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This paper is devoted to the solving the problem which occurs in cellular networks at
times of peak busy hour when the radio resources are ended in one or more cells. Proposed
method increases the availability of radio resour ces of mobile network through radio resour ces
forced redistribution. Radio resources forced redistribution is transfer of a part of network
load from congested sector to lower loaded sector. Thisisdone by transferring subscriber load
(forced handover) between closely-spaced sectors within the common coverage area. To
perform aforced handover is necessary to the power of the signal that the user receives from a
base station of destination sector was equal to or above the minimum operating value and the
movement of the user was negligible relative to the radius of the cell during the average
duration of a communication session. Classification of active subscribers at speeds of
movement (the lower the speed, the higher the priority for forced handover) and class of
service (the lower the rating, the higher the priority for forced handover) is made to limit the
dimension of the problem of radio resource forced redistribution. The set of mobile network
sectors is represented by a network graph. In this graph each node is a sector of the cell.
Connecting nodes indicate the existence of a common cover age area for the relevant sectors.
This connection is a prerequisite for the forced redistribution of network radio resource. Edge
weighting coefficients indicate the value of bandwidth used by subscribers of one sector, when
the signal power level from second sector is equal to or greater than the minimum operating
value for these subscribers. Subscriber load balancing algorithm in a mobile networ k consists
of five steps. Scanning the sector i with the highest factor loading K;. Finding routes set H from
node i to node j, in which the paths bandwidth is not less than Cimin, and the load factor the
sector j would not exceed K, value after transferring to it the loads Cinin. Searching in the set
H the path h; with the minimum rank R(h;). Selecting subscribers in each node of the way h;;
(except the sector j), which will change the service sector. Transferring the user’s load from
the sector i to the sector j is a forced handover of the subscribers on the h;; way, starting from
the penultimate node in j, and ending from the i to the second node. For systems with more
computing power complicated graph is offered, which allows to perform load balancing of
mobile networ k mor e effectively.
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3anponoHOBaHO AJTOPUTM OaNaHCYBaHHSI a0OHEHTCHKOr0 HABAHTAKEHHS Y Mepe:ki
MOOIJIBHOTO 3B’ SI3Ky 3 MeTOI0 3MeHIeHHs KoediunieHTa 3aBaHTa:keHHs1 cekTopy. Lleii metoxn
NiABUINYE JOCTYNHICTH pagiopecypciB Mepexi MOOUIBHOrO 3B fI3KY 32 J0NMOMOIr0I0 BUMYIIIe-
HOT'0 Mepepo3noiny pagiopecypcy. 3anponoHoBaHo kjacu@ikainiro akTHBHMX a00HEHTIB 3a
IIBHM/JKICTIO NMepeMillleHHSI Ta KJIAaCOM BHKOPHCTOBYBAHMX IMOCJYTI HA OCHOBI MOHITOpPMHIY
CTaHy a00HEHTCHKHUX TepMiHAJIB.

KuaiouoBi cjioBa: Mepe:xka KOMIPKOBOro 3B’ si3KY, XeHI0Bep, kKoe(dilicHT 3aBaHTaKeHHS
CeKTopy, 0aJaHCYBAHHA HABAHTAKEHHS.

110



Beryn

Y MoOiTbHOMY 3B’ SI3KY TIOIIHPEHOIO MTPOOIEMO0 € BUUEPIIaHHS Paiopecypcy KOMIpKH Y MOMEHTH
IMIKOBOr0 a00HEHTCHKOIO HaBaHTAXKEHHA. Y TAKMX BHUIAAKaX a0OHEHTH, sIKI HaMararoThCs 3J1ICHUTH I3Bi-
HOK YM CKOPHCTATUCS IHIIMMH TIOCTyraMu 3B’ 3Ky (Hampukian, [HTepHeT), OTpUMYIOTh BiZIMOBY B 00CITy-
roByBaHHi. Taka moBeiHKa XapaKkTepHa i Ui Mepex MOOLTLHOTO 3B’ 13Ky cranaaptieB GSM ta LTE [2].

3anponoHoBaHO PO3B’ I3aHHS 3a/1a4i IMiJBUILIEHHS TOCTYITHOCTI MEPEKEBUX PalliopecypciB METOIOM
OanaHcyBaHHSI a0OHEHTCHKOTO HaBaHTaKEHHS. Y pa3i MiJBUIIEHOrO HaBaHTAXXEHHS a00 MepeBaHTaKEHHS
OJIHOTO 4H OLIbIIE CEKTOPIiB Mepexi MOOLTBHOTO 3B’ SI3Ky 3 TPHCEKTOPHUMH aHTEHAMHU BUKOPUCTOBYETHCS
BUMYIICHUH Mepepo3noIisl paJiopecypcis.

