SP311250WO000 Description Title of Invention COMMUNICATION CONTROL DEVICE,
COMMUNICATION CONTROL 5 METHOD, COMMUNICATION DEVICE, COMMUNICATION
METHOD, AND COMMUNICATION SYSTEM Technical Field [0001] 10The piesgntgissigsure relates
to a communication control device, a communication cpontrol method, a communication device, a
communication method, and a communication system. Background Art 15[0002] Secondary usage
of a frequency is discussed as a method for alleviating future depletion of frequency resources. The
secondary usage of a frequency is that part of or &lkttheplieguency channels preferentially allocated to
a system is secondarily used by the other system. Typically, a system which is preferentially 20
allocated with a frequency channel is called primary system and a system which secondarily uses the
frequency channel is called secondary system. o803 Invensian/ white space is an exemplary frequency

channel whose seconeaiy\sage AT RiseeeserkeeNoncRates) teraleras poe Rkrie TV white

space is a channel 25 which is not used by a TV broadcast system de endig/gﬁon an area among
frequency chaﬁne@@15%5&@&9%%%@@&9@9&%9%%@& KON AE THRPTH White space is

opened to a secondary system so that thedreaueney sgsomres sapie efficiently utilized. A standard for
a physical layer (PHY) and a MAC layer for enabling the secondary usage of the TV white space can
employ IEEE802.22, 30 IEEE802.11af and ECMA (European Computer Manufacturer
Association)-392 (CogNea, see Non-Patent Litenaitisecdidesdribed later).

[GO01]
10 The present disclosure relates to a communication control device, a
communication control method, a communication device, a communication method,

and a communication system.

Background Art
15 [0002]

Secondary usage of a frequency is discussed as a method for alleviating
future depletion of frequency resources. The secondary usage of a frequency is that
part of or all the frequency channels preferentially allocated to a system is
secondarily used by the other system. Typically, a system which is preferentially

20  allocated with a frequency channel is called primary system and a system which
secondarily uses the frequency channel is called secondary system.
[6003]
A TV white space is an exemplary frequency channel whose secondary usage
is discussed (see Non-Patent Literatures 1 and 2). The TV white space is a channel
25 which is not used by a TV broadcast system depending on an area among frequency
channels allocated to the TV broadcast system as a primary system. The TV white
space 1S opened to a secondary system so that the frequency resource can be
efficiently utilized. A standard for a physical layer (PHY) and a MAC layer for
enabling the secondary usage of the TV white space can employ IEEES802.22,
30 IEEERO2.11af and ECMA (European Computer Manufacturer Association)-392

(CogNea, see Non-Patent Literature 3 described later).



SP311250W000 2 [0004] The secondary system is generally required to operate so as not to give
a fatal interference to the primary system during the secondary usage of the frequency band. An
important technique therefor is transmission power control. For example, Patemt; 5 dsdgratye 1
described later proposes therein a method for calculating a path loss from a base station as a
secondary system to a reception device as a primary system and a discrete frequency width between
frequency channels and determining maximum transmission power of the secondary system based on
the calculation resl§it020 Citation List Non-Patent Literature [0005] Non-Patent Literature 1: "SECOND

REPORT AND ORDER NS MEMORANDKIM ARINIRLAND ORRER, [aninelIsansshed on

October 12, 2010], Internet<ERL:http :7/hraunfo s s. fee. gov/edoc s_public/attachmatch/F CC -08-
260Al.pdf>  NoHUPAgEsce iie thtuverysedgrcygaithe rasnndys it WHitlsguery band-

790MHz)",[online] fseprpbegdantoatonrr #RR0] 128 smission power control. For example, Patent
Intemet<URL:http://www.cept.org/0B322E6B-375D-4138F-868B3F9E5153CF72.W5Doc?frames-no&>

Non-Patent Liferatt&'3i& h S5 eI 3P MR st PHPOP D faratiohlatine v iathd Shace,

[online], [searchedromQdinettidn 20 0k cdniemetw Rl thitpetbpnon. eema-ivte pratianalystem
org/publications/stapdardg/Ecnas 20, 302 N PRSI Leratyre (0008] atentierature 1 9P

maximum transmission power of the secondary system based on the calculation
result.
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30Summary of Invention Technical Problem SP311250W000 3 [0007] However, with the method
described in Patent Literature 1 described above, the base station in a secondary system does not
take into account the possibility of the presence of the other secondary systeayangsthwsdhe
acceptable interference 5 amount to the primary syste#n can be exceeded when a plurality of
secondary systems are present. [0008] It is therefore desirable to provide a mechanism capable of
preventing fatal interferences to the primary system upon secondary usage of a frequency band even
10when a pluralityl8#&dcondary systems are present. Solution to Problem [0009] According to an

embodiment, there is proyideda cammunicatian ceatRldevice.iReliding 2 Famemynication unit

configured to make communication with one 15 or more secondary communication nodes operating a
secondary system'{fs#igeatiidiast Briesefadrey sy el dlisdaied@bimanydjbtsmfand a

frequency channekadjaeenttodhefregueneyoshainglsiandeigmination waitaanfiguradtendetennine an
upper limit number of secondary systems or secondary communication nodes to be allocated with

transmission PowdmEHl pBer HdeaticthitCoRfiguiegdeiatdeae M rRsMsSoisier to each

secondary systemsestaachrseesagiary communication node in each secondary system based on the
determined upperrj'l‘l%%rumber and the acceptable interference amount of the primary system. [0010]
Further, the determination unit may determine the upper limit number based 25 on a conununication
quality requirement of ed¢chssbenfidargesiysbéato [#OYtle a mechanism capable of preventing fatal

interferences to the primary system upon secondary usage of a frequency band even
10 when a plurality of secondary systems are present.

Solution to Problem

[0009]

According to an embodiment, there is provided a communication control

device including a communication unit configured to make communication with one
15 or more secondary communication nodes operating a secondary system using at least

one of a frequency channel allocated to a primary system and a frequency channel

adjacent to the frequency channel, a determination unit configured to determine an

upper limit number of secondary systems or secondary communication nodes o be

allocated with transmission power, and a power allocation unit configured to allocate
20  transmission power to each secondary system or each secondary communication

node in each secondary system based on the determined upper limit number and the

acceptable interference amount of the primary system.

[06010]

Further, the determination unit may determine the upper limit number based

25 on a communication quality requirement of each secondary system.

[0011]

Further, the determination unit may determime the upper limit number by
evaluating a difference between the interference amount to the primary system
estimated by a communication quality requirement of each secondary system and the

30  acceptable interference amount of the primary system.

[0012]



Further, the determination unit may determine the upper limit number by evaluating a difference
between the interference amount to the primary system estimated by a communication quality
requirement of each secondary system and the 30 acceptable interference ampgmnbefth@primary
system. [0012] SP311250W000 4  Further, when a#plurality of frequency channels are used by one
or more secondary systems, the power allocation unit may allocate transmission power to each
secondary system or each secondary communication node in each secondary system such that a sum
of the interference amoukitsherthebpriradiyralisterh tausadshyBuwtoataniadshy et thafreguency

channels does notgxgagd theaecerialsJeterferanss amomal BBIAE wankliteh fagdetgrmination
unit may determine a first upper limit number of frequency channels allocated to the primary system

and a second uppEttnTRCABIABEPYEEF B Btisar ORIy EHEMHETSAHNRY TR pBvFar RS CaIBR unit uses

the first upper limityyumbarrmehihessacanBupRek fimit RHRRS to algsatedrapsmissionpower to each
secondary system or e$ch secondary om%unicatiogﬁnod in.each second%r g/stem. %%5)14] Further,
d

Yy S
the power allocatiSRCORNTEMay t&ftatlv AT traRERSSsidhe 5 8 bwaF 8 s dborida® REtems using

a frequency channeicperdreguenay.channel used by the secondary system, and then redistributes
transmission pow?tbénﬁecondary systems using a different frequency channel based on the
tentatively-distribu ed1 transmission power. [0015] 20The power allocation unit may distribute or
redistributes transmissiohupbwetlin ddeondaiysystemsy, deidithion ediséarptralisiisgidnpdwer to be

allocated to each %f‘e%%%%ﬁ)ﬁﬁ&%@i%%%@ Ak SRR SRR AL IBRactePiRRIE (RfgHerence

amount and the interference amount at a point where a sum of the interference amounts is the largest
within a servit® arebodiea PRk st 2510 thepowerrlieraiomeEotish theiatiomrmitiviay receive

priority informatiomfgiidefininga Luskityupf & saconcanssysiem-iiemanathesdsyice. @nddhe power
allocation unit allocates transmission power based on the transmission power tentatively distributed to

a secondary systeff-REARGE WIGHECBHbHE AR (HEHTEdeH AL AaiRgary system.
[0014]

Further, the power allocation unit may tentatively distribute transmission

15 power to secondary systems using a frequency channel per frequency channel used
by the secondary system, and then redistributes transmission power in secondary
systems using a different frequency channel based on the tentatively-distributed
fransmission power.

[0015]

20 The power allocation unit may distribute or redistributes transmission power
in secondary systems, and then corrects transmission power to be allocated to each
secondary system based on a comparison between the acceptable interference
amount and the interference amount at a point where a sum of the interference
amounts is the largest within a service area of a primary system.

25  [0016]

Further, the communication unit may receive priority information for defining
a priority of a secondary system from another device, and the power allocation unit
allocates transmission power based on the transmission power tentatively distributed
to a secondary system having a higher priority, and then redistributes transmission

30  power to the remaining secondary systems.



30 power to the remaining secondary systems. SP311250W000 5 [0017]  Further, the
communication unit may receive priority information for defining a priority of a secondary system from
another device, and the power allocation unit uses a weight depending on thespgiarityytooweight
transmission power to be allocated 5 to each secondafy system or each secondary communication
node in each secondary system. [0018] When a new secondary system starts to operate, the
power allocation unit may request a secondary system having excess transmission power among
existing 10secondBlgystems to reduce transmission power. [0019]  The determination unit may

determine a position of ar{gfierence.pRIRLRLING PHMan,systemn whem sstimaling the iptarerence

amount to the primary system by use of information received from a data server in the primary system.
15[0020]  Furth@PHREBONRSHBEaton Siam e deedithite e ids R BoviEratiseativh based on

the acceptable intesterencerraepikieftbe pdpassystenancdapaiidesswanendingene.a distance
between the primary system and each secondary system, and the distance .betvl(\;/d%en the primary

system and edch $&EBHLRP LM YO RhTTIRY HistRAUBBERUSE REHE B&fibirsFddeh secondary

system and an outgstperiphery of a service area of the primary system or a node of the primary
system. [0021] @H[ er, the power allocation unit may determine transmission power allocation
based on the acceptable interference amount of the primary system, and a 25 path loss depending on
a distance between the phihsary systemaddreathsectmtiay systm tangaher diltanesbetiveen the

primary system ang each secondanusystem.is a.disiange0eesntne Rosiionafsaghssondary

system and a certain point on an outer periphery of a service area of the primary system or within the
outer periphely. [05221BOFHREE IhEPikSRAIBENEPURTTmay ignore a secondary system for which
a distance from thegprimary system or a path loss depending on the distance exceeds a

The determination unit may determine a position of a reference point of the
primary system when estimating the interference amount {o the primary system by
use of information received from a data server in the primary system.

15 [0020]

Further, the power allocation unit may determine transmission power
allocation based on the acceptable interference amount of the primary system, and a
path loss depending on a distance between the primary system and each secondary
system, and the distance between the primary system and each secondary system is a

20 mimimum distance between the position of each secondary system and an outer
periphery of a service area of the primary system or a node of the primary system.
[0021]
Further, the power allocation unit may determine transmission power
allocation based on the acceptable interference amount of the primary system, and a
25  path loss depending on a distance between the primary system and each secondary
system, and the distance between the primary system and each secondary system is a
distance between the position of each secondary system and a certain point on an
outer periphery of a service area of the primary system or within the outer periphery.
[0022]
30 Further, the power allocation unit may ignore a secondary system for which a

distance from the primary system or a path loss depending on the distance exceeds a



SP311250W000 6 predetermined threshold when calculating transmission power allocation. [0023]
Further,the threshold may be set per frequency channel. [0024] 5Further, the power allocation unit
may notify a power allocation result to a secondary communication node in regponsgjaaoieduest from
the secondary communication node received by the cggmmunication unit. [0025] Further, the
power allocation unit may notify a power allocation result to a 10 secondary communication node
without depending on a request from the secondary communication node. [0026] Further, the
power allocation upitdeaynenydldyahoidrghrifeskadutipganditede enee siskcatpen transmission power
allocation, and the unication control 15 device further comprises a margin setting unit
configured to set tIJ;e mzingln based on the number of secondary systems or secondary communication
nodes in operation or theFirréximum nthwmbersbb bberalblessepeondanesystdmmar secondary
communication no er frequency channel. [0027] 20Further, the margin setting unit may set a
margin per frequency channel such that the margin of a frequency channel at the center of a band is

relatively larget than the RidiRsihdh6fHrasa eHegaEnaimnd snay theliéha oo sicattiereadcrding to
another embodimeRbifiRre iscpiRvidedidn node in response to a request from the secondary

communication node received by the communication unit.
[0025]
Further, the power allocation unit may notify a power allocation result to a

10 secondary communication node without depending on a request from the secondary
communication node.

[0026]
Further, the power allocation unit may employ a margin for reducing an
mterference risk upon transmission power allocation, and the communication contro}

15 device further comprises a margin setting unit configured to set the margin based on
the number of secondary systems or secondary communication nodes in operation or
the maximum number of operable secondary systems or secondary communication
nodes per frequency channel.

[0027]

20 Further, the margin setting unit may set a margin per frequency channel such
that the margin of a frequency channel at the center of a band is relatively larger than
the margins of frequency channels at the ends.

[0028]
Further, according to another embodiment, there is provided a

26 communication control method using a communication control device for making
communication with one or more secondary communication nodes operating a
secondary system by use of at least one of a frequency channel allocated to a primary
system and a frequency channel adjacent to the frequency channel, including
determining an upper limit number of secondary systems or secondary

30 communication nodes to be allocated with transmission power, and allocating

transmission power to each secondary system or each secondary commurication



25 communication control method using a communication control device for making communication
with one or more secondary communication nodes operating a secondary system by use of at least
one of a frequency channel allocated to a primary system and a frequency chgpnghagiasent to the
frequency channel, including determining an upper limit number of secondary systems or secondary
30communication nodes to be allocated with transmission power, and allocating transmission power to
each secondary system or each secondary communication SP31 1250W000 7 node in each
secondary systemrvdsed orlthecdatamsyssanupped nmtindberanddhemedceptablebateriérdnce amount

of the primary systg&lep[tggl%%[@fgggge %ggﬁgm}fﬁ?ﬁaﬁﬁ _odiment, there is provided a 5

communication device operating a secondary sys of at least one of a frequency channel
allocated to a prim&f£8ystem or a frequency channel adjacent to the frequency channel, including a

communication unit configygd to feceivs.a EansmigrRion fouanallecationresult framacommunication
control device configured to allocate transmission power to each secondary system or each 10

secondary commuffiESEgHABeR 5 'escARSEBIRdASFeYtam Bakar bin &5 Whperiitditsniber of

secondary systems&fuseeotiEansCAmRYaiGal grinedes ibe-aloeaiachwithiraesRissianwower and
the acceptable int%fer' nce amoként of the FEz‘r'm ry system, and a control ynit %jonfigured to restrict
fo &0

a
transmission powerfor COUIMEETSH FItH SiSt e CBEBHIFAR R S Rt NodE%ASed on the
15transmission powasaliciatiopmresulilieceived loyuthefcommunricaiionicinisn[0030je]  deuither,

according to anothc%r §mbo&jlmeﬁbéggr Is nl‘l(i)élll%gd a.com o“”'cx?“s%rc‘or&%th‘)d b%ma communication

device operating a sgégﬁgary system by use of at least one ofa requenciycﬁ\ésnnel allocated to a
primary systerth ang@2G:frequaneyciiannedadjnceart toctind4re gueseoybekbanme ineudingnieceiving a

transmission powey, Aligcasion. LESHL T A cUPIUBicaHC B sARHat Aeyce Gt ued ip allgcate

transmission power to each secondary system or each Secondary communication node in each
secondary system'‘BASHEER D PEN RMAURD F GPEbio htaHFspste ROBRISERE SR RRPEEMMunication

nodes to be allocatedaWithdtransmissionpRWesH AR e aceeptabledmarfieirnce,ameunt;of the
primary system, and restricting transmission power for communication with another secondary

communication notERERER B thE e fAMSSio AP HUWER alfSEAREH SR, 1663118 theR, d2%ording to

another embodimenindineraors jorosidictation result received by the communication unit.
[0030]
Further, according to another embodiment, there 1is provided a
communication method by a communication device operating a secondary system by
use of at least one of a frequency chamnel allocated to a primary system and a
20 frequency channel adjacent to the frequency channel, including receiving a
transmission  power allocation result from a communication control device
configured to allocate transmission power to each secondary system or each
secondary communication node m each secondary system based on an upper limit
number of secondary systems or secondary communication nodes to be allocated
25  with transmission power, and the acceptable interference amount of the primary
system, and restricting transmission power for communication with another
secondary communication node based on the transmission power allocation result.
[6031]
Further, according to another embodiment, there 1is provided a
30  communication system including one or more secondary communication nodes

operating a secondary system by use of at least one of a frequency channel allocated



30 communication system including one or more secondary communication nodes operating a
secondary system by use of at least one of a frequency channel allocated SP311250W000 8 to a
primary system and a frequency channel adjacent to the frequency channel, ardamomounication
control device configured to control communication with the one or more secondary communication
nodes. The communication control device includes a communication unit configured to communicate
with the one or more secondary 5 communication nodes, a determination unit configured to determine
an upper limit nuniberpsisetshdemn asgstéivpiorsabone sleomiiaticdtioparor ebamdeaatlocated with

transmission power, And-A-ROWELAIOFatAR. Wil £aRigwed .o AlRGHR HARRMISHIOMPONEL, 0 each

secondary system or each secondary communication node in each secondary system based on the
determined upper H#iit FsRBEFRaFRITHBMgtEcRleh Il TvtePraFaTRisEAGiREs Hediphimarisystem.

Each of the one o ngenSacANERANLEARMLNIEAIORREes G udes ALoRMLRisAIGR AL Gonfigured to
receive a transmission power allocation result from the communication control device, and a control

unit configured to FEEPRPHFAHERNSS SN SRR PYER SO SRS ith SHISTHEI A0CBRREA It
communication nadenbased srdhéreceivank Ibtransndissionpawatallocaion teshit aAdsasdtageous
Effects of Inventio‘r)V %.[l%O%%LAs described aba%ge with the_ Eﬁ%mrgunicatiog c%ntr%ldd?vimﬁ, the 20

. . SH11SS101 OWET, . POWEr Oon unil QR iy O .a cate
conununication control metqhodg, %epcommunlca%h&)n ‘ﬁewce,% e communication method and the

communication systesmaceordingdo ttheaphesanndisclosire i@!iszgdssﬁgkm@@rpre&ﬂemtfiamtihnerferences
to a primary systeq, 4pen.sarondan %?&@n%@sgg?gﬁ‘%%%ﬁ&&%% appheRARMRIY.gfgecondary

systems are present. 25Brief Description of Drawings [00
10 acceptable interference amount of the primary system. Each of the one or more

secondary commumication nodes includes a communication unit configured to
receive a transmission power allocation result from the communication control
device, and a control unit configured to restrict fransmission power for
commumication with ancther secondary communication node based on the received

15  transmission power allocation result.

Advantageous Effects of Invention
[0032]
As described above, with the communication control device, the
20  commumication control method, the commumication device, the communication
method and the communication system according to the present disclosure, it is
possible to prevent fatal interferences to a primary system upon secondary usage of a

frequency band even when a plurality of secondary systems are present.

25 Brief Description of Drawings
[0033]
[Fig. 1] Fig. 1 is an explanatory diagram for explaining interferences caused in nodes
of a primary system upon secondary usage of a frequency.
[Fig. 2] Fig. 2 is an explanatory diagram for explaining an in-band interference and
30  aninter-band interference.

[Fig. 3] Fig. 3 is an explanatory diagram for explaining a structure of a



[Fig. 1] Fig. 1 is an explanatory diagram for explaining interferences caused in nodes of a primary
system upon secondary usage of a frequency.  [Fig. 2] Fig. 2 is an explanatory diagram for
explaining anin-band interference and 30an inter-band interference. [Fig. 3] Figs3,is;aR §xplanatory
diagram for explaining a structure of a SP311250W0G60 9 communication system according to one
embodiment. [Fig. 4] Fig. 4 is a sequence diagram illustrating an exemplary schematic flow of an
interference control processing performed in the communication system according to one embodiment.
5[Fig. 5] Fig. 5 is a-toekidiagoanyiikistiating antexeayplanisteacture of a communication control device

according to one embodiment, [Fig, 6] Fig, 6.is a fl ZE rt illustrating, an outline of.a flow of a power
adjustment proceggp'1 rti’g ;/p { 'e&c[grfa?rsr? k?gg%igﬁ%gﬁt%ﬁﬁs e%}gé Accordi laryoséﬂﬁeén gtrl’r(]:bfg) wﬁgﬁ% [Fig. 7]
Fig. 7 is a flowcharrifiisteatingpavob reregsiarg fowoianupsecimitrioribesiOaetsnmidiation processing
according to one efpbeditngni-AFig. 8] Fig. 8 is an explanatory diagram for explaining a simultaneous
usage number in a limited sense and a simultaneous usage number in a broad sense by way of
example. [Fig. 9AT g 59AFig-af dxplabiidry BrgGran o tekmaini g seiieexaHisarst 25excluded
targets for power alipGatinRAeRRDEIY RN distaase tomeapribwnesystem.

