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LoRaWAN™ 1.1 Specification LoRaWAN™ 1.1 #{y&
IEEE Std 802.15.4TM-2015 LoRa  fixi# %8 TG 2k X 4% A #fE (Standard for Low-Rate Wireless Networks)

Bluetooth Core Specification v5.0 ¥ 7" V5.0 #piX

3 RiBEEX
FHIAREANE SGE T A3

3.1

&£ RL4%um Sensor

A% FE VL 28 W I R J R 2 R ity e A%, BT SEE Fa AR FE R A 1B ATOIRAS I, FRal T oLk el E A 2k
7 NI AT B A .

3.2
MINZE L@ {E Micro-power wireless communication
IR A A A 470-510MHz SBL HORSF D2/ T 50mW, B8 2400-2483.5MHz Al H R 5

DIFANT 10mW RZEERA .

3.3
49y %4t (FDMA) Frequency division multiple access
SRR EAIE, AP AME, I BRI P S AN E A .

L B

3.4

At4r %4tk (TDMA) Time division multiple access
FEIT 18] 73 B Bl AN B S R B, BRI B F B EAS B S R B, RN P o il — NI R AR

I B IX 70 oK E AR IE R 5 5 AT SE il 2 ke
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R4y 24k (425 TDMA)  Imprecise Time division multiple access

FL T TDMA FII (] BRI 7, B 18] BLz K T8 Y SEBR TR SR A AR 18], 78 [F)— AN E] B 7T SCHF
A BENL S HEAT Bt A%

3.6

L MIESRI SR Chirp spread spectrum

FE—ANFSAPY, RS S AUk e A5 5 A ¥ S 3 A1 e ek A Ak Py 8 i 7 2
3.7

TS access node

A PR A DI I R R R R S R, RSt B, B AR s N T RE .
3.8

LR R sink node

TR LB IR (B 2 P RS T Ak B, R TR AR NS TR
3.9

MINEFTELIENM Micro-power wireless access networks

AR LB R I A TR i AT D AR TE Al A5 7 s N BN ST o, AT A Sy 22 NI 25 o
A B2 i P ZH R R B A Bl 95 AR B 2%, DA TRIRRON “ TR .

4 HEHgiE

ACK: ffjik (Acknowledgement)

BLE: ¥ KIh#E (Bluetooth Low Energy)

BW: 7% (Bandwidth)

CR: #ih%# (Coding Rate)

CSS: ZEM AT 4 (Chirp Spread Spectrum)

DLL: ##E%E#)Z (Data Link Layer)

FEC: FilA2444 (Forward Error Correction)

GFSK: miiidife 54 (Gauss frequency Shift Keying)

LLC: Z#4E#EH] (Logical Link Control)

MAC: #AREZ A (Media Access Control)

MAC Payload: #E4A&Vj 4% JZ £1%1 (Media Access Control Payload)
MIC: {5 B8R (Message Integrity Check)

O-QPSK: fi#% Uik #H#5 54 (Offset-Quadrature-Phase-Shift-Keying )
PSD: Ih&ifk# % (Power spectral density)

REQ: &K (Request)
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RF: JoZiHiii# (Radio Frequency)
RFU: fRE 4 H (Reserved For Use)
RSP: "% (Response)

SF: ¥ #ii[Xl-¥ (Spreading Factor)
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5.2.1 SR

TLAEN M ME X ZE oA 2 BHAL, i 4 s, RN EEEEEH)Z (DLL),
AFEHAARE AR Z (MAC) FIZHEERERE (LLC) MAT=, FTEANMEZE (PL), HTWHLE
Rr B AL . BRI AR (MAC) M THE s . RN HZ (LLC) M4k
R ] o

R HE (LLC)

BARBERRE (DL @W%)\éﬁ*ﬁ“’ﬁ'ﬂ {}

GHEBRASEHIZ (MAC)

R <f17

| PIEE (PL) |

Bl 4 FTEIZNMLR IR
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YE R A SUAL B LURF IR OV PR A, BRI AN, W BEE BAT S SRR . IR AHECIR
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5.2.3 HIBHERE

5.2.3.1 BIEENEZHIE
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5.2.

a) HERRRHET

b) A H N

c) AT

d) fFiEE R,

e)  ZELMURI B ] ] 4
0 ARSI E ;
g) BEMHuIESHC .

3.2 EZEHEBEHE
s i J= b (I BB P 2 RN TR T, VSR AN ] Z SR OZ AR R 10 121, 4R

BEHAE 2 M EE IR R

a) EERRMESL. dERNLR,
b) AR
) HrlE BN A i o

6 YIBEEYIE

6.1

H,

6.2

6.2

IR Rk A

B 3 I TG R A A S R AN B P OB B G, R B R RS BN G BT

BRI FH 0 R R A

a) CSSYIELZ: TAEE470-510MHzEL#2400-2483. SMHZA B, KL PE AT 45 (CSS) 1,
LRAESY A (CSS) HI NS LoRaWAN™ 1.1 Specification 1453 & X ¥ 2 IHLE .

b) IEEE 802.15.4)3 2. TAE{E2400-2483 . 5SMHZzHEL, X FH fw#% DU I A F 44% (0-QPSK)
o A DUt AR B (O-QPSK) il .47 & 1EEE Std 802.15.4™-2015H 55122 X 7 2 |
IR AE o

c) BLES.OYHE: T./ETE2400-2483. SMHzAMEL, KH @iy (GFSKD Wil milisife
BEE (GFSK) i N £°7 4 Bluetooth Core Specification v5.0H ff)partA 55 3 2 X 7 H JZ 1) HLE »

L)

1 DEEHE X
WELE S IR L.
&1 EEREWMLESH

W3R 2 Sk WyEE 2 SR W R AT
= {7
i (ATi) (i) PREAR (ATH#E)

VE1: CSSYHLEMSEH S IMFE A, WHZEL. MHZE KR, LRI E MR 7By k.
VE 2: IEEE 802.15.4 #3245 42 IR B, A& EY L Z A5 7 B HL ZE 7 A 56 7 B, MBLE SN Lik.
vE 3: BLE 5.0 W EWSEM S IR C, AHEWIE AL 7B, P Z LAY 2 Ak 8 7 BN b ik

