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Abstract: In space downlink coherent laser communication systems, the laser linewidth will affect the
performance of the communication systems. The narrow linewidth laser can effectively reduce the laser phase
noise caused by the laser linewidth and is the prime preference for present-day coherent laser communication
systems. When optical signals are propagated in atmosphere channels, atmosphere turbulence will cause optical
signals strength and phase fluctuations, which further affects the communication performance of the system. In
response to the above problems, this manuscript derives the BER model for space downlink Quadri Phase Shift
Keying (QPSK) communication system based on the principle of the QPSK communication system and further
considered the linewidth of narrow linewidth laser, the fluctuation of optical signal intensity and phase

fluctuations caused by atmosphere turbulence. Based on this model, the effect of narrow linewidth laser on the
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performance of space downlink coherent laser communication system under different atmosphere turbulence and

communication rates is analyzed by numerical simulation. The results show that atmosphere turbulence not only

severely affects the system performance but also weakens the effect of laser linewidth on the system performance.

And the phase fluctuations caused by atmospheric turbulence have a greater effect on system performance than

the light intensity fluctuations they cause. In addition, as the communication rate increases, the performance of the

system decreases, and the laser linewidth has a reduced effect on the system performance. This paper has the

practical reference for the optimal design and adjustment of space downlink coherent laser communication

systems.
Key words: space coherent laser communications;

linewidth laser;  phase fluctuations
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communication system

Parameter Value
Power of the transmitter laser LD1/mW 10
EDFA gain coefficient at the transmitter/dB 22
Loss coefficient 0y 1
Height of transmitting terminal H/km 36000
Height of receiving terminal /y/m 100
Central wavelength A/nm 1550
Temperature 7/K 300
Load resistance R /Q 50
Dark current i;.(f)/nA 10
Communication rate/Gbps 2.5
Beam angle/rad 0
Beam divergence angle/prad 30
Receiving aperture/m 0.1
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Fig.2 (a) BER of space downlink coherent laser communication systems with narrow linewidth without the effect of atmosphere turbulence; (b) BER

under the effect of fluctuations in optical signal intensity caused by atmosphere turbulence; (c) BER under the effect of fluctuations in optical

signal phase caused by atmosphere turbulence; (d) BER under the effect of fluctuations in optical signal intensity and phase caused by atmosphere

turbulence
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Fig.3 (a) Ratio of intensity noise to laser phase noise in a space downlink coherent laser communication system without the effect of atmosphere

turbulence; (b) The ratio of intensity noise under the effect of atmosphere turbulence to phase noise caused by atmosphere turbulence; (c) Ratio of

intensity noise under the effect of atmospheric turbulence to laser phase noise; (d) Ratio of noise under the effect of atmosphere turbulence to the

phase noise of the laser
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Fig.4 (a) BER of a space downlink coherent laser communication system at a communication rate of 100 Mbps; (b) At a communication rate of 1 Gbps;

(c) At a communication rate of 2.5 Gbps ; (d) At a communication rate of 10 Gbps
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