[Fig. 6] Fig. 6 is a flowchart illustrating an outline of a flow of a power adjustment
processing by the communication control device according to one embodiment.
[Fig. 7] Fig. 7 is a flowchart illustrating an exemplary flow of an upper limit number
10 determination processing according to one embodiment.
[Fig. 8] Fig. 8 is an explanatory diagram for explaining a simultaneous usage number
in a limited sense and a simultaneous usage number in a broad sense by way of
exaniple.
{Fig. 9A] Fig. 9A is an explanatory diagram for explaining a first example of
15 excluded targets for power allocation depending on a distance from a primary
system.
[Fig. 9B} Fig. 9B is an explanatory diagram for explaining a second example of
excluded targets for power allocation depending on a distance from a primary
system.
20  {Fig. 10A] Fig. 10A is a flowchart iHustrating a first example of a flow of a power
allocation processing according to one embodiment.
fFig. 10B] Fig. 10B 1s a flowchart illustrating a second example of a flow of the
power allocation processing according to one embodiment.
[Fig. 10C] Fig. 10C is a flowchart illustrating a third example of a flow of the power
- 25 allocation processing according to one embodiment.
[Fig. 111 Fig. 11 is a flowchart illustrating an exemplary flow of a power
readjustment processing according to one embodiment,
[Fig. 12] Fig. 12 is an explanatory diagram illustrating an exemplary structure of a
secondary system management table according to one embodiment.
30  [Fig. 13A] Fig. 13A is a flowchart illustrating a first example of a flow of a

processing when the start of operating a secondary system is denied according to one



[Fig. 9B] Fig. 9B is an explanatory diagram for explaining a second example of excluded targets for
power allocation depending on a distance from a primary system. 20[Fig. 10A] Fig. 10A is a flowchart
illustrating a first example of a flow of a power allocation processing accordingg,9aay&mapdiment.
[Fig. 10B] Fig. 10B is a flowchart illustrating a secondigxample of a flow of the power allocation
processing according to one embodiment.  [Fig. 10C] Fig. 10C is a flowchart illustrating a third
example of a flow of the power 25allocation processing according to one embodiment. [Fig. 11] Fig. Il
is a flowchart illustatingiaanexemplary flow of a power readjustment processing according to one

embodiment. [Fig.ﬂP Iflg_), 12. is e?gpgaﬁg\gpﬁy Qiﬂglr%[a.illl stratinglaln exem I§r structure of a
secondary system[m?%inage}mé 1t table accord%nggl to one é]néb%ndierﬁeeng rES[F%K.JOIOC% ]p ?éesfgl& isa
flowchart illustratirigenfitst sxaaipleestiagiowobdapr oressing wldasaprd st ofopebeding et secondary

system is denied apgorging 1o,0neSR3LRAANA.LGAMbadiment [Fig 1381 Figi 438 a flowchart

illustrating an exemplary flow of a processing when the start of operating a secondary system is held
according to ohe éFSEHREHES[FRE FREPFIGEE0s & SNORRN BRI dSHhreetdng &amsple of a flow
of a processing whemdhenstart of operating a secondary system is denied according to one

embodiment. [Fig. 14A] Fig. 14A is an explanatory diagram illugtrating a first example of a definition of
a distance betwee[rfl&pmérip/lgygt%&lﬁﬁ eak ‘é% nOERALY SR ARNS. A 4B RS TRs  4n
explanatory diagratefitoti@xplaidingrasBaonehexample ofséem and each secondary system.

[Fig. 14B] Fig. 14B is an explanatory diagram for explaining a second example of a
10 definition of a distance between a primary system and each secondary system.
[Fig. 14C] Fig. 14C is an explanatory diagram for explaining a third example of a
definition of a distance between a primary system and each secondary system.
[Fig. 14D] Fig. 14D is an explanatory diagram for explaining a fourth example of a
definition of a distance between a primary system and each secondary system.
15 [Fig. 15] Fig. 15 is a block diagram illustrating an exemplary structure of a
secondary communication node according to one embodiment.
[Fig. 16] Fig. 16 is a block diagram illustrating an exemplary structure of a
communication control device according to one variant.
[Fig. 17} Fig. 17 is an explanatory diagram for explaining setting of margins

20  depending on a frequency channel position in a band.

Description of Embodiment
[0034]
Hereinafter, preferred embodiments of the present invention will be described
25 in detail with reference to the appended drawings. Note that, in this specification and
the drawings, elements that have substantially the same function and structure are
denoted with the same reference signs, and repeated explanation is omitted.
[0035]
Hereinafter, "Description of Embodiment” will be described in the following
30  order.

1. Outline of system



10 definition of a distance between a primary system and each secondary system. [Fig. 14C] Fig. 14C
is an explanatory diagram for explaining a third example of a definition of a distance between a
primary system and each secondary system. [Fig. 14D] Fig. 14D is an explanatarydi@gram for
explaining a fourth example of a definition of a distand& between a primary system and each
secondary system. 15[Fig. 15] Fig. 15 is a block diagram illustrating an exemplary structure of a
secondary communication node according to one embodiment. [Fig. 16] Fig. 16 is a block diagram
illustrating an exemplBryisinmwotisrenof ecoomimuagétation control device according to one variant.  [Fig.

17] Fig. 17 is an explanaton gimgmg%qg&gﬁﬁﬁgﬁ%gtﬁg}grgf @%@iﬂﬁa%ggg%pending on a frequency

channel position in a band. Déscription of Embodiment [0034] Hereinafter, preferred embodiments of
the present inventich KuitrBdepesErbey oEiAraBtETICRRT Afareneec it eppaHBisttiarawilsys. Note that,
in this specification angthe.dawingss glgpaants that have substantially the same function and structure
are denoted with the same reference signs, and repeated explanation is omitted. [0035] Hereinafter,
"Description of EmBoSithEHERI be described in the following 30order. 1. Outline of system

[0036]

<1. Outline of system>
Problems and an outline of a communication system according (o one
embodiment will be first described with reference to Figs. 1 to 4.
10 [0037]
[1-1. Problems associated with embodiment]
Fig. 1 is an explanatory diagram for explaining interferences caused in nodes
of a primary system upon secondary usage of a frequency. With reference to Fig. 1,
there are iilustrated a primary transmission station 10 for providing services of the
15  primary system, and a primary reception station 20 positioned within a boundary 12
of a service area of the primary system. The primary transmission station 10 may be
a TV broadcast station, or a wireless base station or relay station in a cellular
communication system, for example. When the primary transmission station 10 is a
TV broadcast station, the primary reception station 20 is a receiver having an antenna
20 or tuner for receiving TV broadcast. When the primary transmission station 10 is a
wireless base station in a cellular communication system, the primary reception
station 20 is a wireless terminal operating in the cellular communication system. In
the example of Fig. 1, a channel F1 is allocated to the primary transmission station
10. The primary transmission station 10 can provide TV broadcast services, wireless
25  communication services or some other wireless services (which will be referred to as
primary service below) by transmitting wireless signals on the channel F1.
[0038]
Fig. 1 illustrates communication nodes 200a, 200b, 200c and 200d of a
plurality of secondary systems (which will be referred to as secondary
30  comumunication node below). Each secondary communication node uses the channel

F1 allocated to the primary system or a near channel F2 or F3 to operate the



SP311250W000 11 2. Basic interference control model 3. Exemplary structure of communication
control device (manager) 4. Exemplary structure of communication device (secondary communication
node) 5. Adaptive setting of margins 56. Conclusion [0036] <1. Outline of systemy o5 RFBlems and
an outline of a C01111111111 cation system according to one embodiment will be first described with
reference to Figs. 1 to 4. 10[0037] [1-1. Problems associated with embodiment]  Fig. 1 is an
explanatory diagram for explaining interferences caused in nodes of a primary system upon secondary
usage of a frequeneyonbbih sefeianck tigkainthese B illusisaledaipinannanramissiodestation 10

for providing servi of the 15 primary system, and a primary reception station 20 positioned within a
boundary 12 of a sae%ra\ﬁ & Sétrlé}ge?ﬁcf té}%é;i?n%?ﬁrg]yfg éir%)?tf%gnp?rllgr%]é?%?% snrlnilsggllcti))ﬁ1 s%toéltggﬁqg Egnay beaTV
broadcast station, weativrdiassiasd btationndnmetaynstation im aciulédicondrd (v gativiosyistem, for

example. When the amany. aRsisTRIAon.IR 15 &Vﬁ%rﬁé‘a‘i"%ﬁ‘étcﬁé?iﬂ&gﬁf‘?e%r%g reception
station 20 is a receiver having an antenna 20 or tuner for receiving TV broadcast. hen the primary
transmission statior'd epsalovi fesariyyeristatio i dddeiiitanedmndideidatiorsl stemysehdprimary
reception station 2Q,is.awheless terminal operating in the cellular communication system. In the
example of Fig. 1, a channel Fl is allocated to the primary transmission station 10. The primary

transmission statidi®8lcan provide TV broadcast services, wireless 25communication services or
some other wireless servig@sr(whichcwilkhasafereg o, ageppimany sesvieobalaw) by trapywitting

wireless signals on the channel FI. ) . :
influenced by an interference caused by a wireless signal transmitied from each
10 secondary communication node when receiving a primary service. Fig. 2 is an
explanatory diagram for explaining an in-band interference and an inter-band
mterference. In the example of Fig. 2, the channel F1 is used by the primary system.
When the channel F1 is secondarily used by the secondary communication node
200a of Fig. 1, an interference can occur in the same channel. The channel F2 is
15  adjacent to the channel F1. The channel F3 is adjacent to the channel F2. A guard
band is provided between the channel F1 and the channel F2 and between the
channel F2 and the channe! ¥3, respectively. It is ideal that when the channels F2
and F3 are used by other systems, the primary system is not interfered. However, as
illustrated in Fig. 2, a considerable interference can actually occur in a near channel
20  (such as channels F2, F3 and other channels) due to out-band radiation.
[0040]
With an existing method, each secondary communication node illustrated in
Fig. 1 controls its transmission power thereby to restrict an interference to be given
to the primary system in a one-to-one relationship with the primary system.
25  However, when a plurality of secondary systems are operated by a plurality of
secondary communication nodes, interferences caused by the individual secondary
systems are accumulated, consequently causing a risk that the primary system is
subjected to a fatal interference. The existing method cannot sufficiently restrict
such a risk thereby to secure a safe operation of the primary system.

30 [0041]

[1-2. Qutline of communication system]



[0038] Fig. 1 illustrates communication nodes 200a, 200b, 200c and 200d of a plurality of
secondary systems (which will be referred to as secondary 30 communication node below). Each
secondary communication node uses the channel Fl allocated to the primary SYSIEML oA fear channel
F2 or F3 to operate the SP311250WO000 12 secondary;system. In the example of Fig. 1, the
secondary communication node 200a positioned outside a guard area between the boundary 12 and a
boundary 14 uses the channel Fl. The secondary communication nodes 200b and 200c positioned

within the guard area userthe shanngls &lanstdrd neagthe adbannglifhirgspedciivelyid Thessecondary
communication node 200d positioned qqtsid%thgtguard eg.uses the channel F_Z.F[OO%Q Under
the circumstances %Of]fflngu.n ,aﬂ% P ?n‘%rélry ‘r%%%p%‘rn stafioh’ %ﬁnél’?tbe i ﬂ%ﬁ%&&eﬁg aminéference
caused by a wirelesssignalatramsysitted frorivéachel@iseco teasycemmumicationandde saen receiving

a primary service. Fig..2 is an explanatory diagram fgrexplainin gndin-banrc}i]inte fgrence and an
inter-band interferenéél. ?n the example o%@ig. 2, Ee chf;nnszel:f% lljlszélg 6‘% n(lamﬁlr??nlél)?ynsofgfqem. When

the channel Fls sééomaediBpilsefniyetnzasudonti &ty conmtyuibicstiondatcec 200k tbden

interference_ can oGeuh inthe game.chrRpakd he %M%&@ﬁ%&éxﬁ%ﬁ%@%ﬁt%ﬁ'&%&n&%&f . The
channel F3 is adjacent to the channel F2. A guard band is provided between the channel Fl and the

channel F2 and belffeBftHe CapHErEo iRt SHanhel peuplEprictvely. Iits leedPiitititihen the

channels F2 and Fspigidisecbbyhothrrsy iamisiciioRrmantsy stemds-hebintarfaradiHrwaver, as
illustrated in Fig. 22§Ocongri%ﬁ6§rfle inﬁErfer%nce can actually occur in a near channel Z%S%Jch as
channels F2, F3 and 6tf& AR R Ot B G B IR AR RS O 626t "o SR method,
each secondany caisminmicatibfronodecHlugteated diphag:t kubeajrels itsthansmissicrpondratkiereby to

restrict an interferqpge 49 b alven {o e prDANSYSIEN 0,8, 00ee-one,felaffpnship with the primary
system. 25 However,"when a plurality of secondary systems are operate %y a plurality of secondary
communication noti&¥2ihterferences caused by the individual secondary systems are accumulated,

consequently causing a risk thaf the RHTRTY SYslemis.subissiedie.afatabinietiaience T hie existing

method cannot sufficiently restrict such a risk thereby to secure a safe operation of the primary
system. 30[0041] [a-q‘??‘%ﬂiﬁ@%‘f'cgméﬂBWs%ﬂgﬁﬂdes data indicating secondarily usable

15 channels and position data on the transmission station 10 of the primary system to
the secondary communication node 200 in response to an access from the secondary
communication node 200. The secondary communication node 200 registers
information on the secondary system in the data server 30 when starting secondary
usage. Communication between the data server 30 and the secondary

20  communication node 200 may be made via an arbitrary network such as Internet.
Refer to Non-Patent Literature 1 describing secondary usage of TV white space for
an exemplary specification of the data server.

[0043]
The communication control device 100 serves as a secondary system

25  manager for adjusting transmission power used by each secondary communication
node 200 such that interferences due to thé operation of the secondary systems do not
cause a fatal impact on the primary system. The communication control device 100
is accessible to the data server 30 via a network such as Internet, and acquires data to
be used for adjusting transmission power from the data server 30. The

30  communication control device 100 1s communicably connected to each secondary

communication node 200. The communication control device 100 adjusts



SP311250W000 13  Fig. 3 is an explanatory diagram for explaining a structure of a communication
system 1 according to one embodiment. With reference to Fig. 3, the communication system 1
includes the primary transmission station 10, a data server 30, a communicatigscpnisal sigvice 100
and the secondary communication nodes 5 200a and 200b. In the example of Fig. 3, only the
secondary communication nodes 200a and 200b are illustrated as the secondary communication
nodes, but more secondary communication nodes may be actually present. In the following
explanation of the peesentispesificatighihwherviliarsesaraaryicospusicationgadasizidand 200b (as
well as other comnge%g;%fltion Qn%%%ﬁ?cgt? Qoéorage oOtl)ﬂet eartlié:I%Iaarly 1SQ Igiscr:rinéljlrg%geq frorrf.heach other,
an alphabet subsequen %3 the umeral 1s omitted and they are tollec |veny eterred %8‘ as seecondary
communication node2001¢adAR}ontrdl iesekata Kemver i B0nisua sé veplgeuicdy ey ngra database storing
therein data on seqangary Jsage,The,data.sarvey 3O RIvdas dria dadisgting. seeRRgayily psable 15
channels and position data on the transmission station 10 of the primary system to the secondary
communicatioh no#& 20 i Fé&pbnse to an access from the secondary communication node 200. The
secondary commupigation node 200 registers information on the secondary system in the data server
30 when starting secondary usage. Communication between the data server 30 and the secondary 20
communication node 200 1iay H@ AREUEH L 28 &bt HT BV ETINALY TrREME RetePt6™Non-Patent
Literature 1 describirgrsesondanycupagesshd Vevwhite-gpace ianhamnaxemplayyspdacification of the data
server. [0043] The gom unication control device 100 serves as a secondary system 25 manager for
adjusting transmission géwer used by each secondary communication node 200 such that
interferencesigiue to the dpdraticheckthedsecondanngysiems do2itregisses atfatafimpéach on the
Primaly Syster. TR commup calen seaaleie 100 R acGssblelg R daip ervec ) via o
network such as Internet, and acquires data to be used for adjusting transmission ower ffom the data
server 30. The 30 tbinfoniesivericstitrol devaendodes dBmitonisahycornme driel ¢b edeticsecondary

communication nogle 200, ThasAMMLRIsAtionARtrohAeKiee 108 st SR3 125AWA09 14

transmission power of the secondary systems in response to a re%lljest from the secondary
communication notRE SR EAR ifna =§9§‘i€ﬁﬁ‘%“p&h‘i6@?@&l’;‘i“‘fgﬂ' eorRPRdRE atRTE SHtPtsdevice 100

may be mounted amphybicatiycnescamecdriias agdhe daladsrveaadtal A% HE0eHAMN M
communication nog‘z?nszrg%%{c])%t I}‘}@\i}g‘d g,gdthsepectrum mask according to the registration of the
information on the secondary system. A cycle of accesses to the data server 30 by

the secondary communication node 200 may be determined based on a law

regulating frequency usage. For example, for FCC (Federal Communications

20 Commussion), there is discussed a requirement that when a position of a secondary
communication node changes, position data should be updated every at least 60

seconds. There is further recommended that a list of usable channel numbers should

be confirmed by a secondary communication node every at least 30 seconds.

However, an increase in accesses to the data server 30 causes an increase in

25  overheads. Thus, a cycle of accesses to the data server 30 may be set to be longer

(such as integral multiple of a defined cycle). The access cycle may be dynamically

set depending on the number of active nodes (the cycle may be set to be longer

because of a low risk of interference when the number of nodes is low, for example).

The access cycle may be instructed to the secondary communication node 200 by the

30  data server 30 upon initial registration of the information on the secondary system,

for example.



5example of Fig. 3. [0044] Fig. 4 is a sequence diagram illustrating an exemplary schematic flow of
an interference control processing performed in the communication system 1 [0045] 10At first, the
secondary communication node 200 registers the information on the secondagy-systemdahe data
server 30 when starting secondary usage (step S10). jkhe information registered herein includes ID,
class and positional data of a device starting secondary usage, for example. The data server 30
notifies, to the secondary communication node 200, information for configuring the secondary system
such as 15 channgfitmenber list of secondarily usable frequency channels, acceptable maximum
transmission power and ?Pectrum mastk accortdirll to.theI 6§gi§trqtion qf the inf; rrﬂatipn on the
secondary system. A cyclé ‘of ACCESSES 10 fiie data server 30 By The secofdary Commitinication node
200 may be deternmifresidtasedroitha lprivareguipsiag flegquethey disagerfeori@xamplepdotekCie (Federal
Communications g0 GoMmENsgian) MIARIBMaCusIeR RAIEmELIALIRGTARqsitop,of a
secondary communication node changes, position data should be up ated evel?y at least 60 seconds.
There is furthér reteRinsenddarmriog isepf skisle ehanpelmornberehatise céifinmediby a

secondary Comml{%ﬁ%@’s‘i&?%t%‘ﬁ% ¥ At deashAQ SRGORUS.IHIAWEYRIeRD, i%{ﬁ?&ﬁgﬁhﬁ%%é,ses to the
data server 30 causes an increase in 25 overheads. Thus, a cycle of accesses to the data server 30

may be set to be IR EEEER! Ay heEs I oY sharetiRsaceirbis Mok sptesadraiiisy be
dynamically set dgpensingpacihe povmber @factiveroraasdtheisycler mayieset tedealanger because
of a low risk of interference when. the mer. of nodes is low, for example). The access cycle may be
instructed to the SSEARARy KSR cARoR 5B S50 B TR0 S8R VIR 30 o oA Fegistration
of the information othd¢he=saaoraaryusystemijdormexample. SRt 1 260\\WVOOMRLS5HIG46margid he
communication control device 100, for example.. periodically receives information on the primary
system from the 3 SSEr 30 Ancl ChAles R o staraaherait By Ui oF thi Heceived
information (step S¢MmTHeagorecemret daf@meridfionanaseéns wdleoo narorfitisratmetigiposition data of

the transmission sfafion. 10,85, PUMAN M RGIINLALAUS W of,guard arsaudi§t of channel

numbers of frequency channels, acceptable interference amount of the primary system, position data
on reference pointfspiFitaifaiencertalcifationddsesied 15, Ikbet IDSisHiRYisterdgsdcéhdary

communicatigy nogdesas andetherpaamelsisisushas adiacenkahanaebieakags dalie(ACLR),

fading margin, shadowing margin, protection ratio and adjacent channel selection (ACS)). The
communication compom%\}fi%“ﬁ)g‘%ﬁfﬁf‘é%gﬁ%oﬁf’W??aﬁrogffﬁggiﬁfg’ﬁ’ﬁ%%ndﬁ%@ﬁmﬁ]a system
(such as list of chalarek#uenlers)Theipacityeteamdhe seedrfoargsaammunicatiomnoaeia0aAs
described later, whiecq diﬁltgibryti n 1rrng\frgai‘n s 15 ad%gtiv:??l?yS sé%gsfogrd'hslgi%ljit@grtra{wsmiss'on power, the

. . 1 clive secon 1] Q1 ,.Secon . .
communication conltro aeVICe may receive ?ﬁe para e%ers to be used for sé tlng a (ﬁ?frlbutlon

margin from the datarsemverBt Rhkeparanieters tobdsused:fonigettingmdistébutiomiarergih may
include the n%nbe&lg&%%w%s;g&pndary systems or the number of secondary communication nodes

per channel, or its representative value (such as inter-band
[0047]

Then, the secondary communication node 200 configures a secondary system
based on the information notified from the data server 30 (step S12). For example,
the secondary communication node 200 selects one or a plurality of channels from

25 the secondarily usable frequency channels, and transmits a beacon to its surroundings
on the selected channels. Then, the secondary communication node 200 establishes
communication with a device responding to the beacon.

[0048]

Thereafter, an interference control request is transmitted from the secondary

30  communication node 200 to the communication control device 100 or from the

communication control device 100 to the secondary communication node 200 (step



20 maximum value). [0047] Then, the secondary communication node 200 configures a secondary
system based on the information notified from the data server 30 (step S12). For example, the
secondary communication node 200 selects one or a plurality of channels frop} 25 shgyeggendarily
usable frequency channels, and transmits a beacon tg4ts surroundings on the selected channels.
Then, the secondary communication node 200 establishes communication with a device responding to
the beacon. [0048] Thereafter, an interference control request is transmitted from the secondary 30

communication nogies 200rte: the-crmmunicatiancorisogsvise dkkanrftanidie ¢emeaurigation control
device 100 to the secondary commu ig@tjon node 200 (3teé) %Pal 250W090, 16 Sc]f%? The
efected wire Ky 1

interference contrSPPélalﬂlélg trlr?élynﬁeetransfrrhfﬁ%) BEAT the Ledsh ary SN ic8oh HodE00 in

response to a detecteddatyeleggesignabdronha diffengntysegsrmiaropystedn froniihe secahdary system

operated by the segandany. commi @'g@é' 10,1005 %Qohisc%éa%x_%r@%‘?erl@z%t%%dc’o%@%g” %E%E%”é:ye control
request may 5 be actively fransmitted from the cgmmunlcaflo_n control device 100 to each secondary
communicatiof ndete 200¢ipr exeampled Thenintbeferentaidiontical reepiwst Assizdhe tfarisnttdd before

configuring the secandany SYsigmRAIER 12 49048 WhEa reseonsRiR el aRR {odfe ierference

control request, mutual 10 authentication and application level information are exchanged between the
communication colFbPEEHREMEY BrarthweBesifeie ceitifanic4tien Hoter206: (step S14). The
information on thejgeggndary system is transmitted from the secondary communication node 200 to

the communication contrgl device 100 (step S15). The i formatfion transmitt?d herein mayf'nclude ID,
class and position data o th‘Fél a response Is returfed to the interference control request, mutila

10  authentication and application level information are exchanged between the
communication control device 100 and the secondary communication node 200 {step
S14). The information on the secondary system is transmitted from the secondary
communication node 200 to the communication control device 100 (step $15). The
information transmitted herein may inchude ID, class and position data of the

15 secondary communication node 200, channel number of frequency channel (used
channel) selected by the secondary communication node 200, information on -
communication quality requirements {Quality of Service (QoS8)), priority information
and commumication history.

