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Ha LWar snepegu

Llenb poknana

NPEAMNOCLI/IKU

CNOXHOCTb 3/IEKTPOMAarHMTHOM
0b6CcTaHOBKM B nNosocax
PaAnNo4acToT, BblAENEHHbIX ANA
ceten LTE B Poccumn




[ W R Hawarsnepeayu Jlornka poknapa

PYC,
NaEeHTUPUNLUNPOBAHHDbIN
ana LTE

CnoxxHoctb MO B
BbiaeneHHom PYC

PeweHue npobnem
IMC

OcobeHHOCTU IMT

HoBble noaxoabl K
IMC




Ha warsnepeay  PaAMO4YacCTOTHbLIM cnekTp Aansa LTE

EBpona

450 MI'y;: 450-470 My - BKP-07

800 MI'y (Band 20): 790-862 MI'y (2x30 Mru) - BKP-12

900 MI'y (Band 8): 880-915/925-960 MI'y, - BKP-2000+pecdapmMuHr
1800 MI'y, (Band 3): 1710-1785/1805-1880 MI'y, - BKP-2000+pedapMuHr

2100 MINy, (Band 1): 1920-1980/2110-2170 Mr'y (2x60 MI'y) - BKP-2000+pecapMuHr B nepcnekTtuse
2300 My (Band 40): 2300-2400 My (1x100 Mru) - BKP-07

2600 My (Band 7): 2500-2570/2620-2690 MIy, (2x70 MIy) - BKP-2000 : D
2600 MI'y, (Band 38): 2570-2620 MI'y (1x50 MI'y) - BKP-2000 Most widely used contiguous FDD bands Soure of TFI‘mpq"PEM'UEE"‘”-‘ am
3400 MI'u (Band 22): 3410-3490/3510-3590 Mr'1; (2x80 M) - BKP-07 :

3400 MIy (Band 42): 3400-3600 My (1x200 M) - BKP-07

i 430
3600 M (Band 43): 3600-3800 MIy (1x200 M) — Pewenue QR LT et

2126007 (27%)
EBpocotoza (3GPP, CEPT)
MNepcnekTuBa: 3 800620 13%)
694-790 MI'y — BKP-2015 (n.1.1 noBecTkm) 4/ AWS ba (9%)

[dpyrne pononHUTenbHbIE Nonochbl paguoyvactot - BKP-2015
(n.1.2 noBecTKM)

PYC LTE

Poccus

450 MI'y;: 450-470 MI'uy — PeweHue KP4 (TecThl)

700 MTy;: 720-750/761-791 MI'y (2x30 Mr'y) — Pewwenue F’KPY (2011 r.)
800 MTI'y (Band 20): 791-821/832-862 MI'y (2x30 MI'u) — KOHKypc (2012 r.)
1800 MI'y (Band 3): 1710-1785/1805-1880 MI'y — pedoapMuHr (2013 r.)
2300 MI'y (Band 40): 2300-2400 MI'y (1x100 Mry) — Pewenne N’KPY (2011 r.)

2600 MI'y (Band 7): 2500-2570/2620-2690 MI'y (2x70 Mry) — PewweHue F’KPY (2011 r.)
2600 MTI'y (Band 38): 2570-2620 MIu, (1x50 MI'y) — Mocksa, MO - PeweHue 'KPY (2011 r.)

L0Mzbl  NOMHzbE  ESOMHEEE  L900MHzBZE  ZLIOMH:bl WS b HOMHGB0  TOOMNztotlof  2BGHEEY  LBDOMHeb3



Ha Wwar Bnepeau NMpo6nembl no AMC

800 MI'uy (791-821 MI'u/832-862 MI'u)

2600 MI'uy (2500-2570 MI'u/2620-2690 MI'u)

2600 MI'y

~_ TB (MMDS)




Ha warenepeau  [lpodGnembl no AMC (MMDS)

MMDS TX
Fl

Sy 1 <IN g

-~ Wanted sipnal

S BS

Interference path F1: MMDS transmitter - BS
Interference path F2: MMDS transmitter - M3 Rap 2113-06

CMeXxHble Nonockbl 4YacToT O6was nonoca YyactoT (CO-KaHaﬂbHaﬂ nomexa)

CueHapuii Tpebyembliii 4acTOTHbIM pa3HOC  TpebyeMmblii 4aCTOTHbI pa3HOC Cuenapwii Tpebyembiii Tpebyembiit
NOMEeX0BOro BIMAHUA ana UMTS, Mly ana LTE, Mly RSLEL NPOCTPAHCTBEHHDbIW pasHOC NPOCTPAHCTBEHHDIN pPa3HOC
NOMEX0BOro BAUAHUA
ana UMTS, km ana LTE, Kkm
MS - MMDS Rx 0 -
MS -> MMDS Rx 5 -
BS -> MMDS Rx 20 10
BS > MMDS Rx 70 (Macro Cell) 30




