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AnHOTanus: PaccmompeHbl xapakmepucmuku gpusuyeckozo yposHsi mexHosozuu NB-IoT Ha ocHoge pesausos 13-15
cheyuguxayuii cmandapma LTE, ekarouas cuzHa/ibl CUHXpOHU3AYUU U npeam6byy 3anpoca Ha docmyn k cemu. [Iped-
cmasieHbl popmamvl MpaHCNOPpmMHbLIX 6/10K08, obcyxrcdaromesi ocobeHHocmu nepedavu mpaguka 6HU3 U 88epX.
/Jlana oyenka nponyckHoll cnocobHocmu KaHa.108 nepeda4u mpagpuka NB-IoT.

KnwueBslie cnoBa: NB-IoT, dpusuueckuii yposeHs, nepedaua mpagduka, mpaHchopmHbwlil 610K, NPONYyCKHASl ChO-

CcO6HOCMD,

BBegeHue

TexHOJI0THS Y3KOIIOJIOCHOT'O GECITPOBOAHOTO UHTEP-
Heta Belnel (NB-1oT, om anea. Narrowband Internet of
Things) BBeneHa B Rel.13, 14 cnenupukanuii cravgap-
Ta LTE (E-UTRA). B cpaBHeHUU Cc paHee Hpe/JI0KeH-
Hoii B LTE TexHosiorneit uHtepHeta Beled LTE-M c
moJioco paguokaHasia 1,4 MI'1 moJsioca kaHasa B NB-
IoT cocraBsier 180 (200) kI'1, 9TO COOTBETCTBYET IO-
JIoCe, 3aHUMAeMO OJHUM PecypcHbIM GJIOKOM B IIH-
poxonoJsiocHbIx ceTsix LTE. ITosioca B 200 k' coBnaga-
eT C I0JI0COM paJiuoKaHasa ctTangapTta GSM.

[losgBieHHe 3TOM TEXHOJIOTUM OTKDPbIBAaeT HOBBIE
BO3MOXHOCTH [JIsI peasjn3aliuy Y3KOIO0JIOCHOro Gec-
NpoBOJAHOTO AocTyna B ceTax loT ¢ BbIX0Z0M Ha Bce-
MUpHy10 mNakeTHylo ceTb LTE. [lepBbie 0630phl MO
TexHosioruu NB-1oT nosiBunucek B koHue 2016 1. [1, 2].
C BbIXOJOM HOBBIX Bepcuil cnenudukanuit LTE Bo3-
pacTaeT 4MCJO JUANa30HOB [/ pa3BepTbIBAHUSA Ce-
Telt NB-IoT, BBe/ieHa HOBasi KaTeropusi abOHEHTCKOTO
o6opyzoBanuss NB2, paccuuTaHHasg Ha Nepejadyy M
MpHUeM NaKeTOB YBEJUUYEHHOr 0 06'beMa.

XoTs1 B OCHOBY (QHU3UYECKOro ypOBHS CTaHJApTa
NB-1oT mosioxkeHb! 6a30Bble NMPUHIUIIBI IIHPOKOIO-
socHoro ctanzgaprta LTE (texnosoruu OFDM npu me-
penaye BHU3 U SC-FDMA npu nepefadye BBepx c co-
XpaHeHHeM MHOTHX MapaMeTpoB paJUouHTepderiica),
B NB-IoT u3MeHeHBbl BpeMeHHble U CIIEKTpaJibHble
XapakKTepUCcTUKU. OCO6EHHO 3TO OTHOCHUTCS K KaHa-
JlaM IlepeJilayy BBepX, IZle HapsAy C «KJaCCUYeCKOon»
CceTKOU mojHecymux B 15 k[l MCIONB3YIOT CETKY C
paccTosHUEeM Mexay noaHecymumu B 3,75 k[,
[IpyHUMIIMaNbHBIE U3MEHEHUs MPOMU3O0LIM B MeXa-
HHU3Me IlepeJayd TPAHCIOPTHBIX 6JI0KOB. [lepesaua
OZHOTO NaKeTa BHU3 MOXET PaCTATMBAaTbCA Ha He-

CKOJIbKO CyOKaJIpOB, a B HallpaBJeHUH BBEPX BOO6IIle
BBeJleHa HOBasl XapaKTepPUCTHKA KaHaJbHOI'0 pecypca
- pecypcHas eauHuua (PE), BpeMeHHbIE XapakTepu-
CTUKHU KOTOPOH 3aBUCAT OT YMCJIA BblJieJIeHHbIX ab0-
HEHTY NOJHEeCYLIMX 4acToT. YacTUYHOe UCNOJIb30Ba-
HUe KaHaJIbHOTO pecypca IpU lepejjadye BBEPX M03BO-
JisleT OJJHOBPEMEHHO 06C/IyKUBAThb B 3TOM HalpaBJie-
HUU HECKOJIBKO YCTPOMCTB.

[ToaToMy mnpencTaBAgeTCAd BaXXHBIM pPacCMOTPETh
onpenenspmye ¢GyHKIHOHUpoBaHWe ceTH NB-IoT
XapaKTepUCTUKU (QU3UUYECKOr0 YPOBHS B JUHAMHKe
ux pa3BuTus. Cienyrouieil 3aauell ABAseTCA OLeHKA
NpPONYyCKHOW cnoco6HocTu KaHasoB NB-IoT. Ilpu
HalMCaHUU CTaTbU ObLJIM UCIOJb30BaHbl MaTepHUasbl
cnenndukanuii LTE Rel.14, 15, onyGiuKOBaHHBIE B
Jekabpe 2016 - Hosi6pe 2017 rT.

OCHOBHbI€ XapaKTepPUCTUKHN PU3UIECKOTO YPOBHS
TexHoyioruu NB-IoT

YcrpoiictBa NB-IoT pa6oTatoT B nosioce 180 (200)
k[, 4TO MOTpe6GOBaJi0 M3MeHEHUH Ha QHU3UYECKOM
YPOBHE B CpaBHEHHUHM C Kyaaccuyeckumu cetamu LTE c
wrpuHoi mnoJjiockl 1,4-20 MTu. Ilpexzae Bcero, 3To
OTHOCHUTCSA K Mepejiaye CUHXPOHU3UPYIOLMUX CUTHA-
JIOB, KaHaJly Iepejadyd CUCTEMHOU MHboOpMaIuH, 3a-
[pocaM Ha JOCTYII K CeTH, IOCKOJIbKY 3T CUTHAJbI U
kaHasibl B LTE 3aHuMaroT noJsiocy B 1,4 MI'n.