[0050]

20 Then, the communication control device 100 performs a power adjustment
processing based on the information acquired from the data server 30 and the
secondary communication node 200 (step S16). The power adjustment processing
by the communication control device 100 will be described below in detail. Then,
the communication control device 100 notifies a power allocation result to the

25 secondary communication node 200, and requests to reconfigure the secondary
system (step S17).

[0051]
Then, the secondary communication node 200 reconfigures the secondary
system based on the power allocation result notified from the communication control

30  device 100 (step S18). Then, when finishing reconfiguring the secondary systemm, the

secondary communication node 200 reports a reconfiguration result to the



15 secondary communication node 200, channel number of frequency channel (used channel)
selected by the secondary communication node 200, infoimation on communication quality
requirements (Quality of Service (Qo0S)), priority information and communicatgofg%m%gwo %050]
20Then, the communication control device 100 perforjss a power adjustment processing based on the
information acquired from the data server 30 and the secondary communication node 200 (step S16).
The power adjustment processing by the communication control device 100 will be described below in

detail. Then, the cegaminication cRREoudavicerbORBptHies. a prwekallosationieau 1o.1h6125
secondary communication node 200, and requests to reconfigure the secondary Sﬁ%t;em (step 517).

q
[0051]  Then, tH8"&cdRdam s miiiniRErBRIEE™268 ratshfgurey 168 stabdR €y stem based
on the power allocatigmiesuihnatfiedifsenhthecomnmuoiaation-eanirel&Ouevieep0)(step S18). Then,
when finishing rec fg%uing the secondary system, the secondary communication node 200 reports a
reconfiguration result'to the SP311250W000 17 communication control device 100 (step S19). Then,
the communication contre} dénsicentOtugpdatestthieninfeimation on the secondary system stored therein

in response (o the reportfiam e, SERANAaN SEIHPIAUR0 A9e 200, (51N 5700003 <2 Basic

interference control model> *  The power adjustment processing by the communication control
device 100 in step’s16instHe BBV @R BUEHBRIMRa DS protessiimg Paset Bnaaniierference control

model described latgirfPnaxemiplerbag mrihematicalfrrmuias fortbsdnterferenagscrmtigl model will
be described herein biijse of a true value exrgression, 10but the interference control model can cope

with a decibel valu8'EXFEESIBNBY St raib ol tRaftanabe s fathirag value expression,

10 but the interference control model can cope with a decibel value expression by
conversion of the mathematical formulas.
[0053]
At first, a reference point for interference calculation is assumed as i, a
frequency channel allocated to the primary system is assumed as fj, and the
15 acceptable interference amount of the primary system is assumed as Luceepame(1, 7). A
single secondary system k secondarily using the channel f; is assumed to be
positioned on the outer periphery of the guard area. Then, the following relational
formula is established for maximum transmission power Puax(£, k) of the secondary
system, a path loss L(i, f;, k) for a minimum discrete distance (guard area width), and
20 the acceptable interference amount Loceepunie(1, ).
[0054]
{Math. 1]

Iaﬂcépmwe(iﬂ.ﬂ) = Pmax{j;!k)‘[‘{lﬁf;ﬁk) (1)

[0055]

25 The position of the reference point may be determined based on the
information received from the data server 30 by the communication control device
100 i step S1I in Fig. 4. When the reference point is previously defined, the

position data indicating the position of the reference point (such as latitude and



[0053] At first, a reference point for interference calculation is assumed as 1, a frequency channel
allocated to the primary system is assumed asand the 15 acceptable interference amount of the
primary system is assumed as lacceptable(i, f3). A single secondary system I@Isg%%g%@lg using the
channel f is assumed to be positioned on the outer peyiphery of the guard area. Then, the(%ollowing
relational formula is established for maximum transmission power Prna“(fj, k) of the secondary system,
a path loss L(i, t, k) for a minimum discrete distance (guard area width) and 20the acceptable

interference amoupihpaeaeptabledl fod0&ALMath: liagceptabhal, k) td LokiH)4005%b R he position

of the reference pojnt. may be de ermineg based an the information received from the data server 30
by the communicatB QM HEHEERISH h SEEE'S 15 ¥08. WG AR EReIERCR gt previously
defined, the positiokedatdtindidating the poditiorhofsthaxeterenaethoipi(suateasiabtugmand
SP311250W000 18 longitude be,received from the data server 30. The communication control
device 100 may df;’?{sa%nn%:%?ﬁl‘(%ce?e%}rgnr?r?eh ?hﬁea%osseﬁ‘fgﬁ@oof taﬁle(g?]e ePgﬁlélé)rbé%rﬁ %??J“s]%do ?H‘eef)%hsition data of
the nodes, thebservicendreacomthengtidixas arda Yithe primary system received from the data server 30,
and the position d%@sr(ﬂceived from each 5 secondary communication node 200. [0056]

When a plurality of secondary systems are preseni, {ransmission power
allocation to each secondary system is required to meet the following relational

formula obtained by extending formuta (1).

10 [0057]
[Math. 2]
AT 3 PR 100 1,06 Uk
33 (P o)L £ ) GCS 1 ) B f )
St kst
[0058]
15 Herein, the first term in the right side in formula (2) indicates a sum of the

interference amounts caused by the secondary systems secondarily using the same
channel as the channel f; allocated to the primary system. M; is the number of
secondary systems secondarily using the same channel, P(f;, k) is power allocated to
the k-the secondary system {or a master secondary communication node for
20  managing the secondary systems or all the secondary communication nodes
including the master and the slaves), L, f;, k) is a path loss between the k-th
secondary system and the reference point i of the primary system, and G(f;, k) is a
gain componeni. The second term indicates a sum of the interference amounts
caused by the secondary systems secondarily using a near channel different from the
25  channel fi. O is the number of near channels, jj is an index of a near channel, Nj; is
the number of secondary systems secondarily using a near channel, kk is an index of

the secondary system secondarily using a near channel, and H(f;, I;;, kk) is a loss



When a plurality of secondary systems are present, transmission power allocation to each secondary
system is required to meet the following relational formula obtained by extending formula (1). 10[0057]
[Math. 2] 0, kk), G( fjp 0)1 11(fj, 11,,k1c)) [0058] 15Herein, the first term in tk@nggﬁ%{%(w formula (2)
indicates a sum of the interference amounts caused byythe secondary systems secondarily using the
same channel as the channel f, allocated to the primary system. Ml is the number of secondary
systems secondarily using the same channel, P(11, k) is power allocated to the k-the secondary

system (or a mastebspeanlany ¢REBLNIEAIOR BRdEfabR0maRagindthe secondanasygtems or all the
secondary commupnjcation nodes including the mastfer and the slaves), L(i, f, k) is a path loss between

the k-th secondary 'Syt Sind e PErPEnCEBETAt T oPHiE o ritiSRTEY s BRCHA o & (F¥PES gain
component. The secondiiérvidndicki®s a sum of the interference amounts caused by the secondary
systems secondarj é{ogg'ng a near channel different from the 25 channel f, . O, is the number of near
channels, jj is an index of a near channel, N,, is the number of secondary systems secondarily using a
near channel, kk is an indéx gfittresecordarysipsters §8coadarimarsindcenearcehassdel thad H(fi, kk) is
aloss SP311250W000, 19:companenidqr the secondary system Idc from the near channel fi; to the
channel f. M and Nj] may be the number of active secondary systems (or secondary communication
nodes) [0059] 5ThE'#lh component G in formula (2) may be mainly determined based on the factors
indicated in Table I. [Table 1]

Takle 1. Factors of gain compoenent between systems

Sign Factor
Protection ratio between channels with frequency separsted
PR (£ — £) e
by -5
_ Shadowing margin
Do
o {Standard deviation of) shadowing
" . Sigmal identification degree by antenna directivity of primary
Dair G, § or i)

reception station at channel §j(E)and reference point i

. . Signal identification degree by polarized wave of primary
Dyor (i, £ cer i)

reception station at channel §fi{f) and reference point 1

. _ Antenna gain of prireary reception station at channel f{f)
Game (‘1» £ i.aru“j‘iﬁ

and reference point

— Feeder loss of primary reception station at chanmel f{fy) and
Lo, § tor i)

reference point i

10 [0061]

For example, for the protection ratio PR in Table 1, the following concept
may be apphied. That is, the acceptable interference amount from the secondary
system secondarily using a channel fry to the primary system using a channel fgs is
assumed as loccepanie.  Further, required reception power of the primary system is

15 assumed as Py(frs). The following formula 18 established between the parameters.
[0062]
[Math. 3]



[0060] [Table 1] Table 1 Factors of gain component between systems Sign Factor PR-, Protection
ratio between channels with frequency separated by fii-fi Shadowing margin (Standard deviation of)

shadowing Dd., (i, fj (or iil) Signal identification degree by antenna directivit)épgﬁgbgb%gﬁgception
station at channel fj(fi) and reference point i Dpot (ItJP);Signal identification degree by polarized wave
of primary reception station at channel i(f)j) and reference point i

Iaa:z:ﬁpmév!ﬂ = ng(fﬁﬁ’)/PR(fCR - fBS) (3)

[0063]
When the protection ratio is in a decibel expression, the following formula
may be used instead of formula (3).
5 [0064]
[Math. 4]

I

acceptable g reg {f ES )"’ 107 *Ven a0 (4)
[0065]
The loss component H in formula (2) depends on selectivity and leakage ratio
10 of a near channel, for example. Refer to "Technical and operational requirements for
the possible operation of cognitive ratio systems in the "white Spéces” of the
frequency band 470-790 MHz"(ECC Report 159, 2010} for the details of the gain
component and the loss component.
[0066]
15 <3. Exemplary structure of commumnication control device (manager)>

An exemplary structure of the communication control device 100 for
adjusting transmission power between the secondary systems according to the
mterference control model will be described below.

[0067]
20 [3-1. Entire structure]

Fig. 5 15 a block diagram illustrating an exemplary structure of the
communication control device 100 according to the present embodiment. With
reference to Fig. 5, the communication control device 100 comprises a
comnuunication unit 110, a data acquisition unit 120, a storage umnit 130, an upper

25 limit number determination unit 140 and a power allocation unit 150.



0) Antenna gain of primary reception station at channel f(fB) and reference point i 14 (i, fi (or ii))
Feeder loss of primary reception station at channel fj(fil) and reference pointi 10[0061] For
example, for the protection ratio PR in Table 1, the following concept may be @Pﬂlﬁgt}\% 8l is, the
acceptable interference amount from the secondary system secondarily using a channel feR to the
primary system using a channel fBs is assumed as lacceptame. Further, required reception power of
the primary system is 15assumed as Preq(f8s). The following formula is established between the
parameters. [0062)dddath. 3] SE311250W000 20 ceep)l PR(fc. [0063] When the protection ratio is
in a decibel expression, Lﬂ? foIIowinl% formula may be used instead of formulaé?:?. 5[0064 IMath. 4]

e comumutlication unit 130 operates as a communication Inteiface
communication between the communication control device 100, and the data server
30 and the secondary communication node 200. The communication between the
5  communication control device 100, and the data server 30 and the secondary
communication node 200 may be realized by any of wired communication, wireless
communication or a combination thereof, respectively.
[0069]
The data acquisition unit 120 acquires various items of data to be used by the
10 communication control device 100 for adjusting transmission power between the
secondary systems from the data server 30 and the secondary communication node
200. For example, the data acquisition unit 120 receives the information on the
primary system from the data server 30. For example, the data acquisition unit 120
may receive the information on the secondary systermn from the secondary
15  communication node 200. Then, the data acquisition unit 120 stores the acquired
data n the storage unit 130.
[G0707]

The storage unit 130 stores programs and data to be used for adjusting

transmission power by use of a storage medium such as hard disk or semiconductor
20 memory. For example, the storage unit 130 stores therein mformation previously

defimed by a protocol or regulation, as well as the information acquired by the data

acquisition unit 120. The data stored m the storage unit 130 is output to each unit

upon the processing by the upper limit number determination unit 140 and the power

allocation unit 150. The storage unit 130 stores a power allocation result by the
25  power allocation unit 150.

[0071]

The upper limit number determination unit 140 determines an upper limit
number of transmission power allocation targets. The number of transmission power
allocation targets may be counted as the number of secondary systems or may be

30  counted as the number of secondary communication nodes participating in the

secondary systems. For example, when communication is multiplexed in a time



acceptable/ 1 OPRUCcCR( 4 ) [0065] The loss component H in formula (2) depends on selectivity and
leakage ratio 10 of a near channel, for example. Refer to "Technical and operational requirements for
the possible operation of cognitive ratio systems in the "white spaces” of the fgggueneyapd 470-790
MHz"(ECC Report 159, 2010) for the details of the gain component and the loss component. [0066]
15<3. Exemplary structure of communication control device (nanager)> An exemplary structure of
the communication control device 100 for adjusting transmission power between the secondary

systems accordingii@idiae intaiferencerconirordngdelwithbe slesetherbetowin{d86:A]c20kdds Entire

structure] Fig.5is a.block.difigram illustrating an exem IarX]structure of Qe communication control
5 (s S ?éé TS£, l[a ‘&mmg. us, 11 this case
With?f 0 FIg.'5,

. ransmifs a wireleSs signal within a stety a .
device 100 accordtlng (0] {he present émebodlment. rence the"Communication control

device 100 compribesrandenmm srrioationsystitnddydaldatandeguit itomadait d@0marstorageudtt 130, an
upper 25limit numger, determinaion.unit 140.and,a Bg}ﬁ%?ﬁ%%‘%%%%%“&‘é et e %%%21?0%‘{900.21
[0068] The communication unit 110 operates as a'communication interface for communication
between the comrighicaiivbee slstrongatice w0 1 4k die atksseryehSaunerthdbaadntargt

communication nogde 200 Thecammunicatianpetween e g%mmamﬁemgm@ g&vice 100, and
the data server 30 and the secondary communication node 200 may be realized by any of wired

communication, witee3& B uRi€stsR i Eombination thereof respectively. [0069]
[0072]

In the present embodiment, the upper iimit number determination unit 140
10 determines an upper limit number of transmission power allocation targets based on
the communication quality requirement of each secondary system, for example.
More specificaily, for example, the upper limit number determination unit 140
estimates the interference amount to the primary system when transmission power
meeting the communication quality requirement of each secondary system is
15  allocated to the secondary system. Then, the upper limit number determination unit
140 evaluates a difference between the estimated interference amount and the
acceptable interference amount of the primary system. Then, the upper limit number
determination unit 140 determines the maximum number of secondary systems not
exceeding the acceptable interference amount of the primary system as the upper
20 limit nuniber of transmission power allocation targets. An exemplary processing by
the upper limit number determination unit 140 will be described below more
specifically.
f0073]
The power allocation unit 150 allocates transmission power to each
25  secondary system or each secondary communication node in each secondary system
based on the upper limit number determined by the upper limit number determination
unit 140 and the acceptable mterference amount of the primary system. At this time,
when a plurality of frequency channels are used by one or more secondary systems,
(in the situation of Fig. 1, for example), the power allocation unit 150 distributes
30  transmission power between the secondary systems such that a sum of the

interference amounts to the primary system caused by the use of the frequency



The data acquisition unit 120 acquires various items of data to be used by the 10 communication
control device 100 for adjusting transmission power between the secondary systems from the data
server 30 and the secondary communication node 200. For example, the datgl%(i%lj%i\t,{%&nit 120
receives the information on the primary system from the data server 30. For exampf)e, the data
acquisition unit 120 may receive the information on the secondary system from the secondary i5
communication node 200. Then, the data acquisition unit 120 stores the acquired data in the storage

unit 130. [0070]  chIbRistesags-uRIIZ0 BloleS LR amsrarddatadeberused ahAdiysiing
transmission power by use of a storag[]e medium such as hard disk or semiconductor 20 memory. For

example, the stordge-emitb 308 BOL TR EHdin WrSFATRIBR BracrSHER Uehnaarsy A praisedryr regulation,
as well as the inforsiatieiniecipdicistbydbe date gegidsition unit 120. The data stored in the storage unit
130 is output to e 887%?“ upon the processing by the upper limit number determination unit 140 and
the power allocation unit 150. The storage unit 130 stores a power allocation result by the 25power
allocation unit5150. [0071}-2. DEréadopecdismghumber determination unit 140 determines an upper limit

number of transmission %?%V%H?'L%S\H@Eﬁ%@(ﬁ&&éat&eaﬁ%‘Iﬂﬁﬁé SFYansmiss Q&&%ﬁ#@&?&ﬁ“o” targets

may be counted as the number of secondary systems or may be 30counted as the humber of
secondary commuhiegsspenadesiaiticipakig tn tNEBeEbnarey sy stems. Fapeanidiietmghen

communication is ME%@&} @B@cgmﬁm%?a%&ﬂ@ﬁgw QQQe%Zl @M%%@@%@ﬁﬁ%%é%@@ary system,
one secondary commupnication node transmits a wireless signal within a secondary system at a timing.

Thus, in this case, e HEBEF &F LuEBRRIARYEPLtRRRE deaee Homberest8e s ibarprGHimtinication

nodes do notipeedigbe diseriminaiad wiin uppeklimisnunberBetespiiedy the Wppesdd imit number

determination unit 140 may be used as the rwmb.ers MI and Né.ldgé s?lgﬁangjaay systems in the right side
it derlbadiats

of formula (2) des&Hised” g\f/sée@%aepﬁmxé é’ﬁ%%%‘fi%gﬁhﬁ?tf% Faﬁ?dﬁ]pfhwﬁ{e present
embodiment, the uipertiimigmcrmier detesminatiotoumibd 4@it 150 (step S140). Each of the three

stages will be described below in detail.
[0075]
15 (1) Upper limit number determination processing
Fig. 7 is a flowchart illustrating an exemplary flow of the upper limit number
determination processing by the upper limit number determination unit 140,
[0076]
With reference to Fig. 7, the upper linut number determination unit 140
20 acquires the information on the primary system provided from the data server 30
from the storage unit 130 (step S111). The information acquired herein includes data
on the acceptable interference amount of the primary system, and on the positions of
the boundaries of the service area and the guard area of the primary system. The
upper limit number determination unit 140 acquires the information on the secondary
25  system collected from the secondary communication nodes 200 from the storage unit
130 (step S112). The information acquired herein includes information on
communication quality requirements per secondary system and position data on the
secondary communication nodes 200. The information on communication quality
requirements may include minimum required signal-to-noise ratio {SNR), signal-to-
30  interference and noise ratio (SINR), or requested transmission power, for example.

[0077]



10 determines an upper limit number of transmission power allocation targets based on the
communication quality requirement of each secondary system, for example. More specifically, for
example, the upper limit number determination unit 140 estimates the interfer, nt to the
primary system when transmission power meeting thg communication quality requirement of each
secondary system is 15 allocated to the secondary system. Then, the upper limit number
determination unit 140 evaluates a difference between the estimated interference amount and the

acceptable interference amaumtof e PHimanisysiemelhfRthe MRPefdiui-Rymber.datgrmination unit
140 determines the maximum number of secondary systems not exceeding the acceptable

interference amoufitBPHSEPHRAOAHT SstetmPading d plseeatinhitarmBirgrt aahs o 558wer
allocation targets. #toexamplanpaesssing byrthednppie linaisnussharetarminadiendint 40 will be

described below more sBecgica[Irlx.&Om?;J The power all)location_unit 150 allocates transmisasion power
Ot ?re e 08 MUNICAtIon Hléa 1ty may be minimum traalsmissmnﬁaower reguire
to each 25 secondary Systém or each 'secondary communication nodé in each secondary system

based on th_e ﬁppefnﬂirrﬁbﬂmglberldquéemdi_rmimbymhe&llﬁpecniimi:tmmber Hsterdnin]agianumimm and the
acceptable InertelgReR LAl oL G RUmARSYIam. A INE AR AP UEAIY gl Tsgucncy

channels are used by one or rore secondary systems, in the situation of Fig. 1, for example), the
power allocation URUESRiIRmiBIiE BOHEASRNsSIempoviR Hisdive enlehmasersnuasyssystems such that

a sum of the interfgrence: AMUNELA D6 RIRANSYSIEM GaURSH Y thadseRf thailragiency

SP311250W000 23 channels does not exceed the acceptable interference amount of the primary
system acceptablEHHPERHANATE) ] AT BXERFIERP RECEEEM F YsthEsIWer s segheh GhA™M 50 will be
described below mam-shecifisali {0044 B3 RebatmledpiRearSiIRg] node 200 as tentative

transmission power instead of determining the tentative transmission power
according to the required communication quality as in the example of Fig. 7.
[0078]
Then, the upper limit number determination unit 140 determines a path loss
15  depending on a position of the secondary communication node 200 for each
secondary system (step S114). A method for calculating a path loss may be a method
using a propagation curve described in the following literature 1 or literature 2, for
example.
Literature 1: "BPR-10: Application Procedures and Rules for Digital
20  Television (DTV) Undertakings” (Industry Canada, BPR-10, Issue 1, August 2010)
Literature 2: "Me;[hod for point-to-area predictions for terrestrial services in
the frequency range 30 MHz to 3000 MHz" (Recommendation ITU-R P.1546-4,
October 2009)
When a propagation curve is used, a reference table indicating the propagation curve
25  is previously stored in the storage unit 130. Then, the upper limit number
determination unit 140 determines a path loss corresponding to a distance between
the secondary communication node 200 and the reference point of the primary
system with reference to the propagation curve. The upper limit number
determination unit 140 may determine a path loss depending on a distance between a
30  position of the closest node to the reference point among the slave nodes of the

secondary system operated by the secondary communication nodes 200 and the



Fig. 6 is a flowchart illustrating an outline of a flow of a power adjustment processing in step S16 in
Fig. 4. With reference to Fig. 6, a power adjustment processing by the communication control device
100 can be divided into three stages. The first stage is an upper limit numberﬁg?{gmgw processing
by the upper limit 10 number determination unit 140 (sfep S110). The secon stage is to select a
secondary system as a power allocation target (step S130). The third stage is a power allocation
processing by the power allocation unit 150 (step S140). Each of the three stages will be described

below in detail. [0QZR}dREL)MHRARY Yt RBRENHeIRIBINAIOMPLOERAING omnfulgcAils Adiewchart
illustrating an exem Ia% flow of the upper limit number determination processing by the upper limit

number determinafih divt PEG{pdre WAl dre ’bhE s g e hises s pRetih e ddrehigktermination

unit 140 20 acquiras:ihechtoraationomthe iimay\csisiemcpiiov aedmm the datacsekies30 from the
storage unit 130 (sbte£f§11}1 . The informa&ion ac uir%%ihl%rein includes data op the acceptable
0 lnmﬁm

_ ° a
interference amount %netprilﬁ%r @eé(f/rgtseur%} TR OsRiohe 8P ?ﬁglgguﬁ%p£rfée f the service area
and the guardareatofthhe primary system. The upper limit number determination unit 140 acquires the

information on the secongdary ?53 %@E@..’ﬁ‘gﬁ?'&%ﬁ}ﬁg H&%ﬁﬁ%tﬁ%%ﬂig‘i‘%u%ﬁ%%%@i&%t%f%ﬂlzﬁ‘&gfs 200 from

the storage unit 130 (step S11 e information acquired herein includes information on
communication quileyiEtoirémentstpdestive taiesyatey aiitqro dridndatsarafiecsetdindary

communication nogdgs 2Q0 ] e, IRIMANON: OR LOMMUMIGaLORHUaIlY (edHismeliamayinclude

minimum required signal-to-noise ratio (SNR), signal-to- 30interference and noise ratio (SINR), or
requested transmi§é%|3r power, for example. [0077] SP311250W000 24 Then, the upper limit
number determinafi@gojnit 40 determines tentative transmission power corresponding to the required
communication quality fO,F eac second%%l/ﬁts%stem (step S113). The tentative transmission power

0

corresponding to the requif@y ESmRRTAI VRUS B SR EM R AR E NS oMAPBNRE required 5
for meeting a requiredtmingndumiGiR;rfof @xandple sinstead; thetentative (fansndissiprephaver
corresponding to the required communication fua é%”l%?& %@J?Sg‘?&l}g aﬁfrﬁ“ 'y payyer. For
example, in the FCErile, maximum transmission power fixed per device a Hentication class is
defined. The uppesdigitonurhiter setarninaridensmitaAe: mageckstanmtbinge imaxariumaty atewkiskion power

defined for an ;L0 aythentigation tlazsgidneSeandaly sammunication.aade 09 as JRplatve

transmission power instead of determining the tentative transmission power according to the required
communication qu%lif?“é@lﬂwstfﬁ@@xé%‘fﬂet ]qp@g'?l.irfgbry\g?ber determination unit 140 calculates a

sum of the estimated interference amounts of the t selected secondary systems (step
S118).
[0081]

20 Then, the upper limit number determination unit 140 determines whether the
calculated sum of the estimated interference amounts is larger than the acceptable
interference amount of the primary system (step S119). When the sum of the
estimated inferference amounts is not larger than the acceptable interference amount
of the primary system, t+1 is substituted into t in step S120 (that is, 1 is incremented),

25 and the processing returns to step S117. On the other hand, when the sum of the
estimated interference amounts is larger than the acceptable interference amount of
the primary system, the processing proceeds to step S121.

