parallel converter (an S-P converter) 12, an inverse
wavelet converter 13, a wavelet converter 14, a parallel-serial converter (a P-S
converter) 15, and a demapper 16.

The symbol mapper 11 converts bit transmitting data into symbol data

and perform symbol mapping (e.g., PAM modulation) in accordance with the
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by means of the AD converter (ADC) 222 after a gain of

the signal has been adjusted by the variabl e power
wa@epbioédoer (VGA) 223 of the AFE | C 220. The  PCT/JP2008/071165

t hus-converted digital signal is sent to the main IC

210 and subjected to digital signal processing, to

thus be converted into digital data. The

t hus-converted digital data are output fromthe
symibeLbata. | Jte SUB chivertsr 1 coheerts heapped Rialidat2 dfto parallel

Exanpl e digital signal processing realized by the main
dataC 2\'11@ WvelsenpavBrt denveitdeds slibfedid thaqpiranel (ata tofiaverse

per orm ng mul ti carrier conmmuni cation usi ng a

wa%l‘ért Addriversidn, SHP 16E¢ qe?n(eﬁatef dé‘tﬁ FERAN(g E@C&Qiﬁ?é aX|s and a

Frequency Division Miltiplexing) scheng, and t i ke.

sa%Pﬂ-ﬂF Thfuk! S5 RHcR @ ?eé%‘?ﬁl\‘\ k t%ds%@sléﬁ sgznﬁ%l The data are

ansm ssi on' sl ghal, and d processi'ng f

A i s
PLC SHY bl RARBTGL STl o Bl 5 o Voo

v RO 0o A e%n%%samegaasv%sa@%ff' b for

oA ke TR A TER S g S A o

converter a wavel et . converter
dat?apanalemgst@r adreqUeneE axis Waugb §'%C6‘ht@e‘f"?\é?'?t ggnversion. o The
demapper 16 . The synbol pper 11 converts bit

P-8 conyaiter |  goauerds ﬂ?ﬁ aa@yﬁb@tacnﬁrhalrang to dhe Feguenepaxis into
mappi ng (e.g., PAM nodul ation) in accordance wth )
setidledgtabol Theademapper $6rcaopuiest amplitedeovalees of thpfegpective

‘serial data into parallel data. The inverse wavel et
subaaviierseand glesernjines s réceiyvad signal, thereby determining received

wavel et conversion, to thus generate data pertaining
dath a tinme axis and a

Even in the power line communication system shown in Fig. 1,

transmission timing for a case where data transmission is performed is basically
timing for a CSMA (Carrier Sense Multiple Access) scheme. Specifically, each
of the communication apparatuses monitors the usage condition of the
transmission channel and performs transmission when another communication
apparatus is not using the transmission channel (i.e., when the transmission
channel is in idle). When it is detected that another communication apparatus
is not using the transmission channel, transmission is started after elapse of a
random wait time (a back-off) time. The power line communication system
differs from a related-art power line communication system in that transmission

channel priority level information showing a priority level of data that are in the

middle of transmitting through the transmission channel is acquired and that a
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sanpl ed val ue sequence representing a transm ssion

synbol. The data are sent to the DA converter (DAQC
w@2ibeods0the AFE | C 220. The wavel et converter Bd/Jp2008/071165

converts received digital data (a sanpled val ue

sequence sanpled at the sane sanpling rate as that

used for transm ssion) received fromthe AD converter

(ADC) 222 of the AFE IC 220 into data pertaining to a

waltl il esrc thealerigth ofomarmsmitting abt wacehteslletborethei basis of the
The P-S converter 15 converts the parallel data

ac@.ﬂfécﬁ'tr@n@mli*,é?orﬁ ehahhenBAokty RYES infointatisel Bpl that priorfthelevel
demapper 16 conputes anplitude val ues of the

mf6ﬁﬁé}%ﬁ oMPedt sﬁﬁftf Cdata 2NThe Y ”?dTée§ta?e”rrﬁ§§hé’ 8&tate where
signal, thereby rmning received data. Even in the

no%%‘f@ I'aré Ef@seﬁ?ﬁ‘w]@ ﬁéﬁ?érﬁ@s@‘ﬁ&%‘ﬁh@hgﬁ\@ whr&dsta éommumcatlon

transm Ssion a case where data transm ssion
f Carrier
esnsi&é%fﬁ@%dl|§’A\@@§Hses§érh¥%£éﬁg'ﬁ%p?];'@&f(%émﬂ each of
t he
cond%“'”ga?aa{ 1@5 '?%%E@@%ﬁﬁe&ﬁ%m@ﬁ 5 5T HRES by including
nsm s ther tion apparatu
a OROTSVAD iR 4 BASCRT 4874 2BHamNG e e S ﬁansm'ss'on
trans channe is i.n s detec
timi, g iR Wl ﬁ'fﬁﬁ&%ﬁ?? Gime) sk lose aivansvalue Ty fvrydace with
transm ssi on channel transm ssion is started afn%qf
tragpByREon chanpanRRRtKdpYelINfREMaloB A0d. Bripnty; Ieigl, infgrmation of
power |ine comunication systemdiffers froma
trapsmittieg-data, poddhe| fixed waitnime datqr@nggglsmeﬁq%d@mﬁ with the
transm ssion channel priority level information
traphmigsien ghanmelrpriarity densll inforraation andttheypeiority tewel information
m ddl e of transmtting through the transm ssion
of ¢heutrezisniitingcdatar e foannistahce, winen ta priagityolevehindicated tby the
of transmtting data is controlled on the basis of the
tramsmiissien dhaanshpsisritynleviehimfermatioroiis it Ihegleer than the priority
information and the priority |evel
level of the transmitting data, a fixed wait time for the transmitting data is altered
to zero.
When the length of transmitting data is controlled and when the priority
level indicated by the transmission channel priority level information shows a
high priority level, the length of transmitting data is set to a length based on
delay information requested by the data having the high priority level.
Specifically, the length is set to a data length which enables performance of
transmission satisfying a delay request after completion of communication even
when data having a lower priority level is in the middle of transmitting at the time
of an attempt being made to transmit the data having the high priority level.
Fig. 5 is a functional block diagram for describing control of a

transmission timing or the length of transmitting data on the basis of the
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information of the transmtting data. The word "idle
state" nmeans a state where no data are present in the

wd 108066 3si on channel and where data communi catdTar2008/071165
possi bl e; specifically, where carrier sensing is not
carried out. Wen a wait tine is controlled, the wait
time is determned by including a randomwait tine (a
back-off tine) randonmly determ ned at each

trahEMILors Shamnd|i priorgy dewvel dnformationashowingra proriipevel nef) data
set to a given value in accordance with transm ssion

thatheranipl the! miidlé Yof ItearsmiitigOthA&dH the idnBimisyion ¥haangll The
information of transmitting data, and the fixed wait

PL*('.’,I H‘fbd’efn t00Ma8%h Pébe"r\?é? BFStR3s6r Y 1 H ré&ﬁvé CBRGBISTS22 M priority
hannel priority level information and the priority

Ie\}e? ﬁ#orhf%ﬁleﬁ"%?éﬁb 3 tgetréf@fﬂ%@\dﬁ tr@ﬁéJa 4':0?1 transmission

ance, when a priority |level I cate by "t

prt#eiﬁafnzgs' Cﬁﬁ&”ﬂod@{ﬂyqr)bt é(lﬁber¥ ﬁ‘i R %rit? Qidneglen%A, a

er “than he priori eve ransm

dat I X f t Qi
noffieCinfriy, Gis s 28, ré?w 'ﬁ rﬁrfo?“f ARl 26 Aleh, store

i S ntroll ed and vvhen | evel indicated b
trapﬁgu Pgrq?}ﬂ %@%ﬁr%\g hﬁr H‘F"?ébva i nf or mati on d

shovviahl r|or|t | evel , the th of .

¢ r andRPt PoRVSIaPERCesSere 2 oorgca%?fg% bERSBHY % r%r@' affom the

i nformati on requested by the data having the g
trapsmissieny chareg!, thepaky fgfees'ratlyg rereiveeIRie. rand Core r?ﬂ?ﬁdé to the

data | ength whi ch_enabl es Perforrmnce of transm ssi

drivat 1G252n gher LEE| 2971.r6qUAKEIG228y the RbCe PHonblack 213, and the

conmuni cati on even when data having a | ower priority
like eafetheirainnCt shown iniFig. & tThenraeeive eantealler Be ganeeates, from
an attenpt being made to transmt the data having the
reteigid patay tiangmissien changel [riarity deviel infoimation shewing a priority
di agram for describing control of a transm ssion
level fndatar thidtearee ingtthe ahiddienafntramsmidtintatthrought hetraasmission
of thetransm ssion channel priority |evel information
chahnal a1 eorpespondsito itiey PILCOMATbidck 212, the CPU 211, the memory
240, and the like, of the main IC shown in Fig. 3. Generation of the
transmission channel priority level information will be described later. The
priority level information storage 23 stores transmission channel priority level
information generated by the receive controller 22 and corresponds to an
unillustrated storage device or the memory 240 in the PLC PHY block 213 of
the main IC.