Bo3MoxHBI ciefylole BApUaHThl peaJu3aluu ce-
Telt NB-1oT (pucyHok 1):

— paboTa BHyTpH BblJiesieHHOH onepaTopy LTE pa-
604el M0JI0ChHI;

— paboTa BHYTpPM 3al[UTHOTO WHTEPBaIA MEXAY
Bbl/leJIeHHbIMU [10J10CAaMH Pa6OYHMX YaCTOT;
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— OJJMHOYHBIA peXUM paboThl B CTaHAAPTHOM 4Ya-
crtoTHoM kaHaJie 200 k['w;
— BHYTPH JAUana3oHa 4yacToT ceTyu GSM.
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Puc. 1. BoigesieHue kaHanoB Aj1s NB-IoT
(pexxuM pa6oThl / Hecymue):
a) BHyTpH noJsiockl / LTE;
6) BHYTpHM 3allUTHOrO MHTepBasa / LTE;
B) OAMHOYHBIN / GSM

[IpegycMoTpeHs! 2 BapuaHTa Nepejaydd Tpaduka B
ceTsax NB-IoT (pucyHok 2). B cranzapTHOM BapuaHTe
coobueHus Tpapuka GopMupyoT B BUJe UHTEpHET-
JleiTarpaMM M ero nepefarwT B M0Jb30BaTeJbCKOU
IIJIOCKOCTH 4epe3 1ito3bl S-GW u PDN-GW. B npyrom
BapuaHTe TpadUK ciefyeT KaK ICeBJO-CUTHaAJbHble
coobuienuss yepes MME u nutio3 SCEF (Service Capa-
bility Exposure Function), cmenuaibHO BBeaeHHBIN
[T obMeHa HeOOJIbIION Mo 00beMy HHPOpMaLUeH
6e3 «u3nniecTB» popmara UHTEepHET-IaKeTOB.
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Puc. 2. BapuanTsl nepegaym tpaduka B NB-loT
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Juanazonbl 4yacTtoT A NB-IoT B cooTBeTCTBUM C
[3] npuBegensb! B Tabuaue 1. YepHbIM [[BETOM B Tab-
gune 1 noMeveHbl Auana3oHsbl, ceudrUIUpPOBaHHbIE
B Rel.13, cuHum - fo6aBieHHble B Rel.14, u kpacHbIM
- B Rel.15.

[lepenava Tpaduka UJeT B pexKUMe NMOJTYAYILIeKCa.
Tepmunau UE, HaxoAs1Uicsl B aKTUBHOM COCTOSIHUY,
Jn60 NpUHUMaeT TpadUK, 1U60 ero nepesaer.

[Ipu nepedaue eHu3 Ha pusuvyeckoM ypoHe NB-IoT
omnpejesieHbl KaHasbl CMHXpoHU3auuu NPSS: nepBuy-
HbIM ¥ BTOPUYHBIH, a TaK:Ke KaHaJlbl:

— nepegayud aaHHbix NPDSCH (om anesa. Narrow-
band Physical Downlink Shared Channel);

— ynpaBienuss NPDCCH (om aHesn. Narrowband
Physical Downlink Control Channel);

— nepejayd cucteMHoi nHopmanuu NPBCH (om
aHes. Narrowband Physical Broadcast Channel).

TABJIMLA 1. Juana3oHsbl 4acToT AJ1A NB-IoT

YacToThI epesadn YacToThI epeJadn
Homep BBepx (1) BHU3 (1)
AManazoHa UE - eNB (M) eNB - UE (M)
F TmuH - F Tmakc Flmun - Flmakc
1 1920 - 1980 2110-2170
2 1850 - 1910 1930 - 1990
3 1710 -1785 1805 - 1880
4 1710 - 1755 2110 -2155
5 824 - 849 869 - 894
8 880 -915 925 -960
11 1427,9 - 1447,9 1475,9 - 1495,9
12 699 - 716 729 - 746
13 777 - 787 746 - 756
14 788 - 798 758 - 768
17 704 -716 734 -746
18 815 -830 860 - 875
19 830 - 845 875 -890
20 832 - 862 791 - 821
21 1447,9 - 1462,9 1495,9 - 1510,9
25 1850 - 1915 1930 - 1995
26 814 - 849 859 -894
28 703 - 748 758 - 803
31 452,5-457,5 462,5 - 467,5
66 1710-1780 2110-2200
70 1695-1710 1995 - 2020
71 663 - 698 617 - 652
72 451 -456 461 - 466
74 1427 - 1470 1475-1518

Ctpyktypa kazpa BHU3 LTE coxpaHserca. Kazgp
AauTtenbHocTbio 10 Mc coctouT u3 10 cybkaapoB no 1
Mc (fgBa caota no 0,5 mc). KaHanbHBIN pecypc Bblje-
JISIIOT Ha pecypcHbii 6J10k (PB), rae B mosioce 180 kI
nepejiaya uJeT Ha 12 nmo/iHeCcyIKX C pa3HOCOM MEeX/Y
yactotamu 15 k['. Bo BpeMeHHOM 06/1aCTH B KaXKJ,0M
ciote nepenatoT 7 OFDM-cumBoJioB (14 B cy6Kazape)
PacnpeziesieHre KaHa/I0B IOKa3aHO HA PUCYHKe 3.