[6082]
In step S121, the upper limit number determination unit 140 determines an

30  upper limit number of power allocation targets per frequency channel based on the

channels used by the t-1 secondary systems (step S121). For example, when the



Then, the upper limit number determination unit 140 determines a path loss 15 depending on a
position of the secondary communication node 200 for each secondary system (step S114). A method
for calculating a path loss may be a method using a propagation curve descril%?) i&;la%zgdtgwing

. . . " . . 51120

literature 1 or literature 2, for example. Literature 1: "BRR-10: Application Procedures and Rules for
Digital 20 Television (DTV) Undertakings" (Industry Canada, BPR-10, Issue 1, August 2010)
Literature 2: "Method for point-to-area predictions for terrestrial services in the frequency range 30

MHz to 3000 MHz' (Reeammendation dddRsPsdadtnteRaiaber 20090 WhenaRrapagatian curve is

used, a reference table indicating the propagation curve 25 is pr_eviouslly stored in the storage unit 130.
Then, the upper linfif rﬁﬁﬂ‘b"é’%é&aﬂﬂﬁ]ﬁaﬁ feaish 120 geREmatNe & 8 BatHID SR RTrEBH MG o a
distance between the:satancanicorinurieationthoge 20thandithecraterapcapoimbafdhe primary
system with refereggeﬂto th%lgrg pae(r:;:ﬁtingp curye. ghe Uupper Iimit.nr%ba??r dgtermination unit 140 may

in [

. milarl UMDCT, dGierminaion  unit . efermines an I
determine a path I0Ss cfeB/En on a distance between a §]0p05| on‘of 1€ Clo%est Hode s the

reference point among thelsiaveotedésoltive segortiary system operated by the secondary
communication noﬂ%% 00 and the SP311250W000 25 reference point, not depending on the position
of the secondary communication node 200. For the calculation, only the slave nodes which are
estimated to have a high&hintererdimss faveiahdptenaisersntalty dnmmatirielstion nbadinoofmay be

considered based githeRarametetscaleias AMeanseight o artenna@aln Qfeashnds. 5[0079]

Then, the upper limit number determination unit 140 calculates the estimated interference amount to

be given to the primiry SJtantass Ah g a PBal Aot tHEHERAREFATFRISEISh HBWEF BAEl the path

loss for each gecongany Sysa (HteRrSd:k5)nkRIA080the pribhen, she-hPRRE lifpit Aymbredetermination

unit 140 initializes a variable t for storing the numper of secondary sysfems to | (step S116). Then, the
k BT T

upper limit number® QERAPATIRAORRINE T L& ge@@ﬁﬁlgﬁ% %ep S117). The selection of
the secondary sysféfr¥d¢ may be made according to an arbitrary standard 15 such as order of time

when the secondary sysigym S(aits (0, PRETAIE: AFlStof ATIRURG-QhiaRdOM SyS(em, Then, (e upper imit
number determination unit calculates a sum ‘of the estimated interference amounts of the t
selected secondadﬁgysiﬁém@(ﬁ@p@m&ﬂ unit 140 may be the upper limit number of secondary

15  systems or secondary communication nodes for which simultaneous secondary usage
1s permitted. "Simultaneous” herein is not "simultanecus" in a limited sense strictly
indicating the same point of time on the time axis but may be "simultancous” in a
broad sense containing a certain offset in a temporal range. Fig. 8 illustrates a
simultaneous usage nmumber in a limited sense and a simultaneous usage number in a

20 broad sense. In the example of Fig. 8, the simultaneous usage number in a limited
sense does not exceed 3 at any point of time. On the other hand, the simultaneous
usage number in a broad sense is 4 in the first period T1, 5 in the second period T2, 2
in the third period T3, and 4 in the fourth period T4. The simultaneous usage number
i1 a broad sense is handled so that a time resolution of interference control is lowered

25  while loads for the control processing can be restricted.

[0085]

(2) Selection of secondary systems as power allocation targets

In the second stage of Fig. 6, the power allocation unit [50 selects the
secondary systems as transmission power allocation targets from among the

30  secondary systems operated by the secondary communication nodes 200 registered in

the data server 30 (step S130). The secondary systems as transmission power



[0081] 20Then, the upper limit number determination unit 140 determines whether the calculated sum
of the estimated interference amounts is larger than the acceptable interference amount of the primary
system (step 5119). When the sum of the estimated interference amounts is IﬁT %}ﬁg}? the
acceptable interference amount of the primary systemy+1 is substituted into n ste (thatis, tis
incremented), 25 and the processing returns to step S117. On the other hand, when the sum of the
estimated interference amounts is larger than the acceptable interference amount of the primary

system, the processiRGiPeagds (FSeP.Shdhy 082k HRRR ST dmiNg UPR]E MMt RUINPRES

determination unit 140 determines an 30, upper.limit number of power allocation targets per frequency
channel based on WY CHAREISERBERSY thePe £ ?éé%ﬁé‘f?o%ﬂéwwgﬁ@@ﬂnﬁ % &paiible, when
the SP311250W0g0Z6cehsnaneldcused bfitlegecandaryhsysiens ameng the t-I secondary systems are
equal to the frequgsﬂ%é?hannels allocated to the primary system, the upper limit number determination
unit 140 determin upper limit number for the same channel as t1. Similarly, the upper limit
number determination urivldGmige, determinedaay uppewbiaitmunibelo fathdi dhegustaoyechannels.

(0083]  The upherJimit Aumsrasierminalion 40 may.selgst ARkl gl cgmbinations of

secondary systems for selecting the Secondary systems in step S117. In this'case, when the sum of
the estimated inteffEr&eEESbURtEsIOIgrgdrthaveDtrBosedentanie ihB8rfdresarngmabeit ofthe primary

system also for any,setected combination the RIQsRSSING{BSIEP.SLARMaY, transitie siep,5121.

0084
[ ] communication node 200 is ignorable. The secondary system for which it is

10 determined that an interference is ignorable is excluded from the transmission power
allocation targets. The secondary systems can operate by their own requested
transmission power without conforming to the power allocation by the
communication control device 100,

[0087]

15 A threshold for determining whether an mterference is ignorable may be a
common threshold for all the frequency channels or may be a different threshold per
frequency channel. A threshold for the path loss depending on the distance may be
used instead of a threshold for the distance.

[0088]

20 For example, Fig. 9A illustrates a threshold D1 common for all the frequency
channels for the distance from the boundary 12 of the service area of the primary
system. The positions of the five secondary communication nodes 200 are also
schematically illustrated. In the example of Fig. 9A, the first, third and fourth
secondary communication nodes 200 among the five secondary communication

25  nodes 200 are not away from the boundary 12 of the service area of the primary
system to the outside beyond the threshold D1. Thus, the first, third and fourth
secondary communication nodes 200 may be the transmission power allocation
targets by the power allocation unit 150. For the fourth secondary communication
node 200 positioned within the service area of the primary system, a distance to be

30  compared with the threshold DI may be assumed as zero. On the other hand, the

distances from the second and fifth secondary communication nodes 200 to the



The upper limit number of power allocation targets determined by the upper limit number determination
unit 140 may be the upper limit number of secondary 15 systems or secondary communication nodes
for which simultaneous secondary usage is permitted. "Simultaneous" herein Liﬁ){;‘ﬁt '

zgsoiwﬁggneous" ina
limited sense strictly indicating the same point of time-gn the time axis but may be"simultaneous” in a
broad sense containing a certain offset in a temporal range. Fig. 8 illustrates a simultaneous usage

number in a limited sense and a simultaneous usage number in a 20 broad sense. In the example of

Fig. 8, the SimU“a'B@QﬁtﬁdHﬁQQe&‘é%@eﬁ@ @ar‘@%‘ﬂ&%ﬂ PANSR GRES B! exﬁ%,d 3 %?é?é’s?@ _Qlf time. On
the other hand, the simultaneous usage number in a broad sense is 4 in the first period Ti, 5 in the

second period T2, PHHEthirahhfotPIe8 e AR dReFoHN pRYAlTheWRiuttthBbud usage

number in a broadigenseiéishandiestsethatatinewaselpionofintenicranceconiml davared 25while

loads for the control %)rocessin can be restri tedﬁoboogg]e%% %e e?tionﬁ?{ secondary systems as power
0

allocation targets ¥ AdAnC SANe 1SR HER s F5E&tIoN U el%@%@i‘é%%&l‘?@%%condary

&'8ecsnd Sthgé Gt Fig. 6. the power a
systems as transmilsiotiopowestaty datiortargétsaframiaimicny the 30 secondary systems operated by
the secondary com&g jcation nodes 200 registered in the data server 30 (step S130). The secondary
systems as transmissioh power SP311250W000 27 allocation targets refer to as many as the
secondary systems not ékee&&inguteaigp e |ifiesiarbdr2d ensr R der iththdistrscstaerardeng the

secondary systemgyiGh can oiMe arcansidersble @Yﬁ'e@iﬁdfﬁeiﬁﬁ[%@% t&é“&&ﬁﬁ%ys?é@iﬁm- [0086]

For example, for a secondary communication node 200 for which a distance between the secondary

communication notfEPIB R HAS BFRifENS ekl B cbais FpradBesinmria thFasndi e ower
allocation unifdl50eiefenminesaHhal anviatesiesemeepsansed hydhe Facondary sysiam opasaied by the

secondary communication node 200 is ignoraple. The secondary system for which jt is 10 determined
that an interferenc@ﬁ%%ﬁ)ﬁ%% s 8% ﬁ%%&‘ﬁ%ﬂﬁ ﬁX@t%ﬁg‘f‘ﬂfggﬁ i pERR A S EPYER. The
secondary systemshaam:bperatehbytasicoWh raguéstedatrphsmissignopovier withaditaadnfiditming to the
power allocation bé’e%g a%fmép)ynrxljil%%ﬂ:% lo%o%r elsds&)c eam]igr(l)g [91%817}'11!@ secondary communication
nodes 200 secondarily use the channel FI. The second secondary communication
15 node 200 is not away from the boundary 12 to the outside beyond the threshold D2,
On the other hand, the distance between the fifth secondary communication node 200
and the boundary 12 exceeds the threshold D2. Thus, the fifth secondary
communication node 200 is excluded from the transmission power allocation targets
by the power allocation unit 150. The first, third and fourth secondary
20  communication nodes 200 secondarily use the channel F2. The first and fourth
secondary communication nodes 200 are not away from the boundary 12 to the
outside beyond the threshold D3. On the other hand, the distance between the third
secondary communication node 200 and the boundary 12 exceeds the threshold D3.
Thus, the third secondary communication node 200 is excluded from the
25 transmission power allocation targets by the power allocation unit 150, Under the
condition with the same transmission power and path loss, an interference from the
same channel is typically more fatal than an interference from a near channel, and
thus the threshold D2 may be set to be larger than the threshold D3,
[0090]

30 In this way, the secondary systems for which an interference is ignorable are

excluded from the transmission power allocation targets, and thus the calculation



15A threshold for determining whether an interference is ignorable may be a common threshold for all
the frequency channels or may be a different threshold per frequency channel. A threshold for the path
loss depending on the distance may be used instead of a threshold for the di%@gncle.5 g{?& 20For
example, Fig. 9A illustrates a threshold D1 common fgpall the frequency chaihéls 1 the distance
from the boundary 12 of the service area of the primary system. The positions of the five secondary
communication nodes 200 are also schematically illustrated. In the example of Fig. 9A, the first, third

and fourth secondagy, cRMMUMHEIANNQAES R0 ;ﬂﬁb‘é@n@%&%ﬁ%?%&%&ﬁ@@%&ﬁ@@éﬂoﬂ 25 nodes
200 are not away from the boundary 12 of the service area of the primary system to the outside

beyond the threshBHETHIFSh A PRSI TARE ANt ASRAN SERghdaFF RO MtHEHEEBHhIRBaE200 may be
the transmission paweeRiceatian tas@atsiy the power allocation unit 150. For the fourth secondary

communication nzﬂﬁé 0 positioned within the service area of the primary system, a distance to be 30
compared with th hold DI may be assumed as zero. On the other hand, the distances from the

second and fifth secondafieoonim poicatielicnaites 200 t6tthangRa1 IREMMEBE 28 bonumdagy 12 exceed
the threshold DI, respectively, Thus, a wireless signal transmitted. from the second fifth secondary
communication nostfg%ngglgh gteanrllsigﬁ?&r%ﬁﬁ%%ﬁﬁ%ﬁe%‘?gﬁ(E:Iéngi\}lélrl? %}grtr%%%?%ng?;g s{%’gm, and the

second and fifth seebédantcombarricttiomioaesnX0DHareldxolutbeh flonmunderapissaissibnypower

Sallocation targets;by e RRWRE MOGASIEHMALARBA0RE B wer fig. AR IHSBE SN, Eegholds D2
and D3 for the distances from the boundary 12. The threshold D2 is a threshold applied to the

secondary system§BEoHaaHRISTSMgRPEcEapiaeHaRnk (fie BREXNEY Fbf tFecadampietitg. 9B) as
the 10 frequency ehaapshalipcatest tgithe-pimarssysiame he titdthiesheld Bdds sthigshold
applied to the secondary system secondarily using a different frequency channel from the channel Fl.
In the example of B BT SSLUHA TR JRESHiEH CHRRRIMIRNEH AbREE 4y the five
secondary commugigation fedesc2dp skdendanhdaisestheahannebkhinahhetkacoRthsesomdary
communication 15 node, 2005 not away from,he houndan 42 1o the outside beyond,the threshold D2,
On the other hand,(i e distance bétweer the 'seconﬁary communication node and the
boundary 12 exceedstteyhvestoldoDfhichusyriteififitn seconddhyccornmudieatonayodei200 is excluded

from the trangissignoueraliacarionarastaloy the aauerplgralion uih 139 The fistlhird and

fourth secondary 20 communication nodes 200 secondarily use the channel F2. The first and fourth
secondary commuifitaticHeHER POOSaTRh dt wies flalsT tHe dsounelany 1 tepenadgntsitécsyond the

threshold D3. On g atheshredierisipeeRaiween he:tbirh fRacondrrsRMmMDicatien node 200

and the boundary 12 exceeds the threshold D3. Thus, the third secondary communication node 200 is
excluded from the $98EMEMEISH Bbwer allocation targets by the power allocation unit 150. Under
the condition with theogame transmission power and path loss, an interference from the same channel
is typically m i€ fatal tha interfﬁ—:rence from a.near channel, and thus the threshold D2 may be set
to be larger than the threéshold - ocation processing

(3-1) First example

Fig. 10A is a flowchart illustrating the first example of a flow of the power
allocation processing by the power allocation unit 150. In the first example, the
power allocation unit 150 tentatively distributes transmission power to the secondary

25  systems secondarily using the frequency channel per frequency channel, and then
redistributes the tentatively-distributed transmission power in consideration of an
impact between the different frequency channels. Then, the power allocation unit
150 corrects the distributed or redistributed transmission power to meet formula (2)
in the interference control model.

30 [0093]

With reference to Fig. 10A, the power allocation unit 150 first acquires the



[0090] 30In this way, the secondary systems for which an interference is ignorable are excluded from
the transmission power allocation targets, and thus the calculation SP311250W000 29 amount for the
power allocation processing described later can be reduced. A different thresjglgé? %(El \%ﬁlﬂb’ency
channel is used, thereby evaluating an impact of interfgrence more accurately. d ﬁ en, the
power allocation unit 150 compares the number of remaining secondary systems not excluded with the
upper limit number determined by the upper limit number determination unit 140. Then, when the

number of secondafysYsteMmans eadsihe separivitaunbat.thaPQwer allecation waikds0
determines to deny t_ransmissiongower allocation to as mang as the secondary systems 10

corresponding to tHEdifféfethall Har e HeBERRFEhSRMsH YT B8 REyYatermibe the
secondary systemsstonduhichdtansalissiahmower: alocation isdenigd:naseden the puarie of the

secondary system, the comm %c tion ils rycirthe &ommunic Eion ualit _r?%ﬂrement. The
dtorage unii g °p 4, h%n e gg{)wer allo tﬂﬁl Uit ncaaeats the .
secondary communication node 200 fn the sSeconddry system for which transmissién power allocation

is denied mayiwaibforeskbrgransepiSdibhppoisentodye altochtedd thépewendatipeatian. unit 150 performs

the power aIIocati?%gg?cessing described later on as many as the secondary systems equal to or less
than the upper limit number determined by the upper limit number determination unit 140. [0092] 20(3)
Power allocation process$igs{@1 st dianppieer  alitegatimA 19 flbWcHertalivadtratisg tivsefirst example

of a flow of the powgy.allacatiopuRrosassinghy herawer alacation unith el m&n@xﬁsﬁg@é@mple, the

power allocation unit 150 tentatively distributes transmission power to the secondary 25 systems
secondarily using tHéFredlie feyaEns e Eion of tamy SRRy A mpYHEPrEarStrb atea iing
tentatively-distributed ttansmissiofn paweidn GenSidelaliogiaf aadmpagidevesndhe diftprent
frequency channels. The ,ﬁth%%ower llocation unit 150 corrects the distributed or redistributed
transmission powéﬁg’% for L]ﬂ?f f'ﬁﬁ’fﬁ@ﬁ}ﬁerference control model. 30[0093]

[0095]

{Fixed margin system)
The first system is a fixed margin system. In the fixed margin system, a
15 fixedly-preset distribution margin Ml (and safety margin SM) is used so that
transmission power to be distributed to each secondary systems is easily calculated.
In this case, calculation cost for distributing transmission power is reduced.
Transmission power P(f;, k) tentatively distributed to the k-th secondary system using
the frequency channel £ is derived from the following formula.
20 [0096]}
[Math. 5]

P E) = L s S LG S, R) -GS k) - MT-SM (5)

[0097]
(Equal system)

25 The second system is an equal system. In the equal system, transmission
power distributed in the respective secondary systems is equal to each other. That is,
transmission power is equally distributed in a plurality of secondary systems. The
transmission power P(f;, k) tentatively distributed to the k-th secondary system using

the frequency channel £ is derived from the following formula.



SP311250W000 30 information on the primary system provided from the data server 30 from the
storage unit 130 (step S141). The power allocation unit 150 acquires the information on the secondary
system collected from the secondary communication nodes 200 from the stor e m%&%% (step S142).
Then, the power allocation unit 150 repeats the 5 proggssing in step SI43 per frequéency ananneI used
by the secondary system. [0094] In step S143, the power allocation unit 150 tentatively distributes
transmission power between the secondary systems using a channel of interest (step S143). The
tentative distributigppogtransmission power may be performed according 10to any of three systems
including fixed margin system, equal system and unequal system described later, for example. [0095]
(Fixed margin system) T E1"i’f’s@ystem is a fixed margin system. In the fixed margin system, a 15
fixedly-preset distribution margin Ml (and safety margigsSM) is used so that transmission power to be

distributed to each segpngary systems is easily calcylated: jn thiseca caWio‘ 2qQst for distributing
transmission power i r yegﬁs T'fg;m)s@tai%@ﬁe&ry Pﬁﬂzﬁm&" : mﬁz k-tH 6 )
secondary system using the frequency channel fi is défiwed from the following formula. 20[0096] [Math.

5] P(fj,k)=k G( ,k). Mggﬁvl (5) [0097] (Equal system) 25The second system is an equal system. In the

equal system, transmission
5 (Unequal system)

The third system is an unequal system. In the unequal system, more
transmission power is distributed to a secondary system having a larger distance
from the primary system. Thereby, a chance of secondary usage can be entirely
enhanced. The transmission power P(f;, k) tentatively distributed to the k-th

10 secondary system using the frequency channel f; is derived from the following
formula.
[0100]
[Math. 7]

P(-f}’k:’ = Jam?pmﬁié(iﬁ .f:;) ’I{L(Iv.f;w k) : G(.f:nk) Mf} {73

15 [0101]

The equal system and the unequal system may be combined with an applied
interference margin reduction system described below.
[0102]

(Applied interference margin reduction system)

20 The applied interference margin reduction system is directed for employing
the safety margin SM for reducing a risk of interference, and can be used in a
combination with the equal system or unequal system. The transmission power P(f;,
k) 1s derived from the following formula (8) in a combination with the equal system
and from the following formula (9) in a combination with the unequal system. SM

25 indicates a safety margin preset or notified from the secondary communication node
200.

