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Annomayua. Anapsinc Open Radio Access Network (O-
RAN) nmpemiaraer OTKPBITYI0  apXUTEKTYpy, KOTOpasi
noapasensier CTPYKTypy cern paamogoctynma RAN mHa
COCTABHbBIE 4acTu " No/IepKUBaeT BBINOJTHEHHE
KOH(HUIypUpyeMoii JIOTHKH YIPaBJIeHUsI B Ppe:KAMe, 0JIH3KOM K
pealbHOMY  BpeMeHH, W3  CTOPOHHMX  HNPHJIOKEHHUH,
Ha3piBaeMbIX XApps. HecMoTps Ha ycmims anbsinca O-RAN,
Ha CeroJHSIIHUMN JeHb CO31aHMe NPUIIOKEeHMIT XApPpPS ocTaeTcs
CI0KHBIM W TPYAOEMKHM  IIPOLIECCOM,  OCJIO:KHSIeMBIM
¢parmenTHPOBAaHHOI W/WJIM ycTapeBLIel NOKyMeHTalueil ot
coodmectBa O-RAN Software Community (OSC). /lanubie
00CTOATEJILCTBA  3aTPYAHSAIOT Pa3padoTKy H  NPOBEPKY
NpUWIOKeHUIi XAppS B CeTAX € OTKPBITOH AapXUTEKTYpPOii
ORAN kak akKaJeMHYeCKHM  COOOIIECTBOM, TaK H
NpeINpHUATHIMH pPeallbHOr0 CEeKTOpa J3KOHOMHKH. 3anadeii
HACTOSIIIEr0o 0030pa  sABJsSeTCSl  aHAJIU3  NPEANOCHLIOK
yCHelmHO| pa3padoTKH M JKCHEPUMEHTAIbHOI anmpoldanuu
TIPUJIOKEHHId XApps Auasi ynpasienusi skocucremoii O-RAN ¢
HCIO0Jb30BaHIEM (PYHKIMOHAIBHOCTH KOMIIOHEHTOB
HHTEJUIEKTYQIbHBIX KOHTpoJuiepoB Near Real-Time RAN
Intelligent Controller (Near-RT RIC), paGoTaomux B pexume,
0.JIM3KO0M K peajbHOMY BpeMeHH.

Knrouesvie cnosa: O-RAN, XApps, cems paouodocmyna c
omkpuvimoii apxumexmypoui ORAN, konmponneput Near-RT RIC

|. BBEJEHUE

CoBpeMeHHasi TEHAEHIUS B PAa3BUTHH TEXHOJIOTHH
MOCTpOeHHS W (PYHKIMOHUPOBAHUS CETEH paauoaocTyma
RAN (Radio Access Network) nokonenuit or 2G GSM 10
5G NR cBsizaHa ¢ paszjgeneHHeM anmapaTHoro M
MIPOTPaMMHOT0  O0ECIICUeHHsT W CO3J4aHHEM OTKPBITHIX
uHTepdeiicoB Mex 1y HUMH nony4uia Hazanue Open RAN
[1]. Cnenyer ortnmmuare Tepmun Open RAN or Ha3BaHus
koMaHael OpenRAN  wHHIMAaTHBHOTO mpoekTa Telecom
Infra Project (TIP) [2].

B mmpoxkom cmeicne TIP mpencrtaBimser  coboit
rio0agbHOE COOOIIECTBO OpraHM3alui, pabOTaIoMMX Haz
paspaboTkoit u BHempeHueM OTKphIThIX 2G, 3G, 4G u 5G
RAN-pemennit c paszaeneHueM MIPOrpaMMHO-
OTIPENENSIEMBIX TEXHOJOTHH M aNmapaTHBIX KOMIIOHEHTOB,
HE3aBHCUMBIX oT Ipou3BOAUTENEH, T. €.
BeHAepoHe3aBUCHUMBIX. OcHoBauHBI B 2016 mpoekt TIP
OBICTPO IpeBpaTWiCAd B aKTHBHOE COOOIIECTBO M3 COTCH
YYaCTHUKOB,  OXBATBIBAIOIIMX  IIOCTaBIIMKOB  YCIYT,
MIPOM3BOJIUTENICH aNapaTHBIX KOMIUIEKCOB, Pa3pabOTYMKOB
MIPOTPAaMMHOTO 00ECIeYeHHs, CUCTEMHBIX MHTErpaTopoB U
aKaJIeMUYECKHE KPYTH.