Kaxaplii KaZp HayMHaeTcsl MepeAayedl KaHaJa
NPBCH, koTopblii 3aHHMaeT HyJIeBOH cybOkajp. B
KaXXJoM 5-M cy6kajpe nepepatoT curHaa NPSS, a B
nocJjieiHEM cybKaJipe KaK/J0ro 4eTHOTO KaJipa CUTHaJ
NSSS. B ocraBuiuxcsi cBOGOAHBIX CyOKaZpax pasme-
warT kaHaJibl NPDSCH uau NPDCCH.
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Puc. 3. Belge/ieHHe KaHaJIbHOTO pecypca A NB-IoT

bazoBas cranius B ceTsax NB-IoT moxeT paboTaTb
C OJJHOW WJH JBYyMsI aHTeHHAaMH (aHTEHHble MOPThI
R2000 1 R2001). Yepes 3Ty NOpTHI EPESAIOT CIEIH-
asbHble A5 NB-1oT onopHble curHasbl (pUCYHOK 4a).
Ecsau kananbHbid pecypc ajsa NB-1oT Beigesien B no-
jgoce peuctBywoueid cetu LTE, To B PB mepeparoT
TaK)Xe OMOPHbIe CUTHAJ/Ibl LIMPOKONOJIOCHOU ceTu RO,
R1, a npu pasmemieHun cuMBoJiOoB kaHasa NPDSCH
pesepBupyioT 1-3 OFDM-cuMBosa ciieBa JJid nepesa-
yu KaHaja ynpasaeHusa PDCCH mwmpoxkomnosiocHoH
cetu (2 OFDM-cuMBoJa Ha pUCyHKe 46).
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Puc. 4. CrpykTypsl PB npu nepesayde tTpa¢puka Buu3 B NB-IoT

W nepsuynbiil NPSS, u BTOpuuHbIM NSSS cuHxpo-
HU3UpYIOLIMe CUTHa/Ibl NOCTPOEeHbl Ha OCHOBe ZC-
nocJjesoBaTesbHoCcTel. ZC-nocae0BaTebHOCTH LIU-

poko ucrnosb3yoT B craHgaprte LTE [4]. UccaenoBa-
HUE KOppeJISILUOHHBIX CBOMCTB CUTHAJIOB Ha OCHOBE
ZC-nocien0BaTeNbHOCTEN B IIKUPOKOIOJOCHOM (KJIac-
cuyeckoM) BapuaHTe cta”Hgapta LTE nmpousBeseHo B
[5, 6]; KoppeasiMOHHbIE XapaKTEPUCTUKU CUTHAJIOB
NPSS u NSSS onieHeHblI B [7].

[TosnuuonupoBaHue curHana NPSS B cybkazape no-
Ka3aHo Ha pucyHke 5. OH 3aHMMaeT mJjouLiajb, orpa-
HudeHHy0 OFDM-cumMBosiamu | = 3-13 ¥ nogHecyLu-
mMu n = 0-10, Bcero 121 pecypcHblil ajieMeHT. Tpu
OFDM-cuMBoJ/1a cjieBa OCTAKOTCA MYCTBIMH, YTO MO3-
BoJIseT pa3MellaTb B HUX kaHas PDCCH npu Beigene-
HUU KaHasbHOTro pecypca aass NB-IoT BuyTpu pabo-
Yyel MoJiochl MKMpoKonosocHoro kaHajaa LTE. YepHbiM
IIBETOM Ha PUCYHKe 5 MOKa3aHbl ONOPHbIE CUTHAJIbI
mupokonosiocHod LTE. B aTux pecypcHbIX 3jieMeHTax
CUMBOJIbI curHaJjia NPSS «BbIKasibIBalOT».
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Puc. 5. Crpykrypa cy6kajpa c kaHaiom NPSS

Curnan NSSS pasMenaioT aHaJOrHYHbIM 06pa3oM,
pasHUlla B TOM, YTO OH 3aHUMaeT noJjie c [ = 3-13 u
noaHecywuMu n = 0-11 (132 pecypcHBbIX 3/1eMeHTa).

CurHan NPSS renepupyroT B BuZie ZC-nocnefoBa-
TeJBbHOCTU AJUHON B 11 CUMBOJIOB C KODHEBBIM MH-
JeKcoM U = 5:

.mrun(n+1)

dn)=SW) e 1r , n=0,1,..,10. (1)

3Ty noc/aef0BaTeJbHOCTh MOBTOpsAT 11 pa3s B
OFDM-cumBoJiax | = 3-13 ¢ koaddunuentamu S(I),
NpHBeJEeHHbIMU B TabauLe 2 [8].

TABJIMLA 2. Koa¢ppunueHntsi S(1)

1 314 |56 7 8 9 |10 (11| 12 | 13

sml1 111 -1 |-1|1]1]1]-1]1

PacnosioxkeHre oTc4eTOB cMrHasoB di(n) u d7(n) c
ko3dounuentamu S(I) paBHbiMu +1 1 -1 mokasaHo Ha
pHUCyHKe 6.

[Ipuem curHazna NPSS nossosser UE onpepenuThb
rpaHunbl kagpa. B otauune ot curHana PSS B LTE
curHas NPSS He cogepxuT nHPopManuu o6 UAEHTH-
dukarope cotbl N4, 3ty nndopmanuio UE monydaer
n3 curHasna NSSS.
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Puc. 6. d;(n)-nocsieaoBaresibHOCTH curHasia NPSS

B kauectBe curHasia NSSS ucnosb3yroT ZC-nocie-
JlOBaTeJbHOCTh d(hn), GopMUPYEMYIO 1O CAEAYIOIIEMY

3dKOHY:
Y mun' (n'+1)

d(n) = by(m)e /2 orme™ 1, (2)
rie:
n=201,..,131;
n' =nmod 131;

m = nmod 128;

u = N5"mod 126 + 3;

_ |t
77 126 |
Kak u B mupokomnosiocHbix ceTsix LTE, B NB-IoT
onpezienennbl 504 uaentudukatopa cotel NiFY. Tpu
aToM, ecau coesuHeHua NB-1oT opraHu3oBaHbl BHYT-
pu mupokonosocHoro kaHana LTE, To N5 o6enx
ceTell MOTYT COBNaZATh, @ MOTYT U pa3M4yaThCH.

B kavectBe K03dpduuHeHTOB b,(M) UCTIONb3YIOT
JIBOUYHble B3aMHOOPTOTOHAJIbHbIE MOC/IE0BATENb-
HOCTU JJINHOM B 128 6UT, npejcTaB/eHHble B TabJIU-
e 3 [8].