[0103]



power distributed in the respective secondary systems is equal to each other. That is, transmission
power is equally distributed in a plurality of secondary systems. The transmission power P(fi, k)
tentatively distributed to the Ic-th secondary system using the frequency changligéﬂg 'gg}d from the
following formula. SP311250W000 31 [0098] [Math. g} [0099] 5(Unequal system) e third
system is an unequal system. In the unequal system, more transmission power is distributed to a
secondary system having a larger distance from the primary system. Thereby, a chance of secondary
usage can be entirely enhaggegl; The transmission power P(fj, k) tentatively distributed to the k-th
10secondary system using the frequency channel fi is derived from the following formula. [0100] [Math.
7] P(fj,k) =la 15[0101] The equal system and tha#fynequal system may be combined with an applied

interference margin Wfﬁlﬁ) ygtgcg p?m%fsﬁrgi)% j)ﬁ {LQQ&ZJ};} kk) . G( f; , kﬁ;} . SM} (8)

&=l

P15 )= L pguepianse s S5 )AL £33 B) - G(f s B) - M - SMY - (9)

[0104]

Each system described above may be combined with a weighting distribution

o

system described below.
[0105]

(Weighting distribution system)

The weighting distribution system is directed for weighting transmission
power distribution depending on a priority per secondary system. The transmission
10 power P(fj, k) is derived from the following formula (10) in a combination with the

equal system and from the following formula (11) in a combination with the unequal
system. The transmission power P(f;, k) 1s derived from the followimg formula (107
in a combination of the equal system and the applied interference margin reduction
system and from the following formula {11') in a combination of the unequal system
15  and the applied interference margin reduction system. w; indicates a weight
depending on a priority. A weight w; per frequency channel may be used instead of
the weight wi per secondary system.
[0106]
[Math. 9]



(Applied interference margin reduction system) 20The applied interference margin reduction system is
directed for employing the safety margin SM for reducing a risk of interference, and can be used in a
combination with the equal system or unequal system. The transmission powg&ﬁ(&% erived from
the following formula (8) in a combination with the equgl system and from the followin ormula (9)ina
combination with the unequal system. SM 25 indicates a safety margin preset or notified from the
secondary communication node 200. [0103] SP311250W000 [Math. 8] P(fi,k)"- "acceptable-G(fi,k)
Mj SM}(9)[0104] Each system described above may be combined with a weighting distribution

tem described below. [010 Moo
system describe eOWBE ] ’,Zw& mwe(;gj}}fi{l.(z S kky-G(f k0 10y

=W,
bkl

Pfpky={w i ) wy Zmﬁwk(fafp}/{L(fsﬂ,k}"g‘(f;sk}'Mj} 119
\ ==l J
(o %, |

P(f, k)=l w,/ iww T ot Xy 1)1 Z{ﬁ(f,ﬁak&)*g(ﬁmkk}*ﬁ{} (10 7)
\, v J e},

P(j:;?k)'“ Wy fﬁwm} L pecepmanie s S VAL £ 1o K- GL S R) - M- SMY (117

i, kst

[0167]
When the processing in step 5143 is terminated for all the frequency channels
5 used by the secondary systems, the power allocation unit 150 further employs an
inter-band mnterference, and redistributes transmission power in the secondary
systems (step S5144). For example, fransmission power is redistributed in the equal
system according to formula (12) (formula (127) in a combination with the applied

mterference margin reduction system), for example.

10 [0108]
[Math. 10]
e 1)~ 3 SUPCT, HY-LG, 1, B -GS, Y HS, f o
AT T fd Mol - {1%)
Z{Lfis.ﬂ,kk}*ﬂ(ﬂ,k&'}}
L6 1)~ Y. AP WY1 £, 1) G IIHU S, 48 |
-Pg‘{ﬁ&k) - ‘gndiiad { 1B - }
ﬁ;{f»(w}»kk) G, 5K) - S}
el
[0109]

Formula (12) indicates that the acceptable interference amount obtained by



(Weighting distribution system) The weighting distribution system is directed for weighting transmission
power distribution depending on a priority per secondary system. The transmission 10 power P(T, K) is
derived from the following formula (10) in a combination with the equal systené@%(ijgﬁ 65|§ following
formula (11) in a combination with the unequal systemy,The transmission power fl, W erived from
the following formula (10') in a combination of the equal system and the applied interference margin
reduction system and from the following formula (11') in a combination of the unequal system 15 and

the applied interfergpae-margie ieduetionSysiem: Wikindicates aweightdepending av.4 plority. A
weight wi per frequency channel may be used instead of the weight wk per secondary system. [0106]

[Math. 9] [0107] WHEHHAORITELEHT rMaEp 8his rramintldsss mftEbrigueseyehltnels 5
used by the secongimyisysterassdhe pawarsalkieation, urihskbRsfurthew enopiays aniintertband
interference, and redistributes transmission power in secondary, s ms (st 44). For
example, transmisgfgnu}f)% uagr? Srtgais%fglﬁg{g iﬁotﬁ{éeefé%eg System e%%ﬁé?n{ﬁ'ﬁgm %a) ( )a(formula
(12" in a combinatiomiwitiiitmesaibplie dpirliedfareriesmangin: re dultkionrsystem), for example. 10[0108]
[Math. 10] [0109] Fﬁ?mﬂla (12) indicates that the acceptable interference amount obtained by

SP311250wW000 3
Math. 11]

iy, &
hemalin £ =3 gfi’{fmﬂ}*il’iﬂfwﬁf‘}'i?{fg,kk)fff(fﬁfwki:)}‘
BT L Sk -

A — (138)
Lfi;_f},k} * (:3’{]:; rk} ’Mj

P, k) =

L 1) = 3 S APUE K L, f 3, JKY-GUf BRY T HUT, £, KO}

YL B Sl I , 37
P{fﬂk? ﬂ{iﬂf},k}‘fi{f!,k}'ﬁfj -8 {1 }

[0111]
10 Of course, a weight in the weighting distribution system may be further
applied to each mathematical formula described above for redistribution.
[0112]
Then, the power allocation unit 150 searches a point where the interference
amount evaluated based on the redistributed transmission power is the strictest within
15  the service area of the primary system (step S145). For example, a point i' where the
interference amount is the strictest is searched as in the following formula (14) or
formula (14).
[0113]
[Math. 12]



subtracting the interference amount caused by the use of a near channel from the acceptable
interference amount of the primary system is redistributed between the remaining secondary systems.
Similarly, transmission power can be redistributed in the unequal system acc%rlgé%@wogollowing
formula (13) (formula (13') in a Scombination with the gapplied interference margin reauction system).
[0110] [Math] [0111] 100f course, a weight in the weighting distribution system may be further
applied to each mathematical formula described above for redistribution. [0112] Then, the power
allocation unit 150 searches a point where the interference amount evaluated based on the
redistributed transmission power is the strictest within 15 the service area of the primary system (step
S145). For example, a point i'|wherd shaintéiferentefatfiodnt iihG Siictéd) ikdsearched as in the
following formula (14)-argondniila £14). [0113] [Maftt 12] [0114]  Then, the power allggation unit
150 calculates a correctiot coefff§i o p,@gye,{,ggg%mgon@% ;Mjﬁif@ﬁﬁ\ﬁnn%gr ula based on the

total interference amount 5ang th&: a@cept'a%le Interference amount I'aceeptab‘i’ea(i,‘ﬂ at the point i' (step
S146).

{

M
Lt )= S P K- L ) G ) SM

R

oy Ny |
=S SUUPS M LG, 1 H)- G, R SM LS, £, KN} |

b Al ik

I’ = argmin {147

[0114]
Then, the power allocation unit 150 calculates a correction coeflicient A for
power distribution as in the following formula based on the total interference amount

and the acceptable interference amount Lcepunte(1, §;) at the point 1 (step S146).

ot

[0115]
[Math. 13]
L@ 1)
A= A e (18)
3Pk LG, £ B)- G )
o X - e ey
£ 3SR k) L £y hY-GUE 5 KV HUS, £, 10}
Ty o
_ Lo 1)
A s W acoeptabl f;’ e S B
S P, k) LA B -GS, )-SM
ot
Qﬁk o - ; ot - . . -
+ 30 S P k) L £ k) G oK) - SMH (S, f 1 KD}
el At
[0116]
10 Formula (15') can be used when the applied interference margin reduction

system 1s applied to power distribution.

[0117]



[0115] [Math. 13] [0116] 10Formula (15) can be used when the applied interference margin reduction
system is applied to power distribution. [0117] SP311250W000 36 Then, the power allocation unit
150 uses the calculated correction coefficient A to correct transmission powe%gﬁﬁg Bed to the
secondary system according to the following formula ggtep S147). [0118] 41 1 (1 6) [0119]
(3-2) Second example

Then, the power allocation unit 150 uses the calculated correction coefficient
A to correct transmission power to be allocated to the secondary system according to
the following formula (step S147).
[0118]

[Math. 14]

Gt

P'f,k)y=P(f,k)-A (18

[0119]
(3-2) Second example
Fig, 10B is a flowchart illustrating the second example of a flow of the power
10  allocation processing by the power allocation unit 150. In the second example, the
power allocation unit 150 tentatively distributes transmission power to the secondary
systems secondarily using the frequency channel per frequency channel as in the first
example, and then redistributes the tentatively-distributed transmission power in
consideration of an umpact in different frequency channels. In the second example,
15 the power allocation unit 150 determines the tentatively-distributed transmission
power in a stepwise manner depending on a priority per secondary system or
frequency channel, for example.
[0120]
In the example of Fig. 10B, at first, the power allocation unit 150 tentatively
20  distributes transmission power per channel for all the frequency channels used by the
secondary systems, as in the first example (step S141 to step S143). Then, the power
allocation unit 150 determines whether the tentatively-distributed transmission power
meets formula (2) in the interference control model (step $149). When formula (2) is
not met, the processing proceeds to step S150.
25 [0121]
In step S150, the power allocation unit 150 determines power distribution in
the secondary system with a higher priority among the secondary systems for which
power distribution is not determined (step S150). For example, the power allocation

unit 150 may determine the transmission power tentatively distributed to the



Fig. 10B is a flowchart illustrating the second example of a flow of the power 10 allocation processing
by the power allocation unit 150. In the second example, the power allocation unit 150 tentatively
distributes transmission power to the secondary systems secondarily using tfﬁ%ﬁ@gﬁ&@ﬁﬁhannel per
frequency channel as in the first example, and then regdistributes the tentatively-distribute
transmission power in consideration of an impact in different frequency channels. In the second
example, 15 the power allocation unit 150 determines the tentatively-distributed transmission power in

a stepwise mannefdeReRAING:AA JAIQMYIREHISSANHaNRYSIRMINNRAULHCYIRhaRAg) dor example.
[0120] In the example of Fig. 10B, at first, the power allocation unit 150 tentatively 20 distributes

transmission poweF PR RRaRRETor HiF - il RaneEy eirsaHens tebd By wrE dUesrdar &8ems, as in
the first example (step 4l tosignGldar khenythepawenallocatiandnit Jbdefermiags: whether the

tentatively-distribu&ed transmissjon power meets formula 5%) in thgﬁiréli%rfer%néc%e gontroln@odel (step
e [

S149). When formUia (2718 ROt met: the procEesing prodeedd (8 < 156" 12E7° % step

S150, the power adfatation unit 150 determines power distribution in the secondary system with a
higher priority amopg,the secondary systems for which power distribution is not determined (step
S150). For example, the power allocation unit 150 may determine the transmission power tentatively
distributed to the SP311PBEOMIb00B7Rakesitiarn syistéenmith g Hig e priodtyniesteramsmisdion power

to be allocated to the; seseRIARL SIS stead, the. eweRAlPcRLARUDILIS0may delerpine a value

obtained by multiplying the tentatively-distributed transmission power by a weight depending on the

priority as transmiS8MF pHWErHE e ot ABa AL SEFLRdAN: Ssseirictition) formpigs fothe power

allocation unit ¢l 50redmphibys @ midieselanchinte erenEs:apehigdistripstess fransmission power to the
remaining second é stems for which power distribution is not determined (step S151). The

calculation formul 10redistribution may be the same as the above formula (12) or (13). [0123]
Thereafter, when formul&12)cismetviestipnSild O thenpo\ire s @l ctiatio mhu i\t &0 Hetetinrinas the
tentatively-distribuled transmission power ar sedsiribuien fiansmission power,as transisgion power
to be allocated to the secondary system
transmission power as transmission power to be allocated to the secondary system
15 for all the secondary systems (step S152).
[0124]
(3-3) Third example
In the third example of the power allocation processing, the power allocation
unit 150 determines transmission power allocation without tentatively distributing
20 transmission power per frequency channel, unlike the first example and the second
example.
[6125]
When a difference between the left side and the right side in formula (2) is
assumed as Dy, formula (2) can be expressed as follows.

25 [0126]
[Math. 15]

My
Im“ﬁfaﬁias {ihfiﬁ } = i Pi;:i K- L{?"j} 5 k} . G(f,@ s-k}
o, %, . (17)
+ S SRS M- LG S Y-GSy RTHS,, [y 80} 4 D,

ok kel



15for all the secondary systems (step 5152). [0124] (3-3) Third example In the third example of the
power allocation processing,the power allocation unit 150 determines transmission power allocation
without tentatively distributing 20 transmission power per frequency channel, Ep#‘fz%g‘% '{E%t example
and the second example. [0125] When a differencg between the left side and the right side in
formula (2) is assumed as Di, formula (2) can be expressed as follows. 25[0126] [Math. 15] PK) frio'G(f
K) kKk). G(4 ,k1r)1 11(11,kk)) + 1)1 07 ) SP311250W000

[0127
Herein, it is assumed that the acceptable interference amount Liccepuanic(l,
£)g=1, ..., Oy) for each frequency channel is given. Transmission power to be
allocated to each of M;+Nj; secondary systems is assumed as Py(s=1, ..., M;+Nj).
5 Formula (17) is extended so that the following relational formula is established
between an Oj-dimenstonal acceptable interference amount vector and an M+Nj-

dimensional transmission power vector.

[0128]
[Math. 16]
| I acrpprable (E » ﬁ} _ 2 x
f # 1 5w
| T F——" Y _ L §
: : = » . -
} " ; ai,()j .
_“I aeoeptatile (1) f Of )“ -
10
[0129]

A coefficient a,; for the transmission power P for the s-th secondary system
at the j-th frequency channel, which appears in formula (I8}, can be calculated based
on the path loss L, the gain component G and the loss component H in the

15 interference control model. Thus, the power allocation unit 150 can calculate the
transmission power vector (P, ..., Pujevg) by calculating a coefficient matrix of
formula (18) and then deriving the solution of formula (18).

[0130]

It is assumed that the acceptable interference amount vector 18 lucceptable, the

20  transmission power vector is Py, and the coefficient matrix is A. Formula (18) is
expressed as follows. An element of the vector D corresponding to the margin may
be a fixed value or zero.

[0131]
[Math. 17]



38 [0127] Herein, it is assumed that the acceptable interference amount ‘acceptable, OT for each
frequency channel is given. Transmission power to be allocated to each of Mi+Ni] secondary systems
is assumed as Ps(s=1,Mi+Nji). 5SFormula (17) is extended so that the followingfr%%iiﬁo0 B%rmula is
established between an Oydimensional acceptable intgrference amount vector and an dimensional
transmission power vector. [0128] [Math. 16] 10 [0129] A coefficient as j for the transmission
power Ps for the s-th secondary system at the j-th frequency channel, which appears in formula (18),
can be calculated based on the path loss L, the gain component G and the loss component H in the
15interference control Todel. Thq;s,@,eﬁpow_grﬁlocag “g}’ﬂt 150 can calculate the transmission power
vector (P1,PwN.0) by caiewumtiffg a Coeffidfent matrix bf forfula (18) and then deriving the solution of
formula (18). [0130] It is assumed that the acceptable interference amount vector is lacceptable, the
20 transmission pﬁpﬁr ector is Ptx, and the coefficient matrix is A. Formula (18) is expressed as
follows. An element of the vector D corresponding to the margin may be a fixed value or zero. [0131]
For example, when the number of secondary systems M;+Nj; is equal to the

number of frequency channels O;, the power allocation unit 150 can calculate the

(w1

transmission power vector (P, ..., Pyienj) as follows by use of the inverse matrix of
the coefficient matrix A as a square matrix.
[0133]

[Math. 18]

F 5 = A (I acceptable D ) (20)
10 [0134]

When the number of secondary systems M;+N;; is not equal to the number of
frequency channels Oj, the power allocation unit 150 may determine one
transmission power vector selected from the solutions of the transmission power
vector as the solution of the transmission power to be allocated to each secondary

15  system. The solution of formula (18) may be an approximate solution. A number
obtained by multiplymg the number of secondary systems to be considered per
channel as in the following formula, instead of the number of secondary systems
M;tNj;, may be handled as a dimensional number of the transmission power vector.
[0135]

20 [Math. 19]

Oy
MJ%ZNJ} {21)

=t

[0136]
Fig. 10C is a flowchart illustrating the third example of a flow of the power

allocation processing by the power allocation unit 150,



[Math. 17] 39 accepabk+D9) [0132] For example, when the number of secondary systems WEN),
Is equal to the number of frequency channels 01, the power allocation unit 150 can calculate the
Stransmission power vector (P1, ..., Pml,N,I) as follows by use of the inverse g%%%ﬁ}b%&oefficient
matrix A as a square matrix. [0133] [Math. 18] accepsggk D)(2 0) 10[0134] én the number of
secondary systems 1M1+1\lb is not equal to the number of frequency channels 0i, the power allocation
unit 150 may determine one transmission power vector selected from the solutions of the transmission
power vector as thgyspfution of the transmission power to be allocated to each secondary 15system.
The solution of formula (18) may be an approximate solution. A number obtained by multiplying the

number of secondary systaETE BECEhEieted: BhFEhAhnRP N iR T SN SRInG PAsALIES tR&tead of the
number of secondarfsaystiemsaM3-3-ia} sayrberhadd edasta dinessionsd numbier 9iithe

transmission powe{n\{te ?5%“(@%3511%(3['\"?% }ngflormation acquired herein includes the acceptable
5  mterference amount vector Liccepunie 1t formula (18). The power allocation unit 150
acquires the information on the secondary system collected from the secondary
communication nodes 200 from the storage unit 130 (step S142).
[0138]
Then, the power allocation unit 150 calculates the coefficient matrix A in a
10 relational formula between the transmission power vector Py and the acceptable
interference amount vector lyeepabie according to the interference control model (step
S154). Thereby, the relational formula between the transmission power vector Py,
and the acceptable mterference amount vector Iycepane is formed as in formula (18).
Then, the power allocation unit 150 determines transmission power distribution by
15 solving the formed relational formula (step S155).
[0139]
(4) Readjustment of transmission power
When determining the transmission power allocation to the secondary
systems according to the above method, the communication control device 100
20  notifies a value of the allocated transmission power in a reconfiguration request to
the secondary communication node 200. Thereafter, a new secondary
communication node 200 can start operating the secondary system. In this case, the
communication control device 100 may perform the power adjustment processing
illustrated in Fig. 6 again and may reallocate the transmission power to the existing
25  secondary system and the new secondary system. Instead, the communication
control device 100 may readjust the transmission power previously allocated to the
existing secondary system and additionally allocate the transmission power to the
new secondary system as described later.
[0140]
30 Fig. 11 1s a flowchart illustrating an exemplary flow of a power readjustment

processing by the communication control device 100, With reference to Fig. 11, at



N3(21) [0136] SP311250WO000 40 [0137] With reference to Fig. 10C, at first, the power allocation
unit 150 acquires the information on the primary system provided from the data server 30 from the
storage unit 130 (step 5141). The information acquired herein includes the a Ceep %M&terference
amount vector 'acceptable in formula (18). The powerﬁllocatlon unit 150 acquires the information on
the secondary system collected from the secondary communication nodes 200 from the storage unit
130 (step S142). [0138] Then, the power allocation unit 150 calculates the coefficient matrix Aina 10

relational foimula %EW%%%H%@:JE@B%%&§M REWREYELIPMP ReAndthaAcceRIabIS tgsierrace amount
vector 'acceptable accor ‘5(}}3 to the interference control model ( st(;ﬁ) S154). Therebé the relational

formula between thiShanhissioh SEWE e COBTEAH AR bl SFrE Tere Nt S5HaERt vector

‘acceptable is formedas rdosmulagl8): Thendihe p@wﬁma&lmaﬂ@lﬂdénﬂo%ﬂadm@ermmgsv&eansmlssmn
power distribution bﬁ/ 1550Ivm9 }? formed relational f rmul 815 6‘) é?dlsg }g ustment of
alio ary,

catio GCO mzes € start o cral II em
transmission power W’h em nlng fransm SIOﬂ a”OC e secondary

systems accordingtoctheabibve methds{dhecdhtthunication control device 100 20notifies a value of
the allocated trans[rgg fn power in a reconfiguration request to the secondary communication node
200. Thereatfter, a econdary communication node 200 can start operating the secondary system.
In this case, the commuriitafign coHtPol deviee100 riggaterformithéSfowelrdeaierstaientisedtessing

illustrated in Fig. 6. 3gI0 A0 M358/ 96AIRINE AR TIRSIAMRMGE! 4016 9¥RIAGy on the
allocated transmission power for each of the existing secondary systems (step S162).
10 For example, a communication distance between the secondary communication
nodes within the k-th secondary system at the frequency channel f; is assumed as R
and the required communication quality is assumed as SINR(f, k, R). The
communication quality depending on the allocated transmission power is assumed as
SINRe«(fi, k, R). Then, an excess rate oy, « of transmission power for the secondary
15 system is derived as follows,
10142]
[Math. 20]

@, = SINR.,,,(f,,k, R)/ SINR ,(f,,k.R) (22)

[0143]

20 Then, the power allocation unit 150 determines whether excess transmission
power is present for each secondary system (step S$163). For example, when the
excess rate oy, « calculated by formula (22) is larger than 1.0, the power allocation
unit 150 can determine that excess transmission power is present for the secondary
system. Then, the power allocation unit 150 recalculates the transmission power for

25  the secondary system for which excess transmission power is present according to
the following formula (step S164).

