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Abstract

As one of the typical representatives of low-power wan (Low Power, Wide Area, LPWA) technology,
NB-IoT is with wide coverage, large capacity, low cost and other characteristics, which is now in its
trial commercial stage. At the same time, with the development of intelligent electric power in-
dustry, huge amounts of power equipment need the technique that accords with its characteristics
of the communication for information exchange and management. This paper first introduces the
advantage of NB-IoT technology when it was applied in the electric power industry. Furthermore,
the paper models and analyzes industry traffic requirement of specific power in the power indus-
try. Finally, by building the classic application scenario of countryside and dense urban area in the
electricity industry, the cover simulation analysis and network deployment scheme of the NB-IoT
has been given.
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1. 5|8

AT LA ot itk 2 ESOR R ik lk, BEE RS Sl R, BIFHKRH 3
WK, R E ) TR B AR SR M N KT R R RS, BRI 24, Ml A
Wiz, WULAUTERE . B SE AR IS B A MERR . S SREAE /T, HETT A BN R G B BRI
FIEETE1] [2]. SR RT 2G/3G HORCAAE /1l E RGh A8 T3], Fln: afEsdk. KM
Haitt. s il sk, H 4G SRS A BRI A[4] [5] [6], EEEHE LTI S5
S R, (St S IEEHOR Q2o 2 ik 55 2R R . BB N FK[7]. NB-IoT $AR
S Gig @ EE AN, RAREMB: mEH. KEE. RBAR. IRIFESE8] 9] [10]. FIL, BT
NB-IoT AL HLF7AT MV R N2 A A0 P 388 15 AR A Ji 31— € [ B AL SR EE SR, R A= i IR R B R 5 e
bS5 TR G, A NB-TIoT SR KIS T RS0, DLl e 2t fe 2 etz . APk,

eI 2L S5 T B 3R
2. NB-lIoT ZEEB AT B9 R LS

NB-IoT # 2015 £ 9 HTEHE =M A 1EIKFE(GPP) bt 4L 23 rb 37 I5$7 A — Felv g £ 4 15 i 8 3 45
LPWAN (Low-power Wide-Area Network, {RIIFE) M)A, &7 LTE k1) 5 4HA% 0 I (EPC) W 5 42
MR 3ER B, 5B SK B IRIDFE. RIERSER R, XA 4G M ZEM M H R AT 1 ik
FR3R — AR IC e 9 B AR H BT IRl 5 HORLE /i AT I RS O, 7545 & NB-ToT HIBORKY &
NB-IoT ${ AN T 4% Gl 5 1845 BOARAE B 47 b i) 2R AR 35 T

1) R &

HAl, %:T GSM/GPRS @G HARRIZEE H AP RAE AT D SEIL,  SRTAE SEBRA il oh A 3L,
HEESEGEAGRHX, BTZR TR R 2RI . 5004 5@ 5 BoR RS E
%4 180 KHz, {H NB-IoT fiARE B ATY R EERK . BV ERE X, i B MMriEsEeE S
2545 B AT LLEE S 22 (17 i v %, AHIE R S D% N1 PSD (Power Spectrum Density, D& %5 B7) 3 25
R flhn, 2 NB-IoT F 3.75 KHz S TE Tl 9 2K BRI, EARFEM R DI% T, NB-IoT H1)%
T T LA i Bl S BOR w48 %, BIJL PSD M43 17 dB. SUL[EES, NB-IoT 5| A\ #H B KIEM S
J5 s EAT RS 4R, TT DA S B HE 8 A 5  ( A  m SEE DL R R

2) fkIh#E

DOI: 10.12677/hjwc.2018.84022 190 o= ik}


https://doi.org/10.12677/hjwc.2018.84022
http://creativecommons.org/licenses/by/4.0/

I

TEWNIB ) 23t 5 K b it L, B KN IR] AR 5 R, NB-IoT £oREBR 7 RARESE, 85I T
PSM (Power Saving Mode, I {i&#i5)A1 eDRX (Enhanced Discontinuous Reception, 5% JEF4LME
P EAR), e LE 2 788 B b A F S D0 N T 10 4E DL B PSM HOR (15 2 i 78 AR MV 55 I TA) VR B2 AR
i, % NI78dE, HAETE TAU (Tracking Area Update, 1B X 580 % I 28 68 i) B3 20t =2 8 R 2
I} 283 A R L . eDRX ARG 28 3y R AEREAS eDRX A 3 P 11 3 W20 (8] B 1 (PTW) M W 3-PF A5
T8, AR TA] R FEARAR o

3) REE

NB-loT FEAR M KA & 22 tH T Dh 280 % i R B 7 a5 N S A A a2, DL BA T /N %
TERR BEAS/IN AR B T I BRIRIR 9% . kAk, NB-IoT {52 AE L S8 ARG K 7 HE &,
3GPPTR45.820 & X [ NB-IoT 155 A H, /NXEREAIE 10 EH.