6.2.2 T1ESRER

ANFUEILVEE 2 TAEME:: 470-510MHz4 B F12400-2483. SMHz M B
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AFRAER H FICSSYIFE JZ S HU N2/ %3, CSSHFEE470-510MHzH0 B #12400-2483. SMHz 4 B {5
B ML W R ARMZES, CSSYIHERIKTIHE N L6MET, CSSYIHZEHIAHI AL M RFSHE K S 0L 5%
A,

3= 2 2400-2483.5MHz $7if% CSS #¥EEBCER

WHERERS | THRF | %% (kHz) | 88X | fi1RKE | Rz #IE
1 8 812.5 CR4/5 6 7 <1omW | BRI SEEMEHEERE 5=
2 7 812.5 CR4/5 6 F <10mW
3 6 812.5 CR4/5 6 7 <10mW
4 5 812.5 CR4/5 6 7 <10mW
5 10 812.5 CR4/5 6 7 <10mW
6 6 1625 CR4/5 6 7 <10mW
< 3 470-510MHz 55iE% CSS ¥EERCER
HEERERS | ¥HET | #% (kHz2) | KX | 5fifKE | kifyx #IE
1 8 500 CR4/5 6 7 <50mW | B SSEEMEHEER E TR
2 7 500 CR4/5 6 7 <50mW
3 6 500 CR4/5 6 Fi <50mW
4 5 500 CR4/5 6 7 <50mW
5 10 500 CR4/5 6 7 <50mW
F4 CSS IR 470-510MHz $RERSiE SR
EEHS BB ikl R RR

1 BATEH(E1E 470.5MHz

2 El RESC 471.5MHz

n EIWERGS (469.5+n) MHz

40 Bl WESC 509.5MHz

VE 1 BRI SE A0 5N 494.5MHz.
VE2: n=1. 2. ... 400 BRERIAIESIE @SS AER VO A5 B S A, H ek vl DR YE 55 F0l 55 B R 34T 1 5E
F=5 CSS YRR 2400-2483.5MHz $RER (S8 HEL &
BiEHS EREE i TR
1 BRNFEHI (518 2400.5 MHz
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x5 &
ZiEHS 2R R IRER
2 B REpE 2401.5MHz
n B HEG (2399.5+n) MHz
83 Bl REE 2482.5MHz

VE 1 BRI SEE M0 5N 2424.5MHz,

TE2: n=11 2. ..o 830 BRERIIEHMEIES RCRIER L S5 (EE MR 8N, FLe B Al BRI H7 9 AL 55 ZORBEAT 28 5E »

=6 CSS YRR 2400-2483.5MHz k£ IhE

RIETHEES RIBINZR
80 -20dBm
81 -19dBm
n (n-100) dBm
109 9dBm
110 10dBm
E: n=80. 81. -+, 110,
F7 CSSYIER 470-510MHz &3£Ih%E
RiIZERES RIETHE
80 -20dBm
81 -19dBm
n (n-100) dBm
116 16dBm
117 17dBm

¥E: n=80. 81. -\ 117,
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6.2.4 1EEE 802.15.4 ¥ E &%

ANRUEE FH M IEEE 802.15.4Y) 3 223 .38, IEEE 802.15.44) 3 22400-2483.5MHz i B {2 18 43 i
UL3%9, IEEE 802.15.4%)¥E JZ 18 il A% % M RFSEUE R 2 LI B

%8 IEEE802.15.4 ¥IBES ¥

SREL 2400-2483.5MHz

S pliES <10mW

%29 IEEE 802.15.4 ¥J38 2 2400-2483.5MHz RSB N %R

BiEHS EREE i R IRER
1 BEHEE 2403.0 MHz
2 Bl REE 2404.0 MHz
n B REpE (2402.0+n) MHz
80 B RERC 2482.0MHz

VE 1 BRI S EE M0 AN 2427.0MHz,
VE2: n=1. 2. ... 80, BRERNIEHNMEIES S AR F B S Ah, AR A AT LU B 7 9 Ak 55 B R 3E T 52 .

6.2.5 BLES5.0¥BEES#

AAFHERFH BLE 5.09)3E 2 S W3R 10T/~ BLE 5. 0435 2 (¥ 8 il A 446 S RE S 080K 2 LB 5%
(O

%= 10 BLES.O¥EES#

AR 2.402 GHz (CH37). 2.426 GHz (CH38). 2.450 GHz (CH22). 2.480 GHz (CH39)
YR JZ FEC fmfig 8
EE e 125 kbit/s
i pIES <10 mW

V¥ 1: CH %7~ BLE 5.0 W3 2 (S5,
vE 2: fEfiTH BLE 5.0 ¥ 2 2 M 4E L um i, AR I & AV AE 15 55 8 {6 B BLE 1) #B B0 5 B 6 48 R
(AUX_ADV_IND) ZKEI ki, s mnT CLRE HEEMH.

7 HBEEERRE AT

7.1 BRI R

Kl B 2 AE Y HL R SR AR 55 B0 Al 1) B R SR AR 55 i B e = S WO B R (1 Wt 1 5 A 1 5
PR
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Frgiatid =, | MACE%I MACE ik | G RERERLR

AN

g ‘ W%| e | e | mEE R PR R

&5 BEMZHXHR
7.2 MAC EiiggE#
7.2.1 FERLARK

FREEE R I S5 M VE AR BTG, MR AR 11, 32 S K B N9 BI264 57, HISRid 3
JZ i EA A ) -

x= 1 PERAREN

FRAH MAC % MAC EHi# 5B RBERY
FBRKE (8 F5) (0-255 F75) (1 F%)

E 1: MAC JZRAERMmISEAL 3y B K BE AL & 1D SR E B .

