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Abstract: The new Wi-Fi standard, named IEEE~802.11ah or Wi-Fi HaLow, is considered as a very promising technol-
ogy for the Internet of things (IoT), aiming to support large-scale IoT networks in an energy-efficient manner. It is mainly
to be used for 10T scenarios, such as smart homes, digital health care, connected cars, industrial process control, logistics &
asset management, smart cities, agriculture & environmental sensors, etc. An overview of the IEEE 802.11ah technology
and its recent development were provided. The key features were explored, demonstrating that IEEE 802.11ah is suitable
for its target use cases. Moreover, a comprehensive summary and analysis of the related work were conducted. Finally,

identifies several open research issues that need to be addressed to fully realize the vision of large-scale and low power

Vol.3 No.3
September 2019

Wi-Fi networks for the IoT were discussed.
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HaLow &4 T lli & #1069 W Fi 1 8 - 11 0 26
SRS bRE, BN AR AR A R
ZEIBE LA R A e By 2558 Y44 ). HaLow 763
FiAE4 IEEE 802.11 HAR LA EXMEE (PHY)
)= BRI AFES] (MAC, media access control)
BT TS, 75 PHY )2, AR 1448 IEEE
802.11 1 Jf] 2.4 GHz 1 5 GHz 4%, HaLow T.1F
E/NF 1 GHz (858, B Sub-GHz #illk, HA%E
WAL, oL nlis 1 km; BRERULN, 14
A A 150 kbit/s~346.666 Mbit/s; 2 HFrh gk A
DAE—204 KA a5 105 SCRFE ) R 28 DUR v B ek 11
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SRR, RTIFE M 4. e T 2 Fh &2y
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PN (AP) SCRFZIA 8 192 AN2eif; il T4

10045 T e AHLIR B0 W T 22 B85 U ) / v 5 3 A
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HaLow PHY JZ4k/K T IEEE 802.11ac 451,
FATHIE T 1 Ghz LUF B, oA ie i 5t
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H1, 1 MHz F1 2 MHz 25§V 3 KF, 4 MHz. 8 MHz
A1 16 MHz 4 7] #% . Wi-Fi HaLow S 1 FTR,
HIH T B K X R E (1) HaLow AE:, M
AILAE Y, WM AR S SR A Al gE,
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modulation and coding scheme), B MCS0~MCS9.
7Y | MHz {538 (A& 5 2 A m 54, HaLow
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KH BCC i, CRYRIBGAIZ G554 8 us ! QPsK 12 600 1300
RILIS, 7 ECH % BT MCS [0 R 7 » o s 0 1950
22 MACE 3 16-QAM 12 1200 2600
HaLow F1 MAC ZHEZIhRen 3 i, I 4 16-QAM 3/4 1800 3900
o, bR*REE S HaLow 5INIIFHLE], AR R%s 5 64-QAM 23 2400 5200
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FERARZS, AR B4 R i EFEALEIR A . RAW )
PIAPELRIR ARSI 4 B, 55 1 )8 T RAW




© 54 «

o M R

5k 5k
RAW
0 I BN, 1

—r Py YN
RS I RS iR AR
i, JETRAWA ALK
v v
WA e RS

T2, NETRAWSM

4 RAW [HFFIEERRA R

SYALIRTER 1, A 2 ANE T RAW 4041, A,
TR 1 AE RAW 2 HAME S — R BRARAS, e
FTJE ) RAW 23 2B 1 A% 28 — b IR IR
M58 2 A RAW 23 41AMif 26— Fh IR 2
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0 0 0 0 0 0
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2) TWT

h TS RURE S S K B B M 4 T RE, W
B LRAT {8 56 R IS B R H I E NARIRCIR 2
WAEA B ke ik 8B B 8>k . HaLow 5l AT
TWT, FvF AP & EET SR e iy (o], (AN [F) 28 ity
REREAEAN R I (] BRI T R IE B, X B[R] BE Rk
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R AR RIRIN ], JERRR T sa b o, KK
BT A e R FE
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i), AN 2 21 B A 2% 3 15 a5 DFER) H . B HaLow
2 4h, HJG KA IEEE 802.11ax bR g ths]
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WG R, EARIIH DU R R AI%, Dk, (BT
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AT IR BB R bR TN B, BR T

