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Abstract: Low—Earth Orbit(LEO) satellites have the characteristic of global coverage. The Long
Range(LoRa) network based on LEO satellite Internet of Things(IoT) has become a research hotspot. To
address the floor effect issue of LoRa modulation schemes in LEO satellite channels, two differential
LoRa demodulation strategies are proposed for the differential LoRa modulation scheme. Firstly, a
closed—form expression for the Symbol Error Rate(SER) is derived under the LEO satellite channel with
dynamic Doppler frequency shift, illustrating the floor effect issue of LoRa modulation in LEO satellite
channels. Subsequently, the derived closed—form SER expression is validated using Monte Carlo
simulations, and the Bit Error Rate(BER) performance of LoRa modulation and the proposed differential
LoRa modulation is evaluated. Simulation results show that compared with the LoRa modulation scheme,
differential LoRa modulation and the proposed differential LoRa demodulation strategies can effectively
improve the BER performance of LEO satellite [oT under dynamic Doppler frequency offset scenarios.
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FE2 S O w1 B AR A #3 TLE K LoRafF S ESHE
Table2 Pseudocodes of two demodulation strategies Table3 Satellite and LoRa signal parameters used in simulation
Algorithm 1: ADD scheme Algorithm 2: SDD scheme parameter value
1:G k] =FFT(r0[n]*b'[n]) Ligo[n] =r[n]#b’[n] LEO satellite altitude H/km 500
2:D,=argmax,|G,[ k]| 2 fori=1to L do transmitting power P /W 0~1
3:fori=1to L do 3: glnl=r[n]xb[n] velocity of light ¢/(m/s) 3x10°
4. Glk] :FFT(”i["J xb[n]) 4 z[n]=g[n]*g [n] free space loss coefficient 7 2
5: ﬁ,:arg maxk| Glk] | 50 Z[k] :FFT(z[[n]) LEO satellite antenna aperture D/m 1
6: IA(,.:mod([A)‘.—DAh]) 6: K=argmax,|Z[k]| LEO satellite antenna efficiency &/(%) 55
N Boltzmann constant &/(J/K) 1.38x107%
7: end for 7: end for . )
effective noise temperature 7/K 350
N carrier frequency f,/MHz 1668
4 FESSH signal bandwidth B/kHz 125
elevation 6/(°) 20~80
’ﬁjﬁ%ﬁﬁﬁﬁﬂ% 3 Fﬁ/f\‘ ° spreading factor F 7,8,9,10,11
transmission packet length L 50~200
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Fig.10 BER performance under different elevation angles
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Fig.11 BER performance under different packet lengths
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