4) A

W Z T NB-1oT R4 1E LTE Bk 1) 50 A% 0 W (EPC) ) J: il _EARAKTI >R, B DA AT B3
ET 2GAG/AG M2k, WA RISSMREA LERE - . Ah,  BhBUR RIS DL R R b B 53 % 52 )
1, =B HIBEK T NB-IoT & F A, Bk, PRIEE K NB-IoT 7K 7118 W AR /N T H e
AR, NB-IoT &5 LTE Re 12 RW 1 fioR.

FER AT, BT R RN S — M 7 B A I I R RURME . Aomm B e R RER
PESERR RLAL, XN EEY S E SRR . KA =R Aumsiae 0 T It T R K
Rk, 7 SELF 2 FIRESR, NB-loT Br B A VU KRR e UL Sild 5 1845 BORLE AT Wb b fe 45 2 5
TR H -

3. B FHT RS

AT, B AT S R R, 5 1) H ) 2 1 £ T AR A AT B0 B AN (R ) BRI
M55 5 SRAR . AR A e . AR H L JC HL AN FEEA T o6 NB-ToT 1315 7 SR IEAT EA 74T
3.1. A FHER I

o PR 55 S A7 p R 5 YR RO FL R AR B ) EE IR, PR DR S e W O E I 55T R
AT L BRG0P AR B R Ok B B iy, SEIUN i 2R IR S R BRI B i % . el
LI RGN FEN S G LG5 RN, BOKE RN, SRR, B EESEES. K, BB
PRATUE NP 55 2 2R 52 i 4%, ol SRS Pt o ORI BAT A 58 o B B/ AR AT DU b 25 A1 1)
iy BNV Z5 By o BATAT SRS, IF HoR R R, AN FE SRR S 2

Table 1. A list of differences between NB-IoT and LTE
% 1.NB-IoT 5 LTE §§ hERE

HoR NB-IoT LTE

ok MCL = 164 dB MCL = 142.7 dB

Zh >5 JilZhX 1200//1NX.

e 64 Kbps/28 Kbps 47/ FAT 50 Mbps/100 Mbps _F4T/ 47
Ti#E 100 4 /

FRA <5 &I 30 %0

i 4 Z110s /T 100 ms
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PAZE 5 °F 4209 5 Km BI/NBONG, i 42 B8 fAREE D9 500 m, SNEIIXA, JEiHA 20 AMRSER, B
AN/ A i P B ) T A RS T RO 2000 ANE S RATARA 20 il TR A AR IR (R 25 SEi L
W) IR EATHAEARRARE, R IR EAT AT UG8 S A AR IR — P AR
IS . WAZ/N X AT 58 T SR Z0 08 40 Mbps,  FATAT 5875 KU 0.1 Mbps, 11 5 2 B FS /AL
ML 55, Az /NX R EAT 58 /5 KA KT 40 Kbps,  TATH7 875 5K 9 0.01 Mbps.

AR b i F I S5 AR R 1R 0 A DA 25 NB-ToT BORIHEE, 5 R e v ll 55— e LB A 1k Bl
NE, BRI D 55 1 ) Al 55568 33 2 BORAR,  HOGH I SEARARURK, LI AL o (Kl k, NB-ToT
BORTE A 7R B L 55 v B BRI TU Mb 55 1) A e L 55

3.2. TRISFHFERSHT

AR F R R 20 ez PR B A A ) e R AT B R AL B, DU B A ) R B R FR . AR L)
TEAE L S5 G AR f i W IS BI85 . AR s B A i g AT i 28k 45, DL A
ML 55 =R BARIE, P N Is AT RS S T I A Y 5% . sl 55 . gk iRy
FEEENEEN 5 .

PLBAANAS B AP, i A I R i (B A AN B B B o o 10 A S, TAEEREALANEON 5, B
A (o P M ) B PR SR ARV 55 BT o5 7 5 0.4 Mibps, 5RL[1] 6% P 65 7% 90 15 4 PR DA% 7 A A B 55
7 98 0.1 Mbps, Vi H B0 55 BT 75 15 55 208 2 Mbps, S4B 5L 45 BT 7 /5 584 0.1 Mbps, 1]
FERAAR ) EATAT SRR SR L9 7 Mbps. BEEIN BUE LT, WEEHE B, A R ) B AT 5
#2RZ1°4 10 Mbps.

