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of a combination of the plurality of communication nodes and a plurality of frequency 

channel candidates, for example. However, this is what is called a NP-hard problem, and its 

solution is not calculated uniquely. Hence, full search for combinations of a plurality of 

communication nodes and a plurality of frequency channel candidates is forced to be 

performed. The number of the combinations increases in an exponential fashion according to 

the number of the com munication nodes and the number of the frequency channel candidates, 

and therefore the calculation amount can become enormous. 

[0008] 

Thus, it is desirable to provide a scheme that improves the communication of a 

communication node that utilizes a radio resource (frequency channel) under an environment 

in which there is an interference from communication involving a communication node that is 

not control target, with less calculation amount. 

Solution to Problem 

[0009] 
Aeeofdksg to—a—fest—aspee^-ei1—fee—presort—aweirtiefi^——a 

Bm^~eeiy5|pffe4--4^ 

ifiteffeeHee-4BfeH3aat3«i^4irfeaiifig—a-45isMfi4ei:feFeHe^-#eB3---€eiH«»Biea#efr4fi¥el¥isg—a 

eeHHH.umcat.ion ae4e-fea.t is not eeflfrel-4af!get-aiy-se6efl#4Bterfefefie€4afeffflatio.n imiiertting 

elassi^4i%-ttaii-e©rf^Ted-4^-elassify4he-pteaMty-e#-e©HiBaTOi©ati©iHiedes4fite-ari3te#ity-©f 

0B4he-%asis-ef4he fir-st4at^erenceinleffla#efi-at#4be-^€6eR44Rteffeiefi^e4afeimat^Hwife 

respee^te-Ae-pterality-©#^efflffi«HieatieMte4e&T 
According to a. first aspect of the present invention, there is provided a 

communication control device comprising an interference estimating unit configured to set a 

provisional frequency channel utilized by each of a plurality of communication nodes, 

estimate a first interference from communication involving a communication node that is not 

control target with respect to each of the plurality of communication nodes, and estimate a 

second interference from communication involving another communication node of control 

target with respect to each of the plurality of communication nodes; an acquisition unit 

configured to acquire the first interference information and the second interference 
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information with respect to each of the plurality of communication nodes of the control 

target; a classifying unit configured to classify the plurality of communication nodes into 

first group and, second, group related to a decision of a radio resource that a communication 

node is able to utilize, on the basis of the first interference information and the second 

interference information with respect to the plurality of communication nodes; and a channel 

deciding unit configured to: decide an utilizable frequency channel with respect to each of the 

plurality of communication nodes classified into the first group, and decide an utilizable 

frequency channel with respect to each of the plurality of communication nodes classified into 

the second group, on the basis of the decision result of the frequency channel of the first 

group. 

[0010] 
AeeeKfeg—te-—a--see©fy— 

target—aad—seeead—krteFfeFtswe——Htdteafeg—a—seeead—iateFfeFe»ee—-fee» 

eefflffiaaication involving-aaethep-eemffiameatieifHB^de-e^sefltrol tafge^-yv^h-fespee^te-eaeh 

ef-a-pteality 'Ol:^iiiiiiuni6a#ea-iie4es^L-6eBfrejHafgetr-^»d--elassi^4H^-4he--pteatity-^f' 

eefflmafli€a#eB-B0des-Hrte-a-g]riffafty^f-gre«ps-^:etated-4e-^^eisiefl' •of--a-4:a&e-?eseBfee4kat-a 

ooHimuateatiefl-ftede is-able -to' 'UtiMze^-eft-^ke-baas-ef-fee-fest-jfiteffeeBe&HffifefiBatiea-aad 

the-seeeB44BteFfeFefi€e4fifermation' with-respect- to-the' ptoality-ef-eeffifaBeieatieB-Redesv 
According to a second aspect of the present invention, there is provided a 

communication control method comprising: setting a provisional frequency channel utilized 

by each of a plurality of communication nodes; estimating a first interference from 

communication involving a communication node that is not control target with respect to each 

of the plurality of communication nodes; estimating a second interference from 

communication involving another communication node of control target with respect to each 

of the plurality of communication nodes; acquiring the first interference information and the 

second interference information with respect to each of the plurality of communication 

nodes of the control target; classifying the plurality of communication nodes into first group 

and second group related to a decision of a radio resource that a communication node is able 

to utilize, on the basis of the first interference information and the second interference 

information with respect to the plurality of communication nodes; deciding an utilizable 
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frequency channel with respect to each of the plurality of communication nodes classified into 

the first group; and deciding an utilizable frequency channel with respect to each of the 

plurality of communication nodes classified into the second group, on the basis of the 

decision result of the frequency channel of the first group. 