Ha War enepegk

BC-npuem.
(nocTosiHHO)

(@) (@) g~ () @
(A)(A) (¢ ) ((_(A)))(A

Mpo6nembl no AMC, npucywme cetam TDD

2600 MI'y (2570-2620 MIu)

)

B . BC-nepenayva

BC-nepenaua (nocTosiHHO)

BC-npuem

((“g’)‘)))) (((((((Am_ )

(no ceaHcam)
BC-nepepava/npuem

(no ceaHcam) 2

(no ceaHcam)

3
EC TDD Ha FDD-UL 1 EC FDD-DL Ha TDD 2
DL
FDD-UL UL (npuem) | > 1 FDD-DL (nepepauva) >
_Mpvem _nepepata nepenaua nepenaq! npvem nepenava an —
TDD-DL Ha TDD-UL 3 TDD-DL Ha TDD-UL
(CMHXPOHU3MpPOBaHHLIE CeTH) (HECMHXPOHM3MpPOBaAHHbIE CETH)
BC nepepaya nepepava _ npuem _ _ nepegava C npuem nepegada nepegada npuem
TDD-DL — t
B . HeT nomexu
________________ npuem el ___
[]
SIS o R U e oL




Ha wWar nepegu PeweHue npoﬁneM no AMC

BO3MOMKHbIE |
_ mepbl
KoHBepcus

MonHoe BbicBO6OXKAEHNE
cnekTpa
(aonrocpoyHoe,
NoCcToAHHOE)

0OCco6eHHOCTHM HOBbIX paguO-TEXHONIOruK B nnaHe SMC

FpynnoBasi 3HepreTMka co CrioXHOM OcobeHHOCTHU
KOHcurypaumen kak o6bekt AMC:
IMT




Ha war enepeay  KPUTUYHOCTb orpaHuyvyeHmn no IMC ans onepaTopoB CBsA3U

3¢ PeKTUMBHOCTb MHBECTULIUI

(A)

DOCTb Nepenayvn AaHHbIX B CETU

aemMasi ) IPonyCckHasi CnocoBbHOCTbL
un (Méurt/c);

nLbl NnepegaBaeMblX JaHHbIX.

). CAPEX |,_,

OrpaHuyeHune yactoTHoro pecypca ansa LTE [R = F(Af)]

APEX |,_,

OrpaHunyenune mowHoctn BC (HSPA+) [R = F(Pgc)]

n, %
100
75 71%
20 15 10 5 3 14 Af, MI'y 50 44%
LLinpnHa kaHana
25

9 0 20 10 5 Pgc, BT



Ha War Bnepeau HoBble noaxoabl kK AMC.
ArpervpoBaHue paamo4acToTHOMO CreKTpa.
PeTpaHCﬂﬂLl,l/lﬂ B COTax CeTun

CueHapumn Monoca A Monoca B Monoca A (F1: 800 MI'u) — HeaocTynHa TONMbKO B paloHe a3poApomMa
(gf) (GI) (gf_) (GI) Monoca B (F2: 2600 MI'u) — uMeeT orpaHUYeHUsi N0 MOLYHOCTU M3ny4yeHus BC
Ha BceW TeppuUTOpUM (AOCTYMHA C IHEPreTU4ecKUMn
1 _ _ orpaHU4eHUsIMU Ha BCeu NokanbHoOW TeppuTopun)
PeweHue 1 PeweHue 2
(Relay + Beam forming) (CA — arpernpoBaHue cnekTpa)

L]
Lf2ed
e

Beam forming (F1) !

O PeTtpaHcnsAuuoHHble y3nbl (Relay Node) ¢ Hu3komn Q

MOLUHOCTbIO U3Ny4yeHUs (cTaHAapTHasA MolHocTb 250 MBT...1 BT) .
B NPo6neMHOii 30He; O PasHoe HanpaBneHMe CEKTOPOB AN KaXAO0W Nomnochbl YacToT

B Npo6nemHol 30He (3anpelleHHoe HanpaBrieHne CEeKTOPOB C
F1 B cTOpoHy Npo6nemMHon 30HbI).