1 2: MAC ERERR MAC A5 IR . U1 BB S5 MR R SR A 5 UK 28 SCHEAT 5 M AL AN G b, Hk
B KR Z IR TR LR

7 3: EREBERRM TX MAC 2k MAC JZ Rt AT RS, I A A B 2 S =7 5k, R Trike
H MAC JZ KA MAC R UL 1 735 St AT 20, Rngs RAE 915 B e AR 7 BUE NG B 5%

7.2.2 MAC Bk

7.2.2.1 MAC B4

MACJZ kiR (MType) « H{EFELHER (CC Ind) .« IEHER (Key If) « MACEfigk &
fE (Length) FLIRAIGIDIFETFEAL, W12,

*® 12 PIERAREH

FBRAR L) Byt BEREESER mERR MAC B &K E (B R A& ID
FERKE (4 e (1 Ee (3 HHEH (1 9 (6 F1)

e BRERTRUEI, AP T BUA SR A - R D A

7.2.2.2 WuskH
iR A B P A LR, SO B ARSR BRI Th G . WY () Bk g i Sk B 1 LR 13
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®13 MABAR

s 2] WiKR (FE30 WA (P30
0b0000 MESSAGE N&ZEP RISy Uit
0b0001 REQ 7 )45 1 17 R o
0b0010 RSP 25 )45 T8 IV 2 o
0b0011 RSP_END U EREINE=3 28 )
0b0100 BURST R R KA it
0b0101 ACK 5 145 TE Hf A
oA RFU RE&H

VE: Ob TR kI BT .

HAEELHER (CC_Ind) M THRARMACH M55 BUEE R4 BUEOb 1IR3, HUE0bO
FORBBEIR A ZdR REMHEE R MW (RSP B (E1E N2 24 (RSP_ENDD HG 4.

7.2.2.4 MEHETR

INE 7R T BER RS IMACE 7R AN B e BRI R kAT TN, KEDN3HAS: HUHO0E
A s BUE 1R e .

7.2.2.5 MAC BRagKE

MACZ MK EFBUE L TMACEMEF B FZHKE, FBEKENITT, KIEMACEf#
FEIKE NOF255 75 .

7.2.2.6 {EREL&RuE 1D

A IR iy 1D & A IR 24 3 V46 7E WX 2% TP R ME — A iR, B I A% IR iy #8220 T — M — P A% IRk iy
Mokt A2 RRASRID T B BE N6 71T, AR SRID IR 2 W SR 3RE 2.

7.2.3 A EEEE R

Ak EIE S BT (MESSAGE) RNV 55518 i A4 i — At 9288, HL o e 2 B A8 3 PO 45
4% B T E 1B A% 2Q UL R AR S A AT e bt A B 2 4 S, P A% I % i L3R M U 4R S, i 5
SRR3R Fo Dl Bt dan, A 1 AR 0 S (AL i 4 D, AR MAC Wik B 1% 1 285 1D
7.2.4 EHFEEREZM

PSR R M (BURST) SATEES (518 rP ARSI — R 28RS, FA5 B & o b 4R o 2 5 i)
X, RCHE IR Fo RIS AE 4, 200 25 B0 3000 A% B b 1D, RAREE MAC Mk A )
{1 ID.

7.2.5 {EHEEIFERM

FEREIETE R M (REQ) LR il 518 i A& 1 — Fhiit 1283, L ThfE & 2N K3k i LA — € &%
R A e A A AR 2 IR BN o R R A 7 SRR B BNV SR B SR 5 B 42 15 T35 SR ot
IIMACZE B T B a5 M WAR 14, {5 B 2R AN OR B 4 2 A

11




Q/XXX XXXXX—XXXX

* 14 EHISEEEKNE MAC B3

(E=E il fRE %M
1548 154
L FRREFBIVETEEE 072, BUER 0 Fom “ERRA”, BUEN 1 FoR “EEHRL7, BUEN 2 308 “f%

iR
2 FRBHFBRMEIMAEN 0; RE & ZBRIVBRAMER 0.

7.2.6 EHIEERZE M
EHIMEIE N BTN BE

2 11045 T I 5 it ] 7R BB S 48 2 BUE TR OC . RIS R M (RSP J& 75 #4518 A& 41—
Pt 287, ik 32 B B Ui 2E B B P A5 8 1 SRt i, AR 42 45 08 18 SRt (1045 B 28 AL B )
3% vty HEAT ¥ S B RS 8 A R A R0 4R SO BE AE [R] — A R RSP Bl 458 i 45 18 B2 28 i
(RSP_END) &4,

7.2.6.1

7.2.6.2 BEES

MACH Sk H ) AE (5 248~ BUEO0b0 . NIBAL ST A IR A, B2 1815 182 A o midi 7 &
1%, FBOE S5 A L 15, B RSPIERRSP ENDI & 2 1 B A GE i iE MAC 7 25 _EFR, Bl255%7 .
FNBEIRAEIEHBEE RS RAAE GRS NEHS, kL6, HoilEiARRMNE T E X
W#17.

*15 BREESHIESEN

HWERRL 1 wERS 2 | w|ERSL | HWERHSN

L BERS i FBARERE | NEFERS, BERASNTFEAARENEE —NEEES.
vE 2 RARIRRAS— B, Bk 16,

*16 BIEESHEER

£

i

HWERSNA (KD

®17 BREESEENARENX

BfEReIE BEHESRBRE BEESARKE/FY LA
k55 JE K 0b00000000 4 ms
bl JE SR 0600000001 2 N& I
FEIR 0b00000010 4 ms
RRBENLI B 0b00000011 1 /5ms
WA EEM A RE (5 0b00000100 1 -
VEEZHEE (D) 0b00000101 1 -
REQ i 454 [l 52 A 4 0b00000110 1 ms
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£ 17 (&)

BERSTE EEHRARAEE BRERSNAKE/FT <X ivy
BURST Mi%5 45 7] &2 A 1 0b00000111 1 ms
KIZEDREE (H'5) 0600001000 1 -

1R & H 0b00001000~0b01111111 - _

HrAEEX 0b10000000~0b11111110 - _
b 5% & 3+ 1 R A 2H A+

0b11111111 11 -
SEIR+BEALIE B

T 1 g5 K R e SO R R S A% S5 A B A

T2 IR R B O ik kAR S BRI, Lok A CBRASCE F b - shn.
HIFEHASY O BF, Rk A R SR HIE Eh R BHEBY L E, MR B RE 1 ks hilEE G R,
ARIFN S FEE B EHEEA n B, o SR, RE—xkEREER R, K% n-1 k% E
SEREISLUR

M 3 AEIRE )8 SR 5515 B R IE B 2 I BT [ i % &

4 OKBENLH AN K S SR 3% 3 K 3K I 221 v 25 9 FEHERS Z0 ) B K SR VRV EEL, DL Sms B, BEHLIRZNI K
EEEC A, 58 A% S R R %1

T 5: M SAEEAAH THEHNL S E R A, BOALSAETES S A S HCE, BRI 5515 T8 BT B 78 8 € 1)
B, I HCR BN Z R E AR R ] IZEVC ST S MR T, BRI S (S 18 s R 2 el
FASEI A T HATIE(E

W6 MHESHE AR TRV SEEMEHEENYEESHEESN S, RIDEESHALFEESHE. £
IR ] IETC R ARS8 E YRS R B 5 BT E .