The transmission controller 24 controls transmission of data stored in
the high priority queue 26A, the normal priority queue 26B, and the low priority
queue 26C and corresponds to the PLC MAC block 212 of the main IC, the
CPU 211, the memory 240, and the like, shown in Fig. 3. Specifically, at least

one of the priority level information acquired from the priority level information
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that are in the mddle of transmtting through the
transm ssi on channel. The PLC nodem 100 has a receive
w@Iiogesspr 2 1, a receive controller 22, a primri/gpgoos/o71163
| evel information storage 23, a transmn ssion
controller 24, a transm ssion processor 25. The PLC
nodem 100 al so has a high priority queue 26A, a nornal
priority queue 26B, and a |l ow priority queue 26C which
stasage @3taramgap ttimengnd & datarlengtbdtrialengtiwof b teansmission yrame)
| evel . The receive processor 2 1 processes a receive
fordraprsmittingodata rstoredan sach Sjusueds @ontblled, Feadefoansmission timing
generating receive data, and corresponds to the driver

is fuether Zorittutlet Ry Afelans dhbadk=bif Gpbtation. heDElils Rifvtramsmission
213, and the like, of the main IC shown in Fig. 3. The

coftesiewille beodésariedr lafet. JTREI RadsSmiskioPTpfebye @50géferates a
transm ssion channel priority |evel infornmation

traﬁ@n‘ﬁY!s% %l@?élofrbhv trsplitting dai duppliedr fomn tﬁé‘etransmssmn

| e of ansmtting through a transm ssion channel

coﬁ?&hé?oiéf sﬁaw.%sbegﬂg%? ﬁg&ﬁ%ﬁw%&% 3, ttH§ é@‘iﬁ@ééo the

e menory 240 of the nal

flltér”bl'c:)bﬁ 266 aﬁar’tﬁéq L OSF tﬁE thaf, IIQ'T' QIQ&U?&%E'F‘? 3 dafﬂ§|hlgh priority

I’evel or na escr
A ér%ﬁnﬁh%rrtva@%ge%e&“ ORI Sty e 25C may
o PRSI Pt B P st TR e

the PLC PHY. bl gck 21 f t
o i Al hasis: LHaues 6. 5rE priHybYel a5R aspumed to

red in fhe hi r|or|t queue 26A, the nor nal
be &PL@%@ tQ,{apeMissIgn %ﬂ%qu") R¥ USG9 e SAMA\PRfERREETSEC and

corresponds to the PLC MAC bl ock 212 of the main IC,

t he ©egepation of fransraissiop chemneh peotitydeveldaforaiasian nerformed

Fig. 3. SeC|f|caII£ at | east ) o
by the receive controller 22 will now be described. Transmission channel

priority level information is generated by analysis of a header of a data frame
that is present in the transmission channel; specifically, the information is
generated by means of determining frame priority level information contained in
the header of the transmitting data frame through the transmission channel
within a predetermined period. Fig. 6 shows an example configuration of a
data frame. Since a header of the data frame can be demodulated by all
terminals (the PLC modems 100), each of the terminals can perform individual
generation processing. For instance, eight data frames are received for a
predetermined period, and transmission channel priority level information is
generated from the frame priority level informatioh contained in the header.

Figs. 7A to 7C show specific examples of the thus-acquired

transmission channel priority level information. The frame priority level
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one of the priority level information acquired from

the priority level informationstorage 23 or a gap tine
wandvacat a | ength (the length of a transni ssimnr/frmersayiies

for transmtting data stored in each queue is

controlled, and transmssion timng is further

control |l ed by neans of back-off operation. Details of

transm ssion control will be described later. The

infofnddtfo I8 HselmedaneRfe cight Ioesiel(RbRSiedeltd BIRNVESE A1l the level
signal fromtransmtting data supplied fromthe

7 is' aHige %?i'oﬁ?/ feval) OlFr8Me2@rigrity 16061 pfdtREdNt © bBeaddired is
PHY bl ock 2I3, the AFEIC 220, 'the filter block 260,

labiel L dsgfggﬁgf %‘%ﬁ tﬂﬁiaﬂ ftdméd AWth ir@.s§é&ive3pri3H§lBW@\ﬂﬂs are

priority g e normal priority queue 2 and

re%%i\ﬁerda&l‘l\(ti )ﬁ;éﬂoﬁé& LY AHRUGHER thd Rkt trameS Grtindt qggeoil/é‘&.o Big. 7A

queues 1 n respective termnals an

SoBROSFh BBl e Bl B Bl gpen e
o B OB 21 e R RAGABEmes i
i B T BLGEE SIES eS¢ 515 A0S g prane

level information is, generated by anal ysis . of header
prignialeyeh BTATaensaIed Whek Gaia FamPacii araiy Jevga 6 and 3
channel ; specifically, the information is generated

b
areaRaVEH ded ke dajar framesp ity Ihey oty Prisrilolavels e not
contained in the header of the transmtting data frane
reegivedigh Fighe 7G showss SransnaigsinRechapnali prigrity level information
predeterm ned period. Fig. 6 shows an exanple

acquinéd guneat orjy the datalframer withea paprilydevelhd isdeaceifed: ard when
data frane can be denodul ated by all termnals (the

dak Gammsewith 108)othemphiodfy levelst arerhahtecensad. pelthough omitted
i ndi vi dual generation processing. For instance, eight

fronatise trawings,aa eontrokfram®, fsach aspa edsparrsei fnare responkive to a
and transm ssion channel priority level information is

da@f ehfs afdf4 eeatoe, magnalisprived tighgmittadevhilefahight prority level
contai ned in the header.

value of priority level information of data belonging to a terminal that transmits
the frame or all priority level values are described in the control frame, and the
information may also be acquired and reflected as with the data frame.

The priority level is determined in accordance with the type of data.
For instance, from the viewpoint of assurance of QoS, audio data, such as VolP
data, and video data, such as streaming data, are set to a higher priority level
(priority levels 7, 6 in the case of the above embodiment). Priority levels may
also be fixedly set in advance in each of the PLC modems 100.

Not all of the PLC modems must carry out generation of transmission

channel priority level information to be performed by the receive controller 22.

For instance, only the master PLC modem 100M in the power line
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Figs. 7A to 7C show specific exanples of the
t hus-acqui red transm ssion channel priority |evel

wa whwod¥elsi on. The frame priority | evelinfor matRQmP2es/071165
assunmed to have eight levels (fromlevel 0 to level 7,
and the level 7 is a high priority level). Frane
priority level information to be acquired is | abel ed
as assigned when data franes with respective priority

corhﬁicﬂlé‘ati%he sySeRi \dfdbwandn! BRE! edry 2te péifdin lyendadtion of
frames are not received. Fig. 7A shows transm ssion

tra %ﬁ@ﬁin Eﬁé?] dl tdho'r@’ﬁive! ﬂ'ff@i‘rﬁ@t‘idr?n |ﬂCchHt c8se V‘!h@”m%ﬁe@ PLC

rames w-t prlorlty evels 7, 6, and 3 are received

ORGP SIS Sl TS 98] OIS B v
PLE! trg{dgws L@ pﬁ" g f-?éﬁ'%tdf%‘ t?é?:%@r ethd gD #at aT&Ea&E% PLC

jori and recelved and

o AT el SRR B P, b ol
il BB, 07 27
2 et gl BLC o508, Sy pgle genereton of

control franme, such as a response frane responsive to
trapsIBSION reiaangh PrOTisk aleyel lﬁgwmatlge perf PF’HﬁEn’PYtH‘t? receive

while a high priority level value of priority |evel
contrllar R, i genesatiernma alsenpe merfasmed e$ dividualntimings or in a
transmts the franme or all priority |evel values are
syniFgsonolsthannet neacnondange with @esystend time anektberkei on
may al so be acquired and reflected as with the data
f r anBigsTIBA tor 8Cr shiow lexamiple fratismissiom dichings aoofaraing to gap
wth the type of data. For instance, fromthe
timel eoptiont perforarsuriantre qowgrS Jineudbmnulanieatiorucdystesn of the
Vol P data, and video data, such as stream ng data, are

emrfbRldirhenta dfi gher prisent i invehtiorel  (Pigl 0BAt whbweeles caseb where
in the case of the above enbodinent). Priority levels

traﬁgb‘uéér?éérp darinek gshofity eleven infdvnBten | datachodh tmeFiBLGTA is
acquired; namel.y, where a priority level 7 is labeled as a “high priority level,” a

priority level 6 is labeled as a “normal priority level,” and a priority level 3 is
labeled as a “low priority level.” Fig. 8A shows timings acquired when the
transmission channel priority level information includes a “high priority level” and
when data having a plurality of priority levels are mixedly present. In the
embodiment shown in Fig. 8A, a terminal 1 and a terminal 2 are about to
transmit “high priority” data; a terminal 3 is about to transmit “normal priority”
data; and a terminal 4 and a terminal 5 are about to transmit “low priority” data.
When it is detected, at time t1 shown in Fig. 8A, that the transmission channel is

in idle, the terminals 1 and 2 start clocking back-off times, and the terminals 3, 4,

and 5 start clocking gap times. Since the back-off time of the terminal 1 first
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Not all of the PLC nodens nust carry out generation of

transm ssion channel priority level information to be
w@esbosqeed by the receive controller 22. For ipSt/awmoes/071165

only the master PLC nodem 100Min the power

| i necommuni cation system shown in Fig. 1 may al so

perform generation of transm ssion channel priority

| evel information. In that case, the master PLC 100M
eldpsagsthietterrhingl 1 rsiartiransMizsiohaoinddtapr A0 aipgaint ietithe when the

information to the slave PLC nodens 100T by neans of a

ba&@éﬁqmne anthel lePmiridf 2 eldpsesshad PolrsSinmde whePthe ?é@hﬁhes of

he thus-received transni ssion channel priority Tevel

theI {Bcrﬁﬁ E'?fb SrEIQpétﬂethQrtfé?{§rﬁ|¥S|bﬁ‘t‘F1|anh8f R #PéadiNout of an idle

storage VWhen e respective PLC nodens 10 carry

stafdl GER éathleot@r inal & { RAnShRHAE: é}‘id?r'i if¥8!3 to 5
ohé finel 238568 B i