TABJIMLIA 3. Onpejesienue 3Ha4eHuii b, (m)

bg(0), ..., by (127)

[1111111111..1111111111]

[1-1-11-111-1-11..11-1-11-11 1-1]
[1-1-11-111-1-11..-1-1 1 1-1 1-1-1 1]
[1-1-11-111-1-11..11-1-1 1-1 1 1-1]

WIN |-l

llvukanyeckuid caBur 6y onpejensaeTca HOMEpOM
nepe/iaBaeMoro Kajpa ny no ¢popmyie:
! 33
77132
[IpuMep cMoOAeNMPOBAaHHOW MOC/eL0BaTEJbHOCTH
d(n) npu NF% =0 (q = 0,u = 3) npuBesieH Ha pu-
CyHKe 7.

(ns/2)mod4.

PaccmoTpuM nepefayy JAaHHBIX [0 KaHaJLy
NPDSCH. B [8, 9] cienndunupoBaHbl BO3MOXXHBIE Ba-
pHAHTHI epesiay TPAHCIOPTHBIX 6JIOKOB BHU3.
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Puc. 7. d(n)-nocieaoBare/ibHOCTbh cUrHaia NSSS

MakcuMa/IbHBIA pasMep TPaAHCIOPTHOro 6JI0KA
onpeziessieTcsl KaTeropued MOOGUJIBHOIO TepMHHaJa.
K HacTosimieMy MOMeHTy crenudpUIUpPOBaHO 2 KaTe-
ropur TepmuHasoB Ay NB-IoT: NB1 u NB2. Ux xa-
paKTepUCTUKU NIPUBEJIeHbl B TabuLe 4.

TABJINILA 4. XapakTepucTUKH TepMuHaioB NB-IoT

Karteropus NB1 NB2

Penus Rel.13 | Rel.14
MakcuMasibHbIM pa3aMep TPAHCIOPTHOTO 680 2536
6JI0Ka BHU3, 6UT
MakcuMasibHbIH pa3Mep TPAHCIOPTHOTO 1000 2536
6J10Ka BBepX, GUT
MaKCI/IuMaJIbeIH pa3mMep 6ydepa Ha ypoBHE 4000 8000
L2, 6aiT

[Ipu nepenave BHu3 B KaHase NPDSCH ucnosbsyrot
Moaysanuo 4-OM. [Ipu aToM B OT/IMYME OT IIHUPOKO-
nosiocHbix cetedt LTE, rae TpaHcnopTHBIM 6J10K pas-
MeLaloT B oJHOM cyb6kazape, B NB-IoT ero nepenaua
MOXXET pacTArMBaTbCA Ha HECKOJIBKO NOC/aef0BaTesb-
HBIX CyO6KaApoB, oT 1 1o 10.

B Tabsnue 5 mpeAcTaBieHbl pasMepbl TPaHCIOPT-
HBIX 6JIOKOB B GUTaxX NpU Mepejjaye BHU3 B 3aBUCUMO-
CTH OT MOJYJ/ISIIMOHHO-KOAHUPYIOLIMX CXeM [mcs U YUCIIa
3aHMMaeMBbIX IIpH Nepegade cy6kaapoB Nsr. B Tabauie
5 1IBETOM Bbl/ieJIeHbI GOpPMAThI TPAHCIIOPTHBIX 6JIOKOB,
peasi3yeMble IPU UCII0Jb30BaHUM TEPMUHAJIOB KaTe-
ropuu NB1.

[lepemaya Tpadpuka BHH3 MOXKET HATU KaK C MHOJ-
TBepXXJEeHUeM, TaK U 6e3 MOJTBepKAEeHUS MPUHATHIX
6J10K0B. [l151 o6ecrieyeHUsT HeO6XO0AUMOM HaJIEXKHOCTH
BO3MOXKHa IOBTOpHasi INepejadya HHPOPMALUOHHBIX
6s10k0B. [IpegycMoTpeHo 15 BapuaHTOB MOBTOPOB Iie-
pesiauu 6Ji0ka o kanasy NPDSCH: 2, 4, 8, ... 2048 pas.

Bosiee cepbe3nble HOBoBBezeHHsA B NB-IoT oTHo-
CATCA K opraHu3aluy QuU3UYecKUX KaHaJIOB BBepX. B
nosioce 180 k' ucnosib3yoT 2 BapuaHTa GopMUpPOBa-
HHSA peCypCHOM CeTKM NOoJAHecylux. B nepBoM, Kak U B
mupokonosiocHblx cetax LTE, BpeMeHHOH cJIOT Aau-
TeJibHOCThIO 0,5 Mc cofiep>UT 12 moAHecyIux ¢ pas-
HocoM 1o yactoTe AF = 15 kI'y u 7 pecypcHBIX 3/1eMeH-
ToB (P3) Ha kaxzaoilt noaHecyiieil. Bo BTopoM BapuaH-
Te B noJsioce 180 kl'y pasmewmarwT 48 nojgHecyuiux c
ceTkod yactoT AF = 3,75 k['y u ¢ 7 P3 (I = 0...6) Ha
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oIHOM moHecy1el (pucyHok 8). AMuTeNnbHOCTh C10Ta
cocTaBJisieT 2 Mc. B o6oux BapuaHTax Hpu nepejadye
BBepX UCNOJIb3YIOT TexHosoruw SC-FDMA.

TABJIMLA 5. ®opMaThl nepejay Tpadpuka BHU3

TABJIMLA 6. BapyanTbl $OopMUPOBaHUS PECYPCHBIX € AUHMI

dopmatbl lnpuHa Yucio
. Yucno JIMTeNIbHOCTD
nepeJjady | MOJHECyLeH, T — CJIOTOB PE. mc
NPUSCH Kl BPE !
3,75 1 16 32
1 16 8
dopmar 1 3 8 4
15
6 4 2
12 2 1
3,75 1 4 8
dopmar 2
15 1 4 2

Imsc Nor
1 2 3 4 5 6 8 10
0 16 32 56 88 120 152 208 256
1 24 56 88 144 176 208 256 344
2 32 72 | 144 | 176 208 256 328 424
3 40 | 104 | 176 | 208 256 328 440 568
4 56 | 120 | 208 | 256 328 408 552 680
5 72 | 144 | 224 | 328 424 504 680 872
6 88 | 176 | 256 | 392 504 600 808 | 1032
7 | 104 | 224 | 328 | 472 584 680 968 | 1224
8 | 120 | 256 | 392 | 536 680 808 | 1096 | 1352
9 | 136 | 296 | 456 | 616 776 936 | 1256 | 1544
10 | 144 | 328 | 504 | 680 872 | 1032 | 1384 | 1736
11 | 176 | 376 | 584 | 776 | 1000 | 1192 | 1608 | 2024
12 | 208 | 440 | 680 | 904 | 1128 | 1352 | 1800 | 2280
13 | 224 | 488 | 744 | 1128 | 1256 | 1544 | 2024 | 2536

TN 08T

48 noaHecywmx

o 1 2 3 4 5 6
Puc. 8. CtpykTypa cjoTta ¢ 48 nojHeCcy MMM

[Ipu nepedaue sgepx Ha dusnveckoM ypoBHe NB-
[oT onpezgeneHbl KaHAJBI:

— nepegayd gaHHbix NPUSCH (om awnes. Narrow-
band Physical Uplink Shared Channel);

— poctyna k cetu NPRACH (om anas. Narrowband
Physical Random Access Channel).

