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Abstract: LoRa (Long Range) technique is an improved high-order chirp spread spectrum (CSS) modulation tech-
nique, and becomes one of the mainstream modulation techniques for terrestrial internet of things (IoT). Different from the
terrestrial IoT, satellite IoT can achieve seamless global coverage, however, the corresponding receiver often works under
the extremely-low signal-to-noise ratio (SNR) and also faces large delay and Doppler shift due to long distance and high-
speed movement. To this end, this paper applies the LoRa technique to satellite IoT systems and studies the relevant receiv-
er synchronization as well as noncoherent soft demodulation scheme. First, considered system model and data frame struc-
ture of the uplink satellite IoT are given. Then, according to the feature of LoRa signals, a joint delay and Doppler shift esti-
mation scheme is proposed. In order to further eliminate the impact of the phase offset as well as other residual terms and
consider using soft-decision decoding based coding schemes, a low-complexity noncoherent soft demodulation algorithm is
also designed. Simulation results show that the turbo-LoRa system based on the proposed synchronization scheme and soft
demodulation algorithm can achieve near ideal error performance under extremely low SNR and small pilot overhead, and
can provide 3 dB gains over the Hamming-LoRa system at a bit error rate (BER) of 107
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PEAT BRI R 5 0 HegR A3 B A G 25
5.2 REBBARBEXNMRIERTREAE LN
BE RS M

B A i fS LoRa RGP MR T SF=14, R AT
FF 9 W EHEF T8RRI u=1,5%
BAIE A I B 1 AS(1,£,)=0.0.1,0.3,0.5. [& 4 4511 T AW
5% BB R AL i AS(e fy) T TR AR T 4000 R Ak 1
BER 1.

10°

4
107F E

——AS@f,)=05
—Aa—AS(r.f)=03
—6—AS(n.f) = 0.1
—a—AS(r.f)=0

107°F

10 -31 -305 -30 -29.5 -29 -285 -28 -27.5 -27 -26.5 -26
SNR/dB

P4 AR BRI R ek T T B A T i Sk v

N 4 (0 05 FLEE S RTA, BA AS (e f ) RS In, BT 4
AT R B A S R R R B P Re R Ok . Bk
H, 24 AS(z, £, ) B OB AN ZE 0.1 F10.3 if , BER=107"F X )i
HIPERES 2 2351 0 < 0.5 dB Fil < 1.5 dB;; 111 24 AS(z. £, ) 184
JNEE 0.5 B, %k A PE R R SRR AR H K. B TR L




#0051

ARIETHEFET LoRa 1 TR WK I R e E LI A0 S AR AR T B 07 58 1297

#7148 LoRa ARG AT BER ThAE, BRI AR IE 5 £
WAL AT R A TR 22N T 0.3
5.3 SEHRKEXAIRES A REERHFMN

fBE B AR Gt LoRa R GEEY M [N T SF = 14, IE 5
Wk K M=2" AR B AL Al 9 B=20 MHz, I 4E 7=
0.05M, 3% 8185i%% f,=0.1B. Wi} BE A M S(r.f,)=
819.2>>0.3. BS54 T AR AU L, N B A 2675
Z R 7 MR % 22 (Root Mean-Square Error, RMSE)
PERE .

104)

107F

—o—L,=1
—a-L,=2

l0—31 -30.5 -30 -295 -29 -285 -28 -27.5 -27 -265 -26
SNR/dB

5 ARSI T B ) 20 7 22/ RMSE PEfE

ML S B 05 FLAE ST, 2 L= 1, i) 26 7 %6
FE A BE O IE FLAL T 15 22 78 BT % 18 0 5 M ELSE R RD
-31dB~-26 dB N /N T 0.3 1124 L, =2 B, T4 [F] 5
I i v] AR PR AR TR 257631 dB~-28.5 dB Y [l N
/T 0.3, B, S5 SO Brba] DO S K B L) %
HH2.
5.4 “Rf5LoRa ZFEEELLEL

