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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 resources of mobile network through radio resources forced redistribution.
Radio resources forced redistribution is transfer of a part of network load from congested sector to
lower loaded sector. This is done by transferring subscriber load (forced handover) between closely-
spaced sectors within the common coverage area. To perform a forced 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 coverage 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 network 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 Cjin, and the load factor the sector j would not exceed

K value after transferring to it the loads Cjp,,. Searching in the set H the path h;; with the

Jio1

minimum rank R(hij). 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 hj; 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 network more effectively.
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3anponoHoBaHO aJropuTM OajaHCYBaHHSI a00OHEHTCHKOTO HABAHTAMKEHHSI Yy Mepexi
MOOGIJILHOTO 3B’fI3KYy 3 MeTOI0 3MeHIeHHs KoedilieHTa 3aBaHTa:keHHsI ceKTopy. lanuii MeTon
miIBHINYE [OCTYNHiCTH pagiopecypciB Mepexi MOoOiIbLHOTO 3B’S3Ky 3a J10NMOMOIOI0
BUMYIIIEHOTO Tiepepo3mnoainy pagiopecypcy. 3anmponoHoBaHO KkJjacudikamilo aKTHBHHUX



a0OHeHTIB 32 IIBHJKICTIO NepeMillleHHSI Ta KJIACOM BHKOPHCTOBYBAHHMX MOCJYI Ha OCHOBI
MOHITOPHHIY CTaHy a00OHEHTCHbKHMX TepMiHAJTIB.

Kuaw4oBi cioBa — Mepe:ka KOMipKOBOTro 3B'SI3KYy, XeHA0BepP, KOe(illieHT 3aBaHTaKeHHS
CeKTOpY, 0ajJlaHCYBaHHSI HABAHTAKEHHSI.

Beryn

Y M00inbHOMY 3B'SI3Ky MOLIMPEHOIO MPOOJIEMOIO € BUUEPIIAaHHA Padiopecypcy KOMIpKH Y MOMEHTH
MiKOBOro aOOHEHTCHKOTO HaBaHTAXKEHHA. B Takux Bumaakax aOOHEHTH, SIKI HaMararoThCs 3HIHCHUTH
I3BIHOK YU CKOPHCTATHCS IHIIMMH MOCIYraMH 3B'SI3Ky (Hampukiajd, IHTepHET), OTpUMYIOTH BiIMOBY B
oOciyroByBanHi. Taka moBeliHKa XapaKTepHa i i1 MepeKk MoOiIbpHOTO 3B's13Ky cTanaapTie GSM ta LTE
[2].

VY cTarTi 3ampONOHOBAHO PO3B'SI30K 3a/4adl MiABUILEHHS JOCTYMHOCTI MEPEKEBHX pagiopecypciB
METOAOM OajlaHCyBaHHS a0OHEHTCHKOTO HABAHTAKEHHS. Y BUMAJIKY MiABHIICHOTO HaBaHTa)KEHHs abo
MEPEeBAHTAXKECHHS OJJHOTO UM OijIbllIe CEKTOPIB MEpeKi MOOITBHOTO 3B°SI3KY 3 TPHOX CEKTOPHUMH aHTEHAMHU
BHUKOPUCTOBYETHCS BUMYLICHUH MEPEPO3NOALT pafiopecypcib.

YMoBM BUMYLIEHOT0 TIEPEPO3NOAiTY pagiopecypcy Ta MOHITOPHHT CTaHY A00HEHTCHKHUX TepMiHAJIIB

CyTh BUMYIIICHOTO TIEPEPO3IOAUTY paliopecypcy IMorae y nepeHeceHHI YacTHHN aO0HEHTCHKOTO
HABaHTaXXCHHS 3 CEKTOPY 3 MiJBHUIICHUM 3aBaHTAXKCHHSM UM TIEPEBAHTAKEHHSIM JIO CEKTOPY 3 MEHIIUM
piBHeM 3aBaHTaeHHsA. lle B3IIHCHIOEThCS NUIIXOM TMEpEeHECeHHS a0OHEHTCHKOTO HABaHTAKECHHS
(BUMYILIEHOTO XEHJIOBEPY) MiXK CyMKHUMHU CEKTOPAMH B MEXKaX CIUIBbHOT TEPUTOPIl MOKPUTTS.