[0011] 

PrAAL-.rfMt-> n-yvt-soy<"»4-r> o -t 111Tt-wr • o ry>/£>•»•>•% ('"VT-'TL r •f'l'Wil* of ATQH O -I <** T'/"WVVOTVI * o-t-irl r> i UvwoBuI^ Cii-Wa i.IiC-i u.<i i 11^. c¥1 ixXirilv/i j CTXXXt olul wo XX JpT wVJwtX/lTITJ Ilvu pi till! ̂ ZZifKj tt 

freeessef-eerf^«f^d-4e--e3^-ute-Ae-p;ed^temttH€4-pFegfaflaT-¥h^-y:ed0feemmed-yegFaffl-4s-a. 

pBgfmB-4e^-exeeu#H^-fle€[uMBg^;Bt4irterf®:mee4fifematM)iMiyieatiag-a-4ffst-i»teFfeFeftee 

from 08imm«Heatj«fir4BV^¥iBg-^r-eemm^mj€atieK--ae4e-4tat-4s-fiet-eeBfeel-4afget-aad-seeeft4 
T AQ f y% P*"* rli ex n -t *> fayfat-Qn <n»<3t fA-ntmnni mrsi-t r-\-r\ Tfr-tt T 7-t-ti/v Tiltvw>i l.Ci CiiwW 1111 sJ I III iX tio'xi illU-i uu't lilg ctStvYTtJxro ill tv/i. ivi Irtytrt IrrVXTXTTtTg 

aBetheF-eefflHHtmeation node—ef-eeafrol target, wife—fe^peet—te-^aeb—of a pfaraMly—ef 

eefflffl-aiHeatieB-eedes of cefifrel-4a?get^Hd-etessif^4a^4he^#Bfal#y-^#^efRHHH»3atiefl-^ede9 

ifrte-^Hptefality-efipmips-^elated-4e~ar4@eisM»-©#-a-^adi«--fes©«^e4fexi^^ 
•If 4-r\ -iif-t a . ZJ 1U o 4-1^/rx "Pt-vr'-f -a•»->»->-> <~i-c,A i-j-t ^ fA •«-n-fQi!--Po.-»'Ofl Aja j\5 LXXTTXJ ro uxrrrzxr,OTI uiiw ucioict ui uiw zii ot ixxi.wxi.'wi. wii^w axit'iiiiaist'ii nrr.ro: tiic^uow-v/i'ivi illtviTviwiioc 

inform atkw-^witlH^espect to the-pfaaM4y-e£-eemmun*6afcioftHaede^ 
According to a third aspect of the present invention, there is provided an information 

processing apparatus comprising: a memory that stores a predetermined program.:, and a 

processor configured, to execute the predetermined program, wherein the predetermined, 

program is a program for executing setting a provisional frequency channel utilized by each 

of a. plurality of communication nodes; estimating a first interference from communication 

involving a communication node that is not control target with respect to each of the plurality 

of communication nodes; estimating a second interference from communication involving 

another communication node of control target with respect to each of the plurality of 

communication nodes; acquiring the first interference information and the second 

interference information with respect to each of the plurality of communication nodes of the 

control target, and classifying the plurality of communication nodes into first group and 

second group related to a decision of a radio resource that a communication node is able to 

utilize, on the basis of the first interference information and the second interference 

information with respect to the plurality of communication nodes,, deciding an utilizable 

frequency channel with respect to each of the plurality of communication nodes classified into 

the first group; and deciding an utilizable frequency channel with respect to each of the 
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plurality of communication nodes classified into the second group, on the basis of the 

decision result of the frequency channel of the first group. 

Advantageous Effects of Invention 

[0012] 

As described above, embodiments of the present disclosure improve communication 

of a communication node that utilizes a radio resource (frequency channel) under an 

environment in which there is an interference from communication involving a 

communication node that is not control target, with less calculation amount. 