7 7. REQ MUAEAE [n] 538 HH s SR R ik i 3% REQ S 5544 [ 52 1 R 1] o

7 8: BURST Mii&4 [ml 5 8 H s SO Rzt i ik BURST M f 46455 [ 52 PRI )

7.2.6.3 1THIIRC

MACHT Sk F1 {3 E 5 44877 (CC Ind) HUEObL. MAC/E Gk N B &SR S0, 370wk LT
EF. N/ BHEAL R, AR R A ERID, R AR MACHTSL d1 (4 K& 1D
7.2.7 EFHSERZLD

EHEIE N Z L&MW (RSP_END) NsHIEIE N Z WY 8. 2k ik a2 1 65 18 R A miR, ®
HH & im R IE RS BRIRE A W, WEIESHE R RIE. 2k a8 4 6508 N E L mins, R
RIEWE B OAER, WEEAEHWURIE. EHEERNELMPIMACE 73 7B 51615 18 N2 Wi
[, Z07.2.5N .
7.2.8 THEERIAM (ACK)

P2 A5 TE W MIUA 7E 428 145 18 PR AR S i — Ah it i 28, T RE 3 o IR 7 32 I8 B 75 Al &
BTG, 1) K325 B A28 A5 TE AR AU A T BN o 28 145 A A A ot X8 P I 0 I 26 18 0 428 I35 S A A
FIMACZ M8 7 B e X T S B2 R, KE N1, BRI B NS XL 19,

13
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* 18 IEHIEEIANEIER

RIEMIFR REZTERBHE ACK W (Y/N)
V551538 A5 B N
a5 3 17 SR ot N
A5 10 2 N
A5 0 R 2 it Y
PRI 18 RO M Y
Fz 19 EHEEFIAE MAC BHREFELEN
s 2] ACK kR ACK %!
b7b6b5b4b3b2b1b0 €3'9) (130
0b00000001 RSP_END ACK RSP_END ik i
0b00000010 BURST_ACK BURST ifffi iAo
He RFU_ACK IRE

7.2.9 {RE&ZHRMmM (RFU)

DR B 25 FH W P Ok O B DA 5 A5 P 2 7 209 5 1) 2 St B 4 95 £ — Rt ) SR AR o {6t FH 3 ) AR 75
FEANINRIZhRE, AEAS A BIWOR AR RO, 58 ST BEMi i a5 H AN B 2o B (8 ior i 2R 2
L) o6 AR AC AR T3 B0 45 R BR SEGRT i ORISR U7 AR R T SE A o O B 48 FH It ) (58 B I 17 A Bl 5L T

IR
7.3 EEIEL

7.3.1 BESHENX

AHHER FHFDMA IS ACRE B 73 il 55 5 B AN B P A S I8 . fERE LS5 EIE F, SR A

TDMAHLHIFE He5 B4 N i) 7

FERRAME TEBEAT VELH I TR) Rl 7

e B L PRI 1) 2 T i L )

(| ZHERIY R AR AR 20T 78 o IR L2 ) ] 3 1 42 A5 T A4 NI RE AT IC

*20 BEAESHEB R AR

If 1] 52 2R SHAE e
N2 3= ECRSE Message Cycle Smin
M55 JE BRI B3 Time_Slot 200
3 ] A B Control_Cycle 1h
e L Wait Cyele 470-510MHz 41 B¢ 2400-2483.5MHz 4B
150ms 30ms
T B 1% [A] B Transmission_ Interval 20ms
S UNLGLIR7 SRS Random_Pert 5ms
FEIR Delay




Q/XXX XXXXX—XXXX

£ 20 (&)

7E 1

7E2:
i 3:

i 4:

E S iE

i 6:

7

W55 G EE (Message Cycle) & SN AR S A 3200k 9515 B 31, RIACIA S dE 52 9 TR R 320l 9515

1.
M55 I B (Time_Slot) 5 S — M55 8 391 P4 0 43 O L/ 4

SNiiilin)

I W (Control_Cycle) 78 AR Ui A IA 5 R SR F 1, BRIV 326 b 325 45 7R A3k 42 1 5 )

T .
e LS FELT (Wait Cycle) 5 SURRI%I A £ ST In), BR300 B
SR BECIR A 1.

RIKE R ISR LN T R IR B I (3] (Wait_Cycle).

ERBEHLIEENIN K (Random Pert) 5E S Ay A3k i 12 i) A 30 I 20 L0 F) 266 00 1L ) B KR

ZNK N Sms, RELRBEYLIRSIE -5~+5ms W HTREHLEL

I

B

fem R HmiE, 4T

SRR %A (Transmission Interval) & XCNR 2 £ %L L AN EHIEER Z W (RSP) B, Wiz (A

ERIN A BEALIL

WEIR (Delay) FI TR #ML 5551615 Sl (MESSAGE) [RAGEIS ZI, 78N RO S5 I ZIAE 5 Xof 182 (R I 1) 5 7

%,

7.3.2 BtEEEHEiE
AR FHASORA B BR R0 20 10 5 AT I E) [R) 20, 98/ IME I A m (R e FE o R SR SO I 1) 40 B, F

R 3 B TR 2 73 i 22 AN IR, HLIN R A i T
T A R S B3 — ML S5 A5 B IO TR B, PR A B AT PR 0 22 A% kR i o L

K6~ o

BB 1

1 O ]
fRIRER ALK 382 AR BEN
FEL: YA SRS Bl BRI 2 Mk &5 15 BATAL ROIR B, e 2EIR . ML
%%Fﬂ#%ﬂ%kﬁ:A%ﬁ
iﬂ:%@% BEAL &35S (5 BT (MESSAGE) , L3 S Bl 5515
{5 Bl (MESSAGE) &, mi%mmﬁlm
VE3: LRI EUE T -k RIEL S ERE B (MESSAGE) IR 215 IR ZI 1)
@%,Wiﬁ%ﬁ
VR4 JLRTT SR BRI B iR RS BB R (REQ) J&, BIRFTEILE
WA PHER S LS5 RIS S 3w B K S S 800 R il S 18 R
Zil (RSP H [a] B 45 45 B 423
iﬁ:%@% m%uLmﬁﬁ,ﬁ%&%ﬁﬁ%%%(M%&Mﬁ)ﬁ%%%ﬁ
B3R (REQ) KIAIER ). BITLL LSBT EH, S fES.