st 3a1iiCHEHHSI BUMYILIEHOTO XEHI0BEPY HEOOX1THO 3a10BOJILHUTH 1B YMOBHU:

- TOTY)XHICTb CHUTHAJy, SIKHH a0OHEHT OTpPUMY€E BiJ CycigHboi 0a30BOi cTaHILii, piBHa abo
MIEPEBHIIY€ MiHIMaJIbLHE pOOOYE 3HAYCHHS,

- mepeMinieHHs] aOOHEHTa 3a CEepeIHIO0 TPUBAIICTh CEaHCY 3B'A3Ky He3HayHe Yy MOPIBHIHHI 3
paniycoM KOMipKH.

Jus toro, mo0 OOMEXHTH PO3MIPHICTH 3alladi BHMYIICHOTO NEPEpO3NOAUTY paaiopecypcy,
MOTPIOHO TIPOBECTH KIACU(IKAIiI0 AaKTHBHUX aOOHEHTIB 3a IIBUJIKICTIO TEPEeMINICHHsS (UMM HUXKYa
LIBUJIKICT, TUM BHUIIWI MPIOPUTET AJISI BUMYLICHOTO XEHIOBEPY) Ta KJIacOM MOCIYT (YUM HIKYHN Kiac,
TUM BUIIMH NPIOPUTET I BAMYILICHOTO XEHIIOBEPY).

OTxe, 3aIIPONOHOBAHO HACTYITHHUIA PO3NOILIT MOOITEHUX a0OHEHTIB Ha TPYTIH:

e 3a iX mWBHAKICTIO nepeMimmeHHs V4, M/c [3]:

1. maibke Hepyxomi (V,; < 0.28);
manopyxomi (0.28 <V ,; <1);
pyxomi (1<V 5 <5);
mBuaki (5<V,; <16);

o b~ w

aysxe mBuaki (V,; >16).

® 33 KJIACOM BHKOPHMCTOBYBAaHMX mmociyT [1]:

Tpadik peaabHOro yacy;

nepeAaBaHHs JaHUX, Ay>Ke IHTepakTUBHUN Tpadik (curHanbHa iHdopmaris);
nepeAaBaHHs JaHuX, IHTEPaKTUBHUH TpaQik;

Tpadik 3 HU3bKUMU BTpaTamH (IpiOHI mepecuiiaHHsi, BeTUKuil Tpadik, Biieo MOTOKH);
TpanuuiiiHi noxatku [P Mepex.

IIBuaKicTh IEpEMillicHHsS A0OHEHTA BU3HAYAETHCS 3a (hopMyJioro (1):
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V5 = \/(Xn - Xn—l) A"t' (yn - Yn—l) ' 1)
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e (Xn _Xn—l)'(yn - yn—l) — 3MiHa a0CONIIOTHOTO 3HAYECHHS OPpAMOKYTHUX KOOpAWHAT aboHeHTa 3a

mepion At, 1m0 € iHTepBaJOM BHU3HAUCHHS CTaHY TEPMIHAIBHOTO TIPUCTPOIO AOOHEHTa i
00YNCITIOETHCS 32 CITIBBITHOMIECHHSM (2):

At =X 2
p
ne Ry, — pamiyc KOMIpKH; V,, — BEpXHS MEXa IIBUIKOCTI y TPy, 10 AKOi HalCKHUTH aOOHEHT (IO
3aMOBUYYBaHHIO, a0OHEHTa BimHOCATH a0 rpymu "pyxomi'); K — Kimekicte @ikcamiii cramy
TePMIHAJIBHOTO TIPUCTPOI0 A0OHEHTAa 3a TPUBANICT mnepemimenHs Ha R,,,. Yum Oinbire
3HAYCHHS K, THM BHINA 3aBAHTAXKCHICTH CHCTEMH MOHITOPHHTY B IIJIOMY, OCKIJIbKM YacTillle
NoTpiOHO BU3HAYATH KOOPAMHATH aOOHEHTa Ta MapaMeTpy MOT0 TePMiHAILHOTO IPUCTPOIO.
BusnaueHnHs1 KoopArHAT aOOHEHTIB 3A1HCHIOETHCS. OTHOYACHO AJISi B MEXaxX OIHIEI TPYIH 1 OKpEMO
JUISL KOYKHOI 3 TPYIL.
Koopaunatu Ta mapamerpu aOOHEHTCBKHMX HPUCTPOIB 30€piraloThCsi B CUCTEMi MOHITOPHHTY Y
BUTJISA/II IMHAMIYHOTO MAacHBY JIaHUX, Y SKOMY 3aIUCaHO TaKi BEJTUYUHU:
- KOOpAWMHATH (X,Y);
- MIBUAKICTb nepeMimeHHs V ;, M/C;