Brief Description of Drawings 

[0013] 

[FIG. 1 ] FIG. 1 is an explanatory diagram illustrating an example of a schematic 
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CLAIMS 

€ktH« I 

L A communication control device comprising: 

an interference estimating unit configured to: 

set a. provisional frequency channel utilized by each of a plurality of 

communication nodes, 

estimate a first interference from communication involving a 

communication node that is not control target with respect to each of the 

plurality of communication nodes, and 

estimate a second interference from communication involving another 

communication node of control target with respect to each of the plurality of 

communication nodes; 

an acquisition unit configured to acquire the first interference information dieatiftg-a 

target—and the second interference information-4*Kfaarttftgr a seeomt—wterferenea from 

eemmtm^atiefl-^ByeMng-agetheF-eeHHaBffleation a^de-efL-eeBfrei-4afgetr- with respect to 

each of a the plurality of communication nodes of the control target; ami 

a classifying unit configured to classify the plurality of communication nodes into a 

plttKifey-ef-geggs first group and second group related to a decision of a radio resource that a 

communication node is able to utilize, on the basis of the first interference information and 

the second interference information with respect to the plurality of communication nodes; and 

a channel deciding unit configured to: 

decide an utilizable frequency channel with respect to each of the 

plurality of communication nodes classified into the first group, and 

decide an utilizable frequency channel with respect to each of the 

plurality of communication nodes classified into the second group, on the basis 

of the decision result of the frequency channel of the first group. 

Ghiiffi-S 

2. The communication control device according to claim 1, wherein 

the first group and the second group 

corresponding to an order in which the radio resource is decided. 

Qaiiii-3-
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3. The communication control device according to claim 2, wherein 

feenphH#ity-ef:-gimifs4nclud€-at4eas^-fest group and a seeend groitp^-aad 

a communication node classified into the first group is a communication node in 

which a level of the first interference relative to the second interference is larger, as compared 

with a communication node classified into the second group. 

€Mifr4 

4. The communication control device according to claim 3, wherein 

the second group is a group for which the radio resource is decided after the first 

group. 

V,' iiAiiJTlZT 

5. The communication control device according to claim 4, further comprising: 

a deciding unit configured to decide the radio resource with respect to each of the 

plurality of communication nodes, 

wherein the deciding unit decides the radio resource with respect to each of one or 

more communication nodes classified into the first group, and decides the radio resource with 

respect to each of one or more communication nodes classified into the second group, on the 

basis of a decision result of the radio resource in the first group. 

6._ The communication control device according to claim 5, wherein 

the deciding unit decides one or more radio resource candidates having a smaller 

level of the first interference among two or more radio resource candidates, as the radio 

resource for the communication node classified into the first group. 

7. The communication control device according to claim 3, wherein 

the second group is a group for which the radio resource is decided before the first 

group. 
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8. The communication control device according to claim 7, further comprising: 

a deciding unit configured to decide the radio resource with respect to each of the 

plurality of communication nodes. 

wherein the deciding unit decides the radio resource with respect to each of one or 

more communication nodes classified into the second group, and decides the radio resource 

with respect to each of one or more communication nodes classified into the first group, on 

the basis of a decision result of the radio resource in the second group. 

Qaifflr# 

9. The communication control device according to claim 8, wherein 

the deciding unit decides one or more radio resource candidates having a smaller 

level of a third interference with the one or more communication nodes classified into the 

second group among two or more radio resource candidates, as the radio resource for the 

communication node classified into the first group. 

OaifiJ-W 

10. The communication control device according to claim 3, further comprising: 

a deciding unit configured to decide the radio resource with respect to each of the 

plurality of communication nodes, 

wherein, when deciding the radio resource with respect to each of the one or more 

communication nodes classified into the second group, the deciding unit decides the radio 

resource with respect to the communication node having a smaller level of the second 

interference, and decides, on the basis of a decision result of the radio resource with respect to 

the communication node, the radio resource with respect to the communication node having a 

larger level of the second interference. 

Gteiffl-44 

11. The communication control device according to claim 3, further comprising: 

a deciding unit configured to decide the radio resource with respect to each of the 

plurality of communication nodes, 

wherein the deciding unit decides one or more radio resource candidates having a 

smaller level of interference including the first interference and the second interference 
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among two or more radio resource candidates, as the radio resource for the communication 

node classified into the second group. 

12. The communication control device according to claim 3, wherein 

the first interference information indicates the first interference in each of two or 

more radio resource candidates, 

the second interference information indicates the second interference in each of the 

two or more radio resource candidates, and 

the level of the first interference relative to the second interference corresponds to the 

number of the radio resource candidates for which a level of the first interference is larger 

than a level of the second interference by a predetermined threshold value or more. 