I BRI EEEAT, A HE S RS RIE AT S5 v G 2l 55 DA R4 B R
FE, FATNGR RIS KA, AR BE I DY S5 T #R S e 4%, AR T FH NB-TIoT HEARZK#
AT S5 T R FE B 55 R I I R B R, BOIE R T REOR . B JEE] NB-ToT HA KX I 1E
RBURR. R, BATI S, NB-IoT HiARANE A RAKB A5 .

3.3. ECrRMLSSHITER ST

e FiL A P ) 2R 4 PP A R R IR AR B S LA S5 P R I ) AP 20 TC L RE R BE A . I i K 2
BATAES AL, I, TC R IE (S RGE 2 I F Sl A 2 o B R A b, 7800 25 8 R R A R )5
BN, Mk S r e SRR Hoh, BeA Y 55 ERSLHUIT s . AR AR AR Lk
SRS BARESTER.

PABRLAS — AR i (RO IE FELZR B ] . 1 JREAR H bt 32 SR AR, ORI HRLZR R T Pk 2 R, BRI
M8 PR, ARG 30 B, FEEITOR 15 &, T EARISES 50 &, A AR ml 18 I OB S R
NN 32 M 16, FARMENE BFEN 2 7R ELRE, S MEGFELEFE 1 AT, BEERHE
5ANEAT, FAHER 4T, BRI EEE RS 3P AR &E, SGESERAH A
AR Rl FRTC R B AL 5575 SR EE 209 800 kbps i, R AT I IV 55 F 5 7 96 4 100 kbps 24, 7>
A1 2 L ) b 55 i 7 i 98 204 20 Kbps A A o 17 G HEL M FAE AT b 55 4T 0 BE SR BC HL R 2 N IF T IT %
&, BTG TEE LSS AR, THEAS AR 2R BC LA B 200N 4.5 Mbps.

454G LRBCHNE S AL AT, BCHIEE L S B AR AR E, JCHOR A RIS AT L 55 R AL
TEE ML AR, W IEE AR T ORAEL S, 1 E WL 55 5 I B 55 X I R U . I, ZREHEE
NB-IoT A XS N AEAICAUR . G A BRI, NB-ToT HARANE & F R AR SAC H 55
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3.4. FARASSHIER S

FHHL R A ) W 2 T B T gk, ) R A P it e ot B A IR S5 I B A . R4 B AE
RGReH MM = H o A S K, SEmscB NS Eg), HEah & P i ey R, |
AT HLEEARIL % EE A BhdbR, GaEl. HBEER &M ILE%.

PA—/NE 62420 500 m, 3 R B I BORZ) 2000 77, pE ML ERECEE 200 7 22 A SR T /N X
Jfle S BAT BT RN 5.7 Mbps 245, FATHT 54 0.3 Mbps Ay, o F R AO 55 i B A L35
M5 BRI R RS 0 F RS A SAHAE I,  F (S8 T4 0.5 Mbps; 1 F HLf5 B Al 5 kA0
W5 B R 2 BT 5 ol 251X 5 it & 60 Kbps /i 45

WA 13 FH RO 55 TR ASE 3 B, T EL B (1 B 3@ 5 )l 25 0 SE i PR R BRI AN i, BRI AT 2l 2%
Ab, fBRIBEHEFEA S, Hk, HEFH] NB-ToT ARG E 55 1 E R BUE 0 H AR, NB-IoT
FRIE S KRR BE R B S R AL DR 2 a8 % .

ZEy RN DR S5 AT, k45 B A BORIUEC @ R I35 2 TR,

4. NB-loT 7EFHB M A Fo 2k 4% B = L RIFA 5

bR 00k S B VE AR AT, i e 55 o Y 555 R 55 v 0 LA SR A S5 AR IS
SRR R T RAC AR EOR . Bk, Oy 7 #E—B R NB-IoT BOARNS ik Pl 55 4 38 i vl gt ,
ARG ) S Al AR AR B I X A S R (Y 5 P 3 AT O A

4.1. R¥FMXAIHZFEKRKE NB-IoT & 54T

AN HBIGERARAT, iy LR 75 ) 52 BB SE A B R A (500, AN 1 X e R 73 Al 2
AL, BRI, i R F 2 it 5 ) LA R SRR A AR T AT ML R B T AR P ARG . R 3
28 T ARORT b DX i P B AU 95 5 LA SRR S5 AR RS T Bk 5 9 oK

Table 2. A matching table of electric power business and communication technology