YMOBM BUMYLIEHOT0 Nepepo3noily pagiopecypcy Ta MOHITOPUHT
CcTaHy a00HEHTChKHUX TepMiHAJIB

CyTh BUMYIIEHOT'O TIEPEPO3NOALTY pagiopecypcy MoN[rae y nepeHeceHHi YacTHHN ab0HEHTCHKOT'0
HABAHTAXXCHHS 3 CEKTOPY 3 MiJIBUIICHUM 3aBaHTAXXCHHSM YM MEPEBAHTAKECHHSM JI0 CEKTOPY 3 MEHIIHM
piBHeM 3aBaHTaKeHHs. 1{e 3/1ifICHIOETHCS IUIIXOM MEepeHeCeHHsT aOOHEHTChKOTO HaBaHTA)KEHHs (BUMYIIIe-
HOT'O XCH/IOBEPY) MK CyMDKHUMH CEKTOPAMHU B MEXaX CITUTbHOT TEPUTOPil MOKPUTTS.

JJist 3MifiCHeHHS] BUMYILIEHOT'O XSHIOBEPY HEO0OX1IHO 3aJ0BOJILHUTH JIB1 YMOBH:

- TMOTYXHICTh CHTHANy, SKHH aOOHEHT OTPHMYE BiJ CYCiIHBOI 0a30BOi cTaHIlii, JOpiBHIOE abo

MEePEBHUIIYE MiHIMaJIbHE poOOUe 3HAYCHHS;
- TepeMilleHHsT aDOHEHTa 3a CEPEAHI0 TPUBAIICTh CEAHCY 3B 53Ky HE3HAYHE IMOPIBHAHO 3 pajiy-
COM KOMIpKH.

Jis Toro, 1mo0 0OMEKHTH PO3MIPHICTh 3a/1a4yi BUMYIIIEHOTO IEePEepOo3NoALTy paaiopecypey, moTpio-
HO MPOBECTH KiIach(iKaIlifo akTHBHUX aOOHEHTIB 3a IMBHAKICTIO MepeMilleHHs (UMM HIDKYa IIBHIKICTH,
TUM BUIIMN MPIOPUTET JUI BUMYIICHOT'O XCHAOBEPY) Ta KJIACOM MOCIYT (UMM HIDKYME Ki1ac, THM BUIIHUIL
MPIOPUTET JUTSE BUMYILICHOT'O XEH/IOBEPY).

OTxe, 3aITPONIOHOBAHO TAKHUKA PO3MOALT MOOUTEHUX a0OHEHTIB HA TPYITH:

1) 3aix mBuakicTO epemimeHns V,;, M/C[3]:

1) wmaibxe Hepyxomi (V4 <0.28);

2) wmanopyxomi (0.28<V,; £1);

3) pyxomi(1<V,; £5);

4) msuzki (5<V,; £16),

5) myxe mBuaki (V,; >16).

3a KJIAaCOM BUKOPUCTOBYBaHMX mociyr [1]:

1) Ttpadik peasbHOro Yacy;

2) mnepemaBaHHs AaHHX, Ay)Ke IHTEpaKTHBHUI Tpadik (CHrHaNIbHA iH(pOpMAaIlis);

3) mnepenaBaHHs AaHUX, IHTEPAKTHBHUI Tpadik;

4) Tpadik 3 HU3bKUMH BTpaTaMu (IpiOHI MepecuiIanHs, BeJIUKuil Tpadik, BiICONOTOKH);

5) rtpamumiiiai mogatku |P Mepex.

[IBuaKicTh TIEpeMIIlICHHsT Aa00HEHTa BU3HAYAETHCS 33 TAKOIO (POpMYIIOHO:

_ \/(Xn - Xp- 1)2 + (Yn - Yn-l)2

V5 = = , D

ae (Xn - Xn-l)v (yn - yn-l) — 3MiHa aOCONIOTHOIO 3HAYEHHs MPSIMOKYTHUX KOOPJIMHAT aOOHEHTa 3a Ie-