Taxke crenyer o6o3naunth ambstac O-RAN Alliance [3],
NPEICTABJIAIOIMNA  BCEMHPHOE COOOILECTBO  ONEPATOPOB
MOOHJILHON CBSI3H, HOCTABIIMKOB 00OPYAOBAHMS U YCIYT, a
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TaKke  HAYYHO-HMCCIIEOBATENbCKHE M aKaJleMHUYeCKHe
YUPEXKIOECHUs,  MHCCHA  KOTOPBIX  3aKIodaeTcsi B
COBEPLICHCTBOBAHUH ceren paauonocTyma (CPL)

MOCPENCTBOM MPHUIAHUS UM CIIEAYIONIMX HOBBIX CBOMCTB:
HHTEJUIEKTYAIBHOCTD, OTKPHITOCTh, BUPTYATH3AIHS CETEBBIX
GbyHKIHI 1 TToJTHAst coBMecTMOCTS [4], [5].

3agayell  Hacrosiero o03opa  SBISETCS  AHAIN3
MIPEIIIOCHUIOK YCIEUTHOM pa3paboTKH U IKCIIEPUMEHTAIBHON
anpobany  NPWIOXKEHUH  XApps Ul yIpaBleHUS
9KOCHUCTEMOM O-RAN c HCTIOTb30BaHIEM
(YHKIIMOHAILHOCTH ~ KOMITOHEHTOB  MHTEJUIEKTYaJIbHBIX

kouTposutepoB Near Real-Time RAN Intelligent Controller
(Near-RT RIC), pabotaroiux B pexume, OJIU3KOM K
peamsHOMY BpemeHH. B pasmene |l mpuBomurcs ommcanme
3agay absaca O-RAN. B paznene |1l omuceiBaroTcs 3amaun
coobmecrea OSC. B pasmene IV ¢dopmanusyercs
MOCTaHOBKA 3aJayd pa3padOTKH NPWIOKEHHH XApp ajs
ceTell paanoaocTymna ¢ OTKphIToi apxutektypoit O-RAN.

Il. AmbsHc O-RAN

Anpsac O-RAN mpejnaraeT OTKPBITYIO apXUTEKTYpY,
KoTopas paznenser RAN Ha pa3nuuHble (YyHKIIMOHAIBEHBIC
KOMITOHEHTBI, CBSI3aHHBIE 110l OOLIMM KOHTpOJIEM |
YIpaBliCHHEM, KOTOPbIE MOTYT BBIIIOJIHATH HACTPAaUBAEMYIO

JIOTUKY yTpaBlIEHUS dYepe3 CTOPOHHHE IPHIIOKEHUS,
MOCTaBIIIEMBIE, Hanpumep, KOHCAITHHIOBBIMH
KOMIIAHMSAMH, OIlepaTopaMH MOOMIBHBIX ceTer MNO

(Mobile Network Operator), coo0mecTBOM C OTKPBITHIM
HCXOJHBIM KOJIOM W HOBBIMH ydacTHHKaMH pbiaka [6], [7].
Kpome Ttoro, O-RAN mpemocraBnsier crenuguKaiuy,
KOTOpbIe JonoiHsA0T cranaaptel 3GPP, ycTtanaBnmmBas yeTko
OTIpeZIeIeHHbIE OTKPBITbIE HMHTEpdeiichl Uil CcoeqUHEHUs
pa3beIMHEHHbIX KOMIOHEHTOB RAN s obecrieueHwus
B3aMMOJICHCTBHUS MKy Pa3INYHBIMK IOCTaBIINKaMHu [8].