I nf or I'on pertormed e recelve control 22,
soBACAB SRR B8 eSO B @é&mﬁraé d%ﬁ@%@%%nme
mwmMan@eslrtagqq'ua#rﬁagnezapo%@rhﬁ 53500 BB G orinal anc

rforne n the power onmuni cat sI e
th%” e A the i "2RE. Pelic £5] AV AEBIETPRIS. o S Hpliawing
case where trapsm |on ha ne r|or|t I evel
depsiRdiongt | BHTAgE A8tk C%a 'A@f'F@da%?qé fag; '“HﬁﬁefPUOW'”g
where a PI‘IOI‘Ity | evel 7 is Iabel ed as a "hig
depgrirtionsy thesg anay alsoghe greasp where the teeminghis '&Pdatﬂ the sense
"normal priority level,"” and a priority level 3 is
of theplL.ednedem 1Q0ow priority level ." Fig. 8A shows
ti mngs acquired when the transm ssion channel
pr i oFig. y8Beshuws tiningat achievett linice sase" whgre ghe oprierty level
| evel ™ and when data having a plurality of priority
infoenation data shawd| in pige éhtare lacquined,ewherd tientpriohityvevieh 6 is
Fig. 8A, atermnal 1 and a termnal 2 are about to
laigled 2814 “ridrivggh peiority leével” alad the pridrtynievell 3 3s labeddabas a “low
to transmt "normal priority"

priority level”; and where the terminal 3 is about to transmit “normal priority”
data and the terminal 5 is about to transmit “low priority” data. In this case, the
“high priority” data are not present in the transmission channel, and the
transmission channel priority level is “normal priority level” and is not higher
than the priority level of the data that the terminal 3 is about to transmit. Hence,
a gap time for transmitting data of the terminal 3 is set to zero.

When it is detected, at time t21 shown in Fig. 8B, that the transmission
channel is in idle, the terminal 3 starts clocking a back-off time, and the terminal
5 starts clocking a gap time and subsequently clocking a back-off time. Since
the back-off time of the terminal 3 first elapses, the terminal 3 starts transmitting
data. At points in time when the gap time and back-off time of the terminal 5

elapse, the transmission channel is already out of an idle state. Hence, the
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data; and a termnal 4 and a termnal 5 are about to
transmt "low priority" data. Wien it is detected, at
w0 200®084037 shown in Fig. 8A, that the transm sSSpEIMIP2008/071165
channel is inidle, the terminals 1 and 2 start
cl ocki ng back-off tines, and the termnals 3, 4, and 5
start clocking gap tinmes. Since the back-off tine of
the terminal 1 firstel apses, the termnal 1 starts
termiinaISHH68$ At Panstat datdt a point in time when the
back-off tinme of the termnal 2 el apses and points in

ti meThBRNd HeagavidraRstive (g, tifietn®,s.. 3 ok €34 in Figs. 8A to
el apse, the transm ssion channel is already out of an

BCJ%t gvrﬁér?El%chiHﬁrB?%e BQ?(—B%&{H(\)@ gf gge g%t? ﬁg\l@% stdridtfidl defined as

, and the“termnals ock back-off

a t?érﬂ@ﬁisséﬂrbfe?e&&é‘fi k. F?@ﬁf\eﬁﬂﬁ&jéﬁg)alé'os? Qe5E Dftréds i€ when
m ni nmu inme | at al

m n consi der dn of an 1 nftern

R SFREIOABF il B PRIt 0kl 55 i end

6 descriptions. Further, the IFS can al so be defined as
Mro. In the fol | ow ng descriptions, there may al so be

a ca ere t termnal is. used jn the, sens f_the
L iDactirins Esdin nsin it ax At dog 2 af e 22
case where the priorjty vel informati on data shown

achievery B1eE SlPEscHL hedIFSharee M pBIEl y3) Coapiajes s data
| abel ed as a "normal priority level” and the priorit}/ .

transgussion starissHecking gk adack WT‘PO?P@ )}*‘? tar@inal Ssfgrts clocking
where the termnal 3 is about to transmt_"normal

a pap dime and sabseawentiyhelockingi ah Back-offtinngouEven in thissase, the
"low priority” data. In this case, the "high priority"

badkitcff time ebtheptersinal 3 firsthelapsessand Siancecthentesminalf starts
the transm ssion channel priority level is "nornal

trgmsiittingyddtayv eAt paints instime twhergtier gah timet ared thel badk-9ff time of
| evel of the data that the termnal 3 is about to

thé temmsinal 5 dtigpeee tha temsniissien iohanhekissatrdddyngutdaftan fle state,

the termnal 3 is set to zero. Wien it is detected, at
arid éhdedhe 38@NNnal B doeg noBBansmittddtée transm ssion
At time t23 achieved after elapse of the IFS since the terminal 3
completed data transmission, only the terminal 5 holding transmitting data
performs clocking of a wait time for data transmission; namely, starts clocking a
gap time and subsequently clocking a back-off time. At a point in time when
the gap time and back-off time of the terminal 5 elapsed, data are transmitted.
As mentioned above, at the time of transmission of data from the
terminal 3, transmission timing is controlled while the gap time is taken as zero.
Hence, a useless gap time is not inserted, and deterioration of transmission
efficiency is avoided. Moreover, the gap time of the terminal 5 that transmits

“low priority” data is also shortened, whereby transmission efficiency can be

enhanced further.
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channel is inidle, the terminal 3 starts clocking a

back-off tinme, and the termnal 5 starts clocking a
w@zponéswrr and subsequently cl ocking a back- of fpdT/3008/071165

Since the back-off tinme of the terminal 3 first

el apses, the termnal 3 starts transmtting data. At

points in tinme when the gap tinme and back-off tinme of

the termnal 5 elapse, the transm ssion channel is

al r eigy 86ughows acaselwhese ptierityHeweldnfarmatien dateashd@wn in Fig.

does not transmt data. There is a case where a tine
7C(aretcquired®and viherieXhe. priority avet 34s iabefed)as Bow pridely level”

at which cl ocking of the back-off tine or the gap tine

and insihgs tthidveddwhén @le aerminalsdsahd S are abbet entansmit “low
time. Further, there is also a case where a tine when

pridri t?”ﬁﬂtass'lﬁ"dh@fcafséaﬂ\%mrﬁgh PHoMyt andneanal sy’ ata are not
as a transm ssion end tine. The termnal 3

prétégbfjac Iet trre il ter ”tg]a‘?\ﬁbﬁ an%Gth@ttrérﬁéﬁsEl%ﬁ oha"hhet bASrity level

apse of the I'FS since the

ol Bl ORGP e PR BEPBSIU TSt

o, B0 48 P S SHOSRBRC RE 40, T o

tragirgﬁé F?Fagfioragﬁs%rﬁﬁr”@fa.‘gf@d Beéﬂﬁ?eétaaxﬁa%‘s?%tagaphti e
tran&\q? ﬁol? %ﬁgﬁﬂiﬁe?g tgpggtg elrrlr)n goﬁéaﬁh gﬁﬁé stt(%{fs Ission

chamifl 241 achR ol 18T TERI% a0 of SR FREKEEnGaP: fimes and
term nal 3 conpl eted data transm ssi on,

SUBSATHATEY COaKAIGPARIOT SR ¢ (5GP the Bagkept dasohiFscermipal 4

of a wait tinme for data transm ssion; nanely, starts

firs lelansesgthe tgapinal destartritransistinedetay ditca:wnblndlme when the
back-off tinme. At a point in time when the gap tine

baakoffiiin& obthe terminal> haselapsad nthie transmigsion, cheana! igralready
transmtt ed.

out of an idle state, and hence the terminal 5 does not transmit data.

At time t32 achieved after elapse of the IFS since the terminal 4
completed data transmission, the terminal 5 holding transmitting data starts
clocking a back-off time as at time t31. Since transmitting data to the terminal
4 arise in the course of clocking operation of the terminal 5, the terminal 4 also
starts clocking a back-off time. Since the back-off time of the terminal 5 first
elapses, the terminal 5 starts data transmission. At a point in time when the
back-off time of the terminal 4 has elapsed, the transmission channel is already
out of an idle state, and hence the terminal 4 does not transmit data.

