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IEEE802 LAN/MAN E=

= [EEE802.11: Wireless Local Area Network(WLAN)
= |IEEE802.15: Wireless Personal Area Network(WPAN)
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WLAN: Wireless Local Area Network
WPAN: Wireless Personal Area Network
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- IEEE802.11 WLAN £2 EZ=
= us

IEEE802.11a

IEEE802.11b

IEEE802.119g

IEEE802.11n

IEEE802.11ad

IEEE802.11af

IEEE802.11ah

5GHz CH0A 54Mbps HI0|E] H& S MIE

5t 2.4GHz e CHH] ZHMO| =T 11b0j| H3H =2 MASE

{201 Ful+= 2Ist ZOfZ0| B2 A0 AM= MH|A HH0| FO0IHE
F=0]| Me|=l DSSSHAIE AIES5H01 11Mbps MESEE MIS
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Wi-Fi 7|=

- IEEES02.11 22|AI= E= J|HI22 Wi-Fi Alliance0jiM M3 2 Z=H0s
et 2712 FMSA J|=

T = O L

- AR E XME S3et X490l Exlst= Xl 5
TM5 F= 71E2 AP(Access Point) & Salf 21E{1l0]| H&
- CIE 2712| FU S0 Hlsl E & =5 IiI-Z';%LT'_, E}%’?_* HEF0| EXH5104
Ciot S S X 5= 210 AIES2EY

| S w——t

1“""6 ‘ C
| ——— Q‘LIA'&C’Q LIAN
_I [ Wi-Fi Alliance Logo ] @
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= Wi-Fi o1&
- Infrastructure Mode
- Ad-hoc Mode

( 2.4a¢ ISM CHH2| 2H'd S )
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= |[EEE802.15 &&= WPAN 7|=

Task Group Status Contents of the Draft

802.15.1 Done (2002) The lower transport layers of the Bluetooth wireless technology (short range RF-based connectivity)

802.15.2 Done (2003) Coexistence of WPAN with other wireless devices operating in unlicensed frequency band

802.15.3 Done (2004) High rate WPAN for 20Mbps or greater

802.15.3a Withdrawn (2007) | UWB PHY for high data rate

802.15.3b Done (2007) IEEE 802.15.3 MAC enhancement to improve implementation and interoperability of the MAC

802.15.3c Done (2009) Millimeter-wave-based alternative PHY for IEEE 802.15.3

802.15.4 Done (2003) Low rate WPAN with multi-month to multi-year battery life and very low complexity

802.15.4a Done (2007) Alternative PHY for providing communications and high precision ranging/location capability

802.15.4b Done (2007) Enhancements and clarifications to the IEEE 802.15.4-2003 standard

802.15.4c Done (2009) IEEE 802.15.4-2006 and 802.15.4a-2007PHY amendment to address the Chinese regulatory changes
802.15.4d Done (2009) PHY/MAC to support a new frequency allocation (950-956MHz )in Japan

802.15.4e Done (2012) MAC amendment to the 802.15.4-2006 for better support the industrial market and compatibility
802.15.4f Done (2012) Low cost, low energy consumption and reliable communications for active RFID and sensor applications
802.15.4g Done(2012) PHY/MAC for large scale process control applications such as Smart Utility Networks (SUN)

802.15.4j Done(2013) PHY for IEEE 802.15.4 in the 2360 to 2400MHz band which complies with FCC MBAN rule

802.15.4k Done(2013) PHY/MAC for point to multi-thousands of points communications for critical infrastructure monitoring networks
802.15.4m Done(2014) 40Kbps~2Mbps PHY/MAC for command & control applications using TV white space

802.15.4n Going PHY for IEEE 802.15.4 utilizing the approved 174-216Mhz, 407-425MHz and 608-630MHz medical bands in China
802.15.4q Going The desired peak power consumption for the PHY should be typically less than 15 mW.

802.15.4p Done(2014) PHY/MAC for Sensor, control and information transfer applications specific to rail and rail transit

802.15.5 Done(2009) Mesh networking for WPAN (full mesh topology or partial mesh topology)

802.15.6 Done(2011) PHY/MAC for Low power devices and operation on, in or around the human body

802.15.7 Done(2011) PHY/MAC for optical wireless communications using visible light (audio/video multimedia service)

802.15.8 Going PHY/MAC optimized for P2P and infrastructureless communications with fully distributed coordination

802.15.9 Going Key management protocols for 802.15.4 and 802.15.7

802.15.10 Going Layer 2 Routing of Dynamically Changing 802.15.4 Mesh Networks

e
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= Bluetooth 7|= 712

- |IEEE802.15.1 EES 7|HICE 2.4GHz ISM CHH S AIESI= REMEM 7|2
19944 |2IE=(ERICSSON)OIA] 7)ut
- Bluetooth SIG 0j|A{ C}2fst S& =2 uj! JH&t
> 72 712|0|AM TIOE{L} SM, HA S= 1w glet [ AlZSl= M 7|=2 X9
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/

