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TocymapcTBeHHBIN YHUBEPCUTET TeJIeKOMMYHUKAaIuii, Kues

0b30P CKEM YNPABJIEHNA MOLIHOCTbH) B LTE
A1 BOCXOQALEIo NOTOKA

Ha 3Ha4YeHHe OTHOLUEHHS CHI Hﬂﬂ/l"yM.

Onucanbl metogsl ynpasnenua mowHoctblo B LTE, ocHOBaHHbIE HA pacnoso)eHnH abOHeHTOB, a TaKKe PaccMoTPpeHo
3aTyNaHne CHrHana aboHEeHTOB, HaXOAAWMKKCA B Pa3IHYHbIX PaAHOYCIOBHAN, H HCCIEAOBAHO BITHAHHE HX MECTONONOKEHHA

Kniouessie cnoea: LTE; Uplink; ynpasneHue MOLWHOCTLIO; YacTuyHoe ynpasnetie moluHocTbto; OLPC; CLPC.

Beegenne

YnpaBneHne MOLIHOCTbIO SBNSETCS BaXKHEiLIen hyHKLWen pa-
OMOCETEN B CUCTEMAX COTOBOI CBA3MN.

llens cTatbn — onvcaHue HOBbIX CNOCOGOB YNpaBNEHNs MOLL-
HocTbto cucTembl cotoBoi cBa3n EUTRAN LTE gns cmanyeckoro
Bocxopsiliero kaHana (Physical Uplink Shared Channel).

Peanuzauus LTE ocHoBaHa Ha cxeMe MHOXECTBEHHOrO 0CTyna
OFDM (Orthogonal Frequency Division Multiple Access) ans Huc-
xoasuiero notoka u SG-FDMA (Single Carrier Frequency Division
Multiple Access) — nns Bocxopgiero notoka. Beumy Toro, 4to
3GPP LTE paspa6oTaHa ¢ y4eToM ko3dduuyeHTa nepercnonb3o-
BaHWMS 4acTOT, PaBHOTO EAVHLE, CYLLIECTBOBAHWEM NOMEX MEX.Y
coTamu npeHebpeYb Henb3s.

KaHanbl AaHHbIX 1 yNpaBnstoLLVMe KaHarnbl, Kak U3BECTHO, BECh-
Ma YyBCTBUTENbHbI K MHTEPEPEHLMM, NO3TOMY I0MKEH BbiTb 06e-
CreyeH KOHTPOMb YNpaBMeHMs MOLIHOCTbIO B BOCXOAALLEM KaHane
ANS MAHAMU3aLWMN 3TOro 3gdekTa.

OcHoBHas yactb

B LTE ong chopmynbl KOHTPONS MOLLHOCTW BOCXOASLLEr0 KaHana
CTaHOapTU3MPOBaHbl 1Ba komnoHenTa: Open Leop — oTkpbiTas
netns v Closed Loop — 3akpuiTas netns. B Open Loop Power
Control (OLPC) molIHOCTL Nepeaayy ycTaHaBNMBAETCS Ha 060py-
[I0BaHWV NONb30BATENS C NPUBIIEYEHNEM NAPAMETPOB, NOMY4EHHbIX
oT 6a3osoit cTaHuun. KomnonenT Closed Loop npeaHasHayeH ans
ynyyleHns npoussoautensHocTy FPC, ¢ komneHcaumen GbicTpbIx
Bapuauuit B kaHane. B Closed Loop Power Control (GLPG) 6a30Bas
CTaHUKg 0TMpaBnseT MHAOPMALWIO ANs LanbHEeALWeN KOpPEeKTPOB-
K1 MOLLHOCTW nepeda4n 06opynoBaHus nomb3osatens. Mpeanona-
raeTcst, 4To B cnyyae CLPC Bo3HWKAeT BbicoKasi Harpyaka npu nepe-
[ia4e, Ho B TO Xe BPEMS BBOAMTCS B [E/CTBIE BbICTPbIN MEXaHN3M
KOMMEHCaLWM MHTEPQEPEHLMN.

Y10 xe kacaetca OLPC, To aT0T KOMMOHEHT, obecneynBas 6o-
Nee NpocTyio peanu3aumio, He No3BONSET, OAHAKO, MHAMBMIYaNbHO
KOpPEeKTMPOBaTL 060PYA0BaHIIE NOMb30BATENS.

Boo6uie rosops, Open Loop npegHasHaveH ons KoMneHcaLuu
HU3KMX Bapuauui Nofy4aemMoro curHana, BOSHWKAIOLWMX Npu ero
3aTyxaHu 11 OcrnaBneHuy 3a Mpeaenamin npsamoi BUOMMOCTY, a
Closed Loop — ang nanbHenwen KOPPeKTPOBKIA MOLLHOCTA CUT-
Hana C Lenbio ONTUMIU3aLM NPON3BOAUTENBHOCTY CUCTEMI.

VivetoTcst ABE NPUHLMNMANBHBIX CXEMbI.