At time t33 achieved after elapse of the IFS since the terminal 5
completed data transmission, the terminals 4 and 5 holding transmitting data

start clocking back-off times as at time t31. Since the back-off time of the
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As nmentioned above, at the tine of transm ssion of

data fromthe termnal 3, transmssion timng is
weondnelred while the gap tine is taken as zergcT/Hensa71165

a useless gap tine is not inserted, and deterioration

of transm ssion efficiency is avoided. Mreover, the

gap tinme of the termnal 5 that transmts "l ow

priority" data is also shortened, whereby transm ssion
terfiindl 4 ﬂmxelﬁ;méoeh@mémﬁmamfsuarweletftrgns&@mmwaa point in

case where priority level information data shown in

t|m5I @heﬁ Gha! BadCaitings! ofitie eAhimal I has iglpdad, |thgararbmission
| abel ed as a "low priority level" and tim ngs achi eved

ch¥Ai | Ehﬁréégffb[]ﬁ'o? gh 1€ SalR earﬁpﬂléhcé Qhért@ﬂﬁmaﬂ 5 'd@\é’s not
prlorlty In this case, the "high priority" and

tra Qrﬂ[t'&@t priority” data are not present in the
P sm Ssi on channel, and the transm ssi on channel

pri O gm# et?ﬂl a&%%\%@saf?er. ?I‘}%!p?é' & 'tﬁ I{:ﬁvgﬂnc ﬂi} ﬁg minal 4

not han“the priori evel e da

the.term.n 5,.ar .
cown%taié‘%t? Hhsmisfenn Fﬁrﬁ'@ﬁ%%ﬁa%pb ST eilihe PR Tting,date
and en_as z det e
sta ﬁ@‘*@g Sﬂagpgatuggs qshﬁ Y&fan%'ﬁcgsﬁh&{)%‘ﬁ%ﬁﬁ tlrﬁé of the
inidle the ternjnals 4 d 5 start clockin a
terpinals5 Sret elapaes;d ﬁttﬁwwaﬁgkﬁtﬁaw%&t@nﬁww@%g A Agpint n
the back-off time of the terminal 4 first ela
timee WhERaihesbagksptf dirpe amstmet terminad 4 aas/ﬁ'aas‘% tﬁ? ﬁrﬂnsmlss'on
time when the back-off tinme of the term nal
channglsisdalready ouhefnars ddlenstateargnd hegcauhea@ymm ‘bfdogﬁ not
idle state, and hence the termnal 5 does not transmt
tragamit.dat@. ti ne t32 achieved after el apse of the IFS
since the termnal 4 conpleted data transm ssion, the
t er nEnah Véhérolthi poiotityalevelst of al) ofidirndsofidata thabdke hegrnainals
back-off tinme as at tinme t31 . Since transmtting data
attempt betraasmitraxe léw ariosity levelshtransmissorotimirigas lcontyolled at the

operation of the termnal 5, the termnal 4 also
time of transmission of data transmitted from the terminals while the gap time is

taken as zero. Hence, a useless gap time is not inserted, and deterioration of
transmission efficiency is avoided. A contention window of a back-off time (the
maximum length of the back-off time) is made smaller than a contention window
shown in Fig. 8A, so that transmission efficiency can be enhanced to a much
greater extent.

When the priority level of data in the transmission channel is higher
than the priority level of data that the terminal attempts to transmit, control is
performed such that a gap time becomes longer.

An example setting of a gap time in accordance with the transmission
channel priority level information will now be described. Basically, setting is

performed while a gap time for the highest priority level that is present in the
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starts clocking a back-off time. Since the back-off
time of the termnal 5 first el apses, the termnal 5
watmpsozat a transm ssion. At a point in tinme REBIP2DI3®71165
back-off tinme of the term nal 4 has el apsed, the
transm ssion channel is already out of an idle state,
and hence the termnal 4 does not transmt data. At
time t33 achieved after el apse of the IFS since the
trah€missivt chamteik ahkenh dst 2eror and Wil anCW (€ontention aindow)
4 and 5 holding transmtting data start cl ocking
as¥ighkd ¥bfud tarermingab thepridrigl levebigtikehhas haeferefide. When
trme of thetermnal 4 first elapses, the termnal 4

tra@ Lés?orija‘iéhrfél gﬂﬁmy%{/é’lﬂnfo?ﬁ'uaﬂoﬁ%'hBWn' iR Rig n‘PAYﬂ"Q&qdlfé@i gap

off time of the termnal 5 has el apsed

tm{el’saﬂﬁ%gtgh%} é}@«’ggpggf Iﬁ)v@ ready out of an i dI e st at e,

ant hence e term na does not transmt data. At

time fter elapse of the I'FS since the
ter é)gﬂ%ggconp\f@ ed data transm ssion, the terninals

4 and h IE ing data start clocking
back g%p rﬂégﬂ 6‘2@ t31.. Since the back-off

e ter. f i t ela he termnal 5
st arfg%{é{ipﬂpﬂ ﬁ¥§'s€?5 r¢ fp<§°|5 Ve' ti me when the
back-

{r ane frariosprenRn 4 & QN prprsievel 75 S%Pépréqrayéevem

and hence the termnal 4 does not transmt

when TE3NSMip$ign; sgayensel fororespactiye RiQMHy '&Ne atsa %Sﬁ'al'fed by

the termnals attenpt to transmt are low priority
meanscdfsuchisgtiingsddhisis imied o arasevhereidata are §tHIaprﬁSﬁet after

of transm ssion of data transmtted fromthe termnals
thevaharnel libgsy). time i s taken as zero. Hence, a usel ess

gap tinme is not inserted, and deterioration of

t r anglxapsplersedtiig 2) ency i s avoi ded. A contention

wi ndow of a back-off time (the maxi num | ength of the

backe@dp forpeiprityslenalde =0l | er than a contention

W ndow

e Gap for priority level 6 = CW of priority level 7

e Gap for priority level 3 = CW of priority level 7 and value which is
smaller than CW of priority level 6

Since there is a case where the priority level 3 is given higher priority
than that given to the priority level 6 as a result of making of such settings,
transmission of data having the priority level 3 becomes faster, so that a
transmission rate of low priority data is enhanced.

Further, the gap time for priority level 3 may be set as follows:

e Gap for priority level 3 = value smaller than sum of (CW of priority
level 7 and CW of priority level 6)

When the transmission channel priority level information shown in Fig.

7B is acquired, gap times, for instance, are set as follows:
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shown in Fig. 8A, so that transm ssion efficiency can

be enhanced to a nuch greater extent. Wen the
w@rdoonésyr | evel of data in the transm ssion chaonms2008%071165

hi gher than the priority level of data that the

termnal attenpts to transmit, control is perforned

such that a gap tinme becones |onger. An exanple

setting of a gap tine in accordance with the

t r an@xasplesettingB)el priority level information will

now be described. Basically, setting is perforned

whi I.ec;@pqu t.b,mz &yl 66he hi ghest priority |evel that
is present In thetransm ssion channel is taken as zero

and gy ffoﬁ l%%l%@ﬂo%ﬁ@ﬁt@le@él% gned val ue

conformng e priority level is taken as a

ref eW\ﬁié?\etheVW rﬁﬂ's's‘??aﬁ"%ﬁaﬂn@ﬂ pfiBAfNeVePinfedtion! shen in Fig.

i nformati on sﬁ%\/\mm A'i's acquired, gap tines,

c
7cfd§5c¢ugfé@;qza?;r tl.rﬁég fOF é]s?ajqéeog#&g ad forigwe! e setting 1)

l'ev p for priority level 6

evel 7 Gp for priority level 3 =
Sru"?é!lf’u Hr?éejl 7 + CWof priority level 6

Trans don e respective priority levels
is a% f8§}°ﬂt§§ ﬁ%f @uch settings (this is limted

resent af t

Eg aﬁggﬁﬁpgmgggf%mg t(l%;(@hgqazstelglecle@ rﬁ@s%lssQ%F;%%gtpglepnonty level
nidgpmadion Jwilc.fow 706 cdeserecr | dhgty Yhvand 398 &pyr Sxample
tragék?arslicgritn:ngq\g c%wfgrnn?m\é%uc%nmll 8fh tHeSIe%g?A lo? E;ortnrr]naunn|cat|o(?1f data
in the power line communication system of the present embodiment of the
present invention. Fig. 9A shows timings achieved when the transmission
channel priority level information includes a high priority level and where data
having a plurality of priority levels are mixedly present.

In the embodiment shown in Fig. 9A, the terminals 1 and 2 are about to
transmit “high priority” data, and the terminal 5 is about to transmit “low priority”
data. Although unillustrated in Fig. 9A, the terminal 5 has already acquired
transmission channel priority level information pertaining to the *high priority”
data transmitted by the terminals 1 and 2 before time t1, and control of a length
of communication data to be described later is performed by use of the
transmission channel priority level information acquired before t1. When an
idle state of the transmission channel is detected at t1 in Fig. 9A, the terminal 5
holding transmitting data starts clocking a gap time and a back-off time and

starts transmitting data at time t2 achieved after elapse of the back-off time.