Ilensto  ampstnca O-RAN  sBiseTcss  cOACHCTBHE
KOHKYPEHI[HH ¥ WHHOBAIUAM, TPEIOCTABICHHE ONIEPaTOpam
MOOMIBHEIX cereii MNO B0O3MOXKHOCTEH cO37aBaTh OoJjee
ruOKre W DKOHOMHYECKH 3(P()EKTHBHBIC CETH, MOOMIPEHUE
HOBBIX YYaCTHHKOB U CTapTaloB, a TaKKe COJCUCTBHUE
COTPYJHUYECTBY MEXKIy 3aHHTEPECOBAHHBIMU CTOPOHAMH B
OTPACITH CBSI3b U aKAJIEMHUYECKUX KPyrax ¢ MOTCHIINATbHBIMU
BBITOIaMH KaK JUIsl ONIEPaToOPOB MOOWIIBHOM CBSI3H, TAK W JJIsI
KOHEUHBIX ToNb3oBateseit [9]. braromapst crammapTusamnim
CTOPOHHUX TIPUJIOKEHHM a5 ynpasienus RAN, koHnenuys

O-RAN MIO3BOJIACT pean30BaTh CIIEyIOIINe
npeuMyIecTBa: 1) crmocoOGCTByeT pa3BUTHIO HHHOBAIIM Ha
pBIHKE  TEJICKOMMYHHKAalMil, IO3BOJSAA  OlepaTropam

MOOMJIBHOW CBSI3M  pa3BepThIBaTh CIICHHUATU3UPOBAHHBIE
OPHIIOXKEHUS Ul HACTPOUKH CBOUX ceTeBbIX oreparmii [10];
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2) co3maeT YCIOBHA Ui DKOHOMHH CPEICTB 32 CYeT
KOHKYPEHLIMH MEXIy MOCTaBLIMKaMH IIPUIOKSHUH U MEXKILY
NPOU3BOMUTEISIMU  00OPYIOBaHUs; 3) TapaHTHPYET, YTO
obopynoBaHue RAN Oyzner COOTBETCTBOBATH
MIEPCIIEKTUBHBIM ~ TPEOOBaHMSAM, IIOCKOJIBKY — OIEpaTopbl
MOOWIIBHOH CBSI3M MOTYT TECTHPOBATb M IIPOBEPSTH HOBBIE
peLIeHUsT M AITOPUTMBI HAa CBOEH CYIIECTBYIOLIEH ceTeBOH

uappactpykrype [11].
I1l. CooblIECTBO OSC

Anbsiic O-RAN o6bsenunmics ¢ Linux Foundation [12]
it cosmanus coobmecrea OSC  (O-RAN  Software
Community) pa3pabOTYUKOB MPOTPAMMHOIO OOeCIeYeHHs
O-RAN [13]. OSC npexcrasisieT co60# MPOEKT € OTKPHITHIM
HCXOMHBIM KOJIOM, OTBEYAIOIIMH 32 CO3[aHHE STATOHHBIX
peanuzauui KOMITIOHEHTOB O-RAN, CIEIYIOIINX
cnerudukanusam O-RAN, n ciyxanmii oTnpaBHOW TOYKOH
s mporotunupoBanus pemenuin  ORAN  [14]. OSC
MOZICPXKUBACT U PACIPOCTPAHSIET HECKOIBKO COOCTBEHHBIX
NPWIOKEHUH XAppS, KaIoe W3 KOTOPBIX NPEJOCTaBIsCT
oreparopam MOOHITBHOM CBsI3U pasnYHbIe
(YHKIMOHABHBIE BO3MOXKHOCTH, HAaIlpuMep, YIpaBlICHHE
KOHTPOJIEM JIOCTYIIa MOJb30BaTebckux yerpoiicts UE (User
Equipment), = MOHHTOPMHT  KIFOYEBBIX  IOKa3arelei
MIPOU3BOUTEIIEHOCTH KPM (Key Performance
Measurements) 6aszoBbix crannuii eNB (evolved NodeB),
oOHapyxeHne aHoMaJMi TpaduKa U yrnpasieHHe TpadhUKoM
[15]. Kpome Toro, Kak akajeMH4YecKOoe COOOIIECTBO, TaK U
MPEINPUATHST PEabHOTO CEKTOpa YKOHOMHKHU pa3paboTaiiu
HECKOJIBKO ~CTOPOHHHX XApps IS TECTHPOBAaHUS H
JIEMOHCTPAITU CBOMX PEIICHUH U ATOPUTMOB Ha PEATBHBIX
cersix O-RAN [16]-[19]. Hecmotps Ha ycmwmus O-RAN mo
CTaHJApTH3ALHH, HOSIBJICHHE cpenbl pa3paboTKH
nporpammHoro obecneuennss SDK (Software Development
Kit) mis cosmanust XApps ¢ OIEPKKON PasIHIHBIX S3bIKOB
MOPOrPAMMHUPOBAHKS PACTYIIUM YHCIOM Pa3pabOTUMKOB H3
AKaJJIEeMHYECKOT0 COOOIIEeCTBa W MPENNPHATHI peasbHOro
CEKTOpa SKOHOMHKH, BCE €Il¢ HAXOMHUTCS B 3a4aTOYHOM
COCTOSTHHUH.