[0144]
[Math. 21]



25 secondary system and the new secondary system. Instead, the communication control device 100
may readjust the transmission power previously allocated to the existing secondary system and
additionally allocate the transmission power to the new secondary system as &ﬁﬁﬁ?@&&%&ﬁr [0140]
30Fig. 11 is a flowchart illustrating an exemplary flow gf a power readjustment processing by the
communication control device 100. With reference to Fig. 11, at SP311250WO000 41 first, the power
allocation unit 150 waits for the new secondary system to be operated (step S161). For example, the
communication unit 110 receives an interference control request from the secondary communication
node 200 so that the power allpcation unit 150 recognizes the start of operating the new secondary
system. The 5processinﬁ,§héf prk&e@‘dég lﬁﬁ}eﬁ 16%4(9141f 2 31h step S162, the power allocation
unit 150 calculates an excess communication quality for the required communication quality depending
on the allocated tr ission power for each of the existing secondary systems (step 5162). 10 For
example, a communication distance between the secondary communication nodes within the k-th
secondary system at thelfréqueney28hdtifekf isdassemabiolate Rranwinikeorepuiredaod Agmfpication quality

is assumed as SINJtreqg(f], }%cgféul-ﬂ%ﬁ ﬁ%m%@&agjg%guality depending on the allocated transmission

power is assumed as SINRes|(f], k, R). Then, an excess rate afj, k of transmission power for the
secondary 158ystéfi4élderived as follows. [0142] [Math. 20] (2 2 ) [0143] 20Then, the power

allocation unit 150 determipes whether £xeesSARANSINSTIAR transmission power for the existing
secondary system in this way, the power allocation unit 150 determines whether
transmission power can be distributed to the new secondary system (step S165). For
example, when the existing secondary system in which excess transmission power is
10 present reduces the fransmission power, thereby to accept a new secondary system,
the power allocation unit 150 determines that transmission power can be distributed
to the new secondary system. When it is determined that transmission power cannot
be distributed to the new secondary system, transmission power is not distributed to
the new secondary system and the transmission power readjustment processing of
15 Fig. 11 terminates. On the other hand, when it is determined that transmission power
can be distributed to the new secondary system, the processing proceeds to step
S166.
[0147]
In step S166, the power allocation unit 150 transmits a reconfiguration
20 request to at least one secondary communication node 200 in the existing secondary
system, thereby to request to reduce the transmission power (step S166). When a
room for accepting the new secondary system is generated, the power allocation unit
150 allocates transmission power to the new secondary system, and notifies a value
of the transmission power to the secondary communication node 200 in the
25  secondary system (step S167).
[0148]
With the transmission power readjustment processing, the new secondary
system can start to operate at lower calculation cost than the transmission power

adjustment processing is performed again for ali the secondary systems.



power is present for each secondary system (step S163). For example, when the excess rate afj, k
calculated by formula (22) is larger than 1.0, the power allocation unit 150 can determine that excess
transmission power is present for the secondary system. Then, the power a”%‘i%%%‘éth)& 0
recalculates the transmission power for 25the secondgfy system for which excess transmission power
is present according to the following formula (step S164). [0144] [Math. 21] SP311250W000 42 optfj
K) P(fi,k). as,(23) [0145] In formula (23), P(f], k) indicates allocated transmission power, and P"p,(fj,
k) indicates recalcpjaied transmission power. 5[0146] When terminating the recalculation of the
transmission power for the existing secondary system in this way, the power allocation unit 150
determines whether tranSHRSSRSHERSWE CAHHEHRAPBIHRGHSThE RN d8¥5RIAR BN tep S165).
For example, whegethadaxistingsecontansqsysteilen avhidhsexerissiransmigsiar pawerstsrel0 present
reduces the transmi;siont.power, therely toaﬁl(}:{cggteg rﬂevg(_:c,ecc‘{ondarg/t ) sterln{1 r}e Ipowehall cation unit
150 determines that l%slr%l}sg}loﬁeﬂgﬁ}veer ' Bedistrivuted o the HeW secbn grlf/) sig em."When it is
determined that trarsrmissionpdwibrceamnot bendistrbutdyerthb iewesaupirdeiligy semam tFFansmission
power is not distripyed i ingnAw SeSeRARLY SYsIe,BACIhC. HARSIMISHIBN P eh. Sadiment

processing of 15 Fig. 11 terminates. On the other hand, when it Is determined that transmission power
can be distributed t8adls hencsde oredpsy Stephthp rocessiricproce dis ledesteplBen [0647] In step

S166, the power allocatiofidiib hePatansith anecepiigialion 20 dequeshie.glleast one secondary
communication node 200 in the existing secondary system, thereby to request to reduce the

transmission powépéfgp S166). When a room for accepting the new secondary system is generated,
the power allpgation unit3pfoallesaiesdiensmissinapower to the new secondary system, and notifies

a value of e tran SIS PO O e A T o, e 2224 e 200
starts operating the secondary system, the communication control device 100
readjusts the transmission power previously allocated to the existing secondary
system. To the contrary, the communication control device 100 may deny or hold the

15 start of operating the new secondary system depending on the predetermined
maximumm number of secondary systems or secondary communication nodes,
[0151]
Fig. 13A is a flowchart illustrating the first example of a flow of a processing
when the start of operating the secondary system is denied. With reference to Fig.
20 13A, at first, the power allocation unit 150 waits for the new secondary system to be
operated (step S161). For example, the communication unit 110 receives an
interference control request from the secondary communication node 200 so that the
power allocation unit 150 recognizes the start of operating the new secondary
system. The processing then proceeds to step $170.
25 [0152]

In step S170, the new secondary system starts to operate so that the power
allocation unit 150 determines whether the number of secondary systems or
secondary communication nodes exceeds the registerable maximum number
previously determined (step S170). Herein, when it is determined that the

30  registerable maximum number is not exceeded, the power allocation processing by

the power allocation unit 150 (or the power readjustment processing illustrated in



25secondary system (step S167). [0148] With the transmission power readjustment processing,

the new secondary system can start to operate at lower calculation cost than the transmission power

adjustment processing is performed again for all the secondary systems. SP?QP%??\{)\(QB 43 [0149]
. : . . . 53 0

The storage unit 130 in the communication control deyjce 100 may hold a secondary system

management table as illustrated in Fig. 12 and may store information on required quality of each

secondary system, calculation result of 5excess rate, and allocation of transmission power. In the

example of Fig. 1%;am iDiidentfiey pfithes seoonsan-ystemaisiheldparichsRnsidymienand the
required quality for each secondary system, the excess rate, and the latest allocation of transmission

power are stored iFF#HEEEIORARI Y ABHPH A EETHENRAMEY 5 BT 05 ol d&AYBIRdRY operation
start In the abo¥ewxsatapleowhenitaddnewdderondaky comnniinication, Hoden2 g stamsmoperating
the secondary systgqtﬂ the communication control gﬁ%\{icesj[ %readjusts the transmission power

0 . hé

. of thé new secon alg s(\ésten 18 e[m QP ., . .
previously allocate the existing secondary syste o] contrary, the communication control

device 1OQ may dé@_]gﬁ@} hold the 15 start of operating the new secondary systelm erending on the
predetermined maximun.fjdmbgy of, Secondary BYSIRMS, AT SLRANA N SPRMPHRIGAIRY fades. (0151]

Fig. I3A is a flowchart illustrating the first example of a"flo_w of a processing when the’start of operating
the secondary systénsigiddniperaighhefscenéa o rigm 20dd | Xiflrgelferngowdiallbdation unit 150

waits for the new $gcORAANYRYSIRIRAR RS RPSIAIRHH SR RS ABT ) L RXPNRIS, the cORRNAIcation unit
110 receives an interference control request from the secondary communication node 200 so that the

power allocation utifER 5T Petodiiiz §3ARa &P ot BRI M PeW ‘Lo B4R By SISHETTHE processing

then proceedmto siepr814Ques[@boa2]the scbisian ddAdnikeanew satondarysysie MeSirigto operate
so that the power aHocaIion uni} 50 determines whether the number of secgnd%r& s%st%ms or
i

secondary commuhicHHSH RBGes eXE8eyE te?é&ﬁ%t%ré)gféa%nr SRS Nt ne?"Br usly B%termined
(step SI70). Hereipravbsimit isedetecnirad thatShed.
[0154]
In step S170, the new secondary system starts to operate so that the power
15 allocation unit 150 determines whether the number of secondary systems or
secondary communication nodes exceeds the registerable maximum number
previously determined (step S170). Herein, when it is determined that the
registerable maximum number is not exceeded, the power allocation processing by
the power allocation unit 150 {or the power readjustment processing illustrated in
20 Fig. 11) is performed (step S171). On the other hand, when it is determined that the
registerable maximum number is exceeded, the power allocation unit 150 registers
only the data on the secondary system (or temporarily registers the secondary
system) without allocating transmission power to the new secondary system (step
5173). Then, the power allocation unit 150 notifies, to the secondary communication
25  node 200 in the secondary system, that power is not allocated and registration is held
(step S174). Thereafter, when the existing secondary system stops operating, for
example, transmission power is preferentially allocated to the secondary system
whose registration is held.
[0155]

30 Fig. 13C 1is a flowchart illustrating the second example of a flow of a

processing when the start of operating the secondary system is denied. In the third



30registerable maximum number is not exceeded, the power allocation processing by the power
allocation unit 150 (or the power readjustment processing illustrated in SP311250W000 44 Fig. 11) is
performed (step S171). On the other hand, when it is determined that the regi&g%r?glgv% imum

: . . i 1125
number is exceeded, the power allocation unit 150 nofifies, to the secondary communication node 200
in the secondary system, that the registration of the new secondary system is defined (step S172).
5[0153] FI1G. 13B is a flowchart illustrating an exemplary flow of a processing when the start of

operating the secangapisystensinalth Vit relerRRca.autio L3Bmatfirststhanewenallagation unit

150 waits for the new secondary i%stem,to be operated (step S161). For example, the communication
unit 110 receives &ATHIEHEREAEA S TSATEI?RIGUBLIHEN 1 Selordhn  eammmifieaiaFdde 200 so

that the power allogation onit 10 kecogmzemihel plan-afiepefatingnthe new secondary system. The
processing then pr%cfg ds to step S170. [0154] In step S170, the new secondary system starts to
operate so that thé power 15 allocation unit 150 determines whether the number of secondary systems
or secondary sommunicatich ndgescexcdagsithe redisterableowaxaiomninumiien freviassly determined

(step S170). Hereigwen Lis.geiRmingdhing! (e (edisiefable.maipim nynagt i ot gceeded, the
power allocation processing by the’power allocation unit 150 ?orpthe power reatfjustr}?lent processing
illustrated in 20 Figpnimyiscpierfosmed {steqsiSa7) bpfereetientvardgwiichomisd etesmimad that the

registerable maximym,RBREL S RKCARASALHN 6P WEL-BIBCAHAN UMY ISR LEHSIEr .0 Uy Be data on

the secondary system (or temporarily registers the secondary system) without allocating transmission

power to the new SBEGHAZHNSYSteTT (8 ST THE R RTESH B Ecamsesrsdn armien 8d7Aotifies, to the

secondary copmupication 25 node 200 in the secondary system, that power is not allocated and

registration is held (step 81744. Thereafter, when the existing secondary system stops operating, for
)

example, transmission pSWaFHsS e ettty SICARs AR BB R PRATLG S RIS 8 VeGistration is
held. [0155] 30Figall@Gtisna dtawdhartitasiratingutheise chndexssaplefofta dlalarof g qeaeessing when
the start of Operatige%ggga%eggrg%%%cs lsotne rr?o!?csd g)rc]gggdslt (tehxeeé?si{g‘able maximum number for a
target chamnel (step S170). Herein, when it is determined that the registerable
15 maximum number is not exceeded, the power allocation processing by the power
allocation unit 150 (or the power readjustment processing illustrated in Fig. 11) is
performed (step S171).
[0158]
On the other hand, in step S170, when it is determined that the registerable
20 maximum number is exceeded, the power allocation unit 150 determines whether the
other channel is vacant (step S175). Herein, when the other channel is vacant, the
power allocation unit 150 recommends the secondary communication node 200 in
the new secondary system to use the vacant channel (step S176). On the other hand,
when the other channel is not vacani, the power allocation unit 150 notifies, to the
256  secondary communication node 200 in the secondary system, that the registration of
the new secondary system is denied {(step S177).
[0159]
(6) Distance between primary system and secondary systein
In the upper limit number determination processing and the power allocation
30  processing illustrated in Fig. 6, a distance between the primary system and each

secondary system needs to be determined in order to derive a path loss per secondary



SP311250W000 45 example, it is assumed that the maximum number of secondary systems or
secondary communication nodes registerable in the data server 30 or the communication control
device 100 is previously determined per frequency channel. [0156] 5With refeéjﬁgﬁ%gg\ﬁgomc, at
first, the power allocation unit 150 waits for the new sggondary system to be operated (step S161). For
example, the communication unit 110 receives an interference control request from the secondary
communication node 200 so that the power allocation unit 150 recognizes the start of operating the

new secondary sys{emis Thg-RIREASSNAIREN R OeReRs fesatam Rilion JUOARA systdi Stems170, the

new secondary system starts to operate so that the power allocation unit 150 detennines whether the
number of second4RP&HETALEBE 8 6B SRR HouReBREeds the registerable maximum
number for a targetebennel (step S170). Herein, when it is determined that the registerable 15
maximum number is noté%>_< eﬁgs?gkggle power allocation processing by the power allocation unit 150
(or the power readjustment processin iffustrated in Fig. 11) is performed (step S171). [0158] On the
other hand, instep S170lmwthentitsis dletepimingd thetthe bepisterahie RBnmaxsystem nuhiserks

exceeded the powet allgcatian il A0 ARrANSRINSINGLUS ol ChANEl s NALaNlaveb S175).

Herein, when the other channel is vacant, the power allocation unit 150 recommen e secondary
communication noWelZoD kT tsemely sédsrigangsysierh ths ns@enesysieant channel (step S176). On the
other hand, when tigsgther channel is not vacant, the power allocation unit 150 notifies, to the
25secondary communication node 200 in the secondary system, that the registration of the new

secondary system is derli8t RIS 179 1 /61 BUpE1eD ehenbarnideir prinRiiding 4dhs aHe secondary
system by thepuppias-init dmkeicdeienninatio pirase ssignand dhepowemallacaigims

30processing sy ateg G e e S oe Va5, RN RALY Syt a0 83 econdary
systems are positioned outside the service area of the primary system. The minimum
distances from the first, second and third secondary systems to the outer periphery of
the service area of the primary system are d01, d02 and d03, respectively. On the
156  other hand, the fourth secondary system is positioned within the service area of the
primary system. The distances between the primary system and the secondary
systems may be assumed as zero when a path loss is derived for the fourth secondary
system. In this case, the path loss is maximum. Instead, the minimum distance
between the fourth secondary system and the boundary 12 may be handled as the

20 distance between the primary system and the fourth secondary system.

[0162]
{6-2) Second example

In the second example, the distance between the primary system and each
secondary system is a distance from the position of each secondary system to a
25  certain point on the outer periphery of the service area of the primary system or
within the outer periphery. The certain point may be a point on the outer periphery
of the service area of the primary system closest to a secondary system. The certain
point may be a point where a sum of the distances from the secondary systems is
mininmm. The point may be considered as a point where a virtual reception station
30  of the primary system subjected to an interference from the secondary system is

positioned.



secondary system needs to be determined in order to derive a path loss per secondary
SP311250W000 46 system. The distance between the primary system and each secondary system
can be defined according to any example described later, for example. [0160] %6/3—1%/%Eirst example 5In
the first example, the distance between the primary system and each secondary s{&teM 1% minimum
distance from the position of each secondary system to the outer periphery of the service area of the
primary system. [0161] For example, Fig. 14A illustrates the boundary 12 corresponding to the outer
10 periphery of thq@g@gice area of the primary system, and four secondary systems (secondary
communication nodes 200). The first, second and third secondary systems are positioned outside the

service area of the primaly et The hifitiRristhn besodym hefriuskeontrany tsind secondary

systems to the outggaperipheryial the:seivige aga efdheIptimantsystemarisll, 8Q2angd03,
respectively. On the 15 other hand, the fourth secqndary sgstem is positigned within the service area
of the primary systShy SFHERiSIAAE L BRTL G fe DAEH Ly LM B E YhE SAe6R 0888 ms may be
assumed as zero whendarpaistosdds darnsddafoP thefhudhisecaridanssy stemrdi) this:ehse] the path
loss is maximum. Illﬂlspfad tnh minimum dIi}%t%]ge between the fourth secf:%nqﬁerydg){stem d the

boundary 12 may Efelr ésr%d ed as 1 Srge% Istance mé?&@e%%ﬁén p??r%%s 0gys 'em and the fourth secondary

system. [0162] (6-2) ?Senélddi@@wq@h_athe fifﬁ,tm-mw@@mmgﬁanesmwmwcbéwmme primary
system and each sggongdary, Sysiam isa disiange %9111:‘&%@091‘&%%9%93%%‘1%39885@@{%§¥&%em toa 25

certain point on the outer périphery of the service area of the primary system or within the outer
periphery. The cert&iHigoHRAABI DR EAGISY B th& HIERIERPHERGT. the dsiviees hrdxest the primary
system closes to a.58eaNdaRksYSIen. LOR e ARMBRAINLRAY: RS:a:RAIAE WhetenensipRfithe distances

from the secondar¥ s¥stems Is minimum. The point may be considered as a point where a virtual
reception station or the fourth secondary system 1s acquired. Instead, the distance between the fourth

secondary system and the point P1 may be handled as the distance between the
primary system and the fourth secondary system.
[0164]

15 In Fig. 14B, a point P2 on the boundary 12 is where a sum of the distances
from the first, second and third secondary systems is minimum. The point P2 may be
used instead of the point P1. For example, when most of the secondary systems are
away from the guard area of the primary system, when the primary reception station
is present only in a narrow geographical area, or when the acceptable interference

20  amount is remarkably strict at a certain point, a predetermined certain point may be
used as a reference point for calculating the distances. When the acceptable
interference amounts are defined to be different per modulation system, the reference
pomt may be selected in consideration of not only the distance but also the
modulation system or the acceptable interference amounts.

25  [0165]

In a comparison between the first example and the second example, in the
first example, the distance can be more easily calculated while a value of the path
loss can be excessively underestimated. For example, when two secondary systems
oppose each other with the primary system sandwiched therebetween, the above

30  situation may occur. In this case, transmission power to be allocated to the

secondary systems has a smaller value. Thus, the first example can be of lower



300f the primary system subjected to an interference from the secondary system is positioned.
SP311250W000 47 [0163] For example, Fig. 14B illustrates the boundary 12 and four secondary
systems again. The first, second and third secondary systems are positioned qutside I\Q% service area

of the primary system. A point on the boundary 12 cloggst to the first 5 secon ée’r%}% Lems assumed

as P1. The distances between the first, second and third secondary systems and the primary system
correspond to the distances dl I, dl 2, and d13 between the first, second and third secondary systems

and .the point P, r%%R_%ﬁH}é%'%oQQnﬁ“%fémﬁﬁﬁ%q’im@rfﬁ%mﬁ%@&%@é ¥x§¥§ﬁ%€hiscﬁp§éi8{h%ﬂWithi” the
service area of the primary system. As in the first example, the distances between the 10 primary

system and the seb#itbdryisysaemd Fapbe agabimel the rabo ihenastpldedforreststnth

secondary systemiisqeguirgednsteads thaslistancedetweendheiouwinsecosdantsystem and the
point P1 may be h@ndl d as the distance between the primary system and the fourth secondary
system. [0164] 15I ﬁ : 14B, a point P2 on the boundary 12 is where a sum of the distances from the
first, second and third segbAf@hyrdysiempis is minimum. The point P2 may be used instead of the point

P21 For example, when st of figcseadens SSISTRAIEANAY oM ing uara area pling primry

system, when the primary reception station’is present only in a narrow geographical area, or when the
acceptable interfergneeda2) sivionnt is detmeirkably strichapasgenaih pointeecpredesasiminetdcertain

point may be use%@@ﬁ@iﬁ;@&%sm5&5&5%@&@@%&9&9@ ﬂi%%ggge,%ge%&B%ﬁgﬁaeg%m@eimerfefence

amounts are defined to be different per modulation system, the reference point may be selected in
consideration of nSEGHNAHE istante e RBRE HeseRliaticHSYtehhe M AEREPEISRPRtE rference

amounts. 25[0365kwatolNid GOMPRAESAD Betwieerthes tikst xamplmand thesacongdexampie, in the first
example, the distance can be more easily calculated while_a value of the path loss can he excessively

underestimated. FBF&XEMmbe harCtREBetotta ey Mo S bpBer d5eh BiReTaNRR thdPrimary
system sandwichetitheeebeiwermthesaoive 30situatiopdidynedcr.ba thiseense, transmisision power
to be allocated to the secondary SYSIAMS N3 SAISLVAI S INE W RG. IS Qample Gap e of lower
second primary reception station is d22. The third primary reception station is
15  positioned to be closest to the third secondary system. The distance between the
third secondary system and the third primary reception station is d23. Thus, d21, d22
and d23 can be used as the distance between the first secondary system and the
primary system, the distance between the second secondary system and the primary
system, and the distance between the third secondary system and the primary system,
20  respectively.
[0167]
(6-4) Fourth example
In the fourth example, the distance between the primary system and each
secondary system is a distance to the primary reception station where a sum of the
25 distances from the positions of all the secondary systems is minimum. For example,
Fig. 14D illustrates three secondary systems and three primary reception stations
again. The primary reception station where a sum of the distances from the positions
of the three secondary systems is minmimum is the second primary reception station.
The distance between the first secondary system and the second primary reception

30  station is d31. The distance between the second secondary system and the second

primary reception station is d32. The distance between the third secondary system



SP311250W000 48 calculation cost and safer definition in terms of interference prevention. On the
other hand, in the second example, a value of the path loss is less likely to be excessively
underestimated, and thus a chance of secondary usage can be further enhan&gdgr E%{)%% (%(6-3) Third