Gkttm-4-3-

13. The communication control device according to claim 1, further comprising: 

a deciding unit configured to decide the radio resource with respect to cach of the 

plurality of communication nodes, 

wherein the plurality of communication nodes are communication nodes of a higher 

priority than one or more low priority communication nodes of control target, and 

the deciding unit further decides the radio resource with respect to each of the one or 

more low priority communication nodes, on the basis of a decision result of the radio resource 

with respect to the plurality of communication nodes. 

G-l-akn-4-4 

14. The communication control device according to claim 13, further comprising: 

a determination unit configured to determine whether a predetermined condition for a 

fourth interference with communication involving the plurality of communication nodes is 

satisfied, with respect to each of the one or more low priority communication nodes, 

wherein the deciding unit decides the radio resource with respect to each of the one 

or more low priority communication nodes, on the basis of a determination result with respect 

to the predetermined condition. 

C'luim-4-5 
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15. The communication control device according to claim 1, wherein 

the first interference is an interference by a downlink signal transmitted by the 

communication node that is not control target or an uplink signal transmitted to the 

communication node that is not control target, and 

the second interference is an interference by a downlink signal transmitted by the 

other communication node or an uplink signal transmitted to the other communication node. 

Gkhm 16 

16. The communication control device according to claim 15, wherein 

the interference by the uplink signal transmitted to the other communication node is 

an interference estimated under an assumption that a transmission node that transmits the 

uplink signal to the other communication node exists in a predetermined range or at a 

predetermined position which are closer to the communication node of control target within a 

communication range of the other communication node. 

Gteim-4-7 

17. The communication control device according to claim 1, wherein 

the communication node that is not control target includes a communication node of 

a primary system, and 

each of the plurality of communication nodes is a communication node of a 

secondary system that secondarily utilizes a radio resource for the primary system. 

Gfeiffi-4-8-

18. The communication control device according to claim 1, wherein 

the communication node that is not control target includes a base station of a macro 

cell, and 

each of the plurality of communication nodes is a base station of a small cell that 

overlaps the macro cell partially or entirely. 

19. A communication control method comprising: 

setting a provisional frequency channel utilized by each of a plurality of 

communication nodes: ' 
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estimating a first interference from communication involving a communication node 

that is not control target with respect to each of the plurality of communication nodes; 

estimating a second interference from communication involving another 

communication node of control target with respect to each of the plurality of communication 

nodes; 

acquiring the first interference information indicating & first"" interference frets 

eeBmmffleatiefi4iweiyHig-a-e©HHMBi^46n-imd©-4hM4s~iie1r-e6iitml-4af:get™and the second 

interference information 

iinfHheF-etHwmw^at«m^v»d<^^+:f-eentrf>l---iar«-e{7--vvith respect to each of a the plurality of 

communication nodes of the control t arget; and 

classifying the plurality of communication nodes into a--pftiraiity e-f grettps first group 

and second group related to a decision of a radio resource that a communication node is able 

to utilize, on the basis of the first interference information and the second interference 

information with respect to the plurality of communication nodes; 

deciding an utilizable frequency channel with respect to each of the plurality of 

communication nodes classified into the first group; and 

deciding an utilizable frequency channel with respect to each of the plurality of 

communication nodes classified into the second group, on the basis of the decision result of 

the frequency channel of the first group. 

20. An information processing apparatus comprising: 

a memory that stores a predetermined program; and 

a processor configured to execute the predetermined program, 

wherein the predetermined program is a program for executing 

setting a provisional frequency channel utilized by each of a plurality of 

communication nodes; 

estimating a first interference from communication involving a communication, node 

that is not control target with respect to each of the plurality of communication nodes; 

estimating a second interference from communication involving another 

communication node of control target with respect to each of the plurality of communication 

nodes; 
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acquiring the first interference information imHouting 

eeimmfflieatiea™4fiveMfl5--ar^6iHBMaieati0B-^:ied€-4batis-Hef-eeBtFe)-4ai:ge:^and the second 

interference information i+Kiieati»g H^eeeml-inteFfeFenee--^ 

«B«#ieF--e©eHffiH»3a#0fMiMe--ef-eei^^ respect to each of a the plurality of 

communication nodes of the control target, and 

classifying the plurality of communication nodes into a-pfarffty-ef-gregps first group 

and second group related to a decision of a radio resource that a communication node is able 

to utilize, on the basis of the first interference information and the second interference 

information with respect to the plurality of communication nodes. 

deciding an utilizable frequency channel with respect to each of the plurality of 

communication nodes classified into the first group; and 

deciding an utilizable frequency channel with respect to each of the plurality of 

communication nodes classified into the second group, on. the basis of the decision result of 

the frequency channel of the first group. 