=2 S A(Bluetooth)2| X )
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= Bluetooth Low Energy(BLE) 7|&

- SHL! CIH}O|A A|RS| MFOE KX .
2 My|e| 277t SSE0 [mat 20124 A
BT4.0LE ZAIEI0| AHELIE{N0 ALS Alt o

g @ P
- BLE 88 7|5 =
BLE | ® 70
> Coin Cell Battery(630mA) Al22S SH# & m@-«-»
© Blustooth =L 2
MHHE 2o E{X HiAl AL ueto = = ar =
9 'I = TOH GFSK J I' —— ugom%w
> £AIFE 10~20dBm & i e s T,
dopie M E S
-4 %Al_lj'lal 10~30m & e Ve Beos Tp Dgeus
217)
> 3 Advertising CH. 37 Data CH. & " § o QT
~ - 0 4 @ Y 3
> AH| & 0.01~0.5W 'E; :”! = m%%“m
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= Bluetooth Beacon 7|=
- Beacon 7|=2 §3 SE2| S &
- Bluetooth 4.02| BLE 7|= =¢l2
- Bluetooth Module &gt & MHE
- Bluetooth Beacon && Alg|
> 0jE “iBeacon”
> = “Nearby”
> H0|Z “PayPal Beacon”
> SKZ2i%l “Syrup Beacon”

2> SK 8&|F “Wizturn”
> FIUIA|AEIX “Infavor” [ 0i= iBeacon EfXl 10S7 7]7] ] [ Syrup Beacon A{H|A ]

— ] —
Xl =X https://www.youtube.com/watch?v=Pppv9ibzPY0 @
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= ZigBee 7|= i C/) LigBee

- 41 M H H 0] 20FIM ALZEl= WPANZS| CHEY | =

- IEEE802.15.4: PHY & MAC A& &A2|/ZigBee Alliance: HIES3 & APS S &2

- MEEAR, AL FHo| MUY, B2 UESA =29 =8, H|uX Zithslt ZEEZE X
- Z2 10T FMUSH |2 8| =& (SL7iE| & SEET

o = =i

e e

B A DSSS/Q-QPSK i
A8 FT4 2400~ 2483 SMHz ]
Z L &= 250Kbps
£ € (Chip rate) 2000Kchips/s
ZIt &3 ot 10dBm Zighas WK
N =4 EE -94dBm SMAC su;ié.a;
M = 16
ME 23 5MHz PHY Layer PHY Laye PHY Layer
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security
HVAC
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lighting control
access control P auu.w::m Zlg B ee E(L:Eog%m:s
Wireless Control that
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patient (=] .
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HEALTH CARE PERIPHERALS
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process m-commerce HVAC
control info services lighting control
environmental object interaction access control
energy mgt {Internet of Things) urigation

£X: ZigBee Alliance
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& WPAN 7|=2| &

- ZigBee PHY/MAC SHId &

28X 28
C HEHIO 0 S

c SUAHE H BEEREY "’*NI
P ZBOHE /A0 ATt SUSE X0t

- M ES WPAN D& F AIE
©1Km 0] &9 S241Hd
: SSXFH0A 22 A=E SU
: &N

S

7|1& AU ERIT: ZigBee (IEEE 802.15.4) PHY/MAC
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IEEE 802.2
IEEE 802.15.4 LLC 'uc_m,l
IEEE $02.15.4 MAC l
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= SUN7|= 7l

= M|, =&, JIAQ 22 |FELEI9 =Xl U E /St FM UERHA
= SECE AIAXIQL AL X} 210] HY 3= WX HIE E24 X 4 =2 SE 9| MH|A I3
= SUN(Smart Utilitu Network) = NAN(Neighborhood Area Network) + HAN(Home Area Network)
= QEZIE| MHIA AIXI SAICZ |EEES02.15.490ilA] SUN SMSA BE HIA

T LS L IO d™

IEEE802.15,4g
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= MR-FSK SUN 7|=
- Mandatory IO|E] & ES/CHH=: 2F F1aul4 [)jod8d 4.8~50Kbps/12.5~200KHz

- Fizisk M e

E=(Data Whitening, Channel Code, Interleaver)2 MEHA|SIOZ

- 2L RFID/USN F=1}4x(917.5~923MHz2)