- cepelHs WBHAKICTE V., , M/C;

- PpiBeHb NOTYXHOCTI curHainy PS, Bix 06a3oBHX cTaHMiil i3 cycigHix cektopiB (N =14 abo

n =110 B 3ameKHOCTI Bii 00UHCIIIOBAIBHOI TOTYKHOCTI CHCTEMH).
Ileit MmacuB crcTeMa iHIIIAI3Y€e TUTHKH IJI aKTUBHUX a0OHEHTIB B MOMEHT ITOYATKY CEaHCY 3B'SI3KY
1 BUAaIIse micis foro 3aBepieHHs. [aHi B MacuB 3aHOCSITECS KOXKHI At CEKyH]T.

AJTOpuUTM 0aJIaHCYBAHHS A00HEHTCHKOr0 HABAHTAKEHHS Y Mepeski MOOLILHOT0 3B’ SI3KY

CyKyIHICTb CEKTOpIiB Mepeki MoOiuIbHOro 3B 3Ky (puc.l.a) MOXHa mNpeacTaBUTH Tpadom
(puc. 1.0), ne KOXeH By30JI — IIe CEKTOP BiAIOBIIHOI KOMipKH.

Puc. 1. Ilpeocmasnenns epagom cyKynHocmi cekmopie mepexnci MoOiIbHO20 36 'A3KY

3’enHaHHA BY3JiB 03HAYAIOTh iCHYBAHHS CIUIBHOI TEPUTOPIi MOKPUTTS AJS BiAMOBITHUX CEKTOPIB,
110 € MEePEIyMOBOIO JIJISi BAMYIICHOTO TEPEPO3MOILTY pagiopecypciB Mepexi.

BaroBi koedinienTn pebep (Hampukian, s pedpa 1—2) o3HaYarOTh BEIMYMHY IPOITYCKHOL
cnpoMoxxHOCTI Cq_p, Ky 3aliMaroTb aOOHEHTH ceKTopy 1, 3a yMOBH, IO PiBE€Hb MOTYKHOCTI CUTHAILY

Ps, , siKuii aDOHEHT OTPUMYE i3 CEKTOpY 2, piBHUH abo IepeBulllye MiHiMaIbHe podoye 3HaueHHs PS .



Koxen By3on rpada mae BrnacHuii koediuientT Kj, skuil o3Hauae piBeHb 3aBAHTAXEHOCTI |-TO

CEKTOpY:
Ci .
Kij=—"—, 1=12...N 3
Cimax
ne Cj, Cpaxi — 3aifHATa Ta MaKCHMajbHa HPOIYCKHA CIPOMOXHICTH |-ro cekTopy, N — KiIbKiCTh

CEKTOpIB (By3IiB).
AnroputM OallaHCyBaHHS a0OHEHTCHKOTO HABAaHTAXEHHS Y MeEpeXi MOOUTHPHOTO 3B S3KYy
CKIIAJIAETHCS 3 TI'SITH KPOKIB:
Kpok 1. Tomyk cextopy | 3 HailOumbmuM KoedilieHTOM 3aBaHTaxeHHs K. Skimo xoedimieHT

3aBaHTaXeHHA K; He mepesuniye jpomyctume 3HauenHs K, =0.8, To mnponosxyemo ToOuyK,
aHaJI3yI0UH IPOITYIICHI CEKTOPH, SIKITIO TaKi €.
Slkmo K mepesuntye K., TO 3HaXOAMMO MiHIMallbHy BEIMYHMHY TPOIYCKHOI CIIPOMOMHOCTI

Cimin » 4Ky HEOOX1IHO BUBLIIBHUTH y CEKTOPI:

Cimin = (Ki =Kyon ) Cmaxi»  Ki > Kpop 4
SIK1110 icHYe BHIXij 3 By3na i, TOOTO

Cimin <Cj_x, (5)
e X - HoMep Oyab-SKOro CYCiIHBOTO 3 | -MM CEeKTOpa,
TO TEPEXOAWMO IO KPOKY 2, SKI0 HI — TO IOYMHAEMO KPOK | cmodaTKy, 1 TPOITyCKaEMO
MIPOAHAJII30BAHUHA CEKTOP.
Kpok 2. Tlomyk MHOXHHM MapmpyTiB H Bix By3nma | g0 By3na j, B SKHX TPOIYCKHA

CIIPOMOXKHICTh IUIAXiB He MeHIIA Cjpmjn, @ KOehilieHT 3aBaHTaKCHHS CEKTOPY | HE NEepEeBUIyBaTUME

K 1o TICIIS IEPEHECEHHS B HLOrO HaBaHTaXeHHA Cjmin -

Zo1

Crire
H= h'Jl Kj>KI10H_Cm¢ /\(Ch

maxj

Zcmini)/\(i;ﬁ i), i=12..N (6)

Iie hij — IIJIAX BiJ By3/a | 110 By3Ja j.

Kpox 3. [Tomyx y muokuni H uwisxy hjj 3 MiniMansHAM paHrom R(hi j )

R(hij )= m ir{R(H )), hlj eH (7)
Kpox 4. Bubip aG0HEHTIB Y KO)KHOMY BY3JIi (CEKTOp1) IIIAXY hij (kpim cexTopy | ), AJIst SKuX Oyme

3MIiHEHO CEKTOp 00CITyroByBaHHS.
Jist koxkHOro Bysna N mupixy hijj gopmyemo MHOKHHY A, 3 aDOHEHTIB &y, , SIKi 00CIYTOBYIOTHCS B

CEKTOpi N, OTPUMYIOTh CHT'HAJ] 3 AOCTAaTHIM PiBHEM MOTYXHOCTI PSa,,, A 00CITyTOBYBaHHS 13 CEKTOPY

(n + 1) Ta 3HAXOIATHCA Y TPYII 3 HAHMEHIIOIO MBUAKICTIO TIEPEMILIICHHSI.

An = {an |(P San+1 2 PSL[OH)/\ (Vcepan <Vep )}’ (n € hij)/\ (n * J) (8)
Sxuro
Y Ca <Crinis (nehij)/\(n¢ i), )
a A,
TO



An = An U {an | (P San+1 2 Puon)/\ (Vepl SVcepan <V2p2)/\ (I’l # J)} (10)
Tak npoJOBXKY€EThCS, TOKA BUKOHY€EThCsI yMOBa (9).
SIKII0 yMOBa HE BUKOHYETBCSI, TO MHOXKUHY a0OHEHTiB AB, I 3MiHU CEKTOpPY OOCIIyrOBYBaHHS 3

N Ha (n + 1) MOXXHa BU3HAYUTH SIK

AB, = A,, (11)

SAKIOIO BUKOHYETHCA HACTYIIHA YMOBa

ZCaH_CAnmin<Cimina (nEhij)/\(nij), (12)
aneh,
ne C A,min ~ MiHIMaJIbHA IIPOITYCKHA CIIPOMOKHICTB, SIKOIO KOPHCTYETHCSI A0OHEHT MHOKHHU A .
Sxmo ymoBa (12) He BHKOHyeTbCs, TO 3 MHOXKUH A, (opMyeMO MHOXUHM aOOHEHTIB By,

KEPYIOUYHCh KJIacOM cepBicy ( (II04aTKOBE 3HaueHHS ( =5).

By = fan | (an € A)A(ToS, ==q),  (1ehy)aln= i) (13)
Axuto
> Ca <Cimin (hehij)an= ), (14)
10 q=q-1. e
By =By Ufan 12y e A)A(ToS, ==a))  (ehy)aln=) (15)

Tak MPOIOBKYETHCS, TOKK BUKOHYETHCS yMOBa (14).
SIK1110 yMOBa HE BUKOHYETbHCS, TO MHOXHHY a00OHEHTIB AB, 171 3MiHUM CEKTOpY 0OCIyroBYBaHHS 3

n ma (N +1) MoXHA BU3HAYMTH K

AB, =B, (16)

SAKOIO BUKOHYETHCA HACTYIIHA YMOBa

zcan —Cnming, <Cmini (n € hij)/\(n # J)a (17)

a,eB,
ne Cg min — MiHIMaIbHA IPOITYCKHA CIIPOMOKHICTB, SIKOK0 KOPUCTYETLCSA aDOHEHT MHOXHHH B, .