IV. IIOCTAHOBKA 3AJIAUM PASPABOTKU XAPP

C TOYKM 3peHHUS pealu3aluM, NPUIOKEHUs XAPPS
MPENICTABIAIOT CO0OM OUYCHB CIIOKHBIE MHKPOCEPBHCHI,
KOTOpBIC B3aHMOJICHCTBYIOT C HECKOJIBKUMH KOMITIOHCHTAMH
MHTEIUIEKTYaJbHOTO KOHTPOJIIEpa CETH paanoaocTya Near-
RT RIC (Near Real-Time RAN Intelligent Controller),
paboTaroriero B pexuMe BpEMEHH, OJHM3KOTO K peaJbHOMY,
yepe3  caMble  pasHble  MHTep(QEHChl  MPHKIAAHOTO
nporpammupoBanus APl (Application  Programming
Interface) u mpoTOKOBI, 3aTPYAHSS CO3MaHHE MPOTOTUIIOB
XApps [11]. CymectByrommue paGoThl TI0 paspaboTke XApps
paccMaTpUBAIOT YACTHBIC MOAXOJBI, HAPHMED, YIIPABICHHE
MOTOKaMM JaHHBIX Mexay KommoneHtamu O-RAN [16],
B3auMojeiicTBue ¢ 0a3oBbiMH  craHumsMd  [17], He
NPEIOCTaBIIsIs OMUCAHUS KOHTEKCTAa 000 BCEX (QYHKLHAX H
BO3MOXKHOCTSIX, JOCTYMHBIX JJIsI Pa3pabOTYMKOB XApp.
Kpome TOro, HEKOTOpBIC acmeKThl pa3pabOTKU XAppS Bce
ele MPOXOMAT aKTHBHYIO CTaHAapTH3amuio. Bomee Toro,
JOKYMEHTAllMsl 10  CO3NaHHI0  NPWIOXKCHUH  XAppS
okasbiBaeTcsi pacrpezaeneHnoir Ha OSC pecypcax Wiki u
Gerrit; mpu 3TOM MHOTOYHCICHHBIE PYKOBOJACTBA OBICTPO
ycrapeBatoT 1o mepe pasutusi npoekra OSC. OrcyrcrBre
KOHCOJTHJIMPOBAaHHBIX M aKTYaJlbHBIX PYKOBOJCTB SIBIISCTCS

JIOCTaTOYHO  M3BECTHOW  mpoOieMoli B cooOIiecTBe
pa3paboOTYMKOB, YTO MPHUBOAUT K TOSBICHUIO YaCTHBIX
WHHUIMATHB, [Ope[laraliiux  ydeOHble  Kypehl  JUIst
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YIOBJIETBOPEHUS IOTPEOHOCTH B JOCTYITHOU JOKYMEHTAIIUH
mo paspabotke O-RAN u xApp [20]-[22]. B koneunom

cuere, OTCYTCTBHE eIMHON JOKyMEHTalu! "
BCEOOBEMITIONINX PYKOBOZCTB, IOCTYHHBIX COOOIIECTBY,
cozmaer Oapbepbl JUII  HOBBIX HMIPOKOB HA  pBIHKE

TEJIEKOMMYHHUKAIUHA U YBEJINYHBACT 3aTPAThl HA Pa3paboTKy
U TECTHPOBAHME CBOHMX XAppS Kak aKaJIeMHYECKUM
COOOIIECTBOM, TaK W HPEANPHATUSIMEH PEAIbHOTO CEKTOpa
9KOHOMHKH [1].

