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ABSTRACT

Indoor positioning technology is being used in various application services due to the spread of smart devices. In
addition to precisely positioning the location, simultaneous positioning of multiple users has been raised as a new
problem. In addition, providing Internet services simultaneously with location measurement is essential for use in
various applications. This paper aims to solve both of these problems by designing and implementing an indoor

positioning system with the IEEE 802.11az standard

7l9l=

AUY9x] &9, IEEE 802.11az, Multiple access, QIE[Yl Au]A

.M 2 st7] st st BAl 7]so] AIStEl QITHI]
[EEE 802.11az EZES AlY 9Jx] =9o]= 9Jst
Qe A¥d, Ay dHERIUE, #WsdolA  wi-Fi B&E02 IEEE 802.1lax XS 27tog
o] &7 T HRw9 &Eo] MU o]RojX|L s}
Aol Tt AYHAIE B& st 59 ste IEEE 802.11ax %2 IEEE 802.1lac &< 7J
AL oS Fast wAPE =doh 22y, AUl Mst 7102 1024-QAM(Quadrature  Amplitude
ako x

Al &9 geol a2 AREAIA 214 R4 Modulation)e AFE-sHe] T e oolEl7} @71 Al
AU Z2 =55 AqH|AS Adsh] AT 7l 52 FEstn 160MHz AES £ o WS Alg
871 S 9 Agstel We4ES sl AZTh 2w

AY YA718E MU]AE Wi-Fi,  Bluetooth, £ 589 o|7] 93 OFDMAZS Algslc} =
UWB(Ultra Wide Band)@} #2 HAUYRl 59 7] 1w=82° OFDMA(Orthogonal Frequency Division
=g 7INeR oot YA SEMBIAS Al Multiple Access)S 0] 85t0] Th AFEALQ] Qx| 2
dote Ao o FEe ARl F9PF QFEL axztoz &9 & ®ut ohet Sl EY
glon] g ol thpo] ARGl MulAZ A au|Ag ABH WiFi 7|5 A 59 AlAs0]

FRE ZASELAL FHe2][3]).

2 o

* corresponding author

615



2022

Time Time
> —_— 5
Frequency Frequency
(Subcarriers) (Subcarriers)
v v
OFDM OFDMA
User 1 User2 User 3 | Userd|

1% 1. OFDMZ} OFDMAZS| H|olE M&

e =

OFDMAL OFDM CiAl" WX 7129 ofF A}
87} u7olch. OFDMi} OFDMA 25 H&E:
dlolelg ola] Jjo Ao WO o] AL
W9 B|ES FAAIUCH OFDMAL AP e Ruhémt
e st o Ao Zus ¥ oz Ade
Agelaich. A ARt At w7l FAlo|
ofe] gxlo] W& MEL 2 9k ol2id AL o}
2 gAYl YRIE EAlOl 59 bsE Ao
WU 2 12 OFDM}F OFDMAS] tloje] A

ES o 5
S whAl g Adgett)

. Wi-Fi 7|8t ALHIX] S22 A|AE M7

EEE 802.11az

Hel A
SIF A&
======

HELIZEHE

Xy
b

j

= 2. Wi-Fi Z18F 21X E9] AJAH 1}
MB|AT =

IEEE 802.11az 7]¥F AUzl &9 2 AMylA
AR Jat 33 29 2ok AYPEE AR
Ze9 j|oF A IEEE 802.11az E&S A|Yst=
AP(Access Point) 30§ o]4f = @stct. AuUjolA Af
o] 9)x|2 Al sh= ALEAHE APole] A2l
TOD(Time of Departure) 2} TOA(Time of Arrival)
S ol&sto] AstaL AP YRS 7Ntz AW
Zre ol A AYIRIS SR

Initiator?} Respond2 ® %= IEEE 802.11az9]
Station¥} APOJJA TOD+= Initiator’} Z] & Cfjo]HE
A& o 7]Esk 1 APt Respond2 R E] 5
92 4 AIXFE o]&sto] AASIH  Respondi
Initiator7} M53t HloJE]E fAlstes AIRE 22
Initiatoro| 7]l Ho]&]E A&5h= ARt 35 0|85t
of A4t

olsg+ HE+ 2 Fdo]| HolgE H+
o] A5 482 &0l 925 54, AFuaa
naxm gAZ HEPAA I

JE L= tlojEyo]
HE Jgtos o¢F

o rint

IEEE 802.11az %2 IEEE 802.1lax &S 7]
uto 2 =AY}, 0]71S OFDMA, 8x8 MU-MIMO,
BSS Color £9] 7|%& A|&3tt. OFDMAE th
o AREAMIA FAlol HlolgE &/p4lshe Aol
TV 838 MUMIMOE ALEAZE AEE 4 9)
£ 2EYe 7 ARSI} 7|E MUMIMOS] oF
A CEZEoE ABEE g YREOEEE
REoA ARES 4 QU7 =T BSS Colore ©]
% £ HEYFS] tdo= gl UAst= Al
=2

WiFi Z]UF AU 59 R AelA AA
Croet A #Sol FUlRA 287t 35
otk 12)1, AULE Byl Apx|o] sgoz
Sl ASAFSS QAU MAIZE 14 £
HU|AZ W PRtk B 8L 14
Ul Au|A=S 9lsf AotEl IEEE 802.11ax
2 &b IEEE 802.1laz &0z AR
o= wrh eI AU 5912 5
AUQIR] A 22 AE ®
£o] B QIEY Au|AE A
| 591 Alxgle HAstlc

El
=]

ol
-

L
ro

b
o o
L > dorE o @

N

o

oo

,.
o
=)
]
Ke)
L
©
ot = v

R
40 2 09 au o M ¥E O ki rlo

5
i
o
>

d

o] =
=

ball

References

[1] W. Sakpere, M. A. Oshin, and N. B. Mlitwa,
“A State-of-the-Art Survey of Indoor Positioning
and Navigation System and Technologies,” South
African Computer Journal, Vol. 29, No. 3, pp.
145-197, Dec. 2017.

[2] “IEEE Draft Standard for Information technology -
Part 11: Wireless LAN Medium Access Control
(MAC) and Physical Layer (PHY) Specifications
- Amendment 4: Enhancements for positioning,”
IEEE P802.11az/D4.0, pp. 1-282, October 2021.

[3] IEEE P802.11, TGax Channel Models, Sep. 2014.

616