LG fEbs (545D 4F, HaLow i&5IN T Rifids.
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KEME R A TR RERE R, MEES—
AT “HESUF A B AR BRI
JUBHE MR bRIE RS E B A bk
ARAF RS S A D EARI 2T LA
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3 xR
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HAT, FEH P aA T HaLow 7=
IR . M 2019 4 1 T4, Wi-Fi - O 4RIt
T RYNELEREEINER, 2019 4E 8 A LA Wi-Fi Bt
Wash T HaLow AUFTFRI, TS RIE A .
FEER . R HEARFR AT GEBREHEA R
P BR AT L Il A w) RO SR 5AL S8 Wi-Fi {5 it
TR aSENZT)

AT T T R B IR A T AE A 0 R A
T EF XS HaLow MW A8, SILA ) OFDM
WO ZRAHLL, DHFERRIR T 10 £, HFSZREM 755~
928 MHz ) ISM #iB!" ", & Fra /A 7 Palma
Ceia SemiDesign (PCS) & T HaLow W &K%
A FEER ST, JERIT A HE — K HaLow
AU, 1ERILE RS Y™ e

AR K HaLow 5 7 4™ i NRC7292 >k [
f [ (1) 57 1) A 7 Newracom, T FH T+ 45 B HL 45 19 1
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A T 1o7 22 B2 R E 25 1Y) Methods2Business 2 i JT
KT HaLow H L&, GLHGI A) AL LS 5
M2B7011 FISZHF AP ) M2B7211. %2 ) vI-Ri#E
T ) AR AR Y AR M2B7 111, A7 T35 [ k45
(¥] Adapt-IP 5 &Rk EIE AT 7 5T FPGA
(") HaLow fi# ¥ J7 % Aegis-IP 802.11 ah, {175 MAC
FHEAT D fRe, SCRAR D)FE 0 A& 8815 s AR AP
FEC o A KR W 2R JE IR BT 81 A 7] Morse
Micro W HRI B 4FEHE H HaLow 5 7.
3.2 HaLow {FEZ

TEITSE M4 R G, — L8 B FF U2 LR
PR e B o VR0 ), R AR AT 0 L 2 AT P
T R R A BRIR SR A T AR AR AL T
A LA ) 2R GEAT A LA R nT A S 6 B B SR
ML TAERE L, 3G T2 AR LR R R, 2
AR 2k 7. HAT, SCKF HaLow /i ELIH
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MATLAB [¢] WLAN Toolbox ¥ #:%} HaLow [{J
PHY Z45 30, BFEE S WG/ R FEgmis.
R DA S A T A . OMNeT+H+72 — AN 9
). SCREZ Pl BEAL I TF IR P 25 17 B0°F- 65 .
Raeesi 2"/ OMNeT++ b 5281 7 HaLow [ FR 17
] B VDD Re R REAT T 05 s, (R AR AR I
RATE, Bk, Ry ZAEH .

NS-3 &N TP 5405 B 6, 324 7 3
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AT WIMAX %5 22 Bl FH 48 B U B, JF e
A 1 £ 75 200 CAT ISR IAT I Sl . T
NS-3 U5 HaLow 1 EL4% H LUAI I 22 T3 K%
FIHS R K22 e A R4 IDLab JF & 1%, S FF PHY
JZ K& MAC 2 Z M Dhfe, | 321G T4 % HaLow
(R T

HaLow 1/j FL#8 7 1) PHY JZZhREGEE: 1) R
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3B
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RIPEHIE H W T (. AHEEERM T, XA X OGHk
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