Arpernposanue nonoc A u B (F1+F2);

O Pexum chopmupoBaHus HanpaBneHHoro ny4a (Beam-forming)
Ha BC (makpo-).
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Ha War Bnepeau HoBble noaxoabl K AMC (pelwienuna 3,4,5)

Monoca 800 MI'y (F1) — 3anpeT Ha ucnonb3oBaHUe abOHEHTCKUX
TepMmuHanos (AT) B 30He aapoApoma;
Monoca 2600 MINy (F2) — HeT orpaHNUYeHun.

5C AT 5C
(L) (uy (o)

BC AT 5C AT
(L) () (o) (uy)

PeweHue 5
Pewiexue 3 .
DL: 800 +2600 CA: 800_orp. Pgc+2600
UL: 2600 e
-ﬁ'i--: :
KoopaunHaumoHHoe
paccrosiHue
) P—
| \

Psc
P LTE kaHan (800 + 2600)

)l L

PeweHue 4 P1
CA: 800_Relay +2600

800

YacroTta
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Ha War Bnepeau HoBble noaxoabl K OMC (pelueHune 6)

Monoca 800 MIy (F1) — 3anpeT Ha ucnonb3oBaHWe abOHEHTCKUX TepMmuHanos (AT) B 30He aapoapoma
e I e e (ucknroyeHne BO3MOXHOCTU ob6cnyxmBaHusa AT Ha paccTosiHum 1...2 KM OT aspoapoma);
(L) (uL) (DL) (uL) Monoca 2600 MI'y (F2) — He uMeeT orpaHUYEHUN.

PeweHne 6
DL: 800 + 2600
UL: 800_FPC + 2600

MapumanbHas perynupoBka mowHoctu AT =
(FPC) e A— -

7 DL+UL (800+2600)
(’k ey

e "—DL_(800+2600
¥ UL (2600+
(800_FPC)

2600 My

KoopauHaumoHHoe
paccTosiHue

OrpaHu4yeHue no AMC

BasoBas BblgeneHHasn OuHamunyeckas (KOOpAVIHaLWIOHHoe paCCTOHHVIe)
KOMMOHeHTa MNonoca nonpaeka
Pt < Pmax —A (3)

)\ I )\
Pt @ \ \/ —m | 1) Pt ~ PO +oal +10 |0g N UL (2) A— Orpé:aI-Hl/lhleHl/le molLHocT AT no ycrosusivi AMC
| a = 0: KoMneHcauuu HeT. a (Pmax —A— PO _10 |Og N UL) (4)

< ———
a = 1: nonHasa KoMneHcaums. L(d)

O6wWwuin ypoBeHb MOLYHOCTU O<a <1: yacTnyHas (hpakUMOHHasn) KOMNeHcaums.
ans Bcex AT Bo Bcex coTax NapameTpb! ynpaBnexus ae€[0; 0,4;0,5; 0,6; 0,7; 0,8; 0,9; 1] — 3GPP.
Ha npaktuke: : 0,8 3HauyeHMs1 O Npu pasHbIX paauycax CoTbl U OrpaHMYEHUAX MolyHocTh AT:

papuo-pecypcamm (ot BC) Pra=23 ABM, P,=-50 aBm, NU'=3 RB (npuwvep)

MoTepu Ha Tpacce pacnpocTpaHeHUs
(L) c 4yacTM4YHON KOMNeHcauuen
o — napameTp KoMneHcauuu I I
( P P uwm) A=3pb A=5pb
W - 1 0,52 (0,5 0,5(0,5
Pa3mep BblaeneHHOro 4acToTHOro (ﬁ:({f.lAﬂJ)))f . L a=1 (0,5) (0,5)

a=0

pecypca (kon-so RB) gna AT B UL. 2 0,5(0,5) 0,48 (0,4)
Ons kaHana 5 MI'y MeHsieTcA B He6GOMNbLWNX

npeaenax (= const) l 0<a <1 3 0,52 (0,5) 0,46 (0,4)
4 0,46 (0,4) 0,44 (0,4)
- Tpebyemasi MOLWHOCTb 5 0,44 (0,4) 0,44 (0,4)

12



Ha LWar enepegm

PexxuMmbl MIMO/LTE

Beamforming

Awvarpammo-o6pasyowme cxembl MIMO

2 BepTuKanbHbIX A/2-gunonsi; YactoTta 945 My
Beam-forming: d = M2 (0,16 m)

1200B) = 0dB

ERCAR

Morasems AH ann
[e v oH ® Total oV

[ O1peiTs Tmab dan | hounemoi W haoslpuri

Ne. [Fmry [R 3 ke |eh Ga. Fig Enes. [3amm Bricorn  [Mennp. [File Pun
1 8450 70048 20337 (181  |— 1208 (0.0 00  |Maean. 300 Bepr, | Tetyu|, |CrossDN