2. BOMSSBERARLER

NZ:E =i BEHARIT
PG L 5% TD-LTE # SDH/MSTP
Wi B 4GSR s 00 M 55 S i e b 45 NB-IoT
A el 55 S HL 5% TD-LTE 80 L4 (s
F R B AW S R AL 55 AR 2 B S ol 5% NB-IoT
HeHalks TD-LTE ¥ SDH/MSTP

Table 3. Bandwidth requirements in a rural area

& 3. R ZHFEER

NZ s i EL LR R M (i A 55 FH A5 R4 it
A7k 5% 5 (kbps) 40 0.02 /
NAT 457 FE (Kbps) 10 0 /

b 555 1 BE2H 1000 A/ /
AT B ST (kbps) 40 20 60
FATHE 8 BT (kbps) 10 0 10
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B2 3 nJRLUE W SR SRR s 2k % e DI 2% 55 F s EoR ARk 55, PR AT B S A
60 Kbps 47, FATHTRR S5 10 Kbps /247 454 NB-ToT F AR KIE(EHE X% (&, NB-ToT HiARAERK
U 58 O H IR AR T SR SR

DAREAR AT MU X A5, % RE AN, X I 900 MHz AR N RO S50, Wik 1 M 4 s, HEH
XI5 M 015 535K F—105 dBm (IEAIA ST 100 Km?, RSB N TD-LTE FE 35678 #% 76 K 30 Km®
Fidi. HARSEN OEESIEIR, 1000 FURFER i 20 Km® 247, [Hith, NB-IoT BiARMN 7 3 K6k
AEAR L R0 2 AT b IX P38 15 75 2K

4.2. BEHXIWEZFERE NB-IoT EEF 54

TR D A derf, O AR UMK Sk X BRI ZE TR A R EOR AN R, TR, AR mIX
R A E . RaEtE . B UESR I T I ESR . BB 1~2 Km SRR, XA A7 72
3000 J7 Zc A E AT RRT P, ARG RE i 2 B I 5 P LA B R BRSSO LR, 6 5 4 il T AR
DXl 5577 BE 7 3K o

Coverage by Signal Level 0
M Best Signal Level (dBm) >=—70

™ Best Signal Level (dBm) >=—75
Best Signal Level (dBm) >=—80
[ Best Signal Level (dBm) >= -85
[ Best Signal Level (dBm) >=—-90
[ Best Signal Level (dBm) >=—95
M Best Signal Level (dBm)>=—100
Il Best Signal Level (dBm)>=—-105

Figure 1. Cellular coverage overlay in a rural area

1. RRMMXESHEEEE

Table 4. Cellular coverage in a rural area

4. RRMMXESHEESER

Name Surface (km?) % of Covered Area
Signal Level (dBm) >=—70 25.166 25.729
Signal Level (dBm) >=-75 41.429 42.355
Signal Level (dBm) >=—80 65.531 66.997
Signal Level (dBm) >=—85 80.517 82.318
Signal Level (dBm) >=—90 85.025 86.926
Signal Level (dBm) >=—95 88.932 90.921
Signal Level (dBm) >=—-100 92.797 94.875
Signal Level (dBm) >=—105 97.812 100.000
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Table 5. Bandwidth requirements in a urban area

=5 BEBXWSHEFR

NZ s o L LR M T (AR 5% ) EREI SIS st
A7 557 e (kbps) 40 0.02 /
FAT ML 457 FE (kbps) 10 0 /

b 55 f H 1 #E4H 3000
A7 BE T (kbps) 40 60 100
AT 5 T (kbps) 10 0 10

WA S T LA H A1 1 — B 220 S o 4 0 5 A e £ SR Sl 5 9T 7 085 959 100 Kps 7244
T NB-ToT RUMELIES, (5% FE S04 b 2R 0 5 P ol (3 SR S5 0 R ATk 5, T DAt
2 TR SR 8 AR 3 R MR 0 1, AT 75 NB-1oT 718 Al ARLAC A0 A 5 B 0 X A B4 e i
N

S HEIR X 015 5 R AT 48, 76 900 MHz MEL T H M HEu R (kT —105 dBm [ 696l A
42 Bk, MR A DU G0 H R 3000 P SEIK I M2 10 Km? /A7, 834 6 WILLES), HE
3R 10 Km? LU 1S B30Ik T—75 dBm, BELIEE, NB-ToT B2 A B AR I F39 A2 5 S0 X 1052 B 26 B 1

43. WEHFR

43.1. B®gAR

NB-IoT MW7 R4 A . 2T GSM @ UL KT TD-LTE F+4%, i % 7.

IR 7 XS, HE T GSM TR ¥ NB-ToT 225201 GSM [ 45 14 B, DRtk 2 WOR H #8 NB-TIoT
Feuh e BT TD-LTE 2477 i 1 NB-IoT M4 .