It 1]

15

0 2 r A SR 24 i (A KR o DB A B B BE K
LRI R4 23 2




Q/XXX XXXXX—XXXX

B o6 BRXIDREE
7.4 EATRE
7.4.1 EANTIEK

TERA AP AEAE R R I SR, 70 o8 44 SRR A4 B, FIURALIN PS40 B8 ORI
GAUREL I

a) A BRI I mU8 BT M A e itk o 4 SR B IR AR T, AR
LR IEAE A2 S, BT IR AR

b) A AL SRR RANEAT 5 B R AR IR ik o 471 2R RO A TR & i A IE AT A2
A A IR i (R L AR AE PR AL B, U

) FLRAT RURIREAE 48 FABANE B A S P R A IR i AR B S5 5 2, INE R /A %
R I i T I IO A% T R i o ISR il RS2 AR B & i (M 3515 B, BRI E AR IR
S 2 TR R P R A R A

7.4.2 ASIEERENTE

WS EEREA LR 7R, B REF:

a) RNV EIE M E I, AR It AT e Bl R R R, e ol 5515 B i A& s

b) FENV S EIE b, A R S A R I B AARIRAR S iy, ML 55538, o0, WEEAARIR
A, RIE ST IR SR T —RBas s AW, WBELR B — AN S A I R R
A5 EIESE Sl BEEREARIRIRAS, IR 55 AR B S5 A N — U

o) VRN R HAETAERHRUCIRES 4 A B A Tk i A (1 L 3558 A5 B d, T fRA7 20k
FAE R HRWAE, W EFF 200 5 EEE S

Ak 51
ICRT R IR R
MESSAGE
i
)
b 55 P I 2
MESSAGE
»i
Y
55 R R
MESSAGE
<

&7 AHEEEmIERE
7.4.3 FHIEEFKENETIENTE
7431 EHEEBRSHEERETIE

PGB RS N I B R SR, HARE R T
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a) A& B Z i E 8] 58 1R TC B N BB 0% )V SR ORI AR IME TETE SR, AR5 i NS AR CIRAS
KA R S S (Wait_Cycle) .

b)Y SR T RUEE IE AR B4 R 24 iy R 02K (R 45 A A T SR o f5 5 1 44 B b (4% R & i b i 1E 47 DL I
A VLT, WUV SRS R 1) A S 4 Sy 30 25 1) A5 3 12 25 Mot i 8 2 o) A5 T8 B2 25 28t 7 DL JC AN
Iy, MRS sk 84 T R ek Es

o) MICET A ERE RN ERT — Wi EER, WHESERIEZ M, HTN- 1A S5 645 18 B2 i
(RSP) , RIE[BING NESEMUR ARG (Transmission Interval) , /i — Wi & &4 il 45 18 W&
2&1ii (RSP_END) .

d) A& B i g D S B — A S TE N2 (RSP &, #E T — AR5 I & JH B (Wait_Cycle),
SR EUCT — .

e) [ I R HIEE N LMW (RSP_END) &, FIEEHIEEM AN (ACK) .

EHfEE
LR M 3Ry
< REQ
} SR
RSP
»
MR 3 1) B {
RSP =
T O
HEAEMUR 1 1) B { RSP R
L
RSP_FND
»
} g ol L
ACK
<

&l 8 EHEELEEREEIEKRSRMNITIE
7432 {EBRARIREREERE

AR SRR 2% B R S i A IR 2 i SO PR (S TE TR SR T (REQ) Hh AR S iR i UL BT A iR, TR
RS FERNOR T o« A% A S SO TN, AR AR AOE FEE HIEIE M AT (REQ)D Ja, BEASFAFHEIL
WA M RE IS4 0 Y] (Wait_Cycle) WRAWEIRIE, MIHEARIR, AR 0K
SRR R — IO, LI RS T AR CRES, E9FR .

17



Q/XXX XXXXX—XXXX

&5
ICHRA AL RS AT
REQ
X <«
SEFE I A AR

B9 REBRI

7433 [BTPTRNERERE

TERN SRR FRIC R RUAOE M EFIEIER W (RSP) BCE 25 IE M 2 (RSP_END)
I TSR R B DL RO H R, A% R A FRSOMRTh o LT RUACE T I, A [ i 78 S5 455 [l 2 ) 30
(Wait_Cycle) WHEATWEIRIE, THEARIRIRES, HRAE2 o WK S A F — IRl IR Ry

RIRFEHUFTERIZ MW (RSP) FIEHIFE R Z 2T (RSP_END) f&, HEANERERICIRES, WE1057R.