. . . 1
example In the third example, the distance betwegg the primary system and each secondary
system is a distance between the position of each secondary system and the primary reception station
closest thereto. For example, Fig. 14C illustrates three secondary systems and three primary reception

stations. The first pHINARLEEGRPHIMaA0SIGNIRA iRResilianed wbe £losgst tadheficsh seceadary

system. The distance between the first secondary system and the first primary reception station is d21.
The second primafy f8EeBHEREAABITTE positibheti I Htiosdet 8 thd SeRBRAEesHdar) Sy stem. The
distance between the:aecanthsesanday Gysieadandthessesond prmanniecepiion statiomds d22. The
third primary recep 'c%n st tict)n IS t5 Bosaitione to be t(:Ioseattho the third secondar s\yﬁtem. The
distance between thethird Secon e{irylgyssfeé:f)ﬁ] and thethifd pran%rrli/n ?@6@6%%% SERSHS Y23, Thus, d21,
d22 and d23 can Hélis¢d as the distance between the first secondary system and the primary system,

the distance between thj::?ﬁ]%otﬂ%%&?o%%’ e%%‘iﬁf&,aﬁg 5@&1%%%&3%%&6%%1@8;?%691!;%%“Ce

between the third secondary system and the primary system, 20respectiv 67] (6-4) Fourth
example  In thefimhieganiplencheadistiicalselsiiaa i elipiinsasy aystbm Bisddadraecondary

system is a distangg, to.the. piimasy Laception.statiop where d.skm.of the 25 distances from the
positions of all the secondary systems is minimum. For example, Fig. 14D illustrates three secondary

systems and three[?)lrﬁ%lary reception stations again. The primary reception station where a sum of the

distances fromy the positipnsat ¢hecthess seeanreanydisystemsisiminimum is the second primary
reception station. The di%ta%ce between tﬂ%? first secon%%ry sys%n and the second. primary reception
A

30station is d31. The distrigé § &h¥hk 9okt Selt SRF LAY B SERBRe SMhary
reception station ishd32fcHhe disianca bistweenthesthind selcoisdaryfeystbniaGiz3hi 260W0Q0 49

between the primary system and the secondary systems. To the contrary, various
setting methods can be considered for the reference point on the secondary system
15 side. For example, the position of the reference point on the secondary system side
may be simply at the position of the master secondary communication node 200 of
the secondary system. Instead, the position of the reference point on the secondary
system side may be at the position of the node closest to the guard area of the
primary systent or any primary reception station among the nodes (the master node
20 and the slave nodes) in the secondary systems. Though the calculation is
complicated, a plurality of distances may be calculated with reference to the
positions of the nodes in the secondary systems, and a collective path loss can be
calculated depending on the distances. The method for setting a reference point on
the secondary system side may be combined with the method for setting a reference
25  point on the primary system side illustrated in Figs. 14A to 14D.
[0170]

For example, a reference point on the secondary system side may be set as
follows in a stepwise manner. At first, a reference point on the secondary system
side is tentatively set at the master secondary communication node 200 of the

30  secondary system. Then, a point on the outer periphery of the service area of the

primary system closest to the secondary communication node 200 or a point of the



and the second primary reception station is d33. Thus, d31, d32 and d33 can be used as the distance
between the first secondary system and the primary system, the distance between the second
secondary system and the primary system, and the distance between the thirgpselcl:% 0(§ystem and
the primary system, respectively. 5[0168] In the third and fourth examples, the Attua position of
the primary reception station is a reference point for calculating the distances, and thus the
interference amount needs to be estimated in a more practical manner. [0169] 10(6-5) Reference point

on secondary systgmngideeceptiN@e3aBles afdrfe S I4AL0 1A therehias hear mainly, described

how the reference point on the primary system side is set for calculating the distances between the

primary system ant 18" S&¥on by EtETracasEiRe (B brfs o6 RS L fint S REtRY S Eifbe

considered for thegigéerensa:pain pa the: sedanaarys systemsidbnsidesfianexaraplgddhe pesition of the

reference point on the secondary system side may be simply at the position of the master secondary
LSRN QR

soeq hEHORIIENoF e Yefer&MEfoint on the

communication nod& 200 brihe Secdh ary sy
secondary systemisidemnayiier&tdhe positionfakte padectiase shilodhesguardsakes eéthe primary

system or any prirtg%ray Jece té'g gtﬁti&ptﬁm ng the nodtes (th@ master lnode 20 and the slave nodes)
in the secondary sy}stems. %oﬂjgﬁlthe ca CISJ 5%%%% r Srﬁ%li%%teé_d,. a P ?Jlrlgﬁﬁln%fa aié?ggﬁ%éesn?ﬁay be
calculated with refegenegetdnthie pesitons efsthe.nddfexin thesasont anpsystems: amtidaedlective path

loss can be calculgted gependingen g difanegs.thadnethad ffgsetting a reference point on the

secondary system side may be combined with the method for setting a reference 25point on the
primary system sid@ifilstrated in Figs. 14A to 14D. [0170] For example, a reference point on the

secondary sysfem side naymesphasdallows ip @ siapniag pannes.(Atlirgt-assferemeseint on the
secondary system side is tentatively set at the master secondary communication node 200 of the

30secondary systéft.“Then, a point on the outer periphery of the service area of the primary system
closest to the secondaryiigmnjuricatibivdiodén @@ offlagpainiofithexSR3142 50000 60 rmary
reception station cggcsoens athereto issetasar ferz%%p% g‘)a%{grtl oq}'{ges primar s&%em %ggrégg?n,

. R ommunication no %
interferences given to the Teference point on the primary system Side are estimate each of the

nodes (the mastertmaeiaﬁ@th@@mvélnw@b)bgf the sevondanstisystento! Alpositiopdof thétnode on the
secondary syg{emsige,£ausing:a. 5 maxjfuumL ipiaderense o e dsiergace Rpintanihg primary

system side is set as a final reference point on the secondary system side. For estimating an
interference per n6EB R HESREIHHary Gystemiialffednt arfsiitssrsnupswer naby berdtsigitlered

depending on a typghahihe aedae.fmaster node or slave node).
[0172]
The communication unit 210 operates as a communication interface for
20 communication between the secondary communication node 200, and the data server
30 and the communication control device 100. The communication unit 210
transmits the information on the secondary system to the data server 30 under control
of the control unit 220 when starting secondary usage, for example. The
communication unit 210 receives the mformation notified from the data server 30.
25  The communication unit 210 exchanges interference control requests and responses
with the communication control device 100. Thereafter, when transmission power
allocation is determined by the communication control device 100, the
communication unit 210 receives a transmission power allocation result (step S17 in
Fig. 4).
30 [0173}

The control unit 220 serves to control the entire operations of the secondary



[0171] 10<4. Exemplary structure of communication device (secondary communication node)> Fig.
15 is a block diagram illustrating an exemplary structure of the secondary communication node 200
operating the secondary system by use of transmission power allocated by tf%ggm%wgggtion control
device 100. With 15 reference to Fig. 15, the secondajy communication node comprises a
communication unit 210, a control unit 220, a storage unit 230 and a wireless communication unit 240.
[0172] The communication unit 210 operates as a communication interface for 20 communication

between the secopdansRmBHRAIGRLIRM Nede-200y_RNALRE SRl seE 3Q@dithecrmmuypication
control device 100. The communication unit 210 transmits the information on the secondary system to

the data server 30 BIRTEBNTSICH ROEMAATGHICD 2 Wherraldam §ysEdo AR aeHge iF example.
The communicatiafidindilBitaceivesithe detarmationdaatified fmadhe-dataligerven 30rgb4 he
communication unjt 210 exchf?%ggs int}%gerﬁnce control.requests angi\xr,es onses (X{qit the

communication control device Thereafter, WheR' ransmissiGh pa & allodation i ydetﬁeermined by

the communicationcontiokaevicedidd, thecominsmeaiied byit!lneceesiantramishiigsion power

allocation result (s, 317,y g Al J0I0RL3], 234250400051, communleatian Dosie £00. For

example, the control unit 220 controls interferences to the primary system upon the operation of the
secondary systemvil d&soetamangrHthaled Mitumidation dbeitretcdedics 10DRBEOTHINg tedthe

sequence illustrategin; igu4 «MRIe SReCicalbL WheR thedransmission power allocation result by the 5
communication control device 100 is received by the communication unit 210, the control unit 220

restricts the transrHi$&fdn power for communication between the wireless communication unit 240 and

the other secandary commeisationsodechasediandth@sransmissionaenesaiocatigneesult. [0174]
10The control unit 22Q may further distribute the trapsmission power allocated to the secondary

systems operated By 1t§ d&ViRR BatwesH e SBESHTar) cdhim i{?ﬁticgr‘?t%%stﬁ%rﬁﬁﬁﬁﬁ?ﬁ in the
secondary systemcohfisimesins thalethpagedpnaarynchmeamidatioryntene 200k cataserie: akea master for
tmh:”aging tranSmig S OB IRL A JIRUR QL RS PRINERRNNG 10 ORG SEEONGRNY, YSIGm;, In this case,
power for a group of nodes participating in one secondary system. In this case, the
15 master secondary communication node 200 controls transmission power of the slave
nodes in order to prevent the communication between the slave nodes from giving
fatal interferences to the primary system. Typically, an error occurs in the control of
transmission power. However, for example, the safety margin SM is introduced,
thereby preventing fatal interferences due to an error in the control of transmission
20 power from occurring in the primary system. For example, the secondary
communication node 200 may recognize a duty cycle of the slave node, and may
dynamically set the safety margin depending on the recognized duty cycle. In this
case, the secondary communication node 200 reports the dynamically-set safety
margin to the communication control device 100 via the data server 30 or directly.
25 Instead, the communication control device 100 may dynamically set the safety
margin depending on the duty cycle reported from the secondary communication
node 200.
[0175]
The storage unit 230 stores therein programs and data to be used for

30  association with the communication control device 100 and operation of the

secondary system by use of a storage medium such as hard disk or semiconductor



15 master secondary communication node 200 controls transmission power of the slave nodes in
order to prevent the communication between the slave nodes from giving fatal interferences to the
primary system. Typically, an error occurs in the control of transmission power EIQ%%W&BM example,
the safety margin SM is introduced, thereby preventing, fatal interferences due%(') an error in the control
of transmission 20 power from occurring in the primary system. For example, the secondary
communication node 200 may recognize a duty cycle of the slave node, and may dynamically set the
safety margin depgﬁqigg/_on the recognized duty cycle. In this case, the secondary communication
node 200 reports the dynamically-set safety margin to the communication control device 100 via the
data server 30 or (ﬁﬂg&ﬁ/y. 25 Instead, the communication control device 100 may dynamically set the
safety margin dependingras the:Butycyelartiepastechirean tbecsreondaryicommdaisatiaamade 200.
[0175] The storage upit 230 stores therein programs and data to be used for SOassgciation with
the communicatiorllné%%?%l 8%\%38%560(’ %ﬁﬁ%‘b‘éﬁﬁ%n% fiié é%%%"é’g Igy%?g}lﬁlwcﬁ%%no?oa %torage
medium such as hzrd aig¢khergemicondactenSRB1IL2MIODD FRarvemiery cfGdmGhicatiochhavireless
communication unit,24 ates as.a wireless c unication interface for wireless communication
between the seconr%gn? %%Hér{r%snigant%ﬁ\%\ogﬁ %51528%} g]né1 t]rﬁ% (;gt%g? (ge oni ?ﬁ?‘%ﬁﬁ?ﬁnféﬁ%n node.
The wireless comPRIARIBRIBIE Uit 40ceRéarysiswi relexd 8 a bVt BERa 28 e Baridl: Bammunication

nodes paf“CiPatingni'E&ﬁ&@@?ﬂ%@%%ﬁ@.mﬁmEQ@QH&@%&E@Q&%@ sil%ﬁég%%m&r
ted from the wireless

ECMA-392, for example. Transmission power of the wireless signals transmi

communication unftPa s rEelFrste By HHEREBR B aflt D26 BisdetibY bR PR aHEhTsEitSdower

allocation resyjt bysthgcommuRrisatign cantiel device-:00b{0hE7 shmhdantive saitiniefigrargin> In
the fixed margin system according to the embodiment, the fixedly-preset 15 distribution margin Ml is
employed for distributing transmission power. A value of the distribution margin Ml is an arbitrary value
in the range of 3 dB1976 dB, for example. A calculation for distributing transmission power is simplified
by fixedly setting the valug 9{ %\ﬁigésstggutio Hrpaar%@ MI, and thus the fixed margin system has an

advantage of easy mounting wever,?groexa%p e, when a fixed distribution

In the fixed margin system according to the embodiment, the fixedly-preset
15  distribution margin MI 1s employed for distributing transmission power. A value of
the distribution margin MI is an arbitrary value in the range of 3 dB to 6 dB, for
example. A calculation for distributing transmission power is simplified by fixedly
setting the value of the distribution margin MI, and thus the fixed margin system has
an advantage of easy mounting. However, for example, when a fixed distribution
20 margin of 6 dB is introduced, the number of operable secondary systems per channel
is about 4 at maxmum. The number of secondary systems is not necessarily enough
to enhance a chance of secondary usage of the frequency. When a fixed margin
having a larger value is set, there is a problem that when the number of secondary
systems is smaller than the estimated number, individual transmission power is
25  excessively restricted. Further, the number of secondary systems can be different per
channel, and thus the value of the margin may be dynamically set more desirably
than the fixed margin system. In the present section, a communication control device
having a structure of dynamically setting a value of the margin will be described.
[0178]
30 Fig. 16 is a block diagram illustrating an exemplary structure of a

communication control device 300 according to one variant of the embodiment,



20 margin of 6 dB is introduced, the number of operable secondary systems per channel is about 4 at
maximum. The number of secondary systems is not necessarily enough to enhance a chance of
secondary usage of the frequency. When a fixed margin having a larger value i)s §e2t}(§(?1vere isa
problem that when the number of secondary systems ig smaller than the estirrsiafeéi ﬁum%%(}, individual
transmission power is 25excessively restricted. Further, the number of secondary systems can be
different per channel, and thus the value of the margin may be dynamically set more desirably than the

fixed margin systegy;n ie-p&SeNtSECipnIR CoMmuRcatiancantiol devcehavipg.astrygture of
dynamically setting a value of the mar%m will be described. [0178] 30Fig. 16 is a block diagram

illustrating an exerApRF a6 b Qe riRfurfigEE BT R Rt ol et 8 30BeEtb g g WhE variant of
the embodiment. $R3142bANVQAGREIMYILA refarance todrig:il6sdigcommuncatian Loatiet device 300
comprises the communi,cation%nit 110, a data acquisition unit 320, the storage unit 130, the upper
limit number deteriASHSA WHI-T40, a margin setting unit 345, and a power allocation unit 350. 5[0179]
The data acquisitighignjt 320 acquires data to be used by the margin setting unit 345 for dynamically

seting a margin in addiign 1 data f b AcAYreA DL 8318 AcaUSIonNEA20.o e,

. . a_dCisitr ¥
communication control device 100 from the data server and the secondary conﬁnunlcaﬁon node

200. The data to beniis&tf fior d@apitiFly astamineaaiingudditive Aufberdiseoprgdiyysistems or
secondary commugeaon, BRAGSNCPRI AR hak 5. ALUEEAIN FEAISIIRD 180 theMamym number of

operable (or registerable) secondary systems or nodes, for example, as described later. The data

acquisition unit 326°5t6fre¥ thid FbgUiverN drita SATIHEBIGEYeNRgR 230, 1Bro1B6] o brpmecthigin setting

unit 345 sets @ magaimforaregiisingcan ingrteremcedisiotpon allesation ofansmissiompayer by use
of the data acquired by the data acguisition unjt 320. The margin may be set per frequency channel,

for example. For eX3MBIaISAH BN WS iotRISHATR IR for SHESPLY JeRElFeinttely iR8dtied as
20Ml,, the distributiampeargintitandbe@xuxestedsasidiows asmas sumaleantin-banegiatasference
component and aninterband INGHERence COMRINERE S &Hles the acquired data in the storage
unit 130.
15 [0180]
The margin setting unit 345 sets a margin for reducing an interference risk
upon allocation of transmission power by use of the data acquired by the data
acquisition unit 320. The margin may be set per frequency channel, for example.
For example, when a distribution margin for the frequency channel f; is assumed as
20 M, the distribution margin ML can be expressed as follows as a sum of an in-band
interference component and an inter-band interference component.

[0181]
[Math. 22]

o
MIMM]:%XMI; (2 4)

25  [0182]
In fornmula (24), the first term in the right side is an in-band interference
component and the second term is an inter-band interference component.

Specifically, in the first example, the distribution margin MI; can be calculated as



[Math. 22] 25[0182] In formula (24), the first term in the right side is an in-band interference
component and the second term is an inter-band interference component. Specifically, in the first
example, the distribution margin MT can be calculated as SP311250W000 54 ”101‘3’5 use of the
number U, of secondary systems or secondary commylpication nodes in opera 88%n|y using
the frequency channel I.,. [0183] 5 [0184] (2 5) (2 6) When the number U1l of secondary systems
or secondary communication nodes in operation can be used also as a value of the margin, formula

(25) is used. On thﬁi%@@rbp%g oMAeR b is @U@Q&%d@rﬁ@g &HQ%&%@H&%@S)%%&%HXKEQQ&FM as 10in
formula (26). The correction coefficient a, may be equal to the safety margin'SM
nodes in operation secondanly using the frequency chamnel £,

[0183]
IMath. 23]

Ml =U, (28)

[0184]
When the number U; of secondary systems or secondary communication
nodes in operation can be used also as a value of the margin, formula (25) is used.
On the other hand, when Uj is corrected, a correction coefficient o is introduced as
10 in formula (26). The correction coeflicient o may be equal to the safety margin SM
in formula (5).
[0185]
In the second example, the distribution margmn MI; can be calculated as
follows by use of the maximum number X; of secondary systems or secondary
15 communication nodes capable of secondarily using the frequency channel f;, for
example.
[0186}
[Math. 24]

Ml =X, (27)

H

ML =X,-B (28)

20 [0187]
When the maximum number X; of secondary systems or secondary
compumication nodes can be used also as a value of the margin, formula (27) is used.
On the other hand, when X is corrected, a correction coefficient §; is introduced as in
formula (28). The correction coefficient B may be equal to the safety margin SM in

25  formula (5). X; does not change over time, unlike U; in formulas (25) and (26).



in formula (5) [0185] In the second example, the distribution margin MI, can be calculated as
follows by use of the maximum number X, of secondary systems or secondary 15communication
nodes capable of secondarily using the frequency channel fi, for example. [015%63] [llglgot{;w%%] =(27)
MAri = Xi /3;( 2 8) 20[0187] When the maximum nymber X, of secondary sys]tems or secondary
communication nodes can be used also as a value of the margin, formula (27) is used. On the other
hand, when X, is corrected, a correction coefficient 131 is introduced as in formula (28). The correction

coefficient 13, mayrhg equaliadhs.saialy marginisMin BoformuafaleXigarsaohghanggiover time,
unlike U, in formulas (25) and (26). SP311250W000 55 Thus, traffics for acquiring infoimation can be

further reduced in P& S5 F2 £5AAMIE-than in the first example. [0188] In the third example and fourth
example, the valugmkthe margin is common

In the third example and fourth example, the value of the margin is common
5 in a plurality of frequency channels. In the third example, the distribution margin
MI; can be calculated as follows by use of the in-band maximum value of the number
of secondary systems or secondary communication nodes U; in operation.
[0189]
[Math. 251

Ml =max{U.} (29)
M, =max{U,-a,} (30)

10
[0190]

In the fourth example, the distribution margin ML can be calculated as
follows by use of the inter-band maximum valie of the maximum number of
secondary systems or the maximum number of secondary communication nodes X

15  per channel.
[0191]
{Math. 26]

Ml =max{X;} (31)
MI; =max{X,-a;} (32)

[0192]

20 The margin setting unit 345 may set a margin per frequency channel such that
the margin of the frequency channel at the center of the band is relatively larger than
the margins of the frequency channels at the ends. In the example of Fig. 17, nine
frequency channels F1 to FO are present in the entire band. With the chanmnel
structure, the wireless signals from the adjacent channels and one more frequency

25 channel may be the interference sources, for example. Thus, for example, four



5in a plurality of frequency channels. In the third example, the distribution margin Ml can be calculated
as follows by use of the in-band maximum value of the number of secondary systems or secondary
communication nodes U; in operation. [0189] [Math. 25] mu{ti!} (2 mufti!( 3 0 )Sg,g [}%1585{;000 In the
fourth example, the distribution margin MI; can be calgylated as follows by use 01‘1L e inter-band
maximum value of the maximum number of secondary systems or the maximum number of secondary
communication nodes Xi 15per channel. [0191] [Math. 26] Mt, = ax{XJ Mr,{Xt./xi} [0192] 20The margin

setting unit 345 may;setaiRaginprRfsaueneythaneslsiahdhabihesmatginaf ths.fraguency
channel at the center of the band is relatively Iarg% than the margins of the freg‘%e]ncy channels at the

ends. In the examfle OrFil 1 Hih &t eHag hdkty ISR SR RID 8 R AR A ih 8 SIERSYhand. With
the channel structubentiak Wirelessosigialsifiert the RdjdaadtehanmelsapaboregorienRGuency

25channel may beihe Interference, sR es: I SXPIRle: IR fOF LXAMBIe B the margin
5  setting unit 345 can efficiently enhance a chance of secondary usage particularly at
the ends by setting the margins such that the margin of the frequency channel at the
center of the band is set to be larger than the channels at the ends as illustrated in the
lower graph of Fig. 17. The calculation of the margin depending on the position of
the frequency channel may be realized by defining the correction coefficient o; in
10 formula (26) or the correction coefficient 3 in formula (28) as in the graph of Fig.
17.
[0193]
The margin setting unit 345 may employ a value corresponding to a
transmission spectrum mask of the secondary system (or an adjacent channel leakage
15 ratio (ACLR)) for setting a distribution margin per frequency channel. For example,
when an out-band loss from the channel Fj to the channel F; is assumed as H(, jj,
kk), a value corresponding to the transmission spectrum mask is used so that the
distribution margin MI; can be updated as in the following formula:
[0194]
20 [Math. 27]

MI"= MI./ H({i, jj,kk) (3 3)

[0195]
The power allocation unit 350 allocates transmission power fo each
secondary system or each secondary communication node in each secondary system
25  based on the upper limit number determined by the upper limit number determination
unit 140 and the acceptable interference amount of the primary system like the power
allocation unit 150 in the communication control device 100. At this time, the power
allocation unit 350 uses a value adaptively set by the margin setting unit 345 as a

value of the distribution margin MI1.