[To kanany NPRACH UE noceliaeTt npeamb6y.y 3a-
npoca Ha JocTyn K ceTd. Tpaduk BBepx nepejaroT 10
kaHany NPUSCH. B oTninuyne oT nepejadyu BHU3 IIpU
nepejiaye BBEPX MOXKHO MCIIOJIb30BAaTh YacTh HOJHe-
CyIIMX 4aCTOT pafuokaHaza. [Ipu atoMm cnenudunu-
poBaHo 2 ¢opmara mepenadyd BBepx: gopmam 1 u
¢dopmam 2 (Tabauna 6). Popmat 2 UCHOIb3YIOT TOJb-
KO JJis mepejayu ynpasiswolledl mHpopmauuu. PE
bopMupyOT Ha 00HOU nodHecywell [IMHON B 4 cJIOTA.
[pu AF = 3,75kI'y giutenvHocTh PE cocTtaBisieT 8 mc,
a B IepBbIX Tpéx PJ kaxzaoro cjora pasMeliarwT
omopHble curHasbl gemonyasanuu ([ = 0, 1, 2 Ha pu-
cynke 8). [Ipu AF = 15kl nepenavya PE 3anumaet 2
MC, N0/, OIOPHbIE CUTHAJIbI AEMOAYIALNN 3aHUMAIOT
2, 3 u 4 P3 kaxpgoro ciorta. B kanasmax NPUSCH B
dopMaTe 2 npuMeHSIIOT Moy Asinuio 2-PM.

[Ipu nepenaye B popmarte 1 B ciydae AF = 3,75 kI'yy
PE cocraBisgeT ofHa mnopHecywasa U 16 cJI0OTOB CO
BpeMeHeM nepefadyu 32 Mc. OnOpHBIA CUTHAJ [IEMO-
Ayasnuu pa3MemiaoT B P3 | = 4 Ha pucyske 8. Ilpu
nepejiaye UCIOJIb3yT Moayasanuio (1/2)2-OM.

[Ipu pabore c ceTko¥t AF = 15 kI'1y B Tabsu1e 6 cre-
nudunupoBanel 4 BapuaHTa ¢opmupoBaHus PE.
@®aKTHYeCKH 3TO 03HAYaeT, YTO NMPU HCNOJIb30BAHUHU
N0C/eJHUX TPeX BApUAHTOB NlepealoT OJHO U TO Ke
YHCJIO CUMBOJIOB, pacTsArMBas nepejayy BO BpeMEHHU.
[Ipu Bb160Ope PE c oagHOM mojHecyliel YUCaI0 CHMBO-
soB B PE cHuxkaetca BaBoe. Bo Bcex BapuaHTax PE
pacnoJsioKeHHe ONOPHBIX CUTHAJIOB JEeMOJYJSILUUA B
CJI0TaX COOTBETCTBYET MPHUHSATOMY B LIMPOKOIOJIOC-
HbIx ceTsix LTE (I = 3).

Mogaynauua npu ucnosbs3oBanuu PE u3 ogHo# nog-
Hecyuie MoxeT 6bITh (11/2)2-OM nim (1t/4)4-OM. Bo
BCeX JIpyTuX BapyuaHTax npu pabote ¢ AF = 15 k' mo-
aynsauus 4-OM.

MoaynsiiMOHHO-KOAUPYIOLIMe CXeMbl IPU Nepesa-
Yye BBeEpX TaKHe Ke, KaK U NpHU Mepejaye BHU3, HO
MaKCUMaJbHbII 06'beM TPAaHCIOPTHOIO 6JI0KA YBEJIU-
yeH o 1000 6ut ang craHuud NB1 u cocraBiger
2536 6uT anda cranyuit NB2 (Tabauna 7).

TABJIMLA 7. ®opmaTsl nepesay Tpadpuka BBepx

Imsc N
1 2 3 4 5 6 8 10
0 16 32 56 88 120 152 208 256
1 24 56 88 144 176 208 256 344
2 32 72 | 144 | 176 208 256 328 424
3 40 | 104 | 176 | 208 256 328 440 568
4 56 120 | 208 256 328 408 552 680
5 72 144 | 224 | 328 424 504 680 872
6 88 176 | 256 | 392 504 600 808 1000
7 104 | 224 | 328 | 472 584 712 1000 | 1224
8 120 | 256 | 392 536 680 808 1096 | 1384
9 136 | 296 | 456 | 616 776 936 1256 | 1544
10 | 144 | 328 | 504 | 680 872 1000 | 1384 | 1736
11 | 176 | 376 | 584 | 776 | 1000 | 1192 | 1608 | 2024
12 | 208 | 440 | 680 | 1000 | 1128 | 1352 | 1800 | 2280
13 | 224 | 488 | 744 | 1128 | 1256 | 1544 | 2024 | 2536
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[lepefaya oHOrO TPAHCIOPTHOrO 6JIOKAa MOXET
3aHUMaTbh OoT oxHoro go 10 PE. BapuanThl TpaHc-
MOPTHBIX GJIOKOB B Tabsule 7 Ajs TepMuHaaoB NB1
BblJle/leHbl [BETOM. MaKCHMMaJsbHasi CKOpPOCTb Iepe-
Jladyy JaHHBIX BBEPX COOTBETCTBYeT MaKCUMaJIbHOU
CKOPOCTH IpU TNepefadye BHHU3. /[l TOBbIIIEHUA
Ha/leXXHOCTH CBSI3U NpelyCMOTpPeHA TOBTOPHAs Mepe-
Jlaya 6JI0KOB, I'/le YHUCJIO IOBTOPOB MOXET COCTABJATD
ot 2 10 128.