piog Dt, mo € iHTepBaIOM BU3HAYCHHS CTAaHY TEPMIHAIHLHOTO MPUCTPOIO abOHEHTa 1 OOUMCIIOETHCS 32
CITIBBIAHOIIEHHAM

RKOM (2)
I |

V,, XK
ne R, — paniyc komipku; V., — BepxXHs MeXa MBHUAKOCTI y TPYII, 4O SIKOI HaJIeKUTh a0OHEHT (3a 3aMOB-
qyBaHHSIM, aOOHEHTa 3apaxOBYIOTh J0 Tpymu “pyxomi”); K — kimbkicTs (ikcaiiii cTaHy TepMiHAJILHOTO
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NPUCTPOIO a0OHEHTA 3a TPUBAIICTh MepeMinieHHs Ha R,,,. Yum Oiibline 3Ha4ueHHs K, TUM BHIlla 3aBaHTa-
JKEHICTh CHCTEMH, 3arajoM, OCKUIbKH YacTille NoTpiOHO BU3HAYaTH KOOPAWHATH aDOHEHTA Ta MapaMeTpu
HOro TepMIHAJIBLHOIO IIPUCTPOIO.

Bu3HadeHHs1 KOOpJAMHAT A0OHEHTIB 3MIHCHIOETHCSI OJHOYACHO B MEKaX OJMHIET IPyIH 1 OKPeMO JIs
KOXHO1 3 Tpy1l.

Koopmunatn Ta mapamerpu aOOHEHTCHKHUX TMPHUCTPOIB 30epiraloTbCss B CHCTEMI MOHITOPHHTY Yy
BHIJISIII AMHAMIYHOI'O MaCHBY JaHUX, y SKOMY 3aIlMCaHO TaKi BETMUYHUHU:

- xoopauHatH (X,Y);

- IBUJIKICTb nepemimenHs V4, M/c;

m/c;

- cepenmHs IMIBHAKICTh Vcep,

- piBeHb NOTYXHOCTi curHaiay PS, Bix 06a30BuX craHuii i3 cycigHix cekropiB (Nn=214 abo

N =110 3anexHO Bil 00YHCITIOBAIBLHOI MOTYKHOCTI CHCTEMH).

Le#t macuB crucTeMa iHILIaMi3y€e TIIBKY JJI aKTUBHUX aOOHEHTIB Yy MOMEHT ITOYATKY CEaHCY 3B’ SI3KY
1 BUIAJIS€ Tmicist Horo 3aBepiieHHs. [laHi B MacHB 3aHOCSTHCS KOkHI Dt cexkyH[.

AJropuT™ 6anancyBaHHsl A00HEHTCHKOI0 HABAHTAKEHHA Y Mepe:Ki MOOIJILHOTO0 3B’ I3KY
CyKyITHICTh CEKTOPIB Mepexki MOOLTBHOTO 3B’ 513Ky (puc. 1, a) MokHa 300pasutu rpadom (puc. 1, 6),
JIe KOXKEH BY30JI — I1€ CEKTOP BIAMOBIAHOT KOMIPKH.

Puc. 1. 306padicenns epagom cykynnocmi cekmopie mepesici MoObLIbHO20 36’ 3Ky

3'enHaHHS BY3JIiB 03HAYAIOTH ICHYBaHHsI CHUILHOI TEPUTOPIi MOKPHUTTS JJIsl BiIIOBITHUX CEKTOPIB,
110 € TIePETyMOBOIO JIJISl BUMYILIEHOTO MIEPEpO3MOIiTy paliopecypciB Mepexi.

Barosi koedirientin pebep (manpukiaam, mis pedbpa 1- 2) o3HA4YarOTh BETHYHHY IPOITYCKHOT
cipoMokHOCTI Cj_ 9, SIKy 3aliMaroTh aOOHEHTH CeKTopy 1, 3a yMOBH, IO PiBEHb MOTYXKHOCTI CHTHAIy

Ps, , sikuii a0OHEHT OTPUMYE i3 CEKTOpY 2, IOpiBHIOE 200 MEPEBUIILY€E MiHIMaTbHE poOode 3HaYeH s PS; ;.

Koxen By3oi rpada mae BnacHuii koedittieHT K, sskuii 03Ha4ae piBeHb 3aBAHTAXKEHOCTI | -T'O CEKTOPY:
Ci .
K =——, i=12KN, (3)

Ci max

ne Cj, Caxi — 3aiiHATa Ta MaKCHMallbHa MPOIYCKHA CHPOMOXKHICTB | -ro cekropy; N — KUIbKICTb Cek-
TOpiB (BY3IiB).

Anroputm OanaHCyBaHHs aOOHEHTCHKOTO HABAaHTAXCHHS Y MEpPeXi MOOUTBHOTO 3B’ 3Ky
CKJIAZIAE€THCS 3 ' SITH KPOKIB!
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Kpok 1. [lomyk cexkropy i 3 HailOiumbmmM koediumieHToM 3aBaHTaxeHHS K. fkmo xoedimieHT
3aBaHTaxeHHsA K; He mepepminye nomycrume 3HadeHns Ko, =0.8, To nponosxyemo momyk, aHamisy-
FOYH TIPOIMYIIEHI CEKTOPH, SKIIO TaKi €.