518 EHEE
ICRT A IR R CRTA R AR R
< REQ P REQ
}%ﬁ@ﬁ%% }%ﬁ@ﬁ%%
RSP - RSP »
ﬁﬁmﬁ%ﬁ@'{ RSP E@ME%@@'{ RSP END
5y ——> X

B 10 FEEL2

7434 (ERBRARIEHIADERE

A J& & i [ 2 S 8 A% R & i [B] B IO A IS TE B A (ACKD) |1 TAR S R ol g TUle 5, L%
AR BN T . AL R R RN, AR IR LE D B B S i R A 2t (RSP_END) J&,
FC R A B Z A HEERIAM (ACK) , ARJGEEARIRIRES, M4 i B W R 25 45 R — IR0
T B AR R IE SRS S &M (RSP_END) J&, HEAZREUCIRA, W11,



biBG S =

Pl iE

REQ

RIS R

A

RSP

}%ﬁ!ﬁ%%

BESEUR A B ‘{

\ 4

RSP

\ 4

RSP_END

& 11

7.4.4 EHRIFEERLZERENDE
EHIEER & E BRI 2
FEEE R AR

7.44.1

B

A .
'

ACK
X €]

}%ﬁwﬁ%%

SEWER 3

EER(ng

FERIZ R (Wait Cycle) ;
R R BTy, WA RIS . A R A i o
L B B 2 i B D VAL 38 4 1 45 TE A A o
R AT JEAH SR A S ] 12

Ftl
ICHA e 1
BURST
55 5 P
ACK =
& 12 EHIEERAEEEKMIE T E

Q/XXX XXXXX—XXXX

B NI FRIE T SR b 25 A5 A o A 28 it 5 B2 b 3 9 R A DB s 7E 3%
HMEIE L2 R IEEHIETER KM (BURST) , #HEAN%E
FE5ERUCHEL, ) [A & xS EE H AT (ACKD
A RIS E I E AN CACKD) , JUH F AL ML,
(ACK) BREfERBUSE] EIR, H AR KEARECR3. EHEE

AR R R IR
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AR SR 28 ity 5 R WU 126 57 5 18 AR IR & ity IR A B B SR R i (BURST)  HH T A& fads 1= sl UL IC
R, TR A BB . AR R A S R E R (Wait_Cycle) P& YSCEIAH B 42 )45 18 A
N (ACK) , SEZIE B R EERIEER LM (BURST) , BEE FREEME, FH1EH N EA BN
P HIEIEMIAD (ACK) , M IRE K, SEARIRIRAS; 2518 B B IR B E B A FR U 3 2 1) 43 18 1
N (ACK) , M3 ARIRIRES . BAARSREE 130w

Pt
B IR A
BURST
X €——————
225 14 ] 2 00
BURST
X ———<
o5 2 0 0
BURST
215 4 0
ACK

A 4

& 13 REER1
7442 CETSMAMEERS

TEERT RO 2 7 o 4R BT s A I S E i AT (ACKD B T H s 12 B UL IC A iR,
SR L B AT e T o AR IR TE S AR MR R (Wait_Cycle) PN A USCEIAH I AR 428 1045 12 A LA it
(ACK) , SZIEFREEHISEI KM (BURST) , BEE FRERIE, HERKEAA RS A3
HEE AN (ACK) , MR AL, 3 ARHRIRES s 3538 B B R IR BUE B B BRI 24 145 1
AT CACKD , Mgk ARRRIRES . BAR R B 14FR .



LR R

PERIfEIE

BURST

A

ACK

\ 4
><

BURST

ACK

& 14

FEBR2

Y

- 4 {51E S

> S5 E 2 R

d
F

Q/XXX XXXXX—XXXX
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A1 DA

CSSYE E gt = R A1,

T A1

Mt & A
(BERIMERMR)
CSS #1382

CSS 4132 B st

A3

WEEK

WE SRR

WEEHR

WEE RS

A2 BEErSH

A.2.1 4 3EFSF

CSSELRAE MY PR SRR, nIA RSP WiRs . 8 7 8 Fr R AN 5 4 2 [

% &2k (A1) FiRs:

e

Re —— Tl
SF ——  ¥HHT
R, —— Tl

A.2.2 #mREECR

R =SF-R,

(A.1)

G AR A MR CIETUR) BT & iItesl. xigkfi A ME R, Hidds a3t Anfr )%
i, Hrbn-dko2 2RI, BAGIGZF k. CSSYIRLE R PG A4 g 5 HEAT JT 1) 65 DRAG I 5 2 i

A.2.3 THEBW

FEARTIUC, 1 5 5 B0 EDUUL R 7 98

gl FERAZ M (A2) FiR,

A R R o AR E (il (A3 R

R(A2)~(A3)H:

_Bw
S SF
_SF

RC
T

FEINAE Sl vE AR 2 TR

(A.2)

(A.3)




Q/XXX XXXXX—XXXX

Ry —FF5 i,
BW —5 %,

SF i PSR
Re  —— i,
Ts  —FF 5B,

A3 FHEIFIIE

A3.1 ERIER

CSSHIELZ (I CSSHEAR I 25 A SR AE AT, I LI AL T MU 5150140 LB 5155 S 2 5L
A IR T S 0% - o, CSSHITL 2 P A0 P 1 L AR D) Fe B

A. 3.2 EFANFVER S

CSSYHLJZ RE SC T PURANIR] (7 WARK > 51 o A A5 WA P A3 P F) T S S B AL o DA SR R W
BAE S (RDFIERO , ROEBSERE M DB RRHAT S CFRBFSD 8588 LR R 1
o FUARKCILA AR S, VRS BT R R B AR, B8, X PUAS-T WK EAT 2 T WA ek s 1k
s N EIRIRS L, IF ELAE A BR A SR . J5 S TR IR AN IE S AN 2 R, RN fEIX 2
RAME SRR N E

1l _—

F A1 TFREMBNOMARLEE
A.3.3 HIpR{EA

CSSYNERJZ5E LT AN [F) (R i 8] [ B o AP A2 ffroas s Je el 36 s 1] ] 2 ] AASE Y A>3 Wk e 71 B
BT IR, I [a) 18] b R AE i 52 A WA BT 5 2 [8) 52 8 B
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L—bi ¥ . N i N i
Inty : H i

N VNV N VN V7V

Bl A2 POFA[EFHERKF 5 E A RS
A.3.4 RTUEM KR ER A RZED

TR 5 LA AL R B THR S TG CUAR, A PEA SR, TEARSEE 1L Ty B 06
AT 5 <

k=1 k=2 k=3 k=4
>t
= Ts:b g
B A3 FUEMRET S Bk EE
THR I E DR HoE L (A 4) Fios:
1 |t|s(1_a)7;ub
(1+a) 2
P ()= 1 1+ cos (I+a)r = (1-2)T, (l_“)TsubS = T (A4)
2 ol , (1 +a) 2 (1 +a) 2 2
0 o] > Lo
2
A
Pre—— T WHWKAE 5 PR 2L
a —&ERY, a=025;

T, —— VWA AS 5 et 1]
A.3.5 TR IE4EIG
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TERFANREWRT S IR, BaRETHEML (k=1 , RERKRKETHEBK2 (k=2) FTUEH3
(k=3) , EJaRIETHEML (k=4) .