CpaBHMBas TaG/uLbl 5 U 7, JIETKO 3aMeTUTh, YTO
OHM 3aloJIHeHbl OJWHAKOBLIMMU 4YHcaaMH. OfHAKO
MeXJy 3THMH TabJMIaMU CYlLIeCTBYEeT MPUHIUIIU-
asibHasd pasHuIa. Eciu B Tabauie 5 B CTpoKax BpeMs
nepesavyy TPAHCIOPTHOrO 6JI0Ka BHU3 OMNpeIesIseTCs
B 1 Mc cyOkazapax, To B Tab/aule 7 B CTpOKaxX BpeMsi
yka3aHo B PE, IJIMTEeNbHOCTb KOTOPBIX 3aBHUCHUT OT
BbI/IeJIEHHOTO YUCJIA TIOTHECYIIIUX BBEPX.

Jlnsa ceteit NB-IoT pa3paboTaHa COBepllleHHO HO-
Bas NpeaMOy.ia 3alpoca Ha JJOCTYN K CeTH, epejaBa-
eMas no ka"Haiy NRACH. [Ipeamby.ia noctpoeHa B BU-
Jle KOHCTPYKIIMH, COCTOSILEeN U3 4 cUMBO/bHbIX 2pynn,
dbopMHUpyeMbIX Ha pa3HbIX MOJAHECYIUX B CETKe U3 48
noaHecymux. [Ipu aToMm 48 yacToT pa36buThl Ha 4 MOJ-
rpynnbl ¢ HoMepaMu nofHecymux {0-11}, {12-23},
{24-35} u {36-47} cooTBeTCTBEHHO. Bce cUMBOJIbHbIE
rpynnel B OJHOM LMKJle NpeaMOyJbl NepejaloT Ha
pa3HBIX MOJHECYUIUX, HO MOo/bKo 8 npedesax 00HOU
nodepynnbl.

Ha pucyHke 9 nokasanbl 3 LHKJ/a [IOBTOPHO Ilepe-
JlaBaeMOH mpeaMOyJibl, TAe KaXAasd CHUMBOJIbHas
rpynna nmnpejcTaBjieHa CUHUM HPSIMOYTOJbHUKOM.
Cama cHMBOJIbHAsl Tpynna COCTOUT U3 5 CHUMBOJIOB
ceTKU U3 48 nogHecymux (AJUTeJbHOCTb CUMBOJIA
266,66 MKC) U LHKAWYeckoro npedukca JIUHON 66,7
Wi 266,7 Mmkc. CieloBaTesbHO, Nepejaya OJHOU
CUMBOJIBHOHM rpynnbl coctaBiaseT 1,4 uau 1,6 Mc, a
OZTHOTO LMKJIA peaMOyJibl — 5,6 nan 6,4 mc. B 3aBu-
CHMOCTHU OT YPOBHS MOKPBITHS COTAa MOXET JaThb YKa-
3aHue UE noBTOpHO nepenasats 2, 4, 8, 16, 32, 64 uiu
128 1uKJI0B IpeaMOyIbl.
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Puc. 9. Crpykrypa npeam6y.ibl B ceTd NB-IoT
B noarpynne {12-23}

AnropuTM BbIGOpa MOATPYNIBI MOAHECYLIUX AJS
dbopMupoBaHUs NpeaMOyJbl U MOAHECYLIMX B IOJ-
rpynmne npuBeseH B [8, subclause 10.1.6]. Ero mMoxHO

MOSICHUTD CJefyoUMM o6pa3oM. BeiGop moArpymnmnel
nogHecymux npousBoauT UE Ha ocHoBe uHdpopMa-
uuy, noaydyeHHou ot eNB. [logHecymyto f1s nepepa-
YY NMepPBOU CUMBOJIBHOM IPYNIBI Nsr1 B IEPBOM LIUKJIE
nepeaauu BHyTpu noarpynnel UE BeiGupaeT ciay4dai-
HO; Ha pUcyHKe 9 nsc1 = 21. [lajiee B KaK0M LUKJIe
npeamOyJibl CAEYIOT KECTKHUe MpaBUia CMeHbI MOJ-
HecylMx 4yactoT. HoMep nmoaHecyuieil fJig nepejayu
BTOPOM CUMBOJIbHOW I'PYINIBI Nscz = nsci £ 1. 3HAK «+»
HCIIOJIb3YIOT B TOM CJIy4ae, eCJU Nsc1 ObLI YeTHBIM U
3HaK «-», ecjM nsc1 6611 HevyeTHbIM. HoMep moaHecy-
e 11 nepesayu TpeTbell CUMBOJIbHOM I'PYIIbI Nsc3
= nscz = 6. 3HAK «+» UCIOJIb3YIOT, €CJIU Nsc2 HAX0AUJICA
B HMXKHEH MOJIOBUHE MOJTPYIIbI, & 3HAK «-», €CJIU B
BepxHel. HakoHel, HoOMep mojHecylleld AJs nepeja-
YU YeTBEPTOW CUMBOJIBHOM TPYNIbI ONpPeAesSOT 10
npaBuJy BbIOOpa HOMepa NOAHeCylled /s BTOPOU
CMMBOJIbHOM TPyNIBL: nsc4 = Nsc3 + 1. [Ipy nepepade
NOBTOPHBIX IMKJOB NpeaMOyJibl HOMep INOAHeCyllel
JUJId lepeJilady IepBOM CUMBOJIbHOM I'PYIIBI B KQXKA0M
HOBOM LUKJE ONpeJessieTcsl HOMepaMHu MOJHEeCYLHUX
mpebIAyLIero [UKIA U uaeHTuduKaTopom NS5EU.

KayecTBeHHbIe XapaKTepuCTUKU KaHa/10B NB-1oT

[Ipn opranusanuu cetein NB-IoT, ecTecTBeHHO,
TpebyeTcsi obecliedeHHe TAaKUX XapaKTePUCTHUK, Kak
IIPONYCKHAas CIOCOOHOCTD, HA/IEXKHOCTD, 3a/1ePXKKH.