Subsequently, even when transmitting data to the terminal 2 arise at
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Since there is a case where the priority level 3 1is
gi ven higher priority than that given to the priority

w0 meebe46272s a result of nmaki ng of such setti nggET/JP2008/071165
transm ssion of data having the priority level 3
becones faster, so that a transm ssion rate of |ow
priority data is enhanced. Further, the gap tine for
priority level 3 may be set as follows: Gap for

timer i3oand whieavtednsinittingadata tonthklterminhbh arise atf tirh€\ pdata from
priority level 7 and CWof priority |level 6) Wen the

the tarifnalsSiare stiflaimntie priddiei éfytramsmittingrtirooghithe tsdvesmission
in Fig. 7B is acquired, gap times, for instance, are

chérﬁ’r‘ielaﬁeﬁ@é | @%klﬁ&@'fﬁbeoédﬂ-éﬁ fithe3s n&aﬁtaﬁéﬂ PTravidrhigsion of
level = for priority level 3 CWof priority

thé ;é?é fr%rﬁ/\w téﬁﬁnh[ Gnéﬁa§%t Qiiné enp t&m.ﬁmsw drv 2! holding
ormati1 on shown I n is acqwre gaptlrres

7C
tra ﬁutt ﬁ? WARF Start 8?@3% lbﬁgk Jof tlng%%at ﬁrﬁé Q?’@cﬁ eﬁr%Hté %se of

priority rarre engt

th&ﬁ-fs%?ana thtert"éﬂ'ﬁ %'O%Qgg %ﬂﬂ % ggﬁrtkﬁ ! Qwe he back-off time
of Og(@,n%ém ferﬁ{eélsgﬁg% ﬁﬁ%?&rg&hﬁfljﬂ g%g{%ﬂggnr%rgﬂtgﬁ éeﬂ{aheAt a point
in Btrother e BROFHE thie obthe 1EHnER Rres SiebS8d 3N pgint i time
whsp R 935 RGP el ST TR T RREC Eﬂﬁ‘i%%s?m‘?ﬁpmcyhame' s

| evel and \Mjere dat a haV|n aplura riority
alrpadeyt 6 & i cip: pHENGR, the el & ARes RRLFASHBIAals and

theF!tegrfnlr?aAl 5 égees rt_]gtrcrlr:)gka; SBa%:k%?fdtln%e are about to

Transmission of data from the terminal 1 ends at time t7; the terminal 2
holding transmitting data starts clocking a back-off time at time t8 achieved after
elapse of the IFS; and the terminal 5 starts clocking a gap time. Since the
back-off time of the terminal 2 first elapses, the terminal 2 starts transmitting
data. Since the transmission channel is already out of an idle state at a point
in time achieved after elapse of the gap time of the terminél 5, the terminal 5
does not clock a back-off time.

As is apparent from Fig. 9A, the length of the data from the terminal 5
(designated by a double-headed arrow of a solid line) becomes shorter than its
counterpart achieved at a timing shown in Fig. 12. Consequently, a data delay
time achieved at the terminal 1 (a time duration from time t4 when transmitting
.data arises until time t7 when transmission of data ends is denoted by a broken

line) and a data delay time achieved at the terminal 2 (a time duration from time

t3 when transmitting data arise until time t9 when transmission of data ends is
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transmt "high priority" data, and the termnal 5 is
about to transmt "low priority" data. Although
waoimiobbeserr ated in Fig. 9A the terminal 5 has mtTaatks071165
acqui red transm ssion channel priority |evel
information pertaining to the "high priority" data
transmtted by the termnals 1 and 2 before tine t 1,
and control of a length of conmunication data to be
dendetedrbybadrokére ling)saneestiarterttiah)a rexpiested Helay time (designated
transm ssion channel priority level information
by acdblibleHeheéoafrolv df.a Yhemriottadichiain krigyt e of the
transm ssion channel is detected at t 1 in Fig. 9A

the [reihel éiabodinftdit $hB@ntindgNoB! iHeOtefRlral Stigrdbdut to transmit
clocking a gap time and a back-off time and starts

“Io%vrﬁrﬂgmf’t &4t ?9 s Rast! SRck AARE 'ﬁ'a@?ﬁ%dth@f étﬁér BligRg8evéls are

ack-off tinme. Subsequently, evén

no{el ihgﬂé 'ﬂatrfskrﬁgsﬂﬁkfl?ﬁﬁelt f?ﬁnérﬁfﬂ”ﬁg? ﬁétazar%rtfa;'rgﬁnﬁgtéb ' atréquested

when transm |ng data to term ari se

[ ) t

datd Lgé]ggh Wi ﬂf&rlgn%rlrin g |'irﬁ{t%ﬂlijcﬂﬂs| ﬁeé‘[c?zgéslﬁhéﬂ{ n é&?sequently,
cha ock| t

oveitaARaron g 1p e G %reé Eﬁf?&%ﬁfrﬁ SHFEphTediteg. and
ends at t mnals, 1 and hol

defaioratin ¢ #@%{5@%@2&?%@&% hg Piaiarteds A5 tHvein Fia. %,

t 6. achi ev d after se o and t

whiesy e RlioTly Jeve tr§P@588FﬁJn§$§h3A{?t‘?l"Préhe aﬁ‘é@"ﬁﬂ%” channel is
back-off tinme of the termn nal st el apse

lowesy thaRdhe prigrity teyet inferaation; Wgth&aqada thagt t&lepisrrmna.' i? about to
time when the back-off tinme of the termnal 2 has

trappays setting the denath oh tranamiiiinen dalf tgap lonaer denathds also
termnal 5 has el apsed, the transm ssion channel is

praferabdely Bven di this dasee oyethead attfiidablents ther gapdime and the
does not transmt data, and the term nal 5 does not

back-offktirae warkbe frédudet: aner detenipeatioonofofranismissianoefficieacy can
termnal 1 ends at tine t7; the termnal 2 hol ding

betredoegd.t ti ng data starts cl ocking a back-off tinme at
time t8 achieved after el apse of the IFS; and the

t er nERample sétingof the Inghty oficegdmunicationSdata én tbeordance with
transmission channel priority level information will now be described. Basically,
settings are made on the basis of a delay condition required for the highest
priority level in the transmission channel. The length of a low priority frame
achieved at that time is preferably set to a value that fulfills a relationship of (a
transmission time of a low priority frame + a gap time + CW + a transmission
time of a high priority frame) < (a requested delay time for a high priority frame).

Provided that a requested delay time of the priority level 7 is 5 ms; a
requested delay time of the priority level 6 is 300 ms; and a requested delay
time of the priority level 3 is none, settings, for instance, are made as follows

when the transmission channel priority level information shown in Fig. 7A is
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back-off tinme of the termnal 2 first elapses, the
termnal 2 starts transmtting data. Since the
wo b@vssiogssi on channel is already out of an idl BCEIRDES/071165
at a point in tinme achieved after el apse of the gap
time of the terminal 5, the termnal 5 does not clock
a back-off tinme. As is apparent fromFig. 9A, the
|l ength of the data fromthe termnal 5 (designated by
acquifdibl e- headed arrow of a solid line) becones shorter
than its counterpart achieved at a timng shown in
Fi g.g%mﬁglggg M ly, a data delay tine achieved at
the termnal 1 (atime duration fromtinme t4 when
t r ang Fipkl A ' irlthd | 3 = 7 limiti
tr ang mhts?s':n%%mg?rh g@?bé%ﬁgﬂ?@ré@% t eéﬁ%bélvéé? gr okaeHmlltimﬁqeya'ue

dgys."l’e elay tine achieved at the termnal 2 (a
unigprg}etagu atltﬂn fromtime t3 when transmtting data

g A T e L
315 8D G AR Ry A plseced
2 gt AR Bt ARl B 5 o

the other prjority levels are not in the transni ssion
7B aeAred. Se4RaR 316 METBOR Mstance; ifhs mannal Ripviged below.

requested data |l ength w thout undergoing limtations

on a(ExaMPIPSeNG 2Consequent Iy, overhead attri butabl e

to the gap time and the back-off tine can be reduced,

and edther maximumnframet leagtnfasthe rorigrity deveh & =cafimitéing value

prevented. As shown in Fig. 9B, when the priority
unigeredb a systement ed by the data in the transmi ssion

channel is lower than the priority level information

of t mdheahaxihhan friamee lemgth forlthe priatitydevel3 £1&mesi t

setting the length of transmtting data to a | onger

| engiAb inthele@nplefsettirigsel dnde?, fhe makinurasfeamevientkaof the

attributable to the gap tine and the back-off tine can

datefraptupethading sleigh proaty levelols ¢hamyeai msactordance with the
efficiency can

high priority level of the transmission channel, thereby enabling enhancement of

transmission efficiency.

When a payload section shown in Fig. 6 is a union of plurality of packets
(Ethernet frames, and the like), a method for limiting a frame length can be
realized by a method for making a limitation by changing the number of packets
that can be transmitted within a specified time, a method for making a limitation
by dividing one packet into sizes that enable transmission of the packets within
the specified time, and a combination thereof.

It is desirable to simultaneously set a gap time conforming to the

transmission channel priority level information and control a frame length. In

this case, a synergistic effect can be expected in terms of enhancement of
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be reduced. Exanple setting of the Iength of

communi cation data in accordance with transm ssion
waiaoneio2priority level information will now bECT/JP2008/071165

descri bed. Basically, settings are nmade on the basis

of a delay condition required for the highest priority

| evel in the transm ssion channel. The length of a | ow

priority frame achieved at that tine is preferably set

trahSmission efficiefay. fulfills a rel ationship of (a
transm ssion tine of a low priority frane + a gap tine

+ Qe ?orbbéﬁwgrﬂcﬁﬁﬂngﬁidaitiﬂﬁ rRéthad & be Forotrahsmitti Mta<after
(a requested delay tinme for a high priority frane).

eIﬁ%%QVc}fdéagréd@érrﬁn%%&ﬁi% fl8hPY refdBndd traR8mXdion itime since
evel 7'1s 5 ns; ft

vel a requested delay tine o he
r Uil BV S ) t@Ng i L0 '
I GIKSA! Ehofod eoBE’ 16 dh e U Sh R tne
. a e . i i .
ord b 941 9 o B T PO INR) Sfffaion of
isaggui red. . (EX I ettin maxi mum f r ame
"ar‘%’ﬁ‘éﬁ'ﬂg P@Ea ﬁc&ugﬁ}%ﬁ%ﬁ@gg@p%@ﬁgﬁl imting val ue
uni qye to. a tem_ The. maxi numfr, lenath for, the, .
or | ofEeqrding, 8 the mmpgicatan Mehpd e M SHReTBITCHWER time is
the priority level 3 = 2 ns Wien the transm ssio g
coRNRIAKEIN BEFOTIANGS WL ING QR §veh TERBIAIG OF 1ge ABSMitting
acqui red, settings are nmade; for instance, in a_manfner
dajer §vpegh thel ansmissiampraannal PRY BeNceTACtimE dYraHPR o the
length for the p(iorité level 6 = a limting val ue
referenpectransmissipst time toitbetime whers datasaredrignitted is get to an
priority level 3 = 10 ns
optimum value for each data transmission, thereby enabling a reduction in
useless wait time. Consequently, data transmission with superior transmission
efficiency can be performed while delay conditions for transmitting data are
fulfilled.