450-470

470-510
(China)

863-870
(Europe)

202-928
(ISM)
2400-2483.5
(Worldwide)

896-901

901-902

928-960
1427-1518

Data rate (kb/s)
Modulation

Channel spacing
(kH=)

Data rate (kb/s)
Modulation

Channel spacing
(kH=)

Data rate (kb/s)
Modulation

Channel spacing
(kH=zZ)

Data rate (kb/s)
Modulation

Channel spacing
(kHzx)

Data rate (Kb/s)
Modulation

Channel spacing
(kH=)

Operating
4.8
Filtered 2FSK

12.5

S50
Filtered 2ZFSK

200

50
Filtered 2FSK

200

50
Filtered 2FSK

200

10
Filtered 2FSK

25

Operating

mode #1
9.6
Filtered 4AFSK

12.5

100
Filtered 2ZFSK

400

100
Filtered 2FSK

400

150
Filtered 2FSK

400

20
Filtered 2FSK

25

Operating
mode #1
200

Filtered 4FSK

400

200
Filtered 4FSK

400

200
Filtered 2FSK

400

40
Filtered 2FSK

25

ars
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Wi-SUN 7|=
- IEEE802.15.4g S2|AIZ EE 7|4I22 Wi-SUN Alliance®lM XX &
Z2uld s Elje Z272| FUSL J|=

- Japan, Singapore, Europe, India X|210j| X|&
- ®ZH 11071 o &te| 2|2 Al 71

=2
S

010

| it et e S i | oty I
I ! | 1 PHY profile discussed in PHY technical
\ : : : 1 (— WG in Technical Steering Committee
\ ECHO | ! : , '
I ) ] MAC profile discussed in MAC technical
: NET | ot : poet, B G Technical Steering Commitee
I
ALL'ANCE IJUTA I ' I UFproﬁlediswssedininterfaoetechnical
| | J 1 sub-comittee. “PI" means profile
Advancing seamless connectivity I g e e e e e =) “interface.” For example, Pl1 will be
: UDP/TCP I defined JUTA interface group
_____________ |
1
: PI2 IPv4 IPv6 I
. . ! 6LoWPAN !
[ Wi-SUN Alliance Logo ] Lam- '

IEEE 802.15.4/e ANSI 4957.200

IEEE 802.15.4g

Z}&: Wi-SUN™ Alliance © 2016

https://www.youtube.com/watch?v=B_dfHB5kVro#action=share [ Wi-SUN Certification Scope ]
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= LECIM 7|=
- |EEE802.15.4k = (Low Energy Critical Infrastructure Monitoring)
- 4 Km2| MH|A 8 U X[5} - 29 XI0llA{e] FM BLIEY 2F A S
- gdobst BM SAMLl SA ZX 2R XM - XIS S0 BEsls FMI|S 2R

Band identifier Fre“‘;iﬁ‘;)‘"ange Ba(nkdl_‘;:)dm Modulation agig;‘;
o A AHz) kHz) ls/s)
HEE QUHE M IS HA oo HA RART 25 FOR/GRSR/ 25
> 169 169.400-169.475 = AR —
= . :
[IEEE 802.15.4KLECIM B =D18H H M2W/1oT MHIA 5 375 = i ar5
433 433.050-434.790 25 D b 25
12.5 12.5
37.5 37.5
470 470-510 25 FSK/GRSE/ 25
P-FSE/P-GFSK
12.5 12.5
37.5 37.5
780 779787 25 FSK/GRSE/ 25
P-FSE/P-GFSK
12.5 12.5
37.5 37.5
863 863-870 25 LRI 25
P-FSE/P-GFSK
12.5 12.5
37.5 37.5
915 902-928 25 IERTETRT 25
P-FSE/P-GFSK
12.5 12.5
37.5 37.5
922 915-928 25 RS 25
P-FSE/P-GFSK
12.5 12.5
37.5 37.5
917 917.1-923.5 25 Ty 25
AL P-FSE/P-GFSK
12.5 12.5
37.5 37.5
920 920-928 25 FER/GFSE/ 25
12.5 P 12.5
% 921-928 375 FSK/GFSE/ e
; .W' Iﬂlw Crtal Infrastructure Mantonng 9z1 37.5 12255 P-FSE/P-GFSK 12255
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= TVWS(TV White Space) 7i

- TV &80 HTE FHACIANM AIAHOE AR 9 Ch
> I LH: 470~698MHz LY (CH14~51, i{EdS 6MHz CHHX)0| TVWS =2220]] SHE
> FMOjo|32} CATV S0| 27