IlponyckHyio cnoco6Hocmb cetn NB-IoT MoxHO
OLIEHHUTb YUCJIOM Nlepe/ilaBaeMbIX [IAKeTOB 33 eJUHULY
BpeMeHu (1 cekynay). Jus omnpezeseHus cpenHeit
JJIMHBl TIaKeTOB BOCNOJIb3yeMCsl CTaTUCTHUKOW Tpa-
¢uka B VIHTepHETe, OCHOBAaHHOM Ha paclnpejieseHUuU
[lapeto ¢ orpanunyenusimu [10]. [ln1oTHOCTH pacmpe-
JleJIeHUsI BEPOSITHOCTH JJIs1 OTPAaHUYEHHOTO pacrpe-
Aesienud [lapero:

ak®
fk(X) = T na . x‘“_l, k<x<IL,
1-(;) ©)
0<a<?,

rae k - MUHMMaJibHasA, a L — MakcUMaJibHasi AJIMHa
IIaKeTa.

MaTemMmaTH4yeckoe OXHUJaHHWE AJINHBI IaKeTa paBHO:
a(Lk® — L%k)

M[x] = , 4

[x] D) (4)

Y NIpY 33JaHHBIX kK ¥ L 3aBUCHUT OT NapaMeTpa Nporu-
6a KpMBOH NJIOTHOCTH paclipe/ie/IeHus a.

MakcuMa/ibHyI0 AJIMHY JedTarpaMMbl L mpuMmem
paBHoi 1500 GaiiT. MUHUMaJbHAdA JAJIMHA UHPOPMaA-
[MOHHOW 4YaCTU COOOLIEHHSI MOXET COCTaBJATH 1
6aiT. OZHAKO MpH Mepejadye MAKETOB MO paJOKaHa-
Jy K Hell Heo6xoAUMO [A06aBUTb OOBEM CXKAThIX
IP/TCP (UDP) 3aroJioBkoB (3 6aiiTa) U MUHUMAaJIbHYIO
CyMMapHy10 JJIMHY 3aroJoBKOB mnoAypoBHeil PDCP,
RLC, MAC (3 6aiiTa). C yueTOM 3TOro MHHHUMAaJbHOE
M[x] coctaBaser 9 6aiiT (72 6uta). CoobuieHus1, Ko-
TOpble IMepelalTCd B BHJE IICEBJ0-CUTHAJbHOTO
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Tpaduka Non Access Stratum, He 06pabaThIBalOT Ha
noxypoBHe PDCP, HO k HUM, KpoMe 3aroJloBKOB HOJ-
ypoBHel RLC u MAC, 6yeT npucoeMHEHO M0JI€e MPO-
BEPKH 1IeJIOCTHOCTH AJUHOU B 32 6UTA.

[Ipu pacyeTe uyuc/a nepejaBaeMbIX MAKeTOB BHU3
BBeJleM C/Ieflyloliie TTapaMeTpsl U AonylieHus. B co-
OTBETCTBUHU C PUCYHKOM 3 OK0JIO 25 % BpeMeHH OT-
BeJleHO Ha NepeJjiladyy CUHXPOHU3UPYIOIIUX CUTHAJOB
U KaHasa ynpasjeHusa NPBCH. 3arpysky kaHana p
npuHuMaeM paBHo# 0,5 u 0,7. Ha mepenady kaHasia
NPDCCH, nox KOTOpBIN BBIJIEJSIIOT OTHAEIbHbIE Cy6-
kaZpel, oTBegeM 30 % BpeMeHHU nepejayd Tpadpuka
BHHU3. B cooTBeTCcTBUM C Tabyuneld 5 BbIOUpaeM Mo-
JyJALMOHHO-KOAUPYIOIHe CXeMBbl [y -5 U YKa3bIBaEM
YUCJI0 CyOKaApoB Ngp, HEOOXOAUMBIX IS Hepeaadyu
OJIHOTO MaKeTa. Pe3y/ibTaThl pacyeTOB NPONYCKHOMH
CNOCOGHOCTH BHU3 [JIsI OJHOKPATHOH INepejayu co-
0611eHUsT N,ypps, IBYKPATHOM Tepesadn Ny i’y qeThl-
pexkpartHoi nepegaun N 2* pu M[x] = 366 6ut 1 72
6uTa cBeZieHbl B Tab/uLy 8.

TABJIMLIA 8. IIponyckHasi cnoco6HOCTh KaHa1a NB-1oT BHM3

M[x] 360 6uT 72 6uTta

Iycs 11 6 4 2 5 2

Ngp 2 4 6 10 1 2 4
p 0,5

Npes | 122 | 61 40 24 | 245 | 122 61
NP2 61 | 30 20 12 | 122 | 61 30
NPt |30 15 10 6 61 30 15

p 0,7
Npes | 183 | 91 61 36 | 366 | 183 91
NP2 91 | 45 30 18 183 | 91 45

mes

NTePY | 45 22 15 9 91 45 22

mes

s nepefadyu TpaduKa BBepX CyLeCTByeT MHOXe-
CTBO Pa3/IMYHBIX ClieHapueB B 3aBUCHUMOCTH OT TOTO,
CKOJIBKO NOAHeCyIIMX BolfesneHo B PE 1 kakyo mony-
JIALAOHHO-KOJUPYIOLYI0 CXeMy HCIoJb3yoT. [Ipu
OLleHKe MpPONYyCKHOW CHOCOOGHOCTHM KaHajla BBepx
HeOo0X0/AMMO YYUTBIBATh BPEMSs, OTBOAMMOE Ha Iepe-
Jladyy npeaM6OyJ 3allpocoB Ha AOCTyN K ceTH. [Ipu 3a-
rpy3ke KaHaJja p = 0,7 1 pasMellleHUH OHOTO NaKeTa
B ogHoM PE moxHO nmepeznaBaTh Ao 500-600 oguHOY-
HBIX IAKETOB TpadHKa B CEKYHLY.

HadexcHocmb nepepaun B ceTsix NB-IoT obecneuu-
BaeTcH:

— HARQ c noBTOpHOI Nepefavyeill HENMPUHATHIX Ia-
KeTOB;

— MHOTOKpPAaTHOW Iepefaudeil coobuieHUN Tpaduka
Y CUTHa/IM3al1u.