BEE T ToT 38 15 1Y LA 78 B, (RS A& 4 58 B =
20 MHz, it 4 7 = 256 chirp, 23 #4545 £, = 45 kHz. i
i it 7 28 LTE R i (768, 384) turbo 5, 4
Hh 28 L3 F Ry IRk 4k 2 50 3 (Quadratic Permutation
Polynomial , QPP) 28 415 2" | A 34 4k} 1 IE Max-Log-
MAP 5352, LoRa 1l B9 4™ 45 [N F SF = 14, #0 4
iR HT T AR S SCHR 15 14 15 2 A =X (18) (A SCxf =L
(18) fajfb A3 2 i =X (19) FSCik [ 1245 H 12 (20) 3% =
R AEA T o s PP (19) B IEH Fu i 1
LS. A SR L, = 2 LM B K L, =
[768/14] = 55([- 137 ] B, o] DL o XA 4 h &2
SEEL) R B AR IT A4S A 0.036. 4 T HLEE WL, iE %
J& T LoRa ¥ B Z s iy (7, 4)Hammingﬁ%:'6]. T

e A2, ARG SOk [ 16 132 A9 2 % LoRa R 42 14 il
HRIE AR, BIR, = SF x B2% x R, Hirf R N 4td
R i ST AT, turbo S AN Hammingﬁ%ﬁ@éﬁﬁ%ﬁ%%lz
S3R 0.5 F10.57, M E AT 108K LoRa RGEMIFE M Z R,
53014 8.5 Kbps F19.7 kbps. 7] UL, W 45 14 £ il AR 22
FEARMA . 1M HBER T Hamming-LoRa R G4, Fi &
turbo-LoRa Z2 4 M A% iyl AR AR ] . 1] 6 25 H T AH L 1Y)
IR

'—e—' LnR:;( =0, /, :0)'

—# - turbo-LoRa (3LHK[12],7=256 chirp, /,=45 kHz)
—() - turbo-LoRa ( u=1.5, =256 chirp,/, =45 kHz)
—{1 - turbo-LoRa (SCER[15], 7=256¢ hirp, f,=45 kHz) |

—#e— turbo-LoRa (3CHik[12],7=0, /,=0) ||,
1 0" L —O— turbo-LoRa (u=1.5, 7=0, f,=0)
—g— turbo-LoRa (3CHk[15],7=0, £,=0)
—— turbo-LoRa (u =1, 7=0, £, =0)
—s7— Hamming-LoRa (7=0, f,=0)

107 P T S S NI V2 S . Y S S SR v/ S
—-34-33.5-33 -32.5-32-31.5-31 -30.5-30 -29.5-29 -28.5-28 -27.5-27 -26.5-26
SNR/dB

6 HET =N ARAR T ARAR 515 B9 urbo-LoRa R4V E

I 6 T LA T LIE B, 2 o= 0 Fl £, =0 B, 5
F20(18) W A T fff V8 5005 4R 45 T e 19 BER
A, B IE T (19) H = 1.5 F1=8(20) @9 P FREAR 4%
FRE A4y I 0.1 dB AT 1 dBsu=1.5 FRETR (191
M TR AR R B T =1 FtERE, HX W
T 0 ¥ 0 F 3 F 28 (20) O AEAH TR R 5095 . 24 o fn
S RIBFEAERT SR T B4R 1R 25 0 S Fn = FpaEAH T 51 i
JH 7L 1 urbo-LoRa R Ge 4R AF T 423k T HARIE BL 1)
BER 1£fg, HfE BER=10"F &L T Hamming-LoRa X
P:fE2 ~3 dB.

6 it

R T8 N A AE AR T LoRa Ml (14 7T 4 TLA ToT
HAE B TG I A 228 RS Al 107 SR AR
2% BE AR R S5 . TP i [R) A0 O S8 U A T g
JIE T 22 38 B RS BB 5 i B B 5 BT B AR AR T AR
T AN 5 AR B 0 B T L9 S i A
A5k A TR SR . 3 2 B SRR B, A N SE A 22 4
W [N A7 AR BT B0 T SR T BT 3 9 [R] 28 05 S A AR
A 4 R B35 19 turbo-ToRa 28 46 1] LA 4 /b 5 45
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