- HMIEN 248 Y2 FHOY

> H2 U 7H HIBSE Y2 MHIA HH2|X| T8 THs

CH2 4 5 6 7 13 14 51

TV DTV H| DTV | DTV H| DTV
DMB DMEB
2Mot0|3 FHools
CATV CATV CATV CATV CATV

54 72 76 88 174 216 470 698MHz

[ =W TV HS S+ &3
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Hg s Ry

IEEE 80222 S IEEE 802.11af

“WRAN 2191 TUWS WLAN
S _Coexistence e

@ Broadband wireless access *WLAN Coverage =%
@ Typical ~30Km (Rural area) QTUWSO] Z8X A2 &3 @ 802.11-2007 7|4t

o o LI TVWS AHIA BE

g !
i hh " bl b gfk\ h_ld\ﬁ
= / o T SRRt e ¥ oy B
W,
i

Y. —1i &> = a Ny
: R

Wisliss

TVWS conerage

tecarvws [T W) Lacurove T d o -
7 " smasnsnee TS lirk
- /

[ L e | \ /

3 A- & ) - 7 i ¢ % S b '.' e WLAN A1k
‘e —4
& 2 N = S .'ﬁ(' e G2 ik
..
P \ =N
lediidal TV chane| e
e

S TV eaneauae | | Shacd Ty ctunnmue
by of By
is b lad

*Source: IEEE802.11-05-0109/r1 *Source: IEEE802.19-10-0053 *Source: IEEE802.11-10-0263/r3
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- TVWS WPAN 7|& 7l
- |EEE802.15.4m &=
- TV WARoR St FNILNAM XIHHOR AR 91 e
- MIEN 248 Y2 FHS0I

Parameter FSK PHY ‘ Optional mode
Description Mandatory mode (4 times over-clock
® DataRate ﬂ], 100. 200, Bl]ﬂ,dﬂﬂ KI‘."B ‘ mode)
Nominal bandwidth 1064.5 4258
SUN £} 16-bit SFD Sequence, (kHz)
* SFD Sequence Reliability enhancing 24-bitSFD Channel spacing (kHz) 1250 4*1250
Seguence Subcarrier spacing (kHz) 1250/128 4*1250/128
Eﬂ-ﬁ-xl DFT Size 128 128
L R Lence = - . Number of pilot tones 8 8
L Parity 2! Ranging Bit 7} P
Number of data tones 100 100
* Reliability Features | Optional BPSK ¥; rate (kbps) 390.625: MCS0 1562.5: MCS3 Mode
= = Mode
- Whitening SUNFSK PHY 54]
= QPSK ¥ rate (kbps) 781.250: MCS1 3125: MCS4 Mode
- FEC & Interleaving | LECIM FSK PHY EHA! Mode
- Spmadmg LECMFSKPI"?E}&I 16-QAM ¥ rate (kbps) 1562.5: MCS2 Mode 6250: MCS5 Mode
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= WPAN 7|=2| Hig}
- 2l S& SAHU2= 10m 2| MH|A Bt = L dE|l= £ HES3
= Bluetooth, ZigBee, -
- HEEOZE 1Km 0|9 S& HelE Adk= 39 FH HE/ATIZE WYl

< SUN, LECIM, TVWS, --
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= RFID 7|=
— Ar=0ll ZXHeH 2

x ==
85 85,

= FAOI0 FH JI=E

o =
ﬁ%E

SO0l Al=1t
OF =& &d|, M2M SA1 & M-Commerce S

=

@)

A

=
rir
=
T

TS : 135kHz, 13.56MHz, 433.92MHz, 908.5~915MHz, 2.45GHz

A A
HsSsE

S A

: 2m OJ WY |

7 RFID roader

: 30Kbps

'-w

o~ - e N
(= Data =)

c=Energy =>

data camer
ransponder

Contaclless

| ‘r:‘} | Coupling element
LULE Apphcation (coll. microwave antenna)
" »
FOp 56 MHz 433MHz GOMHz—960MHZz 2.45GHz
= SE20 C/=MBe| | ZHEHO|U/AISH] ss/E2 HA/D7I=
— A = — = A S AT
S&5/+5 &L S T5E ~&/SS
ZE SO 180003 SO 180007 SO 18000—6 SO 18000—4

EX: stAIE2IEUIE S| 2015
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= NFC 7|=
- 13.56MHz LS| RFID 7|&2 WHAIZ HIHSA! Qs 2 S 7|8
> 2719t 47| B JHSEHH, 10Cmete] 27{2| SASE ZH| glo| W= SAlg
2> 2002 2= Sony HEEIE NXP HI=EAI| SS2=2 i
> 200451 NFC forum O|MBIEIE 7I&7HY X &85} B3t
(ADFEEO|| NFC EHHf EIBA CHESE