3adepiicka B focTaBke TpadUKa onpesesseTcs:

— BeIGOpOM ¢opmaTa mnepefayd (MUHUMaJbHOE
BpeMs nepejayu 1 Mc;

— 33/lep>KKOM HayaJa nepejadu nocje Noay4yeHus
coobuieHus no kaHaay NPDCCH;

— 3arpysko# ceTH (0XHAAaHUEM B O4epe/n).

HeobxouMo TakXXe Y4YUTHIBATH 33JEPKKH, 00Y-
CJIOBJIEHHbIe NpoLeAypol 3anpocoB Ha goctyn UE k
CeTH YU NOAKJIIOUYEeHHS K HEH.

B [11] npuBoAUTCSA NPOTHO3 CTATUCTUKU COEJUHE-
Huil [oT B coToBbIX ceTsax U coeauHeHuit NB-IoT,
npeacraBiaeHHbld  Technology&Telecommunications
(pucyHok 10).
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Puc. 10. CraTHCTHKA cOeAMHEHUI 6eCIPOBOJHOr0 COTOBOTO
UHTEepHEeTa Bellei

3akJ/l0yeHue

TexHnonorusa NB-loT npepocraBiasier GoJibiune
BO3MOXHOCTHU JJI LIUPOKOIr'0 pa3BepTbIBaHUA CaMbIX
pasHbIX CTPYKTYp HMHTepHeTa Bellel. B HacTosee
BpeMs ceTH NB-IoT npoxoAsT cTafini0 UCIILITAHUN BO
MHOrux ctpaHax EBpomnbl (Bkiarovas Poccuio), H0ro-
BocTtouHoit Asuuy, B Kutae, ABctpanuu u CUIA, xoTa B
CIIIA omepaTopbl 60Jiee OPUEHTHPOBAHBI HA HCIOJIb-
3oBaHue TexHoJsioruu LTE-M c nosiocoit pafjokaHaJsia
B 1,4 MI'y. CorsacHo oTyeTy GSA k Hosi6pto 2017 r.
$UpMaMU-TPOU3BOAUTENAMU aNnapaTypbl BbINylle-
HbI 33 ycTpoiicTBa KaTeropuu NB1, o6ecnieunBaronux
nepefadyy JAaHHBIX €O ckopoctamMu ot 10 pmo 100
K6uT/C. B mporecce npoBOAMMBIX UCNIBITAHUM Omepa-
TOpPBI COBMECTHO C NpeJACTaBUTeNsIMU pUpM oTpaba-
TBHIBAIOT BakHellMe xapakTepucTuku KPI: ypoBHHU
NIOKPBITUSA TEPPUTOPUM, BKJIKOYad MPOHUKHOBEHHE
CUTHAJIOB B 3/1aHUf, JJOCTYNIHOCTb CeTel sl M0JIb30-
BaTeJiel, HaJleXKHOCTb Nepejayyd MHPopMaluu, mpo-
MYCKHYIO CIIOCOGHOCTb U 33/lepKKU. OTMEeTHM, YTO B
cpaBHeHUH c ceTaMu LTE-M npu To# e HOMMHa/Ib-
HOU MOINHOCTH TNepefaTINKOB TepMHUHaIOB (23; 20
ZABM) fonycTuMble noTepu Ha Tpaccax B ceTssx NB-IoT
BOo3pacTaloT Ha 84b. Beinyck annapaTypbl KaTeropuu
NB2 pacT BO3MOXXHOCTb YBEJMUYUTb CKOPOCTb Iepe-
Jlayd AaHHBIX BHU3 0 120 k6UT/C, 2 BBEPX — yBEJIHU-
4uThb 710 160 K6UT/C.

[JanbHeliee pa3Butue TexHosoruu NB-1oT npepn-
NoJlaraeT y>KeCToueHHe peXHMMa 35KOHOMHUU 3Hepruu,
B 4YaCTHOCTH, yBeJW4YeHUEe BpEMEHHU OTKJIOYeHUS
ycTpoicTB oT ceTH B pexxuMe DTX ¢ 2,56 cekyHz no
JleCATKOB MUHYT U yJJMHEHUe Nay3 NPU NpHeMe CUT-
HaJIoB NeN/KUHTa.
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B nesnoMm nepcnektuBbl pa3BuTusg ceted NB-IoT
HaNpsIMy10 CBsSI3aHbl C MOJEPHU3ALUEN CTPYKTYpP pa-
JUOIOCTYTIA PU nepexojie K ceTsam 5G. 3xeck npexe
BCETO CJeJlyeT yKa3aTb Ha MCIOJb30BaHHE MHOTIO-
CNOWHBIX CTPYKTYp (network slicing), nmo3Bosstomux
opraHvsoBbiBaTh AJs ceTed NB-IoT BepTHUKa/ibHbIe
CJIOM, B CBOIO O4Yepelb, pas/ieJleHHble Ha TOPU30H-
TaJibHble [JIs Pa3HbIX ONEpPaTOPOB, OpPraHU3aALUN U
OT/IeJIbHBIX TPy allapaTHbIX YCTPOUCTB (HalpuMep,

Cniucok HUCIO0JIb3yeMbIX HCTOYHUKOB

YCTPOMNCTB C IPyNIOBbIM BI30BOM — multicast service).
MHorocJ/iolHble CTPYKTYpPbl MO3BOJIAT YIIPOCTUTD -
pO CeTH, ONTHMU3UPYS HUCIOJIb30BAaHUE CETEBBIX pe-
cypcos. [loaBasieTcsa Takke MHGOpPMaLUA O CO3AaHUHU
BblJleJIEHHBIX U YacTHbIX ceTeid NB-IoT, paboTaromiux
KaK B JIMIIeH3UPOBAaHHBIX, TAK U B HeJIUI|eH3UPOBaH-
HbIX JMala3oHax cnekTpa aHajoruyHo cetsim LTE
MulteFire Alliance.
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Abstract: On the basis of LTE specifications (Releases 13-15) NB-IoT technology physical level channels and signals
are considered, including synchronization signals and preamble for random access procedure. Transport block
formats are presented, differences in downlink and uplink traffic channel structures are discussed. NB-IoT traffic
channel throughtput is estimatied.
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