Moreover, under the foregoing communication method, a
communication frame that has a predetermined length and that stores the data
may be generated, and the length of the communication frame may be
controlled on the basis of the priority level information of the transmitting data
through the transmission channel.

According to the communication method, the length of the
communication frame is controlled in accordance with the priority level
information of transmitting data through the transmission channel. Hence, it
becomes possible to perform data transmission with superior transmission

efficiency while delay conditions for transmitting data are fulfilled. In particular,

the method is suitable for data transmission requiring QoS (Quality of Service)
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As in the exanple settings 1 and 2, the maxi num frane
l ength of the data franme not having a high priority

wo zweh640%7 changed in accordance with the hi gh priambisy71165
| evel of the transm ssion channel, thereby enabling
enhancenent of transm ssion efficiency. Wen a payl oad
section shown in Fig. 6 is a union of plurality of
packets (Ethernet frames, and the like), a method for

as in trahsmgsion' ofaelio dagt ind stnedmaingeddtazed by a net hod
for making a limtation by changi ng the nunber of
packehe fch@%omgn comrhuitiBation t eetivid hinaya isglede f centrolling a
time, a nethod for making a limtation by dividing one

preRRERlint A Waitinde n AEErdSRGPWRh I BTty $&IePBf BlnéMmting data. -

packets wthin the specified tine, and a conbi nati on

ther gefor ?ln&; rr%ostl'féeéérhﬁ@n?cétn%n%ﬂfﬂdoa%eﬁ#&iel/erﬁﬁﬁe@ viittime is

time con ngtot transm ssi on channel prlorlty

coﬁt?am%ld Il 68ESMRLAE |c efaf gn&mg ale@glf bﬁrﬁ%ngﬁﬂghg data. tPl'eﬁFe it

€, a synergis e expected Fn terns

be&ﬂ'ﬂ_ﬁgc O&ile Ot o m?t Saé E\Eh‘? SO it Iﬁeﬁg?gtpér{%lssmn

SatTon ransmtt

af ter of n
e iy Ey i fﬁ%s&ﬁ%ﬁ?ﬁﬁﬁ Bl MRS,

chan chan o an [ dl g state and cont oII th

predgﬁﬁr n{ﬁé’l 'Pntrlnﬁ&‘ ‘ﬁ"&%ycéqca‘éﬁ%ecmt beq length of a

riorit Ievel |nformat|on trans.

coRSIHAIONETE 45 SHFSSBBRS SEHHEIPTIOR &@NGF&&’%’@"E'HE‘Q data

commruni catl on net hod, the predeterm ned wait tinme i

cont AEFPTEing n taic dhe darpREMMNIgRticAe mqi@qqltythqsvéepngth of a

information of the transmtting data through the
comuieationiso frapiearis esontepligdhish @scardanes  withagi BHOftofavel of

the reference transmssion tinme to the tine when data
transmittingndata t edlances edatao teamsopssionnwithl seipeger elsansmission

data transm ssion, thereby enabling a reduction in
efficiency becomes possible while delay conditions for transmitting data are
fulfiled. In particular, the method is suitable for data transmission requiring
QoS (Quality of Service) as in transmission of audio data and streaming data.

Under the communication method, a predetermined wait time may
include a random wait time randomly determined at each transmission timing
and a fixed wait time set to a given value in accordance with priority level
information of transmitting data through a transmission channel and a priority
level of transmitting data. The method may include controlling the fixed wait
time in accordance with at least one of the priority level information and a
predetermined priority.
According to the communication method, the fixed wait time is

controlled in accordance with the priority level information about transmitting

data through a transmission channel or a priority level of transmitting data.
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useless wait tinme. Consequently, data transm ssion
W th superior transm ssion efficiency can be perforned
woMiob/esqdel ay conditions for transmitting data BIBIP2008/071165
fulfilled. Mreover, under the foregoi ng communi cation
met hod, a conmmuni cation frame that has a predetermnm ned
l ength and that stores the data may be generated, and
the length of the comruni cation franme may be
Hepes! &alsetsbsomait iteraan beaedlibed by issttirigy tHeefoedd wait time to an
information of the transmtting data through the

optimaff VaRfE fit 64 aata traps@isdiolt (Cordequentiyiudataatramsmission
net hod, the length of the communication frame is

withOSUige?ldr GFhrishnid&ieAT sHGiERcyeBoiBSs pusstilé iwhileed8lay conditions
Information of transmtti’ng data through the

forttf 'tﬁxgg'é’éla‘ﬁéﬂﬂﬁl!led.."'ence: It becomes possible to
performdata transm ssion with superior transnission

datal be@mﬁﬁﬁ%@ﬁ' AP ey Fefuce? RofthY e Wait time to
2o WP e W A RESRED T P RSl PR bdrhitng
ol AT 13 i agion” SPASAO SIUMR. B3 e BHARY 1B o

accordance with a priority level of transmtting data.

trapsEwting 94180 t he communi cation method, a predet erm ned
wait time_ is controlled in accordance with a gri orit

| eveAcEPrdingintayi thei ipremunicatipn c gethed.p Mg sap KEQTH level
to performdata transm ssion wth superior o
represaRiedsty the priehityileyrl\ofthe trangeitipg datathrougl & tiansmission
transmtting data are fulfilled. The comunication =
chaeneldd lewer ihan theepdoity rleveliafgransmittiogydataoa fixed wait time is
comruni cation franme in accordance with the priority
set toveérophencerefficient tignshaisaion/efdughl prigritycdataipecomes possible.
comuni cati on nethod, the length of a
In particular, the method is suitable for data transmission requiring QoS (Quality
of Service) as in transmission of audio data and streaming data.

The communication method may include setting a predetermined wait
time achieved when transmitting data having not a high priority level are
transmitted to a value that is greater than the maximum random wait time
achie\}ed when transmitting data having a high priority level are transmitted.

According to the communication method, since a predetermined wait
time for transmitting data having a low priority level is set to a great value,
efficient transmission of high priority data becomes possible. In particular, the
method is suitable for data transmission requiring QoS (Quality of Service) as in
transmission of audio data and streaming data.

The communication method may include controlling the length of a

communication frame in accordance with delay information requested by data
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communi cations frame is controlled in accordance with
a priority level of transmtting data. Hence, data
wd ToamedBsi on Wit h superior transm ssion ef fi crEnPE008/071165
beconmes possible while delay conditions for
transmtting data are fulfilled. In particular, the
method is suitable for data transm ssion requiring QS
(Quality of Service) as in transm ssion of audio data
havng & tigrapriodtydiivel whieshea privgitg deval mepadsentedrby horibrity level
predetermned wait time may include a randomwait tinme
informet M Abdif trehBitEfg Mat# Bwbugh anrarisheission ichahnel ismigha
fixed wait tine set to a given value in accordance

Wi t haBEdrBIrg t6 the\@mrhOhRENBH nfithed, theadsdthidfiaebriidiunication

rough a transm ssion channel and a priority |evel of

th
fra%ea'ﬁ? B glid?'@nﬁﬁ‘é@- isT&?ntFB?FeHO% R otdHRcE IRt OddIEP! ihfdtehation
Wa a

e TiXxed ||t tllrre_ln accordance W th at |east” one of
r ; . j
e b St 4 PR O o B of o
1 xe 1. t ' i th

nainbes WGP Prbbiie\BL Ed e raf sighdtE e BBRF, Drghii¥or the
dafe St P led oo aier B2 aEenBaeS slfottp b o Fapshission
requiinG. 065 (3EAMIAPE Sl < BntracBstcle i §icigapdta and

transm ssion with superior transm ssion efficiency
strgad¥gdaldossi bl e whil e del ay conditions for

transmtting data are fulfilled. The conmmuni cation )

met hdheregmmyaicatien JeethpAgnay finglede damethqdheising 3 power line

when a priority level represented by priority |evel
asianramnsnaission ah@nnehnsnitting data through a

transm ssion channel is |lower than the priority |evel
of t Thesommunjcatiom. mathen dmay tiaclude eeawiringc @ricoty level
met hod, when a priority |evel
information about data transmitted through a transmission channel by analysis
of a header of data that are present in the transmission channel.