Slkmo K mepesumye K, TO 3HaXOAMMO MiHIMajbHy BEIMYMHY HPOITYCKHOI CIIPOMOHOCTI
Cjmin» IKY HEOOX1THO BUBUIBHUTHU Y CEKTOPI:

Ci min — (Ki - K}:[OH))CmaXi7 Ki > K;[on (4)

Sxmo icHye BHXIiJ 3 By3Jna i , TOOTO

Cimin £Gi- x, ®)
JIe X — HOMEp Oyab-SKOro CYCIIHBOTO 3 |-M CEKTOpa, TO MEPEXOAUMO J0 KPOKY 2, SKIIO Hi — TO

MOYMHAEMO KPOK 1 crouaTky, 1 MpomycKaeMo MmpoaHai3oBaHUH CEKTOP.
Kpok 2. [Tomyk MHOXKHHH MapuipyTiB H Bim By3na i 110 By3na j, B SIKHX MPOIYCKHA CIPOMOX-

HiCTb 1IAXiB He MeHma Cj yipy, @ KoeillieHT 3aBaHTaXEeHHs CEKTOpY | He mepeBuiryBatume Ko, micns
nepeHeceHHs B Hboro HaBaHTaXeHHA Cjmin -
i Crnini 9. N
H=ihy |9K > Kon = ~-20ICp; 2 Cryini U@ty j=12KN (6)
1 max j g b
ae hjj —uwwax Big Bysna i o Bysna j.

Kpoxk 3. [ouryk y muoxkuni H muiixy hyj 3 MiHiMansHum panrom R(hij )

Rl )=min(R(H)),

Kpoxk 4. Bu6ip abonentis y koxxnomy Bysui (cexropi) muiixy hyj (kpim cexropy ), ans skux Gyze

TH (7)

3MIHEHO CEKTOp 0OCITyTrOBYBaHHS.
JL1st KO)KHOTO By3ja N MUIIXY hij bopmyeMo MHOXXKUHY A, 3 a0OHEHTIB @, sIKi 00CIyTrOBYIOTECS B

CEKTOpi N, OTPUMYIOTh CUTHAJ 3 JIOCTATHIM PiBHEM IOTYXKHOCTI Psy ,, Amd 00CITyroByBaHHS 13 CEKTOPY

(n + l) Ta 3HAXOJATHCS Y TPYITi 3 HANMEHIIO IIBHUJIKICTIO TIEPEMIIlCHHS.

Ay ={an1(Psay,, ® Psion)0Meepa, <Vopa) (01 1y)0(n2 ) ®)
SIk1o
é Ca, <Crini» (nT hij)U(n1 i), ©
anl A,
TO
An = A U{an |(Psan+l 3 PI[OH)U6/ZP1 £Vcepa epZ)U(n ! J)} (10)

Tax IPOIOBKYETHCH TOTH, TOKH BUKOHYETHCS yMOBa (9).

SIKI0 yMOBa HE BUKOHY€ETHCS, TO MHOXKHHY a0OHEeHTiB ABy, 11 3MiHH CeKTOpY 0OCIyroByBaHHS 3

N Ha (n + l) MO’KHA BU3HAYUTH SIK

AB, = A,, (11)
SIKIIIO BUKOHYETHCS TaKa yMOBa.

a Ca, - Ca,min <Cimin: (nT hij)U(n1 i), (12)
al Ay

ne Ca min — MiHIMaJIbHa TPOITYCKHA CIIPOMOXHICTb, SIKOKO KOPUCTY€EThCS a0OHEHT MHOXKHUHH A, .
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Skmo ymoBa (12) He BUKOHYETBCS, TO 3 MHOXHH A, (OpMyeMO MHOXHHH aOoHEHTIB By,

KEepYIOUHCh KJTacoM cepBicy ( (mouatkoBe 3HadeHHS (=5).

By ={an (a1 A,)U(T0S, ==a, (nT h;)0(n2 j) (13)
SIxmto
a Ca, <Cimin> (nT hij)U(n1 i), (14)
a,l By
T0 q=(0- 1.
By = By Ufan I(an T Ay)U(ToS, == (0 hy)o(ne j) (15)

Tak npoJIOBKY€EThCS, TOKH BUKOHYEThCSI yMoBa (14).