{ NFC Forum Specification O}7|&lx{ )

4 L8B4 »

Near Field
Communication

CERTIFIED

EX: St AE2UE{' IR 3] 2015
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LPWAN(Low Power Wide Area Network) 7|2
- MAMS HES U KHY SMo| 10T HIEYT MS
> 7{2| ¢1&: ZigBee, Bluetooth, Wi-Fi S WPAN/WLAN 7|=& o1&
> =Z7{2| ¢44: LPWAN(Low-Power, Wide Area Network) 7|2 14
> SUN, LECIM, TVWS WPAN (=712])
> SIGFOX, LoRaWAN, WEIGHTLESS(Z&712])

1
- Backend
. A A it

Cellular N/W
(2G, 3G, 4G)

et
L

100kbps

\
Data rate

1kbps

éﬁmw~ - ‘
. few miindoor) 100m 1Km 10km
Coverage
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= SIGFOX ' siGrox
- 20094 ME|E Z2A J|H2E ALE CIE{4 o] SA|7} E 7|Y

= UNB(Ultra Narrow Band) 7|=2 AI25t0, XZ= 7|HI2] A}= CIE{:l ot MH|AE N2

> H|H3| Fihls= L (License-Free Frequency Band) 2 Al

= St5& Z|CH 12H10|Exf2| HIAIXIE Z=ICH 1403 7HX| AFSSIES M3
(12d}0|E™ 7|7]| ¢X|, ol X] AH|E, & L ZHESE MM FRE MESi=0 S8)

= Low transmission Power 2 no continuous network synchronization2 2&
(Modem emission consumption 20mA ~ 70mA)

> AlX| energy consumption2 MA|X]| HI= 0] }2} emission power -20dBm ~ 20dBm

- Silicon and module vendor0j|/] 22 SIGFOX IPE 5|&5l= &

- 2219 BHZL|F}, et=2| SK EEF, =2 NTT Docomo HIHZA SOIAM

20154 28l 14 15009t = EX}

> 9= ua £5719191 0} HHArquiva) 2 0|5 2= EHR3ICH= HEis Safl 149 L) 9= 1000 SAof
MH|A HIZ591m, 20154 ST ZHA, AHQI, YHEE L H2 LY 107 SAIIAM MHIAES X2

> 0|22 20144 MISAIAT X|A0A AIZHsH 201551 1070 EA[0] 1,30070 7|X|2S BHS T, 2016H10]

3070 =Al0f] 471 71X|= HElS S

@
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| 2F(ARM), =2 (Neul), CSR(Cambridge Silicon Radio) S0|

=2

= Weightless
- o= PWHalx| FHo
FE=0| k|0 olE J{uts = 7|HIe| LPWAN 7|=2 7Hetst BEE ol
- 70| & S4& #H[7]21 sillofof] 21+-E[2ix1, CSRO| O] HANY| eI-kl= S gl
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» LoRa ‘°Ra
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= S2 LPWAN 7|= H|u!
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LIE-M

HB12|X| A3Km | ~11Km “11Km ~15Km
| Uit | Bietsioll | foles 1S
EOMACHY | 8-000MHz | 8-G00MHz | UERNA | TEXMA
100MHz | ~500KHz 1.4MHz 200KHz
BNU{E ~100bps T ~10kps ~1Mbps ~150Kbps

Roaming ’ No ‘ No Yes Yes
WERI4Y | ~104 J 104 a8 | ~10d
NG | SUAEE | 20164Y | 201643FY | 20169
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= L LPWAN S¢&

O LTE-M + LoRa
* AtEX} @ SKE 2| S
* 2016 LoRa HIZUAZZ /AH|A THA|
* LoRaQ| Fil ZHEEX| sHZAYA! : LBT(Listen Before Talk)gtAl, zHE hopping,
HSEIA| XSS 71s
* LoRa2| ttxt7| H|RZHH : SA2E 74A0| LTE-MCHH| 1/5 &

O LTE-M + NB—loT
* AFRHXL : KT, LG U+
* NB-loT= 2016.68 BEZ3t &2, 20173 NB-loT HIZYTHAZR F ¢EAMH|A
oI
* NB-loT= 7|Z LTEY A2 2 #EH|8 HUIIs
— 2,3Mth LTE 7|X|22 AZES|0of P2j|o|=2 NB-loT M37ts(1Mt= E7H
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