1. Cxema ynpasnenna mownoctero LTE UL, cornacHo koTo-
poi B 060PYNOBaHN MONb30BATENS YCTaHABMNBAEBTCS MOLLHOCTb
nepeaayy Ans BOCXOOSLLEro MoToka. 3aTyxaHue, M3MepsieMoe B
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060pya0BaHUM NOSb30BATENS, ONPEENseTcs CPefHIM 3Ha4EHNEM
NPUHATLIX NunoTHbIX curHanos (RSRP). VkasaHHoi nHdhopmaLmn
BMOJSIHE [JOCTATO4HO, 4TOBLI N03B0ONUTL 060PYA0BAHNIO NOMb30BaTE-
NS 13HA4anbHO YCTaHOBITL MOLHOCTL nepepayi. Mpu atom RSAP,
ABNSSCh KOHQUIYPaLMOHHBIM NapaMETPOM, MOXET U3MEPATHLCS Kak
Ons ofHoi, Tak U Ans OByx aHTeHH. Mepenaetcs RSRP B Gnoke
CUCTEMHOI MHKhopMaLmK.

2. Cxema yactuyHoro ynpasnesus MowHocTbio (Fractional
Power Control). Moporosoe oTHoweHue curHan/wym (SINR) namve-
HSeTCS [Nt N0Mb30BATENEN B 3aBUCUMOCTYA OT X NOMOXEHNS BHY-
TpU COTbI: 4em 6rivxe aboHeHT K 6a30B0M CTaHLWW, TEM BbILLE M0-
por SINR Kak KpuTepuii perynuposki moluHocTy. CrnepoBaTenbHo,
BOMM3M 6a30BOI CTAHLMW abOHEHTCKWA TepMIHEN (OYHKLUMOHMPYET
¢ 6onee Bbicokum oTHoleHreM SINR, ¢ 6onee BbICOKO/ CKOPOCTbID
KOAVPOBAHMS 1 KPATHOCTbIO MOAYNSLMM, @ 3HA4UT, 11 C GONee Bbl-
COKOW CMEeKTparnbHon 3(DQEKTUBHOCTLIO.

Mpw aTom 060pyL0BaHIe NOMb30BaTENS, PaBoTast C NOBbILLIEHHO
MOLLHOCTbIO, CNPaBAETCS C BHYTPUCUCTEMHOV MHTEP(EPEHLen —
MOAABMAET COKaHaNbHbIE MOMEXM. A 3TO KPUTUYHO B CETSX C KO3M-
(OMUMEHTOM MEPEeMCroNb30BaHNg 4acToT, paBHbIM eanHuLe. Kpome
TOr0, Kaxas 6a3oBas cTaHuMa LTE koHTponmpyeT ypoBeHb nomex ot
cocefHux coT. Meproamyecki 6a3oBble CTaHUMI 06MEHUBAIOTCS UH-
ovkatopami neperpyaku O1 (Overload Indicator), ykasbiBaroLyumu,
B KakoMm PEecypcHom GrioKe YpoBEHb MOMEX MPEBbILLAET NMOporoBoe
3HadeHe. Vgukatop Ol dhopmupyeTcst No peaynsratam N3MepeHis
6a30B0M CTaHUMEN YPOBHEN NMOMEX 1 (POHOBOMO LymMa Ans Kaxnao-
ro 4acToTHoro 6noka B coTe. [1apaMeTpbl YNpaBneHns MOLHOCTbIO
yCTaHaBnMBatoTCs B 3aBucumacTin 0T npunsitoro Ol: ecnm ans Kako-
ro-nmbo Groka yKa3blBAETCS BbICOKMIA YPOBEHb NoMeX, TO 6a30Bas
CTaHLMS NepenaeT KOMaHay CH3WTb MOLLHOCTb 060pYA0BaHNS MOMb-
30BaTeNs, U3My4aloLLero B JaHHOM PECYPCHOM Brioke (CM. pUCyHOK).

3HaUUTENbHbI MHTEPEC NPECTABNAOT CNEAYIOLME BE CXEMbI.

1. Closed Loop PC Concept. B cucteme CLPC npuemHuk oue-
HueaeT SINR npuHSTOro cUrHana 1 CpaBHWBAET ero ¢ TPEGyeMbIM
3HaueHneM. Ecnn npunsThiit curHan uveet SINR Hke 3apaHHoro,
10 Transmit Power Control (TPG) nepenaeT KomaHay norb30Ba-
TEMbCKOMY 0GOPYAOBAHMI0 YBEMNYUTL UMK, HA0BOPOT, YMEHBLLNTL
MOLLHOCTb NepeaaTyyka.

B cneuudvkaumm 3GPP onpepeneHs! aga Tuna komap TPC:

+ Absolute: aBoHEHT NCXOOWUT N3 3HAYEHWS N3MEHEHMS, MOny-
yeHHoro kKomaHaoi PC, ¢ 1Cnonb3oBaHWEM Ha4arnbHON MOLLHOCTY
OLPC kak aTanoHa.