Sxuio ymoBa (17) He BUKOHYETBHCS, TO BU3HAUCHHS MHOXKHUHE AB| BiI0yBaeThbCs 32 MiHIMAIBHONO

HIBUJKICTIO NIEpeMillleHHs] a0OHEHTIB MHOKUH By, .

AB, :{an |(an EBn)/\(\/cepan :Vmian )}’ (nehij)/\(n;’t J)’ (18)
ne Vg min — MiHIManbHa MBHUKICTH IEPEMIIICHHS a0OHCHTIB MHOKMHH By, .
Sxmo
ann <Cmini’ (nehij)/\(n;«é j), (19)
a,eAB,
TO
By =By \AB,, (nehyj)a(n=j) (20)



AB, =ABnu{an | (an eBn)/\(\/cepan =Vmian)}’ (nehij)/\(ni i), (21)

Tak TPOJOBKYETHCSA JOTH, MOKH BUKOHYEThCS ymoBa (19). Skio ymMoBa HE BUKOHYETBCS, TO
MEePEX0UMO 10 KPOKY 5.

Kpoxk 5. ITepeminieHns a00HEHTCHKOTO HABAHTAKEHHS 3 CEKTOPY | B CEKTOP |, TOOTO BUMYIIICHUH

XeHJ0Bep abOHEHTIB MO WUIAXy hjj, MOYMHAIOYM 3 NEPEJOCTaHHBOTO B | -Hid, i 3aKkiHYyrOuM 3 i-TO B

JPYTHL.
3ayBaKUMO, IO JUISI CUCTEM 3 BHCOKOIO OOYHCIIOBAJIBHOIO TOTYXKHICTIO rpad 300pakeHUil Ha

puc. 1.0 MoxxHa 3aMiHUTH ycKiIaaHeHuM rpadom (puc. 2). Lle 103B0aHUTH OLIbII €PEKTUBHO 3IIHCHIOBATH
OanmaHcyBaHHSI aOOHEHTCHKOTO HABaHTAXEHHS MepeXi MOOUIBHOrO 3BSI3KY y pa3l BHHUKHEHHS
MEPEBAHTAKEHHS OJJHOTO YH O1JIbIIEe CEKTOPIB.

Puc. 2. [Ipedcmagnennst yCKiaOHeHUM epagom cekmopis mepesici MOOIIbHO20 36 513Ky

BucnoBku.

3anporoHOBaHO CIOCIO MIMBHINEGHHS ITOCTYITHOCTI pagiopecypciB TEPEBAaHTAKEHUX CEKTOPIB
MepeXi MOOITFHOTO 3B'SI3Ky METOJOM OarmaHCyBaHHS aOOHEHTCHKOTO HAaBaHTAKCHHA. JIJIs BUpIIICHHS
JTlaHO1 3a/1a4i 3aIPOIIOHOBAHO KiIacu(iKkaIlifo akTUBHIX aOOHEHTIB 3a MIBUIAKICTIO TIEPEMIIICHHS Ta KJIACOM
BUKOPHCTOBYBAaHUX ITOCITYT Ha OCHOBI MOHITOPHHTY CTaHy aOOHEHTCHKHX TEPMIHATIB Ta PO3pPOOJICHO
ajaTopuTM OaaHCyBaHHS a0OOHEHTCHKOTO HaBAaHTAXCHHS y MepeXi MOOUTHHOTO 3B’s3Ky. Y Takuii crocid
Oyzne 3miliCHEeHO BWBIUTBHEHHSA DPaioOpecypcy, SIKUM € HEeoOXiTHUM JUIsl HaJaHHS TOCITyr abOHEHTaMm B
MepeBaHTAXEHIM KoMipIii. Takox 3ampormoHOBaHO yckimagHeHWH rpad (puc.2) mis cucTeMm 3 OLTbIIoo
00YHCITIOBATIFHOIO TIOTYXKHICTIO, AJIsT OLThII eDeKTHBHOTO OallaHCyBaHHS a0OHEHTCHKOTO HABAaHTAKEHHS y
TOJTMHU HaWOLTBIIIOr0 HaBAaHTAKEHHS.
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