A.4 CSS¥IEERFEK

A 4.1 KHEINEREZE (PSD) #iE
CSSAE 5 1) R S Th 2R3 25 B IS A 1 P A4 7~ FI S PR Xt PR 1] 915 B Y o

10 >> >> | | | E "§§

|

i%iiiiiiiiii

i‘ .
e

20 10 fc 10 20 [MHz]

Bl A4 KR IHFIEZEBIE
A 4.2 BRWHLR BB
A E SRS, BE A8 FEAH R 28N SEIE-91 dBmBR B AT S R
A 4.3 FUDSRERIRE
CSSHHE R G O R ZE B K 40 %107
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Mt % B
(BERIMERMR)
IEEE802.15.4 #1382 =
B.1 iizhEHy

IEEE 802.15.4¥) ¥ Z FMish 42 ILEB.1.

Z* B.1 IEEmngEH

5k /b= WEE T8

B.2 EHIFNtL

B.2.1 iAHIAR

IEEE 802.15. 4% B /2 R I 163 il 1RSI HIHoR RN BT 5 A, e R Bk IEmI164 )L 1E
ZHIDIBENLEE A (PND A 3L —Ay, JF A 4R RoR . EHESEEHR AT 5 PN 51 {3 H i
WL AR B (O-QPSK) K5 A5 v Fr 4 il il 230 1.

B.2.2 ¥BERZE
IEEE 802.15.44 78 2 1) #4813 28 . 4 250kbps o
B.2.3 &EFHIZ
PIB. 1 Zh REAME I T LAF NIEEE 802.15. 49 EE 2 [ Hl Al R ThREHI S5

Binary Data

From PPDU —* Bit-to-symbol —# Symbol-to-chip Moot ted

O-QPSK modulator +— Signal

L

B.1 1EEE 802.15.4 ¥18 Z 89 EHIF04 R Ih&E
B.2.4 {IZ|fFS (Bit-to-symbol) BREF

PPDU H AL 55 [ i — 3k il 5 00 82 456 3 Fl vh R i R RN R ThRe it AT gt o Forh AN )\ 275 14
ALSB (b0, bl, b2, b3) MBI —MEHERFS, 47MSB (b4, b5, b6, b7) MBI E| T~ — N
5. PPDUMIRE/NS LU RE@ ok A i) A9 e Dy RE AT 4b 22, M Preamble B ItUs, PAPSDUM &5 —1M8
PLrsh . ERASILRR, B BB 5 (b0, bl, b2, b3) , AJEEE A MSFS (b4,
b5, b6, b7) .

B.2.5 FFSEH (Symbol-to-chip) BRET




Q/XXX XXXXX—XXXX

FE2AGHZIBL, BB 5 NS B U1 B.2 s (13289 Fr PN 81 . PN S8 S 7R A 4% A3 AT/
SR AR H IR AT

*B2 FTFSERREXER

Data symbol Chip values (¢g ¢j ... €3 €31)
(1] 11011001110000110101001000101110
1 11101101100111000011010100100010
2 00101110110110011100001101010010
3 00100010111011011001110000110101
+ 01010010001011101101100111000011

00110101001000101110110110011100

(¥

] 11000011010100100010111011011001
7 10011100001101010010001011101101
8 10001100100101100000011101111011
9 10111000110010010110000001110111
10 01111011100011001001011000000111
11 01110111101110001100100101100000
12 00000111011110111000110010010110
13 01100000011101111011100011001001
14 10010110000001110111101110001100
15 11001001011000000111011110111000

B.2.6 O-QPSKif#l

i A3 YR A IR X bk BT 1) O-QPSKORE 27 B3 AN B 455 RIS P Fe 1) i B 38 b o K 73 B
SUHIRS PR BESS ARG (Q) i b, IR E R SIS iR s B FAE (D 3k k. f£2.4GHZME
T, B ARG S R 3245, ROV IR 5 3288 7 SRR . WEB2FR, N TR
FHATQARES P R - 18] B A% » - QARSES Py AR T IAHAE 3B iR Te,  H AP Te R F i S e

—| 2T¢ |-—
I-Phase | ¢y | ‘ Ca ‘ ‘--- ‘ ‘ c3g|
Q-Phase | c | 3 ‘ cs ‘ ‘.,, ‘ ‘ 531|
Te—» -

E B2 O-QPSK & HR#
B.2.7 BkHFAR
TE2 AGHZHNEL, BN O Ros N IESZ Bk TR, 1E 5% kAR Bl i) e e Xl (B.1) flis:

sin| 7—— ,0<t<2T,
p()= 2T, (B.T)

0, otherwise
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A
p(O)—— K EAE ;
T. ok ek 38

BT 1 P TE S BKI G 5 S0 (B

B B3 REFBHERERTHFS

B.3 IEEE 802.15.4 ¥ ERFEXK

B.3.1 UM REUE

FFE R IEEE 802.15. 4473 J5 B0 £ N BE 8 SEI-85 dBmEl 5 ey ) R
B.3.2 HULREIRE

IEEE 802.15. 493 )2 K S H D AR IR Z B KN +40%x 107
B.3.3 &XINE

IEEE 802.15 .43 J72 N g 1% LA 2 /b -3dBm ) D) R HEAT K&
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Mt % C
(BERIMERR)
BLE5.0 #1382

C.1 BLES.0 #1318 EigEl

AAFHEBLES.OY) B2 K F gt BUYD B 2, W8 5 25 600 7 FECYmAS AL EH , Sf N2 P AP B 2 ot 446 A4y 2
FKCAPIR, ST, Vin bk, 421875, TERMIL. YFE AR TR K . TERM2. &5
B Ly
a) AISEFER: TSN ANERMS/0F5, HTFRRED . fF 5Pt Emm E 3 a6
e AFRAEF IBLES. OB 2R Hgmis BB E, AT S0 KE A 1FT .

b) VikHbEF B HTFX ORISR, ST E 28 HEENEYEE, HUhm bk —E
SEAE, T HAREE AR AL, LU b — N R LE

c) Ay b gmidiEs 7 BOMTERMIJ& T-FEC block 1, #FRZE k. T3 TR KA
TERM2J& TFEC block 2. FEC block 1% HS=84mfi% %, FEC block 24R #i& 4 it 45 7~ - B AE K
FHAH L G 5325

d) e nTF B fmidfanes, WEIZTEBONO, FE block 23047TS=88%mfi%. ZmidAin 2 M7=
FERE FHEIM Sym/s, 4K S=84mht, HdE AL 5% % N 125bit/s.

e) TERMIFITERM2FE: FECHIEZIERF.