According to the communication method, a priority level of data that are
in the middle of transmitting through a transmission channel can be briefly
acquired. Timing for analysis of a header of a data frame is arbitrary; however,
analysis is performed periodically; for instance, at a given time interval. A
header of a data frame may also be analyzed by means of all communication
apparatuses connected to the transmission channel or a specific
communication apparatus.

The communication method may include receiving control information
transmitted from another communication apparatus connected to a transmission

channel and acquiring priority level information about data transmitted through a

transmission channel contained in the control information.
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represented by the priority level of the transmtting
data through a transm ssion channel is |ower than the
w@rdioonéyr | evel of transnitting data, a fixed mr@i/sP2008081165
is set to zero; hence, efficient transm ssion of high
priority data becones possible. In particular, the
method is suitable for data transm ssion requiring QS
(Quality of Service) as in transm ssion of audio data
and Actemind o ted dommihicatiorumeti®dd, atotrall bbthemeymmunicatio
i nclude setting a predeterm ned wait tine achieved '
apr)ﬁﬁ%ﬂué heedtbigdrfoemdfita pheyadsthd fir atquirtiy arprierity evel of data
evel are transmitted to a value that is greater than
thdth&re R kB FhitgredeMraRbitiihg BhAfidneird tréh8mission channel, and
transmtting data having a high™priority level are
hehééngméets§ﬁwg AGrged gﬂ LR iMGvieh ituhRitiBRt '&Bgaratus is
since a predetermned walt tine for transmtting data
' 0 1,0f; ] Leyel. | t ot r va
allg\?ﬁéggeﬁliﬂet ?%’ﬁ@‘?}, sgérﬁéior{gow?h'p% ”‘3’% gr%a%ogaﬁgﬁ%échﬁnbggoven 2
ossi.ble. | rti e t ' ' . far L
coffidiigaion, mPeBRin it Herors e C&bering tor Bafighdg priorty
as i.n,transm ssi.on, of audi o data and streamjng data. . .
B ot Rt A R et WthReg) VARG SEEGh) Pirgfefsmission
| engt.h of a . communication . frame in accordance with
chaanghys; R 18RS R MERIGEUREA by dat ahaving a hi gh
priority level when a priority | evel represented bg, ,
pri ofhisy applieatiomisopased dtPabaid ElrlRS et henpfidAfapriority of
through a transm ssion channel is high. According to
Japaeess Ratent Annlisation:NRo 4007285684 diled en Npvember 14, 2007, the
communi cation frame to be transmtted is controlled in
contants ehwbichsarelincrrpasated herein bysafareqce it ksientretiat a
having a high priority level, and hence transm ssion
of data having a high priority level can be early
started, and delay conditions for the data can be
Industridl lAquplicdabilityr t i cul ar, the method is suitable for
data transm ssion requiring QS (Quality of Service)
as i Mhier Preserstsiimentibnaigi ysedalt @saral communication method, a

communication system, a communication apparatus and an integrated circuit
therefor that enable efficient transmission while a delay limitation appropriate to

transmitting data is fulfilled.
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stream ng data. The communi cati on nethod may include a
nmet hod using a power |ine as a transm ssion channel.
wOo hwesewruni cati on net hod may i ncl ude acqui ri NECT/IP2008/071165
priority level information about data transmtted
through a transm ssion channel by analysis of a header
of data that are present in the transm ssion channel.
According to the conmunication nmethod, a priority
'evel of data that are i CLUAIMSM ddle of transmtting
t hrough a transm ssion channel can be briefly
acquired. Timng for analysis of a header of a data
frame is arbitrary; however, analysis is perforned

. peri RQighdhlidicatioh AgperatisSor FonAedling b & fansMistiorthannel
A header of a data franme may al so be anal yzed by neans

caﬁéméldf.tﬁémm&ir@si ﬂpraggspfaﬁ HRRESf clar)es4?kine bN8ata having

transm ssi on cltanne a specific comruni catlion

diff PR RbIE) 1el8R &?ﬁ‘?ﬁ;ﬁ%r&ﬁ}é SBmpRdifigd may incl ude

receirving contfo ornmation transmtted from anot her
Cco . .0 - 1 &S| .
chard e Mot B HoifRy SR Pliof FrorirRRf Sreah, pd of
data,.transmtted through transm ssi on channel
data o thefensmissen Wregla %nf or mati on. According to the
communi catjon nethod, not all of.the co ni cation .
 ppalr RSBt e S0k e SaNSTHDS Sels igVig predetermined
acquiring a priority level of data that are in _.the .
priggcRe BANSTIIRSHITPN M CRMIUMCRIRh BPRAGNS SPaTaling a time
channel , and hence processi ng burden on an indjvidual
frogoamiedetaimiorddmnsnissionirefesenes timeda a traasmpissianopnd time of
signal is; for instance, a beacon signal. Mreover, a
theclsamsmitting data iagsapedanserwith theapriasityrindefmatiinocessi ng
for acquiring a priority level of data that are in the
m ddl e of transmitting through the transm ssion
2. The communication apparatus according to claim 1,
wherein the transmitting means transmits the transmitting data after
elapse of a predetermined wait time since the transmission reference time when
the transmission channel enters an idle state; and
wherein the transmitting means controls the predetermined wait time in

accordance with the priority information.

3. The communication apparatus according to claim 1 or 2, further
comprising:
communication frame generating means for generating a
communication frame which has a predetermined length and stores the data,
wherein the transmitting means controls the length of the

communication frame in accordance with the priority information.
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channel is; for instance, a master unit. This
application is based upon and cl ains the benefit of
w@zdoonedy of Japanese Patent Application No. PCT/JP2008/071165
2007-295684 filed on Novenber 14, 2007, the contents
of which are incorporated herein by reference in its
entirety. Industrial Applicability The present
invention is useful as a conmmunication nmethod, a
communi cation system a communi cati on apparatus and an
integrated circuit therefor that enable efficient
4. tr angpbSedhmuitistiendapgiiratis! adidraingo @B 2PbF Bt vHetein the
transmtting data is fulfilled. CLATM5 1. A
tranSHEAG TAGAR cARRRE ﬁ‘iéjgrécﬁteﬁﬂpaﬁ%éipﬁnﬁ‘?n &ccordance with the
t " capabl e o

ransnt ssi on channe transmtting a
' d ijtﬁ a. ki nd of data having
pr%##%@b@% Fg{"u”g‘}n tyequeavr%%s'?mtgﬁ(z&gbpar atus conpri sing:
acqui ring nmeans for acquiring each priority
i nformati on of each kind of data on the transm ssion
and transmttin ans_f.or

5. Gat a TR, PHG L PRRB A A areoning, oaran ALY W the

fromthe conmmuni cation, apparatus, controllin ti .
traSEItagp MRS GRTIGLE ( NEndanally &t 1 creRELngaten; dfame in

transm ssion end tine. of the transmtti n%,data in
acgerdangaith et aredrierminest PRSIty of HigHeNYRIng daige

comuni cati on apparatus according to claiml1, wherein

the transmtting neans transmts the transmtting data

after el apse of a predeterm ned wait tine since the
6.1 r anJileseanumunisatioe apparatus acperdingnte anyserePteaisns 2 to 5,

channel enters an idle state; and wherein the o

t r ansvhereinnghergaeadeteonined svaithdime docudesr angandeint wait time

time in
randomly determined for each transmission and a fixed wait time determined at
a constant value in accordance with the priority information and the
predetermined priority of the transmitting data; and

wherein the transmitting means controls the fixed wait time in

accordance with at least one of the priority information and the predetermined

priority.

7. The communication apparatus according to any one of claims 2 to 6,
wherein, when a priority level represented by the priority information is lower
than the predetermined priority of the transmitting data to be transmitted, the

transmitting means sets the fixed wait time to zero.

8. The communication apparatus according to any one of claims 2 to 7,

wherein the transmitting means sets the predetermined wait time, used when
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accordance with the priority information. 3. The
communi cati on apparatus according to claiml or 2 ,

wd w0¢/b@n27conpri si ng: comuni cati on franme generptn/JrPgoos/071165
means for generating a comrunication frane which has a
predeterm ned | ength and stores the data, wherein the
transmtting nmeans controls the I ength of the
communi cation frame in accordance with the priority

thd traasmtingdath whd$e prasterniined paiorigpisaiotatsigh priorityi legel are
toclaim2 or 3, wherein the transmtting nmeans

traﬁ@ﬁlﬁtféd So tahalé askRtie Greaettnami 4 nid)XiMuimvalae of ded fahdom wait
h the predetermined priority of the transmtting

t.méa&?ed §t tH& it BIUBhSAidshoh BPR HanSntting dbtdhaving the high
claim3 or 4, wherein the transmtting neans controls
ib gth of the communication frane in accordance

pri nslhlla?ﬂe predeterm ned priority of the transmtting
data. 6 . The conmuni cati on apparatus according to any
one of claims 2 to 5, wherein the predetern ned wait

o | T RORABF B SR S B o

. nst ant. v. n accord with the it .
whkeif SReoR Puinity [ieh FedtEsantiRiaq i PBPE“tYy'”g‘F”‘FHS”y'S a high
transmtt dat g;. and wher ei h tran [
pripf Y R dranSIBinGANESts renTAsaceFag *%m : Hommunication
| east one of the prlorlt |nfornat|on and t
fragies i aeFPRAREES pyitth delay. informatiencreswgstedh Py 6heaﬁ§%melw the
according to any one of clains 2 to 6 , wherein, when
high prierdy lewell evel represented by the priority
information is I ower than the predeterm ned priority
of the transmtting data to be transmtted, the

- 10. The communication apparatus according to any one of claims 1 to 9,

wherein the transmission channel is a power line.