SIKII0 yMOBa HE BUKOHY€ETHCS, TO MHOXKHHY a0OHEeHTiB ABy, 11 3MiHH CeKTOpY OOCIyrOBYBaHHS 3
N Ha (n +l) MO>KHA BU3HAYUTH SIK
AB, =B, (16)
SIKIIO BUKOHYETHCS TaKa YMOBA!
o A N .
a Ca, - Cming, <Cnmini: (n| hij)U(n1 i), 17)
aql By
ne Cg min — MiHIMaJIbHa TMPOITYCKHA CIIPOMOXHICTb, SIKOKO KOPUCTY€EThCS a0OHEHT MHOXKUHH By, .
Sxmo ymoBa (17) He BUKOHYETBCS, TO BU3HAa4eHHS MHOXHHH AB,, BinOyBaeThcs 32 MiHIMAJILHOIO

MIBUAKICTIO IEpEeMillleHHs aOOHEHTIB MHOXHH B, .

ABp, ={an |(an T Bn)U(Vcep a, = Vmin B, )} (”T hyj )U(n L), (18)

ne Vg min — MiHIMaJIbHA MIBHUJIKICTh NEPEMillleHHsI Aa0OHEHTIB MHOXHMHU B, .

SIk1o
a Ca, <Chnini» (nT hij)U(n1 i), (19)
a,l AB,
TO
By = By \ ABy, (nl by JU(n® ) (20)
ABp = ABp, U{an |(anT Bn)L\J cep a, =Vhin By )}1 (nT hij )U(n ' J)v (21)

Tak TpOMOBXKYEThCS JOTH, MOKA BUKOHYEThCs ymoBa (19). Skmio ymoBa HEe BHKOHYETBHCS, TO
TIePEXOAUMO JI0 KPOKY 5.
Kpok 5. TlepemiiieHHsi aDOHEHTCHKOTO HABAHTAXXCHHS 3 CEKTOPY | B CEKTOp |, TOOTO BUMYILICHUIA

X€HJ10Bep a0OHEHTIB 10 LUISXy 1Y) , IOYMHAIOM 3 IEPEIOCTAHHBOIO B | -H, 1 3aKIHYYIO4H 3 | -T0 B APYyTHil.

3ayBakuMo, MO JUIS CHCTEM 3 BHUCOKOK OOYHCIIOBAILHOIO TOTY)XHICTIO Tpad 300pakeHHi Ha
puc. 1, 6 MoxHa 3aMiHUTH ycKIagHeHUM rpadom (puc. 2). Lle 103BOIMTH edeKTHBHIIIE 3/iHCHIOBATH
OanmaHcyBaHHST a0OHEHTCHKOIO HABaHTAXKEHHS MeEpeki MOOUTBHOrO 3B's3KYy Yy pa3l BHHUKHEHHS

MepEeBaHTAXKEHHS OJIHOTO Y1 OLIbIIIE CEKTOPIB.
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Puc. 2. 306padicenns ycknaonenum epagom
CeKmopie mepexci MOOLIbHO20 36’ 513Ky

BucHoBkH

3anponoHoBaHO CroOci0 MiABHINEHHS JOCTYIHOCTI paaiopecypciB IepeBaHTAKEHHX CEKTOPiB
Mepexi MOOLIBHOIO 3B's3Ky METOIOM OajaHCyBaHHS aOOHEHTCHKOrO HaBaHTaKeHHs. [|Jis po3B’ s3aHHS
1i€T 3a7a4i 3aMpONOHOBAHO Kiacu(ikallifo akTHBHMX a0OHEHTIB 3a IIBHAKICTIO MEPEMIILIICHHS Ta KJIacOM
BUKOPUCTOBYBaHUX TIOCIYr Ha OCHOBI MOHITOPWUHTY CTaHy aOOHEHTCHKHX TEpMIHATIB Ta pO3pOOIICHO
aNropuTM OanaHCyBaHHS aOOHEHTCHKOTO HABAHTAXKEHHSI Y MEpeki MOOLIBHOTO 3B’ A3Ky. Y Takuil crocid
OyJZe 3IIHCHEHO BHBLIBHEHHS pajiopecypcy, sSKHi € HEeOOXIIHMM Jjis HaJaHHS IOCAyr aOOHEHTaM Y
nepeBaHTaXKeHi kKoMipiti. Takok 3ampornoHOBaHO yCKiagHeHui rpad (puc. 2) s cucteM 3 OUTBIIO
O0YHCITIOBATIBHOIO TMOTYXXHICTIO, /i1 ©(EKTUBHIMIOro OalaHCyBaHHS aOOHEHTCHKOTO HaBAHTAKCHHS Y
TOAVHU HAUOUIBIIOrOo HABAHTAXKEHHS.
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