4.3.2. SEHEERE

R F] 900 MHz A B (1) 78 5 AE 7138 T 1800 MHz, H.HL 7% 4% 0 3845 (1078 o ZE R ey, AL 3% 900
MHz. ZfiEMESTH, £ 900 MHz S, NB-ToT 7E %430 X i K78 500 2 205 TD-LTE 1 3 52 44,
RN e K7 5 BE B 4092 TD-LTE H 5 fi5. [AIA TD-LTE 36 s 3 (8] PRt /N T TD-LTE f 5 K78 55 P
B, R N R AN A X G 5 ELAFI ) TD-LTE 3k 55 30 8 NB-ToT Bl RJ A 78 76 ok . % 18 3% 2235,
X H B A A BER A, BRI TE R AW XA FHILA TD-LTE ubik i) 40% K SEIK X () NB-IoT 7
7, SEERA X A HIA TD-LTE Bk 20%K 2 NB-1oT, J& ek X 7] DR 35 B A4 B 7)0lb 55 75
KRAIFHRBE NB-1oT stk .

4.3.3. T EIRFEYIKMER R

AR H 770l 28 R 2 BRI, TSR HEA R BRI R T 560 W TR ZECKT 1 Mbps). SERS
PR R A R 4500 55 SR FE B s Ak 5555, mT DS IA (1) TD-LTE o 28 $i A vy 1 26 1 2500 i 55
X TSR CKT 60 kbps H/NT 1 Mbps)Mk 55, BT LME X I TD-LTE M4 34T 8201 eMTC
(enhanced Machine-Type Communication, I 5EHIAFISEEIMNLS, eMTC FARIEL L IR EL. FAK 755
FARTRMIREE S8 T): XN TRE RN T 60 kbps) IS, W RePERSE, 7T LLA NB-ToT HARKE .

5. &5ERIE

ASCEILIRN 7T NB-ToT $ORBIHREES B AT WA AR AT AOME 551 58 55K, B NB-IoT $oRfE
AR P AR R 047 b R i L 2 e U 55 (BRI PR S M s A0y 5 P R B R AR ML 55, JRAE IR
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Coverage by Signal Level 0
I Best Signal Level (dBm) >=—70

[ Best Signal Level (dBm) >=—75
Best Signal Level (dBm) >=—80

[ Best Signal Level (dBm) >=—85
I Best Signal Level (dBm) >=—90
7] Best Signal Level (dBm) >=—95
I Best Signal Level (dBm)>=—100
Ml Best Signal Level (dBm)>=—105

Figure 2. Cellular coverage in a dense urban area

2. RESBXESITEEER

Table 6. Cellular coverage in a dense urban area

* 6. REFHXESIHEESRR

Name Surface (km?) % of Covered Area
Signal Level (dBm) >=—70 8.76 24.396
Signal Level (dBm) >=—75 14.93 41.587
Signal Level (dBm) >= —80 23.92 66.629
Signal Level (dBm) >= —85 29.98 83.499
Signal Level (dBm) >=—90 34.05 94.689
Signal Level (dBm) >=—95 35.44 98.705
Signal Level (dBm) >=—100 35.76 99.588
Signal Level (dBm) >= —105 35.91 100.000
Table 7. Comparison among different NB-IoT construction schemes
% 7. NB-IoT AR5 RELE
Wi NB-loT GSM F+4 TD-LTE #%
e XA GSM WJ%?}Z”F@/J\ TR, Eﬂ%ﬁ% 7:252 PARH X GSM M%Eﬁﬂ[ﬁ]ﬂ\, Hurelp
2% P RE R L BRI 22 B0 e o5 B4 TD-LTE #4-fiifF
NB-IoT HIfLAb 25200 GSM [ 1145
E BRI, BATisor  rhie, AIIM& X NB-IoT £ R B B R R

BFFREIA R

32 NB-IoT $AR A& LS I E TR

SRR T, RENS I LK NB-ToT BRI 2 2 H AT Mk A 2 MG MR R, AT HE 24T Lk
FRAHSGEM., FRibZAh, XA FEERE ERK LS5, NB-IoT $iAR 5 LB EHARA M 2™
AR PE R A, LU L NB-ToT SR AR E 2 8 5 it )l 55452 R R i WF T 7 o
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EYL, B, ROR, RARH, S AL I RGN A ]. mAEEEAR, 2012, 38(5):
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WL, PUBE, MO, 5 MRS ERE RGN HBUIK &K REH). I RG A, 2014, 38Q2):
131-135.
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