0 MEESETE. BF 7TA S,

g) TEMRIURIRI T B FH0 2 i 7 Bolb AT R . Rany a2 i aead s, RS i s

P EL A 2
#* C.1 BLE 5.0 Y32 EMizEH
HIASE 2] Vi el bk CTIER N TERM1 WHEHE | BEHILRER TERM2
177 4775 2bbE 3L 2-257F 3FT RJE

C.2 FEHABR

KIMAEBLES. O HE |2 K i fs 545 GFSK, 855 5 4w, ELAFFE N125kb/s.
FRUOBIR IE A A% K T 45 T 18SkHzM N A1, B m) % K 145 T 185kHz A N EERF0 . A bR #EBLES.0
WP 2 T AETE2400MHZ 4 2483 . SMHZ A EY .

C.3 %k&THL

C.3.1 XEHEH#
C.3.1.1 %(H1h=

29
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R DB AR C 2R .
R®C2 RHTHFREKR

B/ Th R BRI

0.01mW (-20dBm) 10mW (+10dBm)

C.3.1.2 EHISH

WH S H R

a) 77 : GFSK

b) i FEREIFABT: 0.5

c) WHIAT: 0.45-0.55

d) ARG MmN +185kHz
e) WEPRSRE: +50ppm

C.3.1.3 Z¥BUH

A P AN IR S BE LS8 » AEAH QB=2MHZ A A B, A% BB D2 B/ F--20dBm, #EAH4f+3MHz
CAE SR B, 28GR S N /N T-30dBm.

C.3.1.4 BHAAIR

SRS PR SR 40

a) IR /N T4 T+£150kHz.

b) EARIFIEL /N T2 T+50kHz.

o) R KINRIER M A /N T 25T 400HzZ/us .

C.4 JEUH

S=8%m D A ) # 2 B R B B SR IR C.3 PR o
#zC3 BUNREESH

WEERE B REE (dBm)

LE Coded PHY with S=8 coding <-82




Mt % D
CERMEMR)
BINBLESH

Q/XXX XXXXX—XXXX

2400-2483.SMHz# X CSSYIFE 2 ERIN S H K D. 1 i7n, 2400-2483.5SMHzAEX CSST2 il {5 1E it & =

BnED.27R, 2400-2483. SMHzANEL 5515 1E ERIAAC B S UKD 3R

#£D.1 2400-2483.5MHZSERCSSHIIE E S ¥

Bk 2400-2483.5MHz
S 8
Hfid 2 CR4/5
T 812.5K
R <10mW
YisE R S K JE 6 ¥
#D.2 2400-2483.5MHZz3fIER CSSITHIEERL ESH

ZHGTR il
FEHIMEE AR 2400.5 MHz
sl FE B 4h
SEAF R 2 JH 1 30ms
LUK % 7] B 20ms

#&D.3  2400-2483.5MHZSRERCSSW SIS EERINECE S H
SRR HfH
BRI S5F 8 AR 2424 5MHz
b5 A Smin
V5 A e B 2 200
BEALAR SIS K -5~+5ms
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Mt S E
CERHETR)
S FE B P 1R R R um AR AR R

E.1 HUBWENX

B A P AR A A R 2 i R AR SO I B T, — A e B IR OC B AR R & ImID . SR
grFrdaas s WOCRM WOCN A KA, BRiiE XS HRE.1, RIEEIRIDE LS WKE.2. .

a) AERAIHIDRIVEID, ALK& —bril, (K& SRIDM) FAUS . BRAARZE . AT, 7
LS AIRER N

b) ZENH TARRE RS TR E NS BN

) B bR Al i Hodle 2 75 R 23 O A

d)  WOCRAH TSR BRI DI RERAY, 0 D9 S DB B i 2 S 7 B R RO
TE BRI SR SO RO, RSO, o B B A IR OO, T 8K

) IRSCHNEH T IR AR R i R R M AE MARSCHE R 24, KR 2 S Rl 8.

) BEALH T RS H A fn i A 2 e AR R R

FRE1 RIXEHENX

5 B ] BEKE &
1 AL &0 1D SensorID 6byte
2 ZE M DataLen 4bit T PmE R o
3 AR LN Fraglnd 1bit 2RINELO: A

0b000: MWK 4% 5L
0b001: M I bt ey 7 4% 5L
0b010: & HHE L
ObO11: 5% ma 4% 5L
0b100: &R 3L
0b101: # il ma 7 4% 5L
0b110: 43 Jv s R R SC
Ob111: FiE

4 ok PacketType 3bit

5 WTHE Data n byte n byte(T] )

6 1256 Check 2byte CRC16#5: 56

FE2 {ERKIR ID #IRK

B KRG BHEKE (bit) HiERE £VE
J R ManufacturerID 16 T S8E | BYAEYERIN[0-65535] (D,

BTG Ju[1-26] CHEERD, 73 K IRAR

AR VersionL 5 EREE LS
FRAS b ersionLetter TofF 5 8EL i, 110 0 26 (0% 7.

FRAS VersionNumber 6 TR 584 | BUATERIN[0-63] (a3t .




RE2 (&)

Q/XXX XXXXX—XXXX

B4 R BEKE biv) HHERR B/
iR SerialNumber 21 TrF 58 BEIE R 9[0-2097151]

T AR 1D R 7 5 L A A

E.2 HREFEMAR

K A R Bt ih 2, A 41008 2t il 7 T AL

E.3 #MEBIEHTIER

PRAFIRUCH], AL (52 Byte)  KEM (54 Byte) A3 (Hdbyte) BIRAMRAL 7 ERT T
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