2 2450 120831 |gags  [a7e |- 105 |8086 (00 | Masan.  [300 Bepr. | DM_ACKYMECrossDN

@ Hinenear 2

MIMO: d = 4A (1,28 m)

+450
LS

LioiN

11.28(dBi) = 0B

wazars [H ann
ev oH ® Total ovaH

[ onpememabguin | [ Owenm | [ Usar ][ Bosspar ]

No. [Fmrw |[R ix KCB  [6h  [Ga F/E_ [Enes. [3ewnn  [Bucora |Monsp. |Fil Vin

1 945.0 |B7.965 50012 25 ‘— 1128 8396 |D‘D Maean. 300 Beprt. Texyu CrossDN
2 845.0 ‘QLEB‘O 67419 273 ‘— 1147 -0.8 |D.D Waean. 30.0 Bepr. D:M_AOKYMECrossDN
o

AMC npu MIMO

s g (0]

CroxacTuueckas Moaenb notepb Ana kaHana MIMO

CpaBHeHue mogenen

_}’X;\-;__ - Suburban i = \F:\;‘lﬁ.nr (s3] l:)!—: L

Winner C1 NLOS

Pas2
Winner D1 LOS
sinner D1 MLOS

Mogenu WINNER
(Wireless World Initiative New Radio):

» OCHOBaHbl Ha reOMeTpUU (FreOMeTPUYECKN
OPVEHTVPOBAHHbIE)

» MO3BONAT pa3fenuTb NapameTpbl cpeabl
pacnpocTpaHeHusi 1 yrnoBble napameTpbl
aHTEeHH

> BCTpanBakTCA B CTaTUCTUYECKMe moaenmn

» npumeHVMbI Ans pasHbix cped (Urban,
Suburban, Rural, Indoor, Outdoor, LOS,
NLOS)

P452 — mogenb ITU-R;
LOS — npsimasi BUGUMOCTb
NLOS - oTcyTcTBME NPSIMON BUOUMOCTU

13



Ha LWar enepegm

AMC npu TDD

Cere-Y

ApKo-BblpaKeHHbIN BEPOATHOCTHbLIX XapaKTep nomex

Ta6nuua 1. Kondurypaumm nepegay TDD

Ne KorcburypaLm CooTHoLLeHre 1 BepostHoct p (%) 2
DL:UL TDD Ha FDD-UL FDD-DL Ha TDD
0 2:3 0,4 (40%) 0,6 (60%)
1 32 0,6 (60%) 0,4 (40%)
2 41 0,8 (80%) 0,2 (20%)
3 7:3 0,7 (70%) 0,3 (30%)
4 8.2 0,8 (80%) 0,2 (20%)
5 9.1 0,9 (90%) 0,1 (10%)
6 5:5 0,5 (50%) 0,5 (50%)

YacToTta cTonkHOBeHUW nepegay (nomex)

Ta6bnuua 2. YcpegHeHHas NUKoBasi CKOPOCTb Nepeaayn AaHHbix B DL

0’; ™ DD _ FDD npuv pasHbIX KOHGUrypaumnsax
' EFDD — TDD YcpenHeHHasi nukoBasi ckopocTb B DL, M6uT/c
08 [l sl Bes MIMO/2x2 MIMO
0,7
Y ——— — KoHdcpurypavum 2:3 3:2 41 7:3 8:2 9:1 5:5
e P ) 9,2/ 15,0/ 21,4/ 19,6/ 22,6/ 25,7/ 11,9/
05 Kawan: 10MIU | 971 | 284 | 408 37,2 43.1 485 | 231
il § N W By e - 136/ | 2241 | 320/ 287/ 339/ | 384 | 178
03 u 15,6 425 61,2 46,1 64,7 73,0 34,5
02 20 M 18,3/ 29,9/ 42,5/ 38,2/ 45,0/ 51,1/ 23,8/
Tl B O OB OB OB H 34,2 56,7 81,1 74,4 86,3 97,0 46,0
23 32 4:1 7:3 8:2 9:1 5:5
KoHdourypauum TDD
MoTepu nponyckHOM cnocobHocTu B ceTu LTE — rmaBHbIN KPpUTEPUA BO3[ENCTBUA NOMEX
2 0 9|
I\ .
Fiple) = Tiple) s, propor __ Ompuma cemcias) veerocr TDDm—> FDD ron Timopon Ompe1men cemsovasbtecHocrs)
# i _h“‘ E - . = wmpall’ T
——— c b e T K
£y [ S ji p & E_‘L':""—'-lh-._q g ) ‘—«___,tﬁ- 3t = L\N‘“a 34
3 — q o =
g‘ 7 I e Y B S s T T - L e e A " e N
i e 0 _— N S
g ) b 16 —_ - s — E 0 \ (_3"—_"*-»__‘5 3 L__(qq-h\) k‘.\ v 34“““"‘1 MHE
PR — lg = g — 0 4 - I\\“\Q‘ 24“_—_"““4 ot
1] —
—
] ' . 4 3 4 n " '\1
506 7 & 9 W L 5 6 7T &8 % W I B8 T -,\5 i 15 A T N T S | S TS TN A N D (D - N T N A S TS (S
SQJ.LHEE&momca,ILml EWEIDJTDI&,M 3anprrizs Tooca, Mg Samrsazmnoca, ML gmmﬁnmoc& I'q']l"]’_[ Sammcaxmmca, I'.'ﬂ"l[
Kowdwrypaume & cema LTE-TDD: Kowbwrypsym & cemn LTE-TDD:

—— 13 == 3] —— 4 1nd) —— 73 —— 0] ——=5

—4— 13 == 31 ——4lnil —— 73 —— 0] =i
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Ha War enepegu SMC c PIIC

O6wasn KoHuenuus

Sa~ Sa= RZmin tg (W/2) 1) Cetb LTE
San— Sa= R%2gnaxtg (Wi2) BhC
S3= Spgn- S1=tg (W2) [R?max- R?minl  (2)

Rn’\ln, R|n31 — paguWyckl VWCNoBHEIX OKDYHHOCTEN,
OrpaHuMMBatlouMX dparmeHT ceTi LTE

Mnowaae Sz, km?

P IECH RS 50 G0 70 a0 20 100 [ 110
20 87 | 21 366 | 57.8 | 78,5 | 1047 | 1344 | 1678 | 2042
30 - 123 | 27,9 | 471 | 69,8 | 96 125.7 | 1580 | 1955 BepostHoCTL nonaganus 5C e nnomags AH
40 24 4 34.8 47.5 83,7 1134 146,06 183.2 (A0
50 - - - 19,2 | 41,9 | 68,1 97,60 131 | 1676 i
50 5 5 - - 22,7 | 48,9 | 786 | 1110 | 1404 § o AN
7o 26,2 55,9 EER 125,7 B oo
80 29,7 62,9 99.5 JE] ]
30 5 5 = 5 = 5 = 332 | 69.8 E oo o
100 - - - - - - - - 36.6 vt \ o
Kon-so 6C Ha nnowanm S; s - '__Tr_/ : M_T_“" o
AN : 1 5 10 1% b3 2
IV, (S ) = PV, )= ; € 7 — pacnpeacnenue Nyaccona KamiHpares BC
Syt DR maxe R7min] — coennce wmeno sc
A== — Hannowanwn 52 ane
Fre Frt nnoTHe ynakosanmon PaBHoypaneHHble rpynnbl 5C
k=17.05 — x-ranmpacsera nnouwanm 3-x cexTopHos PnC
FEKCArGHANLHO A COTE!

Koneo BC B cnosAx

1. Konuuecteo 6C 6 i-i rpynne (cnoe)
4 2R .
— it ;
N, _ktg(gn’Q)( +i+1) g OOr-2 s,
E B OH-4 rpag.
2. Ypanenwe BC i-20 cnog £
B OH-5 rpag.
A R o B OH-10 paa.
R, = Rmin+ —(1+ 2i) i=0,... [— ]
2 A
(1] 1 2 3 4 5 [
] 715 745 77.5 80,5 B35 86.5 20.5 15
= Homep cnoRiyaaneHne, kM




m e

CNACMBO 3A BHUMAHMUE!

E-mail: skvg@mts.ru
MO0.: +7 (916) 641 3517

A

B Cxpentes Pexonenoosaro VMO no o6pazsoeartio ¢ o6acmu HughoxoxaryuxaiuonHsix mexwonouii
AR N I U ClCIeM CGA3U 6 Kaecnge y4ehH020 10Co0uS 018 CINYOCHNOG GbICUILY VIeOHDIX 3a6e0eHIl,
obyuarouguxes o Hanpacreruio noocomoexu 210700 — Hrgpoxosmywuxaytionsoie
INeXHOT02U 1l ClCIeMb! Cea3u Keatuguxayu (cmenexi) «bakaiagpy
U KeaTughuxauii (cmenexu) «acucmpy



mailto:skvg@mts.ru

	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16