1. The communication apparatus according to any one of claims 1 to 10,
wherein the acquiring means acquires the priority information by analysis of a

header of data that are present on the transmission channel.

12. The communication apparatus according to any one of claims 1 to 11,
wherein the acquiring means receives control information transmitted from
another communication apparatus which is connected to the transmission
channel and acquires the priority information contained in the control

information.

13. A communication method for connecting to a transmission channel
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transmtting nmeans sets the fixed wait tinme to zero.
8. The communi cati on apparatus according to any one of
W@ b@bos4027 t 0 7, wherein the transmitting nmeanspCEIRIIE1165
predetermned wait tinme, used whenthe transmtting
dat a whose predetermned priority is not a high
priority level are transmtted, to a value that is
greater than a maxi mum val ue of the randomwait tine
capatd aft trafmsmittinge aopluraliy fi ldsds of aatd, headh kimsinof dateg having
data having the high priority level. 9. The
diflepemtipriority levelsa tamethed esmprisingdhé stepsyofone of cl ai ns
3 to 8, wherein, when a priority |level represented by
t he aedu@rihg Yeadh Opfidrity OfhfofmatidH 0f Rach! kind |ofvedhta tdre the
transm tting nmeans controls the length of the
trapSMiasiirrahartielf4de i n accordance with del ay
I nformati on requested by the data having the high
Bccor ol tirk rohl 2 BREAGHTREL o RRE R Refpronce time
unfil 8N§FhsmisS_nCBAG Yhe ! 5F & ﬁgﬂggﬁittkdq‘%atalk 'acEBPc%ance with the
conmu ordi ng of clalns

nication apparatus acc 0 any one

110 r g . ..
prigrbvaptpalidfofhen 8 BPithO%LE TRURE E treBeigrtid priorty
t hat _ar, resent on the transm ssion channel. 12. The
arg ﬁﬂﬂmt%&{)i on apparatus according to any one of clains
1 to 11 , wherein the acquiring neans receives control
information transmtted from another comuni cation
apparatus which i s connected to the transm ssion
14chanhbe @Wﬁ%‘&ﬁ"?%g‘qﬂﬁ%g BFeYAINg to; Glaigy ?ét i on
contained in the control information. 13. A i o
comWheEeinidata mee ticknsmitted gfige elansg af @ predeiersninedwait time
_channel capabl e of transmtting a plurality of kinds of
singgtthe teansmissian referepgeatimewhen the rapgmissign ¢ranngl enters an
| evel s, the nmethod conprising the steps of:
idle state; and
wherein the predetermined wait time is controlled in accordance with

the priority information.

15. The communication method according to claim 13 or 14, further
comprising the steps of:

generating a communication frame that has a predetermined length and
stores the data; and

controlling the length of the communication frame in accordance with

the priority information.

16. The communication method accordihg to claim 14 or 15, wherein the

predetermined wait time is controlled in accordance with the predetermined
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acquiring each priority information of each kind of
data on the transm ssion channel; and controlling a
wd to0odanpm a predet erm ned transm ssi on ref er EIBIFRIEW71165
until a transm ssion end tine of a transmtting data
in accordance with the priority information when the
transmtting data having a predetermned priority are
transmtted. 14. The communi cati on nethod according to
pn@hﬁjmtﬂaé,tradsﬁﬂﬁhgdéﬁa are transmtted after el apse of
a predetermned wait tinme since the transm ssion
reference tinme when the transm ssion channel enters an
idle state; and wherein the predeterrri ned wait tine is

17cont Apkl Sﬁnhﬁn?&ﬂl%pdﬁ%%d’“dcﬁo l%'él it Y15 or 16, wherein a

I nformation. 15. The comrunicatl o od according to

Iergdéﬁ' Bt ]tﬁeocoﬂﬂﬁurﬁégtfd?\erfra%‘l’émi@ E‘bﬁgﬂﬁé@ iRt SEéorBEnce with the

ating a conmuni cati on frame

Pf%’%%?ﬁﬁﬁﬁ?“rﬁg%?#esf‘@%'g‘fﬂﬁgq'ﬁ@ﬁ?%oﬁn??é?. .

accordance with the priority information. 16. The

comuni cation nethod according to claim14 or 15,

wherein the r.edterm is controlled.in

18 e o ThG Aol PR EaiHE MRtaGE abcordina T any ofe o HRimE 40 17,
transmtting data. 17.. The conmuni ¢at i

accoM@leﬁ%‘”t ecIpé?‘i’ﬁt?g“tﬂedlé"a“\/\ﬁ@]eeu"ﬂi‘?'ﬁg?%r?gtrﬁ“g?mt Wait time
communi cation frame is controlled in accordance w th

rapgiemiy,deiefraingd fefeash Fanstission aada fxachwattitime datesmined at

a constant value in accordance with the priority information and the
predetermined priority of the transmitting data; and
wherein the fixed wait time is controlled in accordance with at least one

of the priority information and the predetermined priority.

19. The communication method according to any one of claims 14 to 18,
wherein, when a priority level represented by the priority information is lower
than the predetermined priority of the transmitting data to be transmitted, the

fixed wait time is set to zero.

20. The communication method according to any one of claims 14 to 19,
wherein the predetermined wait time used when the transmitting data whose
predetermined priority is not a high priority level are transmitted is set to a value
that is greater than a maximum value of the random wait time used at the time

of transmission of the transmitting data having the high priority level.
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18. The comuni cati on net hod according to any one of
clains 14 to 17, wherein the predetermned wait tine
wo nob/oeies’ a randomwait tinme randomy det er m nsd/§R2D08/071165
each transm ssion and a fixed wait tine determ ned at
a constant value in accordance with the priority
informati on and the predeterm ned priority of the
transmtting data; and wherein the fixed wait tine is
21.cont Tieé lcothrhonigation desthed sccbrding lteasty ome affclails 15 to 20,
priority information and the predeterm ned priority.
whéikin ThRef WTPHBkiyaeveNreprésertied byathdi priprity ifoymatien @ a high
claims 14 to 18, wherein, when a priority |evel

pribftp N6V NirRAeRYtH SrathBrdopirhtidickfibi réifid Rcdriirdiiedsn acberdance
thée predeternined priority of the transmtting data to

witg ge'iw&t%ﬂ:regﬂés@ﬂ BydhdRdata hhliBgithe Pgh prorif1ével.

nmuni cat 1 on nmét hod according to any one of
clainms 14 to 19, wherein the predetermned wait tine
used when the transmtting data whose predeterm ned

22.}0;‘ g‘gbéycoin?mﬂﬂil‘caﬁo:{? ir?g{}hBEiéchP wg{; q§%nrf6ﬁe tdradisimd ﬁ?f}o 21,

t0 a value I'S grea a maxi mum val ue

of .the randomwait, tine.u Jhe tinme of

whgfedﬁgfﬁ$ir§p8w|s(ﬁoq ﬁ%aqr}%iﬁsﬁﬁgﬁmﬁg‘ata havi ng the hi gh
priority level.2 1. The comuni cati on net hod accordi ng
to any one of clainms 15 to 20, wherein, when a

priorjty level represented by the priority informatiqn
235 aThe geHRHBIcAON nesiBpd QQ%?WE'@QQ‘B@’M oot ciams 13%8 22,

communi cation franme is controlled in accqrdance w tJ]
wheegigthe prieribainfemation s Acadirgg byranalysia é\/'i‘%%‘f‘?rrfg ata that

high priority level. 22. The communi cation net hod
areprasent ithedransmissienshasngli ns 13 to 21, wherein the

transm ssion channel is a power line. 23. The

comuni cation net hod according to any one of clains 13

to 22, wherein the priority information is acquired by
24anal Feescaimanitatide rmethodaaccordiag to any one of claims 13 to 23,
wherein control information transmitted from another communication apparatus
which is connected to the transmission channel is received and the priority

information contained in the control information is acquired.

25. An integrated circuit used in a communication apparatus for connecting
to a transmission channel capable of transmitting a plurality of kinds of data,
each kind of data having different priority levels, the circuit comprising:

acquiring means for acquiring each priority information of each kind of
data on the transmission channel; and

transmitting means for, when transmitting data having a predetermined
priority are transmitted from the communication apparatus, controlling a time

from a predetermined transmission reference time to a transmission end time of
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are present in the transm ssion channel. 24. The
comruni cati on nethod according to any one of clains 13
wa mo&ds4omwherei n control information transm tt gdfyramso71165
anot her commruni cati on apparatus which is connected to
the transm ssion channel is received and the priority
i nformati on contained in the control information is
acquired. 25. An integrated circuit used in a
thecamsmitay deta iaRvebaianteiwith thenpraatity infotneation.
transm ssi on channel capable of transmtting a
plurality of kinds of data, each kind of data having
different priority levels, the circuit conprising:
acqui ring nmeans for acquiring each priority
i nformati on of each kind of data on the transm ssion
channel ; and transmtting neans for, when transmtting
data having a predeternmined priority are transmtted
fromthe comruni cati on apparatus, controlling a tine
froma predeterm ned transm ssion reference tine to a
transm ssion end tinme ofthe transmtting data in
accordance with the priority informtion.
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