SP311250W000 56 neighboring channels may be the interference sources for the frequency channels
F3 to F7 at the center of the band, while two neighboring channels for the frequency channels Fl and
F9 at the ends of the band and only three neighboring channels for the frequ%@,@{ %r%meolé F2 and F8
may be the interference sources. Thus, the margin 5 ggtting unit 345 can effiC|ent1Iy‘enhance a chance
of secondary usage particularly at the ends by setting the margins such that the margin of the
frequency channel at the center of the band is set to be larger than the channels at the ends as
illustrated in the Iowggfgraph of Fig. 17. The calculation of the margin depending on the position of the
frequency channel may be realized by defining the correction coefficient cc; in 10formula (26) or the
correction coefficient (3; 1 FOrAtiI S8y E st tHENGr ApHiST ERieeYy. forLgalve ofrHis &g Sbtting unit
345 may employ aavalie:poraspradivgtora tansmissiahanesirdn imask af besecondasy system (or
an adjacent channel Jeakage. 15 ratiq (ACLR)) for setting a distribution, margin per frequency channel.
For example, Whe‘ﬁ’%{ﬁ)%tu %%ﬁ% Eioﬁsltsacﬁ‘ri((n)?%r 6 Sﬁé%tnﬁéﬁ ‘E%’}%qhsg%?fgh & ﬁ%@ %%%ﬁ%ga“iaﬁ HO, jj, kJ),
a value correspondingitorthg"tranSnmesi@hsspe ttrumlniadkimysedsd thatdkeldistribiitionlimargin Mi;
can be updated as;{n g, I Qing RIMUIZ(ARAH SAINAINAILMATZMAL 01951 The power

allocation unit 350 allocates transmission power to each secondary system’or each secondary
communication nddédnl each secondary system 25 based on the upper limit number determined by the
upper limit number determinagiQn,ynit-140 and the acceptable interference amount of the primary
system like the power allocation unit 150 in the communication control device 100. At this time, the

power allocation unit 350’ 08€S R LbRptRraIySstiBs tRRYarg i sdatirryUkiti3851a8 dalue of the
distribution margin 1. AoR3dihd SOVROPt&Ent embodiment, the upper limit number of secondary

systems or secondary communication nodes to be allocated with transmission power
is determined by the communication control device making communication with the
secondary communication nodes operating the secondary system, and transmission
power to be secondarily used is allocated based on the upper limit number and the

15 acceptable interference amount of the primary system. Thereby, when a plurality of
secondary systems are present, a fatal interference can be prevented from occurring
in the primary system while a chance of secondary usage is given to the secondary
systems within the upper limit pumber. A usage efficiency of the frequency
resources can be enhanced appropriately and safely.

20 [0198]

According to the present embodiment, the upper limit number of transmission
power allocation targets is determined by evaluating a difference between the
interference amount of the primary system estimated from the communication
quality requirement of each secondary system and the acceptable interference

256 amount of the primary system. Thereby, the required communication quality is
secured and the communication purpose can be achieved for the secondary systems
to which a chance of secondary usage is given.

{01991

According to the present embodiment, when not only a frequency channel

30 allocated to the primary system but also a neighboring frequency channel is

secondarily used, transmission power is allocated such that a sum of the interference



[0196] With the structure according to the variant, the value of the margin is adaptively set,
thereby more efficiently enhancing a chance of secondary usage without causing a fatal interference to
the primary system. The calculation formulas 5 of Ml or MI" in formula (25) tog%rlnlula ,%33 may be
used for calculating MI" in the first term or MI" in the sggond term in the right side of Tor £ (24).
[0197] <6. Conclusion> One embodiment has been described above with reference to Fig. 1 to Fig. 10
17. According to the present embodiment, the upper limit number of secondary systems or secondary
communication noggs ta:he.alaaaied.with, Hans MISKIQT BRWENISASIeRInad f:the commynication

control device making communication with the secondary communication nodes operating the

secondary systemMSiiBREIRHILLRSF 5Bt 1E Lol u RN USEETR: aifdesby padderdatte upper

limit number and thecl&ragcepiakie nterforenesdampuninalthePpmantsy semclbatehy.when a
plurality of secondar; gﬁystems %re E;re(sen.‘t, a fatal interference can be prevented from occurring in the
primary system whlEEERSRE S Eé%%?ﬁ}e&%age is given to the secondary systems within the upper
limit number. A usggédfficiency of the frequency resources can be enhanced appropriately and safely.
20[0198] According tQ the resgontﬂfmbodiment tl&e u ge{l_limit number of tran%rtrl]tighs‘irgp power

. . CCOH € present bodin ansSmission, power 18
allocation targets is determine nl%y eva ua%ng a difference Between the interference amount of the

primary system estistabetedrdimtbiseseomdnunioatiors qualitythe glibarent dleaghpse donpiangsystem and
the acceptable IntREHENCE 2P 1@@?199&&@&%&%@@&%%&3’%@@ecﬂﬁ@i&bléyét%%e%ﬂ{gddﬁ?&éﬁlunicaﬂon

quality is secured and the communlcatlor%tgurpose can be achieved for the secondary systems to
which a chance of &sEhdars geage is §iven o18e)Wise UABEBRINY t6Ne pfesehitismbdiment, when

not only a freguiengyehanngl soaliocatediocHiel RUING Y-Syatee Rithalss aloesighhadagdfeeguency
channel is secondarily used transmi§sion power. is allocated such that a sum of the interference

SP311250W000 58 SR ARy TSt ARV fE A8 B tRefre lietdy Hanhels Bbes not
exceed the acceptabigdntdrferqroevarhaupisofithe punterosystendahherebys anbintendianddnterference
caused by an out-%a&r}gﬁ%l Sreasdiation can be prevented from causing a fatal interference to the primary

system.
[0201]

15 The processing in each device described in the present specification may be
realized by any of soltware, hardware, or a combination of software and hardware.
The programs configuring the software are previously stored in a storage medium
provided inside or outside each device, for example. Each program is read in a RAM
(Random Access Memory) during execution, and 1s executed by a processor such as
26 CPU (Central Processing Unit).
[0202]

The preferred embodiments of the present invention have been described
above with reference to the accompanying drawings, whilst the present invention is
not limited to the above examples, of course. A person skilled in the art may find

25  various alfernations and modifications within the scope of the appended claims, and
it should be understood that they will naturally come under the technical scope of the

present invention.

Reference Signs List
30  [0203]

100,300 Communication control device



5[0200] According to the present embodiment, transmission power is tentatively distributed to the
secondary systems using the frequency channel per frequency channel, and then redistributed
between the secondary systems using different frequency channels. With the@g&%ﬁ%%%gsmission
power distribution, the 10 transmission power to be allpcated can be calculateéd with less calculation
resources. Consequently, loads for transmission power allocation can be reduced when the number of
frequency channels or the number of secondary systems to be considered increases. [0201] 15The
processing in each gevicegeseribashinthe present specification may be realized by any of software,
hardware, or a combination of software and hardware. The programs configuring the software are
previously stored ih*8 stdFIRETHEH BHHELESTHERHE P Yutside each device, for example. Each
program is read inza RAMI{RandamAagess Memory) during execution, and is executed by a
processor such 351%8 { I(:)’U (Cﬁp&@ll_gg?}ceggén&iUnit). [0202] The preferred embodiments of the
present invention havé been described above With reference to the accompanying drawings, whilst the
present invention ig0fiot litnitedhtodtheabovecdxamplas, ohooursetifoperson skilled in the art may find
25 various alternag'%ls aﬁgn%%%iiﬂg{%&‘?ﬂ%within the scope of the appended claims, and it should be
understood that they will naturally come under the technical scope of the present invention. Reference
Signs List SP311280W60otsd iy Communication unit 140(Upper limit number) determination unit



345Margin setting unit 150,350Power allocation unit 5 200 Communication device (secondary
communication node) 210 Communication unit 220Control unit SP311250W000 60 CLAIMS Claim 1
A communication control device comprising: a communication unit configured EQ rﬂ%&&%gmunication
with one or more 5 secondary communication nodes ggerating a secondary sys?em using at least one
of a frequency channel allocated to a primary system and a frequency channel adjacent to the
frequency channel; a determination unit configured to determine an upper limit number of
secondary systems or secondary communication negdgsj@ be allocated with 10transmission power;
and a power allocation unit configured to allocate transmission power to each secondary system or
each secondary cérifitihication node in each secondary system based on the determined upper limit

number and the acceptabledpigiferanes amnainkoitheppmaty: system. 15 Claim 2 The
communication control device according to clailﬁgé%%herein the determinationggnit determines the
|

upper limit number based S EGHHHOMIEGR™ FR S ERT B S AR SELBRES Sydem. 20

5  secondary communication nodes operating a secondary system using at least one of'a
frequency channel allocated to a primary system and a frequency channel adjacent to
the frequency channel;

a determination unit configured to determine an upper limit number of
secondary systems or secondary communication nodes to be allocated with

10 transmission power; and
a power allocation unit configured to allocate transmission power to each
secondary system or ¢ach secondary communication node in each secondary system
based on the determined upper limit number and the acceptable interference amount

of the primary system.

156
Claim 2
The communication control device according to claim 1, wherein the
determination unit determines the upper limit number based on a communication
quality requirement of each secondary systeni.
20

Claim 3
The communication confrol device according to clamm 2, wherein the
determination unit determines the upper limit number by evaluating a difference
between the interference amount to the primary system estimated by a
25  communication quality requirement of each secondary system and the acceptable

mterference amount of the primary system.

Claim 4
The communication control device according to claim 1, wherein when a
30 plurality of frequency channels are used by one or more secondary systems, the

power allocation unit allocates transmission power to each secondary system or each



Claim 3 The communication control device according to claim 2, wherein the determination unit
determines the upper limit number by evaluating a difference between the interference amount to the
primary system estimated by a 25 communication quality requirement of eacrbf,gf&nga%o%ystem and
the acceptable interference amount of the primary system. Claim 4 The communication control device
according to claim 1, wherein when a 30 plurality of frequency channels are used by one or more
secondary systems, the power allocation unit allocates transmission power to each secondary system

or each S1P31125Q1NA00 &saceniany crMUicRUenAREe Rearhsscandanksysiem such that a
sum of the interference amounts to the primary system caused %}/ secondary usage of the frequency

channels does not EKEEETthe SERRIStADId n IIHRTEN SEEHOBREY CrinTsndaryTigags Mimication
control device accodiingi¢o alatmid dohareiaxiiredeterroimatonivsitdetesminesa first upper limit
number of frequency channels allocated to the primary system and a second upper limit number of
other frequency channels, and the power allocation unit uses the first upper limit number and the
10second upper lifiitinumber to allocate transmission power to each secondary system or each

secondary communication Rog I GGl 3P ORARIY skalemhBokgCommupCalioncenhdevie

according to claim 5, wherein the power 15 allocation unit tentatively distributes transmission power to
secondary systemsetginipaifiequnésiehammieh pisfraprees nepicamher skt & tipehey sdeondary system,
and then redistribuigs. R sMIRS|RRRANG LSREPRAAILaYRIFIP S HRI NG differant fieguensy channel
based on the tentatively-distributed transmission power. o
channels, and the power allocation unit uses the first upper limit number and the
10 second upper limit number to allocate transmission power to each secondary system

or each secondary communication node in each secondary system.

Claim 6
The communication confrol device according to claim 5, wherein the power
15 allocation unit tentatively distributes transmission power to secondary systems using
a frequency channel per frequency channel used by the secondary system, and then
redistributes transmission power in secondary systems using a different frequency

channel based on the tentatively-distributed transmission power.

20 Claim 7
The commumication control device according to claim 6, wherein the power
allocation unit distributes or redistributes transmission power in secondary systems,
and then corrects transmission power to be allocated to each secondary system based
on a comparison between the acceptable interference amount and the interference
25  amount at a point where a sum of the interference amounts is the largest within a

service area of a primary system.

Claim 8
The communication control device according to claim 6, wherein the
30  communication unit receives priority information for defining a priority of a

secondary system from another device, and the power allocation unit allocates



20 Claim 7 The communication control device according to claim 6, wherein the power allocation
unit distributes or redistributes transmission power in secondary systems, and then corrects
transmission power to be allocated to each secondary system based on a cor@pﬁrﬁpw@sﬁfen the

. . . . )
acceptable interference amount and the interference 25amount at a point where a sum of the
interference amounts is the largest within a service area of a primary system. ClaimS The
communication control device according to claim 6, wherein the 30communication unit receives priority

information for deftpingraspERriyafavseeopslany systamsiion Rreihendeviae, andihedawer allocation
unit allocates SP311250W000 62 transmissjon power based on the transmission power tentatively

distributed to a secSHISRYSSEYSM HaRG A BRGhEr B RDd ARE AR TFOHISH IHRREHRRIESion power
to the remaining secardany:fisiemenbaGlaigicths. The communication control device according to
claim 6, wherein the communication unit receives priority information for defining a priority of a
secondary system from another device, and the power allocation unit uses a weight depending on the
priority to weight trahlemission power to be allocated to each 10 secondary system or each secondary

communication node in gh SEAANAARSYSIBMk/Aed rcoondlIP ETITHNGAUADEANLRL device

according to claim I, wherein when a new secondary system starts to operate, the power allocation
unit requests a seCORTRY IS EH HeRANG e RECSSrEHAIEMIN Iso\iekBirtorig ystingesetondary
systems to reduce HanamisSIQRMIWE! -another device, and the power allocation unit uses a weight

depending on the priority 1o weight transmission power to be allocated to each

10 secondary system or each secondary communication node in each secondary system.

Claim 10
The communication control device according to ¢laim !, wherein when a new
secondary system starts to operate, the power allocation unit requests a secondary
15 system having excess fransmission power among existing secondary systems to

reduce transmission power.

Claim 11
The communication control device according to claim 3, wherein the
20 determination unit determines a position of a reference point of the primary system
when estimating the interference amount to the primary system by use of information

received from a data server in the primary system.,

Claim 12
25 The communication control device according to claim 1, wherein the power
allocation unit determines transmission power allocation based on the acceptable
interference amount of the primary system, and a path loss depending on a distance
between the primary system and each secondary system, and the distance between
the primary system and each secondary system is a minimum distance between the
30  position of each secondary system and an outer periphery of a service area of the

primary system or a node of the primary systeni.



Claim 11 The communication control device according to claim 3, wherein the 20 determination unit
determines a position of a reference point of the primary system when estimating the interference
amount to the primary system by use of information received from a data ser %lﬂ %E&Kpél ary system.
Claim 12 25The communication control device accordjgg to claim 1, wherein thé power allocation unit
determines transmission power allocation based on the acceptable interference amount of the primary
system, and a path loss depending on a distance between the primary system and each secondary
system, and the distance between the primary system and each secondary system is a minimum
distance between the 30position of each secondary system and an outer periphery of a service area of
the primary systert@#& hbde of the primary system. SP311250W000 63 Claim 13 The
communication control deucecasaonidingtoceiainn dewdaekein-dae: peviemalpeakanund geiermines

transmission power, aIIocation.b%sed an the accegptable 5 intq ference amount of the
allocation unif S

Termines  (ransmission NOWEr { £ ed o %n%:@ry system,
and a path loss depending on a distance bEtWeen tchepprlmalay %%f%’?‘n 3?15] A HESEEHRA system,
and the distante betwéemtheapinanf gysteimandeach sedandanisystarmiSn distadicailretween the
D o TERYCAY SYSIRM, 200 B AR L AN WL PURNED R AP 8 o2 o the

primary system or within the outer ery. 10 Claim 14~ * The communication controlegevice
according to claimthe weweirFYHepewkrasiceatisilirivigaotes digeesrivarpaytenvfsiowhich a

distance from the primaty susiery aka RaM Rssdepanding.on.dbedigianse excertls apsegetermined
threshold 15when calculating transmission power allocation.
the primary system or within the outer periphery.

10
Claim 14
The communication control device according to claim 1, wherein the power
allocation umit ignores a secondary system for which a distance from the primary
system or a path loss depending on the distance exceeds a predetermined threshold

15  when calculating transmission power allocation.

Claim 15

The communication control device according to claim 14, wherein the
threshold is set per frequency channel.

20

Claim 16

The communication control device according to claim 1, wherein the power
allocation unit notifies a power allocation result to a secondary communication node
in response to a request from the secondary communication node received by the

25  communication unit.

Claim 17
The communication control device according to claim 1, wherein the power
allocation unit notifies a power allocation result to a secondary communication node

30  without depending on a request from the secondary communication node.



Claim 15 The communication control device according to claim 14, wherein the threshold is set per
frequency channel. 20 Claim 16 The communication control device according to claim 1, wherein
the power allocation unit notifies a power allocation result to a secondary communication node in
response to a request from the secondary communicatjon node received by the P58 i nication
unit. Claim 17 The communication control device according to claim 1, wherein the power
allocation unit notifies a power allocation result to a secondary communication node 30 without
depending on a regygstffom the secondary communication node. SP311250W000 64 Claim 18

The communication control device according to claim 1, wherein the power allocation unit employs a
margin for reducing an intBFfEPEHRRY Ve BTG RsSRE Eantidationy issdn e s unication

control device furthesGRmphse SR dimarsatiingdoiiconfigueed iasetithe parginhased on the
number of secondary systems or secondary communication nodes in operation or the maximum

number of operabi&’SSESHAEKPLy S S ERBRHEER CORFRLATE Aol G SS I &Y channel.
Claim 19 10Tl cesminynicaitonieantioloeyvite maegandiag:iocal din il hwher etodiamayginnsetting unit

sets a margin per fre%uencga\é channel su?h tha& the margin of a frequency channel at the Fnter of a
Qr SCC OIMNILIICA{I0T Hes m o ergﬁon or ]:he INAXHNUT 1k rhe ai(l)’ﬁﬂﬁ%g e

) : Secq, 1 110
band is relatively larger than the margins ofl%requen y channels at the ends.
secondary systems or secondary commmunication nodes per frequency channel.

Claim 19

10 The communication control device according to claim 18, wherein the margin
setting unit sets a margin per frequency channel such that the margin of a frequency
channel at the center of a band is relatively larger than the margins of frequency

channels at the ends.

15 Clamm 20
A communication control method using a communication control device for
making communication with one or more secondary communication nodes operating
a secondary system by use of at least one of a frequency channel allocated to a
primary system and a frequency channel adjacent to the frequency channel,
20  comprising:
determining an upper limit number of secondary systems or secondary
communication nodes to be allocated with transmission power; and
allocating transmission power to each secondary system or each secondary
communication node in each secondary system based on the determined upper limit

25  number and the acceptable interference amount of the primary system.

Claim 21
A communication device operating a secondary system by use of at least one
of a frequency channel allocated to a primary system or a frequency channel adjacent
30 to the frequency channel, comprising:

a communication unit configured to receive a transnission power allocation



A communication control method using a communication control device for making communication
with one or more secondary communication nodes operating a secondary system by use of at least
one of a frequency channel allocated to a primary system and a frequency channel adjacent to the
L . _y H5HAROO
frequency channel, 20comprising:  determining an upper limit number of seco y ems or
secondary communication nodes to be allocated with transmission power; and allocating
transmission power to each secondary system or each secondary communication node in each

secondary system baged-qn @%&ﬁﬁ%ﬂi&@&&“&ﬁ%l”ﬁ&%@ NLReEANG, e AGRERIARIG iR ference

amount of the primary system. Claim 2 A communication device operating a secondary system

by use of at least PREGF & FEGUSTSPERATTEFRISESASH (5@ PHNar) BySRRBNatfidgieftsichannel

adjacent 30to the freguencyshanneleSMRTisHe: Fuaommuaicatian st carfigediosergive a
transmission power allocation SP311250W000 65 result from a communication control d?vice

configured to allocEEHAHETHESIBI Boleltd EuBH S AEGh HAR B StemPor Eaah sSEEaHERO '
communication nogle:ifteachseaendarycgysieny basad: andan upper limit number of secondary systems

or secondary communlcz:}ltlgar}1 trl]gldgl% tt% 91% a&%&%?%é’%& %{_agssfmégfdgn ower and the ac%e()%table 5

interference amount of the primary systent;, and a control unit co |guredrt%01rnens]ﬂ]?(1: Aransmission
power for communicttienofith asvothiBrisecondanydormmohicatiod nodébasedionsthe pansmission

power allocation _r%%g&{%%qjéé%g[ @éé@%&%@@%@iﬁﬁﬁﬂ%@ﬁ J0Claim 22 A communication method

by a communication device operating a secondary system by use of at least one of a frequency
channel allocated to a primary system and a frequency channel adjacent to the frequency channel,
comprising: regeiving;a transmission power allocation result from a communication 15 control device
configured to allocate transmission power to each secondary system or each secondary
communication node in ¢h6ATEEEBISALY Brdhaf by AT B Ak dlNift TRl dFCSedNdary systems
or secondary comgiyRigationsnoedes ehesllocatadquith fransmissionpever anchthe aseaptable

interference amount(f)f e rimarl\{ gxsltegn; and Z%re trictingytrﬁms ission power for communication
. r?a I;a equency cianfel adjacent to the Irequency channel, comprismg:
with another secondary

receiving a transmission power allocation result from a communication

15 control device configured to allocate transmission power to each secondary system or

each secondary communication node in each secondary system based on an upper

limit number of secondary systems or secondary communication nodes to be

allocated with transmission power, and the acceptable interference amount of the
primary system; and

20 restricting transmission power for communication with another secondary

communication node based on the transmission power allocation result.

Claim 23
A communication system including one or more secondary communication
25  nodes operating a secondary system by use of at least one of a frequency channel
allocated to a primary system and a frequency channel adjacent to the frequency
channel, and a communication control device configured to control communication
with the one or more secondary communication nodes,
wherein the communication control device comprises:
30 a communication unit configured to communicate with the one or more

secondary communication nodes;



communication node based on the transmission power allocation result. Claim 23 A communication
system including one or more secondary communication 25 nodes operating a secondary system by
use of at least one of a frequency channel allocated to a primary system and a frequencer{I channel

. . . . et S0W
adjacent to the frequency channel, and a communicatjon control device conflgﬁlael&‘zt% Etitfol
communication with the one or more secondary communication nodes, wherein the communication
control device comprises 30a communication unit configured to communicate with the one or more

secondary communication 8Qd&es a5 khao0WRA0 8610 aAAGHRIMINaRoR Uik coRfigwed o

determine an upper limit number of secondary systems or secondary communication nodes to be
allocated with tran8FREEREY POWERPSant AS560eRalEATIBA Mt otiErdd thealidestEtraridhission
power to each 5 seseRAYRYRIRB; @h@ach secondary communication node in each secondary system
based on the determined upper limit number.and the acceptable interference amount of the primary
system, and each of the 8r§PéP B OPE RSO HHASD I&%‘?HFﬁ%ﬁ?cﬁﬁB??ﬁo%‘ﬁ%ﬁﬁ?ﬂi?@&“ to eagh
communication uniteconfigy rectda recaiiesactratisinissiampowen aldeatieachGeestllfioimsthe

communication control devige' a%nd .a contEoI l.flnit configured to re:%tlbi ttr@mgmission power for
. - based ?Ht ¢ deterimined upper imif nuinber e accaﬁ able infer erenccef tam ung. .
communication with another secondary communication node based on the received fransmission

power allocation resulte primary system, and

each of the one or more secondary communication nodes comprises:
a communication unit configured fo receive a transmission power allocation
10 result from the communication control device; and
a control unit configured to restrict transmission power for conumunication
with another secondary communication node based on the received transmission

power allocation result,