+ Comulative: aboHeHT ucnonbayeT nocnepHee (HenasHee)
3Ha4eHME MOLLHOCTU.
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VnpaBneHie MOLLHOCTbIO 0CY-
LLIECTBNSIETCS NPV MOMOLLN [BYX
mexaHnamos — Open Loop u
Closed Loop. Pa6ota Open Loop
OCHOBAHA Ha TEXHWKE 4acTud-
HOrO YNpaBneHUs MOLLHOCTbIO,
KoTopasi MPEeAnonaraeT NosHyo
WM YACTUYHYID  KOMMEHCALMIO
noTepb NPV 3aTyxaHim curHara.

MYHKUNS YBENUYEHUS MOLL-

VHTepdeitc X2: nepenaya nHankatopa Ol

Vnpasnelme MOLLHOCTbIO COCeHEH COTbl

2. CLPC c nocroauusim SINR. [ns Toro 4T06b! NOSCHATL MO-
sepenne CLPC, B npunsitom SINR tpe6yetcs nccnenosats Closed
Loop npu 4acTU4HOM yNpaBEHMI MOLHOCTbHO.

B TpagmumonHoir cxeme CLPC 3nayeHne SINR ocTaetcs Heus-
MEHHbIM [n5 Bcex aboHeHToB. OpHako Ha mpakTike He Bce abo-
HEHTbI jocTuratoT Tpebyemoro 3HaveHnst SINR 13-3a orpaHnyeHni,
Hanaraemblx Ha 3Ha4YeHst MOLLHOCTU. 3T0 a6OHEHTbI, NepeaaloLLe
CUrHan Ha MakcManbHO BO3MOXHO MOLLHOCTM.

YacT4HOE YNpaBreHNe MOLLHOCTbIO NO3BOMSET MONb30BaTe-
NAM, UMEIOLLM XOpOLUME PapnoycnoBig (HaxoxpeHne 6nm3ko oT
633080V CTaHLWM), AOCTUraTh BbICOKOMO 3HAYEHUS MONy4aemoro
SINR, ¢ coxpaHeHWeM [OCTATOYHOM MPOMYCKHOA CNOCOGHOCTW Ha
Kpasix coTbl.

OpHako BBuay Toro, 4to CLPC yctaHaBnuBaeT fons Bcex a6o-
HeHTOB paBHoe 3HayeHue SINR, a6oHEeHTbI ¢ HaUMyYLWUMK paayo-
YCMOBMSIMI HE MOrYT NOMYYUTb 0XMAAEMO BbICOKIN KO3NMULMEHT
SINR, 4TO B MTOre MPUBOAWT K CHIDKEHWIO CPEOHEN NPOMyCKHOM
CMOCOBHOCTM CUCTEMbI.

lNTak, ycTaHoBka Gomnee Bbicokoro 3HaveHns SINR o3Hauaert,
4YTO YCTPO/CTBO MONL30BATENS AOMDKHO MepeaaBaTb CUrHan ¢ 6o-
Nee BbICOKOA MOLIHOCTbIO. B CBSI3W ¢ OrpaHM4eHMEM MOLLHOCTY
HEKOTOpbIe NONb30BATENM HE CMOryT A0CTUYb Bhicokoro SINR, yTo
MpUBEOET K MafieHWI0 CKOPOCTU Ha kpasx coTbl. CrepnosaTenkHo,
Closed Loop SINR — 370 cpeacTeo AOCTUKEHMS KOMMpOMICCa
MeXmy CpefHer nponyckHoi CroCOBHOCTLI0 CUCTEMBI 11 CKOPOCTLIO
Ha rpaHuLiax coTbl.

BbiBogbi
YnpaBneHne MOLWHOCTbI CUrHana Ha BOCXOAALLEN NMHIAN B CU-
creme LTE sBnsieTcs rnbkmm, npocTbiM 1 HapexHbIM. OHO BKto4aeT
B ce6s MHOXECTBO peanu3auuii C pasnnuyHbIMIA LENnamu, noaaep-
XMBAIOLLMMI BCEBO3MOXKHbIE CLEHAPWI Pa3BEPTbIBAHIS 11 CEPBMCHI.

HOCTbIO 4aCTU4HO KOMMEHCUPYET
3aTyxaHue B Open Loop, 6naro-
[aps 4emy 06ecneyBaeTCcs KOMMNPOMIACC MEXMY NoNb30BaTENAMM,
HaXOAAWMMMCS Ha Kpalo COTbl, C TeMW, KTO MpeGbiBaeT BENN3M
633080/ CTaHUMM. Takon NOMXOA WMEET SiBHbIE MPEMMYLLECTBA
Mo CPaBHEHMIO C TPAAMLMOHHOW NOfHOA komneHcauwer B Open
1 Closed Loop.
AnropuTimbl, ncnonbayemsle npu peannsaumu Closed Loop,
CreuuduyHbl Anst KaXKoro nocTaBLUMka 060pya0BaHNS 1 BCE ellle
HaxoOaTcs B paspaboTke.
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SURVEY OF POUWER CONTROL SCHEMES FOR LTE UPLINK
This paper describes an uplink power control method based on users location. Firstly, the path loss of the different users should
be estimated based on the value of SINR. Secondly, these users are placed to different areas according to the size of the path loss.
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