Henpto mamHOM paboTHI SBIISIETCA IMTOCTAHOBKA 3aqadi
pa3paboOTKU MPHIOKCHUN XApPp I CeTeil paanomocTyma ¢
oTkpbeIToi apxurekrypoir O-RAN mocpencTBoMm pemeHns
CJIETIOLIMX YaCTHBIX 337a4: 1) co3JaHue pYyCCKOS3BIYHOTO
PYKOBOJICTBA ¢ HHCTPYKIUSIMH TI0 Pa3paboTKe, YIPaBICHHIO
u OLICHKE MPUIIOKEHHUIHA xApps, TOJJIep KU BAsT
pa3paboTUMKOB XApPp OT TEOPUH K NPAKTHKE; 2) aHAIH3
TEOPUH ¥ TPAKTUKH TOCTpoeHus u (pyHKkuuoHupoBanus O-
RAN c¢ wucmoms3zoBanmem XApp B OSC; 3) ommcanue
KOHTEKCTa M (DYHKIIMOHATIBHOCTH KomIoHeHTOB Near-RT
RIC mma xApps C NpakTHYECKMMU @pUMEpaMH Ul
JIEMOHCTpallMM HMX UCHoJb3oBaHus, 4) dopmanuzanms
YIQUHBIX TIPAaKTHK W TpoOieM pa3paboTKu XApps H HX
TECTHPOBAHMSA B CKBO3HBIX creHapusax [23]. Crpykrypa
ONMCAHHOW IOCTAHOBKM 3a/laudl pa3pabOTKH NPHIOKEHHH
XApp npezcTasneHa Ha puc. 1 [1].

AHanmn3 Teopuu MOCTPOCHUS
u ¢pyskuronuposanust O-RAN

Y
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Puc. 1. TlocranoBka 3amauu pa3pabOTKU MPHIOKEHUIT XAPP

B macrosmedr pabore  paccMaTrpuBaeTCs  aHAIM3
COCTOSTHMST TpOOJeMBbl, TpeacTaBieHHblit B [1], KoTOpBIit
CONPOBOXKAACTCS OHJIAH-penozuTopueM [23], comeprkammm
BCIIOMOT'aTCJIbHBIC MaTte€pualbl, HCIIOJIb3YEMBIC B
PYKOBOJCTBE, a HMMEHHO, (halllbl AECKPUNITOpPa W CXEMBI
XApp, TpuMepbl HUCXOTHBIX KOJOB M IPEACTaBICHUS
JOKYMEHTOB Ha si3bike Python nmst omicanust abCTpakTHOTO
cunrakcuca maHHeix ASN. 1 (Abstract Syntax Notation
One), KCIIOJIb3yEMOIr'0 MOJIENIBI0 B3aUMOIEUCTBUS OTKPBITHIX
cucrem OSI| (Open Systems Interconnection). Hdaiee
TUIAHUPYETCSI MPOAHATU3UPOBATh TEOPETUYECKHE OCHOBBI O-
RAN, ero apxwurektypsl u kommnonentoB Near-RT RIC.
3areM IUIaHUPYETCs IPOAHATU3UPOBATh JIETAIN Pealn3aluu



O-RAN, OcCHOBBI KOHTEHHEPOB I Pa3padOTKH XApps C
0030pOoM TEKyIIMX OCHOBHBIX M CTOpPOHHUX XApps. [lamee
IUIAHUPYETCSI NPUBECTH OIMCAHWE apXUTEKTYphl XAPP u
HHTEP(ENCOB, a TAKKE ONMUCATH MOPSIOK pa3padboTku XAPPS
¢ rmomouplo (ailyioB KOHPUTypauud W CXEMBL. 3aTeM
IUIAHUPYETCS OMUCATh )KU3HEHHBIH LIUKI MPUIIOKEHUH XAPP
¢ opsiikoM B3anmozeicTBus ¢ koHrposutepom Near-RT RIC

IUIA  YOpaBIeHHS XAppS.

B 3axiroueHue IutaHuUpyeTcs

(opMaM30BaTh CTpPAaTeTUH OTIAAKA W METOZABI TPOBEPKH
paboThI XApps U MOPATOK TECTUPOBAHUS MX MHTEp(dEiicoB, a
TaKKe SKCIEPUMEHTAJIBHO allpOOUPOBATH C MCIIOIB30BaHIEM

miaT

nmporpaMMHO-KoH(puUTrypupyemoro  pamuo  SDR

(Software Defined Radio) [24]-[27].
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